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Abstract
Purpose Tumour-induced osteomalacia (TIO) is a rare
paraneoplastic syndrome usually caused by phosphaturic mes-
enchymal tumours, leading to great distress due to bone pain
and affecting quality of life (QoL). This study aimed to inves-
tigate the prevalence and clinical outcomes of hip fractures
and subchondral insufficiency fractures (SIF) of the femoral
head.
Methods Twelve TIO patients were treated between January
2000 and December 2016 at our hospital. All underwent sur-
gery for the tumour causing TIO, and complete removal of the
tumour was accomplished in nine of 12 cases. Plain radio-
graphs of the hip were obtained in all cases, and magnetic
resonance imaging (MRI) was obtained from 15 hips
representing eight patients before tumour removal. We

evaluated the prevalence of hip fractures or SIF and their clin-
ical outcomes.
Results Hip fractures were observed in six of 12 cases, and the
total number of fractures was nine, of which five were femoral
neck, two were intertrochanteric and two were subtrochanteric
fractures. Conservative treatment, regardless of complete re-
mission of TIO, was successful except in one case with
impending subtrochanteric fracture. SIFs were observed in
11 of 24 hips. Seven of 11 hips with SIF showed progression
after surgery for tumour resection.
Conclusions Hip fractures and SIF are highly prevalent in
TIO patients. Surgical and medical treatment for TIO is suffi-
cient for treating hip fractures conservatively. However, SIF
tends to show progression of femoral head collapse, serving as
the main cause of pain after successful TIO treatment.
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Introduction

Tumour-induced osteomalacia (TIO) is a rare paraneoplastic
syndrome that is usually associated with phosphaturic mes-
enchymal tumours (PMTs) [1]. This condition is characterised
by high levels of fibroblast growth factor 23 (FGF-23) secreted
by the tumours, causing reduced reabsorption of phosphate in
the proximal renal tubule, which results in hypophosphataemia
and hyperphosphaturia [2]. Hypophosphataemia results in os-
teomalacia, and patients often suffer from muscular weakness
and bone pain for a prolonged period before diagnosis [3, 4]. In
particular, pain and disability of the hip have a significant im-
pact on health-related quality of life (HR-QoL).
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Hip fractures are common and often devastating injury in
the geriatric population. Although most are due to osteoporo-
sis, disorders affecting bone strength such as renal
osteodystrophy and osteomalacia lead to insufficiency hip
fractures, which are difficult to treat due to bone softness
[5]. Subchondral insufficiency fracture (SIF) of the femoral
head without any evidence of predisposing osteonecrosis has
been proposed as a new concept regarding femoral head col-
lapse [6]. In general, insufficiency fractures are caused by
physiological stress on bones deficient in elastic resistance;
therefore, SIF occurs mainly in elderly osteoporotic patients
and in renal transplant recipients [7, 8]. Some SIF progress to
collapse, necessitating surgery, whereas others resolve with
conservative treatment [9, 10].

To our knowledge, no previous study has reported the prev-
alence and clinical outcomes of hip fractures and SIF in pa-
tients with TIO. Therefore, the study aimed to emphasise the
importance of diagnosis and treatment of hip fractures and SIF
in patients with TIO.

Materials and methods

Patients

Of 28 patients who complained of pantalgia and were diag-
nosed with TIO by endocrinologists, 12 were referred to the
orthopaedics department at our hospital between January
2000 and December 2016, because their tumours were located
in the extremities and the trunk. This study assessed these 12
patients, and they underwent surgery for the tumour causing
TIO. Our hospital’s institutional review board approved this
study. Inclusion criteria were adult patients diagnosed with
TIO and had been followed up for at least 6 months.
Exclusion criteria were patients who would only receive med-
ical treatments. All procedures described in this study were
performed according to the ethical standards of the
Declaration of Helsinki of 1975, revised in 2000, as well as
the national law.

Imaging studies

Plain radiographs of the hip were obtained in all cases
before tumour removal. Fractures were classified into
intertrochanteric, subtrochanteric or femoral neck frac-
tures. Intertrochanteric and subtrochanteric fractures
were diagnosed based on the presence of the fracture
line on a plain radiograph. Neck fractures were diag-
nosed based on the presence of varus deformity of the
femoral head on plain radiographs or fracture line on
magnetic resonance imaging (MRI). Examinations for
hip fracture and SIF were performed in on individual
hip pain. Diagnosis of bone healing was based on loss

of fracture line or sclerotic changes at fracture site. MRI
was performed before tumour removal in patients with
hip pain. MRIs were obtained from 15 hips representing
eight patients. SIF was diagnosed based on the follow-
ing criteria: (1) no apparent abnormalities or sclerotic
changes due to callus formation in the subchondral area
and/or femoral head collapse as observed on a plain
radiograph; (2) diffuse bone marrow edema pattern ac-
companied by a band-like low-signal-intensity lesion
within the bone marrow edema pattern in the femoral
head, observed on T1-weighted MRI [9]. We classified
SIF hips based on the intensity of subchondral bone on
fat-suppressed T2-weighted images using a previously
reported method: type 1, high intensity; type 2, hetero-
geneous intensity; type3, low intensity [10].

Postoperative monitoring and follow-up

FGF-23 levels were measured 24, 48, and 72 hours
after surgery. All patients were instructed to visit the
Orthopedic and Endocrinology Department for follow-
up at two to three months after surgery and every three
to six months thereafter. Endocrinologists administered
medical therapies to patients whose serum phosphorous
levels did not return to normal. Successful treatment
was defined by the presence of normal serum phosphate
and FGF-23 levels at the last follow-up.

Results

Patient characteristics

Patient characteristics are presented in Table 1. The
study involved three women and nine men, with a mean
age of 56 years (range 37–69). Minimum follow-up pe-
riod was six months (range 6–170). Tumours were lo-
cated in the bone (n = 8), including femur (n = 5),
ischium (n = 1), spine (n = 1), ilium (n = 1), and soft
parts (n = 4), including plantar, upper arm, groin, and
thigh (n = 1 each). Complete remission after tumour
removal was accomplished in nine of the 12 cases
(Supplementary Table 1).

Hip fractures

Hip fractures were observed in six of 12 cases, and the
total number of hip fractures was nine, of which five
were neck, two were intertrochanteric and two were
subtrochanteric (Table 2). Hip pain was observed at a
median of 7.2 years (range 2–20) prior to presentation.
Patient 5, with concurrent neck, intertrochanteric and
subtrochanteric fractures, suffered from hip pain for 11 years
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(Fig. 1). Most patients had either left or right hip fracture,
except in two cases with bilateral hip fractures. Among neck
fractures, varus deformity of the femoral head was observed in
all cases (Figs. 1 and 2), andMRI studies revealed intermittent
linear hypointense signals in the femoral neck on T1-weighted
images, suggesting that fractures were incomplete (Fig. 2).We
allowed weight bearing for patients with hip fractures if they
did not feel pain. Conservative treatment for neck,
intertrochanteric and subtrochanteric fractures was successful,
and they healed in about two to three months after tumour
removal in cases with neck and intertrochanteric fractures
(Table 2). Even incomplete remission of TIO resulted in frac-
ture healing conservatively in one case, indicating that medical
treatment with neutral phosphate and active vitamin D could be
effective for fracture healing (Table 2). Prophylactic internal
fixation was performed in patients with subtrochanteric
fractures who had undergone tumour curettage at the
femur on the ipsilateral side, and fracture healing was
observed at about two months (Fig. 1).

Subchondral insufficiency fractures of the femoral head

SIF were observed in 11 of 24 hips (Table 3). Hip pain was
observed at a median of 6.4 years (range 1–20) prior to pre-
sentation. In case 2, total hip arthroplasty (THA) was per-
formed before presentation at our hospital due to collapse of
the right femoral head.

Four of seven cases had bilateral SIF at the time of
presentation (Fig. 3). One case (no. 5) showed flatten-
ing of the femoral head on plain radiographs\. MRI
analysis detected a low-intensity band in the bone mar-
row edema in ten hips. Based on the intensity of
subchondral bone on fat-suppressed T2-weighted images,
hips were classified into three types: type 1, high intensity;
type 2, heterogeneous intensity; type 3, low intensity [10].
Four hips were classified as type 1, two as type 2 and four
as type 3.Weightbearing on the affected leg was not restricted.
No progression of femoral head collapse was seen on plain
radiographs in type 1 cases, but in all type 2 and 3 cases,

Table 2 Clinical outcomes of hip
fractures Case Neck

fracture
Intertro-
chanteric
fracture

Subtrochanteric
fracture

Complete
remission
after
operation

Bone union at final observation

Neck
fracture

Intertroch
anteric
fracture

Subtrochanteric
fracture

3 − R L + + +

5 L L R + + + +

7 L − − + +

8 L − − + +

11 R − − + +

12 L − − − +

R right, L left

Table 1 Characteristics of patients with tumour-induced osteomalacia and the prevalence of hip and subchondral insufficiency (SIF) fractures

Case Age Sex Tumour
location

Onset of hip pain
prior to presentation
(years)

Neck
fracture

Intertrochanteric
fracture

Subtrochanteric
fracture

SIF MRI Follow-up
(months)

1 51 M Plantar 3 − − − B + 16

2 69 M Upper arm 5 − − − −* − 56

3 37 M Groin 3 − R L − + 170

4 67 M Thigh 3 − − − B + 93

5 61 M Femur 11 L L R R + 6

6 45 M Femur 1 − − − B + 25

7 64 F Ilium 2 L − − R + 29

8 53 M Femur 2 L − − − − 77

9 40 F Femur 2 − − − − − 85

10 59 M Femur 2 − − − − + 72

11 62 M Lumber spine 5 R − − L − 99

12 69 F Ischium 20 L − − B + 120

B bilateral, R right, L left, MRI magnetic resonance imaging
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femoral head collapse showed progression even if the tumour
was completely removed; THAwas required in one case.

Discussion

Tumour-induced osteomalacia is an extremely rare syndrome
and an important cause of hypophosphataemia onset in adults
[1]. TIO has been a challenging disease for clinicians for

several reasons: nonspecific symptoms of osteomalacia; diffi-
culties in finding the causative tumours; difficult anatomical
location for tumour resection [1, 2, 11–13]. In particular, os-
teomalacia is a cause of insufficiency fractures, resulting in
lower QoL of patients with TIO [1, 4]. It is important to not
only remove tumours completely but also pay attention to the
occurrence of insufficiency fractures, particularly hip frac-
tures, which adversely affect QoL. To our knowledge, publi-
cations on hip fractures and SIF due to TIO include only a few

ba

dc

Fig. 1 Neck, inter- and subtrochanteric fractures (case 5): a
Anteroposterior radiograph of the hip at first presentation. Varus defor-
mity of the femoral head and intertrochanteric fracture line were observed
at the left femur. Impending subtrochanteric fracture was observed at the
right femur. b Coronal computed tomography (CT) image of the hip.
Intermittent fracture line indicates incomplete neck fracture and
intertrochanteric fracture. Tumour with sclerotic changes located in the

greater trochanter (arrow). c Anteroposterior radiograph of the hip at
one month after phosphate supplementation. Neck and intertrochanteric
fracture of the left femur tended to heal conservatively, but the
subtrochanteric fracture line at the right femur was obvious. d
Anteroposterior radiograph of the hip two months after tumour resection.
Femoral neck and intertrochanteric fractures were treated conservatively,
and subtrochanteric fracture healed by internal fixation

Fig. 2 Neck fracture (case 7): a Anteroposterior radiograph of the hip at
first presentation. The cortex of the femoral neck was thin with indistinct
and hazy margins. b T1-weighted image of hips showing intermittent
linear hypointense signals in the subcapital region at the left femoral head.

c Anteroposterior radiograph of the hip at two years and six months after
tumour resection. The suspected pathologic fracture of the left femoral
neck was treated conservatively; sclerotic changes at the subcapital lesion
and thickening at the cortex of the femoral neck were observed
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case reports [14]. In this study, we observed hip fractures in six
of 12 cases and SIFs in 11 of 24 hips of patients with TIO.
Although there could be selection bias because of referral to
our orthopaedic surgery department, the rate of hip fractures
and SIFs is considerable. These pathological situations are pos-
sibly overlooked because of their common symptoms, including
whole body pain. In a few cases, SIF of the femoral head could
progress to collapse, necessitating surgery. Such pathological
situations are treatable conservatively by supplementation of
neutral phosphate and active vitamin D or by tumour removal.
Thus, our data recommend ruling out the possibility of hip frac-
tures and SIF using diagnostic radiographsin patients with TIO.

In general, the majority of hip fractures are due to
osteoporosis and falls. In all our cases, hip fractures
were observed at the first presentation, and there was
no history of trauma. Insufficiency hip fractures are
also associated with a variety of conditions, such as
vitamin D deficiency, Fanconi syndrome or renal dys-
function [4, 5, 14, 15]. Furthermore, in a few reports,
the prevalence of osteomalacia among patients with hip
fractures was reported to be 2.15–30% [16]. Our re-
sults indicate the importance of paying attention to
insufficiency hip fractures in patients with osteomala-
cia, including TIO. The principal treatment of hip

fractures is surgery, such as internal fixation or
arthroplasty. However, in osteomalacia patients, surgi-
cal treatment alone is not successful due to softness of
the bone [5]. Treating osteomalacia differs slightly de-
pending on its cause. Osteomalacia as a result of vita-
min D deficiency is curable by vitamin D supplemen-
tation. Moreover, Fanconi syndrome in adults is caused
by various factors that damage the kidney, including
treatment with certain drugs, kidney transplant, and
multiple myeloma. Drug-induced Fanconi syndrome is
curable by withdrawal of the causative drug, while
other forms of the disease are cured by conservative
treatment with vitamin D and phosphate supplementa-
tion. Genetic FGF-23-related hypophosphataemic disease is
currently treated conservatively with vitamin D and phosphate
supplementation, but in future, the anti-FGF-23 antibody could
be a curative drug for this refractory disease [17]. For patients
with TIO, tumour resection is a curable treatment, and
medical treatment is effective in cases with unresectable
or undetectable tumours [18]. In our study, most hip
fractures were cured without surgical intervention by
supplementation with neutral phosphate and active vita-
min D or surgical resection of the tumours causing TIO.
These results indicate that surgical treatment for such

Table 3 Clinical outcomes of subchondral insufficiency fractures (SIF) and magnetic resonance imaging (MRI) findings

Case SIF Complete remission after operation Plain radiograph before operation MRI before operation Plain radiograph at final observation

Right Left

1 B + − Type 2 Type 2 B. flattening

4 B + − Type 3 Type 3 THA

5 R + − Type 1 − No change

6 B + − Type 3 Type 3 B. flattening

7 R + − Type 1 − No change

11 L + L flattening no study no study progression

12 B − − type1 type1 no change

B bilateral, R right, L left, THA total hip arthroplasty

a b

dc

Fig. 3 Subchondral insufficiency
fracture (SIF) (case 6): a Plain
radiograph of the hip at first pre-
sentation showed no evidence of
fracture or pathologic lesions. bA
low-intensity band was observed
on T1-weighted image. c
Subchondral bone showed low
intensity (arrows) on the fat-
suppressed T2-weighted image. d
Plain radiograph of the hip at
two years after tumour resection
showed collapse of both femoral
heads
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hip fractures is not an urgent necessity, as it can be
preceded by medical treatment and resection of the tu-
mour causing TIO.

Although SIF is generally observed in elderly women
with osteoporosis [6], it is also reported in renal and
liver transplant recipients receiving long-term glucocor-
ticoid therapy [8, 19]. In our study, six of seven patients
had no apparent abnormalities except osteopenia ob-
served by plain radiographs; however, MRI revealed
the presence of SIF. These results indicate that clini-
cians should suspect SIF in osteomalacia patients with
hip pain, and MRI should be performed even if no
abnormalities are observed on plain radiographs.
Clinical outcomes of SIF are unclear. Some reports in-
dicate that it could be healed conservatively, while other
reports emphasise the necessity of surgery due to fem-
oral head collapse [6–10]. Several prognostic factors,
such as age, sex, degree of osteopaenia, activity, body
weight and extent of fracture have been reported [20].
Furthermore, MRI findings are reported to be a predic-
tive factor. Sonoda et al. reported that the subchondral
intensity observed on fat-suppressed T2-weighted im-
ages can be classified into three types and that low-
intensity subchondral bone (type 3) is a dismal prognos-
tic factor [10]. In our cases, the four type 3 hips showed
progression. However, the other four, which showed high-
intensity signals on images of the subchondral bone (type 1),
showed no changes. Among hips with heterogeneous
subchondral intensity on fat-suppressed T2-weighted im-
ages (type 2), the healing rate in a previous report was
75%, but in our study, the two hips showed progression.
These results suggest that type 2 and 3 cases tend to resolve
less oftenwith conservative treatment than type 1 cases.We
believe the reason behind this poor prognosis is that we did
not prohibit weight bearing, as opposed to a previously re-
ported protocol of rest and restriction on weight bearing for
6 weeks.

Our study has some limitations. First is its retrospec-
tive design and the small number of patients. Limited
clinical or imaging follow-up may have resulted in
underdetection and progression estimation of SIF.
Prospective studies with a larger number of patients
are needed. However, to the best of our knowledge, this
is the first case series on femoral neck fractures and SIF
in patients with TIO.

In conclusion, hip fractures and SIF need to be considered
in the differential diagnosis of hip pain in patients with TIO,
and imaging examinations should be performed. Conservative
treatment may be effective for most hip fractures.
Furthermore, restriction of weight bearing could pre-
vent SIF progression, findings of which are dismal on
MRI. This study provides useful information for the
diagnosis and treatment of TIO patients.
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