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Background: Osteonecrosis of the jaw (ONJ) is a medical condition associated with 

antiresorptive drugs, among others, used to treat osteoporosis and bone metastasis. Currently, 

there is no consensus regarding the definition of ONJ, and no ONJ-specific International Clas-

sification of Diseases-10 code exists. Therefore, register-based studies of this condition may 

be troublesome.

Purpose: To evaluate an algorithm ascertaining ONJ cases in an attempt to facilitate future 

assessments of ONJ in clinical and epidemiological studies.

Methods: By means of the Patient Register and the Prescribed Drug Register, we identified 

all postmenopausal female residents in Sweden from 2005 through 2009. To identify potential 

cases of ONJ, we employed an algorithm including the following conditions: periapical abscess 

with sinus, inflammatory conditions of jaws, alveolitis of jaws, idiopathic aseptic necrosis 

of bone, osteonecrosis due to drugs, osteonecrosis due to previous trauma, other secondary 

osteonecrosis, other osteonecrosis, and unspecified osteonecrosis. Women seen at departments 

of oral and maxillofacial surgery, with at least one of the conditions, were classified as potential 

cases of ONJ. Conditions in anatomic sites other than the jaw were excluded. Validation was 

performed through medical record review. Case confirmation was based on the ONJ definition 

by the American Association of Oral and Maxillofacial Surgeons. The algorithm was evaluated 

by positive predictive values (PPVs) stratified by diagnosis.

Results: For the 87 potential cases identified through our algorithm, the medical records were 

obtained for 83. The overall PPV was 18% (95% confidence interval (CI) 10%–28%). The 

highest PPV was observed in osteonecrosis due to drugs (83%, 95% CI 36%–100%). Several 

diagnoses had a PPV of 0 or were not used at all (periapical abscess with sinus, alveolitis of 

jaws, idiopathic aseptic necrosis of bone, osteonecrosis due to previous trauma, other secondary 

osteonecrosis, other osteonecrosis, and unspecified osteonecrosis).

Conclusion: It was possible to ascertain cases of ONJ from the Swedish registers using this algo-

rithm; however, the PPV was low. Thus, further refinements of the algorithm are necessary.

Keywords: bisphosphonate-associated osteonecrosis of the jaw, epidemiology, methods, ONJ, 

registries, validation

Introduction
Osteonecrosis of the jaw (ONJ), which should be separated from osteoradionecrosis 

of the jaw, was first described in 2003,1 and has been increasingly reported in the 

past few years. Since the majority of all cases have been associated with treatment of 

bisphosphonates, it is often called bisphosphonate-related osteonecrosis of the jaw. 

The association of phosphorus compounds with necrosis of the jaw was observed for 

the first time during the 19th century. Among workers in the matchmaking industry, 
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cases of a painful condition with infection and exposed bone 

in the mouth were noted. This novel condition was named 

phossy-jaw, and since antibiotics did not exist in those days, 

it was often lethal. Following the decreased use of white 

phosphorus and improved working conditions in the industry, 

phossy-jaw disappeared as a medical issue.2 The modern use 

of bisphosphonates, however, has led to the recurrence of a 

related condition, namely ONJ.

There is no international consensus regarding the defini-

tion of ONJ.3 Two widely used definitions are those suggested 

by the American Association of Oral and Maxillofacial 

Surgeons and the American Society of Bone and Mineral 

Research.4,5 These, and most other, proposed diagnostic 

criteria of ONJ require that the patient is, or has been, under 

treatment with bisphosphonates.6 Lately, however, several 

reports have been published concerning the development of 

ONJ during antiresorptive treatment with the monoclonal 

antibody denosumab.7–10 Thus, the bisphosphonate criteria 

may need to be revised.

Although ONJ may arise spontaneously, it usually 

develops as a result of trauma to the jaw bone, such as 

through dental extractions or jaw surgery.11 Clinically, ONJ 

is manifested as nonviable, exposed bone in the mouth. The 

area around the exposed bone is typically inflamed, and both 

the soft tissue and the bone itself often become infected.12,13 

Sequestration of bone and intraoral fistula development may 

occur,13 and on x-ray, radiolucency as well as radiopacities 

may be seen.14 Even though ONJ is usually painful, some-

times there are no other symptoms beyond the exposed bone. 

In severe cases, however, pathological fractures and extra 

oral fistulas may develop if the necrotic jaw bone becomes 

infected.13 Figure 1 shows an ONJ lesion in the maxilla.

Several risk factors have been associated with the 

development of ONJ. High cumulative doses of bisphos-

phonates and dentoalveolar surgery have been considered 

the strongest predictors of ONJ.15,16 Even though a definitive 

causal relationship between bisphosphonates and ONJ has 

still not been established, the most widely accepted explana-

tions of the pathophysiology behind ONJ focus on different 

effects of bisphosphonates.17

Because ONJ is an uncommon condition, it is difficult to 

conduct studies reliably estimating the true magnitude of its 

risk. Performing studies based on large registers is one way 

to overcome these limitations in statistical power. On the 

other hand, besides the lack of a single accepted definition 

of ONJ,13 there is no ONJ specific ICD-10 (the International 

Classification of Diseases and Related Health Problems – 

Tenth Revision) code and no consensus regarding which 

code to use instead. Hence, epidemiological studies of ONJ 

are troublesome, especially register-based ones, rendering 

assessments of risk factors, safety of treatment, and incidence 

data uncertain.

Despite the aforementioned difficulties conducting epide-

miological studies on ONJ, register-based studies are likely to 

be one of the most suitable methods to study this condition. 

Therefore, in an attempt to facilitate future assessments of 

the epidemiology of ONJ, we herein report on the evaluation 

of an algorithm ascertaining ONJ cases using data from the 

Swedish National Patient Register.

Material and methods
Postmenopausal osteoporotic women, who are highly likely 

to be prescribed bisphosphonates, were selected as study 

subjects. These patients were identified by means of the 

Swedish Patient Register and the Swedish Prescribed Drug 

Register. The Swedish Patient Register comprises all health 

care visits in inpatient care, and since 2001 all physician visits 

in specialized outpatient care as well. Both public and private 

health care providers are obligated to report these health care 

visits annually.18,19 Further, the Patient Register contains 

information on which hospital and department each diagnosis 

has been recorded, as well as the unique national registration 

number of each patient – a number given to all residents of 

Sweden. Thus, the national registration number allows for the 

linkage between the Patient Register and medical records on 

a patient level. Since 1997, diagnoses in the National Patient 

Register have been registered according to the Swedish ver-

sion of the ICD-10.20 The Swedish Prescribed Drug Register 

contains data on all drugs dispensed by prescription. It 

includes information about the dispensed product, and the 
Figure 1 Patient with ONJ lesion in the right maxilla.
Abbreviation: ONJ, osteonecrosis of the jaw.
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national registration number of the patient receiving the 

prescription.21

Postmenopausal women were defined as women aged 

55 years or older during the study period. Among these 

women, osteoporosis was defined using an algorithm that 

required an osteoporosis code or an osteoporotic fracture code 

recorded in the Patient Register, or an osteoporotic medica-

tion code recorded in the Prescribed Drug Register.

To identify potential cases of ONJ, we employed an 

algorithm including the following conditions by their ICD-10 

codes: periapical abscess with sinus (K04.6), inflamma-

tory conditions of jaws (K10.2), alveolitis of jaws (K10.3), 

idiopathic aseptic necrosis of bone (M87.0), osteonecro-

sis due to drugs (M87.1), osteonecrosis due to previous 

trauma (M87.2), other secondary osteonecrosis (M87.3), 

other osteonecrosis (M87.8), and unspecified osteonecrosis 

(M87.9). Conditions in an anatomic site other than the jaw 

were excluded. Only women seen at departments of oral and 

maxillofacial surgery, from January 1, 2005 to December 31, 

2009, with a record of at least one of the diagnostic codes, 

were classified as potential cases of ONJ. We applied this 

restriction to avoid the inclusion of osteonecrosis localized 

outside the oral and maxillofacial region.

Validation of the potential cases of ONJ was performed 

by the author (JB) through medical record review. Patient 

identity was blinded; however, all other details in the medi-

cal record were available to the reviewer (for example ICD 

coding and caregiver). The medical records were identified 

using the information available in the Patient Register on 

national registration number, place of diagnosis, and date. 

For each potential case, the medical records of all visits to the 

department of oral and maxillofacial surgery coded with an 

ICD code included in our algorithm, and all related medical 

records, were obtained from the department in question. Case 

confirmation was based on the following criteria modified 

from the American Association of Oral and Maxillofacial 

Surgeons:4

1.	 A lesion in the oral cavity in the form of an exposed alveo-

lar or palatal bone where gingiva or mucous membrane 

is usually found;

2.	 Absence of healing after 8 weeks despite adequate treat-

ment; and

3.	 No prior radiation towards the head, face, or mouth.

Cases were classified as: (a) confirmed ONJ, or (b) not 

ONJ. All three criteria had to be fulfilled for confirmation.

The confirmed cases were characterized by age, comor-

bidities, medications, and ONJ specific characteristics such 

as localization of lesions and prior dentoalveolar surgery. 

Comorbidities included a record of malignancy, diabetes 

mellitus, hypertension, rheumatoid arthritis, polymyalgia 

rheumatica, systemic lupus erythematosus, coagulopathia, 

renal failure, or hernia. History of medicine intake included 

bisphosphonates, cytostatics, glucocorticoids, antiangioge-

netics, teriparatide, proton-pump inhibitors, and antihista-

mines. Characterization was based on medical records for 

all characteristics except malignancy, which was based on a 

combination of medical records and register data.

Positive predictive values (PPVs) and associated 95% 

confidence intervals (CIs) were calculated for each diagnos-

tic code and as a compound outcome, including all of the 

diagnostic codes. PPV was defined as the proportion of all 

potential cases fulfilling the criteria for ONJ in our medical 

record review (ie, PPV was calculated by dividing the number 

of confirmed cases by the number of potential cases).

To assess whether modifications of the algorithm would 

increase the PPV without decreasing the sensitivity, addi-

tional analyses were performed. All codes with a PPV of 0 

were excluded from the algorithm. We also sharpened the 

criteria for becoming a potential case among cases coded 

with inflammatory conditions of jaws (K10.2). Thus, among 

these cases, only those coded with inflammatory conditions 

of jaws in two or more visits to the department of oral and 

maxillofacial surgery were considered potential cases. We 

also analyzed how PPV and sensitivity were affected when 

adding a requirement of a 6-month interval between the 

two visits.

Sensitivity was defined as the proportion of all confirmed 

cases identified by the original algorithm that was identified 

by the modified algorithm. Thus, sensitivity was calculated 

by dividing the number of confirmed cases found with the 

modified algorithm by the number of confirmed cases found 

with the original algorithm.

We also performed a subgroup analysis by excluding 

women with a malignancy diagnosis (except nonmelanoma 

skin cancer) up to 5 years before study entry.

Statistical analyses were conducted using the statistical 

software package SAS version 9.2 (SAS Institute Inc, Cary, 

NC). The study was approved by the ethics committee of the 

Karolinska Institutet, Stockholm, Sweden.

Results
Using our algorithm, we identified 87 potential cases of ONJ 

among women with postmenopausal osteoporosis. Medical 

records were obtained for 83 of the cases (95%). Fifteen 

out of these 83 potential cases were confirmed, yielding 

an overall PPV of 18% (95% CI 10%–28%). Stratification 
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on the selected ONJ-related diagnoses demonstrated that 

ICD-10 codes for periapical abscess with sinus (K04.6), 

alveolitis of jaws (K10.3), and other osteonecrosis (M87.8) 

had a PPV of 0. It also revealed that codes on idiopathic 

aseptic necrosis of bone (M87.0), osteonecrosis due to 

previous trauma (M87.2), other secondary osteonecrosis 

(M87.3), and unspecified osteonecrosis (M87.9) were not 

used at all (Table 1).

Four patients had at separate occasions been recorded 

with two different diagnostic codes included in the algorithm 

(inflammatory conditions of jaws [K10.2] + osteonecrosis 

due to drugs [M87.1] or inflammatory conditions of jaws 

[K10.2] + other osteonecrosis [M87.8]). These four cases 

are presented in a mixed group category (Table  1). The 

stratification demonstrated that PPV was 100% when both 

inflammatory conditions of jaws and osteonecrosis due to 

drugs were recorded (K10.2+M87.1), whereas inflamma-

tory conditions of jaws together with other osteonecrosis 

(K10.2+M87.8) had a PPV of 0. The highest PPV, mixed 

groups excluded, was for osteonecrosis due to drugs (M87.1) 

(83%, 95% CI 36%–100%).

In six potential cases, the second criterion (absence of 

healing after eight weeks despite adequate treatment) could 

not be confirmed (or ruled out), since the medical records 

did not cover the required eight weeks. These cases were 

thus not classified as ONJ.

The mean age among the 15 patients with confirmed 

ONJ was 74 years (standard deviation (SD) ± 10 years), 

whereas the mean age among patients without confirmed 

ONJ was 71 years (SD ± 8 years). Six patients (40%) had 

a prior malignancy diagnosis. Fourteen patients (93%) had 

been treated with bisphosphonates and four patients (27%) 

had been treated with cortisone. Three patients (20%) had 

been treated with cytostatics (Table 2).

Dentoalveolar surgery had occurred prior to the start of the 

ONJ episode in eleven patients (73%). In total, 20 ONJ lesions 

were described among the 15 confirmed cases. Eight 

lesions (40%) were localized to the maxilla, whereas twelve 

lesions (60%) occurred in the mandible (Table 2).

Exclusion of women diagnosed with cancer up to five 

years before study entry reduced the PPV from 18% to 17% 

(95% CI 9%–28%). When the diagnoses rendering a PPV 

of 0 were excluded, the overall PPV was 29%. When we 

considered cases coded with inflammatory conditions of jaws 

(K10.2) as potential cases only if recorded at two or more 

visits to the department of oral and maxillofacial surgery, the 

overall PPV increased to 37% and the sensitivity decreased 

to 93%. When requiring six months interval between the 

two visits, the overall PPV increased to 52%, whereas the 

sensitivity decreased to 73%.

Discussion
We evaluated an algorithm aimed at identifying osteonecrosis 

of the jaw (ONJ) using information recorded in the Swedish 

Patient Register. By medical record review we found that 

our algorithm had a positive predictive value (PPV) of 83% 

for osteonecrosis due to drugs (M87.1). Some diagnoses 

included in the algorithm had a PPV of 0 or were not used 

Table 1 PPVs and 95% CIs of diagnoses related to ONJ as recorded in the Swedish Patient Register and validated against medical records

ONJ related diagnoses in the patient register Potential cases Confirmed cases in the medical record review

Number Number PPVa (%) 95% CIb

Any ONJ related diagnosis 83 15 18 10–28
Periapical abscess with sinus (ICD-10 K04.6) 20 0 0 0–17
Inflammatory conditions of jaws (ICD-10 K10.2) 43 7 16 7–31
Alveolitis of jaws (ICD-10 K10.3) 7 0 0 0–41
Idiopathic aseptic necrosis of bone (ICD-10 M87.0) 0 – – –
Osteonecrosis due to drugs (ICD-10 M87.1) 6 5 83 36–100
Osteonecrosis due to previous trauma (ICD-10 M87.2) 0 – – –
Other secondary osteonecrosis (ICD-10 M87.3) 0 – – –
Other osteonecrosis (ICD-10 M87.8) 3 0 0 0–71
Osteonecrosis, unspecified (ICD-10 M87.9) 0 – – –
Mixed groupsc

 � Inflammatory conditions of jaws (ICD-10 K10.2) +  
osteonecrosis due to drugs (ICD-10 M87.1)

3 3 100 29–100

 � Inflammatory conditions of jaws (ICD-10 K10.2) +  
other osteonecrosis (ICD-10 M87.8)

1 0 0 0–98

Notes: aNumber of confirmed cases divided by number of potential cases; bconfidence interval calculated using binomial exact method; cpotential cases with two different 
ICD-10 codes included in the algorithm.
Abbreviations: PPV, positive predictive value; CI, confidence interval; ONJ, osteonecrosis of the jaw; ICD, the International Classification of Diseases and Related Health 
Problems.
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receiving chemotherapy. Previous studies reported the highest 

occurrence of ONJ among patients who received intravenous 

bisphosphonates due to a malignant condition.23 Although 

this knowledge may cause a detection bias in our study, our 

subgroup analysis of women without cancer did not alter the 

results substantially.

A concern with this study is that it was conducted solely 

on osteoporotic women aged 55 years or older. Thus, the 

mean age of the ONJ patients in our study was 74 years old, 

which is higher than in several other studies.16,22,24 The mean 

age was 71 years among the potential ONJ cases that did 

not qualify for ONJ in the medical record review. Hence, 

our results support age as a risk factor in the development 

of ONJ.4 Furthermore, since osteoporosis was a selection 

criterion, it is not surprising that 93% of the patients had 

received bisphosphonates (intravenous or oral). Because 

there are no data available on the incidence of ONJ in the 

Swedish population, we could not determine the sensitiv-

ity, specificity, or negative predictive value of the evaluated 

algorithm, making us acknowledge another limitation of the 

present study.

Our algorithm includes several diagnostic codes on 

inflammation and osteonecrosis. They were selected based 

on clinical experience and hypothetical reasoning regarding 

which diagnostic codes to be used in coding ONJ, in the 

absence of a specific ICD-10 code for ONJ. Some of these 

codes are specific for the oral and maxillofacial region, 

whereas others are nonspecific for this site. Consequently, 

we combined these diagnostic codes with codes representing 

departments of oral and maxillofacial surgery, so that only 

conditions in the jaws were to be selected in the register 

search. Furthermore, whenever specified, conditions in 

anatomic sites other than the jaw were excluded. The time 

span of the study ran from 2005 through 2009. Since some 

required data in the Prescribed Drug Register was missing 

prior to 2005, this was the earliest possible study start.

Our case confirmation criteria are based on the definition 

proposed by AAOMS, which requires exposed bone in the 

mouth. Lately, however, reports on ONJ without exposed 

bone, so called nonexposed variant of ONJ, have been 

published.25 We chose not to include this variant in our case 

confirmation criteria for two reasons. Firstly, no definitive 

guideline for diagnosis of nonexposed variant of ONJ exists 

so far.25 Secondly, the nonexposed variant of ONJ was not 

known during the entire study period (2005 through 2009). 

Thus, clinicians that met patients with the nonexposed variant 

of ONJ during the study period, might not have considered it 

as ONJ. Consequently, inclusion of the nonexposed variant 

Table 2 Characteristics of patients with a confirmed diagnosis of 
ONJ by medical record review (data from medical records)

Characteristics Number (%)

Total number of cases 15
Mean age, years (SD) 74 (10)
Age groups, years
  55–65 3 (20%)
  66–75 4 (27%)
  .75 8 (53%)
Malignancies
(medical records and register data)
  Breast cancer 3 (20%)
  Myeloma 1 (7%)
  Other 2 (13%)
Comorbidities
  Diabetes mellitus type 2 2 (13%)
  Hypertension 3 (20%)
  Rheumatoid arthritis 1 (7%)
  Polymyalgia rheumatica 1 (7%)
Medication
  Bisphosphonates 14 (93%)
  Cytostatics 3 (20%)
  Glucocorticoids 4 (27%)
  Teriparatide 1 (7%)
  Proton-pump inhibitors 2 (13%)
Dentures 2 (13%)
Dentoalveolar surgery 11 (73%)
Dental trauma 1 (7%)
Localization
  Right maxilla 4 (27%)
  Left maxilla 4 (27%)
  Left mandible 6 (40%)
  Right mandible 6 (40%)

Abbreviation: SD, standard deviation; ONJ, osteonecrosis of the jaw.

at all. When these diagnoses were excluded, the overall 

PPV of the algorithm increased from 18% to 29% without 

influencing the sensitivity.

The majority of patients suffering from ONJ (73%) had 

been treated with some form of dentoalveolar surgery prior 

to the onset of ONJ. This corresponds well to what Filleul 

et al11 reported in a review of about 2400 ONJ cases, where 

disease onset was preceded by tooth extraction in 67%. 

Only 20% had no record of dentoalveolor surgery/trauma 

or dentures, which can be compared to the 26% that Filleul 

et al11 reported as spontaneous cases.

The majority of all ONJ lesions (60%) occurred in the 

mandible, which is in line with other studies. Filleul et al11 

reported that 65% of all ONJ lesions were localized to the 

mandible, whereas Hoff et al15 and Otto et al22 reported that 

70% and 71% of all lesions, respectively, occur in the man-

dible. A total of 40% of the confirmed ONJ patients in our 

study had a prior malignancy diagnosis, and 27% had been 
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would have made case confirmation troublesome and might 

have led to false confirmation and overestimation of the PPV 

of the algorithm.

Our algorithm was developed for and validated using 

the Swedish Patient Register, which is a nationwide register 

comprising all physician visits. Thus, by utilizing the Patient 

Register, this algorithm has the potential to identify all ONJ 

cases in the entire country. Despite ONJ being an uncom-

mon condition13 this also means that our algorithm has the 

potential to determine the incidence of ONJ in the general 

population, which currently is unknown.5,26 However, in 

Sweden, patients with ONJ are often taken care of by oral 

and maxillofacial surgeons or hospital dentists. Because only 

dentists in inpatient care are obligated to report to the Patient 

Register, the reporting from dentists in outpatient care might 

be incomplete.

The agreement between diagnostic codes in the Patient 

Register (other than those included in our algorithm) and 

medical records has been evaluated before.27 PPV in most of 

these studies varied between 85% and 95%, which has been 

considered sufficient to verify the register for the evaluated 

diagnostic code. Compared to these studies, the PPV of our 

algorithm was low. Our study, however, differs from these 

studies because ONJ does not have a specific ICD-10 code. 

Consequently, we did not validate an ICD-10 code, but we 

evaluated the performance of an algorithm ascertaining ONJ 

in the Patient Register.

Despite the difficulties conducting studies of ONJ in the 

Patient Register, an epidemiological approach may be one of 

the best, currently available strategies to learn more about this 

condition. In this study, we found that it is possible to identify 

cases of ONJ in the Patient Register using our algorithm. 

Although the PPV of the original algorithm was low, we 

have presented refinements that increase the PPV, with little 

effect on its sensitivity. By excluding some of the diagnoses 

in the original algorithm, and by sharpening the criteria for 

becoming a potential case among inflammatory conditions 

of jaws, the PPV was increased more than twofold. Thus, an 

algorithm including codes on inflammatory conditions of 

jaws (K10.2) and osteonecrosis due to drugs (M87.1) might 

prove to be a valuable instrument when conducting future 

register-based studies on ONJ.
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