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Obje c t i v e s : This study was designed to compare the biome-
chanical characteristics of non-anatomic (far from joint) and
anatomic (close to joint) levels of tibial tunnel fixation with
soft tissue graft using a soft tissue interference screw in ante-
rior cruciate ligament (ACL) reconstruction.

Meth o d s : Twelve bovine tibiae and digital extensor ten-
dons were divided into two homogeneously equal groups
after removing soft tissues. Tibial tunnels were prepared
with a 7-mm drill with the use of an ACL guide adjusted to
45°. Each tunnel was then dilated to 9 mm in 0.5 mm incre-
ments. Digital extensor tendons were fixed at non-anatom-
ic (group I) or anatomic (group II) tibial tunnel levels with
a soft tissue metal interference screw, 9x30 mm in size. All
the specimens were cycled 500 times from 50 to 250 N with
1 Hz frequency in a servo-hydraulic testing machine fol-
lowed by ultimate load at-failure testing at a rate of 20
mm/min. Statistical analyses were made using the Mann-
Whitney U-test.
Results: The mean screw insertion torque values were
8.2±2.4 Nm and 7.8±2.3 Nm in groups I and II, respectively
(p=0.88). The mean values of graft displacement (1.9±0.75
mm versus 2.2±1.2 mm, p=0.63) and stiff n e s s
(132.72±10.93 N/mm versus 125.14±15.93 N/mm, p=0.63)
did not differ significantly, either.
Conclusion: The biomechanical properties of ACL recon-
struction with soft tissue graft fixation using a soft tissue
interference screw are not influenced by the level of tibial
tunnel fixation.
Key words: Absorbable implants; anterior cruciate ligament/
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Amaç: Bu çal›flmada, ön çapraz ba¤ (ÖÇB) rekonstrüksiyo-
nunda yumuflak doku tendon greftinin, tibial tünelde yumu-
flak doku interferans vidas› ile  anatomik olmayan (eklemden
uzak) ve anatomik (ekleme yak›n) seviyede  tespiti biyome-
kanik olarak karfl›laflt›r›ld›.

Çal›flma plan›: On iki adet dana tibias› ve dana ekstansör di-
gitorum süperfisialis tendonu, yumuflak dokulardan temizlene-
rek alt›flarl› iki homojen gruba ayr›ld›. K›rk befl dereceye ayar-
lanm›fl ÖÇB k›lavuzu yard›m›yla tibialara 7 mm çap›nda tünel-
ler aç›ld›. Her bir tünel, geniflleticilerin çap› 0.5 mm art›r›larak
9 mm’ye kadar geniflletildi. Tendonlar 9x30 mm’lik yumuflak
doku interferans vidas› ile tibial tünele anatomik olmayan (grup
I) ve anatomik (grup II) seviyede tespit edildi. Tüm örneklere,
servo-hidrolik test cihaz›nda önce 500 kez 50-250 N aras›nda
de¤iflen sinüzoidal kuvvetle 1 Hz frekans› ile tekrarl› yük veril-
di, sonra 20 mm/dk h›zla en yüksek dayanma kuvveti (load to
failure) belirlenmek üzere gerilme testi uyguland›. ‹statistiksel
analizler Mann-Whitney U-testi ile yap›ld›.
Sonuçlar: Ortalama vida ilerleme torku I. ve II. gruplarda s›-
ras›yla 8.2±2.4 Nm ve 7.8±2.3 Nm bulundu  (p=0.88). Tek-
rarlay›c› yüklenme testi uyguland›ktan sonra greftlerde orta-
lama yer de¤ifltirme s›ras›yla 1.9±0.75 mm ve 2.2±1.2 mm
(p=0.63), sertlik (stiffness) ise s›ras›yla 132.72±10.93 N/mm
ve 125.14±15.93 N/mm  (p=0.63) bulundu.
Ç›kar›mlar: Ön çapraz ba¤ rekonstrüksiyonunda kullan›lan
yumuflak doku tendon greftinin tibial tünelde interferans vi-
das› ile anatomik olmayan ve anatomik seviyede tespitinin
biyomekanik olarak farkl›l›k oluflturmad›¤› sonucuna var›ld›.
Anahtar sözcükler: Emilebilir implant; ön çapraz ba¤/cerrahi;
biyomekanik; kemik yo¤unlu¤u; kemik vidas›; dana; tendon/
transplantasyon; gerilme kuvveti; tibia/cerrahi; tork.
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Reconstruction of the ligament is a common
treatment method in the acute and chronic ruptures
of the anterior cruciate ligament (ACL). Various
types of grafts and fixation methods have been
employed in such surgeries. Recently, soft tissue
tendon grafts have been widely used due to lesser
donor site morbidity,[1] no extreme functional insuffi-
ciency,[2] abundant endurance of the graft and a bio-
mechanical function similar to ACL. On the other
hand, disadvantages of such grafts are that the graft
requires longer union period as it has no bone
blocks,[3] and the fixation on the tibial side provides
a weaker link. Although many methods have been
attempted to overcome these disadvantages, still no
agreement exists particularly on the fixation of the
soft tissue tendon graft.[4-7]

The fixation strength of grafts is significantly
influenced by the regional bone mineral density.
Weiler et al.[8]  hypothesized that non-anatomic fixa-
tion has a higher graft fixation strength when it is
fixed with the tibial tunnel entry as this region con-
sists of cortical bones, and it is where the screw is
contacted most tightly with the graft. Same authors
indicated that fixation strength of the graft is as
important as the size of the graft for the stability of
the knee following an ACL reconstruction.

The objective of this study was to compare the
effect of fixating the soft tissue tendon grafts with a
soft tissue interference screw at non-anatomic and
anatomic levels of the tibial tunnel on the biome-
chanical parameters. As biomechanical parameters,
we evaluated the insertion torque (described as the
strength confronted while the screw advances with-
in the tunnel), the stiffness (described as the differ-
ence occurred at the length of the free graft between
the two fixation points when an unit power is
applied) and the maximum load to failure (described
as the limit where the endurance against the applied
power disappears).

Material and method

We used 12 fresh bovine knees. All tibia samples
were harvested from one-year old healthy animals,
and placed in a deep freezer within one hour in plas-
tic bags. The bovine tibiae were divided into two
equal groups.

The frozen samples were allowed to thaw at
room temperature (24 °C) 24 hours before testing.
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Tibiae were used within one week after harvesting.
Following the removal of soft tissues, bone mineral
density of each tibia was measured using the DEXA
(dual energy X-ray absorptiometry) screening sys-
tem (Hologic QDR-4500, Hologic Inc., Waltham,
MA, USA). During these measurements, the tibiae
were kept in 15x25 cm plastic buckets containing
physiologic saline solution. Twelve bovine extensor
digitorum superficial grafts (70 mm long and 8 mm
wide) were debrided of soft tissues, and prepared as
double-pedicled (pediculated) using the interlocking
whipstitch method with an Ethibond No. 2 suture
(Ethicon Inc., Somerville, NJ, USA) (Figure 1). A
graft table was used during the preparation and
before the fixation for stretching. Before the fixa-
tion, a 3 kg load was applied on the graft table for 15
minutes in order to attenuate its effect on the dis-
placement and stiffness. Then, the tibial tunnel was
prepared by a 7 mm drill with a 45 degrees angle to
the tibial plateau as described by Howell et al.[9] and,
dilated with 7.5, 8, 8.5 and 9 mm dilators.

After the tibial tunnels were ready, soft tissue
grafts were placed into each tunnel, followed by fix-
ations at non-anatomic (far from joint) level in
Group I, and anatomic (close to joint) level in Group
II by 9x30 mm soft tissue interference screws. The
screw insertion torque was measured by a torque
meter (P3 Strain Indicator, 4 Channel, Vi s h a y
Measurements Group, USA). Then, the bovine tibi-
ae cut into similar pieces were embedded in poly-
ester steel plaster, and a worst-case-scenario was
established, positioning them with a 45° angle to the
fixation table as to transfer the tensile load directly
onto the tibial tunnel (Figure 2). The specimens were
duly placed into the custom designed Servo-
Hydraulic Universal Test Machine (Mechanics
Department of Engineering Faculty, ITU - 2003, 200
psi).

Figure 1. Double-pedicle bovine extensor digitorum 
superficial tendon prepared by interlocking 
whipstitch method with No.2 Ethibond.



The specimens were prepared for tension proce-
dure in this position. The grafts which were fixed to
the bone were tied to the load cell (ESIT, SPA 300
kg, S/N 223) connected to the servo-hydraulic test
machine by inserting a steel needle between the two
legs of the free ends). A dynamic stress was applied
on the grafts by a repetitive load of 1 Hz frequency,
with a sinusoidal force ranging from 50 to 250
Newton (N) for 500 times by the testing machine. 

Each specimen was, statically and as initiated
from zero N, loaded in a tension test at a speed of 20
mm/min until the damage occurs. During these pro-
cedures, changes in the size of grafts were concomi-
tantly and dynamically transferred to the computer
by means of a potentiometric displacement trans-
ducer (Micro-Epsilon WDS 300 P60 CR P, S/N
4600). The data were directly recorded in the com-
puter by a data collection system called “ESAM
Traveller” (ESA Messtechnik, GmbH, Olching,
Germany; Type 1032-S, S/N 0060502) at a speed of
100 Hz/sec.

Statistical analyses were performed using the
Mann-Whitney U-test, and SPSS for Windows ver-
sion 11.0 software program; p<0.05 was considered
significant.

Results

The mean bone mineral density was similar in
both groups (Group I 0.898±0.22 g/cm2, Group II
0.910±0.32 gr/cm2, p=0.96). The mean screw inser-
tion torque values were 8.2±2.4 Nm and 7.8±2.3 Nm
in groups I and II, respectively with no significant
difference (p=0.88). All specimens completed the

cycling loading test without any damage. The mean
graft displacement was 1.9±0.75 mm in Group I, and
2.2±1.2 mm in Group II, No significant difference
was found between the two groups (p=0.63).
Furthermore, stiffness did not differ significantly in
either group (132.72±10.93 N/mm versus
125.14±15.93 N/mm, p=0.63). In Group I, two
grafts (450 N and 375 N), and in Group II one graft
(320 N) left the screw inside the tunnel, and reached
the maximum load to failure strength. All the
remaining specimens reached the maximum load to
failure strength when the screw cut out of the graft
(bunun baflka türlü bir ifade edilme biçimi olabilir,
emin de¤ilim). Selby et al.[10] defined the slippage of
graft past the tunnel leaving the screw as the actual
inadequate fixation strength during the cycling load-
ing tests. Therefore, actual graft-screw-tunnel com-
plex fixation strength was not measured. The maxi-
mum load to failure strength for specimens is pro-
vided in Table 1.

Discussion

The knee stability can be enhanced by increasing
the graft fixation strength and taking the advantages
of biomechanical characteristics of the graft selected
in the anterior cruciate ligament reconstruction. In a
study by Nyland et al.[11] using synthetic bones, it
was found that there was a positive correlation
between the bone mineral density, screw insertion
torque and graft fixation strength; and also that bone
mineral density significantly increased the tibial tun-
nel fixation strength. Similarly, the screw geometry
has an effect on the graft’s fixation strength. Weiler
et al.[12] found that as the diameter and size of the
screw are increased, the screw-graft contact area is
also increased, which in turn results in increased
screw fixation strength. In the same study, it was
also reported that the length of the screw had more
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Table 1. The maximum load to failure strength values (N)

Specimens Group I Group II

1 450 685
2 725 850
3 645 715
4 375 320
5 790 610
6 740 695

Figure 2. Servo-hydraulic testing system.
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effect on the graft fixation strength compared to the
diameter of screw; therefore, if any absorbable
screw is to be used for fixation, it is required to use
a longer screw.

Fineberg et al.[13] also indicated that any angula-
tion between screw and graft exceeding 15 degrees
significantly reduces the fixation strength, and also
that graft and screw should be in parallel in graft fix-
ations.

Another variable, which has an impact on the
graft fixation strength, is the fixation depth of the
screw at the tibial tunnel. As the screw cannot be as
long as the tunnel itself, it cannot completely cover
the tunnel, and it can remain at any level of the tun-
nel during fixation. Selby et al.[10] suggested that for
a more strengthful fixation, the screw should be in
contact with the cortical bone. However, in the
anatomic fixation, the graft is tightened with the
body of the screw, and the cancellous bone of the
tibia is in this region.. Ishibashi et al.[14] indicated that
the graft fixation level at the tibial side has a great
impact on the knee kinematics and a more stable
knee was achieved with anatomic fixation. On the
other hand, in non-anatomic tunnel fixations, the
windshield wiper effect is increased, which in turn
leads to expansion of the tunnel and delay in the
bone-graft union.[14,15]

The stiffness of the graft and fixation complex is
an indication of the knee stability in the anterior cru-
ciate ligament reconstruction. The graft size has an
effect on the stiffness. The more the size of the graft
remaining after fixated to the tibial and femoral tun-
nels, the lower the stiffness. Magen et al.[5] reported
that graft size and fixation complex have an impact
on the stiffness, and the graft-screw-tunnel fixation
stiffness contributed more compared to the graft’s
stiffness; therefore, any fixation level which increas-
es the fixation strength may increase the stiffness of
the fixation level, resulting in a more stable knee.

Phillips et al.[16] compared the screw insertion
torque for fixations in the distal third, middle third,
and proximal third of the tibial tunnel using human
cadavers and absorbable screws; but, they didn’t
evaluate biomechanical parameters like displace-
ment, stiffness and fixation strength. Their distal
third and proximal third correspond to our non-
anatomic and anatomic fixations, respectively.

There is a remarkable difference between the two
studies in the insertion torque. They found that the
insertion torque was significantly different in the
distal third and proximal third of the tibial tunnel
(8.7 Nm and 4.3 Nm, respectively). 

However, in our study the screw insertion torques
were similar for both regions, and the difference was
not significant. In the above-mentioned study, the
diameter of the tunnel was drilled 2 mm smaller than
the diameter of graft, and equaled to the diameter of
graft by dilators and absorbable screws of the same
size were used. The course of the screw in the fixa-
tion of the tibial proximal third is longer; so, the
abrasion in the grooves of screw would be higher.
Therefore, we believe that fixation at proximal third
or anatomic level may lead to more abrasion in the
s c r e w, resulting in a decreased screw insertion
torque. Lack of any measurement on the bone min-
eral density and any definition for describing the
parameters to divide the groups are the weak points
of the above-mentioned study. Lack of any parallel
results from the two studies, as we believe it, can be
attributed to the fact that in our study the bone min-
eral density in both groups was very similar, and we
used soft tissue interference screws.

The bone mineral density has a great effect on the
outcome in the graft-screw fixations. If it is not stan-
dard, we cannot study the effect of other variables on
the fixation. Therefore, before starting the study, we
measured the bone mineral density of all bones to be
analyzed so that we eliminated the effect of such
variable on the outcomes.

We used bovine knees in our study as it is easily
available and the quality of bone is similar to the
quality of human bone. Shapiro et a.[17] indicated that
the bovine bone is very similar to the human bone in
biomechanical studies. It has also been reported that
no significant difference is evident between the
young adult human bone and the bovine bone.[12,18]

As graft, bovine extensor digitorum superficial ten-
dons were used. 

The bovine bone was preferred because it is more
easily available compared to the cadaver tendons
and it has a similar stiffness and viscoelastic behav-
ior against the high strength applied onto the human
semitendinous-gracilis tendons.[18,19] We used dilation
method while preparing the tibial tunnel in order to
enhance the fixation strength by increasing the den-



sity of cancellous bone. As the cycling loading test
used in our study is an animation of the effect of a
post-operative rehabilitation program, results of
such a test is very helpful in guiding the orthope-
dists. 

During the cycling loading tests, we found that
the screw fixation level has no effect on the stiffness
and displacement. Based on this, we assume that a
more stable knee can be achieved by shortening the
size of graft, which is the second variable, to
enhance the stiffness of graft by an anatomic fixa-
tion as suggested by Ishibashi et al.[14]
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