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ABSTRACT

Objectives: The aim of this study was to evaluate the necessity of staple use and the importance of screw
diameter in the anterior cruciate ligament (ACL) reconstruction.

Methods: Twenty-eight sheep hind legs were divided into four groups in terms of tibial side fixation type as
7 mm bioabsorbable screw (Group 1), 7 mm bioabsorbable screw and staple (Group 2), 8 mm screw (Group
3), and 8 mm screw and staple (Group 4). The maximum force causing insufficiency in the graft, and the
fixation strength between the groups were recorded. The results were compared among the groups.

Results: As a result of the statistical analysis regarding the necessity of using staple, group 2, with 7 mm
screws and staple, was found to be significantly more resistant than group 1 (p =0.018). In consequence of the
biostatistics study, staple use was found not to create a statistically significant difference between group 3 in
which an 8 mm bioabsorbable screw was used and group 4 (p = 0.805). In the statistical study to understand
the significance of screw diameter, the samples of group 1 and group 3, in which no staple was used, were
compared. It was found that group 3 samples with 8§ mm screws had higher strength than those with 7 mm
screws (p = 0.011). Between group 2 and group 4 in which a staple was used, despite the increase in screw
diameter, the value of maximum strength had no remarkable difference statistically (p = 1.00).

Conclusions: Fixation strength is higher when fixation was done with a screw 1 mm larger than tibial tunnel
diameter. However, using either a screw with 1 mm wider than tibial tunnel diameter and the screw in the same
diameter with the tibial tunnel and additional staple have similar fixation strength on the tibial side. Therefore,
we conclude that screw width is more important in maintaining stability of the graft fixation.
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Anterior cruciate ligament (ACL) is the most fre- ACL reconstruction, the tibial side is the weakest point
quently injured ligament in the knee, especially of the reconstruction [1-4]. There are two main reasons
during sportive activities. Arthroscopic ACL is usually for that. Firstly, bone density of the proximal tibia is
performed in patients who are at young ages. During lower than the distal femur and secondly, force direc-
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tion on the graft is parallel to the tibial tunnel [5]. It
has been shown by many studies that graft fixation,
especially on the tibial side, is the key point for the
graft to remain stable in the early physical therapy pro-
gram [4, 6]. Therefore, tibial fixation must be strong
enough to withstand an early effective rehabilitation
program. A significant number of studies have shown
that long screws with large diameter provide stronger
fixation [6-9]. However, the larger screws may cause
damage in the autograft [10].

On the other hand, fixation of graft on the tibial
side with a staple in addition to bioabsorbable screw
is a frequently used method to prevent failure as much
as possible. In addition to the staple, post screw or
washer screw can be used for fixation. Nevertheless,
the use of additional fixation material has complica-
tions such as the subcutaneous sensation of the implant
and pain. Therefore, a second surgical intervention
may be required [11]. The advantage of fixation with
staple among them is that it remains almost at the same
level as the bone after insertion. Therefore, the staple
is usually preferred due to the possibility of the patient
to feel the implant is greatly reduced.

There are many publications advocating that
bioabsorbable screws and staple should be used, and
many others are defending and opposing the idea that
fixation should be done with screw 1 mm wider than
the tunnel width. However, currently there is no con-
sensus regarding optimal tibial fixation in ACL recon-
struction. In the present study, by testing two variables
(staple usage and screw diameter) together, we in-
tended to examine the relationship between them and
the importance of each in the tibial fixation of ACL
autograft. We aimed to evaluate the necessity of staple
as an additional fixation method and the importance
of screw diameter in the anterior cruciate ligament
(ACL) reconstruction. We hypothesized that additional
staple fixation increases the stability of graft when a
screw of the same diameter was used.

METHODS

In the study, two years old on average, showing no ad-
ditional pathology and slaughtered not more than 24
hours before the test, 28 sheep hind legs were used.

In this biomechanical study, the tests were carried out
in the Strength and Biomechanics Laboratory of the

Mechanical Engineering Faculty of Istanbul Technical
University. MTS 858 Mini Bionix 2 test machine
(MTS System Corporation 14000 Technology Drive
Eden Prairie, MN USA, 55344) was used for study.
The study was conducted according to the Decleration
of Helsinki. Ethical approval was obtained from the
institutional review board (771/08/2018). The ideal of
the study is to do it in a young human cadaver. How-
ever, sheep bone was preferred because of its easy ac-
cessibility, its weight close to human weight and its
long bones that can be implanted. Taken on the morn-
ing of the experiment from an abattoir where animals
are slaughtered daily, sheep hind legs cut in the last 24
hours were dissected (Fig. 1). Soft tissues were re-
moved. The tibia and femur were separated. The tibia
was cut 12 cm distal to the knee joint level (Fig. 2). In

Fig. 1. Sheep tibia before fleksor digitorum tendon is re-
moved.
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Fig. 2. Sheep tibia after flexor tendon graft is removed and
cut below the knee joint level.

a previous study, the digitorum tendon was found to
be an appropriate graft for ACL recontruction [12].
The flexor digitorum tendon was taken from the same
leg of the same sheep as a graft (Fig. 3).

The grafts folded in half and were prepared to be
7 mm wide. With an average of 4 cm, the tunnel was
drilled with a 7 mm drill in the tibial joint in such a

way that it would come out of ACL stump. The graft
was passed through the tibial tunnel with 20mm 'Con-
tinuous-Loop' (CL) (Arthtrex®) and was inserted
through the device to be tested via CL to prevent weak
region formation in the graft (Fig. 4).

The samples were divided into four separate groups.
In Group 1, only 7 mm wide bioabsorbable screws (
Tulpar biointerference screws®) were used for tibial
fixation. In Group 2, the graft was fixed to the tibial
side with a 7 mm wide bioabsorbable screw and staple
(Tulpar ligament staple®). While 8 mm wide bioab-
sorbable screws were used in Group 3, 8 mm wide
bioabsorbable screws and staple were used in Group
4.

To increase the involvement of the apparatus to
which the tibia is fixed distally, two cross-K wires
were sent and fixed to the apparatus to be tested with
synthetic paste. CL was placed on the device with the
help of a proximal steel hanger (MTS 858 Mini Bionix
2). The force was applied to compare fixation methods
in the same direction as the tibial tunnel, the most chal-
lenging situation possible [13]. Thus, it was aimed to
prevent the tension due to the angulation between the
graft and the articular surface. Firstly, with a frequency
of 2 Hz, and a maximum of 50 N, 100 cycle force was
applied to the samples with force control, and then the

Fig. 3. (A) Hind legs flexor digitorum tendon of a 2-year old sheep, (B) Flexor digitorum tendon, which was used as a graft,

after dissection.

The European Research Journal » Volume 8 - Issue 3 « May 2022

328



Eur Res J 2022;8(3):326-332

Additional staple in the tibial fixation of ACL reconstruction: a biomechanical study

Fig. 4. (A) A 8 mm screw and staple used in the sample after cut which is located 12 cm distal to the knee joint level, (B) The

study setup with MTS 858 Mini Bionix 2 tester.

system was discharged up to 10 N. Following this
stage, the load-to-failure test was started. After this
stage, the load-to-failure test was started by switching
the force-controlled protocol to displacement-con-
trolled protocol and traction was applied at a speed of
20 mm/min until the failure occurred. Force displace-
ment values were recorded with MTS Axial Load cell
(10000 N / 100Nm). Throughout the test, the values
of motion (displacement), strength (stiffness), and ul-
timate failure load were recorded.

Statistical Analysis

All analyses were performed using SPSS version
22.0 software. Quantitative data were expressed as the
mean + standard deviation (SD). The values of motion
(displacement), strength (stiffness), and ultimate fail-
ure load displayed nonparametric distribution accord-
ing to the Kolmogorov-Smirnov test. Mann-Whitney
U test was used to assess the between the groups.

RESULTS

In all samples used in the study, it was observed that
the grafts were damaged at the screw bone junction on
the tibial side, the weakest place in ACL reconstruc-
tion surgery [5]. Two samples damaged from the mid-
dle of the graft were excluded from the study.

Moreover, one sample that ruptured from the appara-
tus to which it was fixed for the study and one sample
broken due to device error during the study were also
excluded.

As a result of the statistical analysis, in terms of
the necessity of using a staple, there was a significant
difference between Group 1 and Group 2 - the former
was fixated using a 7 mm screw and the latter with a
7 mm screw and staple — and Group 2 was observed
to resist to an average of 398.8N (Table 1). This value
was found to be significant compared to the Group 1
samples that could resist to an average of 262.3 N.
Group 2 was recorded to be able to resist higher
strength than Group 1 (p = 0.018). When we compared
the values of Group 3 and Group 4, it was seen that
additional staple use did not make a statistically sig-
nificant difference between the two groups (Table 1)
(p = 0.805).

When the data were analysed in terms of screw di-
ameter, the results of Groups 1 and 3 were compared,
in which no additional staple was used. It was statisti-
cally determined that the group samples using 8§ mm
screws had a significantly higher strength with an av-
erage of 398 N compared to the average force to which
the 7 mm screw could resist (262 N) (Table 2) (p =
0.011). Between the Groups 2 and 4 in which an addi-
tional staple was used, it was observed that the value
of the maximum resistance did not have a statistically
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significant difference despite the increased screw di-
ameter (Table 2) (p = 1.00).

DISCUSSION

The main findings of this study are that the fixation
strength is higher when fixation was performed with
a screw 1 mm larger than the diameter of the tibial tun-
nel. The fixation strengths are comparable in the sam-
ples, which fixation was made with a screw 1 mm
wider than the tibial tunnel and the ones fixed with a
staple in addition to the screw in the same diameter of
the tibial tunnel.

In the study carried out by Micucci ef al., fixation
was respectively provided with 8, 9, 10 and 11 mm
screws in the 9 mm tunnel. Maximum strength was
found highest in the screw of 11 mm; however the dif-
ference was not statistically significant [6]. It has been
observed that as the screw width decreases, the maxi-
mum strength declines as well. But, when the highest
forces, which the grafts were withstanding are consid-
ered, all values were found to be higher than the force
that the graft would withstand in daily life [6]. The au-
thors also reported that graft motion was less when the
screw diameter equal to the tunnel size used [6]. In the
study of Suk et al. [9], with 8 mm, 9 mm, 10 mm, 11
mm and 12 mm screws, the grafts were fixed to the
tibial tunnels drilled with 8 mm drill. As a result of
their study, the graft strength is observed to be 20%
more in the 11 mm screw compared to the 8§ mm
screw. It also was reported that there appears no in-
crease in graft fixation strength by increasing interfer-
ence screw diameter beyond 3 mm of the tunnel
diameter [9]. On the other hand, in the study of 37 pig
femurs by Morris et al. [10], grafts were fixed to 8 mm
wide femoral tunnels with 7 mm, 9 mm and 10 mm
wide metal interference screws. As a result of thieir
study, it was seen that all the tendons fixed with 9 mm
wide screws were damaged at the entrance of the
femoral tunnel and failed. In fixations with 8§ mm
screw, it also was determined that there was a risk of
58% graft slippage, 38% graft cut out. According to
this study, it was stated that fixation with the same
width as the tunnel width or 1 mm smaller screw
would be appropriate [10]. Our findings are compara-
ble with Micucci et al.’s [6] and Suk et al.’s [9] stud-
ies. We found that a screw 1 mm wider than the tunnel

diameter provides sufficient fixation without the need
for staple use.

In the study conducted by Kurosaka et al. [14], tib-
ial fixation with only interference screw and that with
only a staple were compared and it was concluded that
fixation with an only bioabsorbable screw was
stronger. Gerich et al. [15], who conducted a similar
study, found that the maximum strength of the group
that was fixated with the interference screw was be-
tween 506 N and 758 N and it was only 558 N in the
patients who were provided with staple fixation. In the
light of these studies, it was concluded that the inter-
ference screw alone could withstand the maximum
force that the graft will be exposed to in early physical
therapy [14, 15]. In the present study, unlike the
Gerich et al.’s [15] study, the specimens using both
bioabsorbable screw and staples in addition to the
screw were investigated at the same time. We found
that when a screw of the same diameter as the tunnel
was used, usage of an additional staple increases the
strength of fixation.

In the animal model, Bauer ef al. [16] did not
show significant differences in the samples using in-
terference screw and staple compared with fixation
made with an interference screw alone. It might be de-
pending on the samples used, because the swine knee,
which used in Bauer ef al.’s [16], has a stronger can-
cellous bone compared to the lamb, which is used in
the present study. In their study on the knees of 15
pigs, Lee ef al. [2] examined the difference among
using bioabsorbable screws only, bioabsorbable
screws with staple use and bioabsorbable screws with
Push-lock screws. As a result of the study, they found
that additional fixation implants such as staple and
screw did not contribute to the structural durability and
stiffness of the graft considerably in cyclic loads [2].
However, when they continued the test and the forces
that would cause damage to the graft were measured,
the samples using additional fixation materials were
found to withstand higher forces and as a result of the
study. They stated that the use of additional fixation
material might be significant in patients with poor
bone quality, revision cases, elderly ones and those
with metabolic diseases that will affect the bone qual-
ity [2]. In the study performed by Hill et al. [17], fe-
male patients who underwent ACL reconstruction with
hamstring graft were observed by dividing them into
two groups as metal interference screw and metal in-
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terference screw and staple used in tibial fixation. In
the study, they found that there was a remarkable dif-
ference between the two groups with the Lachman test
and KT 2000 arthrometer (MEDmetric, San Diego,
CA) in 2 years follow up time [17]. However, when
this difference was evaluated with Lysholm score and
IKDC (International Knee Documentation Committee
assessment), no clinically meaningful difference was
found. The authors suggested that staple use is suitable
for patients with soft bone in whom the bioabsorbable
screw cannot provide sufficient fixation. Also, in this
study, they found an increased anterior knee pain due
to staple use [17]. In their study on sheep knee, Fabri-
ciani et al. [1] compared the metal interference screw
used with bone block, absorbable interference screw
and staple, metallic screw and washer screw. As a re-
sult of the comparison, bioabsorbable screw and staple
duo were found as the fixation method that could resist
the average highest force. Our findings support these
findings [1, 17]. Our results showed that bioabsorbable
screw with supplementary fixation with a staple, im-
prove the structural strength for the ultimate tensile
load on the tibial side.

In the study performed by Prado ef al. [18] on the
pig knee, fixation with bioabsorbable screw in addi-
tion to staple and that with only bioabsorbable screw
were compared and no significant difference was
found. In the study conducted by Teo ef al. [19], 31
patients between the ages of 18 and 35 who only used
bioabsorbable interference screws and 33 patients who
used bioabsorbable interference screws and staple
were compared. In the comparison made with the
physical examination, arthrometer, IKDC form and
Lysholm form 1 year after surgery, no significant dif-
ference was found between two groups [20]. The com-
mon findings in latter two studies [18, 19], in which
they were not able to show any differences in terms of
fixation strength on the tibial side, fixation was made
with a screw larger than the tibial tunnel. It is well
known that wider screw provides better fixation, how-
ever, in relation with the insertion angle of the screw
used to fix the graft and the patient's bone quality, the
graft is quite often damaged at the screw-tendon-bone
junction and this is more likely with oversized screw
[1, 8]. Therefore, we also tested the specimens fixed
with a screw in the same diameter as the tibial tunnel.
In our study, we found that when graft fixation was
provided with 7mm bioabsorbable screw in the tunnel

drilled with 7 mm, staple use increased durability.
Therefore, we speculate that the use of a staple in ad-
dition to the screw, will increase the reliability of fix-
ation especially in patients with soft bone and fixed
with a bioabsorbable screw in the same diameter with
the tibial tunnel.

All-inside technique is a safe alternative in which
no staple is used and it is gaining popularity in the cur-
rent practice [20, 21]. We agree with the need for ad-
ditional fixation particularly in female patients with
low bone density [2, 17].

Limitations

One of the limitations of the study is that it was
made in the sheep knee and only the tibia was used.
Whereas the ideal of the study is to do it in the young
cadaver knee. Also, long-term results such as osteoly-
sis could not be evaluated. For this, it is necessary to
work with young cadaver and live animals. In addi-
tion, the same length bioabsorbable interference
SCrews

(28 mm) were used in this study. Therefore, the ef-
fect of the screw length could not be evaluated. How-
ever, in this study, we used fresh sheep tendons and
bones which was reported that the density of sheep
bone is closer to that of young human bone compared
to the old cadaver [22]. The animals were slaughtered
within 24 hours and were not underwent the freezing
process, which makes our study unique. The effect of
screw width and staple use in fixation was evaluated
with all possible combinations with four different
groups.

CONCLUSION

We conclude that, graft fixation with interference
screw 1 mm wider than the width of the tibial tunnel
provides sufficient stability on the tibial side of spec-
imens with adequate bone quality. As the relevance of
clinical practice; by fixation of the graft only with
screws, complications caused by staple can be elimi-
nated and the cost of surgery can be reduced. How-
ever, in case, we can’t afford the risk of injury to the
graft with a larger screw, we can use a screw of the
same diameter as the tunnel, then a staple should be
kept ready during surgery to use if required.
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