
Abstract. Background/Aim: The purpose of this study was
to evaluate a potential widening of the periodontal space as
an initial measurable imaging criterium on panoramic
radiographs in patients with the diagnosis of antiresorptive
drug related osteonecrosis of the jaw (ARONJ). Patients and
Methods: A retrospective analysis of panoramic radiographs
of 16 patients (12 females and 4 males; mean age is 70.5
years, standard deviation is 14 years) was performed, over
a period of 12 months with the diagnosis of ARONJ.
Panoramic radiographs of 16 healthy patients (12 females
and 4 males; mean age was 70.6 years, standard deviation
was 13.8 years) without diagnosis of ARONJ served as
controls. All images were taken with the same device and
were evaluated by two experienced maxillofacial surgeons
and one dentist. Results: Compared to the control group, a
mean widening of the periodontal space of 0.06 mm
(confidence interval (CI)=0.05-0.17 mm) was found in the
study group. However, this difference was not statistically
significant. Conclusion: Although a very extensive and
sophisticated interindividual comparison was performed to
evaluate for slight changes of the periodontal space in
patients with antiresorptive drug therapy, our results
demonstrate that PDS widening is not a predictive parameter
for ARONJ. Therefore, our results indicate that panoramic

radiographs are not sufficient enough to allow assessment of
stages and disease progress in ARONJ patients regarding to
periodontal space widening. 

The diagnosis of bisphosphonate related osteonecrosis of the
jaws (BRONJ) was firstly described in 2003 by Robert E.
Marx (1). The term of this still increasing number of patients
with an osteonecrosis was adapted to antiresorptive drug
related osteonecrosis of the jaws (ARONJ), since additional
drugs (e.g. RANKL-inhibitors such as Denosumab (Dmab))
were introduced for the clinical treatment of bone diseases,
such as osteoporosis, osteitis deformans (Paget’s disease) and
malignant diseases, e.g. multiple myeloma or osseous
metastasis (2, 3).

However, several studies (1, 4, 5) demonstrated that
especially the intravenous application of these medications
was followed by ARONJ. Denosumab blocks the receptor-
mediated activation of osteoclasts and has no affinity to the
bone matrix (5). On the contrary bisphosphonates (BPs) bind
to calcium (6) and hydroxyapatite (7), which are the main
contents of the bone. Both types of antiresorptive drugs (BP-
group and Dmab) correlate with the induction of ARONJ (8).
Furthermore, certain BPs such as zoledronate seem to be
more effective than others (6, 9), but also seem to have a
higher risk for the occurrence of ARONJ, which was
demonstrated in one of our recent studies (10). Zoledronate
was also most frequently used on patients with ARONJ in
this study. 

The frequency of occurrence of ARONJ described in the
literature ranges from 1% to 20% after intravenous
application in patients with multiple myeloma or bone
metastasis (11).

The incidence of ONJ in oncology patients treated i.v.
with BPs ranges from 0 to 12,222 per 100,000 patient-years
(12-16), and the incidence of ONJ in oncology patients
treated with Dmab ranges from 0 to 2,316 per 100,000
patient-years (15, 17-23).
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ARONJ is most commonly diagnosed by detailed intraoral
and extraoral examination by the dentist or the oral and
maxillofacial surgeon combined with radiographic
examination using panoramic radiographs, combined with
3D-examinations such as computed tomography scans (CT),
cone beam computed tomography (CBCT) or magnetic
resonance imaging (MRI) (24, 25). Supplementary
investigations might be helpful to better evaluate the
extension of the necrotic area, by using scintigraphy or
single photon emission computed tomography (SPECT) (10).

Typical symptoms in ARONJ patients are non-healing
wounds, e.g. after intraoral procedures like tooth extractions,
but also spontaneously in close proximity to healthy teeth
(4). Osteonecrotic lesions can also be seen in patients with
partial or complete dentures, caused by punctual or selective
distress to the gingiva or maxillo-mandibular bone (26, 27).
Those osteonecrotic lesions occur most common in the
posterior portion of the mandible (26) in which very thin
mucosa separates the jaw bone from the oral cavity (1, 28).

The American Association of Oral and Maxillofacial
Surgeons (AAOMS) has conducted a summary of ARONJ
criteria in the recent updated version of the initial positioning
paper from 2014. Herein, a former or current treatment with
BPs or Dmab, no radiotherapy and metastasis in the head and
neck area, and an occurrence of exposed bone for more than
eight weeks is required for the classification of ARONJ (5).

Compared to the initial versions from 2007 and 2009 in
which criteria of diagnosis included patients with indefinite
odontalgia, bone pain, loosening of teeth, periodontal fistula
without any inflammation signs, or disorders which are
attributed to dental causes, the latest version from 2014 also
included patients at risk with no evidence of exposed bone
but former treatment of antiresorptive drug therapy (5). 

As described by several authors, one of the major initial
risk factors is dental or oral surgery with direct contact to the
jaw bone (1, 25, 28). Even after surgical debridement of
osteonecrotic lesions, reoccurrence of exposed bone frequently
occurs with disseminated infections, sometimes resulting in
the necessity of partial or complete resection of the mandible
and combined microsurgical reconstruction (4, 28). Recently,
cytostatic therapy was described as a potential risk factor for
the occurrence of ARONJ. Several authors described a
correlation between the use of drugs such as Dmab or
bevacizumab and the occurrence of ARONJ (29, 30). 

Regarding the selected studies, saliences such as thickening
of the lamina dura and the alveolar crest or sclerosis of the
alveolar margin with a constriction of the mandibular nerve
canal, can be detected by radiographic examination (31).
Fleisher et al. described a correlation between the widening
of the periodontal ligament and the occurrence of ARONJ,
which was found in approximately 80% of patients (32).

The aim of this study was to verify or disprove this idea
of PSW by measuring and analyzing it on panoramic

radiographs in patients with ARONJ at stages I or II and
comparing it to patients at the same age and gender without
antiresorptive drug therapy.

Patients and Methods
During a period of 12 months (June 2014 till June 2015) a total of
16 patients out of 57 with the diagnosis of ARONJ were included
in this retrospective evaluation (12 females (75%) and 4 males
(25%)). The study was conducted at the Department of Oral and
Maxillofacial Surgery at the University Medical Center Hamburg
Eppendorf. The data included retrospective evaluation of patients’
medical history and panoramic radiographs.

Inclusion criteria for the ARONJ-group (Group A) were patients
with ARONJ diagnosis at stages I or II with shortened dentition and
symptoms such as exposed bone, non- healing extraction wounds or
sequestration of the bone, which cannot be associated with
odontogenic infections. For the non-ARONJ-group (Group B),
patients were selected to be at same age and gender like the patients
from Group A, with exactly the same teeth existing, as measured in
Group A (Table I). 

Patients in group A have been referred to our clinic with the
initial diagnosis of a BP- or Dmab- induced osteonecrosis of the
jaws (ARONJ).

The control group consisted of 16 patients (12 females (75%) and
4 males (25%)), being at the same age but without any history of
antiresorptive drug therapy, radiation therapy or evidence of
ARONJ. All patients of this group received their panoramic
radiographs due to other causes, but without any signs of oral
diseases. 

Furthermore, the medical history of each patient was evaluated
by including the date of initial diagnosis with ARONJ, type of
disease, comorbidities, metastases, exclusion of radiation therapy in
the head and neck region, or any other use of cytostatics, antibiotics
or immunosuppressive therapy. Therefore, a total of 41 patients out
of 57 (71.9%) were excluded from this retrospective evaluation. 

Radiographic analysis and measuring of the periodontal space. All
radiographic images were taken with the same device at the same
department of oral and maxillofacial surgery (VeraView IC5 HD, J.
Morita MFG CORP., 2010, exposure parameters: - 68 kV/6 mA
approximately value for adults; variable through automatic exposure
control; dose area product: 60 mGy/cm2). All panoramic
radiographs were analyzed regarding the radiographic appearance
of periodontal space widening (PSW). The measurements of the
periodontal ligament were taken on each tooth: six measurements
from the alveolar bone towards the root. The root of the tooth was
divided into three parts, the first (coronal part), second (medial part)
and third (apical part). The measurements were then taken mesial
and distal as far as legible.

Also, oral conditions of each patient were analyzed and
evaluated. Radiographic abnormalities were documented,
particularly the evidence of osteonecrosis/osteosclerosis, persisting
alveolar sockets with unremodeled bone, such as fillings, tooth
canal treatments, crowns, bridges, implants, caries, inflammatory
periapical lesions and other saliences.

Data evaluation. The panoramic views were imported to Osirix
imaging software, (Version 5.6, Pixmeo SARL, CH-1233 Bernex,
Switzerland), which is an image processing software dedicated to
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DICOM images. It is specifically designed for navigation and
visualization of multimodality and multidimensional images. All
radiographs were first enlarged, then brightened and darkened for
the best outcome. 

Only images which allowed for at least three measurable data
sets of one tooth were used. In the case of different interpretations,
the images were reevaluated until consensus was attained.

Results

This retrospective study included 32 radiographic images of
32 different patients. The ARONJ-group (Group A) consisted

of 16 patients, 12 females (75%) and 4 males (25%), who
were treated with antiresorptive drugs and had a diagnosis of
ARONJ according to the 2014 diagnosis criteria. The control
group (Group B) also consisted of 16 patients (12 females and
4 males) with no history of antiresorptive drug medication, as
well as no signs of any necrotic bone lesions due to previous
radiation therapy. The mean age in both groups at time of
examination was 70.6 years (range=32-86 years).

In group A, seven females were diagnosed with metastases
from breast cancer (43.75%), three with heavy and advanced
osteoporosis (18.75%), one with multiple myeloma (6.25%)
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Table I. Overview and medical history of the 16 patients participated in this study with ARONJ. 

Patient Age   Gender     Initial      Metastases         Comorbidities           Bisphosphonate      Cytostatic      Distant    Immunosuppressive  Antibiotics
No.                               diagnosis                                                                  or denosumab         therapy      radiation             therapy

1             85         f         Multiple          Yes              Hyperthyreosis,            Zoledronate       Bortezomib       No             Prednisolone        Amp/Sulb
                                     myeloma                        hypercholesterolemia, 
                                                                             arterial hypertension
2             78         f     Osteoporosis         -                 Osteoporosis,              Denosumab                -                 No                       -                 Amp/Sulb
                                                                                     rheumatism 
3             86         f     Breast cancer       Yes                    Arterial                   Zoledronate       Paclitaxel +       No                       -                Clindamycin
                                                                                    hypertension                                            epirubicin
4             78         m   Colorectal and     Yes                    Arterial                  Zoledronate/       Trenantone        No                       -               Amp/Sulb + 
                                prostate cancer                           hypertension                denosumab                                                                                Doxycycline
5             68         f     Breast cancer       Yes                  Giant cell                 Zoledronate        Anastrozol        No           Prednisolone +    Clindamycin
                                                                                        arteritis                                                                                                  MTX
6             75         f     Osteoporosis         -                     Diabetes,                  Alendronate                -                  -                        -                 Amp/Sulb
                                                                                   hypertension, 
                                                                               arthritis pancreatic 
                                                                                    insufficiency
7             80         f     Breast cancer       Yes                          -                         Zoledronate                -               Yes                       -                 Amp/Sulb
8             71         f     Breast cancer       Yes              Hyperthyreosis,            Zoledronate               No              Yes             Prednisolone        Amp/Sulb
                                                                                    lymphocytic 
                                                                                       alveolitis
9             78         f     Breast cancer       Yes                   Diabetes,                  Zoledronate        Tamoxifen        Yes             Prednisolone                - 
                                                                             arterial hypertension, 
                                                                            pulmonary embolism, 
                                                                                       arthritis, 
                                                                                  spinal stenosis, 
                                                                                 chronic hepatitis
10           62         f     Osteoporosis         -            Cardiac arrhythmia,         Alendronate               no                 -                         -              Clindamycin + 
                                                                               heart valve disease                                                                                                           Moxifloxacin + 
                                                                                                                                                                                                                             Amp/Sulb
11           54         f     Breast cancer      Yes                         -                         Ibandronate            FEC +           No                      -               Clindamycin
                                                                                                                                                  Tamoxifen + (Denied)
                                                                                                                                                    Anastrozol
12           75         m        Prostate          Yes           Bronchial asthma,          Alendronate                -                  -                        -                  Penicillin
                                       cancer                           arterial hypertension, 
                                                                              auricular fibrillation
13           85         f     Renal cancer       Yes              Hyperthyreosis              Ibandronate          Sunitinib         Yes                       -               Amp/Sulb + 
                                                                                                                                                                                                                           Doxycycline
14           62         m     Lung cancer       Yes                 Oral cancer                Zoledronate               no               Yes                       -                  Amp/Sulb
15           32         f    Osteomyelitis         -                   Esophagitis                Alendronate               no                                           -                Cefuroxime+ 
                                                                                                                                                                                                                             Amp/Sulb
16           66         m  Prostate cancer     Yes                          -                         Zoledronate               no               Yes             Prednisolone        Amp/Sulb

FEC: 5-Fluorouracil, epirubicin and cyclophosphamide; Amp/Sulb: ampicillin + sulbactam; MTX: methotrexate.



and one with osseous metastases from renal cancer (6.25%).
Among the male patients, two were diagnosed with
metastases from prostate cancer (12.5%), one had combined
prostate cancer and a colorectal carcinoma (6.25%) and one

suffered from lung cancer (6.25%). A total of twelve patients
had osseous metastasis (75%) (Table I).

A total of 12 patients (75%) from Group A received
intravenous bisphosphonates or RANKL-inhibitors, 4

ANTICANCER RESEARCH 38: 5305-5314 (2018)

5308

Figure 1. Enlarged section of a panoramic radiograph showing a part
of the right side mandible of a 54-year-old female patient with ARONJ
stadium II in region 36-37. Measuring of the periodontal space on tooth
47 (in mm: mesial from coronal to apical 0.32, 0.32, 0.25, and distal
from coronal to apical 0.35, 0.22, 0.53) using OsiriX software.

Figure 2. Enlarged section of a panoramic radiograph showing a part of
the left side mandible of a 78-year-old male patient with ARONJ stadium
II in region 36-37 after metastatic colorectal and prostate cancer after
zoledronate and denosumab-therapy. Measuring of the periodontal space
on tooth 33 (in mm: mesial from coronal to apical 0.39, 0.49, 0.48, and
distal from coronal to apical 0.38, 0.20, 0.38) using OsiriX software.

Figure 3. In comparison to figure 1 this Figure shows an enlarged section
of a panoramic radiograph of the right-side mandible of a 54-year-old
female patient without ARONJ. Measuring of the periodontal space on
tooth 47 (in mm: mesial from coronal to apical 0.39, 0.44, 0.41, and distal
from coronal to apical 0.63, 0.37, 0.29) using OsiriX software.

Figure 4. In comparison to Figure 3 this figure shows an enlarged
section of a panoramic radiograph of the left side mandible of a 78-
year-old male patient without ARONJ. Measuring of the periodontal
space on tooth 33 (in mm: mesial from coronal to apical 1.02, 0.24,
0.56, and distal from coronal to apical 0.76, 0.31, 0.38) using OsiriX
software.
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Table II. Data of 16 patients with ARONJ (Group A).

Patient No.       Number of teeth     Measured tooth                A                        B                          C                      D                       E                       F

1                                   3                              34                     0.60 mm            0.30 mm              0.40 mm                                                                    
1                                   3                              43                     0.56 mm            1.00 mm              0.55 mm                                                             0.40 mm
1                                   3                              44                     0.40 mm            0.60 mm              0.50 mm          0.30 mm           0.50 mm          0.40 mm
2                                   7                              17                     0.37 mm                                                                                                                            
2                                   7                              23                     0.21 mm                                         0.24 mm                                    0.31 mm                  
3                                   7                              11                                                0.87 mm              0.36 mm          0.31 mm                                    0.42 mm
3                                   7                              21                                                0.54 mm                                                                                                 
3                                   7                              22                     0.31 mm                                         0.31 mm                                    2.00 mm                  
3                                   7                              23                     0.68 mm            0.51 mm                                                                 0.21 mm          0.30 mm
3                                   7                              41                     0.67 mm            0.61 mm              0.37 mm          0.62 mm           0.68 mm          0.64 mm
3                                   7                              42                                                1.06 mm                                       0.73 mm                                           
3                                   7                              43                     0.53 mm            0.18 mm                                       0.19 mm                                           
4                                 11                              15                     0.55 mm                                         0.11 mm                                    0.16 mm                  
4                                 11                              13                     0.90 mm            0.88 mm              0.81 mm          0.64 mm                                           
4                                 11                              33                     0.39 mm            0.63 mm              0.44 mm          0.37 mm           0.41 mm          0.29 mm
4                                 11                              43                     0.69 mm            0.51 mm              0.27 mm          0.24 mm           0.23 mm          0.26 mm
5                                   2                              43                     1.30 mm            7.40 mm              1.80 mm                                    1.00 mm                  
6                                   1                              23                     1.20 mm            1.00 mm              0.24 mm          0.32 mm           0.18 mm                  
7                                   5                              33                     0.28 mm            0.70 mm              0.40 mm          0.24 mm           0.28 mm          0.26 mm
7                                   5                              32                     0.27 mm            0.70 mm              0.46 mm          0.37 mm                                    0.14 mm
7                                   5                              41                     0.24 mm            0.46 mm              0.35 mm          0.29 mm           0.26 mm          0.18 mm
7                                   5                              42                     0.37 mm            0.25 mm              0.15 mm          0.27 mm                                    0.27 mm
8                                   5                              33                     0.54 mm                                         0.28 mm                                    0.31 mm                  
9                                 11                              13                     0.45 mm            0.23 mm                                       0.51 mm                                           
9                                 11                              12                     0.57 mm            0.48 mm                                       0.39 mm                                           
9                                 11                              22                     0.39 mm            0.40 mm              0.22 mm          0.18 mm           0.26 mm          0.21 mm
9                                 11                              23                     0.36 mm            0.53 mm              0.24 mm          0.21 mm           0.24 mm          0.19 mm
9                                 11                              31                     0.52 mm                                         0.40 mm          0.36 mm                                           
10                                 8                              23                     0.17 mm                                         0.21 mm                                    0.28 mm                  
10                                 8                              24                     0.25 mm            0.38 mm              0.24 mm          0.37 mm                                           
10                                 8                              44                     0.20 mm            0.20 mm              0.28 mm          0.30 mm           0.52 mm          0.33 mm
11                               24                              16                     0.53 mm            0.39 mm              0.52 mm          0.22 mm           0.21 mm          0.18 mm
11                               24                              15                                                0.11 mm              0.29 mm                                    0.23 mm          0.38 mm
11                               24                              13                     0.21 mm                                         0.21 mm          0.13 mm           0.21 mm          0.27 mm
11                               24                              27                     0.22 mm            0.19 mm              0.17 mm          0.38 mm           0.29 mm          0.25 mm
11                               24                              36                     0.53 mm            0.72 mm              0.30 mm          0.24 mm           0.24 mm          0.41 mm
11                               24                              35                     0.32 mm            0.27 mm              0.23 mm          0.28 mm           0.38 mm          0.33 mm
11                               24                              34                     0.26 mm            0.42 mm              0.36 mm          0.20 mm           0.52 mm                  
11                               24                              33                     0.26 mm                                         0.31 mm          0.17 mm           0.40 mm                  
11                               24                              43                     0.32 mm            0.34 mm              0.17 mm          0.35 mm           0.15 mm          0.26 mm
11                               24                              45                     0.16 mm            0.26 mm              0.21 mm          0.14 mm                                           
11                               24                              46                     0.32 mm            0.45 mm              0.35 mm                                                                    
12                               26                              23                     0.27 mm            0.28 mm              0.58 mm          0.18 mm           0.35 mm          0.16 mm
13                                 4                              33                     0.16 mm            0.42 mm              0.10 mm          0.35 mm                                    0.26 mm
14                               15                              17                     0.16 mm            0.59 mm              0.27 mm          0.23 mm           0.70 mm          0.19 mm
14                               15                              11                     0.46 mm                                         0.40 mm                                    0.18 mm                  
14                               15                              21                     0.47 mm            0.43 mm              0.24 mm          0.18 mm           0.21 mm          0.19 mm
14                               15                              23                     0.47 mm            0.19 mm              0.19 mm                                                                    
14                               15                              36                     0.68 mm            0.75 mm              0.91 mm          0.26 mm           0.92 mm                  
15                               25                              16                                                0.82 mm              0.77 mm          0.30 mm                                    0.35 mm
15                               25                              15                                                0.36 mm                                       0.40 mm                                           
15                               25                              13                     0.32 mm            0.51 mm              0.32 mm          0.28 mm           0.31 mm          0.49 mm
15                               25                              11                     0.40 mm            0.39 mm              0.24 mm                                                                    
15                               25                              21                     0.51 mm            0.39 mm                                       0.34 mm                                           
15                               25                              22                     0.31 mm            0.44 mm              0.32 mm          0.22 mm                                           
15                               25                              23                     0.27 mm            0.52 mm              0.27 mm          0.16 mm           0.60 mm          0.27 mm
15                               25                              35                     0.40 mm                                         0.23 mm                                    0.26 mm                  
15                               25                              33                     0.33 mm            0.49 mm              0.28 mm          0.22 mm           0.42 mm          0.36 mm
15                               25                              31                     0.22 mm            0.42 mm                                       0.23 mm                                    0.19 mm
15                               25                              45                     0.60 mm            0.36 mm              0.18 mm          0.68 mm           0.32 mm                  
15                               25                              47                     0.32 mm            0.35 mm              0.32 mm          0.22 mm           0.25 mm          0.53 mm
16                                 6                              23                     0.90 mm            0.34 mm              0.32 mm          0.34 mm           0.48 mm          0.23 mm
16                                 6                              33                     0.31 mm            0.25 mm              0.56 mm          0.53 mm           0.26 mm          0.18 mm
16                                 6                              34                     0.51 mm            0.35 mm              0.29 mm          0.31 mm                                    0.36 mm
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Table III. Data of 16 patients without antiresorptive drug medication (Group B).

Patient No.      Number of  teeth     Measured tooth                A                        B                          C                      D                       E                       F

1                                 27                              17                     0.37 mm            0.49 mm              0.33 mm          0.43 mm           0.31 mm                  
1                                 27                              13                     0.26 mm                                         0.16 mm          0.20 mm           0.37 mm                  
1                                 27                              12                     0.56 mm            0.27 mm                                       0.16 mm           0.31 mm          0.37 mm
1                                 27                              27                     0.58 mm                                         0.49 mm                                    0.31 mm                  
1                                 27                              36                     0.31 mm            0.11 mm              0.20 mm          0.27 mm           0.22 mm          0.20 mm
1                                 27                              41                     0.37 mm            0.26 mm              0.28 mm          0.28 mm                                           
1                                 27                              42                     0.20 mm            0.37 mm              0.28 mm          0.28 mm                                           
1                                 27                              43                     0.53 mm            0.41 mm              0.32 mm          0.33 mm           0.28 mm          0.28 mm
1                                 27                              45                     0.41 mm            0.30 mm                                       0.24 mm           0.33 mm          0.29 mm
2                                 18                              27                                                                                                      0.89 mm                                    0.27 mm
2                                 18                              36                     0.23 mm            0.68 mm              0.20 mm          0.44 mm                                           
2                                 18                              35                     0.34 mm            0.37 mm                                       0.20 mm                                           
3                                 19                              13                     0.47 mm                                         0.23 mm                                                                    
3                                 19                              23                     0.40 mm                                         0.45 mm                                                                    
3                                 19                              25                     0.64 mm                                         0.19 mm                                    0.32 mm                  
3                                 19                              45                                                0.27 mm                                       0.12 mm                                           
4                                 21                              16                     0.46 mm            0.21 mm              0.18 mm          0.60 mm           0.29 mm                  
4                                 21                              15                     0.51 mm            0.31 mm              0.23 mm          0.28 mm           0.38 mm          0.33 mm
4                                 21                              13                                                                             0.39 mm                                    0.23 mm          0.38 mm
4                                 21                              12                     0.41 mm            0.45 mm              0.28 mm          0.19 mm           0.43 mm          0.43 mm
4                                 21                              37                     0.74 mm            0.73 mm                                       0.38 mm                                           
4                                 21                              45                     0.26 mm            0.26 mm              0.22 mm          0.22 mm                                           
5                                   5                              37                     0.95 mm            0.55 mm              0.46 mm          0.43 mm           0.28 mm          0.23 mm
5                                   5                              34                     0.46 mm            0.29 mm                                       0.58 mm                                    0.41 mm
5                                   5                              43                                                0.42 mm                                       0.65 mm                                    0.45 mm
6                                 12                              13                     0.38 mm            0.31 mm              0.21 mm          0.48 mm           0.36 mm                  
6                                 12                              23                     0.33 mm            0.22 mm              0.37 mm          0.25 mm                                    0.37 mm
6                                 12                              36                                                0.51 mm              0.33 mm          0.27 mm           0.63 mm          0.46 mm
6                                 12                              35                     0.61 mm            0.25 mm                                       0.27 mm                                           
6                                 12                              34                     0.91 mm            0.56 mm                                                                                          0.29 mm
6                                 12                              33                     0.77 mm            0.44 mm                                                                 0.69 mm                  
7                                 26                              15                                                0.30 mm                                       0.37 mm                                           
7                                 26                              14                                                                                                      0.27 mm                                    0.15 mm
7                                 26                              13                                                0.66 mm                                                                 0.26 mm          0.67 mm
7                                 26                              23                                                0.63 mm                                       0.28 mm                                           
7                                 26                              36                     1.58 mm            0.40 mm              0.41 mm          0.34 mm           0.27 mm                  
7                                 26                              35                     0.73 mm                                                                  0.35 mm                                    0.36 mm
7                                 26                              43                     0.98 mm            0.58 mm              0.68 mm          0.93 mm           0.59 mm                  
7                                 26                              46                                                0.39 mm                                       0.20 mm           0.28 mm          0.39 mm
8                                 25                              17                     0.59 mm            0.47 mm              0.15 mm          0.42 mm                                           
8                                 25                              11                     0.41 mm            0.32 mm              0.35 mm          0.36 mm           0.29 mm          0.11 mm
8                                 25                              21                     0.27 mm            0.40 mm              0.42 mm          0.51 mm           0.25 mm          0.37 mm
8                                 25                              22                                                0.48 mm                                       0.30 mm                                    0.26 mm
8                                 25                              23                     0.48 mm            0.33 mm              0.26 mm          0.38 mm           0.30 mm          0.22 mm
8                                 25                              37                     0.70 mm            0.80 mm              0.27 mm          0.25 mm           0.50 mm          0.30 mm
8                                 25                              36                     0.56 mm            0.54 mm                                       0.14 mm                                    0.29 mm
8                                 25                              34                     0.64 mm            0.25 mm              0.32 mm          0.49 mm           0.59 mm          0.56 mm
8                                 25                              43                     0.41 mm            0.45 mm              0.27 mm          0.37 mm                                    0.29 mm
8                                 25                              44                                                0.77 mm              0.34 mm          0.43 mm                                           
8                                 25                              45                     0.58 mm            0.57 mm                                       0.19 mm           0.43 mm          0.32 mm
8                                 25                              46                     0.62 mm            0.52 mm              0.51 mm          0.32 mm           0.28 mm                  
8                                 25                              47                     0.39 mm            0.63 mm              0.44 mm          0.37 mm           0.41 mm          0.29 mm
9                                 26                              16                     0.50 mm                                         0.18 mm                                    0.24 mm                  
9                                 26                              12                                                0.36 mm                                       0.30 mm                                    0.33 mm
9                                 26                              25                                                0.33 mm                                       0.28 mm                                    0.12 mm
9                                 26                              26                     0.48 mm                                         0.19 mm                                    0.20 mm                  
9                                 26                              37                     0.50 mm            0.45 mm                                       0.15 mm                                    0.28 mm
10                               27                              27                     0.34 mm            0.41 mm              0.37 mm          0.17 mm           0.34 mm                  
11                               17                              37                     0.37 mm            0.23 mm                                       0.26 mm                                           

Table III. Continued



patients (25%) received oral bisphosphonates. Nine patients
received zoledronate (56.25%), 4 patients alendronate (25%),
2 patients ibandronate (12.5%), and one patient received
Dmab (6.25%). Four of these patients received combined
corticosteroid therapy (25%) (Table I).

Analysis of the panoramic radiographs showed a mean
width of the periodontal space of 0.43mm in Group A with
a confidence interval of 0.35-0.50 mm (Figures 1 and 2).
Group B had a mean width of 0.37mm with a confidence
interval from 0.30 mm - 0.44 mm (Figures 3 and 4).

In conclusion, Group A showed a measurable higher
widening in the periodontal space of 0.06 mm (0.43 mm vs.
0.37 mm) in the mean (confidence interval of 0.05-0.17 mm)
(Table II), compared to the control Group B (Table III). The
difference between the two groups was not statistically
significant (p-value 0.293).

Discussion

The aim of this study was to determine a possible correlation
between the widening of the periodontal space and the
occurrence of ARONJ.

However, a significant correlation between the widening
of the periodontal space and ARONJ, as measured on
panoramic radiographs, was not demonstrated. Although
there is a slight widening of the periodontal space (mean
difference between groups A and B of 0.06 mm), this does
not represent a clinically relevant difference or a clinically
relevant effect of antiosteoclastic drug. 

A preclinical study by Okamoto et al. analyzed the
changes in the development of teeth as well as the width of
the periodontal space in rats as an effect of BP treatment
(33). They analyzed 40 rats for a total of 9 weeks, dividing
them into 4 subgroups. Three of them were given different,
and increasing doses of zoledronate, with the fourth group
serving as a control. Zoledronate was applied over a period
of 3 weeks. The first group was sacrificed one week after the
last injection and the other ones were sacrificed 9 weeks
after the last injection. In summary, there was a correlation
between the narrowing of the PDS and increasing doses of
BPs (33).

Another preclinical study by Sonis et al. reported certain
osseous changes that occurred after tooth extractions in rats
under BP treatment (34). The control group of rats did not
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Table III. Continued

Patient No.      Number of  teeth     Measured tooth                A                        B                          C                      D                       E                       F

11                               17                              35                                                0.19 mm                                       0.27 mm                                    0.23 mm
11                               17                              33                     0.53 mm            0.31 mm                                       0.24 mm                                           
11                               17                              32                     0.32 mm            0.58 mm              0.28 mm          0.35 mm           0.14 mm                  
11                               17                              46                     0.24 mm                                         0.36 mm                                    0.28 mm                  
12                               24                              16                     0.26 mm            0.31 mm              0.23 mm                                                                    
12                               24                              15                     0.38 mm            0.41 mm              0.21 mm          0.38 mm                                    0.30 mm
12                               24                              14                     0.40 mm            0.44 mm              0.34 mm                                    0.34 mm                  
12                               24                              13                     0.35 mm            0.36 mm              0.28 mm                                    0.25 mm          0.21 mm
12                               24                              25                                                0.46 mm                                       0.38 mm                                    0.19 mm
12                               24                              26                     0.67 mm                                         0.63 mm                                    0.47 mm                  
12                               24                              37                     0.29 mm            0.45 mm              0.39 mm          0.33 mm                                    0.38 mm
12                               24                              35                     0.59 mm            0.38 mm              0.22 mm          0.32 mm           0.29 mm          0.26 mm
12                               24                              33                     0.56 mm            0.27 mm              0.21 mm          0.48 mm                                           
12                               24                              43                     0.38 mm            0.40 mm                                       0.44 mm           0.34 mm                  
12                               24                              46                     0.32 mm            0.48 mm              0.13 mm          0.33 mm           0.35 mm                  
13                                 2                              23                     0.54 mm            0.64 mm              0.54 mm          0.23 mm           0.23 mm          0.37 mm
13                                 2                              33                     1.02 mm            0.76 mm              0.24 mm          0.71 mm           0.56 mm          0.38 mm
14                                 8                              23                     0.32 mm            0.27 mm              0.36 mm          0.18 mm           0.43 mm          0.14 mm
14                                 8                              34                     0.28 mm                                         0.20 mm                                    0.18 mm                  
14                                 8                              33                     0.40 mm                                                                  0.30 mm                                    0.22 mm
14                                 8                              44                     0.26 mm            0.36 mm                                       0.68 mm                                           
15                               24                              17                     0.24 mm            0.60 mm              0.19 mm          0.25 mm           0.17 mm                  
15                               24                              13                     0.26 mm                                         0.28 mm                                                             0.77 mm
15                               24                              27                                                0.17 mm                                       0.26 mm                                    0.36 mm
15                               24                              37                                                0.40 mm                                       0.13 mm                                    0.30 mm
15                               24                              42                     0.21 mm            0.44 mm                                       0.26 mm           0.32 mm                  
15                               24                              43                     0.49 mm            0.58 mm              0.39 mm          0.30 mm                                           
15                               24                              44                     0.30 mm            0.25 mm              0.25 mm                                    0.24 mm                  
16                               13                              21                                                0.22 mm              0.21 mm          0.17 mm           0.42 mm          0.22 mm
16                               13                              43                     0.41 mm            0.26 mm              0.19 mm                                                                    
16                               13                              42                     0.23 mm                                         0.19 mm                                    0.41 mm                  



show any significant changes, especially not in the trabecular
bone parts, as well as no signs of radiographic or radiolucent
lesions (34).

Although these preclinical models suggest that medication
with BPs can induce changes in the PSW and adjacent
osseous structures (34), similar changes were not detected in
the patients participated in our study. Our results are in
support of similar findings by the group of Koth et al., who
recently evaluated clinical, radiographic and hematological
findings in patients with antiresorptive drug therapy (35). 

However, the measurement of the periodontal space in
patients using panoramic radiographs might depend on the
investigator. However, all possible measures were taken to
exclude this kind of bias, since investigators were blinded
for the subgroups.

In the study of Takaishi 2010 the authors managed to
establish a reference, as they chose one healthy person to
determine the grey shades used as a parameter to
discriminate bone from tooth, while adjusting for example
the brightness (36). Furthermore, the authors used aluminum
step wedges pasted in panoramic films and received
therefore a more reliable outcome (36). 

Although the distortion is very high in panoramic
radiographs, this examination provides a detailed overview
of dental structures (37). For a single object securely
positioned in the focal trough and perpendicular to the
central X-ray beam, measurements may be trustworthy on
clinical scale. However, once sterical relationships to other
structures are evaluated, reliability must be questioned (38).
One of the main functions panoramic radiographs is to give
an overall impression, and if further investigation or a more
detailed examination is required, usually a 3D imaging
examination is performed (13, 38).

Additionally, panoramic radiographs often did not allow
for an evaluation of all teeth and every part of the
periodontal space, since parts of the image might suffer from
overlaying structures or are blurred due to technical reasons.
Therefore, evaluation of the periodontal space was restricted
to those teeth where at least three measurements could be
obtained. 

In conclusion, measuring of the PDS using panoramic
radiographs is still prone to investigator bias and technical
restrictions. Similar difficulties were reported before, e.g. by
the group of Arce in 2009 (31).

Overall, a clear correlation between ARONJ and the
dental status has been established (39). In the study by
Carmagnola et al., twice as much tooth extractions were
found in patients with ARONJ after zoledronate therapy
compared to healthy patients (39). However, our study as
well as previous studies could not highlight any significant
changes in PDS after antiresorptive drug treatment.
Therefore, other parameters predictive of ARONJ still
remain to be determined.

Conclusion

ARONJ is a multifactorial disease, with an increasing
number of patients affected or at risk. Further research and
analysis is necessary to better understand factors
contributing to the occurrence of this disease. Especially
panoramic radiographs, which are routinely carried out in
these patients for an initial overview and evaluation of
potential disease patterns, might be too inaccurate and
uncertain to reliably detect affected areas, especially at early
stages – and especially related to changes of the periodontal
space and width.

There is a significant distortion of panoramic radiographs
and potentially incoherent image quality, so panoramic
radiographs might not be the best option for the particular
evaluation of ARONJ. Although a very extensive and
sophisticated interindividual comparison was performed to
evaluate also slight changes of the periodontal space in
patients with antiresorptive drug therapy, our results could
not demonstrate changes in the PDS width, as demonstrated
in preclinical models before. This is in line with our clinical
experience, that panoramic radiographs are not sufficient to
allow for a reliable assessment of stages and disease
progression in ARONJ patients. Therefore, other
radiographic examinations, such as cone beam computed
tomography, magnetic resonance imaging or scintigraphies
should be recommended for a safer evaluation of disease
patterns in ARONJ patients.
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