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groups. However, only nine patients in the TF-group
and five patients in the BS-group reached the same size
of muscle on the operated side compared to the
non-operated side (Table 5).

Qualitative evaluation

The IKDC rating did not show significant differences
(p=0.3) between the TF-group and the BS-group. 76%
of the knees in the TF-group and 73% of the knees in
the BS-group had normal or near normal function
after 12 months (Table 6). Average OAK-scores were
calculated at each follow-up examination and revealed
no differences between both fixation techniques during
the follow up (Fig. 1). Also the pain profile, deduced
from the OAK-score, was low and did not show differ-
ences at 3 months (p=0.85), 6 months (p=0.30), or
12 months (p=0.89). The Lysholm score demonstrated
similar results (Fig. 2) with no significant differences at
all time points (3 months: p=0.90; 6 months: p=0.20;
and 12 months: p=0.09). The degree of activity was
determined using the Tegner activity scale (maximum
score=10 points). No significant differences between the
two treatment groups were found preoperatively at
3 months (p=0.93), 6 months (p=0.53), or 12 months
(p=0.74) post surgery. However, there was a significant
(p<0.05) decrease in the activity scores within both
groups found during each follow-up examination
(Fig. 3), while the level of sport activity prior to the
accident was similar in both treatment groups (Table 1),
only 63% of the patients in the TF group could regain
similar level of sport activity as compared to the prein-
jury level after 12 months, whereas 83% of the patients
in the BS-group were able to participate at the same

sport level compared to the preinjury level (Table 6).
The p value was 0.06.

Discussion

Our results have shown that the use of the transfixation
technique at the femoral site has not led to significant
differences in clinical outcome when compared to the use
of bioscrews. The parameters for laxity, the IKDC-
score, the OAK-score, the Lysholm-score, and the
Tegner activity score were similar between both groups
and comparable with the results in the literature. The
fixation devices, the bioscrew and the TransFix devices,
as well, have shown a low complication rate.

The interference screw fixation of a quadrupled
hamstring graft results in a low linear stiffness, which
may result at submaximal loads in fixation failure [1].
The micromotion between graft and screw during
repetitive loading in the early postoperative phase may
lead to elongation of the graft, slippage, and secondary
graft loosening [13]. Recent biomechanical analysis [2, 6]

Table 3 Tunnel placement at the femoral site and at the tibial site measured using the x-rays

Femoral zone
(a.p. view) [28]

Femoral zone
(lateral view) [15]

Tibial zone
(lateral view) [15]

Impingement
quotient [29]

O’clock position 4 3 2 1 4 3 2 1 %
TF-group 11:40 (±30 min) 32 6 0 0 0 36 2 0 43 (SD=3.0)
BS-group 11:10 (±30 min) 24 6 0 0 0 27 3 0 44 (SD=4.0)
p 0.22 0.90 0.37 0.26

Table 4 Range of motion during 3, 6, and 12 months postopera-
tive examination

Follow up TF group BS group p

3 months Extension deficit 4±2.9 6±3.4 0.35
Flexion deficit 12±8.3 10±7.9 0.1

6 months Extension deficit 2±3.0 3±3.2 0.67
Flexion deficit 7±7.4 7±6.4 0.59

12 months Extension deficit 2±2.9 1±2.8 0.22
Flexion deficit 5±6.2 4±4.9 0.55

Table 5 IKDC-rating score during the 3, 6, and 12 months post-
operative examination

Follow
up

IKDC—
scoring

TF group
(n)

BS group
(n)

Significance

3 months A 0 0 p=0.43
B 12 7
C 21 21
D 5 2

6 months A 0 0 p=0.42
B 26 18
C 9 11
D 3 1

12 months A 7 7 p=0.70
B 22 15
C 8 8
D 1 0

Table 6 Sport level after 12 months compared to the sport level
before torn the ACL (p=0.06)

TF BS

Similar sport level 24 (63%) 25 (83%)
Lower sport level 14 (37%) 5 (17%)

734

Rose 2006 KSSTA

37 % der 
Patienten mit 
niedrigeren Sport-
Level 
nach 1 Jahr !



Biomechanic background 

Rotation +
Pivot-Shift

AP-Translation

Single bundle - ACL

Yagi, Fu, Woo 2001 AOSSM



ACL-double-bundle

Combined Rotatory Load (n=10)
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Anatomie



Insertion area

5,2/3,7 SD:0,3

5,0/4,8 SD:0,3

40,6% 51,4%

AM: 2,4/2,5 (SD: 0,3/0,4)
PL: 2,9/4,9 (SD:0,4/0,5)

Lorenz DGOOC 2005



Definition des Gravitationszentrums 
der funktionellen Bündel 

7 Präparate, fresh frozen

Prüfgerät mit 6 Freiheitsgraden



PL
bundle

AM
bundle

Femoral Tibial

Biomechanik



Biomechanik

Yagi, Fu, Woo, AJSM 2002 



Operative Techniken

Takeuchi 2001 Arthroscopy Marcacci 2003 ArthroscopyYasuda 2004 Arthroscopy Aglietti 2005



Arthroscopy 2004 Oktober

Anatomische Rekonstruktion



Technik

anterolaterales Portal

anteromediales Portal

zweites anteromediales Portal 
(postlat. bundle)

rechtes Knie

3 Portale
Double-bundle ACL



PL tibial

Tibial 45°



AM tibial

Tibial 60°



femorale Präparation



Positionierung der Shuttlefäden



Insertion des AM-Bündels (ST)



Insertion des PL-Bündels (Gracilis)



Femorale Fixation (AM) 
mit Bioschraube (7 mm)



Femorale Fixation (PL) 
mit Bioschraube (7 mm)
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Transplantat-Fixation

Yasuda et al., 2004

Autor AM PL

10 Grad 10 Grad

Yagi et al., 2004 60 Grad 15 Grad

Shino et al., 2004 20 Grad 20 Grad

Christel et al., 2004 60 - 90 Grad 15 Grad

Aglietti et al., 2004 45 Grad 10 Grad

Amis ISAKOS, 2005 30-45 Grad 10-15 Grad

Woo, ISAKOS, 2005 30-60 Grad 30 Grad

Fu 2008 60 Grad 10 Grad



Tibiale Fixation mit 
zwei bioresorbierbaren Interferenzschrauben

in 45-60° Flexion

AM-Bündel

in 0-10° Flexion

PL-Bündel



Notch-Impingement-Test



verbesserte Einheilung ?
geringerer Knochenverlust ?

Ø 7 mm

volumeareaDiameter

190 mm3  212 mm2Ø 9 mm

115 mm3143 mm2

Ø 5 mm 59 mm387 mm2

Ø 5 + 7 mm 174 mm3230 mm2

3 cm



Transplantatlage
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Fu FH AJSM 2008

50 %



unterschiedliche Zugänge

Fu FH AJSM 2008



AJSM 2008

DB vs. SB



klinisch kein Unterschied

aber :  signifikant bessere 
         Werte bei KT 1000 (0,5 mm)



Single vs double

- kein Unterschied in Stabilität
Streich NA 2008 KSSTA

- KT-1000 und Pivot besser
Kondo E 2008 AJSM

- KT-1000, Pivot und IKDC besser

Siebold R 2008 Arthroscopy

- kein Unterschied, db mit reduz. ROM
Asagumo H 2007 Arthroscopy

nur ST-Sehne 
für AM + PL

ST + G-Sehne 
für AM + PL

Fixation in 30°



Was bringt die 
Doppelbündeltechnik ?



Pro

Anatomie orientierend

Biomechanisch Vorteile

klinische Vorteile?

mehr Verständnis für Pathologie



Intaktes AM-Bundel



Insuffizientes PL-Bündel



Femoraler Tunnel für PL-Bündel



Shuttle Suture



Shuttle-Faden hinter AM-Bündel



Einziehen des Transplantats



Ergebnis 



intaktes PL-Bündel



Tibiale Platzierung 



Femorale Platzierung

PL

HKB



Resultat



Ausblick

• klinische Langzeitergebnisse

• bei ausgewählten Indikationen

• Entwicklung der Technik

• kritisch für Outcome

• weitere Messmethoden 

Tsai AG 2008 BMC
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