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This study aimed to estimate the optimal clamping force of ultra-high-molecular-
weight polyethylene (UHMWPE) cables based on contact pressure distributions
indicating blood flow by focusing on the mechanical factor of contact pressure.
UHMWPE cables with widths of 3 mm and 5 mm were used. A pressure sensor was
set on an artificial femur, and the cables were wrapped on simulated tissues and
tightened with clamping forces of 10, 20, and 30 kgf based on the indication values
displayed on the tightening guns. Removal of the tensioner after clamping was defined
as release, and the contact pressure with each clamping force was measured. After
the cable with a width of 3 mm was clamped with a force of 10 kgf and released, the
contact area was 31.2 mm2; the ratio of the contact area to the entire surface of the
cable was calculated, which showed that approximately 30% made local contact. The
ratio did not change significantly and remained at 30% even when the clamping force
increased to 15 kgf. After the cable with a width of 5 mm was clamped with a force of
10 kgf and released, the contact area ratio was approximately 40% and it remained the
same as the clamping force increased to 15 kgf. Blood flow disorders can be avoided
with UHMWPE cables fixed under clamping forces of 10 kgf and 15 kgf. Considering
the conservation of the fixing force, the optimal clamping force of UHMWPE cables is
determined to be 15 kgf.

Introduction

cables have been reported [1-3]. The string shape and tape-like

Cerclage cables used in osteosynthesis should be discussed from
the mechanical aspect of maintaining the fixing force at fracture
sites and from the biological aspect of maintaining unobstructed
blood flow. It is important to examine the optimal clamping force
for achieving stable clamping, and the presentation of such data
from both perspectives will help surgeons in the use of cerclage
cables. Although many biomechanical studies on metal cables have
been conducted, only a few cases involving the use of UHMWPE

braided shape of UHMWPE cables were developed in 1988 and
2000, respectively [4,5]. UHMWPE cables were initially used mainly
in spinal surgeries such as scoliosis correction [6-8]. UHMWPE
cables have also been used in osteosynthesis for trauma since 2010
and in surgeries for subtrochanteric fractures, fractures around
artificial hip stems (Figure 1a), fractures of the lateral malleolus,
distal interphalangeal joint arthrodesis, and other surgeries
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[9-11]. UHMWPE cables exhibit more favorable biomechanical
performance than metal cables [12]. Although UHMWPE cables
are expected to feature favorable mechanical performance, a case
of poor blood circulation was reported; this was attributed to the
flexibility by which UHMWPE cables are characterized [13]. Blood
flow is obstructed by UHMWPE cables because the cables remain
tightened even after release, which presents issues pertaining to
solid fixation and unobstructed blood flow. Judging from both the

biological and the mechanical aspects, we estimate that the optimal

clamping force will be lower than that expected by surgeons.
Main arteries around the femoral diaphysis include the superficial
femoral artery and the deep femoral artery. It has been pointed out
that clamping may obstruct these arteries or the periosteal artery
[14]. Thus, in this study, we judged whether blood could flow based
on contact pressure distributions and used the contact area ratio
as an index. This study aimed to estimate the appropriate clamping
force for UHMWPE cables by focusing on a mechanical factor of

contact pressure for judging fixing forces.

Figure 1: UHMWPE cables.
a)  Cable used in revision total hip arthroplasty.
b)  3-mm-wide cable.

c¢)  5-mm-wide cable.
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Materials and Methods

This study did not involve humans and did not require IRB
approval. We studied UHMWPE cables (NESPLON® cable system,
Alfresa Pharma Corporation, Japan) with widths of 3 mm and 5 mm
(Figures 1b & 1c). We used a femur simulating the human anatomical
shape (Sawbones #3403, Pacific Research Laboratories, Inc., WA,
USA) for clamping each cable on the femoral diaphysis. During
osteosynthesis, tissues can remain unremoved depending on the
fracture sites and procedures. Sus scrofa domesticus thigh tissues

with thicknesses of 2 mm and 5 mm were prepared for simulating
tissues [15]. Based on the assumption of a fracture around a
hip stem, a thin pressure sensor (Surface pressure distribution
measurement system [-SCAN, NITTA Corporation, Japan) was set on
the femoral diaphysis, and the cables were wrapped on the tissues
and tightened with a fastener of each cable (Figure 2). This system
detects contact pressures of 0.1 MPa to 5.0 MPa with the conductive
ink set at the sensor site that is 50 mm in length, 50 mm in width,

and 0.1 mm in thickness.

Figure 2: Materials and systems.

a)  Artificial femur.

b)  Sus scrofa domesticus thigh tissue (thickness:2 mm or 5 mm).

c¢) A tensioner of UHMWPE cables (Tightening gun).

d)  Pressure distribution analysis system.

e)  UHMWRPE cables wrapped around tissue on diaphysis.
f) UHMWEPE cables clamped by the tightening gun.

When pressure is applied on any of the 2000 sensing points,
the electrical resistance changes. The pressure is converted to
an 8-bit digital value and input into a personal computer. The
UHMWPE cable was fastened using a knot and retightening using
a tightening gun. Nodes were created by employing a double loop
sliding knot, as performed in clinical practice, and tied down. This
was followed by tensioning by adding one knot and finally fixing
the attachment by adding another knot. The UHMWPE cables were
gradually tightened under forces of 10, 20, and 30 kgf and fastened

with the maximum value of the clamping force indicator, 30 kgf.
A state with the tightening gun removed is regarded as released,
under the assumption of being indwelled in the body, in clinical
cases. The contact detection pressure and contact detection cell
count were obtained from the contact pressure distribution, and
the contact area was calculated based on the sensor area. As the
contact pressure in the sleeve and knot of each cable increased,
the clamping site was excluded from data processing. The optimal
clamping force was estimated to range from 10 kgf to 20 kgf.
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Subsequently, the contact pressures under clamping forces of 10
kgf and 15 kgf were measured, and the contact area and contact
area ratio were calculated.

Results

It was revealed that, under clamping forces of 20 kgf and 30
kgf, the entire surface of both cables with widths of 3 mm and 5
mm was used for contact with both tissues with thicknesses of 2
mm and 5 mm, which showed that the optimal clamping force was
below 20 kgf. Furthermore, a comparison of the contact pressures
under clamping forces of 10 kgf and 15 kgf showed that the contact
pressure of the cable with a width of 3 mm and a clamping force

of 10 kgf was equal to that with a clamping force of 15 kgf (Figure
3a). A significant difference was noted in the contact pressures of
the cable with a width of 5 mm for clamping forces of 10 kgf and 15
kgf (Figure 3b). The contact pressure distributions under clamping
forces of 10 kgf and 15 kgf showed that the pressures of both the
cables were locally distributed and did not exhibit a distribution
using the entire surface for contact, as obs erved for the clamping
forces of 20 kgf and 30 kgf (Figures 4a & 4b). The tissue with a
thickness of 2 mm was wrapped on the femoral diaphysis, and the
cable with a width of 3 mm was clamped on the tissue with a force
of 10 kgf and released.
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Figure 3: Contact pressure at each clamping force.
a)  3-mm-wide UHMWPE cable.
b) 5-mm-wide UHMWEPE cable.
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Figure 4: Contact pressure distribution.
a.  Clamping force of 10 kgf after release.
b.  Clamping forceof 15 kgf after release.

Subsequently, the contact area was 31.2 mm? (Table 1). The and the cable with a width of 5 mm was clamped on the tissue with
ratio of this area to the entire surface of the cable was calculated to  a force of 10 kgf and released. Thereafter, the contact area was
be 30.1+6.7%, which revealed that approximately 30% made local ~100.3 mm? The ratio of this area to the entire surface of the cable
contact. The ratio remained essentially unchanged at 31.6+7.2%, was calculated to be 38.2+7.8%, which revealed that approximately
with an increase in the clamping force to 15 kgf (Table 2). The tissue  40% made local contact. The ratio remained essentially unchanged

with a thickness of 2 mm was wrapped on the femoral diaphysis, at37.6+9.9%, with an increase in the clamping force to 15 kgf.

Table 1: Difference between maximum contact area and contact area after release for each tissue thickness and UHMWPE fiber cables
with widths of 3 mm and 5 mm.

Tissue Thick Cable Width 10 kgf 20 kgf 30 kgf
3 mm 31.2 mm? 0.0 mm? 0.0 mm?
2 mm
5 mm 100.3 mm? 0.0 mm? 0.0 mm?
3 mm 36.8 mm? 0.0 mm? 0.0 mm?
5 mm - - -
5 mm 103.0 mm? 0.0 mm? 0.0 mm?

Table 2: Ratio of the contact area of contact pressure distribution to cable installation area.

Cable Width 10 kgf 15 kgf
3mm 30.1£6.7 31.6+7.2
5mm 38.2+7.8 37.6£9.9
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Discussion

Tomita et al. reported that UHMWPE cables have excellent creep
resistance and tension holding capacity through in vivo and in vitro
experiments [16]. A study on animals showed that no macroscopic
or histological abnormalities such as inflammation or fibrous tissue
formation had been noted 16 weeks after the clamping of UHMWPE
cables [17]. Jingushi, et al. concluded that UHMWPE cables were
useful for the re-attachment of the osteotomized greater trochanter
in hip surgery [11]. Although studies on materials, animals and
clinical reports on UHMWPE cables have been noted, studies on
the optimal clamping force in terms of blood flow are scarce. This
study determined the optimal clamping force of a UHMWPE cable
clamped on a femoral diaphysis under the assumption of a fracture
around the artificial hip stem. It was confirmed that the clipping
of residual soft tissues with thicknesses of 2 mm and 5 mm, using
forceps when clamping, had no significant influence on the contact
area, which suggested that the excessive removal of tissues was not

required.

Blood vessel injuries associated with tissue removal and blood
flow obstruction due to clamping are problematic. During clamping
under forces of 20 kgf and 30 kgf, the contact area was large, and
the contact area ratio was 100%, which indicated the persistence
of clamping forces even after release, as well as possible blood flow
obstruction. Although clamping is frequently performed with a
maximum force of 30 kgf in order to affix the cable under clinical
settings, the results suggested that the optimal clamping force
under which blood flow remained unobstructed was less than 20
kgf. Thereafter, several specific clamping forces were examined
to determine the optimal clamping force. The tightening guns
displayed a minimum scale of 10 kgf and a scale of 15 kg below a
scale of 20 kgf. After both of the cables, with widths of 3 mm and
5 mm, were clamped under forces of 10 kgf and 15 kgf and then
released, the compressed area of the periosteum was 30% to 40%,
which showed that the clamping did not obstruct blood flow over
the circumference of the femoral diaphysis.

The contact pressure of the cable with a width of 5 mm was
higher under a clamping force of 15 kgf, whereas no significant
difference was noted in the contact pressure of the cable with a
width of 3 mm. High contact pressures are not the main cause of
blood flow disorders, and the contact area ratio can be used an
index for biological assessments of the optimal clamping force. As
the contact pressure can be an index indicating the fixity of cables
in terms of conserving the fixing force, 15 kgf was judged to be more
appropriate than 10 kgf. This study had some limitations in that
there was no examination of contact pressures of 0.1 MPa or less.

Although it was assumed that contact pressures of 0.1 MPa or less

did not obstruct blood flow, the pressure of 0.1 MPa is equal to 750
mmHg, which is not low when considering blood vessels. A relevant
study reported that the compression of a blood vessel under 200
mmHg led to a blood flow of 500 mg per minute [18]. Blood flow
decreases with increasing pressure but is not completely obstructed
even under pressures of 120 mmHg or higher [19]. This is because
the application of local pressure induces vascular dilatation around
the site [20]. It is necessary to examine pressures below 0.1 MPa
using a sensor capable of detecting lower thresholds.

Conclusion

Itis important to reduce the compressed area of the periosteum
to maintain blood flow when a cable remains in contact with the
femoral diaphysis after release. The clamping of UHMWPE cables
under forces of 20 kgf and 30 kgf resulted in a large, compressed
area, which suggested that blood flow in the periosteum might be
impaired. However, impaired blood flow can be avoided through
the clamping of UHMWPE cables under forces of 10 kgf and 15 kgf.
Considering conservation of the fixing force, the optimal clamping
force is determined to be 15 kgf.
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