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

Original Article J Korean Orthop Assoc 2017; 52: 178-184 e https://doi.org/10.4055/jkoa.2017.52.2.178 www.jkoa.org

SHEE T 250
Ml ZEK] Ziizi=Al0] e TS| Hlw

Comparison of Anterior Translation among Three Sternoclavicular
Reconstruction Methods in Cadaver Study

Doo-Sup Kim, M.D., Hoe-Jeong Chung, M.D.”", Il-Hwan Park, M.D.*,
Ji-Su Shin, M.D., Jun-Pyo Lee, M.D., and Young-Hwan Jang, M.D.

Departments of Orthopedic Surgery, *Thoracic and Cardiovascular Surgery, Yonsei University Wonju College of Medicine, Wonju, Korea

Purpose: Currently, biomechanics and function comparison of the reconstruction of structures play important roles in the sternoclavicular
joint stability is not much. In order to confirm the improvement in the functional aspects of the sternoclavicular joint after the three most
widely used reconstruction methods, we measured the degree of anterior translation of the sternoclavicular joint after the operation using
cadavers.

Materials and Methods: We studied 24 sternoclavicular joints in the cadavers. First, we measured the anterior translation of the clavicle,
which was compared with the sternum in 24 normal sternoclavicular joints. We divided the cadaver into three groups and performed each
of the three current operations: figure of eight hamastring tendon reconstruction operation (Group 1), subclavius tendon reconstruction
operation (Group 2), and hamstring tendon reconstruction operation (Group 3); then we compared the degree of anterior translation in each
group. We did the measurement by adding 10 degrees to the glenohumeral joint each time from 0 degrees to 90 degrees.

Results: In the normal joint, the clavicle was significantly ascended compared with the sternum. The Group 1 had a 1.68+0.25 mm anterior
translation while the Group 2 had 1.81+0.23 mm and Group 3 had 2.8+0.58 mm (Group 1: p=0.004, Group 2: p=0.001, Group 3: p=0.002). The
Group 1 showed a low ascending rate of up to 60 degrees, which showed no significant difference with that of the normal joint. However,
after 60 degrees, the ascending rate showed a significant increase. In the case of Group 2, there was no significant difference with normal
joint of up to 50 degrees. Group 3 showed significant anterior ascending from 20 degree.

Conclusion: Through measuring the anterior translation of subjects that underwent three representative sternoclavicular joint
reconstructions, we found that the result from the Group 1 was most comparable normal translation of the sternoclavicular joint.

Key words: kinematics, biomechanics, dislocation, sternoclavicular joint, cadaver model
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Figure 1. Five reflective bony markers
were attached to the proximal and distal
sternum and clavicle to recognize the
axis. Vicon motion analysis system (Vicon
Motion System, UK) with 6 cameras (MX-
T10 2 megapixel camera).
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Figure 2. Drill two 3- to 4-mm diameter drill-holes for each sternum and
clavicle. Pass a hamstring tendon through the holes in the sternum and
clavicle in a figure 8 shape, then bind the hamstring tendon (Hamstring
tendon figure of eight reconstruction).

Figure 3. Start drilling in a superior to inferior direction in accordance
with the position of the subclavius tendon. Impale the subclavius tendon
in an inferior to superior direction at the drill hole and use one No. 2
Ethibond to suture up and bind subclavius tendon (subclavius tendon
reconstruction).

3) A2EHYA Ao A7A<(Group 3)
= of| FHollA oFE WFor EHS o] §ot] FHS
7} ohA] Al e
of 4t 718-& = A2 74-& No. 2 EthibondE 0|83
< o]-&sto] Y-S AlHTt £
Zol A T} Al STl ZotF7| S AlstAthFig 4.7

Figure 4. In a superior to inferior direction, use the drill to make a hole
at the medial side of the clavicle and pass the hamstring tendon through
the hole. Then, sling the hamstring tendon around the first rib while
maintaining tight tension. Use No. 2 Ethibond to bind the hamstring
tendon. The remaining tendon was used for a simple sling around the
clavicle and the first rib at the outer radius of the reconstruction site
(Hamstring tendon sling reconstruction).
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Figure 5. Anterior translation of the clavicle during the coronal plane
abduction of glenohumeral joint.

2 83 A ol
£ T 8ol

o|F-FEl F5ECl T

32

CHp <0.05). Group 12 60
foJgt 2ol 7t glgle

e o0 Group
gk 2po] 7} glglont
2] ATk Group 13
. gk ol Group
olgk Adsol Wt

0.58 mm= Al 7FA] 7 &

N
kY
kD
£
4
Lo

39] A 0% 7MY FAr
Holon 0o 5 FHat A5 2.8+

W E M B BEYS

fES o

El

e
i

&34 Group 10]

i

0
Q
-l

ik
o
2

>
@ i

AN AA
7150l &7HEAL 9l
=55 o] ZA S
BRE T ok a&
g0 AlYE L glom], B
| ] 3 Ik o] 9ol = the)

o] AR Fue gAlal] 9

o=

R S

FE ok
£ o >

.

ol
i)
Ir

N
fo T

P
o

=2

m

>~

0o Ppeoge o g rio
H
&

r e m B 2 R

o
.=

He
D
z
Q
=
=
a@
=
=
a3
75}

fu

R}
(d
it
2
>
rlr
e
i1kt
ok
2
>

9_]

TOU

o
Off  —

(o
fu
K
[o
o
)
3
H1
-
)
X
o
ox
rd
5
IS}
=
ol

>
-

o &
x

2

oMz 71 /gl 77k &
= Group 39| ¢ SHJANE AHdsk=
= 5Z33 M5 250l Aolof ogt 1A
o] xshd 4~ gl glekal Azt vt =
roup 33t ORRE7 4]
%ol QlojA] Zole]

i
o
o

e
£

o Hui 4 N 2 o

o
=)
L
-

H

.,d
i)
o
i)
olr
o

¥ ¥ 1
Q.

o

J[\S)[ij

e
oF

o &
S ok

Q

[o
]

o
cE o
O ox

o
il
r
i

o

)

i
ok

]_

y L

Ol

)
i
2
>

o 4

)
ol
oL
& ooz o

r

2

|o
u
2
i
G
ol
o
£
-]
i
)

to o
o AL 2 @
ok rlo

so

N

N

[T

30

L 32
= 2

)
o

=2
2
ofr
o

PR )
'101' qlol, I‘lF
of

£ o
i)
rN
ol
o
)

U2l ST

X

i

—~

(IIO]!
Z
i

N
ol ok
T
ol
>

30 ox
lo ki
[N ih)

Ol
-

o
2
o B
ox A e
(o
u

°

B
2

N mZ‘r
lol(]
_'>“l_, r—r‘

(2 o
oy

fr

-
i
}-JFE_L]
o 1o
o
o > rl
4 Tl

Jo
R
1 o
30

ad

!
ok

o
™
4

I
oz
re
ki o
)

]

)
Q
5
S

o ol

i)
T
o
do
]
&
o2 g
i)
¥
(o]
1

o
U
32

12 oo i i

>
f
r 2

ox
st

o
lo 4y
B
1y

}‘4_1
[Hlely
[

v
o i
o

"
=
fru
ool

2 I

)
°

&

o
SED)
e
2
o

it
ro
ol
g%

=
[
)
1o
fol <

it

all

L]
o
i
w)
rd
ey
l

H 2
et
o

oo

te e 2 18
-

rl._lZi
2 e i

ol ol

N oox
9‘0@
2
X
N
o —
ﬁ\nd_lﬁ
o o
ol
Mr o 1o 41 1 2

fin)

3o O
> 2 Mo

i)
g

lo
rO
o
!

do ¥ rlz
Fru

e g o e~
g? rlo
off X

2w ol

*
g

o

o r

U
o 1o

2
N
R
Z
ek
ol

O



182

Doo—Sup Kim, et al,

é—’g
i
"

o} AdeS Aldst
FAch npxjato 2
bolo] 2t MR AT

FA] 553t} G*Power
FA7)Z 025, AL 088 &3t HE S
A o2 BrHssl7]of B8 45 1] AHESHA]
AE olgstel AT FHES AN A &
F2+ 071+ 09801 71 o2 Hol B oL AnlE
RZEET) B 2 Aol HE S5
& Aol AT, B AToIME 2 o
3715 2] Sk dl =gol E AL

T
>£nl (o

e 1o e K
S5 o 4& e
il
32 igl}_', IO —{Olt
fu
&

U
~N
@

g

é.
et
i)
ox

ol

Wi

- o
> O Q

ok

&S
[
e

i

15

o
1%
Mo
N

[¢]
—
N

P

>

fu

ol

_{

3o 0

o
Mo

o

il

-

5

fol
il

Arkg vpgo s
7efate.

T3 247H0] BE A FalTE o] HgTTI ARt
ol8) Wi Ero] ARk PRIk, YA, YA o B

EoFeliA AdE o e, 7 ARFlolA fRRt FE0] B4

o] 4% Aol PREE ]A| L W} opleks mAo] gl
S Qb SAZ 02 Auo] A AV} Gtk o 4
lom ZHo ALA 9] F= T H ogk= Hyr metdH s 2k
sakckn 2 4 9tk

a4 &
Y A 7HIS] AU S

BoM B ok S F FATEe 8

=343t Group 12 71

CONFLICTS OF INTEREST

The authors have nothing to disclose.

REFERENCES

1. Gardner MA, Bidstrup BP. Intrathoracic great vessel injury
resulting from blunt chest trauma associated with posterior
dislocation of the sternoclavicular joint. Aust N Z J Surg.
1983;53:427-30.

Jougon JB, Lepront D], Dromer CE. Posterior dislocation of
the sternoclavicular joint leading to mediastinal compression.
Ann Thorac Surg. 1996;61:711-3.

. Noda M, Shiraishi H, Mizuno K. Chronic posterior sterno-
clavicular dislocation causing compression of a subclavian
artery. ] Shoulder Elbow Surg. 1997;6:564-9.

Ono K, Inagawa H, Kiyota K, Terada T, Suzuki S, Maekawa K.

Posterior dislocation of the sternoclavicular joint with obstruc-

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

tion of the innominate vein: case report. ] Trauma. 1998;44:381-
3.

Rayan GM. Compression brachial plexopathy caused by
chronic posterior dislocation of the sternoclavicular joint. ]
Okla State Med Assoc. 1994;87:7-9.

Southworth SR, Merritt TR. Asymptomatic innominate vein
tamponade with retromanubrial clavicular dislocation. A
case report. Orthop Rev. 1988;17:789-91.

Acus RW 3rd, Bell RH, Fisher DL. Proximal clavicle excision:
an analysis of results. ] Shoulder Elbow Surg. 1995;4:182-7.
Barth E, Hagen R. Surgical treatment of dislocations of the
sternoclavicular joint. Acta Orthop Scand. 1983;54:746-7.
Booth CM, Roper BA. Chronic dislocation of the sterno-
clavicular joint: an operative repair. Clin Orthop Relat Res.
1979;140:17-20.

Brinker MR, Bartz RL, Reardon PR, Reardon MJ. A method
for open reduction and internal fixation of the unstable pos-
terior sternoclavicular joint dislocation. ] Orthop Trauma.
1997;11:378-81.

Cooper GJ, Stubbs D, Waller DA, Wilkinson GA, Saleh M.
Posterior sternoclavicular dislocation: a novel method of ex-
ternal fixation. Injury. 1992;23:565-6.

Eskola A, Vainionpéa S, Vastamiki M, Sldtis P, Rokkanen P.
Operation for old sternoclavicular dislocation. Results in 12
cases. ] Bone Joint Surg Br. 1989;71:63-5.

Ferrandez L, Yubero J, Usabiaga ], No L, Martin E Sterno-
clavicular dislocation. Treatment and complications. Ital ]
Orthop Traumatol. 1988;14:349-55.

Lunseth PA, Chapman KW, Frankel VH. Surgical treatment
of chronic dislocation of the sterno-clavicular joint. ] Bone
Joint Surg Br. 1975;57:193-6.

Martinez A, Rodriguez A, Gonzalez G, Herrera A, Domingo J.
Atraumatic spontaneous posterior subluxation of the sterno-
clavicular joint. Arch Orthop Trauma Surg. 1999;119:344-6.
Rockwood CA Jr, Groh GI, Wirth MA, Grassi FA. Resection
arthroplasty of the sternoclavicular joint. ] Bone Joint Surg
Am. 1997;79:387-93.

Burrows HJ. Tenodesis of subclavius in the treatment of re-
current dislocation of the sterno-clavicular joint. ] Bone Joint
Surg Br. 1951;33B:240-3.

Reilly P, Bruguera JA, Copeland SA. Erosion and nonunion
of the first rib after sternoclavicular reconstruction with Da-
cron. ] Shoulder Elbow Surg. 1999;8:76-8.

Spencer EE, Kuhn JE, Huston L], Carpenter JE, Hughes RE.



183

20.

21.

22.

23.

Reconstruction Methods in Sternoclavicular Joint Anterior Translation

Ligamentous restraints to anterior and posterior transla-
tion of the sternoclavicular joint. ] Shoulder Elbow Surg.
2002;11:43-7.

Wu G, van der Helm FC, Veeger HE, et al. ISB recommen-
dation on definitions of joint coordinate systems of various
joints for the reporting of human joint motion-Part II: shoul-
der, elbow, wrist and hand. ] Biomech. 2005;38:981-92.

Ribo M, Pinz A, Fuhrmann AL. A new optical tracking sys-
tem for virtual and augmented reality applications. Paper
presented at: IEEE Instrumentation and Measurement Tech-
nology Conference; 2001 May 21-23; Budapest, Hungary.
Leighton RK, Buhr AJ, Sinclair AM. Posterior sternoclavicu-
lar dislocations. Can J Surg. 1986;29:104-6.

Clark RL, Milgram JW, Yawn DH. Fatal aortic perforation and
cardiac tamponade due to a Kirschner wire migrating from

the right sternoclavicular joint. South Med J. 1974;67:316-8.

24,

25.

26.

27.

28.

Ferrandez L, Usabiaga ], Ramos L, Yubero J, No L. Migration
of Kirschner wires into the mediastinum after stabilization of
sterno-clavicular lesions. A report of two cases. Chir Organi
Mov. 1991;76:301-4.

Janssens de Varebeke B, Van Osselaer G. Migration of
Kirschner's pin from the right sternoclavicular joint resulting
in perforation of the pulmonary artery main trunk. Acta Chir
Belg. 1993;93:287-91.

Lyons FA, Rockwood CA Jr. Migration of pins used in opera-
tions on the shoulder. ] Bone Joint Surg Am. 1990;72:1262-7.

Pate JW, Wilhite JL. Migration of a foreign body from the
sternoclavicular joint to the heart: a case report. Am Surg.
1969;35:448-9.

Smolle-Juettner FM, Hofer PH, Pinter H, Friehs G, Szyskow-
itz R. Intracardiac malpositioning of a sternoclavicular fixa-

tion wire. ] Orthop Trauma. 1992;6:102-5.



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

Original Article J Korean Orthop Assoc 2017; 52: 178-184 e https://doi.org/10.4055/jkoa.2017.52.2.178 www.jkoa.org

S FREL] ¢/ Aol Sa8E HTE shs At A ko] AN 9 71e4] H)al A2 HR) Q) ofof] AAk=
ARAOIA] HIEAQL A 7FA] A7t A1l 5 i) A et SAske], 7164 9] HE gRlskare 6‘?‘2‘%’/}

CHer 34 JHH: 24709] Fabd AAE dil o= sieh Al 7H9] T1E0= tiro] IAERA A} At

AW<(Group 2), YAEA Ao A2 (Group )& AT 5, T1E 1 LIS QoS O of|A4 90577}*1 105 DPH

B 77 S5 Alsgsioict.

ZAab Al 7HA] AseA] B g oiE] Ae] Aol feletAl HEE] QI Group 1 et 1.68+0.25 mm, Group 2 et 1.81

+0.23 mm, Gorup 3 Hat 2.8+0.568 mm2] ARFAL)7F W2E] I cHGroup 1: p=0.004, Group 2: p=0.001, Group 3: p=0.002).

Group 1:2- 6048, Group 2= 50548, Group 3 205=HHE] {205k R0 aHE= I,

AE: Y54 Al 7HA] 9] 4 AdesS A ARlollA] H71eE Bl Group 10] A Fafbale] Aideiet 7 fARE AukE

T 20164 58 302 U 20164 88 282 ARKEHY 2016 108 62
= VSO RSBIES

26426, FFAl LAZ 20, AM[CHEtn RFolntclst Yol et o

TEL 033-741-0114, FAX 033-742-3245, E-mail hichung29@yonsei.ac.kr

CHSPEERIISES|X| : M| 5274 M| 25 2017  Copyright © 2017 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.”



