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Abstract

In foot and ankle surgery, allograft tendons are frequently used in both primary and re-
vision cases to enhance stability and function. However, postoperative complications,
such as creep, can compromise the intended correction and stability over time. This pa-
per presents a practical guide on pretensioning techniques prior to implantation, aiming
to reduce creep and improve long-term outcomes. Using two common allograft speci-
mens, we demonstrate pretensioning methods with specific focus on tendon stitching,
techniques for securing the allograft to the graft board, optimal tensioning and time pa-
rameters. We recommend pretensioning at 80 N for approximately 30 min to effectively
decrease creep and maintain correction. This technique guide offers foot and ankle surgeons
streamlined methods for tendon preparation to improve efficiency and consistency in the
operating room.
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1. Introduction

Allograft tendons play a critical role in foot and ankle procedures to assist with restor-
ing function and stability. Although the majority of research on tendon tensioning revolves
around anterior cruciate ligament (ACL) reconstruction [1-5], there is a growing interest
in utilizing allografts in various foot and ankle procedures, such as lateral ankle ligament
reconstruction [6,7]. Achilles tendon repair [8-10], tibialis anterior tendon repair [11],
peroneus longus and brevis repair [12], deltoid ligament reconstruction [13], and flat-
foot reconstruction [14]. However, there remains limited literature on how allografts are
prepared prior to implantation in foot and ankle surgery.

Scant literature is available in foot and ankle literature on pretensioning protocols. The
majority of reports utilizing allograft tendons for reconstruction either did not pretension
their allografts or failed to mention tensioning protocols [8-10,12,14,15]. In their technique
on lateral ankle stabilization, Wang and Xu reported after soaking and trimming the allograft
to an appropriate length, they utilized a nonabsorbable #2 braided polyester suture which
was secured to each end of the graft. The graft was then pretensioned for 15 min prior
to implantation [6]. In contrast, another report on utilizing allografts for lateral ankle
stabilization reported they were inconsistent with their pretensioning prior to implantation
due to the controversial necessity of this step [7]. Haddad et al. described their technique of
fashioning an allograft for deltoid reconstruction. After the tendon ends were tubularized
and suture buttons were placed at each end of the tendon, the graft was pretensioned to
minimize creep and loosening following reconstruction [13].

Creep, or graft elongation, is a known concern when fixating soft tissue grafts [4]. Loss
of tension over time may occur due to stress relaxation or an increase in temperature, such
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as when grafts are thawed or during implantation into warmer temperatures within the
human body [5]. Howard et al. tested 153 grafts and found a mean increase in length of
6.0 mm or 14.0% in their in vivo models, and a mean increase in length of 4.30 mm or 10.12%
in their in vitro models. Their findings supported that pretensioning should be performed
to eliminate the elastic deformation and minimize graft creep over time [16]. Ciccone
et al. reported grafts lose approximately 50% and 80% of tension and stiffness, respectively,
following stress relaxation. They recommended keeping tendon grafts warm during pre-
conditioning to prevent the decrease in stiffness and tension [5]. In their biomechanical
study, Fujii et al. reported the majority of graft elongation occurred at the stitched portion
and recommended focusing on removing any slack during stitching of the graft ends [17].
Yasuda et al. prospectively evaluated outcomes in three groups of ACL reconstruction
patients based on initial graft tension (20 N, 40 N, and 80 N). They noted significantly less
postoperative laxity in patients who had initial graft tensioning of 80 N. They concluded
that there is a significant correlation between the degree of initial graft tensioning and
the amount of postoperative laxity and recommended a high tension of 80 N to reduce
postoperative laxity [18].

To the best of our knowledge, no allograft tendon pretensioning guides for foot and
ankle surgery are described in the literature. Herein, we present techniques and tips to
pretension allografts prior to implantation. We hope these simplified technical tips will
help to increase surgeon efficiency in the operating room.

2. Surgical Technique
Two allograft specimens, a peroneus longus and semitendinosus tendon, were donated

for this technique guide. The graft board utilized in this technique guide was provided by
the surgery department at our institution.

2.1. OR Setup

The graft board is placed on the back table or Mayo stand. Multiple tissue clamps and
attachment devices are provided within the kit. Attachments can be used interchangeably,
depending on surgeon preference (Figure 1).

Figure 1. (A) Graft tensioning board. (B) Clamp and tensioner attachments.
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2.2. Tendon Stitching

The choice of allograft tendon depends on surgeon preference and may include: semi-
tendinosus, peroneus longus, peroneus brevis, gracilis, tibialis anterior, or Achilles tendons.
The allograft should be measured and cut to an appropriate length for the procedure being
performed. A sizing device can be utilized prior to securing the tendon to the graft board,
or during tension, depending on surgeon preference. Following sizing of the allograft
tendon, a whipstitch should be performed at both ends of the tendon. The distal end of each
tendon should be marked out utilizing a measuring device. The distal 1.5 to 3.0 cm of the
allograft tendon ends should be secured with a suture material in a whipstitch type fashion
(Figure 2). Utilizing a suture with a suture button may assist with securing to the tensioner
attachment, although this is not necessarily required if sutures are wrapped around and
tied securely to the attachment device. Alternatively, surgeons may wish to weave suture
material throughout the entirety of the tendon for additional structural support.

Figure 2. Stitching tendon allograft ends. (A) Marking out 1.5-3.0 cm from the distal tip of each end
of the tendon. (B) Whipstitch secured to the distal 1.5-3.0 cm of tendon ends.

Some tendons, such as the Achilles tendon or semitendinosus, may be flattened at one
end of the allograft. If this is the case, consideration should be made for tubularizing the
tendon back onto itself and securing the tendon with suture material, again in a whipstitch
type fashion (Figure 3).

Figure 3. Tubularizing tendon. (A) Semitendinosus allograft with flattened end. (B) The same
semitendinosus allograft tubularized and reinforced with whipstitch.
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2.3. Securing Tendon and Tensioning

Following suturing, the tendon should be secured to the graft board. There are multiple
variations to securing the tendon to the graft board. The tendon can be secured to the
tensioner attachment by wrapping the suture around the attachment and utilizing a hand-
tie technique. Alternatively, some graft boards allow for a suture button slot to easily attach
to the tensioner. One end of the tendon is secured to the tensioner; the opposite end of the
tendon can be secured to the clamp attachment. Most of these clamps are atraumatic and
provide for an easy loading option of the allograft (Figure 4). The next step is to provide
tension to the graft. This is accomplished by pulling the clamp attachment in the opposite
direction of the tensioner. The clamp will click into place as the surgeon continues to pull.
The amount of tension applied to the graft can be read on the tensioner device. We prefer
to apply 80 N of tension to the graft. This tension should be applied for approximately
30 min to minimize the amount of creep. Often, one may see the tensioner device drop
below 80 N as the creep occurs. If this happens, you may be required to re-tension several
times until the elongation is complete and the tension is constant (Figure 5).

Figure 4. Securing graft to graft board. (A) Tendon secured to tensioner and clamp attachments.
(B) Tendon secured at both ends to clamp attachments.

Figure 5. Tensioning of graft. (A) Tendon from Figure 3 secured to tensioner and clamp attachments.
Note the tensioner reads 80 N of force. (B) One can appreciate the loss in tension from 80 N to 60 N
over a period of time. (C) Re-tensioning to 80 N of force during the course of graft preparation.
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An alternative technique to securing the tendon allograft is to utilize two clamp at-
tachments, one for each end of the tendon. This allows the surgeon to easily secure the
tendon to the graft board. Again, the surgeon should pull the clamp attachment along the
graft board sliders. It is important to note that the amount of tension applied will not be
recorded with this technique.

Some grafts may need to be implanted in a V- or Y-shaped pattern. If this is the case,
there are two techniques the surgeon can utilize to simultaneously tension both limbs of
the graft. First, the graft should be measured and marked at the central point. If the graft
board has dual tracks, two clamp attachments should be inserted into the sliders. Each end
of the graft should be placed into the clamp attachments. At the central point of the graft,
a wide-based suture material, such as FiberWire (Arthrex, Naples, FL, USA) or Ethibond
(Johnson & Johnson, New Brunswick, NJ, USA), should be wrapped around and secured
to the tensioning or clamp attachment, as described above (Figure 6). Alternatively, if the
graft board kit comes with a post attachment, this may be utilized on one of the slide tracks
to wrap the graft around prior to securing to the tensioner or clamp attachment.

Figure 6. Securing tendon to graft board to simultaneously tension both limbs. Note the clamps are
equidistant from the tensioner attachment, which is at 80 N of force.

During the tensioning procedure, surgeons should consider performing a continuous
running type suture to provide additional structural support and ideally maintain the
tensioned positioning of the allograft. We prefer to utilize a stronger suture material, such
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as Fiberwire or Ethibond, for this step (Figure 7). Following the tensioning protocol, tendons
are prepared for implantation and may be utilized for a variety of procedures.

Figure 7. The same tendon from Figure 5 with both limbs reinforced with a continuous running
suture while under 80 N of tension. Note that this reinforcement technique under tension can be
performed with a single limb tendon.

3. Discussion

Foot and ankle surgeons commonly utilize allograft tendons during reconstructive
procedures to address various pathologies. However, minimal data is available on how
allografts are prepared prior to implantation in the foot and ankle literature. A stepwise
technique guide on pretensioning is beneficial to decrease the amount of creep and to
maintain the tension and correction over time.

Creep is a well-documented issue in soft tissue grafts due to the inherent viscoelastic
properties of tendon tissue and is a concern for elongation over time [4,13]. In their cadaveric
study, Pilia et al. [1] reported that pretensioning or preconditioning resulted in increased
residual tension and significantly higher retained tension over time than either technique
alone. They recommended surgeons precondition and pretension tendons prior to final
tibial fixation during ACL reconstruction. In their systematic review, Jisa et al. [4] found
the majority of studies utilized a pretensioning or preconditioning protocol around 80 N.
Although there are potential benefits of pretensioning and preconditioning, including
decreased graft elongation and greater residual tension over time, no consensus on an
optimal tensioning protocol has been reported. Furthermore, the necessity of pretensioning
allografts prior to implementation has been questioned. Nurmi et al. [19] compared no
preconditioning to cyclic and isometric preconditioning protocols. They found a decrease
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in tension over time and questioned the applicability of preconditioning protocols as they
were unable to eliminate the intrinsic viscoelasticity of soft tissue grafts. We believe there is
benefit to pretensioning or preconditioning to decrease the amount of creep and elongation,
which can ultimately compromise the end surgical result over time. Additionally, there are
no studies that show a harmful result from pretensioning grafts.

The amount of tension applied and length of tensioning time are two important factors
to consider for a tensioning protocol. Tensioning protocols in the literature have ranged
from tensions of 20 to 88 N for between 10 and 30 min [5,6,19-24]. Koga et al. [20] evaluated
the minimum amount of tension required for restoring knee stability in ACL reconstruction.
They recommended that a minimum tension of 25 N was required. Cunningham et al. [25]
reported that 80 N of force is within the range that a surgeon can physically apply during
hamstring tendon preparation for ACL reconstruction. We believe this amount of force is
reasonable and corresponds to the maximum force on most tensioner attachments. In our
protocol, we attempt to maintain this amount of force over a 30 min period.

Some studies have evaluated whether to pretension (on the graft board) or precondi-
tion (after initial fixation of single end). Pilia et al. [1] performed tensile mechanical testing
utilizing four different pretensioning and/or preconditioning protocols. They utilized ten-
dons with an initial 80 N pull for tensioning as a control. Other groups utilized 88 N of
pretensioning for 20 min and/or cyclic tensioning for 20 cycles at 10-80 N. Although all
groups experienced elongation, the pretensioning and cyclic tensioning groups showed
greater stiffness than the control. Their results show that pretensioning or preconditioning
provides higher residual tension and that combining techniques provides more retained
tension than each individual technique. They recommended against simply pulling the
graft prior to fixation, as this may lead to a higher likelihood of failure. They recommended
that surgeons should precondition prior to implantation, or pretension prior to final fix-
ation, to maintain tension in the graft. In foot and ankle reconstruction, pretensioning is
a more ideal approach and has been briefly described by Haddad et al. [13] for deltoid
reconstruction. Our protocol allows foot and ankle surgeons to easily follow a stepwise
approach to pretension grafts prior to implantation.

In conclusion, foot and ankle surgeons should be aware of tensioning protocols when
using allografts for reconstruction. By following the techniques outlined in this guide,
surgeons can reduce the risk of postoperative graft creep and optimize the stability and
functionality of their reconstructions. We recommend applying a consistent tension of 80
N for 30 min. This guide bridges a critical gap in the literature by providing practical and
reproducible methods for allograft preparation by simplifying pretensioning techniques into
a stepwise approach that can be incorporated prior to implantation. Future studies should
focus on the clinical outcomes of pretensioning allografts in foot and ankle reconstructions.
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