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Conformity of Proximal Humerus Internal Locking
Plate System (PHILOS) and Anatomic Features
of Proximal Locking Screws: Cadaveric Study

Gu Hee Jung, M.D.”, Hyun Kim, M.D.*, Jae-Do Kim, M.D., Ph.D., and Hyun Ik Cho, M.D.

Departments of Orthopaedic Surgery and *Anatomy, Kosin University College of Medicine, Busan, Korea

Purpose: The purpose of this cadaveric study was to evaluate the conformity of the anatomically preshaped proximal humerus internal
locking plate system (PHILOS) to the humeri of the Korean and anatomical features of nine locking screws for the proximal humerus.
Materials and Methods: This study included 20 adult humeri (average length 30.2 mm) with no deformity or previous surgery. PHILOS
was applied to the lateral surface of the proximal humerus according to the contour. Then, the distance from the outer surface of the plate
to the greater tuberosity and bicipital groove was measured. After K-wires were passed through the proximal locking guide, the intra-
osseous length of K-wire and the configuration of the K-wire exit were evaluated.

Results: The overall conformity of PHILOS was excellent at the lateral aspect of the proximal humerus. The tip of the plate had an average
distance of 3.6 mm (range, 1.4-6.6 mm; standard deviation [SD], 1.27) from the greater tuberosity and 2.5 mm (range, 0.0-4.6 mm; SD,
1.24) at the bicipital groove and the average intra-osseous length of K-wire through the locking guide was 41.1 mm (range, 23.5-53.7 mm).
K-wires were evenly penetrated through the humeral head. On H8 and H9, the bottom hole of PHILOS is closely located at the most inferior
area of the humeral articular surface. The bicipital groove was pierced by K-wires of H5, which was the middle hole of PHILOS in four cases
(20%).

Conclusion: PHILOS had excellent conformity with the proximal humerus and K-wires through the locking guide were evenly penetrated
through the humeral head. However, much care should be taken in piercing of the bicipital groove in H5.
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Figure 2. K-wires through the locking compression plate drill sleeve are
placed in the proximal humerus.
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Figure 3. Distances from the greater
tuberosity and bicipital groove to the plate
are measured using the caliper.

Figure 4. Proximal humerus internal locking plate system is well fitted
when applied to the humerus along the lateral surface of the proximal
humerus.
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PHILOS hole
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Figure 6. The intra-osseous lengths of K-wire through the locking sleeve
have clear characteristics. K-wires through H5, shortest, and K-wires

through H7, longest. PHILOS, proximal humerus internal locking plate

system.

Figure 7. Distribution of the K-wire exit hole.

=}
—
<
©
T
Ry
(=)
=
o
o
Ky
£
=
>
[«b}
[eb}
=
=
&
[«b]
ey
T
[°)
@
—
]
>
ic

H9 (black arrows) is close to the medial

o
S
8
=
=1
<

K %

2 LiAL
[e]
=

oA
Py

=2H
of| %

= 7
_'_J_I'
=
==

2=
el

AlQ)
(=]
1

o

ol

A
]

wiofet 247k o7

o] )

2 A2
B o

SgEA 7H L
H(Fig. 7). 18]

DS

el &7

7

a

[
= e B2

a}

&F

—_
__oL _5.0 L_L
T o= To
7 o 1
¥y
< O
) o B
L|O _
~ ‘.ﬂnﬂ oA
G
oX TN
5 o M
oo 2
R A B
o e =
s I h_mL
i T o°
._oo ~ 1D|
el T
pot
N
< T
< !
N
my Mﬁ B
PR T
X8 H o
g e N
Q1 o
m No Th
x H
RO
Jmﬂ o
RIG)
W=
of) W
Y B
~ N
O I
Er
N mono/
TS @
e
H B
F T
%mnﬂ
~ (o}
B
o E M
BE oy o
=
o o m
oy o]J i
RS
=2
op N T
r o X

o
<0

o7

=

;OL
o|J

42 2451 Fle oo ks

PHILOS9]

7

3

of o

aL
=

12 A7E A

9]

= Aoz o/dsto]

5 A
v 9l

FERE A

)
il

Q
o

~B
X

T



=
T

OJofl A o]Ftel Bt 2.5

mme] 7Hzo] Q82 H5e] $1A1i 22 H9| ofeino] 917
Fo 4o 0ol A K-7H4lo] ol =72 BEatgT). e o]

9k PHILOS Ato]of A

SHI|

o

L

1
=

A Aol

1
a

kel

A

°

144
]

w7k %

st} B 36 mm oFEo] $13/5to] 73

M

AS7} glolA] 791 T

Holu=

I

=

=
=

Lo
P, Bl

4 740000 of

thEE AE 191 2ol
btk mebA A

f =017k 4

-
=
o

0|

of h
ok

ARSRROe. =M oAb A
(o)

H 7o Ao

(o]
~=
aL
=
=
Q
a1

o] Fa/do] dEAUA M0
LR

LRIP
4 e,

=

aL

3

S =
= ©

_]
g5l = #1217} 2

1=}
L

3l

S

Osterhoff S92 PHILOS ZAE 9] AF

SFZOA] 4-5 mm A = %

9

=

°

=l

=

(o]

o
P27 UpARRRo] 7 7170 o)

Hel PHILOSS} T2 5 mm ©]uj <]

[e)

al o

b4
2
o =

)
he olxbg 2gel

=
31

2} al
30

7V
o

|

ob

L=

to] LEARSE olto]

SOECL:

ok

ols
d

oA &

o A=
]:]_.4,9—11) 113/11/]_ SDI‘OSS %12)_8_

gl

A U LA 2

o 2d o]
24 A=

A~
=

[e]

T

o 24| Buis)

A7t =R e 247

‘RO

A

"o
s

;01_

Aol R 2

oFrOo.
e

Al ek = Aol AR

o

L

3]
=

UARE o] whEA]

i)
o

ol ool 3l AAolth AAe2 7H & 2

S

olgtal Hiar

t ootk wet

Fel PHILOS &<432] H3x HOE -S5i

2%

o

1e5teS o 71 o R 9]
Feto] 8] 4t 3.8 mm

[e)
=

i1
]

ll:g-

u
=
é_]-tﬂ

PRENSIIEE
29 Aekzo]

A2t PHI-

u
o] o
=

T

o

A}
19l Zdo]o ol 7t

lo] Al=gfojof

S

5]

1

b1 9
S

5]
o]-O

o]
o] o] LhARE:
AT O] LARE Zolo]

o

al O

—
o=
H
.

3]

%
ol

o

oD

o] 91215 ot Ad % ol 7ot vlm

o
fus

A~
=

2 =

pas

oA 7Hg %

H7

L=

.

SHA| =

°



gkt 491 kgl PHILOS®] g ¥ 5%

SHES ] 11 7HE9 Her) s 4 ot Arehm Ao LARE ] Bone Joint Surg Am. 2008;90:1580-9.

I8 1% H8TF HOQ - 7ho| & 9l 2 UpARzo] et Al 8. Lee KW, Choi YJ, Ahn HS, et al. Internal fixation of proximal

A3} ojust A& TAS VER=A e & 4 919t} wheba] humerus fracture with polyaxial angular stable locking com-

FG 29 A2 O] QXA HH 7}t ok 7FA el A7t pression plate in patients older than 65 years. Clin Should

o Zlor o ek Elbow. 2012;15:25-31.

9. Charalambous CP, Siddique I, Valluripalli K, et al. Proximal
7é = humeral internal locking system (PHILOS) for the treatment
of proximal humeral fractures. Arch Orthop Trauma Surg.

SR 2 %% PHILOSE =<l gghgolA vua 4 2007;127:205-10.

StE7F =1 24T} o] LS HX| AR She] Bl w A UAGH ¢ 10. Erhardt JB, Stoffel K, Kampshoff ], Badur N, Yates P, Kuster

Z]of] ARIAZ = lon] Trekst ©gFo] 87H o] /4de] 2 LARE MS. The position and number of screws influence screw

= a4 lRlek el USR] BlEo] e perforation of the humeral head in modern locking plates: a

S 4 Ao AR IS L Ve & 4 Ut cadaver study. ] Orthop Trauma. 2012;26:e188-92.

11. Stidkamp N, Bayer J, Hepp P, et al. Open reduction and in-
REFERENCES ternal fixation of proximal humeral fractures with use of
the locking proximal humerus plate. Results of a prospec-

1. Hertel R. Fractures of the proximal humerus in osteoporotic tive, multicenter, observational study. ] Bone Joint Surg Am.
bone. Osteoporos Int. 2005;16 Suppl 2:565-72. 2009;91:1320-8.

2. Hirschmann MT, Quarz V, Audigé L, et al. Internal fixation =~ 12. Spross C, Platz A, Rufibach K, Lattmann T, Forberger J, Di-
of unstable proximal humerus fractures with an anatomically etrich M. The PHILOS plate for proximal humeral fractures-
preshaped interlocking plate: a clinical and radiologic evalua- risk factors for complications at one year. ] Trauma Acute
tion. | Trauma. 2007;63:1314-23. Care Surg. 2012;72:783-92.

3. Agudelo J, Schirmann M, Stahel P, et al. Analysis of efficacy =~ 13. Gardner MJ, Weil Y, Barker JU, Kelly BT, Helfet DL, Lorich
and failure in proximal humerus fractures treated with lock- DG. The importance of medial support in locked plating of
ing plates. ] Orthop Trauma. 2007;21:676-81. proximal humerus fractures. ] Orthop Trauma. 2007;21:185-

4. Owsley KC, Gorczyca JT. Fracture displacement and screw 91.
cutout after open reduction and locked plate fixation of proxi- 14. Osterhoff G, Hoch A, Wanner GA, Simmen HP, Werner CM.
mal humeral fractures [corrected]. ] Bone Joint Surg Am. Calcar comminution as prognostic factor of clinical outcome
2008;90:233-40. after locking plate fixation of proximal humeral fractures. In-

5. Egol KA, Ong CC, Walsh M, Jazrawi LM, Tejwani NC, Zuck- jury. 2012;43:1651-6.
erman JD. Early complications in proximal humerus fractures 15. Osterhoff G, Ossendorf C, Wanner GA, Simmen HP, Wer-
(OTA Types 11) treated with locked plates. ] Orthop Trauma. ner CM. The calcar screw in angular stable plate fixation of
2008;22:159-64. proximal humeral fractures--a case study. ] Orthop Surg Res.

6. Solberg BD, Moon CN, Franco DP, Paiement GD. Locked 2011;6:50.
plating of 3- and 4-part proximal humerus fractures in older ~ 16. Lescheid ], Zdero R, Shah S, Kuzyk PR, Schemitsch EH. The
patients: the effect of initial fracture pattern on outcome. J biomechanics of locked plating for repairing proximal hu-
Orthop Trauma. 2009;23:113-9. merus fractures with or without medial cortical support. J

7. Anglen JO, Archdeacon MT, Cannada LK, Herscovici D Jr. Trauma. 2010;69:1235-42.

Avoiding complications in the treatment of humeral fractures.



146

pISSN : 1226-2102, eISSN : 2005-8918

Original Article J Korean Orthop Assoc 2014; 49: 140-146 e http://dx.doi.org/10.4055/jkoa.2014.49.2.140 www.jkoa.org

ot A0l ARIE0|A Proximal Humerus Intermal

Locking Plate System (PHILOS)Q| Mtz &
1O XtZ1 |IAFRO| sHEX EXI: p(| 1

O3 T 1 /O

22X gkt Alel ARelarof] thgt proximal humerus internal locking plate system (PHILOS) H<5319] sjj4-4]
5T 97He] 9 JH VARRS] A EXdof| thsf] ol A it

CHA 2 BiH: Aol ARloA] A& Aoks 5 % &4 W 7o) gl 2070 E o2 PHILOS S5 = )
W27 B O AA W AT 74?4% Z7JaIolet, RS S1t 191 AR WARE SEHI-H9)O K—341S Aldete] =5

o 8L @5 91413 S

o,
ol
i
=]
~
2,

=2t 1.27)0]aL 1?73_ TtﬂLH 74dl Bt 2.5 mm (9] 0. 0—4 6 mm, Eﬁi} L24)3 o T5F Y K—7Ale] doj=
Bt 41.1 mm (M) 23.5-53.7 mm)Ath K—AE2 A 3bdol| 127 Bazslelal PHILOS w453 1] W & 3
g ol $1x[3E 5= &1 H8¥ H9v= o] o2} 7p7ke- 3tof| Q12|89 ot 7l F71kell 91418 221 H52) 4@1@0%)011*1
o5 TE5te] A= St
ZE: PHILOS T2 9l A9 108 A3 g Yeplal S5 B3 K4S R I HoA 1127 Basieict, 1
2UF HbollA] o) 15 E e 4= Qlom s ot g adth Al o g A7isict

N

TS 20138 52 192 8U 20133 92 242! ARHERE 20134 1€ 142!
xHolx-|x|. 5|

AL AT 24 262, TAICHSlm OfitHst HEelnstm Al

TEL 051-990-6229, FAX 051—243—-0181, E-mail jyujin2001@kosin.ac.kr

"2 =22 1bloishe s stuAlo| X2kg Biot 0|201FE.

CHePHSIRISHS|X| @ A| 497 M| 25 2014  Copyright © 2014 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/3.0/) which permits
unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.”



