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Risk factors for jaw osteoradionecrosis:
a case control study

Abstract: There are divergences among studies regarding features
associated to increased risk of osteoradionecrosis (ORN). Our objective
was to identify factors that predispose to the development of ORN of
the jaw. This was a retrospective, hospital-based, case-control study
involving patients with head and neck cancer who had been treated
with > 60 Gy external radiotherapy (RT) to the jaw. A total of 19 cases
of ORN and 43 controls were included. The patients’ demographic
data, tumor type, staging, treatment and outcome information, and
pre-treatment oral status were collected. Univariate analysis showed
that the oral cavity/oropharynx sites were associated with 9.77-fold
increased risk of ORN development compared to other sites (p = 0.005).
Being an active smoker was associated with 3.95-fold increased risk
of ORN development (p = 0.01). A tendency towards increased risk of
ORN was observed particularly when tooth extraction occurred after
RT (odds ratio (OR): 3.04; p = 0.08). Multivariable analysis showed that
tumor site was the only significant risk factor (OR: 21.03, p = 0.01). The
oral and oropharyngeal primary site is an important risk factor for
ORN. Dental extraction, which did not occur in 28% of the sample, was
not an essential event for ORN development.

Keywords: Risk Factors; Osteoradionecrosis; Case-Control Studies;
Mouth Neoplasms.

Introduction

In radiotherapy of head and neck cancers, the proximity of the target
volumes to important anatomic structures poses the risk of toxicity, which
is a consequence of trying to achieve the best local or regional control.
Even though the lower jaw is in general a radioresistant structure, it is the
craniofacial bone that is most commonly associated with osteoradionecrosis
(ORN) in head and neck oncology, especially when exposed to doses
higher than 60 Gy.! The incidence varies, ranging between 10 and 15% in
recent publications.? One of the last published systematic reviews found
an overall risk of 2% for patients who undergo radiotherapy for head and
neck cancer, but certain subpopulations have a higher risk, such as those
who undergo post-irradiation tooth extraction (6.88%).* Various definitions
of ORN have been proposed, with one of the most widely accepted being
exposed bone after radiotherapy that fails to heal over a period of 3-6
months, without evidence of persistent or recurrent tumor.*®> ORN may
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lead to a pronounced reduction in quality of life,
which can lead to pain, fractures, sequestration of
devitalized bone, and fistulas.®

Poor vascularization of the lower jaw is the most
probable reason the mandible is the most common
location for ORN. In the upper jaw, ORN develops
less progressively and the defects are less severe.”
Bone exposure, fractures, inflammation, and wound
healing disorders are the most commonly reported
symptoms.® Despite many controversies around ORN
pathophysiology, recent advances in cellular and
microbiology have allowed the development of the
radiation-induced fibroatrophic theory. This theory
states that the key event in the progression of ORN is
the activation and deregulation of fibroblastic activity,
leading to atrophic tissue. The hypothesis focuses on
defective radiated bone and the imbalance between
tissue synthesis and degradation in a prefibroticand a
late fibroatrophic phase. During the late fibroatrophic
healing phase, tissues are vulnerable to reactivated
inflammation in the event of local injury. The result is
hypocellular bone and reduced bone matrix formation
compensated by fibrosis.’

Many variables have been associated with the
development of ORN, such as smoking, dental
hygiene, alcohol consumption, various comorbidities,
and treatment-related factors, including dental
extractions and their temporal relation to radiotherapy
protocols, in addition to dose-volume correlations of
the irradiated mandible.’® Although there are some
divergences among studies, the evidence points to a
consensus about the association of higher radiation
doses, smoking (especially current smoking), and post-
radiotherapy exodontia with a higher risk of ORN."
3 Patients who continued to smoke during radiation
treatment had 32% increased risk of developing ORN
and 46% increased risk of requiring hospitalization
during treatment compared with those who quit
smoking while undergoing radiation therapy.™

Given the relatively low incidence of ORN, the
number of ORN cases included in the published
literature is small. Some studies show similar
results between dental extractions before and after
radiotherapy. In general, the decision to extract
teeth before or after irradiation treatment has not
traditionally been based on evidence from studies.
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Despite the extensive literature on ORN, there is
evidence of consistent risk for only a fraction of
the factors examined. Furthermore, many of the
publications are case reports, case series with no
disease-free controls, small sample sizes, and cohorts
with short follow-up periods for controls.

The main purpose of the present study was to
identify and assess the factors that predispose to the
development of ORN through a case-control study.
Identifying the predictive factors would allow the
identification of patients at greater risk of developing
ORN. Appropriate measures can then be put in
place both to reduce the risk of developing ORN and
expedite management in the event of its occurrence.

Methods

Selection of cases and controls

This study was conducted in full accordance
with ethical principles, including the World Medical
Association Declaration of Helsinki. Following
Institutional Review Board approval (4.087.868),
we selected ORN cases from our hospital data
system that met the following criteria: patients
being followed by the head and neck team of our
institution who had been identified with ORN of the
jaw after being treated for head and neck malignant
neoplasia between January 2010 and December 2020.
Cases were selected by filtering for CID M87 and
its variants and reviewing the totality of pathology
reports of the department’s surgeons, reports of
surgical procedures performed by the head and
neck department, reports of follow-up patients
after surgeries performed by any surgeon in the
department, and reports of outpatient consultations
performed by the department’s public health system.
A sample of 21 potential cases was initially selected.
Those with mandibular necrosis owing to tumor
destruction and multiple treatments (one case)
and those lost to follow-up after diagnosis of ORN
(one case) were excluded. Use of bisphosphonate
treatment also was considered an exclusion criterion
(no cases). Nineteen cases were included in the
statistical analysis.

The controls were selected by filtering a
consecutive series of patients with a diagnosis of
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head and neck cancer who had undergone external
radiotherapy to the jaw and with at least 60 months
of follow-up after finishing radiation therapy. Those
who died before the 60-month follow-up, or who
did not undergo external radiation or received
doses lower than 60 Gy, were excluded from the
analysis. A 1:2 case-control matching was targeted.
For selecting the controls, CIDs C01-C14 + C31 +
C32 + C77.0 between January 1%, 2010, and December
31th, 2014, were used.

A cohort of 419 potential controls was initially
selected, of which 43 were included in the study.
The median follow-up of the control group was
75.68 months (range 60.0-120.3 months). From the
initial cohort, 114 patients were excluded because
they had not been treated with radiotherapy: four
because of low radiotherapy dose (< 60 Gy), 181
because they died before completing the 60-month
follow-up, 57 because they were lost to follow-up,
four because they had been treated outside the
selection period, 11 because they had not received
radiation to the jaws, and five because they were
transferred to the case group, as they had been
identified with ORN.

Data extraction

The following patient data were recorded:
demographic data, histological diagnosis, tumor-
node-metastasis (TNM) classification, tumor site,
risk factors, pre-treatment oral status, basic radiation
parameters, dental treatment, surgical data, diagnosis,
stage, therapy, and outcomes.

Dental oncology documentation was reviewed
for pre- and post-radiotherapy dental status, and all
dental procedures were recorded. All patients received
pre-radiotherapy dental oncology service clearance,
and if indicated, prophylactic dental extraction were
performed and fluoride trays were given as per
standard head and neck service operating procedure.
The patients’ dental records were reviewed, and the
patients were divided into three categories: a) no
extraction, b) pre-radiotherapy dental extractions,
and c) post-radiotherapy dental extractions.

The first post-radiation follow-up was at 4 weeks
after treatment completion; subsequently, it was
every 3 months in the first year, every 4 months in

the second year, and at least twice a year thereafter.
Detailed clinical examination of the oral cavity was
performed as part of routine oncologic follow-up at
every visit, and surveillance imaging was reviewed by
a dedicated head and neck radiologist with experience
in radiation-associated sequelae such as ORN.

The patients with ORN were divided into grades
I, I, and III according to the Notani classification of
the extent of the ORN lesion.”” Grade I is defined as
ORN confined to the alveolar bone. Grade II ORN
is limited to the alveolar bone and/or the mandible
above the level of the mandibular alveolar canal.
Grade III ORN extends to the mandible below the
level of the mandibular alveolar canal and ORN with
a skin fistula and/or a pathologic fracture.

Statistical analysis

Data were analyzed using SPSS version 27 (IBM
Corporation, Armonk, USA). Initially, a descriptive
analysis of independent variables was performed,
and differences in cases and controls were assessed
through Fisher’s exact test or chi-square test (for
categorical variables) and Mann-Whitney test (for
the continuous variables age, dose, and follow-up
time). The association between independent variables
and ORN development was assessed by univariate
and multivariate logistic regression. The odds ratio
(OR) and 95% confidence interval were computed.
The multivariate analysis comprised variables that
presented p < 0.10 in the univariate analysis and
was also controlled for age and gender. Kaplan-
Meier cumulative hazard curves were constructed
and compared using the log-rank test. The level of
statistical significance was p < 0.05.

Resulis

Sample characterization

A total of 19 cases with documented ORN diagnosis
and 43 controls met the inclusion criteria. The
demographic, disease, and treatment characteristics
of the cases and controls are summarized in Table 1.
The controls and cases were similar in terms of mean
total radiation, age, sex, ethnicity, and radiotherapy
modality (Table 1). Squamous cell carcinoma was the
predominant histology in the cases (n = 17; 89.5%) and
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Table 1. Characteristics of patients with osteoradionecrosis and matched controls.

Variable
Gender
Male
Female
Age
Mean = SD
Ethnicity
White
Black
Tumor site
Mouth / oropharynx
Others
Diagnosis
Squamous cell carcinoma
Others
Tobacco
Absent
Continued through RT
Stopped before RT
Alcohol
Absent
Continued through RT
Stopped before RT
Diabetes Mellitus 2
Absent
Present
Tumor bone invasion
Absent
Present
Bone resection
Absent
Present
Tooth extraction
None
Before RT
After RT
AJCC Stage
/1l
/v
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Cases (n = 19)

15 (78.9%)
4(21.1%)

55.86 + 8.82

17 (89.5%)
2 (10.5%)

17 (89.5%)
2 (10.5%)

17 (89.5%)
2 (10.5%)

2 (10.5%)
12 (63.2%)
5 (26.3%)

4(21.1%)
4(21.1%)
11 (57.9%)

19 (100%)
0 (0%)

18 (94.7%)
1(5.3%)

15 (78.9%)
4(21.1%)

5 (27.8%)
1(5.6%)
12 (66.7%)

2 (11.8%)
15 (88.2%)

Controls (n = 43)

37 (86.0%)
6 (14.0%)

60.27 + 8.99

39 (90.7%)
4(9.3%)

20 (46.5%)
23 (53.5%)

40 (93.0%)
3 (7.0%)

5(11.6%)
13 (30.2%)
25 (58.1%)

9 (20.9%)
5(11.6%)
29 (67.4%)

41 (95.3%)
2 (4.7%)

41 (95.3%)
2 (4.7%)

36 (83.7%)
7 (16.3%)

19 (48.7%)
5 (12.8%)
15 (38.5%)

7 (16.3%)
36 (83.7%)

p-value

0.47

0.08

1.00

0.002

0.63

0.04

0.60

1.00

1.00

0.72

0.13

1.00

Conitnue
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Treatment

Surgery + RT / Chemotherapy 15 (78.9%)

RT 0 (%)

RT / Chemotherapy 4 (21.1%)
RT type

2D 14 (77.8%)

3D / IMRT 4 (22.2%)
RT Dose

Mean + SD 66.66 = 4.51
Follow-up status

Disease-free 12 (63.2%)

Deceased due to tumor 2 (10.5%)

Deceased to other causes / new primary 5 (26.3%)
Follow-up time

Mean + SD 90.94 + 48.06

controls (n = 40; 93.0%) (p = 0.63). Clinical stages III-IV
were the most prevalent in cases (n = 15; 88.2%) and
controls (n = 36; 83.7%) (p = 1.00). Tumor bone invasion
was not a common event in the cases (n = 1; 5.3%)
or controls (n = 2; 4.7%) (p = 1.00). Bone resection
was also uncommon, being performed in four cases
(21.1%) and seven controls (16.3%) (p = 0.72). Among
the cases, 15 (78.9%) were treated with combined
radiation therapy (with/without chemotherapy)
and surgical procedures, compared to 24 patients
(55.8%) in the control group (p = 0.18). Only two
patients in the control group had a diagnosis of
diabetes and none among the cases. Seventeen cases
(89.5%) and 38 controls (88.3%) were smokers. The

mandibular mean dose (D was available in only

mean)
five cases from the ORN cohort and 10 cases from
the control cohort, as the remaining were treated by
conventional (2D) radiation therapy. All cases with
ORN received total radiation doses of 260 Gy, and
this minimal dose was used as an inclusion criterion
for the controls. The mean dose of radiotherapy was
similar between the cases (66.6 Gy) and the controls
(65.5 Gy) (p = 0.42).

Among the cases, 12 had no signs of disease after
a mean follow-up of 72.9 months. The remaining
seven had died: five from new primary tumors and
two from primary tumor recurrence. Among the

24 (55.8%)
2 (4.7%) 0.18

17 (39.5%)

33 (76.7%)
0.60

10 (23.3%)
65.58 + 4.52 0.42

36 (83.7%)
0 (0%) 0.05

7 (16.3%)
78.47 + 16.72 0.33

controls, 36 were alive with no signs of disease after
a mean follow-up of 78.33 months. The remaining
seven had died: three from new primary tumor
recurrence and four from other causes. We had no
death directly related to the ORN process.

Follow-up and ORN characterization

The overall median follow-up time was 7703 months
(range 17.2-172.3 months); the median time from the
completion of radiotherapy to ORN development was
23.83 months (range, 4.4-127.1 months). Ten cases
(52.6%) developed ORN before completing 24 months
of the end of radiotherapy. The distribution of ORN
grades was as follows: grade I, n = 3 (16.7%); grade
II, n =5 (27.8%); and grade IIL, n = 10 (565.6%). In one
case, the ORN was in the maxilla. The majority was
treated with segmental mandibulectomy (10 cases;
52.6%). Two cases (both stage I) were treated only
with PENTOCLO therapy (pentoxifylline-tocopherol-
clodronate combination), and the remaining patients
were treated with combinations of debridement and
PENTOCLO (Table 2).

Analysis of risk factors for ORN

A binary logistic regression was performed to
investigate the possible risk factors for ORN, including
variables with a significant difference between cases
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and controls in the chi-square test (Table 1: tumor
site and tobacco) and factors previously reported
in the literature (tooth extraction and radiotherapy
dose) (Table 3). Among the cases, 89% had primary
tumors in the oral cavity/oropharynx compared
to only 46% among the controls. The other sites
included: hypopharynx (9 cases), larynx (3 cases),
nasopharynx (1 case), parotid (1 case), cutaneous
squamous cell carcinoma with head and neck
metastasis (2 cases), and unknown primary tumor
(9 cases). Univariate analysis showed that the
oral cavity/oropharynx site was associated with

Table 2. Osteoradionecrosis features

Variable Case (n =19)
Site
Mandible 18 (78.9%)
Maxilla 1(21.1%)
ORN Grade
| 3(16.7%)
I 5 (27.8%)
Il 10 (55.6%)
Treatment
Mandibulectomy 10 (52.6%)
PENTOCLO 2 (10.5%)
Debridement + PENTOCLO 7 (36.8%)

9.77-fold increased risk of ORN development
compared to the other sites (p = 0.005). We found
a higher prevalence of active smokers after the
beginning of radiotherapy among cases compared
to controls (12 (63.1%) vs. 13 (30.2%) (p = 0.04)).
Univariate analysis showed that being an active
smoker was associated with 3.95-fold increased risk
of ORN development (p = 0.01). Alcohol consumption
was common in both groups: 15 cases (79.0%) vs.
34 controls (79.0%).

No significant differences were observed for
radiotherapy dose and tooth extraction history.
Among the ORN cases, five patients (26.3%) had no
history of dental extraction, dental treatment, or
dental infection before the beginning of the ORN
process. In one case, there was a pre-radiotherapy
extraction. In another case, this information was
missing. The remaining cases (n = 12; 66.7%) had
a pre-ORN extraction event; in five cases, this was
preceded by a severe dental infection. Among the
controls, 19 (48.7%) had no history of dental extraction
pre- or post-radiotherapy. Five controls (12.8%)
underwent only pre-radiotherapy extractions. For
four patients, information on dental extractions
was missing. Post-radiotherapy extractions were
performed in 15 patients (38.5%). Despite no significant
difference, a tendency towards increased risk was
observed, particularly when the extraction was post-

Table 3. Univariate and multivariate analysis of risk factors for ORN between cases and matched controls.

Univariate

Variable
OR (95%Cl)

Tumor site

Others 1

Mouth / oropharynx 9.77 (2.0 - 47.5)
Tobacco

Absent / Stopped before RT 1

Continued through RT 3.95(1.2-12.3)
Tooth extraction

None 1

Before RT 0.76 (0.7 - 8.0)

After RT 3.04 (0.8-10.5)

RT Dose 1.05(0.9-1.2)

*Controlled for gender and age.
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Multivariate*

p-value OR (95%Cl) p-value

1
0.005 0.01
21.03 (2.0 - 216.9)

1

001 2.52(0.5-12.1) 024
1

0.82 0.61(0.0-9.9) 0.73

0.08 3.18 (0.5 -17.6) 0.18

0.42 1.09 (0.9-1.2) 0.27
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radiotherapy (OR: 3.04; p = 0.08), a risk that was not
observed when the extraction was performed pre-
radiotherapy (OR: 0.76, p = 0.82).

The multivariate analysis included all the variables
discussed above, and the model was controlled for
gender and age. The analysis showed that tumor site
was the only significant risk factor (OR: 21.03, p = 0.01).

The Kaplan-Meier cumulative hazard curves also
corroborated with the logistic regression analysis and
demonstrated that both tumor site (p = 0.003) and
smoking status (p = 0.03) represented significant risk
factors for ORN;; for tooth extraction, it appeared that
when the procedure was performed after radiotherapy,
a tendency for increased risk was observed in
the curves, yet it was not statistical significance
(p = 0.13) (Figure).

Discussion

We conducted a case-control study, which is an
unusual model for analyzing the risk factors for
ORN in head and neck cancer treatment. Most of
the published literature on this issue is based on
retrospective cohort studies, with short or uncertain
periods of follow-up after radiotherapy among
patients with and without ORN. Some studies even
delimit a data collection period, but do not clearly
state the mean/median or minimum follow-up
time established in the study.”*"131¢2! In most other

studies, the minimum follow-up time for this group

is 6 months,'>?*® ranging from 3% to 24 months?
in others.

Based on the high number of cases of ORN after
3 years of follow-up, we attempted to solve this
methodological issue by selecting as controls patients
with follow-up periods 260 months. In some patients,
ORN may develop after even longer time.” Although
a longer follow-up might be desirable, it may not be
entirely possible because of the limitation imposed
by the survival rate of patients with head and neck
cancer. In our sample, five patients (26.3%) developed
the complication after 60 months of follow-up. In
their study, Monnier et al suggested two peaks
of incidence: an initial peak during the first year
following treatment and a second peak after 3 years.
They noted that all cases observed in non-operated
patients occurred during the second peak, with no
evidence of trauma. This result underscores the need
for long-term follow-up for this type of complication.?

Another inclusion criterion we decided to use
was selecting control patients with radiotherapy
doses = 60 Gy, focused on the jaw. Although previous
case series reported ORN cases after receiving total
radiation doses < 60 Gy in 25-45% of cases,”®* recent
publications with patient selection after 2000 have
reported that almost 100% of ORN cases received
total radiation dose = 60 Gy,*'**® as in our sample.
In the study by Owosho et al.,’* not only had all
patients who developed ORN received at least 60
Gy radiation to the primary tumor site, but they

A Tumor Site B Tobacco Habits C Teeth Extraction
0.8
0.6
o - 0.6 -
O O ] 0.6
N N N
T T T
0.4
0.4
2 2 2 o4
RS RS 5
g g g
=) 0.2 5 02 S 0.2
O] O] O]
0.0 p=0.003 0.0 I p=0.03 0.0 p=0.13
0.0 20.0 40.0 60.0 80.0 100.0 120.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0 0.0 20.0 40.0 60.0 80.0 100.0 120.0
Follow-up time Follow-up time Follow-up time
. Mouth/Oropharynx Others . Absent/Stopped before RT Continued through RT . None Before RT . After RT

Figure. Kaplan-Meier cumulative hazard curves for tumor site (A), smoking status (B), and tooth extraction (C).
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also had similar median times from completion
of radiotherapy to diagnosis of ORN (19.1 months
(range 0-120.2 months).

Regarding the risk factors for ORN, despite
discrepancies among some studies, the majority
of them associated higher radiotherapy doses,"”
tobacco'? and alcohol intake,? dental extractions,>20%2>
mandibular osteotomies,'>'%3%3! and tumor site, 182024
2631 with a higher risk of ORN. Our results point in the
same direction of some cohort studies, with higher
risk of ORN among current smokers''>?% and among
patients treated for oral cavity or oropharyngeal
cancers.®222 After multivariate analysis, only tumor
site remained statistically significant.

Cigarette smoke contains numerous toxic
constituents, such as nicotine and carbon
monoxide. Nicotine causes platelet aggregation and
vasoconstriction, increasing the risk of microvascular
thromboses and decreasing microperfusion. Carbon
monoxide competitively inhibits the binding of
oxygen to hemoglobin, leading to cellular hypoxia.
These toxic substances can undermine the conditions
required for wound healing, exacerbating pre-existing
tissue damage.** In our univariate analysis, active
smoking was associated with a 3.9-fold increased risk
of ORN development. The multidisciplinary team
responsible for patient care, which includes head
and neck surgeons, radiotherapists, and dentists,
among others, should educate patients receiving
head and neck radiotherapy about the paramount
importance of tobacco cessation before, during, and
after treatment. The benefits of tobacco cessation go
beyond ORN prevention, yet this tangible outcome
can be used as an argument to motivate patients.

The site of the primary tumor influences the
amount and location of radiation to the mandible
and has been associated with ORN development.®?
Based on large case series with more than 100 ORN
cases, around 85-90% of ORN cases are found in
patients with oral cavity or oropharynx tumors.®?
ORN occurs most frequently after radiation therapy
of primary tumors of the oral tongue, floor of the
mouth, alveolar ridge, retromolar trigone, and
tonsils. This aspect is related to the large volume
of the mandible included in the primary radiation
field in the high-dose ranges for these tumor types,

8 Braz. Oral Res. 2022;36:e132

and the surgical approach to resection of tumors in
these sites often requires mandibular osteotomies
or mandibulectomies that are traumatic to bone
tissue °. In our multivariate analysis, which was
controlled for important factors such as age, gender,
radiotherapy dose, tobacco, and teeth extraction
history, patients with oral cavity/oropharynx tumors
had a 21-fold increased risk of ORN development
compared to patients with tumors in other sites
(p =0.01). Although higher than previously reported
risks, similar patterns of risk according to tumor site
have been published.'®* In current IMRT treatment
planning, special attention is paid to the jaw as
an organ at risk, to reduce irradiation without
compromising tumor coverage, especially in the
treatment of patients with oropharyngeal and oral
cavity cancer.

We found no association between dental
extractions and risk of ORN (p = 0.13). When dental
extraction was performed after radiotherapy, a
tendency towards increased risk was noted but
without statistical significance. Dental extractions,
surgery, or other types of trauma frequently precede
the onset of ORN. According to the systematic review
of Nabil et al.,! 7 of 100 patients undergoing post-
radiation tooth extraction will develop ORN, and
2 of 100 tooth extractions would lead to ORN. The
probable reason is that radiotherapy changes the
supporting structures of teeth.”? However, the rate
of spontaneous ORN with no precipitating trauma
may be as high as 48-82%°'® (25% in our sample).
A recent study observed that most spontaneous
ORN occurred between 6 months and 2 years after
radiotherapy, whereas the risk of developing trauma-
induced ORN lasts indefinitely. This observation
explains the occurrence of ORN even 10 years after
radiotherapy.® Although the evidence supports that
dental extractions after radiotherapy are a risk factor
for ORN, some have also found that extractions
before radiotherapy are an independent risk factor
for the development of ORN.!%12223 |n this case, the
need for pre-radiotherapy extraction is probably a
surrogate for the patient’s overall poor dental health,
predisposing him or her to ORN.

Regarding ORN management, conservative
treatment should be limited to early-stage ORN as
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proposed by Notani et al.”® Selected patients should be
initially treated by radical surgery, especially those in
stage III, with a response of around 10% higher than
non-surgical approaches. In our sample, ORN cases
were mostly treated by radical surgeries, which was
expected, as the majority were advanced-stage cases.
Individuals with orocutaneous fistula, pathologic
fractures, swelling, or trismus, are expected to have
a poor response to conservative treatment.’>* At
the end of follow-up, disease-free survival was less
frequent in the ORN group, mainly because of new
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