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Bony deformities and fragility fractures in end-stage renal disease (ESRD) patients on 
long-term hemodialysis can be caused by either osteoporosis or chronic kidney disease-
mineral and bone disorder (CKD-MBD). Correct identification of the underlying mecha-
nism is critical since the treatment methods differ, and one treatment approach could 
negatively affect the other. Cervical kyphosis, severe enough to require immediate surgi-
cal treatment, can be caused by uncontrolled CKD-MBD, albeit in limited cases. This re-
port presents the case of a 61-year-old female with an 11-year history of hemodialysis 
treatment and severe cervical kyphosis with myelopathy, which required 2-stage spinal 
surgeries. Our report calls for a careful diagnostic approach in ESRD patients with skele-
tal disorders, the points to consider before calcium replacement, and early detection of 
fragility fractures in them. Moreover, early mobilization and weight-bearing after the 
surgical procedure may lead to better neurological and functional improvements.
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INTRODUCTION

As medical therapy improves, patients with end-stage renal disease (ESRD) en-
joy longer lifespans but accompanying skeletal complications have emerged with 
long-term hemodialysis. Chronic kidney disease-mineral and bone disorder (CKD-
MBD) is a metabolic bone diseases seen in ESRD, characterized by bone mineral-
ization deficiency due to electrolyte and endocrine abnormalities.[1] CKD-MBD 
can cause not only degenerative pathology but also destructive spondyloarthrop-
athy (DSA), most commonly at the lower cervical and lumbar spines.[2] Since CKD-
MBD only accounts for less than 6% of cervical kyphosis,[3] it is often overlooked 
as one of the causes. In this case report, we present a female cervical kyphosis pa-
tient with a history of 11-year hemodialysis and highlight the importance of diag-
nosing CKD-MBD. To our knowledge, CKD-MBD was reported as the main reason 
for cervical kyphosis which was severe enough to cause myelopathy and to re-
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quire cervical spinal fusion in only a few cases. Thus, we 
outline the diagnostic approach, the danger of calcium re-
placement, and rehabilitative considerations specifically 
designed for CKD-MBD patients.

CASE REPORT

A 61-year-old female first visited the neurosurgery out-
patient clinic due to posterior neck pain and muscle weak-
ness in both upper and lower extremities that had been 
continuous for 4 years. She was diagnosed with ESRD 11 
years ago and had been undergoing hemodialysis 3 times 
per week. She demonstrated stage 5D CKD, evidenced by 
high levels of creatinine (Cr; 4.76 mg/dL; normal range, 
0.55-1.02 mg/dL) and low levels vitamin D3 (25.30 ng/mL; 
normal range, >30 ng/mL) and glomerular filtration rate  
(9 mL/min/1.73m2). Until an admission for surgical correc-
tion of cervical kyphosis, she had never tested for CKD-MBD 
nor osteoporosis.

Preoperative cervical spine plain-film radiograph showed 
+67.0° kyphotic cervical Cobb angle as measured from the 
C2 vertebra to the C7 vertebra (Fig. 1A). Cervical Cobb an-
gle was used throughout the follow-up evaluations since it 
is the simplest and most commonly used method to deter-
mine cervical lordosis.[4] She showed severe bilateral mus-
cle atrophy and weakness of both upper and lower extrem-
ities, as evidenced by the Medical Research Council (MRC) 
muscle grade of 1 to 2. 

Cervical spine magnetic resonance imaging (MRI) showed 
severe kyphosis of the cervical spine and spinal cord com-
pression at C3, C3-4, and C5-6 levels (Fig. 2). The C5 and C6 
vertebral bodies were almost collapsed. Muscle weakness 
of both upper and lower extremities deteriorated to MRC 
muscle grade of 1. Preoperative bone mineral density (BMD) 
test showed osteoporosis with T-score of -3.6 in left femur 
head and -2.5 in lumbar spine.

To correct cervical kyphosis and myelopathy, she under-
went lateral mass screw fixation at C4, 5, 6, 7 and pedicle 
screw fixation at C2, 7, T1, 2. Furthermore, anterior cervical 
discectomy and fusion was performed at C2-3-4-5 and 
C6-7 levels. Cervical spine plain-film radiograph after the 
surgery showed -9.9° lordotic cervical Cobb angle (Fig. 1B). 
After the operations, she has prescribed a Minerva orthosis 
and a complex tablet of calcium carbonate and cholecal-
ciferol (Dicamax®; Dalim BioTech, Seoul, Korea) and teripa-
ratide for osteoporosis management.

She was transferred to the rehabilitation department for 
intensive rehabilitative therapy. Since she was ESRD patient 
on hemodialysis, CKD-MBD was a possible reason for DSA. 
Endocrinologic labs showed low levels of phosphate (2.5 
mg/dL; normal range, 2.9-4.6 mg/dL) and parathyroid hor-
mone (PTH; 17.3 pg/mL; normal range, 15-65 pg/mL) and 
high level of N-terminal telopeptide of collagen type I 
(308.7 nM bone collagen equivalent [BCE]/mM Cr; normal 
range, 26-124 nM BCE/mM Cr). She was clinically diag-
nosed with adynamic bone disease, characterized by fra-

Fig. 1. (A) Lateral upright plain-film radiograph of the cervical spine 
preoperatively demonstrating severe kyphosis with collapsed C5 and 
C6 vertebral bodies. (B) Lateral upright plain-film radiograph of the 
cervical spine obtained 3 weeks postoperatively demonstrating the 
revision of cervical kyphosis.
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Fig. 2. Sagittal magnetic resonance imaging scan of the cervical 
spine demonstrating severe kyphosis with spinal cord compression 
at C3, C3-4, and C5-6 levels.
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gility fractures not explained by other etiologies, bone pain, 
and vascular calcifications. Thus, she was recommended 
not to take a calcium supplement, which can further sup-
press PTH.

At 1 month after the surgery, motor weakness improved 
to MRC grade 3 to 4 for bilateral upper and lower extremi-
ties. She was able to maintain a dynamic sitting balance 
and the therapist continuously provided standing experi-
ence.

DISCUSSION

Kuntz et al. [5] first reported DSA in 10 patients on long-
term hemodialysis. With improved hemodialysis in ESRD, 
skeletal complications due to CKD-MBD will be increasing-
ly prevalent.[6] However, discriminating fractures caused 
by osteoporosis from fractures by CKD-MBD presents a 
challenge due to the non-applicability of traditional osteo-
porosis diagnostic criteria.[1] In ESRD patients, osteoporo-
sis can be diagnosed only after excluding CKD-MBD as the 
cause of low BMD test results or fragility fractures.

Since the early diagnosis of CKD-MBD is the most impor-
tant step in managing DSA patients on hemodialysis, medi-
cal history was extensively inquired. Posterior neck pain 
and accompanying muscle weakness started 4 years ago 
and imaging studies did not show a delay in fracture heal-
ing nor recurrent stress fractures, eliminating both early 
and late-onset congenital causes. None of the family mem-
bers showed spinal abnormality to suggest genetic causes 
and she never underwent other spinal surgeries before. 
Electromyography study did not point to motor neuron 
diseases and blood lab results did not indicate inflamma-
tory diseases. Moreover, she was not involved in traumatic 
events and MRI did not show tumor of the spinal cord or 
spondylosis.

DSA in this case was caused solely by CKD-MBD. Adynam-
ic bone disease, a subtype of CKD-MBD, can be diagnosed 
with a bone biopsy, but serologic markers of low bone turn-
over, fractures not explained by other etiologies, suppressed 
phosphate and PTH levels are sufficient. Since mineral ho-
meostasis of phosphorus and calcium are disrupted in ESRD 
patients on hemodialysis, accompanying imbalance of hor-
mones, including PTH, calcifediol, and calcitriol, ensues. 
When low bone turnover and reduced number of osteo-
blasts and osteoclasts cause adynamic bone disease, bone 

remodeling is disrupted and results in bone fractures and 
can lead to cervical kyphosis.[7]

CKD-MBD was diagnosed later in this case due to a hasty 
interpretation of the BMD test results. After identifying T-
score of -3.6 in left femur head, a complex tablet of calcium 
carbonate and cholecalciferol was prescribed for osteopo-
rosis management. When a calcium and cholecalciferol 
supplement is given to a patient with undiagnosed ady-
namic bone disease, PTH is further suppressed and can 
worsen mineral and bone disorders. Rather, the use of terip-
aratide, a PTH analog, may improve bone turnover in ady-
namic bone disease which is caused by both PTH resistance 
and deficiency.[8]

Currently, not many active measures are possible to man-
age adynamic bone disease, but calcium and vitamin D re-
ceptor activators must be avoided. Instead, prevention of 
DSA in CKD-MBD is more important and we recommend 
yearly evaluation of osteoporosis and fragility fractures since 
the onset of hemodialysis. The Korean National Health In-
surance recommends BMD tests to 65 years or above fe-
male and 70 years or above male. The patient in our case 
would have benefited from early detection of bony defor-
mities caused by long-term hemodialysis and an effort to 
find a true cause. Furthermore, early mobilization and weight-
bearing after surgery are suggested to prevent deteriora-
tion of skeletal disorders and disuse weakness.

The limitation of our case report is the absence of whole-
body fragility fracture and calcification evaluations. The 
most common fracture site of CKD-MBD patients is the hip, 
[9] followed by vertebrae, radius, clavicle, patella, and scap-
ula.[10] Since abdomen-pelvis computed tomography (CT) 
showed numerous tiny calyceal stones, arterial wall calcifi-
cations in both atrophied kidneys, and calcified stones in 
gallbladder, further imaging evaluations, such as a whole-
body bone scan or aorta CT, would have helped to locate 
other complications besides the cervical spine. But she was 
discharged shortly after the diagnosis of CKD-MBD due to 
a personal matter.

In conclusion, our case report showed that severe cervi-
cal kyphosis which requires surgical correction could occur 
as a result of uncontrolled adynamic bone disease. Since 
the diagnosis of osteoporosis in ESRD is different from a 
typical patient group, it is essential to correctly diagnose 
CKD-MBD in case of low BMD test results. Moreover, early 
CKD-MBD and fragility fractures at common sites are cru-
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cial to prevent severe DSA. Lastly, post-surgical rehabilita-
tion must be carried out at an early stage, with an empha-
sis on weight bearing and mobilization.
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