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Purpose: The purpose of this study was to evaluate the biomechanical properties of SutureTape as an
alternative technique for arthrodesis of the metacarpophalangeal (MCP) and proximal interphalangeal
(PIP) joint arthrodesis when compared with surgical steel wire.
Methods: A total of 32 fingers (index, long, ring, and small) from two matched pair cadaveric hands were
used. K-wire and surgical steel wire were used for MCP and PIP joint arthrodesis of the control group
(group I), whereas K-wire and SutureTape were used for the experimental group (group II). Each sample
was potted in high strength resin and secured to a custom fixture mounted to a hydraulic test frame.
Each sample underwent cantilever bending in four directions (flexion, extension, ulnar, and radial) at a
rate of 0.01 mm/s until a maximum force of 10 N. Thereafter, ramp to failure in extension at a rate of 20
mm/min was performed. Metrics of interest were bending stiffness (N/mm), displacement (mm), and
peak load to failure (N), along with failure modes.
Results: For MCP arthrodesis, during cantilever bending in flexion direction, surgical steel construct was
found to be stiffer when compared with suture tape (P ¼ .036) and have less displacement (P ¼ .040). No
significant differences were detected for stiffness or displacement in extension, ulnar, or radial bending.
During the ramp to failure, no significant differences were found for force, stiffness, or displacement. For
PIP arthrodesis, the only significant difference detected was for displacement during ulnar bending (P ¼
.035).
Conclusions: For MCP and PIP arthrodesis, the biomechanical performance of the SutureTape arthrodesis
was similar to that of the steel wire across all loading conditions except for flexion and ulnar loading.
Clinical relevance: The use of SutureTape for MCP and PIP joint arthrodesis may provide equivalent
biomechanical performance to that of steel wire, making it a viable alternative clinically.
Copyright © 2024, THE AUTHORS. Published by Elsevier Inc. on behalf of The American Society for Surgery of the Hand.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Osteoarthritis of the hand is a debilitating and common source
of hand pain that has been reported to affect up to 67% of women
and 55% of men by the age of 55.1 Patients may experience symp-
toms such as pain, swelling, and loss of motiondall of which can
impact quality of life and ability to effectively contribute to the
workforce. Nonsurgical treatments include anti-inflammatory
lorida Orthopaedic Institute,

oarn).

ed by Elsevier Inc. on behalf of The
enses/by-nc-nd/4.0/).
medications, both oral and topical, immobilization, and cortico-
steroids.2,3 Surgical treatments most commonly include arthro-
plasty and arthrodesis.4

Various surgical techniques for small joint arthrodesis have been
reported, including interosseous wiring, K-wire constructs, tension
banding, plating, and compression screws.5e8 Each technique fea-
tures its own challenges, advantages, and disadvantages. The tension
band construct with K-wire and surgical steel wire has been well
described but is associated with drawbacks such as skin irritation,
pain, and possible seroma formation with subsequent need for
implant removal.5,9 Some authors have suggested that these
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Figure 1. Testing group.
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complications are caused by the rigidity and prominence of the
implanted hardware.5,10,11 Although advances in tension band
techniques have lowered skin irritation and pain compared with the
traditional AO method, approximately 30% of patients require a
second surgical procedure to address the pain and irritation caused
by the implanted hardware.12,13

Some authors have suggested that ultrahigh molecular weight
polyethylene suture could be an alternative option, as there would
theoretically be minimal risk of symptomatic hardware.12,13 How-
ever, it is natural to question if suture would provide similar
biomechanical strength as surgical steel. A recent animal study,
which analyzed canine olecranon fractures, compared two different
tension band techniques, metal wire and ultrahigh molecular
weight polyethylene suture, and concluded that the biomechanical
stability of these two constructs was similar.14

The purpose of this study was to evaluate the biomechanical
performance of two different arthrodesis configurations for meta-
carpophalangeal (MCP) and proximal interphalangeal (PIP) joint
fusion in a matched pair cadaveric model. It was hypothesized that
the use of K-wire with SutureTape (Arthrex) technique may offer
equivalent biomechanical results when compared with K-wire and
surgical steel wire.
Methods

Dissection and instrumentation

A total of four matched pair cadaveric hands (oneman and three
women; age range: 58e79 years) were procured and randomized
into the testing groups, where two sets of hands were used to
harvest the PIP joint, and the remaining two sets were used to
harvest the MCP joint. All hands were assessed by fluoroscopic
radiography to ensure no prior pathology or bony abnormalities
were present. Bone mineralization tests were not performed. Dur-
ing dissection, a dorsal incision over the MCP joint and PIP joint for
each respective study group was made through the skin, and the
extensor tendonwas split longitudinally. The joint capsule was also
split longitudinally and elevated, and the collateral ligaments were
released. The soft tissue was removed except the volar plate for all
samples. For the first set of matched pairs, the fingers from each
specimen were disarticulated at the carpometacarpal joint and PIP
joint to harvest the MCP joint. For the other set of matched pairs,
the fingers from each specimenwere disarticulated at theMCP joint
to harvest the PIP joints. A total of 32 fingers (index, middle, ring,
and little) were harvested and divided into two treatment groups
where group I (GI) underwent the K-wire and surgical steel as
treatment with 22-gauge steel, which served as the control, and the
contralateral side was group II (GII), which were treated with K-
wire and Arthrex SutureTape (Fig. 1). We did not perform osteot-
omy in either group as we would clinically because this could have
created too much variability in quality of cut cadaver bone.

For both groups, two antegrade 0.045 (1.1 mm) K-wires were
placed longitudinally from the metacarpal and proximal phalanx
head/neck into the proximal phalanx and middle phalanx shaft into
subchondral bone distally under fluoroscopic guidance for proper
placement. A 1.6mmK-wirewas used to drill a transverse hole in the
distal bone, distal to the fusion site in the volar phalanx diaphysis for
later passing of wire or SutureTape. For GI (surgical steel group), a
22-gauge wire was passed through the transverse hole of the distal
bone and wrapped in a figure-of-eight fashion around proximal K-
wires. This size wire is standard at our institution. It is helpful to
flatten the curve of the needle for easier passage through the
transverse drill holes. The wire was twisted carefully using needle
driver for a total of six turns, and this created compression at
arthrodesis site. Excess wire was cut and laid flat onto the bone. In a
similar fashion, GII (SutureTape group), a 1.3-mm SutureTape was
passed through the transverse hole of the distal bone and tightened
to create compression at the arthrodesis site and then tied with a
surgeon’s knot and three half-hitch ties and laid between the
proximal two K-wires. For both groups, the transarticular K-wires
were then cut short, bent toward the proximal bony cortex, and
tamped antegrade into subchondral bone to avoid excess promi-
nence (Fig. 2A, B). The MCP joints were positioned at 30� of palmar
flexion, and the PIP joints were positioned at 45� of palmar flexion.
Biomechanical testing

Each sample was potted in high strength resin, such that two-
thirds of the distal end was embedded. The potted ends were then
secured to a custom fixture mounted to the hydraulic test frame
(MTS Bionix; MTS Systems). Each sample underwent cantilever
bending in four directions (flexion, extension, ulnar, and radial) at a
rate of 0.01 mm/s until a maximum force of 10 N.5,12,15 The load
applicator was positioned 20 mm from the joint line, generating a
bending moment of 0.2 Nm (Fig. 3). Thereafter, all specimens were
loaded in extension at a rate of 20 mm/min until failure. Failure was
defined as the first significant decrease in force response. Metrics of
interest were collected from test frame data aquisition system, and a
loadedisplacement curve generated was used to calculate bending
stiffness (N/mm), displacements (mm), and peak load to failure (N).
Additionally, failure modes for each sample were noted.

Based on data from literature, an a priori test was used with an
effect size (Cohen’s d) of 1.4 to compute the required sample size to
detect a difference between the matched paired groups



Figure 2. Examples of A the metacarpophalangeal and B proximal interphalangeal joint cadaveric subjects with steel (group I) and suture tape (group II) arthrodesis fixation.

Figure 3. For each condition, loading was applied in displacement control at a rate of 0.01 mm/s until 10 N was reached. The distance of load (red line) was 20 mm from the joint,
generating a 0.2 Nm bending moment across the MCP joint.
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(G*Power).5,15 Assuming a power of 0.8 and a type I error rate of
0.05, a sample size of 7 per group powers the study to 0.86. The
choice of eight samples per group powers the study to 0.92,
allowing for any possible tissue rejection or unforeseen failures
while retaining proper study power. Commercially available soft-
warewas used for all comparisons (SPSS) at a significance threshold
of 0.05. Mann-Whitney U test was used to compare the stiffness,
displacement, and ultimate failure force between the matched
pairs. Data are presented as mean ± SD. Research was performed at
the Phillip Spiegel Orthopaedic Research Laboratory at the Foun-
dation for Orthopaedic Research and Education, Tampa, FL, 33607.

Results

MCP joint

For MCP arthrodesis evaluation, during cantilever bending in
flexion direction, GI construct was found to be stiffer when
compared with GII (GI: 11.3 ± 4.0 N/mm vs GII: 7.3 ± 2.6 N/mm; P ¼
.036) and have less displacement (GI: 1.1 ± 0.4 mm vs GII: 1.6 ± 0.4
mm; P¼ .040). In extension direction, no significant differences were
detected for stiffness (P¼ .294) between GI (4.5 ± 1.6 N/mm) and GII
(3.6± 1.4 N/mm) or for displacement (P¼ .208) between GI (2.6± 0.8
mm) and GII (3.2 ± 0.8 mm). Similarly, no significant differences
were detected in stiffness (GI: 6.4± 2.7 N/mmvs GII: 4.9± 1.3 N/mm;
P¼ .562) or displacement (GI: 1.8 ± 0.6 mmvs GII: 2.4 ± 0.9 mm; P¼
.226) during ulnar bending. In the radial direction, no significant
differences were detected in stiffness (GI: 6.4 ± 3.0 N/mm vs GII: 4.4
± 1.2 N/mm; P¼ .114) or displacement (GI: 2.0 ± 0.8 mmvs GII: 2.6 ±
0.8mm; P¼ .084). During the ramp to failure, no significant differences
were found for force (GI: 38.3 ± 8.5 N vs GII: 35.4 ± 9.6 N; P ¼ .429),
stiffness (GI: 4.0 ± 0.9 N/mm vs GII: 3.2 ± 1.3 N/mm; P ¼ .084), or
displacement (GI: 17.4 ± 2.2 mm vs GII: 16.5 ± 0.9 mm; P ¼ .749).

PIP joint

For PIP arthrodesis evaluation, during cantilever bending in
flexion direction, no significant differences were detected in stiff-
ness (GI: 7.6 ± 2.4 N/mm vs GII: 6.6 ± 1.5 N/mm, P ¼ .645) or
displacement (GI: 1.7 ± 0.5 mm vs GII: 1.9 ± 0.4 mm, P ¼ .521).



Figure 4. Illustration of failure modes observed were K-wire deformation in AMCP joints for steel and BMCP joints for suture tape, whereas C both steel and suture tape experience
bony cutout.
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Similarly, no significant differences were detected in stiffness (GI:
5.2 ± 3.2 N/mm vs GII: 4.8 ± 2.0 N/mm, P ¼ .999) or displacement
(GI: 2.8 ± 1.1 mm vs GII: 2.9 ± 1.0 mm, P ¼ .710) during extension
bending. For ulnar loading, no significant differences were found
for stiffness (GI: 6.4 ± 2.6 N/mm vs GII: 5.3 ± 1.7 N/mm, P ¼ .328);
however, the displacement required to reach 10 N was greater in
the suture construct compared with the steel construct (GI: 2.1 ±
0.8 mm vs GII: 3.0 ± 0.6 mm, P ¼ .035). No significant differences
were found for stiffness (GI: 5.5 ± 1.9 N/mmvs GII: 5.4 ± 2.7 N/mm,
P ¼ .674) or displacement (GI: 2.1 ± 0.5 mm vs 2.4 ± 0.6 mm, P ¼
.292) between the steel and suture construct during radial loading.
Finally, no significant differences were found for force (GI: 44.0 ± 14
N vs GII: 37.0 ± 11 N, P¼ .636), stiffness (GI: 5.4 ± 3.4 N/mmvs 5.0 ±
1.9 N/mm, P ¼ .916), or displacement (GI: 12.5 ± 2.5 mm vs 11.4 ±
3.1 mm, P ¼ .246) during ramp to failure.

Failure modes

Themain failure modewas characterized as plastic deformation,
as there was a loss in arthrodesis angulation. After each test, the
specimens were examined to further characterize failure mode. For
the MCP joints, it was observed that all samples had permanently
deformed K-wires, and both the steel and SutureTape were lax
compared with the initial taut state. No implant cutout of the bone
was observed.

For the PIP joints, it was observed that all samples had failed by
bony cutout and had some degree of K-wire bend. The bony cutout
can be further described as both K-wires pulling out through the
distal end of the phalanx (Fig. 4).

Discussion

The primary objective of this study was to evaluate the biome-
chanical strength of two different types of tension band constructs
used in MCP and PIP arthrodesis: surgical steel and SutureTape. The
findings confirm our hypothesis that the use of SutureTape as a
technique offers comparable biomechanical results when
compared with surgical steel, as the SutureTape arthrodesis per-
formed similarly across all loading conditions for MCP and PIP
arthrodesis other than flexion stiffness and displacement for MCP
arthrodesis and ulnar loading for PIP arthrodesis.

Successful arthrodesis of theMCP and PIP joints is dependent on
adequate stiffness and stability of a construct. Although the
threshold for ideal stiffness for fusion has not been established by
prior literature, there is a general notion that increased stiffness is
optimal for increasing compression and subsequent union of a
fused joint.5,15,16 Several previous studies have investigated MCP
and PIP arthrodesis constructs to compare different constructs and
their biomechanical properties and have found mixed results. Capo
et al5 compared five different types of constructs, oblique K-wire
with coronal intraosseous wiring, tension-band-wire, dorsal plate,
intramedullary linked screws, and 90/90 wiring, and found intra-
medullary screws to have the greatest strength in terms of load to
failure. Although this notion has been supported by other biome-
chanical studies, studies have found compression screws to be
associated with higher rates of complication, including frac-
ture.12,13,17 An alternative option is the tension band construct,
which offers a comparable rate of union, time to fusion, and
multidirectional strength with fewer reported
complications.11,13,16e18

The tension band technique offers a reasonable construct to
stabilize the arthrodesis while allowing early hand motion. Tension
banding across the dorsal aspect of the joint creates compression at
the arthrodesis site throughout active motion, which allows for
accelerated union. Moreover, the construct uses widely available
and affordable materials, such as pins, wires, and durable sutures.10

Tension band construct with suture fixation is a relatively new
technique that is growing in popularity compared with traditional
methods.14,19,20 Although there remains a paucity of literature
investigating the efficacy of sutures in MCP and PIP arthrodesis,
several studies have compared sutures with traditional methods of
tension banding.14,19,20, Phadnis et al14 compared sutures with
wires in the setting of simple olecranon fractures and found sutures
to be associated with similar rates of stable unionwith significantly
lower reoperation rate. Similarly, Camarda et al20 used durable
sutures to treat transverse patella fractures and found this tech-
nique to be associated with satisfactory patient-reported outcomes
and low incidences of complications and revision surgery.

Our study is the first to compare the biomechanical strength of
surgical steel and SutureTape for arthrodesis of MCP and PIP joints.
We found that these two constructs have largely comparable
stiffness, displacement, and load to failure. One of the only excep-
tions was that the steel MCP arthrodesis construct had significantly
greater stiffness and less displacement in flexion. However, this was
not observed for PIP arthrodesis construct.

Although standard tension band techniques with K-wires and
surgical steel have shown reliable arthrodesis, clinically, this
method can be irritating to patients. Often, the surgical steel and
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sometimes the K-wires themselves cause irritation and require
removal. Use of suture would likely be less irritating and possibly
not require a subsequent procedure. Clinical studies would be
required to assess this.

Although these biomechanical results are promising, the study
is not without limitations.

One inherent limitation to cadaveric biomechanical studies is
that these models do not address important clinical factors such as
subcutaneous implant irritation, rates of healing and fusion, or ef-
fects of surrounding soft tissue on stabilization.18 A controlled
clinical study would be required to address these concerns and
establish a basis for functional outcomes and patient success.
Another limitation is the amount of tension applied to both groups
was not measured and based on the haptic feedback of the surgeon
which is subjective. To mitigate possible variance due to tightening,
the numbers of wire twists and suture knots were both standard-
ized, and one surgeon performed the instrumentation. Moreover,
only two different types of tension band constructs were compared
and did not contrast these types of fixations with other commonly
used methods for MCP and PIP arthrodesis. Another limitation
could be related to specimen (finger) size relative to the K-wire
diameter and bone tunnel drilling. As the same diameter K-wire
was used for both MCP and PIP, the effect of K-wire is likely
contributing to different amounts of stabilization relative to bone
size. This may be an explanation as to why a difference in stiffness
was detected between the steel and SutureTape only for MCP in
flexion and not for PIP. Possible explanations for this outcome may
be further understood by the failure modes observed, where for PIP
joint, samples failed by bony cutout. Similar failure modes were
observed by Kovach et al.18 In the MCP joint samples, both the steel
and SutureTape were lax in addition to the K-wires being bent.
Although not measured, this laxity may be attributed to knot
slipping or unwinding of twisted steel. Our loading protocol was
based on previous work; however, the constructs were only tested
in cantilever bending, and no rotational moments were tested or
cyclical loading. Thumbs were not included due to the cost of
multiple cadavers to create adequate group size. Finally, our ca-
davers were presumably healthy individuals without MCP or PIP
osteoarthritis. This brings into question of whether these results
would be applicable to a population with pre-existing pathology.
Despite these limitations, the study provides a framework for
future research as researchers continue to evaluate the clinical ef-
ficacy of suture tape tension band construct as a means of fixation
for MCP and PIP arthrodesis.
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