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Bisphosphonates are widely used to treat osteoporosis, but atypical femoral fractures
have emerged as a serious complication. Similar fractures of the forearm have been
reported since 2010, and retrospective studies have revealed a number of details. Cli-
nicians should remember that bisphosphonates can affect all bony structures in the
body. When an atypical fracture is misdiagnosed as an ordinary fracture and treated
with surgical fixation, unexpected nonunion may occur. Therefore, the authors would
like to share our experiences from the perspective of hand surgeons.

Keywords: Bisphosphonate, Forearm, Atypical fracture

Nz

1990 o] ZF AJhuict 71 Altfofl §-30] E= th# ARl Sth535 A =A7F 3l
o gttt 71 oA thv] 3 R (efficacy) @ Had F2H-go] tiE AJAIH
of 9ol JFEHA AA7IA] 25k A= Z 3L UeH1-7]. 19909 FH7HA Rk
stegtE TS X859 Ik UAH oA S22 (estrogen)S Eohe AAE
o] @ero} 19984 alendronateE AZC.& 20074 zoledronateZ}A] o8 H]A
ZAFZY0]E(bisphosphonate)7t 83 & &5 IA 4 24 o &3+5 Aot
o A AAHC R g o-&Hof gt oFAl £ s A E(osteoclast)d] 7152

HEAA & FFE dAIsks Aol 9 7oy, B71E AR Al 4 E i AHnor-

T as



http://crossmark.crossref.org/dialog/?doi=10.12790/ahm.21.0098&domain=pdf&date_stamp=2022-03-01

Soo Min Cha et al. The perspective of a hand surgeon

Archives of Hand and MicrosurgcryAHM

mal bone metabolism) GA] JA|gc} A2
o] Mgt 4 (brittle crack)ell gt A4 58 E
SFA] oF-2 w|Agt ZE o] A ZHE

% ZH(atypical fracture)o] TYsHA Hct RE 51%], EF
tE oA EAI7F HAT 20109 o] o= g, E5] HLFolA
T HHY Zdo] WA¥sto] TAlo] wobA| 1 ST}, 9]. TIEA
T 20109 ©]&, receptor activator of nuclear factor kap-
pa-B ligand (RANKL) antibody (& &< 2AA) AA 2 = &
A AAZ EF5E sclerostin inhibitore] 540 & H|AEARZ
Hlo|E A|A| 9] A|&4] Fofof W2 o] o] AAE 1L Qlrt. o]of £
H-9| 79 (hand surgeon)2] TNA ol2fgt B HE A =4

of digt A= F¥e st Hid 2dES adstalst et

2 E5H e

AaEo] o

o

2
o2
i
fr
o)
i
=
)
oX,

R

= Z3of #<Q(crack)e] A7 FH| H& °©
o] ¥rAsto] o2& EAF ZEE APH+= A U=
HAFS de novo microcracks#kal skal, o] T 71 A-S Al

SHmicrocrack toughening)gtal SFcH10,11]. oSt Ul

7
FE2 Z AP (remodeling) IA O3] S=HI N2 =
ZZo7 A&y, o]3t FAS FF AP A(targeted re-

modeling)el2} gttt ol & 24 HA B oF 30% 7HFS
AAeHA Aot Aol S7Fetd ol#gt nNHE F3t s8] &
slote] @2 A vlAlFgo] HA L, HAXARYO|E A}
£ Al AR 75 AotE Q15 o W2 H|Fo] v|A|lFdoe] &
AstAl "}, o] & in vivo microcrackolgt st=dl, & <3}
(bone fragility) & 4A3tA]7]+= ¥le] "cH10-12].

2. HIARAZO|E MK} =5 2lute|o] §IE
HIAZAZYO|E A|A| O] RG-S AR, EtH W, 7H
olsta}, 512 /H 3] oA T FHESS X FEokE ATt 9
Aol A B TAlS Hholgitt B ARATYO|ES HWslal 11
A5 4% & A ARE F71H 02 AAsk= oA =&
7| Fzhgo] dAE] wEolt), 2010WH %, 99 2F TH £
& AFRE 25 ARE A 99 82 249 JH
2 ool flrk= Bk v 2[13], Ivrt ¥9 = 2E A
Al ZUE HARE Algotal oFA B 7]%0] ol Sthas
F2E AFsHs 8ol B girH14-16]. 18y ok 7R

Mo > il

RO IO ALY H TAlo] 9] 8F 249 TEARE AHo
AFE o] AL, oFA A & A7 S of= AV EE W
th 8% Z4o] ZthE5A HE, S S APTE 15k
= 1 55 ARE AIFE £ Qe A FARAY 9re
7] ool kA Q] Bakgo] tigt A= BT Ao F Hlr),
A=, 20109 o]F HiFE7] AIRRE 7|3 HJAE A Y|o]
E Fojo} Ay vH Y ALE 247 JA| dF FEQatolo] 9
oY &2 X727} o] FoR=H], ol QUAISHA] Fokal T<dt QA
A AR ZAHR Adste] A B 59 HEA X5, 54U
H(intramedullary nail), &% 13& 52 o]&3dlo] X =w3%
= Aot 11 2% 947 B 59 5 SHella,
ERfdol Holke 11 ¥glo] A7 HIARARYO]E Foj& Q

12 ol WH A E ARSHA] Zoke A7 AL

A

A7 M AZARY0|E R 2 QI H|HY 24 T 7ho|=
2kl AA7} i HARE vl=t ZAFEE](American Society for
Bone and Mineral Research)9] ZthS wetgh=d|, o] Xtk 7]
o] Fof| o] EEUek(Table 1) [12]. TRt o] 7|2 HE
v]4% ZH(atypical femoral fracture)o] =3tH Aoz A
9] 2HE ¥R FHRE Adol= 71&2 (1) A7 v AEZA
ZYo|E AMEE, (2) 7199 HE HHY 24 AR H1E]
oH18]l. “A717F Y] AEgt 7152 glo HIAZAZYO|E ARG
% °F= FA171(drug holiday)g 2t AR 12fshd 54 o4
o] HAZAZY0|E EE-Z IJu[gt}18,19]. L2jH, o] H|AE
89 At 7|82 thd B3 FEo] 9o, T HilofA tiF
248 At 71%0] F&ote M= HPE 249 Ad 7]&o] Al
1= AcH(Table 2) [17].

A9 BIAE AGR Z4o] Ags] Aol HA 13 A A=
7 A=, b 2 o] F4do] gAY 7He B

S

7138 TFH BEAoA B9 24E x5}
o] WA, AR 7|3o] &) Q1= tHd AH(20174 7+
T 1535 )4 201 1EFE 2019W71A] ZF 370 ok dofA]
Z 122381039 Ahe] Hd-A9 24 S mpetd AS A
SHH A4R9] H|H Y Z4do] 24 EETHITRE T 4= QIt}17].
AR QAo A LRLTFOIF H|AEARY|O|E ARST} ATE
HIAY AR 242 FJoH == B9 a3 22 Aotk (D)
E4d SEE ) oA $As](incidental) AHE= 7
$(Fig. 2), (2) Y5ty & 249 = it SF4AS B9
gt A%, Ao &2 (3) g 7oA IRty & (ordinary
fracture)® X tho] 24 = &4 715 & ER/30]
=lo] Ydok= -oltkFig. 3) [20]. ¥4, ARE Al&st7] Aol
6541 ol/de] gkt 53] of/dollA] glsfiof & W82 (1) H|AZ

https://doi.org/10.12790/ahm.21.0098



Arch Hand Microsurg 2022;27(1):1-11

Archives of Hand and MicrosurgcryAHM

Table 1. American Society for Bone and Mineral Research Task
Force case definition of atypical femoral fractures” (2013 revised)

Case Modified definition

Fracture location The fractures must be located along the femoral diaph-
ysis from just distal to the lesser trochanter to just
proximal to the supracondylar flare.

In addition At least 4 of 5 major features must be present. None of
the minor features is required but they have some-
times been associated with these fractures.

Major features”

M1 The fracture is associated with minimal or no trauma,
as in a fall from a standing height or less.

M2 The fracture line originates at the lateral cortex and is
substantially transverse in its orientation, although it
may become oblique as it progresses medially across
the femur.

M3 Complete fractures extend through both cortices and
may be associated with a medial spike; incomplete
fractures involve only the lateral cortex.

M4 The fracture is noncomminuted or minimally commi-
nuted.

M5 Localized periosteal or endosteal thickening of the lat-
eral cortex is present at the fracture site (“beaking” or
“flaring").

Minor features

m1 Generalized increase in cortical thickness of the femoral
diaphysis.

m2 Unilateral or bilateral prodromal symptoms such as dull
or aching pain in the groin or thigh.

m3 Bilateral incomplete or complete femoral diaphysis
fractures.

m4 Delayed fracture healing.

IThe case definition was revised by the American Society for Bone and
Mineral Research task force [12]. The authors gave the number to each
major and minor features as M1e5 and m1-4, respectively.

YExcludes fractures of the femoral neck, intertrochanteric fractures with
spiral subtrochanteric extension, periprosthetic fractures, and pathological
fractures associated with primary or metastatic bone tumors and
miscellaneous bone diseases (eg, Paget disease, fibrous dysplasia).
Reproduced from Shane et al. [12] with permission of Wiley.

Fig. 1. Incomplete atypical fracture of the ulna.

https://doi.org/10.12790/ahm.21.0098

Table 2. Case definition of atypical ulnar fractures”

Case Modified definition

Fracture location The fractures must be located on the ulnar diaphysis
between 20% and 45% distal to the olecranon tip.

In addition At least 4 of 5 major features must be present. None of
the minor features are required but they have some-
times been associated with these fractures.

Major features

M1 The fracture is associated with minimal or no trauma,
as in a fall from a standing height or less.
M2 The fracture line originates at the posterior cortex and

is substantially transverse in its orientation, although
it may become oblique as it progresses anteriorly
across the ulna.

M3 Complete fractures extend through both cortices and
may be associated with an anterior spike; incomplete
fractures involve only the posterior cortex.

M4 The fracture is noncomminuted or minimally commi-
nuted.
M5 Localized periosteal or endosteal thickening of the pos-

terior cortex is present at the fracture site.
Minor features

m1 Diffuse cortical thickening of the whole cortex is pres-
ent at the fracture site

m2 Unilateral or bilateral prodromal symptoms such as dull
or aching pain in the forearm

m3 Bilateral incomplete or complete ulnar diaphysis frac-
tures

m4 Delayed fracture healing

m5 Previous history or present symptom of atypical femoral
fractures

The authors added m5 as a minor feature because atypical ulnar fractures
accompanied by a history of atypical femoral fracture were frequently
observed.

Reproduced from Heo et al. [17] with permission of Elsevier.

Fig. 2. Incomplete fracture lines (the dreaded black line, white
arrow) and endosteal/periosteal thickening are also seen (black
arrows).
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Fig. 3. Primary surgery had been performed elsewhere 13 months
earlier. Three years before the left ulna fracture, a complete
atypical left femoral fracture occurred. Reproduced from Cha et
al. [20] with permission of Springer.
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Fig. 4. Displaced, complete atypical fracture of the ulna. The
radiological features are nearly identical to those of an atypical
femoral fracture.

Fig. 5. Incomplete atypical fracture of the radius.
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Fig. 6. (A) A very early lesion seen as endosteal thickening (flaring) in multiple locations; this can precede a single incomplete fracture. (B)
A similar lesion is found incidentally at the distal ulnar metaphysis in another patient with an atypical radioulnar complete fracture. This
patient had been treated with bisphosphonates for over 6 years.

Diagnosis of AUFs

1. History of prolonged bisphosphonate therapy
2. Location of ulnar diaphyseal fracture
3. At least four of five major features

A4 A4
Yes AUFs
No AUFs 1. Discontinuation of bisphosphonate drugs and supplement of calcium
. and vitamin-D
Conventional treatment of ulnar . N . . .
fracture 2. Screening tests for examination of other atypical fractures including
contralateral forearm X-ray, both femur X-ray, and whole-body bone scan
3. Laboratory test to identify any underlying metabolic bone disease
' }
Nonoperative Operative
1. Only periosteal thickening on 1. Recommended for the majority of AUFs because of high risk of delayed
posterior cortex of the ulna union or nonunion
2. Not recommended in incomplete 2. Options
or nondisplaced fracture, (a) Only plating
because of high risk of (b) Plating with bone substitute or cancellous bone graft
progression to complete fracture (c) Sclerotic bone resection, corticocancellous iliac bone graft, and plating

A4 A4

Complicated AUFs including nonunion or plate failure

1. Sclerotic bone resection, corticocanccllous iliac bone graft and plating should be considered.
2. In AUFs with severe sclerotic lesion, it may be more appropriate to consider the above
procedure than plating only in the first surgery.

Fig. 7. Treatment algorithm of atypical ulnar fractures (AUFs).

https://doi.org/10.12790/ahm.21.0098 5
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Fig. 8. Revision surgery using a tricortical iliac bone graft was performed after removing the metal. Approximately 31 mm of bone was
resected with an oscillating saw after debridement around the fracture. After fixation with a longer locking plate/screw, a strut graft was
firmly inserted. The additional cancellous graft was packed between the graft and resected bone. Union was completed 5 months after
the revision surgery. Reproduced from Cha et al. [20] with permission of Springer.
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Table 3. Summary of previous publications about atypical ulnar fractures

Age (yr, Duration . ... Prodromal History of Results
Sty = segx (gi/tzzé of BP (yr) Ly ey pain AFIZ Initial Revision Union (mo)
treatment
Ohta et al. [34], bilateral 2021 65/F (left) 8 Walking frame No NR Nonsurgical 1st OP: plating, vascu-  Nonunion
involve larized-bone graft
2nd OP: plating, R-ACBG Union (48)
66/F (right) No Plating None Nonunion
Yamamoto et al. [24] 2020 88/F (right) 13 Walking frame Yes AFF (right)  Nonsurgical Refused Nonunion
Ito et al. [25] 2019 78JF (left) 10 No limitation 6 moago NR Plating Plating, R-ACBG Union (30)
Ohetal. [8] 2018 72/F (left) 7 No limitation No NR Plating None Union (6)
Shimada et al. [26], two 2017 79/F (right) 6 No limitation 1 moago NR Plating, R-ACBG None Union (12)
patients 89/F (left) 9  Nolimitation No NR Plating, R-ACBG None Union (18)
Yam and Kwek [27], 2016 89/F (left) 10 Walking frame No AFF (right) Nonsurgical Refused Nonunion
bilateral involve 89/F (right) Nonsurgical None Union (12)
Erdem et al. [28] 2016 62/F (right) 7 No limitation  No NR Nonsurgical Refused Nonunion
Osada et al. [22] 2015 85/F (left) 7 No limitation 6 moago NR Plating, R-ACBG None Union (6)
Chiang et al. [29] 2014 77/F (right) 9 Walking cane 3 moago NR Plating Plating, bone graft NR
Ang et al. [30], bilateral 2013 84/F (right) 15 Walking frame No AFF (right)  Nonsurgical NR NR
involve 84/F (left) Nonsurgical NR NR
Moon et al. [23] 2013 76/F (left) 10 Hemiparesis 6 wkago Both AFF  Plating None Union (6)
Stathopoulos et al. [31] 2011 76/F (right) 10 NR No AFF (right)  Plating None Union (4)
Tang and Kumar [32] 2011 76/F (right) 7 Wheelchair No AFF (right) Nonsurgical Refused Nonunion
Bjorgul and Reigstad [33] 2011 80/F (left) 14 Walking crutch NR AFF (right) Nonsurgical Plating, bone graft Union (NR)

BP, bisphosphonate; AFF, atypical femoral fractures; F, female; NR, not recorded; OP, operation; R-ACBG, resection of sclerotic bone and autologous
corticocancellous bone graft.

https://doi.org/10.12790/ahm.21.0098 7
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