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All cells display the incredible ability to detect external stimuli, such as mechanical stress, and
convert those stimuli into biochemical signals and subsequent cellular responses. In bones, a type
of bone cell called osteocytes are the main conductors of this mechanotransduction. Osteocytes
reside in spaces called lacunae and are connected by channels called canaliculi. Gravitational
pull, bearing weight, and muscle contraction all cause small deformations of our bones and thus
cause interstitial fluid movement through the lacunar-canalicular network. Osteocytes, which are
connected by cytoplasmic processes, communicate these mechanical stresses and translate them
into cellular mechanisms that augment the bone mass in the area of the stress.

Typical therapies for bone fractures include stabilization and mechanical loading. However, in
instances where fractures are severe and a significant section of bone is lost, this mechanical

loading is not a feasible therapy. Therefore, in the Ong Lab, we are looking at ways to directly

induce this fluid shear stress at a gap fracture site to study the role of fluid flow in bone

regeneration and enhance the rate of bone healing in instances of severe fractures. There are

numerous ways to induce fluid shear stress, but our research uses magnetohydrodynamics. This

method involves combining a magnetic field with a perpendicular electrical field from cathode
and anode electrodes powered by a power supply. The combination of these fields generates a

force that acts on charged particles, driving them in a direction perpendicular to both the electric

and magnetic fields.

Previous benchtop and in vitro experiments have demonstrated that the device successfully
induces fluid flow. Moreover, the magnitude of the force on the conductive fluid can be altered
by changing the electrical or magnetic field strength. We have also conducted three in vivo pilot
studies in Wistar rats, which have generally produced data in support of the hypothesis that the
device induces fluid movement in the fracture site and enhances bone growth in that area. The
device and technology thus may offer applications in the clinical sphere as a novel therapy for
bone regeneration.
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Introduction

In the 19" century, German surgeon Julius Wolff was the first to develop a law
describing the remarkable process that is bone remodeling. Wolff postulated that when bone
endures mechanical loading above a certain threshold it will reinforce itself with bone growth in
that area, and mechanical loading below a certain threshold will result in bone resorption (Rowe,
2023; Mav¢i¢ & Antoli¢, 2012). At the basis of this physiological phenomenon is the concept of
mechanotransduction, where mechanical signals to cells are translated into a variety of secondary
actions, including cell proliferation and differentiation (Stewart, 2020). The main conductors of
bone mechanotransduction are osteocytes. These mature bone cells, representing terminal
differentiation of bone cells, are the most abundant and long-lived cell type in bone, comprising
95% of bone cells. They regulate the processes of bone remodeling by modulating the activity of
osteoblasts, bone builders, and osteoclasts, bone resorbers (Qin et al., 2020).

Bone is made up of two types of bone tissue: spongy and compact, which describe the
density of the porous structure (Cooper, 2016). In the outer compact cortical bone, osteocytes are
housed within spaces called lacunae, which are connected via canaliculi. Together, these spaces
form the lacuno-canalicular network (Cardoso, 2013). Osteocytes are linked via their processes
through the canaliculi, allowing for communication between cells. Therefore, when mechanical
load causes interstitial fluid to flow through the lacuno-canalicular network, the osteocytes detect
this stress and communicate with other osteocytes to elicit a secondary action (Stewart, 2020).
This fluid shear stress (FSS) is the main mechanical stimulus to osteocytes (Qin et al., 2020;
Cardoso, 2013). Mechanosensors on the membranes of these cells detect this movement of fluid
(Stewart, 2020). Harnessing this natural physiological occurrence of fluid movement driving

bone generation could therefore be key to novel fracture therapy.
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Types of fractures where there is a critical-sized defect and concern of non-union are
where this physiologic process is especially useful. A critical-sized defect is a type of bone
defect that will not heal spontaneously and thus results in non-union (Roddy, 2018). Every year
in the United States, about 100,000 cases of fractures result in non-union. These injuries are
associated with significant financial costs, psychological and physical burden, and extended
healing time (Huang, 2022; Mav¢i¢ & Antolic, 2012). Standard treatment involves stabilization
and bone grafting, either used independently or together (Huang, 2022; Tsimbouri et al., 2017),
while less standard care options include scaffolds and stem cell therapy (Huang, 2022).
Moreover, the treatment procedure for fractures and osteotomies is poorly defined. While load
bearing is recommended to induce mechanical strain in the fracture area, it is difficult to regulate
this strain (Mavci¢ & Antoli¢, 2012). A study in rats where researchers replicated critical-size
gap injuries showed that too much load too fast is associated with poor vascular regrowth and
reduced bone formation (Boerckel et al., 2011), however rigid fixation prolongs healing time
because the fracture site is over-protected from mechanical stimulation (Mavci¢ and Antolic,
2012).

Currently, there are experimental methods that try to generate a form of mechanical
stimulus to induce bone growth, including whole-body vibrations (Marin-Cascales et al., 2018)
and nano vibrations (Tsimbouri et al., 2017), shockwaves (Wang FS), electrical stimulation
(Griffin & Bayat, 2011), and low-intensity pulsed ultrasound. Some of these methods have been
reported as successful in enhancing bone mass density or accelerating healing, but generally, the
efficacy of these treatments remains controversial and needs further investigation (Stewart et al.,

2020).



The method that this study investigates relies on magnetohydrodynamics (MHD). In
MHD, a power source, an anode, and a cathode generate an electric current through an
electrically conductive fluid. A magnetic field is then directed perpendicular to this current.
Together, these fields create a force that directs fluid flow perpendicular to both the electrical
and magnetic fields. Benefits of this system include simple fabrication on a small scale and high
efficiency (Al-Habahbeh, 2016). The specific force that acts on the electrically conductive fluid
is called Lorentz force and can be expressed mathematically as:

F=cExB
E represents the induced electric current density (V/m), B represents the magnetic flux density
(T), and o is the conductivity of the fluid (S/m). The conductivity of interstitial fluid is estimated
at 2.0 S/m (Stinstra et al., 2005).

In 2023, the Knight Campus, a research department located at the University of Oregon,
produced a study suggesting that a device that utilizes magnetohydrodynamics promotes
fibroblast cell migration in vitro. The researchers determined that the device should generate a
flow rate of 7um/s, based on existing biomechanical regulatory models that suggest this fluid
flow is conducive to bone regeneration. Moreover, a current of 1mA and a magnetic field of
0.1mT would be sufficient to generate 7um/s (Gebreyesus, 2023). The following study therefore
presents the adaptation of this MHD pump into an implantable device for the investigation of

inducing FSS through a femoral fracture and the results of three pilot studies using this device.



Methods

Mechanical Testing of Bone Plate

Because this study aims to test the efficacy of the device in generating fluid flow
independent of compression, a bone plate was required to resist compression in the femurs of the
Wistar rat subjects. Bone plates of various materials were connected to a mechanical tester for
axial stiffness testing: polysulfone (PSU), polyether ether ketone (PEEK), and ultra-high
molecular weight polyethylene (UHMWPE). Negative axial force (compression) was added to
the plates by the machine, and the subsequent displacement was measured. This testing was
necessary in determining the stiffest material. An additional test was run on PEEK, to assess

stiffness with the sleeve attachment screwed in.

Device Fabrication
Mold for sleeves

To create the sleeves, see Figure 2 for reference, silicone molds were used to ensure
proper encapsulation of the electrodes and silver epoxy. First, sleeves for the silicone mold were
3-D printed with Formlabs clear resin. Once printed, they were washed in 90% isopropyl alcohol
and UV-cured with the respective washing and curing times determined by Formlabs. Outer
shells to hold the silicone were 3-D printed with plastic filament, then secured onto a plastic
platform with Dymax light-cured adhesive. The 3-D printed sleeves were arranged on the plastic
platform within the outer shell, ensuring that the side of the sleeves with the projection for the
silicone tube faced upward. Equal parts of the silicone part a and part b were mixed until
homogenous and then vacuumed to remove air bubbles from the mixture. The liquid silicone was

then poured over the sleeves until the projections were covered. These molds were left in the
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refrigerator for one hour to remove any remaining bubbles, then left at room temperature
overnight to cure. After ~24 hours, the molds were set and placed in an oven at 37°C for two
hours to ensure that they were fully cured. Once fully set, the 3-D printed sleeves were removed
leaving behind the molds for the final sleeves.
Electrode pairs

The electrodes for the sleeves were made from 0.5 mm thick glass sheets. These sheets
were cut into rectangles with the dimensions 7.3 mm x 4.7 mm. To make these glass pieces
conductive electrodes, they were etched and coated with a 10nm layer of titanium followed by a
200nm layer of platinum. To connect the electrodes to the circuit board, 28cm long pieces of
0.001” thick stainless-steel wire were used. A piece of 2mm long 0.5 mm x 0.3 mm thick micro
brass tubing was threaded and clamped on each end of exposed stainless-steel wire. The
stainless-steel wires were folded in half and taped to a piece of foil so that the two ends were
arranged next to one another. One electrode was designated per end of each piece of wire, and
the conductive faces were faced upward. Equal parts of MG Chemical silver conductive epoxy
adhesive were mixed until homogenous, and a thin line of epoxy was applied to each electrode.
The ends of the stainless-steel wires with the micro brass segments were then secured onto the
epoxy, and these electrode pairs were cured in an oven at 90°C for 10 minutes.
Electrode sleeves

To create the final sleeves, a hole was created at each projection point in the mold where
the wires would leave out of the sleeve. An electrode pair was then threaded through each of
these holes through the backside of the mold. The conductive faces of each electrode were taped
to protect these faces from the Masterbond. These taped sides were superglued to either side of
the center wall of the sleeve molds, ensuring that the wires traveled toward the projection end of

the mold. The wires were pulled until there was just enough slack for them to rest at the base of
11



the mold and splay around the space where a screw would go for securing the sleeve to the bone
plate. The wires, still connected into a continuous wire, were then threaded through a 13cm
silicone tube. About Imm of these silicone tubes were then pulled into the mold so that the
Masterbond would encase the tubing. Parts a and b of the Masterbond were mixed in a 4:1 ratio
until homogenous. Using a syringe and syringe tip, the silicone mold was filled with
Masterbond, and the sleeves were vacuumed to remove any excess air bubbles. These were cured
at 90°C for 30 minutes then left out overnight to fully cure.
Circuit boards

The circuit boards were fabricated by soldering the required components onto the printed
circuit boards (PCBs). A soldering paste was used to attach each component to its respective spot
on the PCB. These pieces were then heated in an oven with a setting that reached 255°C before
cooling down. This solidified the pieces onto the PCB. The microcontroller component was then
programmed with Arduino. A second PCB with the ground pad for the battery was then soldered

onto the first PCB. To this board, a battery holder was soldered on.
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Figure 1: Circuit Board

The PCB is assembled with components. On the left is the microcontroller element of the board.

Figure 2: Complete Device

The assembled device including the power unit on the right-hand side connected via silicone tube-

encased wires to the electrodes housed in the molded sleeve.
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Surgery

All animal procedures were approved by the University of Oregon Institutional Animal
Care and Use Committee (IACUC protocol AUP-20-25). The procedure was based on previously
published work (Klosterhoff et al., 2017). The animals were housed with unlimited access to
food and water and acclimatized to a 12:12 h light:dark cycle before experimental use. Under
isoflurane anesthesia (1.5-2.5%), a bone plate was fixated on the femur to ensure stabilization
during the defect portion of the surgery. A unilateral 2 mm segmental defect was surgically made
in the mid-diaphysis of the femur using an oscillating saw. The sleeve with the electrodes was
fed through a keyhole incision in the abdominal wall to the defect region. This sleeve was
screwed down onto the bone plate so that it surrounded either side of the defect. The power
component was then implanted in the abdomen and secured to the abdominal wall. The
peritoneum and musculature at each of the incision sites were sutured and the skin was closed
with wound clips. All subjects received a subcutaneous injection of sustained-release

buprenorphine for analgesia.
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In Vivo Treatment

Magnet delivering
magnetic field

Figure 3: Treatment Illustration

[llustration of the treatment set-up. The rats were placed in a prone position. Their left leg was
extended into the space between the two magnets and taped down for security. The rats received

constant sedation from a nose cone throughout treatment.

Pilot 1

6 Wistar rats (3 control and 3 experimental) underwent the femoral defect surgery.
Treatment was started on the third postoperative day for the rat subjects. The experimental group
received concurrent 20 minutes of electrical field induction and 20 minutes of magnetic field
over the leg, to induce fluid flow. The control group received the same 20 minutes of electrical
field induction and 20 minutes of magnetic field but separately, thus not inducing fluid flow. The
treatment schedule involved two days of treatment followed by one day of rest with no treatment.

Aimed for 8 weeks.
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Figure 4: Pilot I Treatment Schedule Schematic
Pilot 11
5 Wistar rats (2 control and 3 experimental) underwent the femoral defect surgery. Treatment
was started on the seventh postoperative day for the rat subjects. The experimental and control
groups received the same treatment types as outlined in Pilot I. However, the treatment schedule
for Study 2 involved one day of treatment followed by two days of rest to minimize excessive

disruption and provide a recovery period. Aimed for 4 weeks.

In Pilot 111

6 Wistar rats (3 control and 3 experimental) underwent femoral defect surgery. Treatment was
started on the seventh postoperative day for the rat subjects. The experimental and control groups
received the same treatment types as outlined in Study 1. The treatment schedule involved one

day of treatment followed by two days of rest. Aimed for 8 weeks.
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Figure 5: Pilots IT and I1I Treatment Schedule Schematic

Radiological Evaluation

To evaluate the bone healing, Faxitron® x-ray images were taken at 2- and 4 weeks post-
surgery. These images were used to assess the placement of the bone plate during surgery,
confirm that all parts of the device remained intact, and qualitatively assess the state of bone
healing. Additionally, at the endpoint of each pilot study, the animals were euthanized using
CO2 asphyxiation. The femurs were dissected from the soft tissue and imaged using microCT to
quantify bone volume and generate a 3-D model of the defect site for evaluating bone regrowth

density. All femur samples were placed in 10% normal buffered formalin for future histological

evaluation.
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Results

Mechanical Testing

The mechanical testing demonstrated that the bone plates fabricated with PEEK were the
stiffest, with an axial stiffness of 74.45 (SD = + 4.13) N/mm. The polysulfone plate had a
stiffness of 51.73 (SD =+ 1.08) N/mm and the UHMWPE had 44.23 (SD =+ 9.24) N/mm. An

additional test on the PEEK with the sleeve screwed in demonstrated an increased stiffness of

93.50 (SD = + 1.42) N/mm.
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Figure 6: Mechanical Testing of Bone Plates

Comparison of axial stiffness values of bone plates made from different materials: polysulfone,

UHMWPE, PEEK, and PEEK without sleeve.
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In Vivo Treatments

Pilot I — Two weeks

From Pilot I, the data demonstrated a trend opposite to the expected results. The flow
group had an average bone mass at the defect area of 0.316 (SD = +0.22) mm?, while the no-flow
group demonstrated an average bone mass of 1.06 (SD = +0.13) mm? in the defect area.

Statistical analysis could not be run on this pilot alone due to a limited data set.

Flow Group No-Flow Group
0.572 mm? 1.02 mm?
0.171 mm? 1.21 mm?
0.204 mm? 0.951 mm?

Table 1: Pilot I Bone Regrowth Volume

Bone volume in the defect area was measured using microCT to quantify the regrowth of bone
after two weeks of treatment. The treatment (flow) group demonstrated an average increase of
0.316 (SD = + 0.22) mm?, while the no-flow group demonstrated an average increase of 1.06 (SD

=+0.13) mm’.
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Figure 7: Graphical Representation of Pilot I Bone Regrowth Volume

Pilot Il — Four weeks

In pilot II, the data demonstrated a trend that aligned with the expected results. The flow
group had an average bone mass increase at the defect site of 6.65 (SD = + 6.43) mm?, while the
no-flow group showed an increase of 1.29 (SD = + 0.78) mm?. Statistical analysis could not be

run on this data set due to limited data.
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Flow Group No-Flow Group

14.00 mm? 1.84 mm?
2.02 mm? 0.73 mm?
3.93 mm?

Table 2: Pilot I Bone Regrowth Volume

Bone volume in the defect area was measured using microCT to quantify the regrowth of bone
after two weeks of treatment. The treatment (flow) group demonstrated an average increase of
6.65 (SD = + 6.44) mm?, while the no-flow group demonstrated an average increase of 1.29 (SD =

+0.78) mm?.

Pilot Il Bone Volume in Flow vs. No Flow
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Figure 8: Graphical Representation of Pilot IT Bone Regrowth Volume.

Pilot IIl — Four Weeks

In Pilot III, the data demonstrated a trend that aligned with the expected results. The flow
group demonstrated an average increase in bone mass at the defect site of 4.21 (SD =+ 4.89)
mm?®. The no-flow group demonstrated an average increase in bone mass at the defect site of 2.45

SD =+ 2.75) mm’. Statistical analysis could not be run on this data set due to limited data.
y
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Flow Group No-Flow Group

9.8 mm’> 0.55 mm?
1.3 mm? 1.2 mm?
1.47 mm? 5.6 mm?

Table 3: Pilot III Bone Regrowth Volume

Bone volume in the defect area was measured using microCT to quantify the regrowth of bone
after two weeks of treatment. The treatment (flow) group demonstrated an average increase of
4.21 (SD = + 4.89) mm?, while the no-flow group demonstrated an average increase of 2.45 (SD =

+2.75) mm’.

Pilot Il Bone Volume in Flow vs. No Flow
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Figure 9: Graphical Representation of Pilot III Bone Regrowth Volume.

Combined Data Sets of Pilot Il and Pilot 111
Because Pilots II and III lasted the same duration, four weeks, and the protocols remained
the same for both, the two data sets could be combined to run statistical analyses. A Mann-

Whitney U test was run with Prism, and no statistical significance could be determined.
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Discussion

Transitioning a device from in vitro to in vivo experiments inevitably presents a host of
challenges that require modifications in the fabrication of the device. This is because a live
subject provides a dynamic physiologic environment that is also physically moving, thus
disrupting the device chemically and physically. During each pilot study, these challenges
presented themselves, and aspects of the device were reworked for the next pilot study.

In March of 2021, Eyerusalem Gebreyesus began working on this project, and with the
help of undergraduate Alice Park, developed a working model of this device in vitro. Efforts
were then made to transition the in vitro model to an in vivo device. When I joined the Ong lab,
in October of 2022, nearly all components of the device’s fabrication were different than they are
today.

In October 2022, the sleeves were 3-D printed with biocompatible resin, and the
electrodes were adhered to the sleeves with Dymax adhesive. This process was time-consuming
and flawed, and it was difficult to completely enclose the silver epoxy used to adhere the wires to
the electrodes. A multimeter was used to check for exposed silver, and it took many layers of
Dymax to eliminate continuity. In January 2023, I began to design new sleeves with deeper
spaces for the electrodes and small hooks that would hold the wires in place while adhering. I
also designed three new sleeves to test various sizes to fit around the bone plate. We hoped to
minimize the size of the device, but the amount of Dymax that was required hindered this goal.
To minimize the time spent on fabricating the devices, we switched to creating silicone molds in
which we created the final sleeves. The discontinuation of the Dymax in this process also meant
the sleeves could be made much smaller and consistently fit over the bone plate. This resolved

the issue of exposed silver and maneuvering the wires into place. A pilot study conducted before
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I joined the lab also showed that fluid was entering the power supply when implanted, so efforts
were made to better seal this power supply.

In April 2023, 1 participated in my first pilot study. This study ended prematurely because
the devices stopped transmitting. Gebreyesus worked to troubleshoot the supposed circuit board
issues and determined that the Bluetooth interval programmed into the device was too frequent.
We conducted a study to test the battery duration on different Bluetooth intervals, and a new
Bluetooth interval was programmed onto the device and the power consumption was reduced to
80uA when the device was idle. Since Pilot I showed that fluid was still entering the devices, we
switched over to Dymax adhesive for coating the entire enclosure. In June of 2023, I explored
ways to reduce strain on the silicone tube that insulated the wires, because this component is
fragile inside the rat subjects. I began using a new method for enclosing the tube in the sleeve.

In July 2023, we conducted Pilot II and tested the new enclosure sealing, fabrication
techniques, and Bluetooth interval. Again, the devices had prematurely stopped transmitting, and
we found that a few electrodes had eroded. However, since the devices lasted for four weeks in
vivo, we collected data that demonstrated the longer-term effects of this device, and the data
supported the hypothesis.

In March of 2023, we conducted Pilot III. We were hoping to corroborate data from Pilot
IT and reach an ideal 8-week long study. The device again failed prematurely at four weeks. The
takedown of the rats showed that a few of the tubes had broken at the junction between the tube
and the sleeve, due to a difference in mechanical properties of the tube and the sleeve. Analysis

of the devices showed that three of the batteries had been drained for an undetermined reason.
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Currently, fabrication challenges include the breaking of the tube at the junction and the
eroding electrodes, and we need to determine why the batteries drained, we suspect a short
somewhere in the power supply.

Over the course of my time at the lab, we also made alterations to the treatment schedule.
In Pilot I, the treatment schedule was two days of treatment followed by one rest day, and this
began on the third postoperative day. Qualitative analysis of the rat subjects’ aggressive
temperament during this treatment schedule demonstrated that this was potentially too soon to
begin treatment and too rigorous of a treatment schedule. Additionally, as shown in Table 1, the
data reflected an opposite trend to what we expected. The no-flow group had more bone density
in the defect area than the flow group by the end of the study. We hypothesized that beginning
the flow that soon postoperatively and inducing flow too often was disrupting the healing
process. Therefore, in Pilots II and III, the treatment began on the seventh postoperative day and
the treatment schedule was one day of treatment followed by two days of rest. As demonstrated
in Table 2 and Table 3, the data overall validated our expectations. This suggests that
maximizing healing relies on a balance between rest and stimulating fluid flow.

The electrodes were tested for degradation after the most recent pilot study in cell culture
media, a fluid that mimics interstitial fluid in its composition of ions, nutrients, hormones, and
other biomarkers. In this short study, the electrodes showed no signs of degradation despite
maintaining the electrical field for 6 hours (equivalent to 18 treatments). This result suggests the
degradation is related to either physical movement of the rat subject wearing down the
electrodes, or some other physiological condition, such as changes in tissue pH postoperatively
due to chronic inflammation. A study on tissue pH changes in response to plantar tissue and

gastrocnemius muscle incision found that pH was decreased up to four days after the plantar
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tissue incisions and up to seven days for the gastrocnemius incision. The data from the
gastrocnemius incision showed significance (Woo, 2004). The femoral defect surgery used in
this study involves deep incisions into several upper leg muscles and the abdominal wall,
therefore it would be reasonable to assume that the surrounding tissue experiences some pH drop
for at least the first postoperative week. While platinum, the deposited material for the
electrodes, is generally highly resistant to pH changes and oxidation, there is some evidence that
dissolution can occur under certain conditions such as fuel cells (Topalov, 2014). Current efforts
made to mitigate the degradation of these electrodes include fabricating electrodes with a thicker
layer of platinum.

Another current fabrication challenge has been the device breaking at the junction of the
silicone tubing and the sleeve. This is likely due to a mismatch in mechanical properties: the
sleeve is very stiff, and the tube is very pliable. Typical cables include a “cable strain relief”
component that merges the two materials. I have been testing different methods of replicating a
cable strain relief component, however, challenges arise with ensuring biocompatibility and that
all the materials adhere together.

Existing literature supports the notion that healing is dependent on a combination of
immobilization and compression. However, the postoperative period is not guided by strict
instructions on duration of rest or amount of load bearing (Mav¢i¢ & Antoli¢, 2012). Therefore,
this study, in part, aims to investigate the ideal treatment timeline. This study also aims to
investigate different schedules of inducing more or less fluid shear stress. For example, existing
literature discusses the practice of “dynamization” versus “reverse dynamization”. Dynamization
describes increasing interfragmentary movement (IFM), typically by changing the fixation from

stable to flexible. Reverse dynamization would be decreasing IFM. However, the literature on
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animal studies investigating dynamization is inconsistent (Glatt, 2017). In the context of an
MHD device, dynamization would look like increasing either the electrical field or magnetic
field flux, or both, to increase the amount of fluid shear stress. Reverse dynamization would look
like decreasing one or both of those variables to decrease fluid shear stress. It is thought that
different amounts of stress are conducive to different stages of bone healing e.g. fibrous tissue is
promoted in areas of moderate to high tensile strain and bone formation occurs in areas of low to
moderate tensile strain (Glatt, 2017). Therefore, reverse dynamization may best replicate the
natural shift toward less strain as the fracture heals and promote the best healing.

To fully support the efficacy of this device, additional future studies must be conducted
for further data collection and evidence of statistical significance between the no-flow and flow
groups. Overall, this device shows promising applicability for inducing bone growth over gap
fractures while a patient remains immobilized, or in individuals such as the elderly or those who
have sustained multiple injuries and need to delay rehabilitation. This will mitigate the need for

early compression on the bone which may ultimately disrupt the healing process.
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