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Objectives. Rare metabolic bone diseases can present with symptoms mimicking more common rheumatological conditions in-
cluding spondyloarthritis, osteoarthritis, and fbromyalgia. Increasing awareness of these rare diseases within the rheumatology
community is vital to ensure that afected patients are diagnosed and appropriately treated. Te literature includes several reports of
tumour-induced osteomalacia initially diagnosed as rheumatic disease, but other rare diseases such as X-linked hypophosphatemia
(XLH) and hypophosphatasia (HPP) also deserve attention. Here, we describe two cases of adult patients incorrectly diagnosed with
ankylosing spondylitis and osteoarthritis who, upon referral to a metabolic bone disease specialist, were subsequently diagnosed with
XLH and HPP, respectively, profoundly altering their management.Methods. Te cases were collected from Brigham andWomen’s
Hospital, Boston, MA, USA, and Vanderbilt University Medical Center, Nashville, TN, USA. Results. Details of the patients’ re-
spective medical and family histories are presented, and the clinical and biochemical investigations undertaken to reach the correct
diagnoses are described. Conclusion. Rheumatologists should be encouraged to think beyond common rheumatological diseases
when faced with symptoms such as bone pain, muscle pain, and stifness, especially when accompanied by manifestations including
atraumatic fractures, poor dentition, and hearing loss. In cases where one of these rare diseases is suspected, referral to a metabolic
bone disease specialist for confrmation of diagnosis is encouraged as efective treatment options have recently become available.

1. Introduction

Patients with bone, joint and/or muscle pain, and stifness
are frequently referred to rheumatologists for diagnosis
and management. Te diferential for these complaints is
long, and rheumatologists generally take pride in their
diagnostic acumen and broad knowledge of medicine.
While in most cases, these symptoms lead to a common
rheumatological diagnosis, whether it may be osteoar-
thritis, fbromyalgia, or an infammatory arthritis, several
rare metabolic bone diseases (MBDs) can mimic the pre-
sentation of these more common diagnoses, as highlighted
by the cases presented below.

Disorders of phosphate wasting, such as tumour-
induced osteomalacia (TIO), may be misdiagnosed as

fbromyalgia, polymyalgia rheumatica, psoriatic arthritis
(PsA), and ankylosing spondylitis (AS) [1–3]. Other rare
MBDs with rheumatological-like symptoms that have re-
ceived less attention include two rare genetic disorders,
X-linked hypophosphatemia (XLH) and hypophosphatasia
(HPP). XLH is due to inactivating mutations in phosphate-
regulating endopeptidase homolog X-linked (PHEX),
leading to chronic phosphate wasting, skeletal and dental
defects in childhood, and chronic musculoskeletal mor-
bidities in adulthood [4]. HPP results from mutations in the
ALPL gene, encoding tissue-nonspecifc alkaline phospha-
tase, and is characterized by reduced activity of tissue-
nonspecifc alkaline phosphatase (ALP) and impaired
mineralization of bones and teeth, as well as musculoskeletal
pain, fatigue, and other systemic symptoms [5].
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In this concise report, we describe two cases of adult
patients incorrectly diagnosed with rheumatological con-
ditions who, upon referral to an MBD specialist, were di-
agnosed with XLH and HPP, respectively. We outline the
clinical and biochemical investigations undertaken to reach
these diagnoses and highlight the pitfalls that may be en-
countered in the clinical workup of such cases, encouraging
rheumatologists to think beyond common causes when
presented with symptoms of bone and muscle pain.

2. Methods

Te cases were collected from Brigham and Women’s
Hospital (BWH), Boston, MA, USA, and Vanderbilt Uni-
versity Medical Center (VUMC), Nashville, TN, USA.
Written informed consent was obtained from both patients.
Data were extracted from electronic medical records, in-
cluding details of clinical features; medical and family his-
tory; physical, biochemical, and imaging assessments; and
treatment. Our study complies with the Declaration of
Helsinki and Health Insurance Portability and Account-
ability Act (HIPAA) regulations.

3. Case Presentation

3.1. Case Report 1. A 64-year-old male presented to VUMC
in 2019 following his daughter’s XLH diagnosis. He had been
diagnosed with AS at age 29 years based on progressive back
pain and stifness, hip pain and joint space narrowing, and
a history of ankle surgery for enthesopathy at age 19 years.
His imaging was notable for difuse enthesophytes of the
spine and Achilles (Figure 1), interspinous ligament calci-
fcation, and bilateral sacroiliac joint fusion, described as
“severe AS” by both his rheumatologist and orthopaedic
surgeon, as well as bilateral hip arthroplasties. At pre-
sentation, he was using hydrocodone to treat his pain, and he
had not experienced symptomatic improvement with in-
domethacin or other nonsteroidal anti-infammatory drugs
and had previously tried and failed therapy with adalimu-
mab. Historical features atypical for AS included bilateral
bowing of his proximal femoral shafts with subtrochanteric
lateral proximal insufciency fractures (on X-ray) and
progressive hearing loss since the age of 9 years. A review of
20 years of dental records also revealed a history of poor
dentition, including multiple abscesses (in numbers 3, 8, 14,
15, and 19), dental fractures, extractions (of 14, 26, and 31),
and antibiotics for dental infections on an almost yearly
basis. Pertinent laboratory values included (normal limits in
brackets) inorganic phosphate 1.9 (2.5–4.5) mg/dL, ALP 148
(40–129) U/L, serum creatinine 0.74 (0.7–1.3) mg/dL, spot
urine creatinine 76 (20–320) mg/dL, parathyroid hormone
(PTH) 115 (16–77) pg/mL, 1,25(OH)2 vitamin D 49.9
(19.7–79.3) pg/mL, and serum calcium 9.8 (8.4–10.5) mg/dL.
Te 24-hour urine phosphate of 1300mg (226–1797mg) was
inappropriately normal, consistent with renal phosphate
wasting. Testing for HLA-B27 was negative. Genetic testing
revealed two mutations in PHEX both classifed as likely
pathogenic (transcript NM_000444.5; c.∗ 231A>G; dupli-
cation exon 13–15) [6], resulting in a diagnosis of XLH. Tis

PHEX variant has emerged as a common cause of XLH in
North America as described in a recent report of a fve-
generation American kindred of 22 individuals with XLH,
including the case presented here [7]. Treatment with
burosumab (1mg/kg every 4weeks), an inhibitor of fbro-
blast growth factor 23 (FGF23) [8], was initiated with im-
provements in laboratory values (inorganic phosphate
2.4mg/dL, ALP 142 U/L), timed up and go assessment
(12.95 seconds at year 1 and 12.35 at year 3 from a baseline of
13.86 seconds), and patient-reported outcomes. Patient-
reported outcomes included the WOMAC pain score
(0–20 with 0 being least) decreased from a baseline of 7 to 2
at year 1 and 4 at year 3, WOMAC stifness (0–8 with 0 being
least) decreased from a baseline of 5 to 3 at year 1 and 4 at
year 3, WOMAC activities of daily living (0–68 with 0 being
least) decreased from a baseline of 37 to 30 at year 1 and 33 at
year 3, and a PROMIS physical function T score of 36.5 at
year 1 and 35.8 at year 3 from a baseline of 30.4, with no new
fractures.

One of the patient’s brothers was subsequently referred
for XLH assessment. Similar to our patient, he had a history
of stifness and hip/back pain, as well as heel enthesopathies
and hip osteonecrosis, and was diagnosed with AS aged
56 years by his rheumatologist. He had not responded to
meloxicam or adalimumab. Notably, he also had a history of
poor dentition and progressive hearing loss. Genetic testing
subsequently confrmed a diagnosis of XLH. A third brother
with an AS diagnosis has also recently been diagnosed
with XLH.

3.2. Case Report 2. A 57-year-old woman was referred for
osteoporosis evaluation at BWH after a fragility fracture of
the humerus. She had a history of fractures, including right
calcaneal fracture, clinically diagnosed metatarsal stress
fracture, bilateral patellar fractures requiring surgery, and
a displaced comminuted shoulder fracture. She had
a longstanding complaint of difuse musculoskeletal pain
and fatigue, for which she had been evaluated by a rheu-
matologist and noted to have calcium pyrophosphate
dihydrate deposition (CPPD) of the scapholunate ligament
and both knees with severe left lateral joint space narrowing
and calcifc tendonitis in her shoulder (Figure 2). An
evaluation for haemochromatosis as a cause of her CPPD
was negative. She was given a diagnosis of CPPD and os-
teoarthritis as a cause of her musculoskeletal symptoms and
underwent a total knee arthroplasty. Additional history
obtained during her evaluation for metabolic bone disease
included a history of hip dysplasia, loss of deciduous teeth at
age 4 years, and multiple cavities. She had no family history
of bone disease, but her father was edentulous by age
30 years. Dual-energy X-ray absorptiometry indicated nor-
mal bone density (lowest Tscore −0.7 at the femoral neck). A
review of laboratory values revealed that ALP had been
below 25 U/L for the past 10 years. Pertinent laboratory
values (normal limits in brackets) included an ALP of 22
(40–129) IU/L, with the remainder of the complete meta-
bolic panel being normal, and a vitamin B6 level of 277
(5–50) μg/L. Te remainder of her evaluation for secondary
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causes of bone fragility was also normal, including 25-
hydroxyvitamin D 49 (30–50) ng/mL, calcium 10.3
(8.6–10.3) mg/dL, inorganic phosphate 4.2 (2.5–4.5) mg/dL,
and PTH 24 (14–65) pg/mL.

Te patient was referred to endocrine genetics because of
suspicion of HPP; genetic testing revealed a heterozygous
likely pathogenic mutation in the ALPL gene (transcript
NM_000478.5; c.303C>A [p.Tyr101∗ ] resulting in a pre-
mature stop codon). Tis mutation has previously been
reported in a patient with adult-onset osteoporosis and low
ALP [9]. Random urine assessment of amino acids by liquid

chromatography with tandem mass spectrometry indicated
elevated levels of phosphoethanolamine (65 nmol/mg Cr
with normal limit: <48). An analysis of bone turnover
markers indicated low/normal bone turnover: CTX 176
(normal: 104–1008) pg/mL, P1NP 29 (16–96) μg/L, and
osteocalcin 10 (9–42) ng/mL. A skeletal survey of the axial
and proximal appendicular skeleton did not reveal addi-
tional fractures/pseudofractures; although bone scintigraphy
is a more sensitive imaging approach to detect pseudo-
fracture, it was not performed in this case. Following her
HPP diagnosis, enzyme replacement therapy (asfotase alfa

(a) (b) (c)

(d) (e) (f)

Figure 1: Te X-ray images from our XLH case (a–c). Preoperative flms of the left hip (a) demonstrate prominent enthesophytes of the left
iliac wing and trochanters, initially misdiagnosed as sequelae of AS. Te femoral bowing seen would be atypical of AS. Te patient had
a successful total hip arthroplasty of the left hip (b), which was later complicated by pseudofracture ((c), arrow) characteristic of XLH but not
AS. To further illustrate how XLH can mimic spondyloarthritis on imaging, lateral (d) and anterior posterior (e) thoracic spine flms
demonstrate fowing syndesmophytes and a lateral ankle X-ray scan shows an Achilles enthesophyte (f ).

(a) (b) (c)

Figure 2: X-ray images from our HPP case, illustrating calcium pyrophosphate dihydrate deposition in the left knee (a), progressing to
severe lateral joint space narrowing (b). Our patient also had calcifc tendonitis in the right shoulder (c).
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80mg subcutaneously 6 days/week) led to improvements in
repeat chair stand assessment (28 seconds at baseline,
16 seconds approximately 1month after starting treatment,
stabilizing at 13 seconds after 6months) and subjective
improvement in fatigue but no change in joint pain.

4. Discussion

Our cases highlight the importance of diferential diagnosis
of rare MBDs versus more common rheumatological dis-
eases, adding to the previously published cases highlighting
misdiagnosis of XLH and HPP as AS, osteoporosis, PsA, and
fbromyalgia [10–13].

As common symptoms of XLH and HPP may mimic
symptoms associated with rheumatological diseases, the
workup of suspected rare MBDs should involve taking
a thorough patient history and full physical examination. As
identifed in our cases, a history of atraumatic fractures
should trigger suspicion of disorders such as XLH and HPP.
A more thorough biochemical assessment, particularly re-
garding low serum phosphate and alkaline phosphatase
levels, could have raised suspicion of XLH and HPP, re-
spectively, earlier in both of our cases. While ALP remains
part of routine blood chemistry assessment panels in most
institutions, the omission of phosphate explains why
hypophosphatemia often goes undetected, and is a potential
factor contributing to delayed diagnoses.

Upon referral to VUMC, to our knowledge, phosphate
levels had never previously been checked in our patient.
Further investigations showed that inorganic phosphate was
below normal. Several recent detailed reviews of the di-
agnostic approach to hypophosphatemic disorders, in-
cluding XLH, have been published [14, 15]. In general, an
unexplained serum phosphate level below the normal ref-
erence range (which may vary by age and/or sex) should
raise suspicion of hypophosphatemia and prompt mea-
surement of renal tubular reabsorption of phosphate (TmP/
GFR) or fractional excretion of phosphate or 24-hour urine
phosphorous and calcium levels to diferentiate between
malabsorption and phosphate wasting [16, 17]. Assessment
of phosphate wasting in urine is an inexpensive and standard
test for investigating and interpreting hypophosphatemia,
the results of which guide further clinical and biochemical
investigations.

Our patient’s 1,25(OH)2 vitamin D was inappropriately
within the normal range, PTH and ALP levels were elevated,
and there was evidence of phosphate wasting (in-
appropriately normal 24 hour urine phosphate in the face of
serum hypophosphataemia), all consistent with XLH.While,
in the absence of a clear family history, it is recommended
practice tomeasure TmP/GFR and serum FGF23 levels when
XLH is suspected [14, 15], these tests were not conducted in
our case due to a positive family history of XLH and the
evidence of phosphate wasting based on 24-hour urine
phosphorus results. Te patient’s daughter had recently
received a diagnosis of XLH, so we elected to expedite di-
agnosis by genetic testing.

While at the time of genetic diagnosis, our patient’s
exuberant enthesophytes would have been difcult to

confuse with those of AS (Figures 1(a)–1(c)), X-ray fndings
in early XLH can be similar to those of AS, which can make
diferential diagnosis more challenging (Figures 1(d)–1(f )).
Te fact that our XLH case was White and HLA-B27
negative is atypical of AS, in people of European ancestry,
approximately 90% of AS cases are HLA-B27 positive [18].
Te lack of response to anti-infammatory treatment was
also atypical. All these clinical clues were missed and not
acted upon by the initial physicians who managed the
patient.

In our XLH case, a history of bilateral hip osteonecrosis
and femoral head fractures is atypical of AS. Te type of
fracture observed can also help to distinguish between XLH
(predominantly medial cortex pseudofractures) and HPP
(lateral cortex pseudofractures) [16, 19]. In our case,
pseudofractures were detectable on plain flms; however, in
more subtle cases where XLH is suspected, a radionuclide
bone scan can be helpful to detect pseudofractures. With
respect to phosphate-wasting diseases, the pain, stifness,
kyphosis, and progressive deafness observed in our XLH
case are common manifestations of this disease [4]. Fur-
thermore, a history of childhood rickets and leg bowing are
suggestive of XLH in particular because of its lifelong nature,
and this may help in the diferential diagnosis versus TIO,
which presents with a more abrupt time course [2, 4, 20]. In
addition to AS, our XLH case’s rheumatologist also con-
sidered a diagnosis of difuse idiopathic skeletal hyperostosis
(DISH), due to ectopic bone formation in the spine.
However, in our experience, DISH afects older individuals,
ligamentous calcifcation typically is limited to the thoracic
spine, and enthesophytes are asymmetric. Spinal stenosis
due to extensive spinal ligament calcifcation, as seen in our
patient, is common in XLH and can be evaluated with
a whole-spine MRI scan, although this has not yet been
performed in his case.

HPP is characterized by below normal levels of ALP.
Diagnostic criteria for HPP in adults have recently been
published (PMID 37982856) [21]. Notably, low ALP is not
pathognomonic, and other conditions such as eating dis-
orders, thyroid dysfunction, milk-alkali syndrome, multiple
myeloma, celiac disease, and zinc defciency should be ruled
out as part of the diagnostic workup; elevated levels of vi-
tamin B6 concomitant with low ALP levels can be used to
diferentiate HPP from other conditions. Serum vitamin D
and PTH levels are normal with normal or elevated calcium
and phosphate levels. Elevated levels of urinary phosphoe-
thanolamine may also be observed [21, 22]. Diagnosis is
usually confrmed by genetic analysis of the ALPL gene. In
our case, ALP had been persistently below 25 U/L for the
past 10 years and was 22 U/L at diagnosis. Tis crucial
abnormality had not been investigated further until the
patient was referred for specialist assessment at BWH.

Patients with HPP can present with a broad spectrum of
symptoms. A detailed discussion of HPP presentation is
outside the scope of this article (reviewed in reference 5), and
indeed, rheumatologists are only likely to encounter patients
with mild HPP. CPPD disease, as a result of a high ratio of
inorganic pyrophosphate to phosphate ions, is among the
characteristic traits of HPP observed in our case that
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rheumatologists should be cognizant of [5, 23]. CPPD
disease was present in both the knees and scapholunate
ligament of our case; other commonly afected sites in pa-
tients with HPP include the triangular fbrocartilage of the
wrist and less commonly the hips, shoulders, elbows, ankles,
and hands [5, 23].

Our XLH and HPP cases also presented with poor
dentition, including evidence of abscesses, extractions, and
dental fractures because of low phosphate and impaired
mineralization, respectively. Subtle diferences in the dental
manifestations of HPP and XLH may be evident, with the
former more often associated with losing primary dentition
with the root intact due to defcient cementum and the latter
with spontaneous dental abscess and delayed tooth
eruption [24].

While assessing family history is an important step in
diagnosing XLH and HPP, both of which are usually he-
reditary diseases, de novo genetic mutations should also be
considered in both diseases. As highlighted in our cases,
a positive family history of atraumatic fractures and poor
dentition can be suggestive of XLH or HPP. A confrmed
diagnosis of XLH or HPP should trigger assessment of close
relatives, as occurred in our XLH case who was referred
following diagnosis of XLH in his daughter. Family
screening was not performed in our HPP case as the patient’s
parents were deceased at the time of diagnosis and her
ofspring declined screening. Genetic testing is recom-
mended to confrm the presence of pathologic mutations in
the PHEX orALPL genes, and this also ofers a defnitive way
of diferentiating XLH from TIO.

5. Conclusions

Rheumatologists should consider rare MBDs when faced
with signs and symptoms mimicking more common
rheumatological conditions. Appropriate clinical and bio-
chemical investigations are required to aid diferential di-
agnosis and avoid the delays in treatment, gradual worsening
of symptoms, frequent fractures, loss of mobility, and di-
minished quality of life observed in our cases. When one of
these rare diseases is suspected, referral to an MBD specialist
for confrmation of diagnosis is encouraged as efective
treatment options are available.
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