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Purpose: This study compared the outcomes of minimally invasive plate osteosynthesis and antegrade
intramedullary nailing for low-energy fracture of the distal femoral shaft.

Materials and Methods: A study was conducted on 30 patients who underwent surgery for low-energy
fractures of the distal femoral shaft between January 2016 and April 2022. The study compared 15
patients who underwent minimally invasive plate osteosynthesis (Group P) with 15 patients who un-
derwent recon-type antegrade intramedullary nailing (Group N). We evaluated intraoperative blood
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Revised December 19, 2023 clinical evaluation. The complications were also examined, and statistical analysis was conducted to
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Fig. 1. Radiographic image of a low-energy injury distal femoral shaft
fracture (AO type 33-A1) (anterior-posterior and lateral).

Fig. 2. (A) Radiographic image of a
low-energy injury distal femoral shaft
fracture (anterior-posterior and lateral).
(B) Radiographic image of minimally
invasive plate fixation (anterior-posterior
and lateral). (C) Following bone union,
radiographic image of implant removal
(anterior-posterior and lateral).
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Fig. 3. (A) Radiographic image of a
low-energy injury distal femoral shaft
fracture (anterior-posterior and lateral).
(B) Radiographic image of a recon-
type antegrade intramedullary nailing
(anterior-posterior and lateral). (C) Fol-
lowing bone union, radiographic image
of implant removal (anterior-posterior
and lateral).

Fig. 4. (A) A towel bump was placed under the knee at 30° flexion, with the patella pointing upward. The distal fracture fragment was prevented
from displacing, and anatomical reduction was achieved using reduction forceps. (B, C) Anatomical reduction achieved using a collinear clamp. (D)
Anatomical reduction achieved using percutaneous cerclage wiring.
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Table 1. Demographic Data of the Patients
Variable All patients Group N Group P p-value
No. of femur fractures 30 (100) 15 (50.0) 15 (50.0)
Age at diagnosis (yr) 68.5 63.3 737 0.073
Sex 0.142
Male 5(16.7) 4(26.7) 16.7)
Female 25(83.3) 11 (73.3) 14 (93.3)
Follow-up duration (mo) 277 26.6 287 0.816
Injury mechanism 0.305
Slip down 25(83.3) 12 (80.0) 13 (86.7)
Fall down 3(10.0) 1(6.7) 2(13.3)
Etc. 26.7) 2(13.3) 0(0)
AO types of fracture 0.091
32-A1 9 (30.0) 4(26.7) 5(33.3)
32-A2 3(10.0) 3(20.0) 0(0)
32-B2 4(13.3) 3(20.0) 1(6.7)
33-A2 7 (23.3) 3(20.0) 4(26.7)
33-A3 7 (23.3) 2 (13.3) 5(33.3)
Bone mineral density 2.6 2.3 2.6 0.938
Femur bowing (contralateral side) (°)
Anterior 13.2 127 13.8 0.467
Lateral 29 26 33 0.605
Operation time (min) 1291 142.8 119.6 0.208
Blood loss (ml) 105 104 106 0.975
Carm cumulative fluoro time (min) 10.6 12.5 9.6 0.182

Values are presented as number (%) or mean only. Group N: antegrade intramedullary nailing of recon-type, Group P: minimally invasive plate os-

teosynthesis.
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s Fig. 5. (A) Radiographic image of the proximal femoral fracture at the
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Table 3. Comparison of the Clinical Assessment between the Two
Groups
Table 2. Radiologic Outcomes between the Two Groups Variable Group N Group P p-value
Variable GroupN Group P p-value Sanders functional evaluation scale  23.0 24.2 0.295
Union (wk) 17.8 16.4 0.145 Complication
Angulation (valgus/varus) (°) 15 0.2 0.442 Infection 0(0) 0 (0)
Angulation (anterior/posterior) (°) 31 47 0.204 Nonunion 1(6.7) 1(6.7)
Fx. site gap (anterior-posterior) (mm) 3.0 25 0.403 Delayed union 167 0(0)
Fx. site gap (lateral) (mm) 3.1 26 0.370 Peri-implant Fx. 0(0) 16.7)
Values are presented as mean only. Group N: antegrade intramedullary Values are presented as mean only or number (%). Group N: ante-
nailing of recon-type, Group P: minimally invasive plate osteosynthesis. grade intramedullary nailing of recon-type, Group P: minimally invasive
Fx.: fracture. plate osteosynthesis. Fx.: fracture.

91



Journal of the Korean Fracture Society

Vol. 37, No. 2, April 2024

)

=
o

tgom 2

o =
o= ©

Q.

I 22 37 olAre] ekt At

A& S

o
A

vl

g

NS
&

ofl W AHinter—

-

ﬂmo

o

My ok

G

o )

l
Hw
ol

wo] glo] F4sto] Tislzo] 2

H2]

1:—.
-

Z7FA (axial stiffness)2}

5e o

t}? Kulkarni

o 71 ge-2 52 A|(stress shielding)
(load bearing device) = F43H0] L9 of|A] AZHo] HhAY

%

4

o] Al TRl 17 LhAtef -5 =o] S (stress riser)

=130
o

19t Chen

S

o2 A2l @] Fokarkn

o

T7%°014 w458 ZFoIA Aol &

<
-
X
o
ol
K
el
A

A
=

ol A 19419

)

1

29l

s

3

o &

HE 7 cm o9l

S
3 IAae B

4

wjr

n
Rl

o] Zrol 7]

7 oIt

o

X

A

ol

Sl

ﬂNO

e

Dominguez

e
ol

1110

i

719+(load sharing device)=2 Zo]2]e] &t

oju

S LpAbRE A}

el

"2 % 7pel

=%
[e)

5}ttt Gabarre

Pl st
&

H

Ton
Nd

oA

23}

g 7}

S AL Afelo] Az} 57}

1:—.
-

of met g 2 S

SH
=1

92



Comparison of Results between Plate Fixation and Intramedullary Nailing in Low-Energy Injury Distal Femoral Fractures

234 Aol A1) e 99] TR BAA A4 P54
FET AL AAY0) AYA B4R 25 14%

£ vlwota 2t shodek
HEH: 2016\ 195E] 2022'F 497k2] Eol| A #]
o] ] 9] 7HE ZHof tiel] &4 A 5E Al
o 1AE 1599 25 1ET 1598
= T AT AT AT AR A

BUEE 2ASHAC PAHEHE BIHE B9
[l

lo
hihd
N

=

b
o

BT

ol
N

l o OOI‘
r

fu
<L ol
2o

K
i

> 3R]
i

=171 O

Jo
ot
N
[T
o
J
H1
i
of,
N
N
ol
el
oo
aw)
oo
o
i)
of,
N
N
1o
L=
ot o
N

BN
e
S
38

Y U omo
]

B
rd
=
-
i
f oN
>
el
ol
W
-
4
i
>
>,
T
>,
rx

o
o
[
)
Bk
o
Y
L
|
g
>,
o
l'—g S
AN
o
T
OoF
X

o
>
(e}
X
ol
N
N
o ©
4
2y
Y
of
)
)
_>|J_r‘
o,
rr
%9,
32,
i
g

N
—

o ok x of

o
or M yg
qo Z

M

=

ol

M

Jo

Olt

o

£

)

R

Jo
n I

5

N

N
oy ik

ro,

)

Q

K

1o
ro,
uf
39 %
x)

ofl

o
)
ool
o3l

o

o

40

o)

Tu

ik

o b U

e U g lo

[

ol U
L4 -

ROy
Bl
o
2

)
R
)
o
o
R
o
1©
£

oj
%

rO %
o

&
o,
-
Mo
)
Mo

o

o o

o &L
2 rlo
b

o

ot

el

2

N

N

Hi i)
)

4o

N 9

4z e o

w2

1

10 ogh

N 10 by
i

o
o3

2
=i/
o2 g

LI
Hu ok

i)

lo = X = 2 Y 4 ooN of
ol ol r
S,

re HU nl_] ro,

w J
ﬁl{
B>
ul

=
re & K

Q
o e
ko)

R EE, AR o, 554 14

oy
2 s

ol o
1B o
rE

k1

2L
it

ORCID

=812, https://orcid.org/0000-0002-2121-9162
o344, https://orcid.org/0000-0003-1639-414X
Z8FE, https://orcid.org/0000-0001-5341-1717
274 https://orcid.org/0009-0001-7771-1594

References

1. Dominguez I, Moro Rodriguez E, De Pedro Moro JA, Cebrian
Parra JL, Lopez—Duran Stern L Antegrade nailing for fractures
of the distal femur. Clin Orthop Relat Res, (350): 74-79, 1998.

2. Zhao Z, Li Y, Ullah K, Sapkota B, Bi H, Wang Y: The ante—
grade angle—stable locking intramedullary nail for type—C distal

10.

11.

12.

13.

14.

15.

16.

Hong Moon Sohn, et al. I

femoral fractures: a thirty four case experience. Int Orthop, 42:
659-665, 2018.

Kulkarni SG, Varshneya A, Kulkarni GS, Kulkarni MG, Kulk—
arni VS, Kulkarni RM: Antegrade interlocking nailing for distal
femoral fractures. ] Orthop Surg (Hong Kong), 20: 48-54,
2012.

Gabarre S, Albareda ], Gracia L, Puértolas S, Ibarz E, Herrera A:
Influence of screw combination and nail materials in the stabil—
ity of anterograde reamed intramedullary nail in distal femoral
fractures. Injury, 48 Suppl 6: S47-S53, 2017.

Han HS, Oh KW, Kang SB: Retrograde intramedullary nailing
for periprosthetic supracondylar fractures of the femur after total
knee arthroplasty. Clin Orthop Surg, 1: 201-206, 2009.

Kim JW, Kim H, Oh CW, et al: Surgical outcomes of intramed—
ullary nailing for diaphyseal atypical femur fractures: is it safe to
modify a nail entry in bowed femur? Arch Orthop Trauma Surg,
137:1515-1522, 2017.

Kim J, Kang SB, Nam K, Rhee SH, Won JW, Han HS: Retro—
grade intramedullary nailing for distal femur fracture with os—
teoporosis. Clin Orthop Surg, 4: 307-312, 2012.

Herrera A, Albareda ], Gabarre S, et al: Comparative analysis
of the biomechanical behavior of anterograde/retrograde nailing
in supracondylar femoral fractures. Injury, 51 Suppl 1: S80-S88,
2020.

Koso RE, Terhoeve C, Steen RG, Zura R: Healing, nonunion,
and re—operation after internal fixation of diaphyseal and distal
femoral fractures: a systematic review and meta—analysis. Int
Orthop, 42: 2675-2683, 2018.

Ocalan E, Ustun CC, Aktuglu K: Locking plate fixation versus
antegrade intramedullary nailing for the treatment of extra—ar—
ticular distal femoral fractures. Injury, 50 Suppl 3: 55-62, 2019.
Dunbar RP, Egol KA, Jones CB, et al: Locked lateral plating
versus retrograde nailing for distal femur fractures: a multicenter
randomized trial. ] Orthop Trauma, 37: 70-76, 2023.
Alexander ], Morris RP, Kaimrajh D, et al: Biomechanical eval—
uation of periprosthetic refractures following distal femur lock—
ing plate fixation. Injury, 46: 2368-2373, 2015.

Chen AF, Choi LE, Colman MW, et al: Primary versus secondary
distal femoral arthroplasty for treatment of total knee arthro—
plasty periprosthetic femur fractures. ] Arthroplasty, 28: 1580—
1584, 2013.

Korean Fracture Society: Principles of fracture management. 2nd
ed. Seoul, PanMun Education: 2018.

Garnavos C: The use of 'blocking’ screws for the ‘closed’ reduc—
tion of difficult proximal and distal femoral fractures. EFORT
Open Rev, 6: 451-458, 2021.

Lee JH, Park KC, Lim SJ, Kwon KB, Kim JW: Surgical out—
comes of simple distal femur fractures in elderly patients treated
with the minimally invasive plate osteosynthesis technique: can
percutaneous cerclage wiring reduce the fracture healing time?

93


https://orcid.org/0000-0002-2121-9162
https://orcid.org/0000-0003-1639-414X
https://orcid.org/0000-0001-5341-1717
https://orcid.org/0009-0001-7771-1594
https://www.riss.kr/link?id=M14832572
https://www.riss.kr/link?id=M14832572

Journal of the Korean Fracture Society
Vol. 37, No. 2, April 2024

Arch Orthop Trauma Surg, 140: 1403-1412, 2020.

17. Lim EJ, Kim JJ, Kim KH, Kim JW: Surgical outcomes of ret—
rograde nailing enhanced with minimally invasive cerclage cable
fixation for infra—isthmal femoral fracture. ] Orthop Sci, 27:
859-865, 2022.

18. Assari S, Kaufmann A, Darvish K, et al: Biomechanical com—

94

19.

parison of locked plating and spiral blade retrograde nailing of
supracondylar femur fractures. Injury, 44: 1340-1345, 2013.

Oh CW, Kim JW, Park KH, Oh JK, Yoon YC, Chung SH: The
importance of reconstruction nailing for diaphyseal atypical
femoral fractures: a comparative study with standard nailing.
Arch Orthop Trauma Surg, 142: 2677-2683, 2022.





