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In Vivo Comparison of Isometricity between Navigational and
Conventional Technique in an ACL Reconstruction

Eun Kyoo Song, MD_, PhD, Jong Keun Seon, MD, Sang Jin Park, MD,,
Yong Jin Cho, M D, and Chan Hee Park, M.D,

Department of Orthopedic Surgery, Center for Joint Disease,
Chonnam National University Hwasun Hospital, Jeonnam, Korea

Purpose: To compare isometricity between the navigational and conventional technique during an anterior
cruciate ligament (ACL) reconstruction before fixating the graft.

Materials and Methods: Twenty-three patients with an ACL insufficiency were enrolled in this study. After
finishing the tibial tunnel preparation using a navigational technique, a femoral tunnel site was marked
using either the navigational (Orthopilot®) or conventional (Arthrex® 5 mm off-set guide) technique. After
passing the suture material attached to the guide pin through each femoral site, isometric tests were
then performed using a specially designed device during full range of motion of the knee.

Results: An mean isometricity after the navigational and the conventional technique was 3.0 mm and
4.6 mm respectively. The isometricity after the navigational technique was significantly better than that
after the conventional technique (p=0.000). The navigational isometric point was usually 0 to 5 mm
anterior or antero-lateral to that at the point of the conventional technique. The mean distance between
the tunnels by two techniques was 1.35 mm. There was a strong positive correlation between the
difference in isometicity and the positional relationship of the femoral tunnel (*=0.778, p=0.000).
Conclusion: An ACL reconstruction using the navigational technique provides better isometricity than that

obtained using the conventional technique.

Key Words: Navigation, ACL reconstruction, Isometricity

M 2 TA AR AES sl 7P Faet Faiol
AR AHHEA 4529 5 23S 271 9 2hal g = Qloh FAER YA9] & e o]4xd
A TR A, g Y, & T A W BN QY AR 4RS Sush, £F 9 dat & T 8
&Y A Fol aEofof sh, 5 Wl A KA Aol Zhssi, A oA 9] wH(Graft failure)
2 9 =25 Ede] 91X, oAl HE, olalde] & QU 4 gEpieI)
e W o|al7e] g W S0l Fad ASE AHA AT AALOIA o|47o] SAH T
U o] 3 ATE W HBZ U YA A 0B $& F W 2F Ao 0|47 A &
SAXNR: 8 A 7 Address reprint requests to
A et 3 d4lEl 160 Sang Jin Park, M.D.
sedddishay o Ayt Department of Orthopaedic Surgery, Chonnam National University Hwasun

TEL: 061-379-7676 « FAX: 061-379-7681
E-mail: park5962@paran,com

201

Hospital, 160, llsimri, Hwasun-eup, Hwasun-gun, Jeonnam 519-809, Korea
Tel: +82,61-379-7676, Fax: +82,61-379-7681
E-mail: park5962@paran.com



202

SEEES LR
E]L_ 7_]0 -‘JAQ}EL 2 O]E]j 10,11,22—24).
AR Aol dolA 54 9]
ARl Aol 4F el ARl A
o Basisl, BPYAARAN 2 54
3 Ao o Ao oFA 0101,].89 16,2
o479 A AdAE st diE & HE<
918 2] glat weo] Aoyt
o] Aol A 7129 114 Wak(Ee= 1

Azl A ASL A BorgAS 3H7éf5} 2=

gow], o2& 70| o 4de] 4F

o

Wi
ju g
o=

N >

w =2 Mo rok
ol
=D

(o2
dot Jo Ho et
_NJ

ol

olr
o

o
rooo
30 1o

=EU%0= 2 T
Ak 311 B WYER, o] sjdstunt
AN FH AAEE ARRINE 71 o
3171 918l 104 WaH(EE 24 WP o e Hae w
S o] ARHUNY, EF g by A&
2 A ST A5k} S U SRt A

_g;xougo]ur Exobgg 93], 3*44 Ho“ﬂi’% Yl Ao A
% 21 9] zpolof tfgt Kl of
L XHH%OM l

rE
i)
=
1>
I JZi

CHAH 3 Bk

%Loﬂﬁh 2007¢ 129€%5E 20084 597X
Poﬂ I‘HOH HUoA] 4?-__1731—1 =]
}\]‘51-] H]-_Q_ 2311]_9_

109 1 #Zo] 1394}, o]F ”2}7}
Ho]¢laL, Lol g 30, 7HI(17-51A)), % J
5 #% A= Bt 3.5719(0.2-9. 571 9) oIl 4
AARALTE 5], S &4l 119, W=
= 1E}7} 5oloH, SR &Aoo R
=9 9= '1%;1 I AT Ao 4011, Y& vhdAr o

.
o

=

of>
rlo

T ME2 - Al 9 20l

o 4ol 69, WESEAN &4do] 34t &4
Lachmann testol 4 Grade I°] 89, Grade 117} 89,
Grade 117} 69|, Grade IV7} 199921, Pivot—Shift
testo| A Grade I0] 209¢], Grade 117} 39| $ith.
< A Tegner activity scale 4t 3.1 (2-5)0]312
o, Lysolm Knee scoret= H4t 58.3%(8.0-78.0%),
Telos“ & o] g8t A 2B 2 A} A} 2 A
0]¢] X}Ol— Hyt 12,3 mm (6.2-19.8 mm) %t
o] 47L& Tibialis anterior allograftE ©]-&3}3ct,
TAA Ho| o3t ez = 51”2 Arthrex® 5
mm off set "¢ 7Ho]EF o]8stg o, HH|A ol
A2 S o] 43t W o] A9 Orthopilot™ (B Braun —

Fig. 1. Isometer consisting of a main frame, indicator and guide,
Select the proper sized guide according to the size of tibial tunnel,
indicator with regular tension during knee ROM, indicates scale
drawn on main frame, scale differences imply isometricity. Measure
scale differences by knee flexion & extension, and maximum
difference is calculated in mm as isometricity.

Fig. 2. Tibial and femoral passive transmitter is fixed securely.
4 balls located in transmitter reflect infrared rays, Reflected
infrared rays from the generator were detected by camera in main
system,
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Fig. 3. Tibial tunneling was
done by navigational technique,
(A) This is a ftibial tunneling
guide of navigational technique,
(B) It showed the information
indicated by tibial guide. This
tibial tunnel was located in 20
degrees in coronal plane, 55
degrees in sagital plane, 8 mm
anterior to PCL anterior edge,
and 48% in medial tibial plateau,

Fig. 4. Femoral tunneling was done by conventional technique
with Arthrex®™ 5 mm off-set manual guide, Femoral tunneling was
made toward 10 : 30 or 1 : 30 O'clock,

Aesculap, Tuttlingen, Germany) ACL reconstruction
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Fig. 5. Fixation the guide attached by Ethibond®™ #5 through
femoral cortex, Femoral side of Ethibond® #5 was firmly fixed to
ACL attach site, act like reconstructed ACL at same location
during the knee ROM, The length change was equal to iso-
metricity of reconstructed ACL,

319 0 Shaver® AJoF EH % Probing 3to] W& ¥
Q& vl AT &4 o F 9 A AR &4
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yrjAleld 7huetzh QIAsHAl E= LED (Light
Emitting Diode)E ZA& 4= Sle KA 49 HE
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Fig. 6. Isometricity was measured under knee ROM exercise,
Pass the othgr end of Ethibond®™ #5 through tibial tunnel, fixation
the Ethibond®™ #5 by mosquito after equipment isometer through
tibial tunnel, White arrow indicated isometer, inserted to the tibial
tunnel
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Fig. 7. (A) Femoral tunnel was
made by navigational technique,
The appropriate isometric points
by navigational technique is
more antero-lateral than conven-
tional technique, (B) Isometricity
is 3 mm, and 1:30 O'clock
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Fig. 8. Positional relationship was measured by arthroscopy with a probe, (A) Black arrow indicats femoral tunnel by conventional
technique and white arrow indicats femoral tunnel by navigational technique, Femoral tunnel by navigation technique was located more
anterolateral position than by conventional technique, and difference between two tunneling was about 2 mm, (B) Femoral tunnel by
navigation technique was located more anterior position than by conventional technique,

Table 1. Postoperative Data of Conventional and Navigational Technique

Navigational tunnel position Isometricity Lachman test Pivot shift test
c comparing with conventional tunnel (mm) (grade) (grade)
ase
Distance (mm) Direction Cor:venhonal Navigational Preop Postop Preop Postop
unnel tunnel

1 2 Anterior 6 2 1l (—) | (—)
2 2 Anterior 5 3 1l (—) | (—)
3 2 Anterior 5 3 | (—) | (—)
4 2 Anterior 6 4 | (—) | (—)
5 2 Anterolateral 5 3 vV (—) |

6 3 Anterior 6 3 | (—) | (—)
7 2 Anterior 5 3 | (—) | (—)
8 1 Anterior 5 3 | | | (—)
9 2 Anterolateral 3 2 I (—) | |
10 2 Anterior 4 1 Il | | (—)
11 0 Same 3 3 1] (—) Il (—)
12 5 Anterior 7 3 Il | | (—)
13 0 Same 3 3 Il (—) Il (—)
14 2 Anterolateral 7 3 Il (—) | (—)
15 2 Anterolateral 7 4 1l | Il (—)
16 1 Anterior 5 3 1] (—) | (—)
17 0 Same 3 3 | | | |
18 1 Anterolateral 5 3 Il (—) | (—)
19 0 Same 3 3 1l (—) | (—)
20 0 Same 3 3 | | | |
21 0 Same 3 3 | | | |
22 0 Same 3 3 Il (—) | (—)
23 0 Same 3 3 Il (—) | |
DA el o dEE 2 2 HdY 5L oo dA o Foh, 5440l o $& Ag wor

A 3mmHFE H 7 mm7HA] 4t 4.6 mmE e, (Table 2).
1:]
=
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Z g9 EAAY] Aol Ht 1.5 mm (4 0 mm

HAlOIE AR E o 87 WHiel o3t tiEE = & H
mmz, HE|A o]l FAE o &3t WM SAHR



206

Table 2. Comparison of Isometricity

Table 4. Positional Relationship of the Two Femoral Tunnel

Mean=+SD Min Max

(mm) (mm) (mm)
Conventional technique 46+147 3 7
Navigational technique 3.0+047 2 4

Case (%)
Anterior 10 435
Antero-Lateral 5 217
Same 8 348

p=0.000, Paired T-test,

Table 3. Difference of Isometricity in Same Case

Table 5. Comparison of Isometricity in Cases with Different
Femoral Tunnel

Case (%) Mean+SD Min Max
(mm) (mm) (mm)
Same 8 348
0-3 mm 10 435 Conventional technique 47+153 2 7
>3 mm 5 217 Navigational technique 3.0+056 2 4
p=0.000, Paired T-test,
HAd 4.0 mm)glon, 1 Fo| FYUT A7t 84, 1
2017k 8 mm v|REQl A7k 109, 3 mm o4k zfolzh  3F 5ol Atk ARt & BE Y| YAl of47ef HEt
+ 497 59 A3AthTable 3). A& ol sWE A N 552 EY 4 30 )
ol F HEHE 5 = HEY fATA A oiA 14 ARk o Ao of Mgt Al oA AdjE fred 4
A W e Alo]de o] Wl o3t HiEE & oH, F= Al A& HE Y 4=, £E AA
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Aol A A97k 100], A-Sol AT 497t & 2™
4o, 71 59| A7} UL A7t 8 AUt Table 4). PRI Afdse] Be H27F FUsittal & 4]
7 o] o3t o Eiﬁol TS A 8lE AQfst B, paAbuith 22 7Tl oAM= B Akol7t itk
I, 15904 ZZte] S-S wawstlE o, aAA W A A AR Adedds 1A B 1A 9
Holl o3t diEE & = g9 S-S Bt 5.4 mm$l o g5 Ejdo] dzElet ole F2 AW & this
ouf duAo|d FAE o &5 Wl o diEE & Aske AR A9 AW ole& ANAOR ol
= HE9 TAALE Bet 3.1 mmE, HHAIA AAE AN S B ete] B3t o) Fstof= Al ¢
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of, SAAA ¢ £& A¥E HHTable 5).
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il

Hey Grovesoll 93} 19174 a7lE Axti ot A
e ol 121 53, AAd & o83 & W A
4, %ﬂﬂﬂ:—% ol &3t T f A o= WA

% S55E7] fste] diE B FH YA 24 B

0A] FFCZ YANZ|AY olFThE A& 5 &
oH—‘?‘Q‘ZM Azgo] dad Aol A &s7] = 5%
E]ﬁ' 18,21,27,30-32) )

SHATE AR Ade A 2 S @7
93 HE HE HAE FHLR ol stoiof gtk o]
o AL T)E In vitro cadaver ATEA], AlLEE=
cyclic loading®] TA5HA2 wff AU A2 o] 47 0]
HIE dod 7R S FAIE 4 glaL, olof disf d
H A= obA7hA] Tk, ol wAolA XA 57
Aol thiet A 2 Bds] AEA e A



MeEYRIRIC) RASOAM HlH[AHO|M XIS 0|8

o) sl ST S Qb Ao i Bl ool
WHEA] 318 Hojof & AR Aole), AR 1Al
wol o) Edo) A% o A 2L AL 1)
o 10:30 ¥ 1:30 9 .

Aol H2o) FAAS slstel vl 4
2 olgsto] Fobdl fEl = T a9 X7t 712
DAV el W) Ae] 1% F97t 110, A2
| S8 297} 5, vl d AHE ol 83 u)
Aol WPt e A EE A%

2

tlo 1>
R
o
-
rlr
ol

ol
=
H4o
N
L
o,
_l
[}
i
{1
f
i
> il
o

x,
i
il

e H1 T o
i
o
_\:‘_l‘
H1

>
()
>
o
e
i,
Ko
&
&
_o‘lt‘
2
=

rr ox
o
=2
r.l
o
o,
tlo
off
9#
Q.
>
r.l
i)
i
i
L

)
w1
o)
g K

N> ruiéP,Looi' =
ol o=
o,
o =
[T o
L rlo

TR
o,
o
i,
B
N
I
N
i
Py
o
il

o= N o

ﬂ
2
Jy
oH.
9
=
:?L
>

£

Hrt,

Koh & 0|47 Algj Sof o3t A5
o] AA|S] 20%0014 Haste, 1
U g & g 25E A 5 7
9] 75-95%% AA|Fcta Bustgich?.
e A B2 Aleret EXEE 8 4
= HdZ Y=717F of8$1, Isometer &
H A glo] TS dotdle= AE B7bsdlth B
HE7] Ao FEolu 5343 tisiAl 4
A7 o9, g T HES TEAY
1S FhH FEOIY TS T
15)

2

5
_qlg':
2
=

o
°

iy o
2LooM m

fd
>,
2 A
A

(o]
2 ol
kl 2 oF e uo

o x 2 o

=

i
dlm ok
E
ol

O

¢

o
o

uio
2=

ZirLIl:l
b om

A

r.l

1>~ 4
B

.
=

( miO

ol
il

o

N
N

o}

N
K
>~
2
o
152
=
>
Lorle
i,
i)
2
=
<
=)
Ir
_11::
o

o

b Hr

i)
8=)

%
oL

L 2
o
ol
toh

-
S~
2
A
luj
ol
ol
)
=)
=
=
=
o,
r>~
o
rlr

MU o mk 1¥ %0

ARl Azl A, v
A AR dofAle 24 ST Al 578/l
Bl AE7F Q1AL ofof i & kol dlulA

SA40] o Frhs 2S A4

>,
o,
o N
>
=
N,
¥
N
N,
2L o)
o
>,
N
‘0,

£ X Tl

_E R
pu =
ofj
iy
2 g
:111
o
o
*
ol
=2
)
21
2
)
r
iy
4

rr ol
o

} D} TAIRIO| HhHof

M A W SEY dln 207

24 =

= —
AT Aol A W 5ol theh A
At Aol FAIE o] &7t B-p-ollA 1A A B

1. Aglietti P, Buzzi R, Menchetti P, Giron F: Arthrosco-
pically assisted semitendinosus and gracillis tendon graft in
reconstruction for acute anterior cruciate ligament injuries in
athletes. Am ] Sports Med, 24: 726-731, 1996.

2. Alietti P, Buzzi Rm, D’Andria S, Zacchrott G: Long-term
study of anterior cruciate ligament reconstruction for chronic
insatbility using the central one-third patellar tendon and a
lateral extraarticular tenodesis. Am | Sports Med, 20: 38-45,
1992.

3. Allen CR, Griffin JR, Harner CD: Revision anterior cru-
ciate lignment reconstruction. Orthop Clin North Am, 34:
79-98, 2003.

4. Bealle D, Johnson DL: Technical pitfalls of anterior cruciate
ligament surgery. Clin Sports Med, 18: 831-845, 1999.

5. Buzzi R, Zaccherotti G, Giron F, Aglietti P: The relation-
ship between the intercondylar roof and the tibial plateau with
the knee in extension: relevance for tibial tunnel placement in
anterior cruciate ligament reconstruction. Arthroscopy, 15:
625-631, 1999.

6. Chouliaras V, Ristanis S, Moraiti C, Stergiou N, Geor-
goulis AD: Effectiveness of reconstruction of the anterior
cruciate ligament with quadrupled hamstrings and bone-
patellar tendon-bone autografts: an in vivo study comparing
tibial internal-external rotation. Am | Sports Med, 35: 189-
196, 2007.

7. Daniel DM: Knee ligaments: structure, function, injury and
repair. In: Daniel DM, Akeson WH, O'Connor ][ ed. Principle
of knee ligament surgery. New York, Raven Press: 11-29,
1990.

8. Flemming BC, Beynnon BD, Nichols CE, Renstrdm PA,

Johnson RJ, Pope MH: An in-vivo comparison between



208

10.

11.

12.

13.

14.

15.

16.

17.

18.

intraoperative isometric measurement and local elongation of
the graft after reconstruction of the anterior cruciate ligament.
] Bone Joint Surg Am, 76: 511-519, 1994.

. Flemming BC, Beynnon BD, Johnson R]J, McLeod WD,

Pope MH: Isometric versus tension measurements. A com-
parison for the reconstruction of the anterior cruciate liga-
ment. Am | Sports Med, 21: 82-88, 1993.

Gillquist J, Good L: Load and length changes in an artificial
ligament substitute. 10 cases of anterior cruciate ligament
reconstruction. Acta Orthop Scand, 64: 575-579, 1993.
Graf B: Isometric placement of substitutes for the anterior
cruciate ligament. In: Jackson DW ed. The anterior crutiate
deficient knee. New concepts in ligament repair. St. Louis, C.V.
Mosby: 102-113, 1987.

Graft B, Uhr F: Complications of intra-articular anterior
cruciate reconstruction. Clin Sports Med, 7: 835-848, 1988.
Graft BK, Rothenberg M, Vanderby R: Anterior cruciate
ligament reconstruction with patellar tendon. An ex vivo study
of wear-related damage and failure at the femoral tunnel. Am
] Sprots Med, 22: 131-135, 1994.

Hame SL, Markolf KL, Hunter DM, Oakes DA, Zoric
B: Effects of notchplasty and femoral tunmel position on
excursion patterns of an anterior cruciate ligament graft.
Arthroplasty, 19: 340-345, 2003.

Hart R, Krejzia J, Svéb P, Kocis ], Stipeak V: Outcormes
after conventional versus computer navigated anterior cruciate
ligament reconstruction. Arthroscopy, 24: 569-578, 2008.
Hefzy MS, Grood ES, Noyes FR: Factors affecting the
region of most isometric femoral attachments. Part II: The
anterior cruciate ligament. Am | Sports Med, 17: 208-216,
1989.

Howell SM, Wallace MP, Hull ML, Deutsch ML:
Evaluation of the single-incision arthroscopic technique for
anterior cruciate ligament replacement: a study of tibial tunnel
placement, intraoperative graft tension, and stability. Am |
Sports Med, 27: 284-293, 1999.

Kenamori A, Woo SL, Ma CB, et al: The forces in the
anterior cruciate ligament and knee kinematics during a
simulated pivot shift test: a human cadaveric study using
robotic technology. Arthroscopy, 16: 633-639, 2000.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

A
som - ME2 - Hal 9 20l

Koh JL: Navigation and ACL reconstruction. Presented at the
25th Annual Meeting of the Arthroscopy Association of North
America. Hollywood. FL, May, 2006.

Loh JC, Fukuda Y, Tsuda E, Steadman R], Fu FH, Woo
SL: Knee stability and graft function following anterior
cruciate ligament reconstruction: comparison between 11
o’clock and 10 o'clock femoral tunnel placement. 2002 Richard
O’Connor Award paper. Arthroscopy, 19: 297-304, 2003.
Muneta T, Sekiya I, Yagishita K, Ogiuchi T, Yamamoto
H, Shinomiya K: Two-bundle reconstruction of the anterior
cruciate  ligament using semitendinosus tendon  with
endobuttons: operative technique and preliminary results.
Arthroscopy, 15: 618-24, 1999

O’Briend WR: Isometric placement of anterior cruciate
ligament substitutes. Oper Tech Orthop, 2: 49-54, 1992.
O'Meara RP, O'Briend WR, Henning CE: Anterior
cruciate ligament reconstruction stability with continuous
passive motion: The role of isometric graft placement. Clin
Orthop Relat Res, 277: 201-209, 1992.

Penner DA, Daniel DM, Wood P, Mirshra D: An in-vitro
study of anterior cruciate ligament graft placement and
isometry. Am | Sports Med, 16: 238-243, 1988.

Schutzer SF, Christen S, Jakob RP: Further observations
of the isometricity of the amterior cruciate ligament. An
anatomic study using a 6 mm diameter replacement. Clin
Orthopn Relat Res, 242: 247-255, 1989.

Scopp JM, Jasper LE, Belkoff SM, Moorman CT 3rd: The
effect of oblique femoral tunnel placement on rotational
constraint of the knee reconstructed using patellar tendon
autografts. Arthroscopy, 20: 294-299, 2004.

Seon JK, Park SJ, Lee KB, Yoon TR, Seo HY, Song EK:
Stability comparison of anterior cruciate ligament between
double- and single-bundle reconstructions. Int Orthop, 33:
425-429, 2009

Sidles JA, Larson RV, Garbini JL, Downey DJ, Matsen
FA 3rd: Ligament length relationships in the moving knee. |
Orthop Res, 6: 593-610, 1988.

Sommer C, Friederich NF, Muller W: Improperly placed

anterior  cruciate ligament ~ grafts:  correlation  between

radiological parameters and clinical results. Knee Surg Sports



MAYRRIC] A=A Ul[AHO|E FXIE 0|8

=

F Yo

Traumatol Arthrosc, 8: 207-213, 2000.

30. Woo SL, Kanamori A, Zeminski J, Yagi M, Papageorgiou
C, Fu FH: The effectiveness of reconstruction of the anterior
cruciate ligament with hamstrings and patellar tendon. A
cadaveric study comparing anterior tibial and rotational loads.
J Bone Joint Surg Am, 84: 907-914, 2002.

31. Yagi M, Wong EK, Kanamori A, Debski RE, Fu FH,

o DAL SHOAM M L

=EXIM
oo

bl 209

Woo SL: The biomechanical analysis of anatomical ACL
reconstruction. Am | Sports Med, 30: 660-666, 2002.

32. Yasuda K, Kondo E, Ichiyama H, Tanabe Y, Tohyama
H: Clinical evaluation of anatomic double-bundle anterior
cruciate ligament reconstruction procedure using hamstring
tendon grafts: comparisons among 3 different procedures.
Arthroscopy, 22: 240-251, 2006.

S5 B dTere AN sl vuAeld

Aol AA WolA Festag sk

Chal 31 2007 129 2008 5971 A
A AAES AL 2358 WO At AFS
ol310] o 17lo] tl 25 A4 Ao Ayl

A AZFeE [someters o]gslo] A9}
A3 Az S Al S 018 3

FARe 1A oM aAng
mm (0-5 mm) A+t F B
2 & AR e
oA 2ot o 2 237t #2E.

AL EHOf: vl A, ARt AL,

Az T 2

L=
34

7% 30 mm, 2270l B
B AAE o182 A9 2472 ) mr} $40] o F34Hp-0000), WAL A 018 4
A2z st gor, T
el AR S Aol el FBBA
o AR W 540l tiE 24} A3k ulEAel Y AAE olgd B

AAE ol 3 WT DA WY el B4R
Qe ol ohal Bdol B4 el th A
2 HdS e 3 244 s dEAeld 4AE
Aol 7ol ARglekaL, A Aol el 5L

Hol A9 46 mmeleH, Lﬂ‘ﬂﬂ]"l

S 7o 4L Bt 1.3>
AATH?=0.778, p=0.000).
ol 3479l




