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Abstract
Purpose—While the strength of a tendon repair is clearly important, the friction of the repair is
also a relevant consideration. The purpose of this study was to characterize the frictional coefficient,
gliding resistance and breaking strength of suture materials and a suture construct commonly used
for flexor tendon repair.

Methods—We measured the friction coefficients of 3-0 braided nylon enclosed in a smooth nylon
outer shell (Supramid, S. Jackson, Alexandria, VA), 3-0 braided polyester coated with polybutilate
(Ethibond, Ethicon, Somerville, NJ), and a 3-0 braided polyester/monofilament polyethylene
composite (FiberWire, Arthrex, Naples, FL) sutures. We also measured the gliding resistance, linear
breaking strength and resistance to gapping of zone 2 modified Pennington tendon repairs with the
two lowest friction sutures in 20 human cadaveric flexor digitorum profundus (FDP) tendons.

Results—The braided polyester/monofilament polyethylene composite had a significantly lower
friction coefficient (0.054) than either the coated polyester (0.076) or nylon (0.130) sutures (p<0.001).
The gliding resistances of the repaired tendons with braided/monofilament polyethylene composite
suture and coated, braided polyester were similar (p> 0.05). The strength of the two repairs, force to
produce a 2mm gap, and resistance to gap formation than coated, braided polyester repairs were also
not significantly different.

Conclusion—Braided polyester composite is a low friction suture material. However, when this
suture was used for tendon repair with a locking suture technique, it did not show a significant effect
on the gliding resistance and repair strength compared with the same repair using coated polyester
suture.
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INTRODUCTION
The main challenge facing flexor tendon repair procedures is allowing the sutured tendon to
heal while avoiding the formation of adhesions and repair rupture (1,2). A protocol of early
rehabilitation hinders the process of adhesion formation and is associated with better clinical
outcomes (3,4). Since aggressive therapy may result in rupture of the tendon repair before
healing has been accomplished (5–8), it is critical to understand how to effectively produce a
strong tendon repair which does not rupture or gap (9–13). Tendon rupture or gapping is
inversely related to the strength of the repair and directly related to the load experienced by
the tendon during the healing process (9,10,13).

The tendon loading depends on several components: tension from the muscle, stiffness of the
joints, resistance of edematous soft tissue, external load, and the gliding resistance inside the
synovial sheath and pulley system (9,14). Since immobilization is inadvisable if the formation
of adhesions is to be prevented (3,4), it is imperative to achieve the quality of repair that will
allow rehabilitation therapy to take place by employing a suture material and technique with
the greatest strength while at the same time minimizing gliding resistance within the synovial
sheath. Some studies have been aimed at testing the strength of suture materials and the repairs
produced with them; many more studies have been aimed at developing strong suture
techniques (4,15–18).

FiberWire (Arthrex, Naples, FL), a suture made from long-chain polyester in a braided
polyester jacket, has been reported to have breaking strength superior to nylon and Ethibond
sutures of similar caliber, when used in a locking MGH configuration (19). However, previous
research has demonstrated that MGH repairs are associated with adhesion formation (20). A
high-friction repair can more than offset the advantage gained in strength by increasing gliding
resistance and abrasion of the tendon sheath. The gliding resistance of braided polyester/
monofilament polyethylene composite sutures is therefore a relevant concern. If braided
polyester/monofilament polyethylene composite suture has high friction, its strength advantage
may be undermined in the context of flexor tendon repair. In contrast, if this suture has lower
friction than comparable materials, it would provide a double advantage: higher strength and
lower friction. The purpose of this study was to characterize the frictional coefficient, gliding
resistance and strength of tendon repairs made with braided polyester/monofilament
polyethylene composite suture and compare those with values for other currently used
materials, braided nylon enclosed in a smooth nylon outer shell, and polybutilate coated,
braided polyester.

MATERIALS & METHODS
Friction Coefficient of Suture Material

The friction coefficient of three representative suture materials were measured using the
method described in Uchiyama et al (21,22). Briefly, the measurement system consisted of one
mechanical actuator with a linear potentiometer, two tensile load transducers, a nylon rod, a
mechanical pulley, and a 4.9-Newton dead weight. By measuring the proximal and distal forces
(F1 and F2) at various arcs of contact between the suture and nylon rod, the friction coefficient
is calculated from the least squares fit of the natural logarithm of F2/F1 versus arc of contact
(23).

Five different arcs of contact (20°, 30°, 40°, 50° and 60°) with a nylon rod were studied to
determine the coefficient of friction of three 3-0 suture materials: (1) braided nylon enclosed
in a smooth nylon outer shell (Supramid, S. Jackson, Alexandria, VA), (2) polybutilate coated,
braided polyester (Ethibond, Ethicon, Somerville, NJ), and (3) braided polyester/monofilament
polyethylene composite (FiberWire, Arthrex, Naples, FL).
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Gliding Resistance of Repaired Tendon
The two lowest friction suture materials were selected for further study. After IRB approval,
the right hands of 5 human cadavers were obtained, including 4 females and one male, with
an average age of 83.2 years (range 75 – 91). The flexor digitorum profundus (FDP) tendons
from the index, middle, ring and little fingers were accessed through a transverse incision in
the flexor sheath, just distal to the A2 pulley. The FDP tendons were marked at the distal end
of the A2 pulley both at full passive extension and flexion, with a 5N load attached at the
proximal FDP tendon to maintain tendon tension. The distance between theses two marks
represented the FDP tendon excursion during full finger range of motion. A transverse
laceration was made 10 mm distal to the proximal mark in order to ensure movement of the
repair site through the pulley system during normal movement.

The tendons were randomly allocated into two different groups. One group was repaired using
3-0 coated, braided polyester (Ethibond, Ethicon, Somerville, NJ) and the other was repaired
with 3-0 braided polyester/monofilament polyethylene composite (FiberWire, Arthrex,
Naples, FL). All repairs were made using a locking modified Pennington core suture technique
(16) and a monofilament polypropylene (Prolene, Ethicon, Somerville, NJ) 6-0 running
epitendinous suture (Figure 1). The locking loops of the Pennington repair were 1 cm (pre
measured with ruler and marked on the tendon surface) from the laceration, and the
epitendinous throws were approximately 2 mm from the lacerated tendon ends, with about 1
mm between each stitch. The number of epitendinous throws ranged from 12 to 16, depending
upon the tendon size. To minimize the frictional force, the four core suture knots were placed
inside the repair site and contralateral to the peripheral suture knot for both repair techniques
(24). All repairs were performed by the same investigator to ensure consistency of the results.

The friction between tendon and pulley was also measured using the method of Uchiyama et
al (25). Briefly, the proximal and middle phalanges, proximal pulley, flexor digitorum
superficialis (FDS), parietal membrane of proximal pulley, and visceral membrane of flexor
digitorum profundus were preserved, while removing the remaining tendon sheath and bone.
A Kirschner wire was used to fix the proximal interphalangeal joint in the extended position.
Each specimen was mounted on the custom testing device with the palmar side upward. To
maintain tension in the FDS tendon, a 2N weight was attached to its proximal end. The
magnitude of this weight was determined based on previous in vivo tendon research, on the
magnitude of load experienced by normal tendons in situ (26,27). The measurement system
consisted of one mechanical actuator with a linear potentiometer, two tensile load transducers,
and a mechanical pulley (Figure 2). The load transducers were attached to the proximal and
distal ends of the FDP tendon. The distal transducer was connected to a 4.9 N weight to simulate
passive mobilization of the finger, again based on previous in vivo tendon research (26,27).
The proximal load transducer was connected to the mechanical actuator. Based on the
experience of previous studies, a set arc of contact, 30° and 20 ° between the horizontal plane
and the proximal and distal transducer cables, respectively, was sufficient to provide adequate
measurement of the gliding resistance (14,25). The tendon was pulled proximally by the
actuator against the weight at a rate of 2mm/second. Excursion was limited to the distance
between the two FDP tendon markers. The forces at the proximal and distal tendon ends and
the tendon excursion were recorded. The specimens were kept moist throughout testing by
immersion in a saline bath. The force differential between the proximal and distal tendon ends
represents the gliding resistance. The mean and peak gliding resistance over the excursion
range were calculated and reported.

Tendon Repair Strength
Following gliding resistance testing, the repaired tendon strength was measured using a servo-
hydraulic testing machine (MTS, Minneapolis, MN). The repaired tendon was removed from
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the tendon sheath, secured in the materials testing machine, and linearly distracted to failure
at a rate of 20 mm/min. A differential variable reluctance transducer with low friction nitinol
couplings (DVRT, Microstrain, Williston, VT) was attached to the tendon with fine wires,
inserted proximal and distal to the repair construct, in order to measure gap formation during
testing (Fig. 3). Tensile force, grip-to-grip displacement, and gap displacement measured by
the DVRT transducer were collected at a rate of 20 Hz. Throughout testing the tendons were
kept moist by spraying with physiologic saline. Maximum breaking force and the force to
produce a 2 mm gap were recorded. In addition, a regression line was fit to the linear region
of the force versus gap formation (as measured by the DVRT) to measure the resistance to gap
formation.

Statistical Analysis
The sample size requirements were determined by a power calculation. Prior study has shown
that normal tendon friction is 0.25 (S.D. 0.07) N while the modified Pennington repair has an
average friction of 0.80 (S.D. 0.16) N (16). We believe that a difference of approximately
0.25N (100% increase from normal) between repaired tendons with different suture materials
is the minimum clinically important difference in gliding resistance, as differences of this
magnitude have been shown to affect in vivo results in an animal model(20). For a two-sided
comparison, 10 specimens per experimental group are sufficient to detect such a difference
with an alpha of 0.05 and a power of 0.8.

The data obtained from the gliding resistance, tensile strength tests, and gap formation were
analyzed using one-way analysis of variance (ANOVA). A Tukey-Kramer post-hoc test for
individual comparisons was used if there was a significant difference. A p<0.05 significance
level was used in all cases.

Results
The braided polyester/monofilament polyethylene composite had the lowest frictional
coefficient (0.054 ± 0.006) of the 3 sutures tested, followed by polybutilate coated, braided
polyester (0.076 ± 0.018) and braided nylon enclosed in a smooth nylon outer shell (0.130 ±
0.032). These differences were statistically significant (p < 0.001) (Figure 4). For the repaired
tendon evaluation, the differences were not statistically significant (p > 0.05) (Figure 5).

The results of tendon repair testing are shown in table 1. Seven (70%) repaired tendons in each
group failed by suture breakage, and 3 tendons (30%) failed due to suture pulling out from the
tendon stump. These differences were not statistically significant (p > 0.05).

DISCUSSION
Our results show that braided polyester/monofilament polyethylene composite suture is a low
friction material, and might thus lead to a lower friction repair for similar constructs, as
compared to braided nylon enclosed in a smooth nylon outer shell and polybutilate coated,
braided polyester. In the current study, however, we did not find a significant effect on the
repaired tendon gliding resistance when comparing repairs made with those two suture
materials. We believe that this may indicate that the variability in friction between individual
repairs is more than the variability in friction between suture materials.

The repaired tendon strength to failure and gap was similar to previous reports with the same
repair technique and materials (28,29). Miller et al compared Fiberwire suture with nylon and
Ethibond suture in repaired tendon strength (28,30). They found than FiberWire outperforms
both Ethibond and nylon suture when using a locked flexor tendon repair suture (MGH) but
not a non locking repair (Strickland repair). However, our results have not demonstrated this
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superior effect of the FiberWire suture, which might due to different suture techniques being
used in these two studies. Specifically, the MGH repair has four strands and the modified
Pennington has only two. Also, the MGH repair had a 99% failure by suture breakage in the
study reported by Miller et al, but the modified Pennington had 70% suture breakage in our
study.

Waitayawinyu et al (28) have shown that FiberWire suture is more likely to unravel if fewer
than five knot throws are made. We did not observe this problem in our own specimens, using
four throws, but we do believe that it is possible that this tendency to unravel may be related
to the lower friction of the FiberWire suture material.

There are several imitations to this study. It is possible that the DVRT device that we used to
measure gap formation could affect breaking strength. However, the device was inserted into
an intact segment of tendon above and below the suture loops. Thus, while the device may
have damaged a few tendon fascicles, it would not have weakened the repair construct in any
way. It is also possible that the DVRT may have displaced during testing, affecting the gap
recordings. However, we directly observed each tendon during testing and noted no such
displacement. In addition, this was purely an in vitro study, not involving tendon healing. The
tendon glided against a segment of an annular pulley, not the intact digital sheath, thus the
resistance recorded here was merely frictional force, and angles of loading on tendon were
unchanged. These are very different from in vivo human situations. Finally, our sample size,
designed to detect differences between repair types, may not have been sufficient to detect a
differences due to small variations in the surgical technique between individual tendons, as no
surgeon is able to repair two tendons so that the repairs are perfectly identical and
indistinguishable in all characteristics. Within these limits of human ability, it would appear
that the lower friction of FiberWire, while real, may not convey a specific clinical advantage.

In conclusion, the braided polyester/monofilament polyethylene composite suture has shown
some theoretical advantage in terms of lower friction. However, when this suture was used for
tendon repair with a locking suture technique, it did not t show a significant effect on the
repaired tendon gliding resistance and strength compared with the same repair used coated
polyester suture.
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Figure 1.
A: Coronal view of the FDP tendon repaired using a modified Pennington technique. B: Lateral
view of the Pennington repair with locking configuration.
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Figure 2.
Experimental setup and testing apparatus for the gliding resistance of repaired tendon/pulley
system. The specimen with repaired FDP tendon was mounted on the testing apparatus which
the same mechanism for the suture frictional coefficient measurement.
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Figure 3.
Following frictional testing, the repaired tendons were mounted on the MTS machine for the
failure strength testing. A DVRT was attached to the tendon at the repair site to measure the
gap formation.
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Figure 4.
Frictional coefficient braided nylon enclosed in a smooth nylon outer shell (Supramid),
polybutilate coated, braided polyester (Ethibond), and braided polyester/monofilament
polyethylene composite (FiberWire) sutures (p<0.001).
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Figure 5.
Mean gliding resistance of repairs made with polybutilate coated, braided polyester (Ethibond)
and braided polyester/monofilament polyethylene composite (FiberWire) sutures.
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Table 1

Gliding Resistance, Ultimate Tensile Strength, Gap Force at 2mm and Stiffness

Repair
Method

and Material

Gliding
Resistance

(N)
(Mean ± SD)

Maximal
Failure

Strength (N)
(Mean ±SD)

Gap Force at
2-mm (N)

(Mean ±SD)

Stiffness (N/
mm)

(Mean ± SD)

Pennington
Repair with
FiberWire

Suture

0.916 ± 0.19 49.52 ± 6.97 45.29 ± 7.23 13.64 ± 3.40

Pennington
Repair with

Ethibond
Suture

1.119 ± 0.45 45.91 ± 6.93 42.32 ± 8.47 13.17 ± 3.89
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