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Introduction: Prior studies evaluating International Classification of Diseases (ICD) codes for identifying medication-related 
osteonecrosis of the jaw (MRONJ) have reported poor validity but were largely limited to postmenopausal women, small samples, 
or patients receiving bisphosphonate or denosumab for cancer-related complications rather than fracture prevention.
Purpose: To evaluate the performance of ICD-9 and ICD-10 codes for identifying MRONJ among adults treated with bispho
sphonates or denosumab for fracture prevention.
Methods: We included two retrospective U.S. cohorts of adults age ≥50 years: the national Veterans Health Administration (VHA) 
and HealthPartners (HP), a large nonprofit health system. All patients had dental benefits and filled ≥1 prescription for 
a bisphosphonate or denosumab for fracture prevention from 10/1/1999-12/31/2022, with follow-up through 12/31/2023. In VHA, 
a previously validated natural language processing algorithm (F-Measure:0.96) ascertained MRONJ events. In HP, all electronic 
medical records associated with candidate ICD-9/10 claims underwent clinician review. MRONJ was defined per the American 
Association of Oral and Maxillofacial Surgeons criteria. Sensitivity, specificity, positive predictive value (PPV), and negative 
predictive value were calculated for each code in VHA; PPV was calculated in HP.
Results: Among 46,408 VHA Veterans and 4,625 HP participants (64 undergoing review), 47 and 10 MRONJ cases were identified, 
respectively. The only code with PPV>0.40 in both systems was ICD-9733.45 (osteonecrosis of the jaw), with PPVs of 0.43 (95% 
confidence interval [CI]: 0.1.0–0.82) in VHA and 0.50 (95% CI: 0.07–0.93) in HP. The highest-performing ICD-10 code in both 
cohorts was M87.10 (osteonecrosis due to drug, unspecified bone), with PPVs of 0.27 (95% CI: 0.06–0.61) and 0.67 (95% CI: 0.09– 
0.99) in VHA and HP, respectively. Sensitivity ranged from 0.00 to 0.08.
Conclusion: Available ICD-9/10 codes demonstrate low sensitivity and PPV for MRONJ, limiting accurate ascertainment in 
administrative data and highlighting the need for improved hybrid ascertainment algorithms or dedicated MRONJ registries for 
epidemiologic study of this rare outcome.
Keywords: medication-related osteonecrosis of the jaw, bisphosphonates, denosumab, validation study
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Introduction
Medication-related osteonecrosis of the jaw (MRONJ) is a rare complication of treatment with antiresorptive therapies— 
particularly, bisphosphonates or denosumab—as well as angiogenesis inhibitors and other cancer therapeutics.1 Despite 
the higher per-patient risk of MRONJ among cancer patients receiving high-dose antiresorptive therapy, large-scale study 
of MRONJ in fracture-prevention populations is essential because antiresorptive medications are prescribed to vastly 
large numbers of patients for osteoporosis and fracture prevention, making even very low absolute risks highly 
consequential at the population level and clinically relevant to treatment decision-making.2 Since MRONJ is uncommon 
among patients receiving bisphosphonates or denosumab for fracture prevention, large observational studies are needed 
to accurately ascertain these events as comprehensive electronic medical record (EMR) review is rarely feasible at scale. 
However, to date, such studies have been problematic as administrative data using International Classification of 
Diseases (ICD), ninth (ICD-9) and tenth revision (ICD-10) codes to identify MRONJ events have yielded poor positive 
predictive values (PPVs), with overall PPVs <33% when compared with electronic medical record (EMR) review.3–6

Several important limitations of prior validation studies leave substantial gaps in the understanding of the PPV of 
ICD-9 and ICD-10 codes for MRONJ ascertainment in individuals prescribed antiresorptives from fracture prevention. 
First, some prior studies included patients receiving antiresorptives for bone complications of cancer, despite the 
substantially different clinical context of oncology-related high-dose antiresorptive therapy, which is associated with 
markedly higher absolute MRONJ risk and potentially different individual risk profile, distinct treatment patterns, and 
potentially different coding practices than antiresorptive use for fracture prevention.7,8 Second, several reports,3,6 

including a systematic review,9 are primarily restricted to postmenopausal women, limiting generalizability to diverse 
populations. Third, some prior studies did not require the osteonecrosis of the jaw (ONJ) even to be related to 
a medication exposure.3 Fourth, no prior studies have included similar analyses in those with a filled prescription for 
denosumab for osteoporosis, despite evidence that denosumab use is associated with higher MRONJ rates than 
bisphosphonates.10 Fifth, because administrative coding practices, diagnostic terminology, and healthcare delivery 
structures vary substantially across countries and healthcare systems, validation findings from European registry-based 
studies may not generalize to US administrative data; notably, prior U.S.-based studies have demonstrated even lower 
PPVs (58–7.1%)3,4 than those reported in European cohorts.5,6 Finally, only ICD-10 coding, and not ICD-9 coding, has 
a specific code for MRONJ (eg, M8710: osteonecrosis due to drugs). ICD-10 coding was mandatory in the U.S. only 
since 2015. To date, no published reports in the U.S. include long-term time intervals to determine the PPV of this 
particular code for MRONJ events.

Data regarding the performance characteristics of ICD-9 and ICD-10 diagnosis codes for identifying MRONJ other 
than PPV are even more limited. In a Danish cohort, ICD-10 codes recorded within 180 days of a dentoalveolar 
procedure demonstrated a sensitivity of 77.2% (95% CI, 68.4–84.6%) for identifying MRONJ among cancer patients8 

Notably, prior validation studies have employed claims-positive sampling designs that permit estimation of PPV but 
preclude direct assessment of sensitivity, specificity, and negative predictive value (NPV).3–6 To our knowledge, no prior 
report describes full validation metrics for claims-based ICD-9 or ICD-10 code algorithms for MRONJ among 
individuals prescribed antiresorptives for fracture prevention.

Therefore, the primary purpose of this report was to determine the utility of ICD-9 and ICD-10 codes for MRONJ 
diagnosis among individuals prescribed antiresorptives for fracture prevention to inform the methodology of future 
epidemiological research studies. To do this, we calculated the PPVs of a broad list of candidate ICD-9 and ICD-10 codes 
for MRONJ events in a diverse group of older men and women who had received a bisphosphonate or denosumab for 
fracture prevention and not for cancer-related reasons. The first cohort was comprised of Veterans, the majority of whom 
were men, with continuous and comprehensive Veterans Health Administration (VHA) dental benefits,11–15 who received 
care through the VHA, the largest integrated health system within the U.S. between October 1, 1999, and December 31, 
2022, with follow-up through December 31, 2023. The second cohort was patients in HealthPartners2 (HP), the largest 
consumer run nonprofit healthcare company in the US,16 the majority of whom were women with the same inclusion 
criteria and follow-up periods. Within the VHA cohort, we additionally estimated the sensitivity, specificity, and NPV of 
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candidate ICD-9 and ICD-10 codes to provide a comprehensive assessment of their diagnostic performance for MRONJ 
ascertainment.

Materials and Methods
Administrative Databases and Study Cohorts
The VHA Corporative Data Warehouse (CDW) and the Virtual Data Warehouse for HP were queried for all persons aged 
50 and older who had received at least one filled prescription for an antiresorptive therapy for fracture prevention 
between October 1, 1999, to December 31, 2022. Antiresorptive therapies for fracture prevention included oral 
(alendronate, risedronate, ibandronate) or intravenous (IV) bisphosphonate (zoledronic acid, ibandronate) or subcuta
neous denosumab 60 mg injection. Those with a filled prescription at any time during the study period for 
a bisphosphonate not FDA-approved in the U.S. for osteoporosis (ie, etidronate, pamidronate or tiludronate) and those 
whose second dose of zoledronic acid was <273 days from the initial dose (a dosing interval usually used for cancer- 
related complications and not osteoporosis) were excluded from the study cohort. Participants were also excluded if, 
prior to their first antiresorptive prescription, they had a medical diagnosis representing a non-fracture prevention 
indication for antiresorptive therapy: Paget’s disease of bone, osteogenesis imperfecta, hypophosphatasia and phosphate 
wasting syndromes, osteopetrosis, secondary metastatic cancer, or multiple myeloma (Table 1).

This study was determined to be exempt by the VHA Central Institutional Review Board (IRB) (IRB number 
1690785) under common rule 4 (Title 45, Code of Federal Regulations, Part 46, Section 104, subsection (d), category 4) 
This study was approved by the IRB of HP (IRB number A21-275). Patient data were handled in accordance with 
institutional privacy and confidentiality standards at each participating site. All study procedures were conducted in 
compliance with the ethical principles of the Declaration of Helsinki.

Candidate ICD Code Selection
We examined a broad, deliberately inclusive ICD code set incorporating dental and maxillofacial conditions that may 

mimic or be miscoded as MRONJ in administrative data. Potential codes for MRONJ examined included: osteonecrosis 
of the jaw (ICD-9: 733.45); osteonecrosis of the jaw due to drugs (ICD-10: M87.180); idiopathic aseptic necrosis of 
bone, other site (ICD-9: 733.49; ICD-10: M87.08); osteonecrosis due to drug, unspecified bone (ICD-10: M87.10); 
osteonecrosis due to previous trauma, other site (ICD-10: M87.28); other secondary osteonecrosis, other site (ICD-10: 
M87.38); other osteonecrosis, other site (ICD-10: M87.88); osteonecrosis, unspecified (ICD-10: M87.9); inflammatory 
condition of jaw (ICD-9: 526.4; ICD-10: M27.2); other specified diseases of jaws (ICD-9: 526.89; ICD-10: M27.8); 

Table 1 International Classification of Diseases (ICD) Ninth (ICD-9) and Tenth (ICD-10) 
Revision Codes for Medical Conditions Representing Indications for Antiresorptive 
Therapy Other Than Fracture Prevention and Used for Baseline Exclusion and 
Observation Censoring

Diagnosis ICD-9 Codes ICD-10 Codes

Paget’s disease of bone 731.0 M88.X

Osteogenesis imperfecta 756.51 Q78.0

Hypophosphatasia, phosphate wasting syndromes 275.3 E83.3X

Osteopetrosis 756.52 Q78.2

End stage renal disease (ESRD), renal failure 585.6 N18.6

Secondary metastatic cancer 197.X, 198.X, 199.0 C78.X, C79.X, C80.X

Multiple myeloma 203.0X C90.0X
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alveolitis or osteitis (ICD-9: 526.5; ICD-10: M27.3); exostoses/torus (ICD-9: 526.81); and periapical abscess with sinus 
(ICD-9: 522.7; ICD-10: K04.6).

We largely based our selection of these codes on ICD codes that have previously been used in studies examining the 
validity of ICD codes for MRONJ.3–6,9 Because the ICD-9 code 733.45 for osteonecrosis of the jaw was not introduced 
until October 1, 2007, cases of MRONJ in the first 8 years of our study would have been coded using other ICD-9 codes, 
especially inflammatory condition of the jaw (526.4).17 Accordingly, we evaluated a broader set of ICD-9 jaw diagnosis 
codes and their ICD-10 equivalents. As in several prior reports,3–6 we evaluated codes for alveolitis or osteitis and 
periapical abscess with sinus, as these conditions may present with pain, exposed bone, delayed socket healing, localized 
swelling, and drainage that overlap with suspected MRONJ. Unlike prior validation studies,3–6,9 we included codes for 
anatomic orofacial variants (eg exostosis/torus) that may be miscoded as or warrant further evaluation for MRONJ as 
exploratory screening.

MRONJ Ascertainment
Study cohort participants were observed from their first filled prescription for an antiresorptive until they developed 
a non-fracture prevention indication for antiresorptive therapy (Table 1), received a dose of denosumab of 120 mg (a dose 
usually used for cancer-related complications and not osteoporosis), received a non-antiresorptive bone health pharma
cotherapy (ie, teriparatide, abaloparatide, or romosozumab), died, were lost to follow-up, or the end of the study period 
for an MRONJ event. Each study participant was eligible for review for an MRONJ event only during this observability 
period for classification as having MRONJ or not having MRONJ. MRONJ ascertainment was distinct for the VHA and 
HP cohorts.

VHA Cohort
Because the substantial number of VHA individuals prescribed bisphosphonate or denosumab for fracture prevention 
precluded individual EMR review, we developed a Natural Language Processing (NLP) algorithm to identify MRONJ 
cases, as described elsewhere (Submitted). In brief, the NLP algorithm was developed from human-annotated EMR note 
documents to ascertain MRONJ events in persons who had received a bisphosphonate or denosumab for fracture 
prevention. Two annotators with expertise in osteoporosis management (BL, REE) independently annotated notes 
using as a gold standard the American Association of Oral and Maxillofacial Surgeons’ (AAOMS) Position Paper on 
Medication-related osteonecrosis of the jaws definition,2 with substantial input from dentists with expertise in treating 
MRONJ (TBD, PJG) in adjudicating any discrepancies, supporting the content validity of this methodology. Twenty- 
three total unique features (ie, MRONJ, exposed bone, jaw radiation) comprised the final code book for annotators, and 
note review continued until each feature reached a priori target thresholds of >80% on the F-measure. A total of 870 
clinical notes were human-annotated until thematic saturation was reached, with no additional language categories 
identified. These human-annotated notes were not restricted to any ICD-9 or ICD-10 claims.

An MRONJ designation required an in-person visit documentation from an orofacial specialty provider (Doctor of 
Dental Surgery (DDS), Oral and Maxillofacial Surgeon (OMFS), or Otolaryngologist) with that documentation reflecting 
at least one of the following: (1) MRONJ and exposed bone; (2) MRONJ with explicit staging (stage 1, 2, or 3); (3) 
MRONJ with a corroborative MRONJ treatment (ie, anabolic agent, PENTO protocol, hyperbaric oxygen, debridement, 
resection or jaw reconstruction); (4) MRONJ with an affirming contextual modifier (except stage 0 only); (5) exposed 
bone and a stage of 1–3 even in the absence of MRONJ explicitly being mentioned; (6) a sequestrum on exam or 
imaging; (7) or a sequestrectomy procedure. Throughout this process, established sources were consulted whenever 
possible to standardize terms, including the VHA formulary of medications and the National Library of Medicine’s 
Unified Medical Language System.18 Finally, a decision tree-based machine-learning model used NLP-extracted features 
to classify MRONJ as MRONJ or Not MRONJ for each note from an orofacial specialist (dentistry, oral maxillofacial 
surgery, or otolaryngology). If a Veteran had no notes eligible for NLP review from an orofacial specialist, then that 
Veteran was excluded from the VHA cohort.

Compared with manual EMR review and adjudication by two independent reviewers on a held-out 200 note 
validation set, the NLP algorithm achieved an excellent document-level performance metrics for MRONJ identification: 
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PPV (ie, precision) of 0.97, a sensitivity (ie, recall) of 0.95, and an F-measure of 0.96. After each note received 
a designation of MRONJ or Not MRONJ, Veteran-level classifications were assigned hierarchically: (1) if there was any 
note designating MRONJ, that Veteran was determined to have MRONJ by the NLP-algorithm.

HP Cohort
At HP, the study population were those individuals who were prescribed a bisphosphonate or denosumab who also had 
HP medical and dental insurance. MRONJ case detection at HP with NLP was not feasible as NLP algorithms are not 
easily transferable across health systems because variation in EMR architecture, documentation patterns, and local 
clinical workflows can materially alter performance, and NLP development requires substantial annotation, validation, 
and technical resources that limited developing an NLP at multiple institutions. However, given variation in coding 
practices, patient populations, and clinical workflows across healthcare systems, assessment of ICD-9 and ICD-9 code 
PPVs in additional cohorts prescribed antiresorptive for fracture prevention remains valuable to more fully characterize 
administrative code performance, even when limited to isolated PPV estimation and acknowledging the potential 
verification bias introduced by methodological differences in MRONJ ascertainment. Therefore, we proceeded with 
a claims-positive sampling design in the HP cohort. Ascertainment of possible MRONJ cases in HP relied on 
identification of all encounters in the EMR associated with any candidate ICD-9 or ICD-10 codes. These all underwent 
individual EMR review by an experienced clinician with substantial expertise in diagnosing and treating osteoporosis 
(JS). Analogous to the NLP development definition of MRONJ in the VHA, the definition of an MRONJ case by manual 
EMR review at HP was based on the AAOMS Position Paper on Medication-Related Osteonecrosis of the Jaws-2022 
Update.2

No comprehensive or random EMR review of patients without any candidate ICD code was performed in HP because 
rarity of MRONJ events would have required review of an infeasibly large number of charts to identify false negatives 
(ie, MRONJ cases without any candidate ICD code).

Statistical Analyses
Baseline characteristics were described for all confirmed MRONJ cases, stratified by cohort (VHA, HP). To assess the 
performance of each candidate ICD code, the PPV of each candidate code was calculated, stratified by cohort (VHA, HP) 
and coding era (ICD-9, ICD-10). The 95% confidence interval (CI) for each PPV was calculated using the exact binomial 
method.

In the VHA cohort, further performance metrics of sensitivity, specificity, and NPV were estimated for each candidate 
ICD code, stratified by coding era (ICD-9, ICD-10), with exact binomial 95% CIs reported. Analogous metrics were not 
computed for HP because we lacked estimates for true negatives and false negatives given the claims-positive sampling 
design used for MRONJ ascertainment in KP. For computation of ICD-9 metrics, only Veterans observable from 
October 1, 1999, to September 30, 2015, (ie, Veterans who filled their first bisphosphonate or denosumab prescription 
between these dates) were in the VHA ICD-9 cohort. For computation of ICD-10 metrics, only Veterans observable from 
October 1, 2015, to December 31, 2023, (ie, Veterans who were not censored on or prior to September 30, 2015) were in 
the VHA ICD-10 cohort. These date cut-offs are based on the dates that ICD-9 and ICD-10 codes were available in the 
U.S. Analyses were conducted.

Two post-hoc analyses were performed. First, the performance metrics of the combination of ICD-10 codes for 
either osteonecrosis of the jaw due to drugs (M87.180) or osteonecrosis due to drug, unspecified bone (M87.10) was 
assessed, stratified by cohort (VHA, HP) using the same statistical methods above. Second, temporal variation in ICD 
code performance was evaluated by plotting PPVs and 95% CIs for candidate diagnosis code groupings that had 
corresponding ICD-9 and ICD-10 codes across VHA and HP: osteonecrosis of the jaw (ICD-9: 733.45; ICD-10: 
M87.180); inflammatory condition of jaw (ICD-9: 526.4; ICD-10: M27.2); other specified diseases of jaws (ICD-9: 
526.89; ICD-10: M27.8); alveolitis or osteitis (ICD-9: 526.5; ICD-10: M27.3); and periapical abscess with sinus (ICD- 
9: 522.7; ICD-10: K04.6). Analyses were performed in R version 4.5.2 (R Foundation for Statistical Computing, 
Vienna, Austria) in the VHA cohort and with Stata version 18 (StataCorp LLC, College Station, TX, USA) in the HP 
cohort.
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Results
At the VHA, there were 138,791 Veterans age ≥50 years old with at least one filled prescription for an oral or IV 
bisphosphonate or denosumab for fracture prevention during the study period without any exclusion criteria and who had 
at least one note from an orofacial specialist – making them eligible for NLP review. Among these Veterans, 46,408 had 
VHA continuous and comprehensive dental benefits and were included in the VHA cohort. Among Veterans aged ≥50 
years old with at least one filled prescription for an oral or IV bisphosphonate for fracture prevention during the study 
period and with VHA continuous and comprehensive dental benefits, 96% had at least one note from an orofacial 
specialist that would qualify them for VHA cohort inclusion. In the VHA cohort, 47 MRONJ cases were identified by 
NLP. Of those Veterans with MRONJ, 5 individuals were only observable prior to October 1, 2015, and only contributed 
to the VHA ICD-9 cohort; 11 were observable only on or after October 1, 2015, and only contributed to the VHA ICD-10 
cohort; 31 Veterans with MRONJ were observable across the ICD-9 and ICD-10 coding periods. In sum, there were 36 
Veterans with MRONJ and 34,701 Veterans without MRONJ in the VHA ICD-9 cohort; there were 42 Veterans with 
MRONJ and 34,831 Veterans without MRONJ in the VHA ICD-10 cohort.

At HP, 4,625 patients age ≥50 years old with at least one prescription for an oral or IV bisphosphonate or denosumab 
had HP dental insurance and were included in the HP cohort. Among these HP cohort members, 10 patients (0.22%) had 
one or more encounters with one or more candidate ICD diagnosis code and were identified by clinician EMR review as 
having MRONJ.

At the VHA, the cohort was predominantly male (82%) and White (77%). The mean age of MRONJ diagnosis was 72 
years. Among all VHA MRONJ cases (n=47), 46 Veterans had at least one filled prescription for a bisphosphonate and 1 
for denosumab. Of those Veterans without MRONJ (n=46,361), 45,930 had at least one filled prescription for a bispho
sphonate and 1,149 for denosumab. At HP, the cohort was largely female (89%), and White (80%). The mean age of 
MRONJ diagnosis was 76 years. Of the 10 patients with MRONJ, 10 had at least one filled prescription for a bispho
sphonate and 0 for denosumab. Of those without MRONJ, 67 had at least one filled prescription for a bisphosphonate and 
1 for denosumab.

The ICD-9 (733.49) and ICD-10 codes (M87.08) for idiopathic aseptic necrosis of the bone, other site, and ICD-10 
codes for osteonecrosis due to previous trauma, other site (M87.28) and other secondary osteonecrosis, other site 
(M87.38) had combined number of persons from both VHA and HP of less than ten, and therefore, diagnostic 
performance characteristics were not calculated due to sparse data. Diagnostic performance characteristics (PPV, 
sensitivity, specificity, and NPV) for individual ICD-9 codes for MRONJ diagnosis in the VHA ICD-9 cohort are 
shown in Table 2 and PPVs for individual ICD-9 codes for MRONJ diagnosis in the HP cohort are shown in Table 3. The 
highest PPV for an ICD-9 code at both health care systems was for 733.45 (osteonecrosis of the jaw); the estimated PPV 
was 0.43 (95% CI: 0.10, 0.82) and 0.50 (95% CI: 0.07, 0.93) at the VHA and HP, respectively.

Table 2 Diagnostic Performance Characteristics of Individual International Classification of Diseases, Ninth Revision (ICD-9) Codes 
for Medication-Related Osteonecrosis of the Jaw (MRONJ) Diagnosis from the Veterans Health Administration (VHA) Cohort

ICD-9 Code Description Na TP FP TN FN Sensitivity (95% CI) Specificity (95% CI) PPV (95% CI) NPV (95% CI)

733.45 Osteonecrosis of the jaw 7 3 4 34,697 33 0.083 (0.018, 0.225) 1.000 (1.000, 1.000) 0.429 (0.099, 0.816) 0.999 (0.999, 0.999)

526.4 Inflammatory condition of jaw 386 3 383 34,318 33 0.083 (0.018, 0225) 0.989 (0.988, 0.990) 0.008 (0.002, 0.023) 0.999 (0.999, 0.999)

526.89 Other specified diseases of jaw 92 0 92 34,609 36 0.000 (0.000, 0.097) 0.997 (0.997, 0.998) 0.000 (0.000, 0.039) 0.999 (0.999, 0.999)

526.5 Alveolitis or osteitis 395 1 394 34,307 35 0.028 (0.001, 0.145) 0.989 (0.987, 0.990) 0.003 (0.000, 0.014) 0.999 (0.999, 0.999)

526.81 Exostoses/torus 916 1 915 33,786 35 0.028 (0.001, 0.145) 0.974 (0.972, 0.975) 0.001 (0.000, 0.006) 0.999 (0.999, 0.999)

522.7 Periapical abscess with sinus 187 0 187 34,514 36 0.000 (0.000, 0.097) 0.995 (0.994, 0.995) 0.000 (0.000, 0.020) 0.999 (0.999, 0.999)

Note: aIndividuals may have more than one qualifying ICD-9 code. 
Abbreviations: ICD-9, International Classification of Diseases, Ninth Revision; N, Count of ICD-9 code occurrences; TP, True Positives; FP, False Positives; TN, True 
Negatives; FN, False Negatives; PPV, Positive Predictive Value; NPV, Negative Predictive Value; CI, Confidence Interval.
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Diagnostic performance characteristics (PPV, sensitivity, specificity, and NPV) for individual ICD-10 codes, and the 
combination of codes M87.180 or M87.10, for MRONJ diagnosis in the VHA ICD-10 cohort are shown in Table 4 and 
PPVs for individual ICD-10 codes, and the combination of codes M87.180 or M87.10, for MRONJ diagnosis in the HP 
cohort are shown in Table 5. The highest PPV for an ICD-10 code at both health care systems was for M87.10 
(osteonecrosis due to drug, unspecified bone); the estimated PPV was 0.27 (95% CI: 0.06, 0.61) and 0.67 (95% CI: 
0.09, 0.99) at the VHA and HP, respectively.

In the VHA, the most sensitive ICD-9 codes were osteonecrosis of the jaw (733.45) and inflammatory condition of 
jaw (526.4), with estimated sensitivity of 0.08 (95% CI: 0.02, 0.23) for each of these codes. The most sensitive individual 
ICD-10 code was osteonecrosis of the jaw due to drugs (M87.180) with sensitivity of 0.19 (95% CI: 0.9, 0.34), only 
minimally improved by considering either this code or osteonecrosis due to drugs, unspecified bone with sensitivity of 
0.21 (95% CI: 0.10, 0.37). The estimated specificity was ≥0.97 and NPV was ≥0.99 for all examined ICD codes (Table 2 
and Table 4).

No significant temporal variation in ICD code performance, as measured by PPV, was observed in either health 
system before versus after October 1, 2015, for codes corresponding to osteonecrosis of the jaw, inflammatory condition 
of jaw, other specified diseases of jaws, alveolitis or osteitis, or periapical abscess with sinus (Figure 1). However, 
confidence intervals were wide for osteonecrosis of the jaw codes in the VHA and all codes in HP, limiting inference 
(Figure 1).

Discussion
We evaluated the performance of individual ICD-9 and ICD-10 claims codes for identifying MRONJ from two health 
care systems, one a public (VHA) and the other a private payor (HP). No examined ICD code achieved a PPV greater 
than 0.70, underscoring the substantial false-positive burden and limited utility of these codes for standalone MRONJ 
identification. PPV performance was generally consistent across VHA and HP cohorts; however, limited numbers of 
claims for some ICD codes—particularly in HP—resulted in wide confidence intervals and imprecise PPV estimates. The 
ICD-9 diagnosis codes 526.5 and 526.81 and ICD-10 diagnosis codes M87.88 and K04.6 have a near-zero PPV in both 
health systems, and, therefore, appear to be too non-specific for use in algorithms to ascertain MRONJ. Although all 
examined ICD codes demonstrated specificity ≥0.97 and NPV ≥0.99 for MRONJ, these favorable metrics should not be 
interpreted as evidence of strong overall diagnostic performance; because MRONJ is a rare outcome in the studied 
population, high NPV is expected and high specificity may overstate practical diagnostic performance, particularly when 

Table 3 Diagnostic Performance Characteristics of Individual International 
Classification of Diseases, Ninth Revision (ICD-9) Codes for Medication- 
Related Osteonecrosis of the Jaw (MRONJ) Diagnosis from the HealthPartners 
(HP) Cohort

ICD-9 Code Description Na TP FP PPV (95% CI)

733.45 Osteonecrosis of the jaw 4 2 2 0.50 (0.07, 0.93)

526.4 Inflammatory condition of jaw 11 4 7 0.36 (0.11, 0.69)

526.89 Other specified diseases of jaw 8 2 6 0.25 (0.03, 0.65)

526.5 Alveolitis or osteitis 1 0 1 0.00 (0.00, 0.97)

526.81 Exostoses/torus 6 0 6 0.00 (0.00, 0.36)

522.7 Periapical abscess with sinus 0 0 0 Not estimable

Note: aIndividuals may have more than one qualifying ICD-9 code. 
Abbreviations: ICD-9, International Classification of Diseases, Ninth Revision; N, Count of ICD-9 
code occurrences; TP, True Positives; FP, False Positives; PV, Positive Predictive Value; CI, Confidence 
Interval.
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Table 4 Diagnostic Performance Characteristics of Individual and Select Combination International Classification of Diseases, Tenth Revision (ICD-10) Codes for Medication-Related 
Osteonecrosis of the Jaw (MRONJ) Diagnosis from the Veterans Health Administration (VHA) Cohort

ICD-10 Code Description Na TP FP TN FN Sensitivity (95% 
CI)

Specificity (95% 
CI)

PPV (95% CI) NPV (95% CI)

M87.180 Osteonecrosis of the jaw due to drugs 38 8 30 34,801 34 0.190 (0.086, 0.341) 0.999 (0.999, 0.999) 0.211 (0.096, 0.373) 0.999 (0.999, 0.999)

M87.10 Osteonecrosis due to drug, unspecified bone 11 3 8 34,823 39 0.071 (0.015, 0.195) 1.000 (1.000, 1.000) 0.273 (0.060, 0.610) 0.999 (0.998, 0.999)

M87.88 Other osteonecrosis, other site 9 0 9 34,822 42 0.000 (0.000, 0.084) 1.000 (1.000, 1.000) 0.000 (0.000, 0.336) 0.999 (0.998, 0.999)

M87.9 Osteonecrosis, unspecified 13 0 13 34,818 42 0.000 (0.000, 0.084) 1.000 (0.999, 1.000) 0.000 (0.000, 0.247) 0.999 (0.998, 0.999)

M27.2 Inflammatory condition of jaw 255 3 252 34,579 39 0.071 (0.015, 0.195) 0.993 (0.992, 0.994) 0.012 (0.002, 0.034) 0.999 (0.998, 0.999)

M27.8 Other specified diseases of jaw 168 1 167 34,664 41 0.024 (0.001, 0.126) 0.995 (0.994, 0.996) 0.006 (0.000, 0.033) 0.999 (0.998, 0.999)

M27.3 Alveolitis or osteitis 212 0 212 34,619 42 0.000 (0.000, 0.000) 0.994 (0.993, 0.995) 0.000 (0.000, 0.017) 0.999 (0.998, 0.999)

K04.6 Periapical abscess with sinus 1,108 3 1,105 33,726 39 0.071 (0.015, 0.195) 0.968 (0.966, 0.970) 0.003 (0.001, 0.008) 0.999 (0.998, 0.999)

Either M87.180 or 
M87.10

Osteonecrosis of the jaw due to drugs or Osteonecrosis due to 
drug, unspecified bone

45 9 36 34,795 33 0.214 (0.103, 0.368) 0.999 (0.999, 0.999) 0.200 (0.096, 0.346) 0.999 (0.999, 0.999)

Note: aIndividuals may have more than one qualifying ICD-9 code. 
Abbreviations: ICD-10, International Classification of Diseases, Tenth Revision; N, Count of ICD-9 code occurrences; TP, True Positives; FP, False Positives; TN, True Negatives; FN, False Negatives; CI, Confidence Interval.
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sensitivity and PPV are low. Identification of MRONJ using ICD claims alone remains challenging due to poor overall 
performance of ICD codes to identify MRONJ.

Our findings are consistent with prior validation studies of ICD-9 and ICD-10 administrative codes among post- 
menopausal women in the U.S., which have similarly demonstrated low PPV for MRONJ identification.3,4 For ICD-9 
codes, Wright et al3 reported that the best-performing code was 733.45 (osteonecrosis of the jaw), with a PPV of 0.25 
(95% CI: 0.01–0.81), followed by 526.4 (inflammatory condition of jaw) with a PPV of 0.13 (95% CI: 0.04–0.27).3 

A similar PPV performance hierarchy was observed in both the VHA and HP cohorts, with somewhat higher point 
estimates for code 733.45 (0.43–0.50), but equally wide confidence intervals reflecting the imprecision of these estimates. 
Both of these prior reports3,4 included the same ICD-9 codes we examined but did not include 526.89 (other specified 
disease of jaw), 526.81 (exostosis/torus), or 522.7 (periapical abscess with sinus); notably in our cohorts the PPVs for 
these codes were all near-zero. In addition, Wright et al3 included the code 5269 (unspecified disease of the jaw), which 
we did not examine in our study. For ICD-10 codes, our study is only the second to evaluate ICD-10 code performance 
for MRONJ identification in the U.S.; the prior study reported similarly poor performance, with an overall PPV of 0.05 
(95% CI: 0.01–0.14).4 Our study differed from these prior reports3,4 as we included both men and women – including 
a predominately male cohort (VHA), confined our analyses to those using bisphosphonates or denosumab for fracture 
prevention, and included the ICD-10 for osteonecrosis of the jaw due to drug (M87.10) with eight years of data (through 
2023); this code has only been included in one study in the U.S., and that was only through 2017.4 Our study provides an 
additional five years of availability of this code for analysis. Finally, within one of the two cohorts (the VHA cohort), we 
additionally estimated the sensitivity, specificity, and NPV of candidate ICD-9 and ICD-10 codes to provide 
a comprehensive assessment of their diagnostic performance for MRONJ ascertainment. To our knowledge, these 
additional performance metrics of either ICD-9 or ICD-10 codes have not previously been reported in a U.S. cohort.

To our knowledge, ours is the first report in the U.S. to examine the PPV of the ICD-10 code M87.10 (osteonecrosis 
due to drug, unspecified bone) for MRONJ. Our findings that M87.10 was the ICD-10 with the highest PPV of all the 
examined codes at both health systems is in agreement with a prior report from European claims data.5,6 However, in our 
cohorts, the PPV for MRONJ with this code was lower than for our European counterparts reporting a PPV of 0.83 (95% 
CI: 0.36–1.00) in Swedish5 and 1.00 (95% CI: 0.25–1.00) in Danish populations.6 The higher estimate of PPV in our 
study (0.67; 95% CI: 0.09,0.99) was from HP, which was predominantly female; these prior European reports were 
confined to women.5,6 Given the wide confidence intervals surrounding the PPV estimates for M87.10 in both our cohorts 
and the prior European studies, the observed differences may reflect imprecision rather than true differences in the 

Table 5 Diagnostic Performance Characteristics of Individual and Select Combination International Classification of Diseases, Tenth 
Revision (ICD-10) Codes for Medication-Related Osteonecrosis of the Jaw (MRONJ) Diagnosis from the HealthPartners (HP) Cohort

ICD-10 code Description Na TP FP PPV (95% CI)

M87.180 Osteonecrosis of the jaw due to drugs 10 3 10 0.30 (0.07, 0.65)

M87.10 Osteonecrosis due to drug, unspecified bone 3 2 1 0.67 (0.09, 0.99)

M87.88 Other osteonecrosis, other site 2 0 2 0.00 (0.00, 0.84)

M87.9 Osteonecrosis, unspecified 6 2 4 0.33 (0.04, 0.78)

M27.2 Inflammatory condition of jaw 17 4 13 0.24 (0.07, 0.50)

M27.8 Other specified diseases of jaw 13 1 12 0.08 (0.00, 0.36)

M27.3 Alveolitis or osteitis 5 1 4 0.20 (0.05, 0.72)

K04.6 Periapical abscess with sinus 12 0 12 0.00 (0.00, 0.26)

Either M87.180 or M87.10 Osteonecrosis of the jaw due to drugs or Osteonecrosis due to drug, unspecified bone 13 5 8 0.38 (0.14, 0.68)

Note: aIndividuals may have more than one qualifying ICD-9 code. 
Abbreviations: ICD-10, International Classification of Diseases, Tenth Revision; N, Count of ICD-9 code occurrences; TP, True Positives; FP, False Positives; TN, True 
Negatives; FN, False Negatives; CI, Confidence Interval.
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underlying PPV. International studies evaluating World Health Organization (WHO) ICD-10 code K10.2 (corresponding 
to U.S. ICD-10-CM code M27.2) among antiresorptive users have reported higher PPV than observed for M27.2 in our 
study (PPV 0.74; 95% CI: 0.66–0.81).9 The lower PPV of M27.2 observed in our study compared with international 
reports for K10.2 may reflect differences in coding system structure, imperfect correspondence between WHO ICD-10 
and U.S. ICD-10-CM code sets, and variation in coding practices across healthcare systems. Combining the ICD-10 
codes for osteonecrosis of the jaw due to drugs (M87.180) and osteonecrosis due to drugs, unspecified bone (M87.10), 
did not appreciably improve PPV or sensitivity, suggesting that even algorithms incorporating the best-performing codes 
are unlikely to provide adequate accuracy for MRONJ ascertainment in U.S. administrative databases.

This study has several important strengths. We included both men and women and individuals of all races and 
ethnicities who had filled at least one prescription for an oral or IV bisphosphonate or denosumab for fracture prevention 
in the absence of cancer. Prior validations studies were more limited, with only one report restricting analyses to those 
with a filled prescription for a bisphosphonate for osteoporosis,9 and none specifically evaluating those prescribed 
denosumab. In the VHA cohort, 1150 patients had at least one filled prescription for denosumab, among whom one 
developed MRONJ. To our knowledge, this is the first ICD code validation study apply an NLP algorithm to ascertain 
MRONJ events from the EMR instead of manual record review. This approach enabled review of the largest number of 
EMRs reported to date for evaluation of PPVs across a broad range of candidate ICD codes for MRONJ, and also 
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0.50

0.25

0.00

Inflammatory 
condition of jaw

Osteonecrosis 
of the jaw

Other specified 
diseases of jaws

Alveolitis or osteitis Periapical abscess 
with sinus

NE

ICD Diagnosis

Legend:

Figure 1 Temporal variation in positive predictive value (PPV) performance for International Classification of Disease (ICD) codes across Veterans Health Administration 
(VHA) and HealthPartners (HP) cohorts. Osteonecrosis of the jaw (ICD-9: 733.45; ICD-10: M87.180); inflammatory condition of jaw (ICD-9: 526.4; ICD-10: M27.2); other 
specified diseases of jaws (ICD-9: 526.89; ICD-10: M27.8); alveolitis or osteitis (ICD-9: 526.5; ICD-10: M27.3); periapical abscess with sinus (ICD-9: 522.7; ICD-10: K04.6). 
Abbreviations: ICD, International Classification of Diseases; NE, Not estimable.
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allowed reporting of sensitivity, specificity, and NPV of these codes as review was not restricted to those with claims for 
candidate ICD codes.

Within the VHA cohort, MRONJ ascertainment was restricted to Veterans with continuous and comprehensive VHA 
dental benefits. These Veterans either receive dental care without cost (eg, those with a 100% permanent and total 
disability rating or service-connected dental condition) or with reduced copays, making receipt of dental care outside the 
VHA less likely and thereby reducing the likelihood of missed MRONJ cases Supporting this, the VA reported that in 
2020, 33% of eligible Veterans received more than 3.6 million dental procedures during 1.3 million visits.19 At HP, all 
individuals included in these analyses likewise had dental benefits. Inclusion of this second cohort from a private payer 
system-which, in contrast to the predominately male VHA cohort, was mostly female-allowed assessment of code 
performance across two distinct healthcare settings. Notably, both systems demonstrated similar relative PPV perfor
mance across ICD codes, with the same codes showing the highest and similar codes showing the lowest PPVs, 
strengthening confidence in our findings.

This study also has limitations. To start, this is an observational study, and as such is subject to residual 
confounding.20 Further, there is the potential for verification bias introduced by methodological differences in MRONJ 
ascertainment in the VHA and HP cohorts. At HP, because MRONJ ascertainment relied on manual medical record 
review and MRONJ events are rare, the number of EMRs that would have required review to identify a meaningful 
number of false negatives (ie, MRONJ cases without an ICD-9 or ICD-10 claim) was prohibitively large, therefore, we 
were unable to evaluate for the sensitivity, specificity, or NPV of ICD codes in the HP cohort as ICD-negative cases were 
not reviewed. Limited event counts for many ICD codes led to wide confidence intervals around PPV estimates in the 
VHA and HP, and sensitivity in the VHA, reducing estimate precision and limiting inference regarding the comparative 
performance of these codes.

Conclusion
In conclusion, identification of MRONJ using ICD claims remains challenging because of the low sensitivity and PPVs 
of available ICD codes, underscoring the urgent need for more reliable and specific operational definitions for MRONJ 
ascertainment in large population databases. Future efforts should focus on developing and validating hybrid ascertain
ment algorithms that integrate diagnosis codes with additional clinical information, such as dental procedure codes, 
dental records, and/or natural language processing of clinical notes. Alternatively, establishment of dedicated MRONJ 
registries or databases across multiple participating health care systems may provide a more reliable platform for 
epidemiologic study of this rare outcome.
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