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Abstract

Background: Ligament reconstruction is a common procedure in orthopedic surgery. Although several popular
techniques are currently in use, new methods are proposed for secure fixation of the tendon graft into the bone tunnel.

Purposes: We sought to introduce our new technique of Bashti bone plug for fixation of soft tissue graft in anterior
cruciate ligament (ACL) reconstruction and to compare its biomechanical features with conventional absorbable
interference screw technique in a bovine model.

Methods: Twenty pairs of bovine knees were harvested after death. Soft tissue was removed and the Achilles
tendon was harvested to be used as an ACL graft. It was secured into the bone tunnel on the tibial side via two different
methods: Bashti Bone Plug technique and conventional screw method. Biomechanical strength was measured using
200 N and 300 N cyclic loading on the graft. Pull out strength was also tested until the graft fails.

Results: No graft failure was observed after 200 N and 300 N cyclic loading in either fixation methods. When testing
for pull out failure, 21 tendons (53%) were torn and 19 tendons (48%) slipped out. No fixation failure occurred, which
did not reveal a significant difference between the bone plug or interference screw group (P=0.11). The mean pull out
force until failure of the graft was 496466 N in the screw group and 503+67 N in the bone plug group (P=0.76).

Conclusions: Our suggested fixation technique of Bashti bone plug is a native, cheap, and feasible method that
provides comparable biomechanical strength with interference screw when soft tissue fixation was attempted in bovine
model.
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Introduction

nterior cruciate ligament (ACL) tear occurs as
Aa common sport related injury (1). As the main

stabilizer of the tibia over the femur for anterior
sliding movement, ACL plays a crucial role in activities
demanding counteracting rotation and valgus stress such
as football, netball and hockey (2). ACL reconstruction is
a popular orthopedic procedure in knee surgery which
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has evolved dramatically during the last years. Several
donor sites have been suggested for harvesting the
tendon graft for ACL reconstruction (3-5). Bone-patellar
tendon-bone (BPTB) graft is a common reconstruction
technique with the benefit of rapid bone-to-bone
healing process (6). However, later joint instability has
been observed as a serious donor site morbidity (7).
Moreover, tunnel enlargement probably due to bone loss
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Figure 1. Bone transfer trochar.

and subsequent fibrosis are other concerns (8-9).
Despite multitude reconstruction techniques for ACL
injuries, initial fixation of the soft tissue graft remains
the main challenge (10-11). An ideal technique should
provide strong fixation of the graft to withstand the
resulting forces of rehabilitation and achieves postural
stability (12-13). Several fixation techniques have
been described including metallic and biodegradable
interference screws (1, 9, 14-15) and press-fit fixation of
thebony partofatendon-bone graft(9,16).Full extension
of the knee joint by contraction of the quadriceps muscle
has been shown to produce a force of up to 200 N on
the ACL graft (17). To allow for adequate rehabilitation,
the initial fixation strength of the graft should be strong
enough to counteract with these resultant forces.
Autogenous bone plug has been increasingly advocated
for initial fixation or secondary augmentation of tendon
graft fixation in ACL reconstruction surgeries (9, 16).
Nevertheless, to the best of our knowledge, this is
the first biomechanical study on the use of bone plug
technique for initial fixation of soft tissue graft into
the tunnel for ACL reconstruction. Moreover, a limited
number of studies have compared biomechanical
properties of bone plug technique with conventional
interference screw methods. Hence, we conducted the
present study to introduce our new fixation method of

Figure 3. A. Tensioner attachment to the fatigue test machine. B.
Servo-hydraulic testing machine.

BIOMECHANICAL COMPARISON BETWEEN BASHTI TECHNIQUE AND
BIODEGRADABLE SCREW

Figure 2. The Achilles grafts are fixed with biodegradable
interference screws and bone plug on tibia with both ends (9*30).

Bashti bone plug for initial fixation of tendon graft to the
bone tunnel and compare its biomechanical strength
with interference screw technique in a bovine model.

Methods and Materials
Design and Setting

This experimental study was conducted as
collaboration between Biomechanics and Orthopedics
Departments of two distinguished Universities in Iran
between January 2013 and February 2014 investigating
the biomechanical fixation strength in two different
methods of ACL reconstruction in a bovine model.

Specimens and Harvesting

Twenty pairs of intact bovine knees were harvested
within 4 hours of death. Soft tissues were removed and
the specimens were frozen at -202C. Twelve hours before
biomechanical testing, the specimens were thawed at
room temperature and each one of every pair assigned
to either the bone plug fixation or biodegradable
interference screw group to make both groups
comparable in terms of knee structures. Ultimately, the
Achilles tendon of each bovine specimen was harvested
and prepared in a loop fashion with a 10 mm diameter.

Operative Technique

Reaming a tunnel parallel to the long axis of the tibia, a
cylindrical bone plug was drilled out of the tibial plateau
with a length of 30 mm and diameter of 8 mm [Figure 1].
The tendon graft was secured with either screw or bone
plug after pulling up into the joint.

The harvested Achilles tendon was pulled into the
tunnel through the articular side. In 20 knees, it was fixed
onto the tibia using bone plug through the application of
bone dilator, custom made bone transfer trochar, pusher
and a hammer. In the other 20 knees, it was fixed using
biodegradable interference screws (8 mm*30 mm in size)
through a standard technique [Figure 2]. Interference
screws (DePuy Mitek, Edinburgh, United Kingdom)
were inserted from the distal side of the tunnels in a rear
entry/tibial type model. Operative techniques for tunnel
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Figure 4. Cyclic-loading test.

widening and fixation of the tendon graft have been
explained in details elsewhere (9, 15).

Biomechanical Testing

Tensile strength was tested using custom made
apparatus, which enabled accurate positioning of
the tibia for the tension to be applied along the bone
tunnel [Figure 3A]. Tests were performed with a Servo-
hydraulic testing machine (Amsler HCT 25-400; Zwick
Roell AG, Germany) [Figure 3B]. Tibia was fixed to the
apparatus using a screw passing through an 8 mm drill
hole made in tibia perpendicular to its long axis. Also
a metal pin was passed through the looped end of the

¥
[REDSREE amm

ligament attaching the graft to the tensioner system of
the testing machine [Figure 3]. Biomechanical loading
was done with the following scenario:

A preload of 5 N was applied to specimens at first after
which 1000 cycles of 0.5 Hz submaximal loading was
applied from 0 to 200 N, and from 0 to 300 N [Figure 4].
Finally, specimens were tensioned with an increasing
pulling force. Pull out force was recorded when either
fixation or the graft fails, which was monitored in a real
time checking for the load versus displacement [Figure 5].

Hence, cyclic loading with resulting forces up to
200 N will resemble the physiologic condition of
active extension of the leg or passive motion during

Table 1. Comparison of failure mode and ultimate failure force between the two groups

Bone Plug Group Interference Screw Group P-value
Failure at 200-N cyclic loading (n, %) 0 NA
Failure at 300-N cyclic loading (n, %) 0 NA
Ultimate Pull-out force at failure point 502.5+66.6 496 + 65.5 076
meanz SD(N)
Force force
i 0,
Graft failure type (n, %) N of cases meanz SD(N) N of cases mean SD(N)
P value>0.1 for each
i 0, 0,
Slippage 12 (60%) 497+63 7 (35%) 495+64 paired measures
Tear 8 (40%) 50568 13 (65%) 498+67
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Figure 5. Pull-out test.

rehabilitation (13). Moreover, loading with the maximal
strength until graft failure helps to determine the point
at which the reconstructed ACL or its fixation points will
tolerate disrupting forces (14).

Outcome Measures

There were two types of graft failure in relation to
the strength testing. Graft slippage was defined as
detachment of either the proximal or distal fixation of
the tendon while graft tear was referred to the rupture
of the graft along its midsubstance due to increasing
pulling forces.

Statistical Analysis

Data are presented as mean (SD) and number (%).
Student t-test was used to compare pull out forces
and Chi-Square test was used to compare failure mode
between the two groups. P value <0.05 was considered
to be statistically significant.

Results

A total of 40 bovine knees were used and equally
assigned to the interference screw group and bone plug
group. The mean pull out force until graft failure was
496%66 N in the screw group and 503+67 N in the bone
plug group (P=0.76). No graft failure was observed after
200 N and 300 N cyclic loading. On the other hand, 21
tendon tear (53%) and 19 slippage (48%) occurred,
which did not reveal a significant difference between
two groups (P=0.11) [Table 1].

Discussion
We sought to introduce our new technique of Bashti
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bone plug for fixation of soft tissue graft in anterior
cruciate ligament (ACL) reconstruction and to compare
its biomechanical features with conventional absorbable
interference screw technique in a bovine model.

There was no significant difference in the mean pull
out strength between groups. Also, no graft failure was
observed after cyclic loading. When testing for pull out
strength, fixation failure did not occur, but 21 tendon
tear and 19 slippage were observed, which showed no
significant difference between groups in terms of pull
out strength.

Full extension of the knee by contraction of the
quadriceps muscle has been shown to produce forces up
to 200 N on the ACL graft (17). To allow for adequate
rehabilitation, the initial fixation strength of the graft
should be strong enough to counteract with these
resultant forces. Our technique produces a bone plug
while creating a tunnel, and then the plug is used to
secure the fixation of the tendon graft into the tunnel.
According to the present study, the results of bone plug
technique are comparable with the interference screw
method in terms of cyclic loading, maximal loading until
failure, and failure mode.

There are several techniques for fixation of the
graft into the bone tunnel during ACL reconstruction
surgeries (1, 7, 13, 15). While graft fixation with
metal interference screws has been associated with
postoperative displacement under magnetic field,
foreign body reaction and complicated revision
surgery, bioabsorbable screws are likely to result in
intra-operative breakage or incomplete absorption of
the compound (18-19). However, interference screws
have provided secure fixation during one-time loading
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with maximal strength (15). In contrast, during early
rehabilitation, the reconstructed ACL is repeatedly
loaded by a continuous passive motion machine.* As a
biocompatible material, bone plugs have shown some
advantages over conventional interference fixation of
the tendon grafts with screws into the bone tunnel (9,
16, 19). There is no inflammatory reaction regarded
to the bone plug while this technique is cheap and
feasible owing to autogenous harvesting of the bone
plug. Augmentation of BPTB with bone plug has shown
improved morphological and clinical outcomes at
five years (16). However, another study comparing
initial fixation with interference screws and press-
fit fixation technique in a porcine model showed that
press-fit fixation does not provide a secure fixation in
all specimens with five cases of press-fit fixation failed
under cyclicloading (15). Kim et al. compared the results
of secondary fixation in ACL reconstruction with Achilles
tendon allograft between bioabsorbable interference
screw and fixation with autogenous bone from the tibia
(9). There were 14 complications (34%) in the screw
group compared to six complications (15%) in the bone
plug group (P=0.046) with the mean cross-sectional
area of the tibial tunnel widening being significantly
smaller in patients underwent bone plug technique
(15% vs. 38%, P=0.017). The study failed to measure
the biomechanical load-to-failure level to compare the
fixation strength between two techniques. On the other
hands, their patients underwent a secondary surgery due
to insufficient fixation strength during initial surgery.
To the best of our knowledge, no study has yet
compared biomechanical features of initial soft tissue
fixation between interference screw and bone plug
technique. Our new technique namely Bashti bone plug
technique (BBPT) uses only autogenous bones to fixate
the graft into the tunnel avoiding the use of additional
interference screw or press-fit technique as for bone
patellar tendon bone graft. The same technique can be
applied for femoral side but obtaining the bone plug,
delivering, and then impacting the graft into the tunnel
is technically demanding through arthroscopy. However,
the technique is relatively easier for tibial tunnel than
for the femoral tunnel due to direct access to the tibial
tunnel under the skin (20). Attention should be paid
to keep the reamer spinning freely inside the joint and
trimming the bone plug to a conical shape to allow easy
passage of the bone into the tunnel. In Bashti bone Plug
technique, tibial tunnel is prepared conically with a
conical dilator for more secure fixation of tendon to bone
and a special bone transfer trocar is used to prevent

BIOMECHANICAL COMPARISON BETWEEN BASHTI TECHNIQUE AND
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bone plug breakage [Figure 1].

Although this study lacks a follow-up component,
simulation of early rehabilitation forces by performing
the pull out test and cyclic loading were able to test the
biomechanical strength of these two techniques, which
are believed to be extremely large at early postoperative
period. However, it should be noted that the animal
model may be a source of variation in evaluating
biomechanical forces as porcine bone is more similar
to human bone and have smaller failure loads than that
of a bovine model (14, 21). This may explain the larger
pull out forces compared to other studies on human or
porcine models and no graft failure at 200 or 300 N cyclic
loading. This should be considered in human bones
with less tolerability to the ultimate loading forces,
especially when the age of the donated ligament and
the bone density vary widely leading to variation of the
results. On the other hand, as a common complication
seen in the late postoperative period, tunnel widening
has been reported to occur in a large number of cases
after ACL reconstruction using conventional methods
(8) which remains to be determined in the future studies
on patients. Moreover, long-term follow-up of patients
undergoing Bashti bone plug technique is needed to
provide evidence on late functionality of reconstructed
ACLs with this method. Further studies should be done
in future on human model to investigate the effectiveness
of this method in human being.

Our suggested fixation method of Bashti bone plug
technique (BBPT) for secure fixation of tendon graft
in ACL reconstruction is a native, cheap, and feasible
method, which provides comparable biomechanical
strength with interference screw in bovine model.
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