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Case report 
Bilateral femoral head necrosis and pathological  
fractures resulted from Fanconi syndrome due to  
adefovir dipivoxil treatment: a case report  
and systematic analysis of 7 cases
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Abstract: We presented a case of a patient underwent bilateral total hip arthroplasty for femoral head necrosis 
and pathological femoral neck fracture resulted from adefovir dipivoxil related Fanconi syndrome. Then, we ran a 
systematic analysis of seven similar cases. Surgical treatment was used in three cases, while no surgical treatment 
was conducted in the other four. Satisfactory clinic outcome was achieved in all 7 cases. As conclusion, hypophos-
phatemic osteomalacia is a potential risk for any patients who undergo adefovir dipivoxil treatment. And early inter-
vention could improve the symptoms and prevent pathological fractures or bone necrosis.
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Introduction

Fanconi syndrome is defined as dysfunction of 
proximal renal tubule that results in impaired 
reabsorption of amino acids, glucose, urate 
and phosphate [1]. Chronic hypophosphatemia 
would cause osteomalacia that would influen- 
ce the metabolism of bone, which would pro-
duce a series of symptoms, such as mild mus-
cle weakness, bone and joint pain, and bone 
fractures [2].

Hepatitis B virus (HBV) infection is one of the 
most common infectious diseases and causes 
worldwide liver-related deaths [3]. Adefovir dip-
ivoxil (ADV) is a nucleoside reverse transcrip-
tase inhibitor used to suppress HBV replication 
and remit liver disease [4]. Although safety of 
low-dose ADV therapy (10 mg/day) has already 
been proved by large clinical trials [5, 6], sev-
eral cases of pathological fractures due to os- 
teomalacia associated with low-dose ADV ther-
apy for hepatitis B have been reported recently 
[7-11]. 

Initially, we presented a case of a male patient 
underwent bilateral total hip arthroplasty for 

femoral head necrosis and pathological fe- 
moral neck fracture induced by low-dose ADV 
treatment. And in addition, using the methodol-
ogy of evidence-based medicine, we ran an 
online database search. A total of 7 cases were 
included in our analysis. 

Case report

Patients and methods

A fifty-one-year-old man complained of pain  
and limited motion of both hip joints and was 
admitted to our hospital in August 2014. He 
had continually experienced increasing pain 
and motion limitation of both hip joints for 3 
years. The patient had a medical history of hep-
atitis B with treatment of adefovir 10 mg per 
day for 5 years. He didn’t have history of trau- 
ma or other medical situation and was not tak-
ing any other drugs.

The patient showed a limited range of motion 
(ROM) and tenderness of both hip joints, but 
there was no abnormality in other routine physi-
cal examination.

http://www.ijcem.com


Femoral head necrosis and fractures resulted from adefovir treatment

12899	 Int J Clin Exp Med 2017;10(8):12898-12904

Figure 1. Radiological examinations at admission. a: Plain radiograph of the pelvis and both femoral heads showed 
bilateral femoral neck fractures. b, c: Computer tomography (CT) scan also showed bilateral femoral neck fractures. 
d, e: Magnetic resonance imaging revealed bilateral femoral head necrosis and neck fractures. 

Radiological examinations at admission sho- 
wed femoral head osteonecrosis and femoral 
neck fracture of both hips (Figure 1). Whole 
body bone scintigraphy showed increased up- 
take in both shoulder joints, both knees, both 
ankle joints, both shaft of femur and junction 
zone of rib and rib cartilage of both sides 
(Figure 2).

Laboratory tests showed hypophosphatemia 
(0.34 mmol/L, normal: 0.81-1.45 mmol/L) and 
hypocalcemia (2.06 mmol/L, normal: 2.20-
2.65 mmol/L). He had dysfunction of coagula-
tion (prothrombin time 18.2 s; prothrombin 
time activity 55%; activated partial thrombo-
plastin time 51.7 s). He showed hypoalbumin-
emia (32.1 g/L, normal: 35.0-52.0 g/L). Im- 
munologic tests and tumor markers tests all 
came to normal results. B mode ultrasound 

image showed liver cirrhosis and splenome- 
galy. Furthermore, we ran a 24 h urinalysis 
which showed increased urinary excretion of 
phosphate (775 mg/day, normal: 20-220 mg/
day). And blood test showed a low level of pa- 
rathyroid hormone (7.10 pg/ml, normal 15.00-
65.00 pg/ml), the excretion of calcium was 
normal (116 mg/day, normal 100-300 mg/
day). These findings demonstrated hypophos-
phatemia and hyperphosphaturia. However, gi- 
ven the patient had low level of parathyroid hor-
mone, we considered that the phosphate reab-
sorption was caused by dysfunction of the prox-
imal renal tubule dysfunction.

Based on these results and history, we made  
a diagnosis of pathologic fracture resulted  
from hypophosphatemic osteomalacia due to 
Fanconi syndrome secondary to adefovir treat-
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Figure 2. Whole body bone scintigraphy showed increased uptake in both shoulder joints, both knees, both ankle 
joints, both shaft of femur and junction zone of rib and rib cartilage of both side. 

ment. Then we conducted a total hip arthro-
plasty for the left hip, using a Stryker implant 
(Secur-Fit-HA, Figure 3). Considering he had 
dysfunction of coagulation, 10 unite blood pla- 
telet was given post surgery. Adefovir 10 mg/
day was replaced by entecavir 0.5 mg/day, and 
phosphate supplementation (1156 mg/day), 
calcium carbonate (600 mg/day) and calcitriol 
(0.5 μg/day) were given.

At 4 weeks after hospital, the patient repor- 
ted improvement and release of symptoms. 
After 3 months, only slight pain existed in left 
hips. The patient came back to the hospital for 
total right hip arthroplasty and same implant 
was used (Figure 4). We suggested a monthly 
re-check of blood test. The patient reported  
significant improvement of all symptoms and 

he could walk more than 1 mile 3 months after 
the second surgery. Phosphate treatment was 
discontinued after normal results of re-check 
blood test.

Cases review

An online search was conducted, including 
Pubmed, Embase and Web of Science (before 
October 26, 2016). The search strategy was 
used as followed: ((fracture) OR (femoral head 
necrosis)) AND (Fanconi’s syndrome) AND (low 
dose) AND (adefovir) without language limita-
tion. Furthermore, we searched the Chinese 
databases, including CNKI and Wanfang data.

The cases that met the following criteria were 
included: (1) patient suffered pathological frac-
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of them report no fracture happened. Other 
drugs could influence the bone quality were 
used in two of 11 reports. The patient had oth- 
er disease that may cause femoral head ne- 
crosis in another report. Finally, five reports 
with six cases met eligibility criteria [7-11]. 

Including our case, 7 cases were summarized 
(Table 1). Two cases occurred in Japan, three  
in Korea, one in China and one in Italy. The 
mean age was 57 years old (from 43 to 70).  
Six cases were male, and one case was fema- 
le. All of 7 cases applied low-dose adefovir for 
hepatitis B. Two cases used additional lamivu-
dine. The mean duration of adefovir treatment 
was 5.3 years (from 4 to 7 years). Three of 7 
suffered bilateral femoral neck fracture. One 
case suffered ulna fracture. One case had ribs 
IV to X fractures. One case had multiple insuffi-
ciency fractures in proximal tibia, proximal fe- 
mur, sacrum and thoracolumbar spine. One 
case had sacrum fracture and multiple rib frac-
tures. Our case presented bilateral femoral 
head necrosis. THA were used in two cases  
and internal fixation device was applied in an- 
other case, while no surgical treatment was 
conducted in the other four. Six of 7 cases us- 
ed entecavir therapy to switch ADV treatment, 
the other one lower the dose of adefovir to 20 
mg/week to achieve a normal level of phos-
phate in blood. Satisfactory clinic outcome was 
achieved in all 7 cases.

Discussion

Although it is well-known that high-dose ADV 
therapy (60 to 100 mg/day) could influence  
the kidney function and might result in Fan- 
coni syndrome, low-dose ADV therapy (10 mg/
day) is usually considered safe, which has been 
proved by large clinical trials [5, 6]. Low-dose 
ADV therapy has been a general treatment for 
HBV infection, especially for the patients with 
lamivudine resistance. Recently, there have 
been several case reports of hypophospha-
temic osteomalacia induced by low-dose ade- 
fovir therapy [7-13]. And only a few papers 
reported fractures caused by hypophospha-
temic osteomalacia induced by low-dose ade- 
fovir therapy [7-11]. What’s more, only one Fan- 
coni syndrome case report has reported left 
femoral head necrosis that might have possible 
connection with Fanconi syndrome because 
the patient had another situation of positive 

Figure 3. Plain radiograph after the first THA showed 
the implant in left hip.

Figure 4. Plain radiograph after the second THA 
showed the implants in bilateral hips.

ture caused by osteomalacia due to Fanconi 
syndrome secondary to adefovir treatment;  
(2) the patient had no other disease that may 
influence the bone intensity such as osteopo- 
rosis; (3) the patient had not suffered any trau-
ma that may cause the fracture.

The result of online search was reviewed ac- 
cording to the eligibility criteria, and data of 
included cases were extracted. The extracted 
information included the following items: re- 
gion, gender, age, initial disease, dose of adefo-
vir treatment, fracture site, surgical treatment, 
and drug treatment.

Results

After initial search with duplicated reports 
excluded, there remained 12 literatures. Four 
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Table 1. Characteristic of all seven cases
Author & 
Year Region Gender Age 

(year)
Initial 

Disease Drug Duration 
of Drug Fracture Site Surgical  

Treatmenta Drug Treatmentb

Tanaka 2012 Japan Male 62 Hepatitis B Adefovir (10 mg/day) 5 years Femoral neck THA Entecavir, eldecalcitol and alendronate 

Lee 2016 Korea Male 43 Hepatitis B Adefovir (10 mg/day) 7 years Ulna Internal fixation Entecavir, elemental supplementation

Utsumi 2014 Japan Female 70 Hepatitis B Lamifvdine (100 mg/day); adefovir (10 mg/day) 5 years Ribs IV to X None Lower-dose adefovir, elemental supplementation

Palermo 2014 Italy Male 53 Hepatitis B Lamivudine (unclear); adefovir (10 mg/day) 4 years Sacral and ribs None Entecavir, elemental supplementation

Kim 2013 Korea Male 62 Hepatitis B Adefovir (10 mg/day) 6 years Multiple insufficiency None Entecavir, elemental supplementation

Korea Male 54 Hepatitis B Adefovir (10 mg/day) 5 years Fractures None Entecavir

Our case China Male 55 Hepatitis B Adefovir (10 mg/day) 5 years Femoral neck THA Entecavir, elemental supplementation
aTHA means total hip arthroplasty. bEntecavir means the antivirus drug therapy is replaced by entecavir treatment.
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antimitochondrial antibody-M2 (anti-M2) whi- 
ch could cause bone necrosis [14]. To the be- 
st of our knowledge, this is the first study that 
reports a case with bilateral femoral head 
necrosis related to Fanconi syndrome caused 
by low-dose adefovir treatment.

It is interesting to speculate the mechanism  
of the bilateral femoral head necrosis in our 
case. As we do not have any clinical data su- 
ch as MRI or X-ray before the admission, it’s 
impossible to figure out whether the necrosis 
happened before the femoral neck fractures or 
not. As a result, we have several hypothesis of 
the mechanism of bilateral femoral head necro-
sis as following: 1) As it has been reported in a 
case report in 1979 that osteomalacia could 
cause bone necrosis [15], we firstly consider 
the bilateral femoral head necrosis was result-
ed from the osteomalacia due to long-time low-
dose ADV treatment. 2) It is well-known that 
femoral head necrosis is one of the main com-
plications of femoral neck fracture [16], so the 
necrosis could be secondary to the neck frac-
ture due to ADV treatment. 3) Other unknown 
reasons. 

Osteomalacia is a disorder of bone, defined as 
decreased mineralization of newly formed os- 
teoid at sites of bone turnover [7]. Late diagno-
sis of osteomalacia may lead to pathological 
fractures and disabling symptoms such as se- 
vere muscle and joints pain, some fractures 
could be life-threaten. But early stagy of osteo-
malacia can only have some slight symptoms 
that may be misunderstood as age-relevant  
disease like arthritis or osteoporosis, and tho- 
se symptoms alone rarely alert the physicians 
to the possibility of osteomalacia or hypophos-
phatemia. Classical diagnostic tests like dual 
X-ray absorptiometry may mislead the physi-
cians. And 24 h urinalysis and blood phosphate 
test are usually not contained in the general 
tests at admission.  

Dysfunction of the proximal renal tubule caus- 
es impaired reabsorption of amino acids, urate, 
bicarbonate and phosphate, resulting in Fan- 
coni syndrome. The pathophysiology of ADV 
inducing Fanconi syndrome is reported to be 
related to an increase in the ADV concentration 
in the mitochondria mediated by inhibition of 
several ATP-dependent transporters [17, 18]. 
Entecavir is more effective than ADV with low 
incidence of resistance and favorable safety of 
drug [19]. Six of seven cases in this study 
switched ADV with entecavir and all of them 
came to effective improvements of blood-test 

results and clinic symptoms. Entecavir may be 
a better treatment choice than ADV and 
lamivudine.

According to our study, initial disease of all the 
cases is hepatitis B. It is well-known that ADV 
treatment is also used for the HIV infection, 
previous case report also reported osteomala-
cia caused by low-dose ADV treatment for HIV 
infection [12]. However, no one has ever report-
ed any pathological fractures due to ADV-re- 
lated Fanconi syndrome in AIDS population. We 
believe that this difference is caused by the  
epidemiological difference between hepatitis B 
and AIDS. Epidemiological data showed popu-
lation of hepatitis B was far more than that of 
AIDS, especially in some Asian countries such 
as China and Korea [20-23].

Conclusion

In conclusion, hypophosphatemic osteomala-
cia is a potential risk for any patients who 
undergo adefovir dipivoxil treatment. If such 
patients complained of any muscle or bone  
discomfort, orthopaedic surgeons should be 
aware of the possibility of Fanconi syndrome, 
and additional radiological and laboratory ex- 
aminations such as 24 h urinalysis, blood phos-
phate test, whole body bone scintigraphy, and 
MRI of affected area should be performed. And 
adefovir dipivoxil should be switched or dose-
decreased once the diagnosis of ADV-related 
Fanconi syndrome is made. Early intervention 
could improve the symptoms of Fanconi syn-
drome and prevent pathological fractures or 
bone necrosis which might result in severe 
complications or burdensome operation.

Acknowledgements

This study is funded by the National Natural 
Science Foundation of China (NO. 81572173).

Disclosure of conflict of interest

None.

Abbreviations

THA, total hip arthroplasty; ADV, adefovir di- 
pivoxil.

Address correspondence to: Dr. Lidong Wu, Depart- 
ment of Orthopaedic Surgery, Second Affiliated 
Hospital, School of Medicine, Zhejiang University, 
88 Jiefang Road, Hangzhou 310000, China. E-mail: 
wulidong@zju.edu.cn

mailto:wulidong@zju.edu.cn


Femoral head necrosis and fractures resulted from adefovir treatment

12904	 Int J Clin Exp Med 2017;10(8):12898-12904

References

[1]	 Clarke BL, Wynne AG, Wilson DM and Fitzpat-
rick LA. Osteomalacia associated with adult 
Fanconi’s syndrome: clinical and diagnostic 
features. Clin Endocrinol (Oxf) 1995; 43: 479-
490.

[2]	 Gifre L, Peris P, Monegal A, Martinez de Osaba 
MJ, Alvarez L and Guanabens N. Osteomalacia 
revisited : a report on 28 cases. Clin Rheuma-
tol 2011; 30: 639-645.

[3]	 Vigano M, Lampertico P and Colombo M. Drug 
safety evaluation of adefovir in HBV infection. 
Expert Opin Drug Saf 2011; 10: 809-818.

[4]	 Minemura M, Tokimitsu Y, Tajiri K, Nakayama 
Y, Kawai K, Kudo H, Hirano K, Atarashi Y, Yata 
Y, Yasumura S, Takahara T and Sugiyama T. 
Development of osteomalacia in a post-liver 
transplant patient receiving adefovir dipivoxil. 
World J Hepatol 2010; 2: 442-446.

[5]	 Izzedine H, Hulot JS, Launay-Vacher V, Marcel-
lini P, Hadziyannis SJ, Currie G, Brosgart CL, 
Westland C, Arterbrun S, Deray G; Adefovir Dip-
ivoxil International 437 Study Group; Adefovir 
Dipivoxil International 438 Study Group. Renal 
safety of adefovir dipivoxil in patients with 
chronic hepatitis B: two double-blind, random-
ized, placebo-controlled studies. Kidney Int 
2004; 66: 1153-1158.

[6]	 Hadziyannis SJ, Tassopoulos NC, Heathcote 
EJ, Chang TT, Kitis G, Rizzetto M, Marcellin P, 
Lim SG, Goodman Z, Ma J, Brosgart CL, Borro-
to-Esoda K, Arterburn S and Chuck SL. Long-
term therapy with adefovir dipivoxil for HBeAg-
negative chronic hepatitis B for up to 5 years. 
Gastroenterology 2006; 131: 1743-1751.

[7]	 Lee YS, Kim BK, Lee HJ and Dan J. Pathologic 
femoral neck fracture due to Fanconi syn-
drome induced by adefovir dipivoxil therapy for 
hepatitis B. Clin Orthop Surg 2016; 8: 232-
236.

[8]	 Tanaka M, Setoguchi T, Ishidou Y, Arishima Y, 
Hirotsu M, Saitoh Y, Nakamura S, Kakoi H, Na-
gano S, Yokouchi M, Kamizono J and Komiya S. 
Pathological femoral fractures due to osteo-
malacia associated with adefovir dipivoxil 
treatment for hepatitis B: a case report. Diagn 
Pathol 2012; 7: 108.

[9]	 Utsumi T, Sawada K, Nakajima S, Abe M, 
Ohtake T, Fujiya M and Kohgo Y. [Case report; 
A case of Fanconi’s syndrome with pathologi-
cal ulnar fractures improved by dose reduction 
of adefovir and supplementation of oral phos-
phate]. Nihon Naika Gakkai Zasshi 2014; 103: 
1927-1930.

[10]	 Palermo A, Strollo R, Papalia R, D’Onofrio L, 
Maddaloni E, Briganti SI, Napoli N, Vespasiani 
U, Costantino S, Pozzilli P, Denaro V and Man-
frini S. Severe hypophosphatemic osteomala-

cia secondary to fanconi syndrome due to ad-
efovir: a case report. Endocr Pract 2014; 20: 
e246-249.

[11]	 Kim du H, Sung DH and Min YK. Hypophospha-
temic osteomalacia induced by low-dose ade-
fovir therapy: focus on manifestations in the 
skeletal system and literature review. J Bone 
Miner Metab 2013; 31: 240-246.

[12]	 Earle KE, Seneviratne T, Shaker J and Shoback 
D. Fanconi’s syndrome in HIV+ adults: report 
of three cases and literature review. J Bone 
Miner Res 2004; 19: 714-721.

[13]	 Izzedine H, Kheder-Elfekih R, Housset P, Sar-
kozy C, Brocheriou I and Deray G. Adefovir dip-
ivoxil-induced acute tubular necrosis and Fan-
coni syndrome in a renal transplant patient. 
AIDS 2009; 23: 544-545.

[14]	 Hara M, Miyazawa R, Takagi A, Kado H, Maki K, 
Sawada K, You K and Hatta T. [Case of fanconi 
syndrome positive for anti-M2 antibodies re-
vealed by severe hypokalemia and multiple 
bone fracture]. Nihon Jinzo Gakkai Shi 2011; 
53: 719-725.

[15]	 Strauss J, Magnet JL, Guidet M and Paul R. 
[Bone necrosis during osteomalacias]. Rev 
Rhum Mal Osteoartic 1979; 46: 101-109.

[16]	 Bohr H and Larsen EH. Necrosis of the femoral 
head after fracture of the neck of the femur. 
Acta Orthop Scand 1965; 36: 346-347.

[17]	 Tanji N, Tanji K, Kambham N, Markowitz GS, 
Bell A and D’Agati VD. Adefovir nephrotoxicity: 
possible role of mitochondrial DNA depletion. 
Hum Pathol 2001; 32: 734-740.

[18]	 Cihlar T, Lin DC, Pritchard JB, Fuller MD, Men-
del DB and Sweet DH. The antiviral nucleotide 
analogs cidofovir and adefovir are novel sub-
strates for human and rat renal organic anion 
transporter 1. Mol Pharmacol 1999; 56: 570-
580.

[19]	 Asselah T, Lada O, Boyer N, Martinot M and 
Marcellin P. [Treatment of chronic hepatitis B]. 
Gastroenterol Clin Biol 2008; 32: 749-768.

[20]	 Cui Y and Jia J. Update on epidemiology of hep-
atitis B and C in China. J Gastroenterol Hepatol 
2013; 28 Suppl 1: 7-10.

[21]	 Li M, Shen Y, Jiang X, Li Q, Zhou X and Lu H. 
Clinical epidemiology of HIV/AIDS in China 
from 2004-2011. Biosci Trends 2014; 8: 52-
58.

[22]	 Kim JM, Cho GJ, Hong SK, Chang KH, Chung 
JS, Choi YH, Song YG, Huh A, Yeom JS, Lee KS 
and Choi JY. Epidemiology and clinical features 
of HIV infection/AIDS in Korea. Yonsei Med J 
2003; 44: 363-370.

[23]	 Lee H, Cho Y, Oh K and Ki M. Changes in sero-
prevalence of hepatitis B surface antigen and 
epidemiologic characteristics in the Republic 
of Korea, 1998-2013. Epidemiol Health 2015; 
37: e2015055. 


