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Effects of Teriparatide Administration on Fracture Healing after
Intramedullary Nailing in Atypical Femoral Fractures

Chul Hyun Park, Ph.D., Oog Jin Shon, Ph.D.”, Jeong Jae Moon, M.D., Bum Jin Shim, M.D., and Jae Hee Heo, M.D.*

Department of Orthopedic Surgery, Yeungnam University Hospital, Yeungnam University College of Medicine,
*Department of Orthopedic Surgery, Kangnam Hospital, Daegu, Korea

Purpose: The purpose of this study is to evaluate the effects of teriparatide administration on fracture healing after intramedullary nailing
in atypical femoral fractures.

Materials and Methods: We retrospectively reviewed 26 patients (26 cases) with atypical femoral fracture who were treated using
intramedullary nailing between January 2009 and December 2013. Teriparatide was not administered to 15 patients (non-injection group)
and was administered to 11 patients after surgery (injection group). Clinical results were assessed using the Nakajima score and the
visual analogue scale (VAS). Radiographic results were compared for the time of callus formation, callus bridge formation, and bone union
between the groups.

Results: Time to recover walking ability and to decrease pain in the surgery region (VAS <2) were significantly shorter in the injection
group than in the non-injection group. The time of callus formation, callus bridge formation, and bone union was significantly shorter in the
injection group than in the non-injection group. There were 5 cases of delayed bone union (33.3%) and 1 case of none union (6.7%) in the
non-injection group and all cases obtained bone union in injection group.

Conclusion: The injection group showed better clinical and radiographic results than the non-injection group after intramedullary nailing
in atypical femoral fracture. Therefore, we think that teriparatide administration after intramedullary nailing could be a useful treatment
option to promote bone union.

Key words: atypical femoral fracture, intramedullary nailing, parathyroid hormone
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Table 1. Demographic Data

Variable Non-injection group Injection group

Number 15 11 -
Mean age (yr) 73.7 (64-86) 80.4 (71-86) 0.065
Mean follow-up (mo) 32 (7-70) 11.6 (6-30) 0.002
T-score of hip bone -1.4(-0.1-2.2) -1 7( 1.0—2.2) 0.833
Duration of bisphosphonate medication (yr) 9 (3-11) .6 (3-15H) 0.803
Fracture classification (AO/OTA) -

32-A3 1

32-A3 .2 8

Values are presented as number only or median (range).
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Table 2. Clinical and Radiographic Results between the Non-Injection and Injection Groups

Variable
Clinical result (wk)
Time of fracture site pain to cease
Time of walking ability recovery
Radiographic result (wk)
Callus formation time
Callus bridging formation time
Bone union time

Non-injection group

13.2 (10-20)
20.2 (12-28)

7.4 (4-12)
17.0 (10-28)
36.6 (28-48)

Injection group p-value
8.9(6-12) 0.001
12.3 (10-16) 0.021
6.7 (4-9) 0.046
12.4 (10-16) 0.002
26.7 (20-32) 0.032

Values are presented as median (range).
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Figure 1. A 76-year-old female using bisphosphonate for six years was diagnosed as an atypical femoral fracture (AFF). (A) Anteroposterior radiograph
of the left femur shows AFF. (B) Radiographs, obtained immediately operatively, show the fixation using an intramedullary nail. After surgery, the patient
started administration of teriparatide 20 pg a day. (C) Radiographs obtained at 6 weeks after surgey show callus formation at the fracture site. (D)
Radiographs obtained at 10 weeks after surgery show callus bridge formation at the fracture site. (E) Radiographs obtained at 24 weeks after surgery

show complete bony union at the fracture site.

(10-165)0]l T2E| A thp=0.002). ZHFTL2 v FoFo A= B
36.652(28-485), T Tol A= Bt 26.75(20-325)0] o] F-o1 %
THp=0032). & wollA X z20] 712 9 7 4 Al7|9F &+
2ol Al7]= BAIK 02 Rol3t &Fo] 7} QL THTable 2).
e T RN = A A-RTHo] 590(33.3%) LAYt o1
fr&ko] 1916.7%) W8t 1, Fojte] RE Fhrtol| A it
AAthp=0.001). B0l 19 Zol4] 9 B 43

e A T FHE v FolthFig D).

Koo o

= /\‘]
9 AR 0 2 golgt Ake] 2ol BRelg 4 it

712k vl 2 Z A E 0| 20| Fols nhRA 2ot BUAZE vl

Y
o
g 2
4 fﬁ
5
K3
N
<
d
=
o
iy
o
H
2
w
(e
>
19
s
1014
4

| avbdow thgatx £ap wo] Bekd 2 U 9 2

B2 4 YA el 20| WAYsHe Ao Fsta
olTk? wetd ulgE el 2o A7 Al ZaAgo] T
sl Afstelo] Gl 21E Tefstel 4 u|AEATo|ES] B

ol £ Sstal 22 7919 AR WS AldsHoF i
Ha 52 110]9] B4 4 =g Z-o|A ZHo| 1 o

of TAQlol a4 A=2E AT TofolM 5 2 B =R

b
i
32
Ry
%
o
o%
1o
Iy
>,
2
H1
k!
o
9,11
filo
ne
By
byl
_O'L

.
(o}
i)
fo
ox
o
% o
ol
ok

ol
L
re
2
)
O

434 =T =2 Al e

%
ol
o
[>
<

o £
o <
< I
5

o P

f
ol
N
T
al

Sl
i
o
Yo
fol

[
rld
o
|
i)
i:
do
2

H
o
2
e
bil'
&
P
ot
}:;ll o

|

o

In
2 3R
_O'h

(e} AXN
sons®} Reit' 'S 2} Fo] BA 5 228 7
TZA| = S7FSHA] oL ZobA| 320 STt
& B35kt Andreassen 5 R4S 2
7t 2] o= %ol vls @At /-2
v

A
Aol 37t 9 AT Hu 3718 B

. o

M 2 2

o&l[
©
o

fll

fl

>
)
%
o4

o rfn
Hm
do = B

2 ol

S0 o oox 3@

ol
-

U
o
old
oX
R N ST |
ro fx
o2 R Ho oxt
ool N,

=2

flo
[m]
i)
al
o)
i)
. K
kY
S
ol
ok
¥Q
&
Q
g8
ju]
In
2 o
x 2
oS >
[
i)
=
=T
o

T
[
| o2l

29,
>
[
2
o
o
gt
dl
N
1)
k
dl
N
ox,
2
2
1o
do
I

o
do
[
ol
ol

£

X

Bt BN
oN MN M 2w

=
i, o5 sfidstr] Qs FATEE Folo] Hads 7t
A 1|5k2 FAFSH= teriparatide 20 pgo] =Y
S7HAZIAL 2@/ AR AT B A 7t =g
= 22 gstl o oprlote] Zrkss EAksol EUhg
=]

NE 2i2E BET 4 o] 40 A P

0o



235

Bffects of Teriparatide Administration in Atypical Femoral Fractures

T} AR ul-g-o] Mol 7] ofgtehar sheich L B A
220 24 22 a e vzt =zo] 58 ¢

AotHA & Hxpole Ao TS %‘—%6}5&214
el 2 ZH 0| wyo] E23 stkR e %

S titR e dsh7 = dA] g Ao
HAZATY O] ES] F7|7F ARGl HIZ P4 tEE =
S o] e AT o] B TR 2| 7|7
of w2 FAR-8-2] Ao KHOHHE TAS 7R 2 Qlont
7 Bt %W Hh= Qlc '315#44%0 OREQF ol A

fr X oo o

2003‘51?—'51 UI%J—WRWSMWL °“é 5’—*‘*2} S Hde=
Atm R AER-E 59l teriparatide AME-2] IPA— I} EFF
o] Aegel thsf 15d7te] 4] A5 X Pska ‘212131 2012
@ B3 A te] WS 53 teriparatide AHS-T é’*%‘-oh—l 2ol
2 Angol gle Aoz ¥Rl vt Yok 2 AeM e & &
folehs B 7t B B s EEs = 0}9&7 | T2
off F2Rg-o PALAo] 4] ¢h& Ao FH AR ofof ek
TAREC] 7S] FA] o] PR Ao Bl

=
2 A 20139 ul=EuiAbeke]ol A AARE BlFgF 4] tiE]
= S A ES S5 A tde= skl =
F Ul B& ARESHe] pee AR EAE tides A4S A
Ry A 223 Ve

sfel o] FFE 71A 5 = WhE
o) @il ofel el wael A BIHE ozt ¢4
B7ke WA AFekAThe B

2]
[e] o
< Fofsh Wakt 71%0] g3l

O

o] 2ol GFFS 713 4 U ofel QxS thah Wus) 2t
3] RHou], FA4TE AW $PH Ak ATHE 71

olek. Stk v 32 thET ZEe] Wge] 35 tof of
TN %

aL
= =
F A R 20l Gk sH Be 40] S i

A =

= =

B A EA g 24 oAl 247 U L o] 83 2uA
A& % teriparatide®] Fo17F 432 Sl A AME =

Aot 282 YA diEE 24 &AM 5 £ teripara-
tide®] Fol= T4 F2 WA & = -85 iolzt

3 47k

CONFLICTS OF INTEREST

The authors have nothing to disclose.

10.

11.

12.

13.

REFERENCES

. Office of the Surgeon General (US). Bone health and osteo-

porosis: a report of the surgeon general. Rockville (MD): Of-
fice of the Surgeon General (US); 2004. 67-87.

Ha YC, Lee YK, Min BW. Medical treatment of atypical fem-
oral fracture. ] Korean Orthop Assoc. 2013;48:180-4.

Qdvina CV, Zerwekh JE, Rao DS, Maalouf N, Gottschalk FA,
Pak CY. Severely suppressed bone turnover: a potential com-
plication of alendronate therapy. ] Clin Endocrinol Metab.
2005;90:1294-301.

Saita Y, Ishijima M, Mogami A, et al. The incidence of and
risk factors for developing atypical femoral fractures in Japan.
] Bone Miner Metab. 2015;33:311-8.

Lee YK, Ha YC, Park C, Yoo JJ, Shin CS, Koo KH. Bisphos-
phonate use and increased incidence of subtrochanteric
fracture in South Korea: results from the National Claim
Registry. Osteoporos Int. 2013;24:707-11.

Shane E, Burr D, Abrahamsen B, et al. Atypical subtrochan-
teric and diaphyseal femoral fractures: second report of a
task force of the American Society for Bone and Mineral Re-
search. ] Bone Miner Res. 2014;29:1-23.

Teo BJ, Koh JS, Goh SK, Png MA, Chua DT, Howe TS. Post-
operative outcomes of atypical femoral subtrochanteric
fracture in patients on bisphosphonate therapy. Bone Joint J.
2014;96:658-64.

Suh SW, Lee SH, Chang JS, Kim MK. An experimental study
about the effects of parathyroid hormone on osteoblasts. ]
Korean Orthop Assoc. 1996;31:140-53.

Andreassen T'T, Fledelius C, Ejersted C, Oxlund H. Increases
in callus formation and mechanical strength of healing frac-
tures in old rats treated with parathyroid hormone. Acta Or-
thop Scand. 2001;72:304-7.

Parsons JA, Reit B. Chronic response of dogs to parathyroid
hormone infusion. Nature. 1974;250:254-7.

Park JH, Kang KC, Shin DE, Koh YG, Son JS, Kim BH. Pre-
ventive effects of conservative treatment with short-term
teriparatide on the progression of vertebral body collapse after
osteoporotic vertebral compression fracture. Osteoporos Int.
2014;25:613-8.

Nakajima R, Ito R, Kawamura K. Clinical result of surgical
treatment for trochanteric fractures in elderly patients. Cent
Jap J Orthop Surg Traumatol. 2008;51:737-9.

Afsari A, Liporace F, Lindvall E, Infante A Jr, Sagi HC, Haid-



236

14.

15.

16.

17.

Chul Hyun Park, et al,

ukewych GJ. Clamp-assisted reduction of high subtrochan-
teric fractures of the femur. ] Bone Joint Surg Am. 2009;91:
1913-8.

Kang JS, Won YY, Kim JO, et al. Atypical femoral fractures
after anti-osteoporotic medication: a Korean multicenter
study. Int Orthop. 2014;38:1247-53.

Rogers MJ, Crockett JC, Coxon FP, Ménkkonen J. Biochemi-
cal and molecular mechanisms of action of bisphosphonates.
Bone. 2011;49:34-41.

Ha YC, Cho MR, Park KH, Kim SY, Koo KH. Is surgery
necessary for femoral insufficiency fractures after long-term
bisphosphonate therapy? Clin Orthop Relat Res. 2010;468:
3393-8.

Prasarn ML, Ahn ], Helfet DL, Lane JM, Lorich DG. Bisphos-
phonate-associated femur fractures have high complication

rates with operative fixation. Clin Orthop Relat Res. 2012;

18.

19.

20.

470:2295-301.

Edwards BJ, Bunta AD, Lane ], et al. Bisphosphonates and
nonhealing femoral fractures: analysis of the FDA Adverse
Event Reporting System (FAERS) and international safety
efforts: a systematic review from the Research on Adverse
Drug Events And Reports (RADAR) project. ] Bone Joint
Surg Am. 2013;95:297-307.

Chen JE Yang KH, Zhang ZL, et al. A systematic review on
the use of daily subcutaneous administration of teriparatide
for treatment of patients with osteoporosis at high risk for
fracture in Asia. Osteoporos Int. 2015;26:11-28.

Andrews EB, Gilsenan AW, Midkiff K, et al. The US postmar-
keting surveillance study of adult osteosarcoma and teripara-
tide: study design and findings from the first 7 years. ] Bone
Miner Res. 2012;27:2429-37.



237 pISSN : 1226-2102, elSSN : 2005-8918

Original Article J Korean Orthop Assoc 2016; 51: 231-237 e http://dx.doi.org 55/jkoa.2016.51.3.231 www.jkoa.org

HIgA CHEE 220N =+ W = 0l

X S Hi2|oizleto IE(Ten'paratide)QI E047}
=29 X|=0f 0xl= B

=R u)gg A thel 2 Sjol ] T4 ) AL o 83 24 5 teriparatide®] Fol7h T0) Xl v A= el tha 2ot

s i,

ChA 22 sh: 2009 19056 20134 129074 Hl ] chki R B4 U] A o) 85lo] 548 At 2632602 o

Ao 59tk 0] % 4+ F teriparatideS Folsh| gk 150 (1 Fokel Foldh Lok o] SAFA %7} 3 WAkl

2 w712 Aasiic,

mr S 10) me s BMSR d] Al 717k Ul S 5 2 519]0] 5] visual analogue scele 27 oJ5P7} wh B 2%
(b pogol ] vlstolizol vl ol A WteL 0k 5 /Fikal W AIok 554 A Sofiol] viofel vid

%40}741 wWhch 44 F Mool A X|2lflo] 5o(33.37%), Bfto] 101679 MAISKILL, Fole) BE S TR

2l

ZZ: w9 ohekE B SelA] B4 ) S )83t 4 F teripanatide®] 017 QAFA] 9 ubAMIA AnkE BAlzc

ejEE ugRE ek 2 oA 44 F teriparatide®] Fofts 80] S8 HAAZ 4 o F8E WRlolek AZIa

.
MQIEIOf: BIEEN HEl@ B 34 U &, R

AU 2015 0% 1Y 48 20151 102 31 AIRKEFEY 2015 112 232
SRHQURIR} S

42415, CHEA] Gt BI85 170, it @ Hyelat
TEL 053-620—-3640, FAX 053—628—4020, E-mail ossoj@med.yu.ac.kr

2 =29 @Xl= 20159 LiSEEstS| skl R RIS

EHEPS%S’-LT'-}%—.@III . X‘Il 51?;' X‘“ 35 2016 Copyright © 2016 by The Korean Orthopaedic Association

“This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/4.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



