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Case Report
Skeletal fluorosis is a metabolic bone disease caused by chronic exposure to 

fluoride ions, which could be due ingestion or inhalation.  Keyboard duster inha-
lation is a unique form of substance abuse that can cause skeletal fluorosis due to 
containing 1-1 difluoroethane.

A 42-year-old female with depression, anxiety, and a history of polysubstance 
abuse (methamphetamine, benzodiazepines, and compressed-gas duster inhala-
tion) was evaluated by an orthopedic surgeon for low back and hip pain. Initial 
labs showed C-reactive protein – 1.64 mg/dL (normal range (NR) – 0 - 0.99 
mg/dL), erythrocyte sedimentation rate – 50, and alkaline phosphatase – 584 
U/L (NR – 38 - 126), with a negative autoimmune antibody panel. Computed 
tomography (CT) scan  revealed diffuse lumbar spine sclerosis, an old T12 com-
pression fracture, and a subacute L1 compression fracture (Figure 1 and figure 2). 
Her history included prior cervical spine surgery, ankle fracture, and a nondis-
placed metatarsal fracture. Oncology referral was made to rule out malignancy; 
CT of the chest/abdomen/pelvis and mammogram were negative for malignancy, 
shows diffuse sclerotic changes with hyperostosis at capsular attachments (Figure 
3). Bone scan showed diffuse skeletal hyperactivity, consistent with a super scan 
(Figure 4). X-ray ankle showed subtle diffuse osteosclerosis (Figure 5). Serum and 
urine monoclonal proteins were negative. After taking a detailed history, the pa-
tient admitted to relapsing and abusing multiple substances, including keyboard 
duster. An investigation into the contents of the keyboard duster showed the 
presence of 1,1-difluoroethane, prompting suspicion of skeletal fluorosis. Serum 
alkaline phosphatase was elevated to 752 u/L; alanine transaminase, aspartate 
aminotransferase and creatinine were normal. Parathyroid hormone (PTH) was 
elevated to 125 pg/mL (NR - 10 - 55), with normal calcium. Despite normal cal-
cium, her 25-hydroxy vitamin D was low (25 ng/mL). Urine fluoride was elevated 
to 4.5 mg/L (0.2 - 3.2 mg/L), as was the urine fluoride/creatinine ratio - 8.2 
mg/g (NR - 0.0 - 3.0); however, serum fluoride was normal. Serum and urine 
fluoride were quantified using ion specific electrode, performed at Quest diag-
nostics. Malignancy, autoimmune diseases, renal and hepatic causes were ruled 
out before concluding this diagnosis of skeletal fluorosis secondary to keyboard 
duster inhalation. Patient was educated on underlying causes of bone abnormality 
and advised to avoid compressed-gas duster inhalation.

Discussion
Skeletal fluorosis is uncommon in developed countries. The endemic form, 

observed in less developed regions, is typically caused by ingestion of groundwa-
ter with elevated fluoride concentrations. In developed countries, fluorosis usually 
results from oral ingestion of medications—such as voriconazole, used for chron-
ic fungal prophylaxis or from excessive consumption of fluoride-rich substances 
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like black tea, surreptitious ingestion of toothpaste, or inhalant 
abuse involving volatile anesthetics and fluoride-containing 
aerosols [1].

Ingested fluoride is deposited in bones, where it has a 
half-life of more than seven years [2]. Fluoride becomes in-
corporated into the hydroxyapatite crystals, altering bone 

strength. It influences bone remodeling via the Runt-relat-
ed transcription factor and receptor activator of nuclear fac-
tor-κB ligand pathway, affecting the expression of osteocalcin 
and osteoprotegerin, leading to increased osteoblastic activity 
[3]. The elevated urine fluoride with normal serum fluoride 
is consistent with recent exposure, as fluoride is rapidly ex-
creted. Serum fluoride reflects only short-term exposure and 
may normalize quickly, while urine levels can remain elevat-
ed due to renal clearance of stored skeletal fluoride, especially 
in chronic exposure settings.  A recent study by Patriarca et 
al. [4] reported skeletal fluorosis in patients following inha-
lation of computer cleaner containing 1,1-difluoroethane for 
six months. The study emphasized the dose-response relation-
ship between inhalant exposure and severity of bone changes, 
highlighting the importance of detailed substance use history 
in similar presentations [4].

Clinical features include dental mottling (more common 
in endemic forms due to excessive fluoride exposure during 
childhood), bone pain, joint stiffness, and an increased risk of 
fractures. The severity of clinical and radiologic findings cor-
relates directly with the amount of fluoride accumulated in the 
skeleton.

Figure 1: Diffuse sclerotic changes in the bony structures with chronic 
pathologic mid-thoracic compression fracture.

Figure 4: Diffuse increased osseous uptake on Tc-99m radionuclide bone 
scan resulting in super scan. Also, right rib pathologic fracture.

Figure 3: Diffuse sclerotic changes with hyperostosis at capsular attachments.

Figure 2: Diffuse sclerotic changes with chronic pathologic fractures of 
thoracic and lumbar vertebral bodies.
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Elevated PTH is a recognized effect of fluoride ingestion. 
This elevation may occur as a compensatory mechanism for 
hypocalcemia; however, a direct stimulatory effect of fluoride 
on the parathyroid glands is also possible. Increased PTH 
contributes to the progression of skeletal fluorosis [5].

Low 25-hydroxy vitamin D levels can decrease calcium 
absorption and facilitate fluoride accumulation in bones. In 
this context, multiple animal and human studies have shown 
that 25-hydroxy vitamin D not only serves as a mitigating fac-
tor but may also have therapeutic potential in the management 
of skeletal fluorosis along with calcium supplementation [6, 7].
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