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Introduction: Breast cancer patients, undergoing low-dose bone-modifying agent (LD-BMA) therapy for cancer treatment-induced bone loss (CTIBL), represent an emerging category at risk of Medication-Related (MRONJ) low (<1%) but not absent. However, data on their oral health status and quality of life related are currently limited. This single-center exploratory study aimed to assess oral health conditions, periodontal status, and oral health-related quality of life in non-metastatic breast cancer patients under LD-BMA therapy for CTIBL.



Materials and methods: Forty patients were consecutively and unselectively enrolled and divided into two groups based on the duration of LD-BMA therapy (<3 years vs. ≥3 years). Oral examination by decayed-missing-filled teeth index (DMFT) and Periodontal Screening and Recording (PSR) was performed, and the OHIP-14 questionnaire was administered to assess their oral health-related quality of life.



Results: No statistically significant differences were observed between the two groups in PSR, DMFT, or OHIP-14 scores. PSR scores indicating moderate-to-severe periodontal involvement (3–4) were reported in 73.3% of patients treated for <3 years and 70% of those treated ≥3 years. Mean DMFT values were 9.7 and 12.0, respectively. Although patients treated for ≥3 years reported higher OHIP-14 scores, this trend did not reach statistical significance. No cases of MRONJ were observed in the study groups.



Conclusions: Patients affected by breast cancer receiving LD-BMA therapy for CTIBL and recruited in a preventive program appear to have a very low risk of MRONJ. Despite comparable clinical findings across treatment durations, longer LD-BMA therapy may be associated with a perceived reduction in oral well-being, possibly related to systemic and psychosocial burdens. These findings, with the limitation of a small sample size, support the implementation of individualized, risk-based dental and psychological preventive strategies, and reinforce the relevance of long-term dental surveillance in this under-explored population.
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1 Introduction

Medication-related osteonecrosis of the jaw (MRONJ) has been defined as an “adverse drug reaction described as the progressive destruction and death of bone that affects the mandible and maxilla of patients exposed to the treatment with medications known to increase the risk of the disease, in the absence of a previous radiation treatment” (1).

Currently, four categories of patients are reported at risk of MRONJ: (1) cancer patients with bone metastases or with multiple myeloma, and (2) patients affected by Giant Cell Tumour of Bone, both usually receiving high doses of BMA (HD-BMA); (3) osteoporotic patients, and (4) patients affected by breast cancer or prostate cancer without bone metastases, both treated with low doses of BMA(LD-BMA) (1, 2).

The fourth group is an emerging category of patients at risk of MRONJ under hormonal therapy, who mostly receive LD-BMAs at the same dosage as osteoporotic patients, to prevent Cancer Treatment-Induced Bone Loss (CTIBL) (3–5). Theoretically, this group possesses a low risk of developing MRONJ as they take LD-BMAs (<1%), but, simultaneously, they have systemic risk factors similar to those in cancer patients. Additionally, they remain at constant risk of developing bone metastases, which may necessitate a switch to HD-BMA therapy, drastically increasing their MRONJ risk (5, 6).

A recent study reported that, among patients affected by breast cancer with bone metastases receiving HD-BMA therapy, the incidence of MRONJ ranged from 2.8% and 16.3%, according to the specific BMA used, being lowest with bisphosphonates (BP) alone and highest in patients treated with denosumab (DNB) or sequentially with BP followed by denosumab (7).

To date, several MRONJ recommendations have agreed on the importance of primary dental prevention measures to reduce the MRONJ risk (1, 8–10). Oral health specialists should control and modify the local risk factors of MRONJ (e.g., dental, periodontal, periapical, and peri-implant infection) since the identification, management, and, when possible, elimination of local risk factors has so far demonstrated the greatest success in reducing the incidence of MRONJ (9–16).

According to the majority of clinical recommendations, a dental evaluation is not explicitly mandatory for patients before starting LD-BMAs; however, it is also recommended within the first six months of treatment (1, 5, 8).

For this reason, initial and periodic oral health status assessment, including clinical and radiological examinations, is crucial to identify and treat common oral diseases potentially related to MRONJ onset (1).

Very useful for this goal are the decayed-missing-filled teeth index (DMFT) and periodontal screening and recording (PSR), able to assess the dental and periodontal health status through a rapid and effective procedure, which avoids unnecessary waste of human and economic resources (17, 18).

Finally, previous studies identified that cancer patients have a poorer oral health-related quality of life (OHRQOL), which may be attributable to both the underlying disease and adverse effects associated with cancer treatment (19). A better OHRQOL is associated with prolonged survival and reduced hospitalization risk (20). Therefore, maintaining a good quality of oral health-related quality of life should be considered one of the primary goals in the management of cancer patients. Nevertheless, only a few studies have explored oral health-related quality of life in cancer patients, and none have specifically addressed patients undergoing LD-BMA therapy for CTIBL prevention (19, 21, 22). To explore the impact of cancer disease and MRONJ risk on quality of life, the short-form Oral Health Impact Profile (OHIP-14) is considered a useful and efficient test (23).

The present study aims to evaluate for the first time in the literature both dental and periodontal health status (by DMFT and PSR) and oral health-related quality of life (by OHIP-14) in breast cancer patients undergoing LD-BMA therapy for CTIBL. The findings of this exploratory study may contribute to profiling primary prevention programs both before starting and during LD-BMA therapy in this category of cancer patients.



2 Materials and methods


2.1 Study design

The present single-center cross-sectional exploratory study included consecutive and unselected non-metastatic breast cancer patients receiving LD-BMAs for CTIBL prevention. Patients' data were retrospectively collected from the Oral Medicine Unit “Valerio Margiotta” of the University Hospital “Paolo Giaccone” of Palermo (Italy), between December 2023 and January 2025. The study was conducted according to the ethical guidelines of the Declaration of Helsinki (1964) and its later amendments or comparable ethical standards, and it was approved by the Ethical Committee of “Paolo Giaccone” University Hospital of Palermo (#1/2022). Written informed consent was obtained from all participants involved in the study. The study was conducted following the STROBE Statement for Observational Cohort Studies (24).



2.2 Eligibility criteria

Patients affected by breast cancer without bone metastases receiving LD-BMAs for CTIBL who underwent the first clinical dental examination at the Oral Medicine Unit of the University Hospital “Paolo Giaccone” of Palermo (Italy) between December 2023 and January 2025 were assessed.

The inclusion criteria in the study cohort were the following:


	•age ≥ 18 years;

	•women affected by breast cancer and treated with adjuvant endocrine therapy;

	•current treatment with low-dose BMAs for CTIBL prevention.



The exclusion criteria were a history of high-dose BMAs for bone metastases, concurrent use of anti-angiogenic agents or other drugs at risk of MRONJ onset, and exposure to radiant therapy of the head and neck.



2.3 Protocol study

Patients assuming LD-BMAs underwent dental and radiological examinations at the Oral Medicine Unit of the “Paolo Giaccone” University Hospital in Palermo (Italy). A personalized follow-up plan was established as part of a preventive strategy following institutional protocols and regulatory guidelines adopted by the same hospital (25, 26). In general, this consisted of periodic visits every six months; however, in the presence of local risk factors, including periodontitis, follow-up appointments and periodontal therapy were scheduled more frequently. Specifically, patients presenting PSR scores of 3 or 4 underwent evaluation of periodontal damage, periodontal debridement, and subsequent re-evaluation (26).

Patients' data were retrospectively collected through a review of patient charts, and dental and periodontal health status were assessed and recorded through DMFT and PSR indices.

The number of Decayed Teeth (D), Missed Teeth (M), and Filled Teeth (F) was recorded in the DMFT form (27). Third molars were excluded, thus being the maximum possible score of 28 points.

The DMFT index has been extensively applied in oral health research, including studies in cancer patients, because it is simple, quick, and standardized, allowing for reliable assessment and comparison of patients' dental health status (28–31).

The PSR index is a rapid, standardized, and widely used screening tool in epidemiological and clinical studies. It is considered quick, reliable, reproducible, and cost-effective, while also facilitating record keeping, risk management, and patient education (17, 32, 33).

Periodontal examination was performed with a manual periodontal probe of the World Health Organization. The probe has a rounded tip of 0.5 mm in diameter and a colourful area that extends from 3.5 mm to 5.5 mm. The correct application of the PSR consists of carrying out a complete objective examination of all the surfaces of all dental elements by dividing the mouth into six sextants. Each sextant was evaluated according to the following PSR criteria scale (34):


	–Code 0: health. The coloured portion of the probe remains completely visible even at the maximum probing point of the sextant. No plaque, tartar or protruding restoration margins are detected. No bleeding is detected on probing.

	–Code 1: gingivitis. Like code 0 but with bleeding on probing.

	–Code 2: like code 0 but with calculus.

	–Code 3: chronic periodontitis with early or moderate attachment loss. The coloured portion of the probe remains only partially visible at the point of maximum probing of the sextant. This indicates the presence of a pocket between 3.5 and 5.5 mm deep.

	–Code 4: chronic periodontitis with moderate attachment loss or a form of aggressive periodontitis. The coloured portion of the probe disappears completely at the point of maximum probing of the sextant. This indicates the presence of a pocket greater than 5.5 mm in depth.



The Oral Health Impact Profile (OHIP) is the most used tool to assess individuals' perception of the impact of oral disorders on their quality of life, and it has been particularly applied in studies involving cancer patients (35–39). In the present study, to assess the OHRQOL, the short-form of OHIP-14 was administered to all patients. This tool consists of 14 items organized into seven categories (i.e., functional limitations, physical pain, psychological discomfort, physical disability, social disability, and handicap) (40). Responses are measured in a dichotomous manner (yes/no) (41). The sum of such ratings from the 14 questions generates a total score that could range from 0 to 14, where higher scores indicate a greater impact on quality of life. Specifically, scores from 1 to 4 indicate a minimal impact, scores from 5 to 9 reflect a moderate impact, and scores from 10 to 14 represent a high impact on oral health-related quality of life.



2.4 Study variables

The following data were recorded in all recruited cases: demographic data; BMA therapy (i.e., type, dose); duration of BMA therapy at the moment of the visit; oral health status (i.e., DMFT); periodontal status (i.e., PSR); oral health-related quality of life (i.e., OHIP-14), clinical variables associated with MRONJ-risk (e.g., smoking habits, comorbidities such as diabetes, concomitant corticosteroid treatment); potential oral triggers associated with MRONJ (e.g., periodontitis, dentures, tooth extraction, etc.) and eventual onset of MRONJ (according to SIPMO-SICMF clinical-radiological staging system) (1).

The DMFT index, PSR, and OHIP-14 questionnaire were selected as they remain among the most widely used and validated measures for oral health status and oral health-related quality of life, as confirmed by recent studies (42–44).

Based on the literature data, patients were divided into two groups according to the duration of LD-BMA therapy (45–47):


	–group A: <3 years of LD-BMA treatment

	–group B: ≥3 years of LD-BMA treatment





2.5 Statistical analyses

Continuous or ordinal variables were compared between the two groups using the nonparametric Mann–Whitney U test, given the small sample size and the ordinal nature of several variables (e.g., DMFT, PSR, OHIP-14). Categorical variables were analyzed using Fisher's exact test. Correlations between continuous or ordinal variables were evaluated using Spearman's rank correlation coefficient. Statistical significance was set at p < 0.05.




3 Results

A total of 40 breast cancer patients under LD-BMA therapy for the prevention of CTIBL were included in the study.

The mean age of patients was 63 ± SD 9.9 years, with a median of 63 years. (range 45–79).

Regarding BMA therapy, 17 patients received alendronate, 5 clodronate, 4 risedronate, and 14 denosumab (biannual dose of 60 mg).

Based on LD-BMA therapy duration, the included patients were analysed and divided into two groups (group A <3 years vs. group B ≥ 3 years). In both groups, no cases of MRONJ were observed at the moment of the dental visit.

The main features of the patients are reported in Table 1.



TABLE 1 Study population features.



	N. 40 Breast cancer patients under LD-BMA therapy for CTIBL (%)



	Features
	Duration of BMA therapy <3 years (n. 30)
	Duration of BMA therapy >3 years (n. 10)





	Median age (years)
	63
	66.5



	Mean age ± SD (years)
	62.2 ± 8.4
	65.4 ± 13.1



	Range
	45–78
	46–79



	LD-BMA therapy



	Alendronatea
	12 (40%)
	5 (50%)



	Clodronatea
	5 (16.67%)
	–



	Risedronatea
	2 (6.67%)
	2 (20%)



	Denosumaba
	11 (36.67%)
	3 (30%)



	Mean time of LD-BMA therapy ± SD (months)



	Alendronate
	18.6 ± 6.2
	46.2 ± 12.5



	Clodronate
	21.2 ± 4.2
	–



	Risedronate
	5.5 ± 1.5
	51 ± 3



	Denosumab
	12.2 ± 7.4
	86.6 ± 24.9



	Median time of LD-BMA therapy and range (months)



	Alendronate
	19 (10–30)
	36 (36–63)



	Clodronate
	24 (13–24)
	–



	Risedronate
	5.5 (4–7)
	51 (48–54)



	Denosumab
	12 (4–24)
	84 (60–120)



	Comorbidities



	Hypertension
	10 (33.33%)
	7 (70%)



	Diabetes
	3 (10%)
	1 (10%)



	Arthrosis
	1 (3.33%)
	1 (10%)



	HCV-related hepatopathy
	1 (3.33%)
	1 (10%)



	Smokers
	5 (16.66%)
	1 (10%)



	PSR



	1–2
	8 (26.67%)
	3 (30%)



	3–4
	22 (73.33%)
	7 (70%)



	Decayed Teeth (D) for patient



	No DT
	13 (43.33%)
	4 (40%)



	1
	6 (20%)
	4 (40%)



	2
	8 (26.66%)
	2 (20%)



	3
	3 (10%)
	–



	Missed Teeth (M) for patient



	No MT
	4 (13.33%)
	1 (10%)



	1–3
	7 (23.33%)
	4 (40%)



	4–6
	11 (36.66%)
	2 (20%)



	7–9
	4 (13.33%)
	1 (10%)



	≥10
	4 (13.33%)
	2 (20%)



	Filled Teeth (F) for patient



	No FT
	4 (13.33%)
	1 (10%)



	1–3
	14 (46.66%)
	2 (20%)



	4–6
	6 (20%)
	2 (20%)



	7–9
	3 (10%)
	1 (10%)



	≥10
	3 (10%)
	2 (20%)



	DMFT



	0
	3 (10%)
	–



	1–5
	3 (10%)
	2 (20%)



	6–10
	12 (40%)
	2 (20%)



	11–15
	7 (23.33%)
	3 (30%)



	16–20
	4 (13.33%)
	2 (20%)



	≥21
	1 (3.03%)
	1 (10%)



	OHIP-14



	Minimal impact
	22 (73.33%)
	4 (40%)



	Moderate impact
	6 (20%)
	5 (50%)



	High impact
	2 (6.67%)
	1 (10%)



	Tooth extraction
	12 (40%)
	7 (70%)



	Before BMA therapy
	8/30 (26.66%)
	0



	During BMA therapy
	4/30 (13.33%)
	7/10 (70%)



	<6 months
	2/30 (6.66%)
	0



	6–12 months
	2/30 (6.66%)
	2/10 (20%)



	12–24 months
	0
	2/10 (20%)



	≥36 months
	0
	3/10 (30%)



	Dental implants
	6 (20%)
	0



	Dentures
	9 (30%)
	2 (20%)



	MRONJ onset
	0
	0




	aDosing regimens were as follows: Alendronate 70 mg orally once weekly; Clodronate 100 mg intramuscularly once weekly or 200 mg every two weeks; Risedronate 35 mg orally once weekly; Denosumab 60 mg subcutaneously every six months.







No statistically significant differences were observed with respect to age, smoking habits, or comorbidities.

Although 26.7% of patients in Group A (8 out of 30) had undergone tooth extractions before LD-BMA therapy compared to none in Group B, the difference was not statistically significant (Fisher's exact test, p = 0.165).

During therapy, a significantly higher proportion of patients in group B (7 out of 10) underwent an intercurrent tooth extraction (2 in the first year, 2 in the second year, and 3 afterwards), compared to those in Group A (4 out of 30, all during the first year) (p = 0.0015):

Among group A patients, 6 had dental implants (30%) and 9 were wearing removable dentures (30%); in group B, 2 patients (20%) wore dentures.

Regarding decayed teeth (D), 43.3% of patients in group A had no decayed teeth, compared to 40% in group B. Mild decay (1–2 teeth) was slightly common in group A (60%) than in group B (46.7%). Severe decay (≥3 teeth) was observed only in few patients in group A (10%).

For missing teeth (M), in group A, the highest proportion of patients belonged to the group with 4–6 missing teeth (36.7%), while in group B, the highest proportion of patients belonged to the category with 1–3 missing teeth (40%).

Regarding filled teeth (F), the most represented category in group A was 1–3 filled teeth (46.7%). In contrast, group B showed a more heterogeneous distribution, with 20% of patients presenting with ≥10 restorations.

DMFT scores revealed that most patients in group A clustered within the 6–15 range (63.3%), whereas patients in group B showed a more heterogeneous distribution across the full range of scores, from 1 to over 21.

The comparison of oral health outcomes between group A and B is reported in Figure 1. The mean estimated DMFT score was 9.7 among patients in group A and 12.0 among patients in group B, with no statistically significant difference between the groups (p = 0.342). Moreover, Spearman's correlation showed a weak positive value between LD-BMA therapy duration and DMFT scores (ρ = 0.16).


[image: Bar chart titled \"Oral Health Comparison Between BMA Duration Groups\" showing three categories: DMFT Mean, PSR 3-4 (%), and OHIP-14 High/Mod Impact (%). Two color-coded groups, \"<3 years BMA\" in yellow and \">3 years BMA\" in orange, are compared. \"<3 years BMA\" shows lower values than \">3 years BMA\" in DMFT Mean (9.7 vs 12.0) and OHIP-14 Impact (26.7 vs 60.0), but slightly higher in PSR 3-4 (73.3 vs 70.0).]
FIGURE 1
Comparison of oral health outcomes between groups according to BMA therapy duration. In detail: (a) Mean DMFT in Group A and Group B; (b) Prevalence of PSR scores 3–4 in Group A and Group B; (c) Proportion of patients reporting moderate or high OHIP-14 impact in Group A and Group B.


Regarding periodontal status, PSR scores of 1–2 were recorded in 26.7% and 30% of patients in groups A and B, respectively. PSR scores of 3–4, indicative of moderate-to-severe periodontal involvement, were observed in 73.3% of patients in group A and 70% of those in group B, showing a comparable distribution between the two cohorts. No significant correlation was observed between LD-BMA therapy duration and PSR scores (ρ = –0.06, p = 0.72).

Finally, to evaluate the oral health-related quality of life, the OHIP-14 questionnaire was administered. Among patients of group A, the impact on quality of life was reported as minimal in 22 patients (73.33%), moderate in 6 (20%), and high in 2 (6.67%). In group B, 4 patients reported a minimal impact (40%), 5 a moderate impact (50%), and 1 a high impact (10%).

Although patients in group A more frequently reported a minimal impact on oral health-related quality of life (73.3% vs. 40%), the difference in OHIP-14 score distribution between the two groups was not statistically significant (p = 0.146). However, the higher proportion of moderate and high impact in group B may suggest a trend toward reduced perceived oral well-being attributable to the longer treatment duration and possible consequences or risk of MRONJ, especially if switching to HD-BMA.

A borderline moderate positive correlation was found between LD-BMA therapy duration and OHIP-14 impact scores (ρ = 0.29), suggesting a possible trend toward reduced perceived oral quality of life with longer treatment.



4 Discussion

The present study aims to assess dental and periodontal health status and quality of life in patients under LD-BMA therapy for CTIBL.

The oral clinical scenario of this patient category has been poorly investigated in the literature, as well as their MRONJ risk (6).

This study explores, for the first time to the best of our knowledge, both dental and periodontal health status (DMFT and PSR scores) and oral-health related quality of life (OHIP-14 questionnaire) in this specific patient population.

Breast cancer is the most commonly diagnosed malignancy worldwide and represents the leading cause of cancer-related death among women. According to GLOBOCAN 2022 estimates, breast cancer accounted for approximately 11.6% of all new cancer cases globally, making it the second most common cancer after lung cancer. In terms of mortality, breast cancer was responsible for 6.9% of all cancer deaths. Specifically, there were an estimated 2.3 million new cases and 670,000 deaths from breast cancer worldwide in 2022 (48).

In patients operated for breast cancer (at risk of tumor recurrence and of metastatic disease) and undergoing “adjuvant” therapies (sometimes including LD-BMAs), treatments could potentially compromise oral function and quality of life. Moreover, patients receiving LD-BMAs for prevention of CTIBL (as well as osteoporotic patients) are considered a group at relatively low risk of MRONJ development (in comparison to the high risk of metastatic cancer patients treated with HD-BMAs) (49): so they are a “borderline” population, since they share common features of both cancer patients and osteoporotic patients (6).

Moreover, it is estimated that 15%–25% of all breast cancer patients will eventually develop bone metastases during their life, with possible need of switching from LD to HD-BMA therapy, consequently increasing the risk of MRONJ onset (50, 51).

In general, the literature shows that the risk of developing MRONJ in individuals receiving LD-BMA therapy is influenced by both the length of exposure and the cumulative dose (1). Notably, the risk typically emerges between two and five years after therapy initiation, depending on the specific agent used. The authors of the present study decided to consider the main threshold of the LD-BMA assumption as a time ≥ 3 years (45–47).

In the present study, 40 breast cancer patients undergoing LD-BMA therapy for CTIBL were analyzed, assessing dental and periodontal health status and OHRQOL, distributed in 2 groups (<3yrs of LD-BMA vs. ≥3 years of LD-BMA).

According to the Mann–Whitney and Fisher's exact tests, no statistically significant differences were found between the two groups in PSR, DMFT, or OHIP-14 scores. Interestingly, the clinical conditions observed in our cohort appeared more favourable than those reported in previous studies on healthy individuals (36, 37). This finding may be explained, at least in part, by an unintentional selection bias favouring patients who were more closely monitored by their oncologists or who voluntarily sought dental care beyond the minimum standard follow-up.

In the present study, the mean estimated DMFT score was 9.7 and 12.0 among patients of groups A and B, respectively, and in a study conducted by Skaleric et al., the mean DMFT value among healthy individuals aged 45 to 95 years was 19.3 (52); similarly, Pawinska et al. reported mean DMFT scores of 21.9 ± 5.1 in patients aged 55–64 and 23.8 ± 5.2 in those aged 65–74 (53).

Similarly to dental status, no statistically significant differences in periodontal condition were observed between the two groups, as most patients in both groups presented with PSR scores of 3–4. These values are consistent with those reported in previous studies on healthy adult individuals (54–56).

According to a meta-analysis performed by Trindade et al., the prevalence of periodontitis among healthy individuals aged 65 years and older reaches 79% (57). Consistently, a recent cross-sectional study assessing periodontal health status in older adults reported that the prevalence of moderate or severe periodontitis increases with age, reaching 94.9% among individuals aged 60 to 69 years (58).

In terms of quality of life, although no statistically significant differences were found between the two study groups, a higher proportion of patients under BMA therapy for more than 3 years reported moderate to high impact on oral health-related quality of life compared to patients under BMA therapy for less time (60% vs. 26.7%), suggesting a possible trend toward reduced perceived oral well-being with longer BMA treatment duration, potentially also influenced by increased patient awareness of their cancer disease progression and concern related.

Tooth extractions were required in 13.3% of patients undergoing BMA therapy for less than three years, compared to 70% of group B. This difference may reflect the fact that, over time, compromised teeth are more likely to be extracted electively as part of preventative management strategies aimed at reducing the risk of MRONJ, rather than simply a worsening oral health over time. These findings highlight the importance of prevention in LD-BMA users, especially those who have been using it for more than three years.

Additionally, it is plausible that the greater awareness of MRONJ risk among patients undergoing LD-BMA therapy for more than three years contributes to their increased attention to oral health. This may result in better adherence to regular dental check-ups and improved compliance with oral hygiene practices, which could, in turn, partially explain the better PSR values observed in this group compared to Group A (59).

The concern of patients in group B appears to be justified, as cases of MRONJ have been reported both in patients continuing LD-BMA therapy for more than 3 years due to BMA cumulative dose or BMA therapy prolongation, and in those who later switched to HD-BMA regimens due to the onset of bone metastases (6, 14, 60).

In our previous multicentric study, 15 breast cancer patients under LD-BMA therapy for CTIBL developed MRONJ after a mean duration of 35.7 months of LD-BMA therapy (±26.3 months, median 24) (6). None of these patients had undergone dental visits before starting LD-BMA therapy, and when they presented to our attention, they already exhibited clear clinical signs and symptoms of established MRONJ. These cases may be explained by the absence of a preventive MRONJ program and by the presence of significant local risk factors (e.g., periodontal disease, peri-implantitis) (1, 61).

Accordingly, another study reported the MRONJ onset in 2 patients affected by breast cancer after switching from LD to HD-BMA due to bone metastases (60).

Moreover, a recent longitudinal Swedish study investigating the incidence of MRONJ in breast cancer patients receiving LD-BMA and HD-BMA therapy reported no cases of MRONJ among the 119 patients treated exclusively with biannual zoledronic acid; however, the follow-up period was relatively short, with a median treatment duration of less than two years. In contrast, one out of nine patients who were shifted from LD to HD BMA following the onset of bone metastases developed MRONJ (14).

These findings highlight the importance of long-term monitoring and tailored preventive strategies in this patient population due to their peculiar clinical profile based on:


	–cumulative dose or prolonged therapy in patients receiving LD-BMA therapy;

	–increased MRONJ risk in patients switching to HD-BMA due to the bone metastases.



Given their dynamic risk of MRONJ onset, a multidisciplinary approach is crucial for effective prevention in this group (2, 6, 14).

In detail, the primary aim of MRONJ prevention, both before and during BMA therapy, is to maintain or re-establish oral and periodontal health through various procedures, including regular dental check-ups and professional hygiene, the implementation of minimally invasive procedures to control local risk factors, and the timely execution of invasive treatments, such as extractions, when teeth are deemed non-restorable (26, 62, 63). Moreover, a fundamental component of an efficient primary prevention is the patient's awareness. Unfortunately, it was reported that patients receiving BMA therapy are often unaware of the MRONJ risk and appropriate preventive strategies (2, 64). Patients, both under LD-BMA and HD-BMA therapies, should be informed about the risk of MRONJ and educated on its potential clinical signs and symptoms to facilitate early recognition and timely intervention. The dental team, including the dentist and dental hygienist, plays a crucial role in promoting awareness of the importance of oral health and the potential for oral adverse drug reactions, such as MRONJ (65).

The present study has several limitations, primarily related to the small sample size, particularly in group B, which may reduce the statistical power and limit the ability to detect subtle differences. Given the small sample size, nonparametric tests (Mann–Whitney and Fisher's exact) were applied to ensure robust comparisons between groups. Nonetheless, the exploratory nature and limited statistical power of the study restrict generalization of inferential results.

The limited number of participants is mainly due to the monocentric nature of the study and the fact that it involves an emerging and relatively under-explored patient category. It is conceivable that expanding the sample size in future multi-center investigations may lead to statistically significant results and more robust conclusions. Furthermore, the follow-up period is relatively short, not exceeding 4 years from the start of LD-BMA therapy.

The OHIP-14 was administered with dichotomous answers (yes/no) rather than with the standard Likert scale. This approach, while potentially less sensitive, was chosen to improve feasibility and reduce response bias, as patients often tend to select intermediate values on Likert scales to avoid taking a clear position (66, 67).

Lastly, the absence of MRONJ cases in this study must be carefully interpreted, as it may reflect not only the preventive strategies adopted but also the specific characteristics of a specialized university clinic setting and the limited sample size, which could limit the generalizability of the findings.

Being a monocentric and exploratory study conducted within a specialized preventive program, the findings may not be representative of the broader breast cancer population under LD-BMAs, contributing to the unexpectedly favourable oral health indices compared with general population data.

Longitudinal studies with larger cohorts are needed to confirm these findings and monitor oral health status over time in patients receiving long-term LD-BMA therapy. Furthermore, comparing different BMA agents (e.g., bisphosphonates vs. denosumab) in terms of their long-term oral effects could inform personalized treatment planning and follow-up protocols. Integrating psychological assessment with OHIP-14 could also help elucidate the impact of cancer therapy on patients' perceived oral health and quality of life.



5 Conclusion

The present study confirms that patients affected by breast cancer under LD-BMA show a very low risk of MRONJ onset and that they have dental and periodontal indices similar to those of the general population. The only difference observed between the two study subgroups was that patients undergoing LD-BMA therapy for three years or more reported a lower oral health-related quality of life compared to those treated for a shorter duration. Therefore, preventive strategies are strongly recommended in all cases, both before and during BMA therapy. However, in patients for whom an LD-BMA treatment is planned for three years or more, dental and psychological preventive measures should be even more emphasized to improve their quality of life and reduce their MRONJ risk.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The study was conducted according to the ethical guidelines of the Declaration of Helsinki (1964) and its later amendments or comparable ethical standards, and it was approved by the Ethical Committee of “Paolo Giaccone” University Hospital of Palermo (#1/2022). Written informed consent was obtained from all participants involved in the study.



Author contributions

RM: Funding acquisition, Writing – review & editing, Supervision, Resources, Project administration, Data curation, Conceptualization, Visualization, Investigation, Validation. MC: Conceptualization, Investigation, Visualization, Data curation, Methodology, Writing – original draft. SM: Visualization, Methodology, Data curation, Formal analysis, Writing – original draft. NM: Writing – review & editing, Formal analysis, Validation, Visualization, Supervision. RC: Methodology, Data curation, Supervision, Visualization, Writing – original draft. MN: Conceptualization, Supervision, Writing – review & editing, Formal analysis, Data curation, Validation, Visualization. MEM: Visualization, Formal analysis, Supervision, Data curation, Writing – original draft. VF: Visualization, Data curation, Validation, Writing – review & editing, Methodology, Investigation, Conceptualization. MRV: Writing – review & editing, Validation, Data curation, Visualization, Supervision, Conceptualization. GC: Supervision, Writing – review & editing, Validation, Data curation, Conceptualization, Investigation, Visualization, Project administration.



Funding

The author(s) declare that financial support was received for the research and/or publication of this article. This research has been funded by Proj_Ric2023—Department of Precision Medicine in Medical, Surgical and Critical Care, University of Palermo, Palermo, Italy (RM) and by Progetto GENESIS-ATI, codice T3-AN-11—codice U-GOV PRJ-0692, finanziato dal Ministero della Salute (MC).



Acknowledgments

For the valuable support of the ARTEMISIA Center for Gender Studies and Policies of the University of Palermo.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Generative AI statement

The author(s) declare that no Generative AI was used in the creation of this manuscript.

Any alternative text (alt text) provided alongside figures in this article has been generated by Frontiers with the support of artificial intelligence and reasonable efforts have been made to ensure accuracy, including review by the authors wherever possible. If you identify any issues, please contact us.



Publisher's note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References


	1. Bedogni A, Mauceri R, Fusco V, Bertoldo F, Bettini G, Di Fede O, et al. Italian Position paper (SIPMO-SICMF) on medication-related osteonecrosis of the jaw (MRONJ). Oral Dis. (2024) 30(6):3679–709. doi: 10.1111/odi.14887


	2. Mauceri R, Arduini S, Coppini M, Bazzano M, Trujillo I, Campisi G. Drug assumption and awareness about adverse drug reactions. The right to know. The case of the bone-modyfing agents: a systematic review. Front Oral Health. (2024) 5:1441601. doi: 10.3389/froh.2024.1441601


	3. Diana A, Carlino F, Giunta EF, Franzese E, Guerrera LP, Di Lauro V, et al. Cancer treatment-induced bone loss (CTIBL): state of the art and proper management in breast cancer patients on endocrine therapy. Curr Treat Options Oncol. (2021) 22(5):45. doi: 10.1007/s11864-021-00835-2


	4. Takahashi S. Management of cancer treatment-induced bone loss (CTIBL) in patients with breast cancer or prostate cancer. J Bone Miner Metab. (2023) 41(3):307–16. doi: 10.1007/s00774-023-01414-1


	5. Bertoldo F, Eller-Vainicher C, Fusco V, Mauceri R, Pepe J, Bedogni A, et al. Medication related osteonecrosis (MRONJ) in the management of CTIBL in breast and prostate cancer patients. Joint report by SIPMO AND SIOMMMS. J Bone Oncol. (2025) 50:100656. doi: 10.1016/j.jbo.2024.100656


	6. Mauceri R, Coppini M, Attanasio M, Bedogni A, Bettini G, Fusco V, et al. MRONJ In breast cancer patients under bone modifying agents for cancer treatment-induced bone loss (CTIBL): a multi-hospital-based case series. BMC Oral Health. (2023) 23(1):71. doi: 10.1186/s12903-023-02732-6


	7. Brunner CAM, Marth C, Egle D, Baumgart F, Emmelheinz M, Walch B, et al. Incidence of medication-related osteonecrosis of the jaw in patients with breast cancer during a 20-year follow-up: a population-based multicenter retrospective study. J Clin Oncol. (2025) 43(2):180–8. doi: 10.1200/JCO.24.00171


	8. Ruggiero SL, Dodson TB, Aghaloo T, Carlson ER, Ward BB, Kademani D. American association of oral and maxillofacial Surgeons’ position paper on medication-related osteonecrosis of the jaws-2022 update. J Oral Maxillofac Surg. (2022) 80(5):920–43. doi: 10.1016/j.joms.2022.02.008


	9. Owosho AA, Liang STY, Sax AZ, Wu K, Yom SK, Huryn JM, et al. Medication-related osteonecrosis of the jaw: an update on the memorial sloan kettering cancer center experience and the role of premedication dental evaluation in prevention. Oral Surg Oral Med Oral Pathol Oral Radiol. (2018) 125(5):440–5. doi: 10.1016/j.oooo.2018.02.003


	10. Yarom N, Shapiro CL, Peterson DE, Van Poznak CH, Bohlke K, Ruggiero SL, et al. Medication-related osteonecrosis of the jaw: MASCC/ISOO/ASCO clinical practice guideline. J Clin Oncol. (2019) 37(25):2270–90. doi: 10.1200/JCO.19.01186


	11. AlRowis R, Aldawood A, AlOtaibi M, Alnasser E, AlSaif I, Aljaber A, et al. Medication-related osteonecrosis of the jaw (MRONJ): a review of pathophysiology, risk factors, preventive measures and treatment strategies. Saudi Dent J. (2022) 34(3):202–10. doi: 10.1016/j.sdentj.2022.01.003


	12. Byrne H, O'Reilly S, Weadick CS, Brady P, Riordain RN. How we manage medication-related osteonecrosis of the jaw. Eur J Med Res. (2024) 29(1):402. doi: 10.1186/s40001-024-01912-6


	13. Drudge-Coates L, Van den Wyngaert T, Schiodt M, van Muilekom HAM, Demonty G, Otto S. Preventing, identifying, and managing medication-related osteonecrosis of the jaw: a practical guide for nurses and other allied healthcare professionals. Support Care Cancer. (2020) 28(9):4019–29. doi: 10.1007/s00520-020-05440-x


	14. Korytowska M, Lengstrand G, Ljunggren A, Isberg P-E, Wexell CL. Medication-related osteonecrosis of the jaw in breast cancer patients: a longitudinal Swedish study of oral health and antiresorptive use. Res Sq. (2025).


	15. Alons K, Kuijpers SC, de Jong E, van Merkesteyn JP. Treating low- and medium-potency bisphosphonate-related osteonecrosis of the jaws with a protocol for the treatment of chronic suppurative osteomyelitis: report of 7 cases. Oral Surg Oral Med Oral Pathol Oral Radiol Endod. (2009) 107(2):e1–7. doi: 10.1016/j.tripleo.2008.09.021


	16. Mauceri R, Coppini M, Caponio VCA, Zamparini F, Prati C, Campisi G. Endodontic therapy and medication-related osteonecrosis of the jaw onset: a scoping review and expert opinion-based qualitative meta-synthesis. BMC Oral Health. (2025) 25(1):1362. doi: 10.1186/s12903-025-06741-5


	17. Khocht A, Zohn H, Deasy M, Chang KM. Assessment of periodontal status with PSR and traditional clinical periodontal examination. J Am Dent Assoc. (1995) 126(12):1658–65. doi: 10.14219/jada.archive.1995.0115


	18. Moradi G, Mohamadi Bolbanabad A, Moinafshar A, Adabi H, Sharafi M, Zareie B. Evaluation of oral health status based on the decayed, missing and filled teeth (DMFT) Index. Iran J Public Health. (2019) 48(11):2050–7.31970104


	19. Dixit J, Gupta N, Kataki A, Roy P, Mehra N, Kumar L, et al. Health-related quality of life and its determinants among cancer patients: evidence from 12,148 patients of Indian database. Health Qual Life Outcomes. (2024) 22(1):26. doi: 10.1186/s12955-024-02227-0


	20. Rincon Bello A, Ion Titapiccolo J, Berdud Godoy I, Samaniego DJC, Ortego Perez S, Sobrino Perez A, et al. Better health-related quality of life is associated with prolonged survival and reduced hospitalization risk among dialysis-dependent chronic kidney disease patients: a historical cohort study. BMC Nephrol. (2024) 25(1):388. doi: 10.1186/s12882-024-03835-0


	21. Munakata K, Miyashita H, Yamada Y, Soma T, Iwasaki R, Nakagawa T, et al. Factors affecting the quality of life of patients with medication-related osteonecrosis of the jaw during treatment: a quality-of-life survey and causal analysis. J Craniomaxillofac Surg. (2024) 52(6):715–21. doi: 10.1016/j.jcms.2024.03.021


	22. Bazzano M, Mauceri R, Marcon G, Coppini M, Montemaggiore D, Campisi G. Emotional states in patients with cancer or with suspected oral potentially malignant disorders: a cross-sectional study in an oral medicine setting. Med Oral Patol Oral Cir Bucal. (2025) 30(3):e446–e55. doi: 10.4317/medoral.26989


	23. Caminha RD, Alcantara PL, Carvalho CG, Reia VC, Capelozza AL, Santos PS. The impact of medication-related osteonecrosis of the jaws on the quality of life in cancer patients. J Clin Exp Dent. (2020) 12(8):e725–e9. doi: 10.4317/jced.56307


	24. Cuschieri S. The STROBE guidelines. Saudi J Anaesth. (2019) 13(1):S31–S4. doi: 10.4103/sja.SJA_543_18


	25. Percorso Diagnostico Terapeutico Assistenziale (PDTA) Per L’osteonecrosi Delle Ossa Mascellari Da Farmaci. PDTA N 11 Azienda Ospedaliera Universitaria Policlinico “Paolo Giaccone”—PALERMO. Available online: Available online at: https://policlinicopait/documents/d/guest/pdta-11 (Accessed July 31, 2025). Delibera n. 893 del 16.08.2024.


	26. Mauceri R, Coniglio R, Abbinante A, Carcieri P, Tomassi D, Panzarella V, et al. The preventive care of medication-related osteonecrosis of the jaw (MRONJ): a position paper by Italian experts for dental hygienists. Support Care Cancer. (2022) 30(8):6429–40. doi: 10.1007/s00520-022-06940-8


	27. World Health Organization. Oral Health Surveys: Basic Methods. Geneva: World Health Organization (2013).


	28. Bundugji MH, Bafarat D, Bundagji N, Arafsha Y, Hassan H. Assessment of oral health and care in head and neck oncology patients in king faisal specialist hospital and research Center-Jeddah. Saudi Dent J. (2021) 33(8):1174–83. doi: 10.1016/j.sdentj.2021.01.004


	29. Ferrillo M, Migliario M, Marotta N, Lippi L, Antonelli A, Calafiore D, et al. Oral health in breast cancer women with vitamin D deficiency: a machine learning study. J Clin Med. (2022) 11(16):4662. doi: 10.3390/jcm11164662


	30. George GS, Singh A, Moirangthem R, Patil A, Pullat GB, Sagare S, et al. Association of decayed, missing, filled teeth score with the risk for buccal Mucosa cancer, stratified on tobacco and alcohol use: a multicenter case-control study from India. JCO Glob Oncol. (2025) 11:e2500119. doi: 10.1200/GO-25-00119


	31. Hong CH, Napenas JJ, Hodgson BD, Stokman MA, Mathers-Stauffer V, Elting LS, et al. A systematic review of dental disease in patients undergoing cancer therapy. Support Care Cancer. (2010) 18(8):1007–21. doi: 10.1007/s00520-010-0873-2


	32. Landry RG, Jean M. Periodontal screening and recording (PSR) index: precursors, utility and limitations in a clinical setting. Int Dent J. (2002) 52(1):35–40. doi: 10.1111/j.1875-595X.2002.tb00595.x


	33. Devi OM, Sood S, Gupta J, Jain A. Prevalence and severity of periodontal disease and its association with type-II diabetes mellitus and smoking by using periodontal screening and recording: a retrospective study. Indian J Community Med. (2024) 49(1):56–63. doi: 10.4103/ijcm.ijcm_642_22


	34. Schulze A, Busse M. Gender differences in periodontal Status and oral hygiene of non-diabetic and type 2 diabetic patients. Open Dent J. (2016) 10:287–97. doi: 10.2174/1874210601610010287


	35. Barrios R, Bravo M, Gil-Montoya JA, Martinez-Lara I, Garcia-Medina B, Tsakos G. Oral and general health-related quality of life in patients treated for oral cancer compared to control group. Health Qual Life Outcomes. (2015) 13:9. doi: 10.1186/s12955-014-0201-5


	36. de Melo NB, de Sousa VM, Bernardino IM, de Melo DP, Gomes DQ, Bento PM. Oral health related quality of life and determinant factors in patients with head and neck cancer. Med Oral Patol Oral Cir Bucal. (2019) 24(3):e281–e9. doi: 10.4317/medoral.22670


	37. Santos PS, Cremonesi AL, Quispe RA, Rubira CM. The impact of oral health on quality of life in individuals with head and neck cancer after radiotherapy: the importance of dentistry in psychosocial issues. Acta Odontol Latinoam. (2017) 30(2):62–7.29248940


	38. Slade GD, Spencer AJ. Development and evaluation of the oral health impact profile. Community Dent Health. (1994) 11(1):3–11.8193981


	39. Tesic M, Cankovic M, Jevtic M, Stevanovic D. Validation of the oral health impact profile—14 in patients with head and neck cancer. Med Oral Patol Oral Cir Bucal. (2020) 25(6):e739–e44. doi: 10.4317/medoral.23765


	40. Mendez M, Angst PDM, Oppermann RV, van der Velden U, Gomes SC. Oral health-related quality of life during supportive periodontal therapy: results from a randomized clinical trial. J Clin Periodontol. (2021) 48(8):1103–10. doi: 10.1111/jcpe.13473


	41. Fernandes MJ, Ruta DA, Ogden GR, Pitts NB, Ogston SA. Assessing oral health-related quality of life in general dental practice in Scotland: validation of the OHIP-14. Community Dent Oral Epidemiol. (2006) 34(1):53–62. doi: 10.1111/j.1600-0528.2006.00254.x


	42. Slowik J, Panasiuk A, Kaczor M, Wnuk M. Oral health-related quality of life in patients with periodontitis: a systematic review and meta-analysis. Front Oral Health. (2025) 6:1503829. doi: 10.3389/froh.2025.1503829


	43. Moussa C, Estrade L, Glomet J, Rochefort GY, Denis F, Daou MH. The impact of preventive protocols on oral health outcomes in cancer patients undergoing chemotherapy or radiotherapy: a systematic review and meta-analysis. Diseases. (2025) 13(6):186. doi: 10.3390/diseases13060186


	44. Samami M, Valaei-Barhagh A, Joukar F, Hassanipour S, Rabiei M, Habibi A, et al. Diabetes and oral health: a comparative cross-sectional analysis of DMFT index among diabetic, pre-diabetic, and non-diabetic adults. PLoS One. (2025) 20(9):e0331775. doi: 10.1371/journal.pone.0331775


	45. Fung P, Bedogni G, Bedogni A, Petrie A, Porter S, Campisi G, et al. Time to onset of bisphosphonate-related osteonecrosis of the jaws: a multicentre retrospective cohort study. Oral Dis. (2017) 23(4):477–83. doi: 10.1111/odi.12632


	46. Liu FC, Luk KC, Chen YC. Risk comparison of osteonecrosis of the jaw in osteoporotic patients treated with bisphosphonates vs. Denosumab: a multi-institutional retrospective cohort study in Taiwan. Osteoporos Int. (2023) 34(10):1729–37. doi: 10.1007/s00198-023-06818-3


	47. Persson R, Hagberg KW, Pranschke E, Vasilakis-Scaramozza C, Jick S. Treatment for osteoporosis and risk of osteonecrosis of the jaw among female patients in the United Kingdom clinical practice research datalink. Osteoporos Int. (2025) 36(1):47–60. doi: 10.1007/s00198-024-07262-7


	48. Organization IAfRoC-WH. GLOBAL CANCER OBSERVATORY. (2022). Available online at: https://gcoiarcwhoint/media/globocan/factsheets/populations/900-world-fact-sheetpdf (Accessed August 3, 2025).


	49. Campisi G, Mauceri R, Coppini M, Bedogni A, Bertoldo F, Fusco V. Correction: letter to editor regarding “Why are osteoporosis patients treated with antiresorptive therapies considered like oncology patients regarding their oral health care?”. Osteoporos Int. (2024) 35(11):2073. doi: 10.1007/s00198-024-07245-8


	50. Shao H, Varamini P. Breast cancer bone metastasis: a narrative review of emerging targeted drug delivery systems. Cells. (2022) 11(3):388. doi: 10.3390/cells11030388


	51. Coleman R, Hadji P, Body JJ, Santini D, Chow E, Terpos E, et al. Bone health in cancer: ESMO clinical practice guidelines. Ann Oncol. (2020) 31(12):1650–63. doi: 10.1016/j.annonc.2020.07.019


	52. Skaleric E, Fidler A, Skaleric U. A longitudinal study of DMFT counts in a population of Ljubljana over a thirty year period. Oral Health Prev Dent. (2020) 18(4):693–9. doi: 10.3290/j.ohpd.a45072


	53. Pawinska M, Kondrat A, Jamiolkowski J, Paszynska E. Dental status and oral health behaviors of selected 45–74-year-old men from Northeastern Poland. Int J Environ Res Public Health. (2023) 20(11):6005. doi: 10.3390/ijerph20116005


	54. Aimetti M, Perotto S, Castiglione A, Mariani GM, Ferrarotti F, Romano F. Prevalence of periodontitis in an adult population from an urban area in North Italy: findings from a cross-sectional population-based epidemiological survey. J Clin Periodontol. (2015) 42(7):622–31. doi: 10.1111/jcpe.12420


	55. Macri M, D'Albis G, D'Albis V, Antonacci A, Abbinante A, Stefanelli R, et al. Periodontal health and its relationship with psychological stress: a cross-sectional study. J Clin Med. (2024) 13(10):2942. doi: 10.3390/jcm13102942


	56. Bertoldi C, Lalla M, Pradelli JM, Cortellini P, Lucchi A, Zaffe D. Risk factors and socioeconomic condition effects on periodontal and dental health: a pilot study among adults over fifty years of age. Eur J Dent. (2013) 7(3):336–46. doi: 10.4103/1305-7456.115418


	57. Trindade D, Carvalho R, Machado V, Chambrone L, Mendes JJ, Botelho J. Prevalence of periodontitis in dentate people between 2011 and 2020: a systematic review and meta-analysis of epidemiological studies. J Clin Periodontol. (2023) 50(5):604–26. doi: 10.1111/jcpe.13769


	58. Garcia MCU, de la Vega SAF, Yanga-Mabunga MST. Periodontal Status of Filipino older adults in the focused interventions for FRAIL older adults research and development program (FITforFRAIL): a cross-sectional study. Acta Med Philipp. (2024) 58(19):64–73. doi: 10.47895/amp.vi0.7630


	59. Kizub DA, Miao J, Schubert MM, Paterson AHG, Clemons M, Dees EC, et al. Risk factors for bisphosphonate-associated osteonecrosis of the jaw in the prospective randomized trial of adjuvant bisphosphonates for early-stage breast cancer (SWOG 0307). Support Care Cancer. (2021) 29(5):2509–17. doi: 10.1007/s00520-020-05748-8


	60. Mauceri R, Coppini M, Campisi G. Onset of MRONJ in breast cancer patients after switching from low to high dose of bone modifying agents due to bone metastases development: a single center retrospective cohort study. Oral. (2022) 2:274–85. doi: 10.3390/oral2040026


	61. Kwoen MJ, Park JH, Kim KS, Lee JR, Kim JW, Lee H, et al. Association between periodontal disease, tooth extraction, and medication-related osteonecrosis of the jaw in women receiving bisphosphonates: a national cohort-based study. J Periodontol. (2023) 94(1):98–107. doi: 10.1002/JPER.21-0611


	62. Schiodt M, Otto S, Fedele S, Bedogni A, Nicolatou-Galitis O, Guggenberger R, et al. Workshop of European task force on medication-related osteonecrosis of the jaw-current challenges. Oral Dis. (2019) 25(7):1815–21. doi: 10.1111/odi.13160


	63. D'Agostino S, Valentini G, Dolci M, Ferrara E. Potential relationship between poor oral hygiene and MRONJ: an observational retrospective study. Int J Environ Res Public Health. (2023) 20(7):5402. doi: 10.3390/ijerph20075402


	64. Ciardo A, Simon MM, Awounvo S, Kim TS. Oral health conditions in patients under antiresorptive therapy are comparable to unexposed during supportive periodontal care. Clin Oral Investig. (2023) 27(11):6523–36. doi: 10.1007/s00784-023-05257-y


	65. Al Abdullateef A, Alhareky MS. Awareness among patient at risk of developing medication related osteonecrosis of the jaw (MRONJ)—a primary prevention strategy. Saudi Pharm J. (2020) 28(6):771–8. doi: 10.1016/j.jsps.2020.05.004


	66. Nadler JT, Weston R, Voyles EC. Stuck in the middle: the use and interpretation of mid-points in items on questionnaires. J Gen Psychol. (2015) 142(2):71–89. doi: 10.1080/00221309.2014.994590


	67. Westland JC. Information loss and bias in Likert survey responses. PLoS One. (2022) 17(7):e0271949. doi: 10.1371/journal.pone.0271949






OPS/images/froh-06-1683722-g001.jpg
<3 years BMA
>3 vears BMA

PSR 3-4 (%)
b)





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Oral health status and quality of life in female patients receiving low dose bone-modifying agents for cancer treatment-induced bone loss: a single-center exploratory study

		1 Introduction



		2 Materials and methods



		2.1 Study design



		2.2 Eligibility criteria



		2.3 Protocol study



		2.4 Study variables



		2.5 Statistical analyses











		3 Results



		4 Discussion



		5 Conclusion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Generative AI statement



		Publisher's note



		References




















OPS/images/cover.jpg
& frontiers | Frontiers in Oral Health

Oral health status and quality of life in female
patients receiving low dose bone-modifying
agents for cancer treatment-induced bone
loss: a single-center exploratory study








OPS/images/crossmark.jpg
(®) Check for updates.





OPS/images/logo.jpg
& frontiers | Frontiers in Oral Health





