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Abstract  

Long-term use of bisphosphonates has raised concerns about the association with Atypical 

Femur Fractures (AFFs) that have been reported mainly in postmenopausal women. We 

report a case of an 18-year-old patient with juvenile osteoporosis based on X-linked 

osteoporosis due to a PLS3 mutation who developed a low trauma femoral fracture after 

seven years of intravenous and two years of oral bisphosphonate use, fulfilling the revised 

ASBMR diagnostic criteria of an AFF. The occurrence of AFFs has not been described 

previously in children or adolescents. The underlying monogenetic bone disease in our case 

strengthens the possibility of a genetic predisposition at least in some cases of AFF. We 

cannot exclude that a transverse fracture of the tibia that also occurred after a minor trauma at 

age 16 might be part of the same spectrum of atypical fractures related to the use of 

bisphosphonates. In retrospect our patient experienced prodromal pain prior to both the tibia 

and the femur fracture. Case reports of atypical fractures in children with a monogenetic bone 

disease such as Osteogenesis Imperfecta (OI) or juvenile osteoporosis are important to 

consider in the discussion about optimal duration of bisphosphonate therapy in growing 

children. 

In conclusion, this case report 1) highlights that AFFs also occur in adolescents treated with 

bisphosphonates during childhood and pain in weight-bearing bones can point towards this 

diagnosis  2) supports other reports suggesting that low trauma fractures of other long bones 

besides the femur may be related to long-term use of bisphosphonates 3) strengthens the 

concept of an underlying genetic predisposition in some cases of AFF, now for the first time 

reported in X-linked osteoporosis due to a mutation in PLS3 and 4) should be considered in 

decisions about the duration of bisphosphonate therapy in children with congenital bone 

disorders.  
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1. Introduction 

Atypical Femur Fractures (AFFs) are considered a rare but severe adverse effect of 

bisphosphonate use. AFFs resemble stress fractures and occur at the lateral cortex of the 

subtrochanteric femur after no or minimal trauma. The incidence rates for an AFF increase 

with longer duration of bisphosphonate use. According to Dell et al. these rates range from 

1.78/100,000 persons per year with bisphosphonate exposure under 2 years to 113.1/100,000 

per year amongst patients with long-term bisphosphonate use over 8 years(1). Typically, 

AFFs have been reported in postmenopausal women on prolonged treatment of 

bisphosphonates with a median duration of seven years. Also men may be affected. To the 

best of our knowledge, AFFs have never been documented in children or adolescents. 

Pediatric patients with fragility fractures, mainly due to Osteogenesis Imperfecta (OI), are 

extensively treated with bisphosphonates. Although it appears that bisphosphonates improve 

bone density in children with OI, the evidence on beneficial effects on fracture rates and 

clinical functional improvement is still inconclusive(2,3).  

There is uncertainty about the optimal duration of bisphosphonate treatment as well as the 

dose and type of bisphosphonates in children. In adults it is usually advised to reevaluate the 

necessity of continued use after five years of treatment. For children on bisphosphonates it is 

unclear at what point these drugs should be discontinued. It has been suggested that 

termination of antiresorptive drugs in growing children leads to zones of localized bone 

fragility at the junction of older, denser bone and new bone(4,5). Based on these findings 

continued bisphosphonate therapy in younger patients with OI or persistent risk factors for 

compromised bone health has been suggested until growth is fully or nearly completed(6,7). 

 

2. Case description 

A boy born in 1996 has sustained multiple fractures since 2002, usually after mild trauma. In 

total he has experienced approximately 14 fractures until the age of 16, e.g. fingers, wrist, 

shoulder and arm. In 2006 a DXA-scan showed severe osteoporosis with Z-score -3.7 SD of 

L2-L4 and -4.6 SD of total body. His family history was positive for osteoporosis and his 

brother similarly presented with numerous fractures at a young age. Initially, a presumptive 

diagnosis of OI was made, but could not be confirmed through mutation analysis of COL1A1 

and COL1A2 genes. In 2013 he was diagnosed with X-linked osteoporosis due to a mutation 

in PLS3, a gene coding for Plastin 3, an F-actin bundling protein, described as a novel 

monogenic cause of familial osteoporosis and by some seen as a novel form of OI(8,9).  
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At age nine, in 2006, he was started on pamidronate intravenously 1.0 mg/kg every four and 

later every six months during three days. In total he received intermittent pamidronate 

intravenously for seven years with a cumulative dose of 2107 mg. During this time his Bone 

Mineral Density (BMD) improved. A DXA-scan in 2010 showed a Z-score of L2-L4 +0.7 SD 

and of total body -1.1 SD. Several small fractures of the fingers and a shoulder fracture 

occurred after relatively minor traumas during bisphosphonate treatment.  

At the age of 16, he broke his tibia and fibula of the left leg after a low-impact fall when he 

slipped during walking (Figure 1). He had complained of pain in this lower leg for several 

weeks before. He underwent surgery with placement of intramedullary pins. He was then 

switched to risedronate orally 35 mg once per week. Two months afterwards, he sustained a 

spontaneous fracture just above the intramedullary nail of the lower leg after a very soft fall 

from standing height. When he was 18 years old, he complained of pain in his upper right leg 

for several weeks. Just before a scheduled visit to the neurologist for this pain he fractured the 

right femur after a slight fall during walking at a normal pace (Figure 2). Following 

intramedullary fixation, he was referred to the Bone Centre of our hospital. Under suspicion 

of an AFF of the right femur, bisphosphonate therapy was discontinued and the patient was 

started on calcium and vitamin D supplementation. There was no delayed healing of the AFF. 

His BMD Z-score remained stable. A timeline of this case is shown in Figure 3.  

 

3. Discussion 

We present an 18-year-old patient with juvenile osteoporosis based on a PLS3 mutation and a 

spontaneous fracture of the right femur. AFFs have mostly been described in postmenopausal 

women but also in men. Our case meets all diagnostic criteria for an AFF. It concerns a 1) 

subtrochanteric fracture with minimal prior trauma, 2) is transverse in orientation whilst the 

fracture line becomes more oblique as it progresses, 3) extends through both cortices and 4) is 

not comminuted. He also presented with prodromal pain(10).  

To our knowledge, this is the first documentation of an AFF in an adolescent and furthermore 

the first report of such a fracture in a patient with juvenile osteoporosis based on a PLS3 

mutation.  

The fracture of the lower leg preceded by prodromal pain and a trivial trauma, shows a 

predominantly transverse fracture line of the tibial shaft. We cannot exclude that the tibia 

fracture in our patient may be considered an atypical fracture as well.   
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Figure 1     Figure 2  

Figure 1: X-ray showing tibia and fibula fracture after low-energetic trauma. Transverse 
sclerotic bands are visible in the metaphysis of the distal tibia, induced by intermittent 
pamidronate infusions. Note the predominantly transverse fracture line of the tibial shaft.  
Figure 2: X-ray showing subtrochanteric non-comminuted femoral fracture with transverse 
orientation after minimal trauma, fulfilling all diagnostic criteria of an AFF.  
 

 
Figure 3 

 

Figure 3: Horizontal diagram describing the timing of fractures and bisphosphonate use. 
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Several previous studies point out the actuality of atypical fractures in patients with OI treated 

with bisphosphonates. In a retrospective study amongst 176 bisphosphonate-treated patients 

with OI compared to a historic group without bisphosphonate treatment, an apparent change 

in pattern of fracture was observed. In the bisphosphonate-treated group proximal, 

subtrochanteric fractures without any history of trauma were more frequently observed 

compared to the control group(11). In case reports, AFFs have been described in adults with 

OI and bisphosphonate treatment(12,13), where a possible synergistic relationship between 

atypical fractures associated with bisphosphonate use and OI was suggested by the 

authors(13).   

Recently a manuscript was published describing six children with OI who had sustained 

unusual subtrochanteric femoral fractures located over pre-existing intramedullary rods. 

Although these fractures do not fit the definition of an AFF because of the presence of the 

intramedullary nails, the authors proposed the possibility of a pediatric variant of the AFF 

associated with prolonged bisphosphonate use (14). Similarly, these children also displayed 

atypical fractures without prior trauma in other bones, such as the humeri. 

A potential underlying genetic susceptibility for AFFs has been advocated occasionally by the 

manifestation of these fractures in various monogenetic bone disease other than OI with or 

without prior use of bisphosphonates like hypophosphatemia, hypophosphatasia, osteopetrosis 

and pycnodysostosis(15–21). Our finding of AFF in an adolescent boy who was treated long-

term with bisphosphonates intravenously for X-linked osteoporosis contributes to the 

hypothesis that these rare fractures may have an underlying genetic predisposition a least in 

some cases. 

Our patient has received a cumulative dose of pamidronate infusions of 2107mg and 3500mg 

of risedronate orally. We propose that children and adolescents who are extensively treated 

with bisphosphonates for conditions such as OI, juvenile familial osteoporosis or secondary 

osteoporosis are at risk of an AFF. We underline that in previous studies atypical, low-

energetic stress fractures appear to occur in other weight-bearing bones as well, such as the 

tibia fracture in our case(22,23).  

The possibility of the occurrence of AFFs in children treated with bisphosphonates should be 

considered in decision-making about the duration of therapy. Our case is important to view in 

light of the current tendency to continue bisphosphonates in children until growth is fully or 

nearly complete. In conclusion, we report for the first time an adolescent boy with X-linked 

osteoporosis due to a PLS3 mutation who developed a classical AFF after seven years of 
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intravenous and two years of oral bisphosphonate use. Furthermore, he experienced an 

unusual fracture of the lower leg after a minor trauma two years earlier. These findings 

highlight that AFFs also occur in adolescents treated with bisphosphonates during childhood 

and suggest that similarly low trauma fractures of other bones may be related to long-term use 

of bisphosphonates. Moreover, this case supports the concept of an underlying genetic 

predisposition in some cases of AFF. The possibility of AFFs in children with bisphosphonate 

therapy for OI or other bone disorders at risk for fragility fractures should be taken into 

account when deciding upon the continuation of antiresorptive drugs. Pain in weight-bearing 

bones amongst these patients should prompt investigation for an incomplete AFF.  

 

Disclosure summary 

All authors have no conflicts of interest. 

 

Acknowledgments 

Authors’ roles: Study design: DvdL and MCZ. Data collection: DvdL and MCZ 

Patient evaluation: MCZ. Drafting manuscript: DvdL and MCZ. Revising manuscript content: 

DvdL and MCZ. Approving final version of manuscript: DvdL and MCZ. DvdL and MCZ 

take responsibility for the integrity of the data analysis. 

 

References 

1.  Dell RM, Adams AL, Greene DF, Funahashi TT, Silverman SL, Eisemon EO, et al. 
Incidence of atypical nontraumatic diaphyseal fractures of the femur. J Bone Miner Res 
[Internet]. 2012 Dec [cited 2016 Jun 30];27(12):2544–50. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/22836783 

 

2.  Phillipi C a, Remmington T, Steiner RD. Bisphosphonate therapy for osteogenesis 
imperfecta. Cochrane Database Syst Rev. 2008;(4):CD005088.  

 

3.  Hald JD, Evangelou E, Langdahl BL, Ralston SH. Bisphosphonates for the prevention 
of fractures in osteogenesis imperfecta: meta-analysis of placebo-controlled trials. J 
Bone Miner Res [Internet]. 2015;30(5):929–33. Available from: 
http://apps.webofknowledge.com.eresources.shef.ac.uk/full_record.do?product=UA&s
earch_mode=GeneralSearch&qid=1&SID=U163XNUCUbxqBRD37UB&page=1&doc
=1 

 

4.  Rauch F, Cornibert S, Cheung M, Glorieux FH. Long-bone changes after pamidronate 
discontinuation in children and adolescents with osteogenesis imperfecta. Bone 
[Internet]. 2007;40(4):821–7. Available from: 

6 
 



http://www.sciencedirect.com/science/article/pii/S8756328206008477\nhttp://www.sci
encedirect.com.pubmedmuw.han.srv.meduniwien.ac.at/science/article/pii/S875632820
6008477 

 

5.  Ward KA, Adams JE, Freemont TJ, Mughal MZ. Can bisphosphonate treatment be 
stopped in a growing child with skeletal fragility? Osteoporos Int [Internet]. 2007 Aug 
[cited 2015 Nov 1];18(8):1137–40. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/17279467 

 

6.  Bachrach LK, Ward LM. Clinical review: Bisphosphonate use in childhood 
osteoporosis. J Clin Endocrinol Metab. 2009;94(2):400–9.  

 

7.  Cheung MS, Glorieux FH. Osteogenesis Imperfecta: update on presentation and 
management. Rev Endocr Metab Disord [Internet]. 2008 Jun [cited 2015 Nov 
10];9(2):153–60. Available from: http://www.ncbi.nlm.nih.gov/pubmed/18404382 

 

8.  van Dijk FS, Zillikens MC, Micha D, Riessland M, Marcelis CLM, de Die-Smulders 
CE, et al. PLS3 mutations in X-linked osteoporosis with fractures. N Engl J Med 
[Internet]. 2013 Oct 17 [cited 2015 Nov 1];369(16):1529–36. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/24088043 

 

9.  Van Dijk FS, Sillence DO. Osteogenesis imperfecta: clinical diagnosis, nomenclature 
and severity assessment. Am J Med Genet A [Internet]. 2014 Jun [cited 2015 Oct 
3];164A(6):1470–81. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=4314691&tool=pmcentrez
&rendertype=abstract 

 

10.  Shane E, Burr D, Abrahamsen B, Adler RA, Brown TD, Cheung AM, et al. Atypical 
Subtrochanteric and Diaphyseal Femoral Fractures: Second Report of a Task Force of 
the American Society for Bone and Mineral Research. J Bone Miner Res [Internet]. 
2014 Jan 1 [cited 2015 Oct 2];29(1):1–23. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23712442 

 

11.  Nicolaou N, Agrawal Y, Padman M, Fernandes J a., Bell MJ. Changing pattern of 
femoral fractures in osteogenesis imperfecta with prolonged use of bisphosphonates. J 
Child Orthop. 2012;6(1):21–7.  

 

12.  Manolopoulos KN, West A, Gittoes N. The paradox of prevention--bilateral atypical 
subtrochanteric fractures due to bisphosphonates in osteogenesis imperfecta. J Clin 
Endocrinol Metab [Internet]. 2013;98(3):871–2. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23386638 

 

13.  Meier RPH, Lorenzini KI, Uebelhart B, Stern R, Peter RE, Rizzoli R. Atypical femoral 
fracture following bisphosphonate treatment in a woman with osteogenesis 

7 
 



imperfecta—a case report. Acta Orthop. 2012;83(5):548–50.  
 

14.  Hegazy A, Kenawey M, Sochett E, Tile L, Cheung AM, Howard AW. Unusual Femur 
Stress Fractures in Children With Osteogenesis Imperfecta and Intramedullary Rods on 
Long-term Intravenous Pamidronate Therapy. J Pediatr Orthop [Internet]. 
2015;00(00):1. Available from: 
http://content.wkhealth.com/linkback/openurl?sid=WKPTLP:landingpage&an=012413
98-900000000-99489\npapers3://publication/doi/10.1097/BPO.0000000000000552 

 

15.  Yates CJ, Bartlett MJ, Ebeling PR. An atypical subtrochanteric femoral fracture from 
pycnodysostosis: a lesson from nature. J Bone Miner Res [Internet]. 2011 Jun [cited 
2015 Nov 1];26(6):1377–9. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/21611976 

 

16.  Birmingham P, McHale KA. Case reports: treatment of subtrochanteric and ipsilateral 
femoral neck fractures in an adult with osteopetrosis. Clin Orthop Relat Res [Internet]. 
2008 Aug [cited 2015 Nov 10];466(8):2002–8. Available from: 
http://www.pubmedcentral.nih.gov/articlerender.fcgi?artid=2584256&tool=pmcentrez
&rendertype=abstract 

 

17.  Gagnon C, Sims NA, Mumm S, McAuley SA, Jung C, Poulton IJ, et al. Lack of 
sustained response to teriparatide in a patient with adult hypophosphatasia. J Clin 
Endocrinol Metab [Internet]. 2010 Mar [cited 2015 Nov 10];95(3):1007–12. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/20089612 

 

18.  Whyte MP. Atypical femoral fractures, bisphosphonates, and adult hypophosphatasia. J 
Bone Miner Res [Internet]. 2009 Jun [cited 2015 Nov 10];24(6):1132–4. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/19113923 

 

19.  Roth VG. Pycnodysostosis presenting with bilateral subtrachanteric fractures: case 
report. Clin Orthop Relat Res [Internet]. 1976 Jun [cited 2015 Nov 10];(117):247–53. 
Available from: http://www.ncbi.nlm.nih.gov/pubmed/1277671 

 

20.  Nakase T, Yasui N, Hiroshima K, Ohzono K, Higuchi C, Shimizu N, et al. Surgical 
outcomes after treatment of fractures in femur and tibia in pycnodysostosis. Arch 
Orthop Trauma Surg [Internet]. 2007 Apr [cited 2015 Nov 10];127(3):161–5. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/17195933 

 

21.  Kundu ZS, Marya KM, Devgan A, Yadav V, Rohilla S. Subtrochanteric fracture 
managed by intramedullary nail in a patient with pycnodysostosis. Joint Bone Spine 
[Internet]. 2004 Mar [cited 2015 Nov 10];71(2):154–6. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/15050203 

 

22.  Odvina C V, Zerwekh JE, Rao DS, Maalouf N, Gottschalk FA, Pak CYC. Severely 

8 
 



suppressed bone turnover: a potential complication of alendronate therapy. J Clin 
Endocrinol Metab [Internet]. 2005 Mar [cited 2015 Nov 1];90(3):1294–301. Available 
from: http://www.ncbi.nlm.nih.gov/pubmed/15598694 

 

23.  Bissonnette L, April P-M, Dumais R, Boire G, Roux S. Atypical fracture of the tibial 
diaphysis associated with bisphosphonate therapy: a case report. Bone [Internet]. 2013 
Oct [cited 2015 Sep 30];56(2):406–9. Available from: 
http://www.ncbi.nlm.nih.gov/pubmed/23871749 

 

 

 

9 
 


