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Abstract
Introduction Currently, there are no reports of diaphyseal femoral fracture equivalent to atypical femoral fractures (AFFs) in
patients receiving long-term hemodialysis (HD).
Case report A 56-year-old Japanese man receiving long-term HD for 34 years was admitted to our hospital due to a delay in
postoperative healing. The patient began maintenance hemodialysis at 22 years of age. The patient then underwent surgical
parathyroidectomy (PTX) for secondary hyperparathyroidism at 43 years of age, which resulted in decreased levels of parathy-
roid hormone (PTH). Thereafter, this patient’s serum 1,25(OH)2 D3 level was very low because active vitamin D3 derivative was
not administered. At 54 years of age, a transverse fracture of the femoral shaft equivalent to AFF occurred. Surgery with open
reduction and internal fixation using intramedullary nailing was performed; however, the delay of postoperative healing contin-
ued for 16 months. A left iliac crest bone biopsy was performed and showed osteoid-like lesion and an increase of woven bone.
The patient received active vitamin D3 derivative and recombinant human PTH (1–34) derivative. Twenty-nine months after the
first surgery, a reoperation was performed. Simultaneously, a right iliac crest bone biopsy was performed. Bone morphometrical
improvement was confirmed. Six months after resurgery, the bone union was achieved.
Summary Severe vitamin D3 deficiency and decreased levels of PTHmay induce a higher osteoid state and an increase of woven
bone, which may then attribute to the development of diaphyseal femoral fracture and impairment of postoperative bone healing.
It is hypothesized that treatment with active vitamin D3 and teriparatide acetate may be a therapeutic option via the accelerated
formation of lamellar bone for refractory diaphyseal femoral fracture of long-term dialysis.
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Abbreviations
AFF Atypical femoral fracture
BAP Bone alkaline phosphatase

BPs Bisphosphonates
BV/TV Trabecular bone volume to total volume
CKD Chronic kidney disease
CKD–MBD Chronic kidney disease–mineral and

bone disorder
ES/BS Eroded surface to bone surface
Fb.V/TV Fibrous tissue volume to total volume
HD Hemodialysis
N.Mu.Oc/BS Multinucleated osteoclasts to bone surface
Obs Osteoblasts
Oc.s/BS Osteoclast surface to bone surface
OS/BS Osteoid surface to bone surface
O.Th Osteoid thickness
OV/BV Osteoid volume to bone volume
OV/TV Osteoid volume to tissue volume
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PTH Parathyroid hormone
PTX Parathyroidectomy
ROD Renal osteodystrophy
Tb.Th Trabecular thickness
Th.W Trabecular unit wall thickness
TRACP-5b Tartrate-resistant acid phosphatase 5b
ucOC Undercarboxylated osteocalcin
Wo.Md.BV Woven and mineralized bone volume
Wo.V/BV Woven bone volume to bone volume

Introduction

Mineral abnormalities such as renal osteodystrophy (ROD)
are common in patients with chronic kidney disease (CKD)
[1]. Previously, the optimal diagnostic test for specific classi-
f i c a t i o n o f ROD was bone b i op sy w i t h bone
histomorphometry [2]. Recent studies, however, have shown
that serological bone turnover markers are also a useful tool
for predicting bone histopathology in patients suffering CKD
[1, 3, 4]. The evaluation of such markers is now considered to
be essential as it provides vital information required to deter-
mine treatment plans for these patients.

Long-term use of bisphosphonates (BPs) has been reported to
be the primary cause of femoral stress fractures, also known as
atypical femoral fractures (AFF) [5]. The pathogenesis of AFF,
however, remains unclear and has been reported to be developed
on non dialysis patients. Currently, there are no reports investi-
gating diaphyseal femur fractures in a radiograph equivalent to
AFF in patients sufferingCKD receiving long-term hemodialysis
(HD). In the present study, a patient on long-termHD for 34 years
with a history of surgical parathyroidectomy (PTX) presented
with poor postoperative healing after experiencing diaphyseal
femur fractures. Furthermore, this patient experienced severe
vitamin D3 deficiency during long-term HD and decreased
levels of parathyroid hormone (PTH). We report that bone
histomorphometrical analysis in conjunction with evaluation
of serological bone turnover markers was able to clarify the
pathogenesis of this patient’s bone disease.

Case presentation

A-56-year-old Japanese man on long-term HD for 34 years
was admitted to our hospital for additional treatment for di-
aphyseal femoral fracture and delay in postoperative healing.

The patient began maintenance dialysis at the age of 22;
however, the primary renal disease was unknown. Surgical
PTX without autotransplantation was performed for secondary
hyperparathyroidism at the age of 43. Thereafter, the patient’s
level of intact parathyroid hormone (PTH) was less than 10 pg/
mL. At that time, the patient was receiving hemodialysis three
times a week for four hours by using dialysate Ca concentration
of 3.0 mEq/L and was being prescribed sevelamer

hydrochloride (5.25 g/day) and lanthanum carbonate hydrate
(0.75 g/day) to treat hyperphosphatemia, precipitated calcium
carbonate (2.5 g/day) to treat hypocalcemia, and menatetrenone
(15 mg/day) as adjunctive therapy for osteoporosis. However,
vitamin D3 derivative had not been prescribed.

At the age of 54, the patient felt left thigh pain and experi-
enced walking difficulty without any precipitating cause but
did not fall. This pain and walking difficulty were worsening
each day. One week later, radiograph showed a transverse
fracture of the femoral shaft with spike formation on the
postero-medial side, and left diaphyseal femoral fracture
was diagnosed (Fig. 1 (1)). The patient underwent open re-
duction and antegrade surgery for internal fixation, using
intramedullary nailing. Three weeks after surgery, partial load
was added, and 6 weeks after surgery, full weight load was
added. However, this patient still could not walk due to pain,
and radiographs showed delayed bone union (Fig. 1 (2)).
Sixteen months after this first surgery, postoperative healing
was still not achieved. Therefore, the patient was admitted to
our hospital for further therapeutic options.

On admission, the patient was 163.9 cm tall and weighed
63.0 kg. Laboratory data (Table 1) was as follows: calcium,
9.0 mg/dL; phosphate, 6.0 mg/dL; alkaline phosphatase
(ALP), 193 IU/L (JSCC method, normal range 117 to 350);
bone ALP (BAP), 8.8 μg/L (normal range 3.8 to 22.6);
tartrate-resistant acid phosphatase-5b (TRAP-5b), 267 mU/
dL (normal range 250 to 760); intact PTH, 9 pg/mL (normal
range 25 to 117), whole PTH, 12 pg/mL (normal range 9–39);
25-hydroxyvitamin D, 11.5 ng/mL (normal > 20); 1.25-
dihydroxyvitamin D3, < 4.0 pg/mL (normal range 20–60);
osteocalcin, 50.1 ng/mL (normal range 8–33); and
undercarboxylated osteocalcin (ucOC), 16.0 ng/mL (normal
< 4.5).

Clinical course 1

Open reduction and fixation were performed using angular
stability plate associated with autogenous bone graft from
the patient’s left iliac bone (Fig. 1 (3)). Postsurgical therapy
was then conducted for the affected limb, using non-weight
bearing methods. Simultaneously, biopsy of the left iliac crest
bone was performed to determine the pathogenesis of both
diaphyseal femur fractures and impaired bone healing. Bone
histomorphometrical analysis was performed by Mrs. Akemi
Ito of the Ito Bone Science Institute (Niigata, Japan).
Tetracycline double labeling was not performed, because the
patient hoped emergent surgery.

First bone histomorphometric examination

The frame of the cortical bone was thin, and the majority of
the trabecular bone consisted of cancellous bone. Bone
histomorphometric analysis for cancellous bone wasmeasured
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Fig. 1 Frontal and lateral radiograph of the left femur. (1), left femoral
shaft transverse fracture; (2), bone fixation failure with pseudarthrosis;
(3), open reduction and fixation performed using an angular stability plate

associated with autogenous bone graft from the patient’s left iliac bone;
(4), successful bone union

Table 1 Laboratory data

First bone
biopsy

First postoperative
month 3

Second bone
biopsy

Second postoperative
month 3

Second postoperative
month 6

Reference
range

BAP 8.8 20.4 14.2 13 18.1 3.7–20.9
TRACP-5b 267 504 411 458 461 170–590
25O-hydroxyvitamin D

(nmol/L)
11.5 NM 12.2 10.6 10 > 20

1,25-dihydroxyvitamin D
(pg/mL)

< 4 NM 12 30 15 20–60

Osteocalcin (ng/mL) 50.1 61.8 111.1 206.5 181.3 8.4–33.1
ucOC (ng/mL) 15.95 15.22 NM 48.5 49.09 < 4.5
Intact PTH (pg/mL) 9 7 4 4 4 15–65
Whole PTH (pg/mL) 12 < 6 7 < 5.5 5.6 9–39
Total protein (g/dL) 7.5 7.8 7.5 7.3 7.4 6.9–8.4
Albumin (g/dL) 4.2 4 3.9 4.1 4.1 3.9–5.2
Calcium (mg/dL) 9 7.8 8.5 10.9 9.6 8.7–10.1
Phosphate (mg/dL) 6 5.1 5.6 7.4 4.5 2.8–4.6
Alkaline phosphatase (U/L) 138 298 207 64 72 38–113

BAP bone alkaline phosphatase, TRACP-5b tartrate-resistant acid phosphatase 5b, ucOC undercarboxylated osteocalcin, NM no measurement
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(Table 2). Trabecular bone volume (BV/TV), trabecular thick-
ness (Tb.Th), and trabecular unit wall thickness (Th.W) were
increased by 32.49%, 160.4 μm, and 48.33 μm, respectively,
compared with an age-matched reference range according to
the report by Reccker RR et al. [6]. Woven bone (Wo.V/BV)
of the cancellous bone occupied 2.47% of bone volume, while
cortical bone near the cancellous bone occupied 35.3% of
bone volume (Fig. 2 (1)). All osteoid markers including oste-
oid volume to tissue volume (OV/TV), osteoid volume to bone
volume (OV/BV), osteoid surface (OS/BS), and osteoid thick-
ness (O.Th) were increased by 4.71%, 14.5%, 66.56%, and
17.45 μm, respectively (Fig. 2 (2)). Fibrous tissue volume to
total volume (Fb.V/TV) and eroded surface to bone surface
(ES/BS) were increased by 1.08% and 29.98%, respectively.
Osteoblasts (Obs) were increased in number by 33.48/mm2

and showed cuboidal cytoplasm indicative of an increase in
activity. Multinucleated osteoclasts (N.Mu.Ocs) were located
in Howship’s lacuna (resorption bay) with deep infoldings,
and osteoclast surface to bone surface (Oc.s/BS) was increased
by 13.22% with an increase in both number (2.47/mm2) and
size.

Diagnosis

The patient was diagnosed with osteitis fibrosa due to Fb.V/
TV of 1.08% (> 0.5%) and OV/BV of 14.5% (< 15%) accord-
ing to Sherrard’s classification of ROD [7]. This patient’s
osteoid volume (OV/BV) of 14.5% did not reach to limit of
osteomalacia (15%) but was increased compared with the nor-
mal range value (4.9 ± 1.2) [8]. Osteomalacia-like lesion was

definite. Increased activity of both Obs and Ocs was also
noted. Fb.V/TV of 1.08% (> 0.5%) and an increase of woven
bone imply osteitis fibrosa, which suggested hyperparathy-
roidism due to higher serum levels of intact PTH [9]; however,
the patient’s serum levels of intact PTH were very low with
post-PTX. Although this pathogenesis is complex, 1,25-
dihydroxyvitamin D3 deficiency–related osteomalacia-like le-
sion and an increase of woven bone were considered to be
responsible for the delay in postoperative healing.

Clinical course 2

The patient began treatment with active vitamin D3 derivative
(alfacalcidol) at a dose of 0.5 μg/day, in conjunction with
recombinant human PTH (1–34) derivative (teriparatide ace-
tate) at 56.5 μg/week, and continues being used for 18 months
until today. Nine months later, bone union was still not
achieved. A third operation was then performed to decorticate
the pseudarthrosis associated with the autogenous bone graft
from the patient’s right iliac bone. Simultaneously, bone
rebiopsy of the right iliac crest was performed 29 months after
the first surgery.

Second bone histomorphometric analysis

Compared with the first bone biopsy, BV/TV, Tb.Th, and
W.Th were decreased to 13.71%, 72.42 μm, and 29.01 μm,
respectively. However, trabecular bone consisted of predom-
inantly lamellar bone, and woven bone of cancellous bone
was decreased from 2.47 to 1.3%. Furthermore, woven bone

Table 2 Histomorphometrical analysis of the 1st and 2nd iliac crest

Parameter Ratio or
abbreviation

Unit Measured value
(1st bone biopsy)

Measured value
(2nd bone biopsy)

Normal
range

Bone volume Bone volume BV/TV % 32.49 13.71 21.1 ± 3.2

Trabecular thickness Tb.Th μm 160.4 72.42 144.5 ± 17.1

Wall thickness W.Th μm 48.33 29.01 43.2 ± 2.9

Osteoid Osteoid volume OV/TV % 4.71 1.15 0.1~1.0

Osteoid volume OV/BV % 14.5 8.36 4.9 ± 1.2

Osteoid surface OS/BS % 66.56 24.73 23.2 ± 3.4

Osteoid thickness O.Th μm 17.45 12.18 11.6 ± 2.0

Osteoblast number N.Ob/BS N/mm 33.48 2.76

Resorption Eroded surface ES/BS % 29.98 12.26 5.6 ± 1.7

Multinucleated osteoclast number N.Mu.Oc/BS N.mm 2.47 0.26

Osteoclast surface Oc.s/BS % 13.22 2.01

Fibrous volume Fb.V/TV % 1.08 0.04 0

Woven bone Woven bone (cancellous bone) Wo.V/BV % 2.48 1.34

Woven bone (cortical bone) Wo.V/BV % 35.4 9.33

Woven and mineralized bone volume (cancellous bone) Wo.Md.BV μm2 198,535.01 113,729.7

Woven and mineralized bone volume (cortical bone) Wo.Md.BV μm2 1,456,549.83 645,146.89
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volume of cortical bone near cancellous bone was decreased
from 35.3 to 9.3% (Fig. 2 (1)). This may indicate that abnor-
mal woven bone was decreased, and consequently, total bone
volume was decreased, while healthy lamellar bone was
increased.

Compared with the first biopsy, OV/TV, OV/BV, OS/BS,
and O.Th improved to 1.15%, 8.36%, 24.73%, and 12.18 μm,
respectively. In addition, bone formation by minimodeling,
characterized by the lack of precedent bone erosion by osteo-
clasts, was visible (Fig. 2 (2)) [10]. Both Fb.V/TV and ES/BS
decreased by 0.04% and 12.26%, respectively. The Obs had
flattened cytoplasm suggesting low activity, and their numbers
had decreased to 2.76/mm2. Multinucleated osteoclasts
(N.Mu.Oc/BS) and osteoclast surface (Oc.s/BS) were decreased
(0.26/mm2 and 2.01%, respectively), and osteoclast size was
decreased. An improvement in bone histomorphometric was
confirmed.

Biochemically, the bone turnover markers, osteocalcin and
BAP, increased in response to treatment compared with the
first operation. Serum intact PTH and whole PTH remained

low. Also, compared with the first surgery, 1,25-
dihydroxyvitamin D3 was increased.

Six months after the third surgery, the bone fracture was in
union (Fig. 1 (4)).

Discussion

Chronic kidney disease–mineral and bone disorder (CKD–
MBD) is a complex disorder of both bone and mineral metab-
olism. Several studies have shown that the risk factors associ-
ated with AFF include glucocorticoid, rheumatoid arthritis,
and femoral curvature [11, 12]. Currently, ROD is associated
with bone fragility and ROD due to long-term HD is consid-
ered to be the primary cause of stress fractures [13, 14].
Therefore, it is necessary to accurately evaluate ROD and
diagnose the specific type of ROD. According to histological
features of bone biopsies [7], ROD is classified as follows:
osteitis fibrosa, osteomalacia, and a mixed, mild, or adynamic
disease. Previous studies have reported that circulating levels

minimodeling

Osteoid
(Red zone)

Osteoid
(Dark zone)

Natural microscopy

Fluorescent microscopy Fluorescent microscopy

First biopsy Second biopsy

Woven bone
(Yellow zone)

Lamellar bone

Natural microscopy

Cortical bone near cancellous bone
Lamellar bone

Woven bone
(Yellow zone)

Natural microscopy

Cortical bone near cancellous bone

Natural microscopy

1

2

Fig. 2 Natural light microscopic
analysis. (1), the 1st iliac cortical
bone near a cancellous bone
section, with woven bone in the
cortical bone near cancellous
bone (yellow zone). The 2nd iliac
cortical bone near cancellous
bone with a decrease in woven
bone in the cortical bone near
cancellous bone and formation of
lamellar bone; (2), natural light
and fluorescent microscopic
analysis of the 1st iliac trabecular
bone section. An increase in the
amount of osteoid, along with
increased thickness of osteoid
seam width, and a low
calcification area on the bone
surface and in the bone, was
observed. The 2nd iliac trabecular
bone section. The trabeculae bone
consisted of minimodeling with
minimal to no calcification
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of intact PTH and bone turnover markers are useful tools for
predicting bone histopathology [1, 3, 4]. Both BAP and intact
PTH are directly correlated with bone formation parameters,
and BAP levels are positively correlated with serum levels of
intact PTH in patients undergoing HD [1, 4]. In addition,
tartrate-resistant acid phosphatase 5b (TRAP-5b) has been
reported to be a marker of bone resorption in patients receiv-
ing long-term HD [3].

The patient in the current investigation had low levels of
intact PTH (< 10 pg/mL) following PTX. This low level of
intact PTH continued for 14 years post-PTX. In this particular
case, the presence of adynamic bone would be expected, as
adynamic bone is caused by hypoparathyroidism.
Hypoparathyroidism is typically characterized by hypocellular
bone surfaces and markedly reduced bone remodeling.
However, it was surprising to find osteitis fibrosa in the first
bone histomorphology analysis of this case, indicated by an
OV/BV of 14.5% (< 15.0%) and Fb.V/TV of 1.08% (> 0.5%),
as osteitis fibrosa is caused primarily by hyperparathyroidism
[15]. In addition, the patient had very low serum levels of
1,25-dihydroxyvitamin D3. Consequently, it was speculated
that severe vitamin D3 deficiency in combination with low
serum levels of intact PTH following total PTX may have
contributed to the bone abnormalities and pseudarthrosis for-
mation, as characterized by postoperative healing failure in
this patient. Such speculations are supported by findings of
previous, similar case studies [16, 17]. In an attempt to im-
prove postoperative healing, the patient was administered ac-
tive vitamin D3 derivative, to address vitamin D3 deficiency,
and recombinant human parathyroid hormone (1–34) deriva-
tive, to address low postoperative PTH levels.

A common issue among patients undergoing long-termHD
is secondary hyperparathyroidism. While considerable ad-
vances in medical therapy for secondary hyperparathyroidism
have been made, PTX remains the dominant therapeutic tool
to address this problem. When compared with other surgical
therapies, surgical PTX is considered the superior choice to
prevent recurrence of hyperparathyroidism [18]. However,
PTX can induce hypocalcaemia and adynamic bone disease
[19, 20], and currently, there is no appropriate pharmacother-
apy for low levels of PTH following surgical PTX.

Diaphyseal femoral stress fracture or AFF is predomi-
nantly caused by long-term treatment with BPs [21]. BPs
are potent inhibitors of osteoclast-mediated bone resorp-
tion. Long-term use of BPs leads to an accumulation of
bone microdamage and suppression of bone turnover, both
of which may attribute to AFF. It has been shown that the
BP, alendronate, can inhibit normal repair of bone
microdamage and cause an accumulation of microdamage
[22, 23]. Finally, a previous report suggested that the pres-
ence of osteoclasts and resorption were increased in bone

biopsies of patients currently being treated with BPs [24].
There was not the report of diaphyseal femoral fracture on
patients receiving long-term HD thus far, although femoral
neck fracture has been reported.

A previous study has reported the beneficial effects of the
recombinant human PTH (1–34), teriparatide, in bone healing
following surgery due to AFF [25]. Several studies have also
shown the beneficial effects of teriparatide in regard to bone
healing in patients undergoing long-term, chronic HD [26].
Low-frequency teriparatide administration has been reported
to result in the formation of thicker trabeculae via bone re-
modeling and minimodeling in young adult male mice [27].
Minimodeling has been reported to have a close relation with
bone reformation in hypoparathyroid patients [10]. The find-
ings of the present investigation support these earlier reports,
as the second bone biopsy of the patient showed that treatment
with teriparatide led to the trabeculae consisting of lamellar
bone and minimodeling.

Osteitis fibrosa has been reported to being developed on
patients with very high PTH levels. Sherrard et al. reported
that fibrous volume (Fb.V/TV) of 57 patients with osteitis
fibrosa due to very high PTH levels was 2.2 ± 0.3(%) [7].
Compared with their report, Fb.V/TV of our patient showed
lower value with 1.08% and was near normal limit of 0.5%.
Originally, dialysis patients with low serum PTH levels will
result in adynamic bone when vitamin D3 is supplemented.
However, we believe that the continuation of severe vitamin
D3 deficiency in combination with low serum levels of intact
PTH induces an increase of osteoid due to mineralization loss
and may induce an inappropriate activation of osteoclast and
osteoblast leading to mild osteitis fibrosa.

Osteocalcin and ucOC are sensitive markers of bone for-
mation, and these two markers’ value of this patient was al-
ways high compared with normal range and increased parallel
to treatment with active vitamin D3 derivative and recombi-
nant human PTH (1–34) derivative. This indicates that bone
formation by osteoblast was progressing surely. Osteomalacia
is a disease characterized by an increase of unmineralized
osteoid volume, which is developed by osteoblast, but cannot
be mineralized primarily due to severe vitamin D3 deficiency.
Higher level of osteocalcin and ucOC of this patient at first
biopsy imply that osteoid formation by osteoblast was
progressing. And after treatment with active vitamin D3 de-
rivative and recombinant human PTH (1–34) derivative, oste-
oid is mineralized by using active vitamin D3 derivative, and
bone formation by osteoblast is accelerated by using recom-
binant human PTH (1–34) derivative and resulted in lamellar
bone formation.

In conclusion, severe vitamin D3 deficiency for long-term
HD treatment, and a decrease in serum PTH levels following
surgical PTX, may induce an increase in osteoid volume and
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woven bone, ultimately resulting in diaphyseal femur fracture
and impaired bone healing. Daily treatment with active vita-
min D3 and weekly Intermittent PTH stimulation by using
teriparatide acetate may be a potential therapeutic option via
the accelerated formation of lamellar bone for refractory di-
aphyseal femur fracture in a patient receiving HD for a long
period of time.

Supplementary Information The online version contains supplementary
material available at https://doi.org/10.1007/s11657-020-00849-7.
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