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ABSTRACT OF THE DISSERTATION

The Impact of Intraneural Facilitation Therapy on Diabetic Peripheral Neuropathy
by

Kyan Sahba
Doctor of Philosophy, Graduate Program in Physical Therapy
Loma Linda University, August 2021
Dr. Lee S. Berk, Chairperson
Background: Intraneural facilitation (INF) has shown clinical success, and significant
improvements have been found in a recent pilot study. This study aims to investigate
further these effects on DMT2 subjects suffering from DPN.
Objective: The purpose of this study is to explore the effects of INF on subjects suffering
from DPN impacting blood flow, sensation, balance, gait, pain, and quality of life.
Methods: Twenty-eight subjects between 50-75 years old with T2DM and below ankle
moderate-severe DPN, were randomly assigned into two groups (N=17 INF, N=11
sham). All blinded subjects went through 9 therapy visits, and blinded assessing physical
therapists completed pre/post-testing measurements consisting of; Pain Quality
Assessment Scale, Semmes-Weinstein Monofilaments, NeuroCom SMART Balance
Master, QOL- DN, Zeno Walkway, and ultrasound.
Results: There were only two significant differences between each group statistically, for
unpleasant pain and protective sensation (p < 0.05). There were significant changes
within the INF group over time, for 8 PQAS pain qualities, and in 2 pain domains (p <
0.05); sham group showed decreases in 2 pain qualities (p < 0.05). No significant
differences seen between groups for gait velocity and stride length. Only the INF group

showed within group improvement in static balance composite equilibrium score over

XV



time (p <0.05) in SOT. For LOS, significant differences between groups were seen in
forward (FW) direction for movement velocity (MVL) and in right (RT) direction for
reaction time (ReT) (p < 0.05). Within the INF group there was improvement for total
QOL-DN score, and subcategories; physical functioning/large fiber and symptoms; the
sham group showed improvement in subcategory physical functioning/large fiber (p <
0.05). With the sonography assessment, there was no difference between each group
statistically, however, there were changes within the experimental group with time
Conclusions: Our findings indicate Intraneural Facilitation improved static balance
measures within INF group and protective sensation and unpleasant pain quality between
groups. Within INF group changes for ultrasound outcomes were encouraging yet further
research is needed to elucidate the value of assessing macrovascular regulation using
repeated single site sonography assessment. Therefore, applying INF might help benefit

those dealing with diabetic peripheral neuropathy.
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CHAPTER ONE

INTRODUCTION AND REVIEW OF LITERATURE

Understanding Diabetes

If the body finds itself in a condition in which it has raised levels of glucose and
cannot produce a hormone called insulin, it does not have enough insulin, or it cannot use
insulin effectively, then the body will develop a chronic condition known as diabetes
mellitus (DM) (Cho, Shaw et al. 2018). Insulin is produced by the pancreas and is a
hormone used to transport glucose from the bloodstream into the body's cells for
conversion to energy. The hallmark of diabetes is hyperglycemia (high levels of glucose),
which happens because of the body's lack of insulin or the inability of cells to respond to
insulin (Cho, Shaw et al. 2018). There are three main types of diabetes, type 1, type 2,
and gestational diabetes (Cho, Shaw et al. 2018). Less common forms are monogenetic
and secondary DM (Cho, Shaw et al. 2018). Diabetes mellitus type 1 (T1DM) occurs
when the body is unable to produce sufficient insulin for the body (Cho, Shaw et al.
2018). For people with T1DM to survive, they require daily insulin treatment, regular
glucose monitoring, and a healthy lifestyle to delay or avoid diabetic complications (Cho,
Shaw et al. 2018). Diabetes Mellitus type 2 (T2DM) is an inadequate production of
insulin and an inability of the body's ability to respond to insulin (Cho, Shaw et al. 2018).
The primary treatment for T2DM is lifestyle modification in diet, exercise, smoking
cessation, and body weight maintenance (Cho, Shaw et al. 2018). If this first line of
defense does not work, then oral medications begin for hyperglycemia management, and
if this fails, then insulin injections are prescribed (Cho, Shaw et al. 2018). Unfortunately,

T2DM detection usually occurs when complications arise, such as a foot ulcer, vision



change, renal failure, or infection (Cho, Shaw et al. 2018). T2DM accounts for 90% of all

diabetic cases and will be the focus group for this study (Cho, Shaw et al. 2018).

Global Epidemiology of Diabetes
DM is a chronic disease with a global prevalence increasing over recent decades
(Cho, Shaw et al. 2018). The World Health Organization (WHO) estimated that 108
million people were living with diabetes mellitus (DM). In 2015, that estimate increased

to 415 million people and is still rising now (Cho, Shaw et al. 2018).

Population Rise of DM

97 M = T2DM
415 M = DM
2015 373 M = T2DM

Figure 1. The Population Rise of Diabetes

This increase also means that these individuals have a higher risk of obtaining secondary
complications that lead to decreased quality of life (QOL), high medical costs, and
increased mortality (Boulton, Vinik et al. 2005, Cho, Shaw et al. 2018, Hicks and Selvin

2019). Microvascular damage is the most common complication associated with T2DM



leading to Diabetic peripheral neuropathy (DPN) and has a lifetime prevalence of 50% in
these individuals (Brown, Pribesh et al. 2017, Cho, Shaw et al. 2018). DPN is a primary
risk factor for foot ulcers from loss of sensation, retinopathy leading to blindness, chronic
kidney disease from nephropathy, fractures from falls and loss of balance, muscle atrophy
in lower extremities, inability to perform daily functions, poor QOL, non-traumatic
amputations, and traumatic brain injury (Boulton, Vinik et al. 2005, Flerx and Hall 2015,
Brown, Pribesh et al. 2017, Valencia and Florez 2017). Apart from having to deal with
DM complications, there are also significant costs related to the treatment of these DM
complications (Boulton, Vinik et al. 2005, Asif 2014, Chatchawan, Narkto et al. 2018,
Hicks and Selvin 2019). The global healthcare expenditure in 2017 for people aged

between 20-79 years was estimated at 727 billion dollars (Cho, Shaw et al. 2018).

Peripheral Neuropathy: Diabetic Complication

DPN is the most common long-term complication of T2DM, affecting 50% of this
population; it affects the nerve endings in feet, hands, or other regions of the body after
an individual has experienced frequent or prolonged durations of hyperglycemia (Boucek
2006, Cade 2008, Van Acker, Bouhassira et al. 2009, Ahn and Song 2012, Brown,
Pribesh et al. 2017). It is also responsible for the most diabetic-related hospitalizations
(Boucek 2006). Small or large peripheral nerve fibers could be involved. Small fiber
neuropathy is associated with pain, ulcers, and autonomic symptoms, while large fiber
neuropathy is associated with paresthesia, sensory loss, and muscle weakness
(Magrinelli, Briani et al. 2015, American Diabetes 2019). DPN can lead to reduced

balance and gait parameters, thus classifying these individuals at high risk for falls (Ahn



and Song 2012). Those with DPN have also been found to have sensory impairments
identified as increases in ankle inversion and eversion proprioceptive thresholds (Van den
Bosch, Gilsing et al. 1995). These individuals can also develop increased sway during
gait, and this decreased balance can result in decreased QOL (Ahn and Song 2012).
Overall, when compared to healthy individuals, those with DPN have reduced
proprioception, lower extremity sensation, and ankle strength making them more
receptive to falls (Tofthagen, Visovsky et al. 2012). Unfortunately, early detection of
DPN is rare due to the nature of its presentation, which is asymptomatic or developing

silently over time (Brown, Pribesh et al. 2017).

Pathophysiology of Diabetic Peripheral Neuropathy

Diabetes is one of the most common etiology factors for peripheral neuropathy
(Head 2006). To start, peripheral nerves are covered by perineurium, of which only
several transperineurial arterioles can penetrate through to the endoneurium (Yagihashi,
Mizukami et al. 2011). The vascular supply to peripheral nerves is typically sparse,
making these nerves more susceptible to ischemia (Yagihashi, Mizukami et al. 2011).
The morphological characteristics for DN in the nerve are both demyelination and axonal
degeneration of myelinated fibers, degeneration with the regeneration of unmyelinated
fibers, and endoneurial microangiopathy (Boucek 2006, Yagihashi, Mizukami et al.
2011).

A prolonged hyperglycemic state can lead to DPN development by hyperactivity
of polypol pathway, increased reactions of advanced glycosylated end products (AGES),

and receptor for AGE (RAGE) reactions, increased reactive oxygen species (ROS), and



protein kinase C activation (Boucek 2006, Yagihashi, Mizukami et al. 2011). These
metabolic aberrations can produce pro-inflammatory reactions, leading to increased
cytokines and macrophages and decreased neurotrophins, all of which promote
neuropathy development (Yagihashi, Mizukami et al. 2011). These hyperglycemic
induced irregular metabolic mechanisms can also affect endoneurial microvessels and
neural tissues through activating poly-ADP-ribose polymerase (PARP), altering protein
kinase C (PKC), increasing mitogen-activated protein kinase (MAPK) and activation
nuclear factor-kB, all of which leads to peripheral neuropathy (Yagihashi, Mizukami et
al. 2011). This hyperglycemic state not only affects the nerve cells, but it also damages
nerve repair mechanisms; by decreasing nerve growth factor, microangiopathy with
endoneurial hypoxia, increased oxidative stress with overproduction of harmful ROS,

defects in macrophage function (Boucek 2006, Head 2006).
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Figure 2. Pathophysiology of Diabetic Peripheral Neuropathy via hyperglycemia



Polyol accumulation is regulated by aldose reductase (AR). The polyol theory
remains elusive but is best explained with the osmotic theory, in which increased polyol
leads to intracellular hyperosmolarity by the accumulation of impermeable sorbitol
cytoplasm, which expands the cell and leads to cell lysis (Yagihashi, Mizukami et al.
2011). The increase in sorbitol also causes a reduction of glutathione and nitric oxide
from overconsumption of nicotinamide adenine dinucleotide phosphate (Yagihashi,
Mizukami et al. 2011). This osmotic theory mostly explains the genesis of cataracts
(Yagihashi, Mizukami et al. 2011). AR inhibitors have been used in many clinical trials
to reverse the polyol accumulation, and while they confirm the critical role of AR in
diabetic neuropathy, it does not entirely account for neuropathy development (Yagihashi,
Mizukami et al. 2011).

In diabetic nerves, every component of nerve tissues can be excessively glycated
(‘Yagihashi, Mizukami et al. 2011). Nerve tissues, fibers, and endothelial cells of vasa
nervosum all express the receptor for AGE (RAGE). When AGE binds to RAGE, an
oxidative stress reaction is created through the activation of NADPH oxidase (Yagihashi,
Mizukami et al. 2011). As translocation and transcription occur to activate genes for cell
death or survival, both microangiopathic processes and neural dysfunction begin resulting
in pain or nerve conduction delay (Yagihashi, Mizukami et al. 2011).

Nitro-oxidative stress, in conjunction with a hyperglycemic state, created poly
ADP-ribose polymerase (PARP) activation. PARP activation can result in cellular death

and dysfunction (Yagihashi, Mizukami et al. 2011).



Current Diabetic Peripheral Neuropathy Treatments

The current treatment for DPN consists of both pharmacological and non-
pharmacological agents (Bril, England et al. 2011). The pharmacological agents consist
of; anticonvulsants, antidepressants, opioids, antioxidants, aldose reductase inhibitors,
topical medications (capsaicin cream), to name a few (Bril, England et al. 2011). Each of
these will be discussed in Levels; Level A has strong evidence, Level B has moderate
evidence, and Level U has insufficient evidence (Bril, England et al. 2011). Pregabalin,
an anticonvulsant, has sufficient evidence in lessening pain and improving QOL in
patients with DPN and is considered a clinically appropriate treatment (Bril, England et
al. 2011). Pregabalin is currently the only Level A treatment for peripheral neuropathy at
this time (Bril, England et al. 2011). Gabapentin and sodium valproate, at Level B,
should also be considered in treating DPN (Bril, England et al. 2011). Anticonvulsants:
oxcarbazepine, lamotrigine, and lacosamide show level B evidence and should not be
considered for DPN treatment (Bril, England et al. 2011). Antidepressants; Amitriptyline,
venlafaxine, and duloxetine show Level B evidence in treatment for DPN (Bril, England
et al. 2011). Opioids: dextromethorphan, oxycodone, and tramadol, and capsaicin are
treatments with Level B evidence that should be considered for treatment and are
possibly affective in DPN related pain (Bril, England et al. 2011). Antioxidants such as a-
lipoic acid have insufficient evidence in their effectiveness for DPN symptoms, leaving
them in Level U (Bril, England et al. 2011). On a molecular level, pharmacological
therapies may not be sufficient in reversing or slowing down DPN, only modest benefits
have been shown to slow its progression, and it is mostly ineffective in reducing pain

(Finnerup, Sindrup et al. 2010). In those individuals dealing with painful DPN, the



recommended course of treatment is pharmacological (Boulton, Vinik et al. 2005, Pop-
Busui, Boulton et al. 2017, American Diabetes 2019, Hicks and Selvin 2019).

Also used are non-pharmacological modalities: infrared therapy, shoe magnets,
transcutaneous electrical stimulation, to name a few (Bril, England et al. 2011).
Currently, the only non-pharmacological treatment showing evidence in treating
peripheral neuropathy is transcutaneous electrical stimulation, at Level B (Bril, England
et al. 2011). It is found to possibly be effective in reducing pain in DPN as well as
improving QOL (Bril, England et al. 2011). However, low-intensity laser treatment, Reiki
therapy, and electromagnetic therapy have moderate evidence supporting that they should
not be considered for the treatment of DPN patients (Bril, England et al. 2011). In
comparison, the treatment for DPN at this time rests solely on pharmacological
medication, which may have harmful side effects, and costly modalities to lessen pain
and improve QOL by decreasing pain (Bril, England et al. 2011).

Both pharmacological and non-pharmacological agents only address the patient’s
pain felt and do not address their numbness (Bril, England et al. 2011). In conclusion,
each of these treatments has limited evidence, but the degree of effectiveness can be
minor, side effects can be intolerable, physical function improvement is limited, and there

are high costs involved in treatment (Bril, England et al. 2011).

Physical Therapy Intervention: Diabetes Mellitus
Treatment for DM is a multi-provider plan, and preventions of many of the
complications from DM are done by blood glucose control(Cho, Shaw et al. 2018).

Physical therapists (PTs) currently assist patients with diabetes by treating the symptoms



of micro/macro vascular-related comorbidities (Cade 2008). Many of these patients
presenting to the physical therapy clinic with DM are currently experiencing pain,
decreased in function, decreased endurance, loss of ankle reflexes, numbness,
paresthesia, extreme sensitivity to touch, insensitivity to pain or temperature, sharp pain,
decreased coordination, muscle weakness and decreased balance (Cade 2008, Ites,
Anderson et al. 2011, Chapman, Meyer et al. 2017). Evidence proposes that DM patients
have less muscular strength than those without T2DM (Hatef, Bahrpeyma et al. 2014).
Physical therapy treatments for these patients primarily deal with DPN symptoms to
improve their QOL in areas of function (Ites, Anderson et al. 2011, Cho, Shaw et al.
2018).

PT's can assist DM patients by prescribing an exercise program which helps
reduce hyperglycemia, insulin resistance, dyslipidemia, and hypertension; these
reductions improve the vascular issues occurring with T2DM (Cade 2008, Hameed,
Manzar et al. 2012). A study by Hameed et al., found progressive resistance training of
five resistive exercises at 65% of 1 repetition maximum and progression had improved
muscle strength after only four weeks (Hameed, Manzar et al. 2012). This finding was
further supported by a study done by Ibanez et al., in which patients with DM completed
progressive resistance training at 50-80% repetition maximum for four weeks and gained
significant muscle strength (Ibanez, l1zquierdo et al. 2005). Tokmakidis et al., combined
the effect of resistance exercise at 60% of 1 repetition maximum, and aerobic exercise of
walking/jogging on a treadmill for 75 minutes 2x weekly, which resulted in better
glycemic control, improved endurance and muscle strength (Tokmakidis, Zois et al.

2004). Exercises can also improve numerous metabolic factors that affect microvascular



function, indirectly protecting against peripheral nerve damage (Singleton, Smith et al.

2015).

Physical Therapy Intervention: Peripheral Neuropathy

We have discussed how those with DM are treated, but what about those same
individuals with T2DM in conjunction with DPN? Physical therapists need to treat not
only the above-mentioned potential complications but also added problems that arise
when a patient also suffers from PN. These added DPN problems lead to decreased
motility due to increased neuropathic pain, which in turn contributes to decreased
endurance, strength, and poorly managed glycemic index (Flerx and Hall 2015). The
sensory and motor impairments that occur from DPN also lead to impaired gait and
balance (Allet, Armand et al. 2010). In a 4-yearlong study by Balducci et al., found that
those with DM without DPN who participated in an aerobic exercise program showed
improved nerve conduction velocity and vibration threshold and were less likely to
develop DPN when compared to those not in an exercise program (Balducci, lacobellis et
al. 2006). However, this study was concluded to lack high-quality evidence to effectively
evaluate the effect of exercise on DPN (Kluding, Pasnoor et al. 2012). A study by
Kluding et al., came out with a pilot study examining DPN subjects for ten weeks on a
supervised aerobic and resistive exercise program, they concluded at the end of 10 weeks
improvements in measures of pain, neuropathic symptoms, and cutaneous fiber branching
(Kluding, Pasnoor et al. 2012). In a pilot study by Flerx et. al., a physical therapy balance
program was implemented in conjunction with monochromatic infrared energy therapy,

and results showed an increase in both balance and protective sensation in the feet (Flerx
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and Hall 2015). A randomized control trial (RCT) study by Dixit et. al., concluded that
aerobic exercise aids in halting, or disrupting the progression diabetic peripheral
neuropathy, as evidenced by finding a significant difference in nerve conduction velocity
in both peroneal and sural nerves when compared pre and post aerobic (Dixit, Maiya et
al. 2014). Other current PT treatments to treat those with DPN are vibrating insoles,
lower extremity specific strengthening exercises, and use of assistive devices, which all
show good statistical evidence in improving balance (Richardson, Sandman et al. 2001,
Priplata, Niemi et al. 2003, Ashton 2011, Ites, Anderson et al. 2011).

Recently, an article by Alshahrani has introduced a new treatment for DPN with a
new technique known as Intraneural Facilitation (INF). They found INF to significantly
aide in reducing DPN symptoms as observed in the modified Total Neuropathy Scale and
the sensory organization test of NeuroCom and movement velocity portion of the limits
of stability test in the NeuroCom (Alshahrani, Bussell et al. 2016). In this study, there
were also improvements in the reaction time, directional control, endpoint excursion and
maximum excursion of the limits of stability test and also improvements in the activities-
specific balance confidence scale, but not significant possibly due to the small sample
size and no control or sham group was used in this study (Alshahrani, Bussell et al.

2016).

The Rationale for Diabetic Peripheral Neuropathy Research
DPN has only recently been recognized as a significant determinant of the early
decline in functional mobility, leading to the physical frailty in people with diabetes

(Bittel, Bittel et al. 2015, Kluding, Bareiss et al. 2017). Currently, the most frequently
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stated known treatments for DPN are glycemic control, foot care, and pain management
(Boulton, Vinik et al. 2005, American Diabetes 2019, Hicks and Selvin 2019). In 2019 by
the American Diabetes Association states that the treatment in dealing with neuropathic
pain states, "No compelling evidence exists in support of glycemic control or lifestyle
management as therapies for neuropathic pain in diabetes or prediabetes, which leaves
only pharmaceutical interventions” (American Diabetes 2019). This is alarming because
not only are the pharmacological costs in DPN treatment rising, but also, while there are
many studies on these drugs, there is a lack of how long it is needed to take them (Peltier,
Goutman et al. 2014). Painful DPN is widely undertreated, and under-recognized, while
there are many drug studies, there is a need for more studies to look at QOL, pain, and
side effects need to be researched (Peltier, Goutman et al. 2014, American Diabetes
2019). The cost in the pharmacological treatment itself leads to the question, is there a
cheaper non-pharmacological treatment to assist in painful DPN?

The American Diabetes Association states that regular aerobic exercise might
prevent or delay peripheral neuropathy progression in T2DM (Colberg, Sigal et al. 2016).
Aerobic exercise and physical activity are acknowledged as assisting in glycemic control
for those with T2DM (Colberg, Sigal et al. 2016). Exercise training has also been shown
to improve metabolic dysregulation and promote nerve regeneration and function
(Colberg, Sigal et al. 2010, Kluding, Bareiss et al. 2017). Exercise has many potential
advantages for individuals dealing with DPN, and PTs play an essential role in
implementing the ADA guidelines for activity and monitoring and prescribing a safe and
effective exercise regime (Kluding, Bareiss et al. 2017). While there is good statistical

evidence showing improved balance, a systematic review by ltes et. al., found a lack of
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high-quality studies, and a need for more RCTs in investigating the effectiveness of
physical therapy interventions and balance in DPN individuals (Ites, Anderson et al.
2011).

While cost is one reason to look at other treatments to aide in those dealing with
DPN, another deciding factor is the numerous research articles dealing with the
neuropathic symptoms, and not the mechanism of neuropathy itself. All treatments of
DPN for physical therapists are regarding function and non-pharmacologic pain

management; thus far, we have been unable to address the underlining problem of DPN.

Purpose
The need for this study presented itself as an opportunity to provide an RCT and
investigate not only the symptomatic response of neuropathy, but also blood flow, quality
of life, balance, skin temperature, protective sensation, and pain in DPN using a new PT
intervention. This graduate student research study explores the modulatory effects of INF

in T2DM subjects with moderate-severe DPN.

Hypothesis
1. Intraneural Facilitation will improve quality of life, by improving pain and protective
sensation in subjects diagnosed with T2DM with moderate-severe DPN.
2. Intraneural Facilitation will improve the quality of life through functional mobility in
subjects with T2DM and moderate-severe DPN.
3. Intraneural Facilitation will increase blood flow and pulsatility in the distal posterior

tibial artery in subjects with T2DM with moderate-severe DPN.
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Abstract

Objective: To evaluate the effectiveness of a manual physical therapy technique known
as intraneural facilitation (INF) on individuals with diabetes type 1l (T2DM) with below
ankle moderate to severe diabetic peripheral neuropathy (DPN).

Research Design and Methods: This was a single-blind, randomized clinical trial.
Thirty individuals with T2DM and DPN were randomly assigned to two treatment
groups: INF or sham. Twenty-eight patients completed the study. The Quality of Life-
Diabetic Neuropathy (QOL-DN) questionnaire, Pain Quality Assessment Questionnaire
(PQAS), Zeno Walkway, NeuroCom SMART Balance Master: Limits of Stability (LOS)
and Sensory Organization Test (SOT), and Semmes-Weinstein Monofilament (SWM)
measurements were taken before and after 3-week treatment sessions. The sham
treatment consisted of subjects believing they received anodyne monochromatic infrared
photoenergy.

Results: A significant decrease within the INF group was seen for 8 PQAS pain qualities,
and for 2 pain domains (p < 0.05); sham therapy showed decreases in 2 pain qualities (p
< 0.05). Between groups, there was a significant difference seen only in unpleasant pain
(p < 0.05). No significant differences seen between groups for gait velocity and stride
length. Only the INF group showed within group improvement in static balance
composite equilibrium score over time (p < 0.05) in SOT. For LOS, significant
differences between groups were seen in forward (FW) direction for movement velocity
(MVL) and in right (RT) direction for reaction time (ReT) (p < 0.05). Within the INF
group there was improvement for total QOL-DN score, and subcategories; physical

functioning/large fiber and symptoms; the sham group showed improvement in
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subcategory physical functioning/large fiber (p < 0.05). Also, protective sensation was
significantly improved (p < 0.05) within the INF group and between groups.
Conclusions: Intraneural Facilitation improved static balance measures within INF group
and protective sensation and unpleasant pain quality between groups.

Keywords: Intraneural facilitation, diabetic peripheral neuropathy
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Introduction

In 2017 the International Diabetes Federation estimated 651.1 million adults
between the ages of 65-99 years to have diabetes mellitus (DM), with 90-95% suffering
from type 2 DM (T2DM) (Cho, Shaw et al. 2018). Over 50% of patients with T2DM
suffer from diabetic peripheral neuropathy (DPN) (Igbal, Azmi et al. 2018, Selvarajah,
Kar et al. 2019). The annual cost of patients with DM and DPN is $30,000 annually, this
expense quadruples if the DPN symptoms are severe and painful (Sadosky, Mardekian et
al. 2015). Additionally, DPN complications can negatively affect the patients quality of
life (QOL) (Gregg, Beckles et al. 2000, Boulton, Malik et al. 2004), with impaired
balance (Gregg, Beckles et al. 2000, Alshahrani, Bussell et al. 2016, Selvarajah, Kar et al.
2019), altered gait (Gregg, Beckles et al. 2000, Morrison, Colberg et al. 2014, Selvarajah,
Kar et al. 2019) and increased pain (Davies, Brophy et al. 2006, Hartemann, Attal et al.
2011, Selvarajah, Kar et al. 2019).

Current Treatment for DPN consists of 1) glycemic control, 2) foot care, and 3)
pain management (Hicks and Selvin 2019). The American Diabetes Association
recommends medication utilization for the relief of painful DPN (Javed, Petropoulos et
al. 2015, Pop-Busui, Boulton et al. 2017). Despite ongoing progressive research, only
modest benefits from pharmacology have been shown to slow disease progression and
reduce pain associated with DPN (Finnerup, Sindrup et al. 2010). Non-pharmacologic
modalities such as: infrared therapy, shoe magnets, Reiki therapy, exercise, acupuncture,
transcutaneous electrical nerve stimulation, spinal cord stimulation, and biofeedback
behavioral therapy, have attempted to reverse the debilitating effects on nerves’ axons

and improve neural circulation with T2DM (Bril, England et al. 2011). Unfortunately, the
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American Academy of Neurology (AAN) does not assign “A” level evidence to the
aforementioned interventions.

With no clear treatment that reverses nerve damage due to T2DM, a manual
therapy approach has been suggested to improve neurovascular circulation in ischemic
neurovascular capillary beds of patients with T2DM; Intraneural Facilitation (INF) is a
manual therapy approach that “aims to bias blood flow into the neural fascicle, improve
the endoneurial capillary circulation, and reverse intrafascicular ischemia” (Alshahrani,
Bussell et al. 2016). This study hypothesizes that INF will decrease perceived pain, and
improve balance, ambulation, QOL, and protective sensation in those with moderate to

severe DPN with a posited mechanism of neurovascular revascularization.

Research Design and Methods

Recruitment and Subject Criteria

Recruitment activities included distributing flyers in the Loma Linda Community,
referrals from medical doctors at the Loma Linda University Medical Center, Loma
Linda Diabetes Treatment Center, emails to school staff, and word of mouth. Participants
were screened using IRB-approved telephone recruitment methods for all interested
participants in which inclusion and exclusion criteria were reviewed along with details of
the study.

Participants were included in the study if they had T2DM, below ankle DPN
symptoms (numbness, tingling, burning, sharp pain, increased sensitivity, etc.), moderate

to severe DPN as identified by scoring > 10 on the Quality of Life- Diabetic Neuropathy
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(QOL-DN) scale, and if they were between the ages of 50-75 years old. Participants were
excluded if they had a medical condition suggesting a possible decline in function over
the next six months, such as a current regimen of chemotherapy, radiation therapy, or
dialysis; if they had any lower extremity amputations or wounds, documented active
alcohol or drug misuse; if they have any known health conditions: end-stage renal failure,
uncontrolled hypertension, severe dyslipidemia, chronic liver disease, autoimmune
disease, advanced chronic obstructive pulmonary disease, and active inflammations;
other inflammatory neuropathies including chronic inflammatory demyelinating
polyneuropathy, proximal diabetes neuropathy, autonomic neuropathies, or other
neuropathies not associated with DM such as B12 deficiency, hypothyroidism, and
uremia. Also excluded were those with other severe chronic medical conditions requiring
active treatment. Participants were also excluded if they were morbidly obese or if
pregnant (self-reported).

Once participants completed the phone recruitment script, an appointment was
made to visit the Loma Linda University Physical Therapy Lab to complete the last
inclusion criteria, which was to score > 10 on the QOL-DN scale. Participants then
signed the IRB consent form, and completed baseline measurements. Once eligible,
participants chose either their right or left leg to be treated. Baseline measurements for
the Pain Quality Assessment Scale (PQAS), Zeno Walkway, NeuroCom SMART
Balance Master computerized dynamic posturography (Limits of Stability and Sensory
Organization Test), and Semmes-Weinstein Monofilament (SWM) were completed. The
Institutional Review Board (IRB) of Loma Linda University approved all methods and

procedures.
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Randomization

Once baseline measurements were completed, participants visited the Neuropathic
Therapy Center (NTC) for randomization and scheduling. Every participant was asked to
choose between two sealed identical envelopes revealing if they were in Group 1 or
Group 2. Group 1 (N=17) was the INF group, and participants were given INF treatment.
Group 2 (N=11) was the sham group, and participants believed they were given anodyne
therapy. After completed treatments, participants returned to the Physical Therapy Lab to

complete the same measurements, the tester was blinded to the participants’ treatment

group.

Outcome Measures
QOL-DN (Quality of Life- Diabetic Neuropathy) Questionnaire

The QOL-DN was used to measure the patient’s perception of the effects of
diabetic neuropathy, assess neuropathy, and differentiate between autonomic, large, and
small fiber neuropathy (Vinik, Hayes et al. 2005). It was developed in the Department of
Internal Medicine, Eastern Virginia Medical School, Norfolk, Virginia (Vinik, Hayes et
al. 2005). The questionnaire was immediately scored, and subjects classified as having
moderate to severe DPN (scoring > 10) were invited to participate. A score range of 2-9
classified the neuropathy as mild, 10-19 as moderate, and greater than or equal to 20 as

severe (Vinik, Hayes et al. 2005).
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Pain Quality Assessment Scale (PQAS)

The PQAS questionnaire was used to assess distinct pain qualities for 20 pain (quality
and spatial) descriptors (Jensen, Gammaitoni et al. 2006). After reading the introduction
of the questionnaire, subjects then measured their pain on a numeric scale 0= “no pain” or
“no painful sensation” to 10 = “worst imaginable pain sensation” (Jensen, Gammaitoni et
al. 2006). There are also three pain quality domains; paroxysmal (which contained the
average scores of shooting, sharp, electric, hot, and radiating), superficial (which
contained the average scores of itchy, cold, numb, sensitive, and tingling), and deep
(which contained the average scores of aching, heavy, dull, cramping, and throbbing)

(Victor, Jensen et al. 2008).

Zeno Walkway

The Zeno Walkway (Protokinetics, Havertown, PA) is used to observe the
spatiotemporal characteristics of gait in the subjects: velocity and stride length (Lynall,
Zukowski et al. 2017). It contains a 16-level pressure-sensing pad, which measures
6.10x1.22 meters in which data is captured using PKMAS and force plate data collected
by Vicon Nexus (Vicon Motion Systems, Centennial, CO) (Espley, Brendolise et al.
2009). The Zeno walkway is directly connected to the PKMAS software and analyzed on
a computer that can record and store gait output (Vallabhajosula, Humphrey et al. 2019).
Participants were instructed to wear their own comfortable walking shoes. The subjects

were asked to walk back and forth on the walkway four times.
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NeuroCom SMART Balance Master System Computerized Dynamic Posturography

This apparatus is used as a scale for static and dynamic balances developed by the
Natus Medical Incorporated, Clackamas, OR (Lininger, Leahy et al. 2018). It consists of
two force plates that can move up/down and in an anterior-posterior plane (Lee, Kim et
al. 2003). Two tests were administered: Sensory Organization Test (SOT) and limits of
stability (LOS).

Sensory Organization Test (SOT). The SOT assesses the subject’s visual,
somatosensory, and vestibular systems for maintaining upright posture (Harro and
Garascia 2018). The standardized test instructions, per NeuroCom protocol, were either
“stand quietly with your eyes open” or “stand quietly with your eyes closed,” depending
on the condition being tested (Harro and Garascia 2019). This test was completed under
six different sensory conditions lasting 20 seconds each, and there were three trials of
each condition (Emam, Gad et al. 2009). The first three conditions examine static
posturography, and the last three conditions examine dynamic posturography (Emam,
Gad et al. 2009).

In Condition 1, subjects stand quietly with their eyes open as the force plate
measures the subject’s sway (McDaniel, Motts et al. 2018). In condition 2, the subject
stands quietly with eyes closed, removing their visual aide (McDaniel, Motts et al. 2018).
In condition 3, subjects stand quietly with their eyes open as the subject sways on the
forward or back on the locked force plate, the surrounding box moves with the subject,
now meaning the subject’s visual information is saying the subject is not moving, and the
proprioceptive information given to the patient is that he or she is moving (McDaniel,

Motts et al. 2018). In conditions 4, 5, and 6, the first three conditions are repeated
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consecutively, but with the force plate unlocked, this creates a situation in which
proprioceptive information is now incorrect because as the patient sways forward or
backward, so does the force plate (McDaniel, Motts et al. 2018).

The composite equilibrium score and the balance equilibrium score for each of the
six trial conditions were assessed (Alshahrani, Bussell et al. 2016, Pletcher, Williams et
al. 2017). The composite equilibrium score is defined as the subjects' anterior/posterior
sway during each trial compared with the theoretical sway limit of 12.5 (Alshahrani,
Bussell et al. 2016, Harro and Garascia 2019). The composite equilibrium score is
calculated by independently taking the average for conditions 1 and 2, and adding this
score to scores for all trials in conditions 3, 4, 5, and 6, then dividing that number by the
total number of trials (Harro and Garascia 2019). The total score is 100; therefore, those
with little AP sway will acquire scores close to 100; scoring a 0 means touching a support
surface, shifting feet, or falling (Emam, Gad et al. 2009, Pletcher, Williams et al. 2017).

Limits of Stability (LOS). The LOS test assesses the dynamic balance by
measuring the subjects’ weight-shifting ability and voluntary limits to stability for eight
directional targets set at 100% of theoretical limits of stability for an eight-second hold
(Pickerill and Harter 2011, Harro and Garascia 2018). During testing, subjects were
asked to lean away from midline towards the direction of one of the eight targets without
feet stepping or lifting from standardized foot position (Clark, Rose et al. 1997). The
LOS test measures five parameters: reaction time (ReT), movement velocity (MVL),
endpoint excursion (EPE), maximum excursion (MXE), and directional control (DC)

(Lininger, Leahy et al. 2018). Researchers analyzed these five test parameters for eight
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different directions: forward (FW), forward right (FWRT), right (RT), backward right
(BWRT), backward (BW), backward left (BWLT), left (LT), and forward left (FWLT).
Semmes-Weinstein Monofilament (SWM) (5.07)

Semmes-Weinstein 5.07/10-gram (CH537, Bailey Duraban Retractable
Monofilament 10 gram of pressure, Bailey Instruments Ltd, Manchester, United
Kingdom) monofilament (SWM) was used to test the third and fifth distal phalanx. This
method was standardized according to generally accepted guidelines (Mueller 1996,
Thomson, Potter et al. 2008). The “yes/no” method was used, meaning the patient
respond with “yes” each time the subjects sensed the monofilament application. Inability
to feel a 5.07 SWM (10 g of pressure) indicates the individual has peripheral neuropathy

(McNeely, Boyko et al. 1995).

INF vs. Sham Treatments

INF Treatment. INF is a manual therapy proposed to reduce neuropathy
symptoms through revascularizing ischemic peripheral nerves. INF posits to improve the
relationship from macrocirculation to microcirculation resulting in an increase of
neurovascular pressure that sufficiently overcomes diabetes-induced neural capillary
resistance. INF postulates that with a system involving three holds, this is achievable. The
first is the facilitation hold, in which the contralateral joint is placed in a maximal loose-
pack position (Alshahrani, Bussell et al. 2016). The purported physiologic reason being
to stretch the connecting nutrient vessels creating a natural large to small vessel bias and
enhanced neurovascular flow. This slight stretch in the contralateral joint is hypothesized

to stretch the nerve further than the artery due to the increased elastin in the artery
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(Alshahrani, Bussell et al. 2016). The increased neural excursion compared to the artery
stretches the coiled nutrient vessel attached between the artery and the nerve. Thus, it is
hypothesized that this enlarges the arterial junction's opening, allowing increased blood
into the epineurium (Alshahrani, Bussell et al. 2016). Now that pressure has increased,
the secondary hold takes place to bias the increased epineurial blood into the
transperineurial vessels that bridge the epiperineum and the endoneurial capillaries of the
site being treated (Alshahrani, Bussell et al. 2016). Now that the pressure has increased
into the open endoneurial capillaries, the goal is to open up ischemic endoneurial
capillaries, and this is hypothesized to open by providing the third hold. The third hold is
known as the sub hold and encourages blood flow through ischemic endoneurial
capillaries that have increased resistance/pressure through the application of Bernoulli's
principle. The series of stretches was repeated on affected side for the duration of the
allotted time. Trained INF physical therapists provided this therapeutic intervention for
those in the INF group for 50-60 minutes.

Sham Treatment. The sham treatment lasted 50-60 minutes and consisted of
subjects believing they were receiving infrared light therapy. The anodyne unit was
applied to the subject, but the unit was not plugged in (the plug was not visible to the
patient). Pads were placed on the subject in the following locations on the affected lower
limb: two on the plantar aspect of the foot in a T formation and one pad on the medial
and lateral side of the calf. A double-folded towel was wrapped around the subject’s foot
at the electrode sites to blind the subjects from the light not emitting from the electrodes

due to the anodyne unit not being plugged in.
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Data collection
Baseline assessment consisted of baseline demographic data, QOL-DN, PQAS,
Zeno walkway, NeuroCom SOT and LOS, and SWM. Post-treatment data assessment
consisted of QOL-DN, PQAS, Zeno walkway, NeuroCom SOT and LOS, and SWM, all

of which were collected after three weeks of treatment.

Data analysis
Mean £Standard Deviation was computed for quantitative variables and
frequency (percentage) for ordinal variables. Mann-Whitney U test was used to compare
INF and sham groups for all variables at baseline. The Wilcoxon’s Signed-Ranks Test
was used to compare pre- and post-variables.
Data were analyzed using SPSS Statistics Software version 27.0 (SPSS Inc,

Chicago, IL, USA). All analyses were performed at an alpha level of .05.

Results
Out of thirty participants satisfying the eligibility criteria, twenty-eight
participants completed the study, and were randomly assigned into the INF group (n=17)
and sham group (n=13) by picking between two sealed envelopes and completed their
treatments. There were seventeen males (mean+ SD: 66.55 + 6.68 years old) and eleven
females (mean+ SD: 67.29 + 4.73 years old). The INF group’s age (mean+ SD: 66.94 +
5.08 years old), height (mean+ SD: 173.47 + 13.40 cm), and weight (mean+ SD: 207.35 +

52.85 kg) when compared to the sham groups age (mean+ SD: 67.09 + 6.28 years old),

30



height (mean+ SD: 173.18 + 7.85 cm), and weight (mean+ SD: 209.55 + 39.98 kg) had
no significant differences in baseline characteristics (p>0.05).
Monofilament
The results of pre- and post-measurements for the Semmes-Weinstein
monofilament tests are shown in Figure 1. Significant findings were seen within the INF
group over time for both the third (p<0.001) and fifth (p<0.001) distal phalanx. Also,

there was a significant difference between the INF and sham groups (p=0.003) (Figure 1).

. Pre . Post . Bre . Post

P <0.001 p < 0.001 p=0.003
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Figure 1. Mean positive responses of third and fifth distal phalanx with 5.07 Semmes-
Weinstein Monofilament

PQAS

The Pain Quality Assessment Scale and Sub Categories are shown in table 1.
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Table 1. Pain Quality Assessment Scale and Quality of Life Diabetic Neuropathy

Questionnaires Pre vs Post for INF and SHAM Groups
QUESTIONAIRES INF Intervention (n:=17) SHAM (n;=11) beglﬂ;’;ﬁips
PQAS Pre lg/l;an + Post gllDean + v;)lu—ea Pre lg/l;an + Post g/IDean + v;)lu—ea p- valueb

Shooting | 3.59+3.62 271£3.10 0.096 4.36£3.61 4.82+343 0.833 0.460
Sharp | 541300 3.35£252 0.019* | 545330 455+350 0311 0.355
Electrical | 3.24+333 2.82+3.12 0.644 427£377 455+378 0.799 0.756
Hot | 3.88+4.09 2.65+3.26 0.192 3.91+367 3.36+2.87 0574 0544
Radiating | 2.24 +3.49 2.69£3.07 0.394 1.82+3.16 1.91+3.30 1.000 0.715
Paroxysmal Domain | 5 ¢7 .5 g 2.84+255 0.268 3.96+2.76 3.8342.81 0.721 0.796

Average
lichy | 3.00%3.50 3.06+3.25 0.888 3.36+378 2.9143.45 0.336 0.664
Cold | 3.71+403 2.65+252 0.261 4.00+3.35 3.64 £3.50 0.588 0.297
Numb | 6.82+260 429+3.44 0.013* | 591+302 455+3.42 0.106 0.477
Sensitive | 4.24+3.65 2.94+261 0.197 3.82+3.63 355301 0.916 0.283
Tingling | 5.71+3.89 435+320 0.093 6.55+353 3274297 0.014* 0.148
Superficial Domain | g9 15 15 3.46+2.24 0.015* 472 £2.07 352+1.95 0.066 0.981

Average
Aching | 3.94+368 253+318 0.192 5.36 + 2.66 5.55+3.50 0.766 0.306
Heavy | 3.24+333 2.00+2.98 0.087 418+3.28 4.00 £ 4.00 0.959 0.432
Dull | 4.00+262 2.47+2.40 0.034* | 409170 2914226 0.032* 0.849
Cramping | 4.53+4.03 2.53+3.66 0.041* | 4.00+355 355+2.77 0.798 0.192
Throbbing | 3.88+3.94 3.13+339 0.312 1.91+281 2.7343.38 0.400 0.086
Deep Domain Average | 3.93 %2.89 253%253 0011* | 391+228 3.75+266 0.898 0.212
Intense | 5.41+316 3.82+3.03 0.039% | 6.27+265 5.00 +3.10 0.089 0.830
Unpleasant | 7.12+2.67 418£307 0.001* | 609298 5.73 £3.00 0.509 0.013*
Deep | 5.65+3.43 371+3.10 0.019% | 545+321 473+3.41 0.898 0.331
Surface | 4.41+3.28 3.35£3.04 0.107 5.36+3.17 455+350 0.066 0.336
Tender | 3.0 +3.04 22442386 0.039% | 345295 3184351 0.734 0563
QoLDN Total Score | 35.6#27.5 26.2%29.0 0.004* | 32.8%21.0 28.423.9 0.061 0.342
Functioning/La rg:‘ésiil;’:r' 18.0 +13.9 116 +14.3 0.011% 16.6 +13.7 14.2 4132 0.049* 0.197
ADLs 2.844.9 27455 0.39 2.36 2.6 16425 0.084 0.922
Symptoms 10.8 6.5 7.746.1 0.001* 9.624.6 86+7.3 0.365 0.168
Small Fiber 29442 27443 0.893 25422 26128 0.566 0.904
Autonomic 12416 0.7£1.0 0.233 16413 1112 0.058 0.256

*p-values <0.05
p-value within groups
bp-value between groups
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There was a significant decrease in pain within the INF group over time in sharp
(p=0.019), numb (p=0.013), dull (p=0.034), cramping (p=0.041), tender (p=0.039),
intense (p=0.039) unpleasant (p=0.001), and deep (p=0.019). Significant decreases were
also seen in superficial (p=0.015) and deep (p=0.011) subcategories over time for the INF
group. There was a significant decrease in tingling (p=.014) and dull (p=0.032), for the
sham group and no significant findings for any domains (Table 1). Also, there was a

significant decrease in unpleasant pain quality (p=0.013) between groups.

Zeno Gait

The results of pre- and post-measurements for Zeno Gait Changes are shown in

table 2.

Table 2. Changes in Spatiotemporal Parameters of Gait - Pre vs. Post Treatment

Gait Velocity (m/sec) Stride Length (cm) Stride Width (cm)
Group (MF;; . (lv’l:’e(ﬁ . - vaIIJe Pre (Mean Post (Mean p- vallje Pre (Mean Post (Mean vaIIJe vaI;Je
s - - value® b +SD) +SD) value® b +SD) +SD) a b
SD) SD)
107.5 118.2 0.005 0.007
INF 4163 4208 * 61.1+6.6 65.2 £9.5 * 7144 7.7+5.2 0.74
91.4 103.4 0.014 0407 0.007 0.1%6 0652
SHAM 13i.7 131:4 T 52.4 £16.1 56.8 +14.9 % 10.4 +6.9 10.0+55 0.206

*p-values <0.05

ap-value within groups

bp-value between groups

Abbreviations: Int, intervention; SD, standard deviation, INF, intraneural facilitation; m, meter; cm,
centimeter.

There were significant increases in mean gait velocity (p=.005) and stride length (p=.007)
over time for the INF group. There were also significant increases in mean gait velocity
(p=.014) and stride length (p=.007) over time for the sham group. No significant

differences were seen between groups.
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SOT and LOS of NeuroCom

The results of the pre- and post-measurements for the SOT are shown in Table 3.

Table 3. Sensory Organization Test: Static and Dynamic Balance Changes - Pre vs. Post

Treatment
INF Intervention (n;=17) SHAM (n;=11) bet?ﬂfeenrg';gips

soT conaions_| PEQean [ Potlen [ v | Pre e [ Partgiean [ k| e
Condition 1 93116 935#1.3 0.368 91927 90.6 £5.3 0.398 0.180
Condition 2 86.1 4.7 87.7 5.0 0.113 86.1 7.7 86.2 +6.6 0.689 0.249
Condition 3 84.9 £8.3 88.5+4.1 0.056 84.0 +6.2 85.3455 0.398 0.510
Condition 4 82.7 £13.0 85.7 £9.2 0.210 73.1+17.3 72.3+23.8 0.248 0.495
Condition 5 56.7 £20.5 59.9+23.1 0.507 48.5 £24.9 53.0 £27.3 0.123 0.760
Condition 6 53.2+19.8 61.2 +18.2 0.093 419284 51.2 +28.7 0.477 0.655
Composite! 71.9 9.7 77.0 £8.7 0.040* 65.5 ¥13.0 70.0 £15.2 0.139 0.832
Somatosensory? 0.9 0.1 0.9+0.1 0.287 0.9 0.1 1.0+0.0 0.790 0.832
Visual® 0.9+0.1 0.9+0.1 0.332 0.8 0.2 0.8+0.3 0.110 0.165
Vestibular* 0.6 £0.2 0.6 0.2 0.653 0.5+0.3 0.6+0.3 0.051 0.410
Preference® 1.0+0.1 1.0+0.3 0.492 0.9+0.1 1.0+0.1 0.859 0.981

*p-values <0.05

ap-value within groups

Pp-value between groups
!Composite score is the summation of all conditions.
2Somatosensory system score is the condition comparison of condition 2 to condition 1.
3Visual system score is the condition comparison of condition 4 to condition 1.

4Vestibular system score is the condition comparison of condition 5 to condition 1.

SPreference score is the condition comparison of conditions (3+6) to conditions (2+6).

There was a significant increase in the mean composite score (p=0.040) over time for the

INF group. However, no significant changes between groups.

Pre- and post-measurements for the limits of stability test are shown in Table 4.
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Table 4. Limits of Stability Changes - Pre vs. Post Treatment

N . . Movement Velocity (MVL) Endpoint Excursion (EPE) Maximal Excursion (MXE) Directional Control (DCL)
Variables Reaction Time (ReT) (s) (degls) (%) (%) (%)
Pre Post b Pre Post b Pre Post b Pre Post o Pre Post b
Directions Groups (Mean (Mean a (Mean (Mean a (Mean (Mean a (Mean (Mean a (Mean (Mean a
+sp) | xsp) | VAU | hsp) | xsp) | VAU | isp) | xsp) | VAU | Lsp) | xspy | VAU | Lsp) | xsp) | Value
14 14 27 25 303 455 504 50.7 6.7 78.9
INF +08 w06 098 | 47 w1 9828 | g3 ws0 0P8 | g a6 0887 | 09 i144 0908
Fw
16 12 31 20 353 286 52.1 526 86.2 7738
SHAM 1 So8 w05 019 | w2 00 | g3z w13 019 | iig3 see 094 | s a2 0088
14 14 29 32 754 5.7 696 70.0 757 711
INF 08 05 0% | i) w4 0000 35 igs 08T | upp7 wso 0689 | 45 igge 02
FWRT
16 14 28 23 499 52.9 655 655 67.2 723
SHAM | 109 12 028 | s 13 %02 1 39 sa1g 099 | g1 a0 O3 | g0 xe 0507
10 12 29 31 58.4 58.4 728 74.4 85.1 83.9
INF 05 04 OB | 4 w4 050 | 65 s 06 | i3 w61 %97 | w70 s07 0778
RT
13 07 31 29 56.2 62.0 710 752 85.7 85.8
SHAM | 105 w04 005" | g w4 00 | Gga oazs 08 | 30 a2 0% o g0 099
13 12 27 22 39.2 525 584+ 684 449 546
INF 07 w04 O | o w08 9% | 41 x200 00 | Tpp 214 009" | 303 55 0076
BWRT
11 10 23 24 446 4856 67.6 708 54.2 50.1
SHAM | 105 w04 088 | gy 13 2000 | 93 w79 05 | upje ap7 05 | 31y g3y 0689
08 0.9 21 27 36.4 421 50.3 60.4 60.2 58.4
INF 05 w06 0% | 47 w2 00 g7 oars 032 | g9n w16 087 | 98 s258 0407
BW
0.9 08 19 22 373 37.8 538 64.0 619 68.1
SHAM | o5 x05 9577 | us w6 O™ | ipe ox43 O | 03 w24 OM | uz07 aa7s 0568
10 11 26 29 465 50.2 718 763 510+ 607
INF 06 05 080 | g6 13 072 | ory sz1 47 | 01 w13 096 | Ty i7g 0088
BWLT
12 13 25 27 50.1 50,0 67.9 65.6 489 498
SHAM | o4 x06 0% | i 13 O™ o2 aa1s 098 | u70 w2 09 | uprn umg 0577
10 11 31 36 66.8 69.8 80.4 83.7 86.2 85.9
INF w05 04 078 | i3 w6 OO | ora w71 0918 | ayp a0 O | 7y im0 0678
LT
11 08 30 34 60.7 716 734 78.9 84.1 85.6
SHAM | o3 x06 0206 | 45 w9 098 | 30 a1z2 008 | gz w017 | 77 igop 0998
10 10 29 35 94.6 64.2 745 753 739 702
INF 04 04 200 | iy w13 000 | g79 ap13 050 | gy ams 00T 1 g3 aggn 0979
FWLT
0.9 08 25 42 55.0 525 645 65.8 726 778
SHAM | 104 w04 070 | 4y w28 OO 35 208 089 | g9 a5 092" | oy sge0 0262

*p-values <0.05

ap-value within groups
Abbreviations: BW, backward; BWLT, backward left; BWRT, backward right; DCL, directional control;

EPE, endpoint excursion; FWD, forward; FWLT, forward left; FWRT, forward right; LT, left; MVL,

movement velocity; MXE, maximum excursion; ReT, reaction time; RT, right.
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Significant increases within the INF group were in the FWRT direction for MVL

(p=0.000), BW direction for MVL (p=0.026), BWRT direction for EPE (p=0.018) and
MXE (p=0.046) and FWLT direction for MXE (p=0.047). For the sham group, there was
a significant decrease in the RT direction for ReT (p=0.005) and significant increases for
FWLT direction for MVL (p=0.011) and MXE (p=0.029). Significant differences
between groups were seen in the FW direction for MVVL (p=0.034) and in the RT

direction for ReT (p=0.006).

QOL-DN
QOL for diabetic neuropathy test is shown in Table 1. There was a significant
decrease within the INF group in the total score (p=0.004), physical functioning/large
fiber (p=0.011), and symptoms (p=0.001). There was also a significant decrease in
physical functioning/large fiber (p=0.049) within the sham group. No significant

differences between groups.

Discussion
The analysis showed no significant differences in baseline demographic
characteristics of either group, confirming the random assignment of study participants
into INF and sham groups.

The current study suggests a manual therapy intervention and its effects related to

pain symptoms in DPN. This study showed significant improvement over time in the INF

group for pain quality factors found in small nerve fiber symptoms described in the

superficial domain and the deep pain domain of the PQAS. DPN affecting the small
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nerve fibers involves multiple symptoms, including burning, shooting, prickling,
cramping, numbness, heat sensation loss, allodynia, and itching pain (Hoeijmakers, Faber
et al. 2012, Sasaki, Kawamura et al. 2020). This could suggest that INF affected small
nerve fibers on a pathophysiological level by possibly increasing the nerve myelinated
fiber density, which is decreased in small fiber neuropathy. Between groups there was
significance seen for the pain quality, unpleasant pain. Unpleasant sensation in the feet is
extremely important to individuals with DPN; in an article by Davies et al., in 2006 they
found that those with painful DPN rated the unpleasant category of pain in the
neuropathic pain scale as one of the highest (Davies, Brophy et al. 2006). The significant
“reduction of pain symptoms observed in both treatment and sham groups is consistent
with the concept that the formation of a “sustained partnership” between the health care
provider and the patient can have direct therapeutic benefits (Gillespie, Gillespie et al.
2007).

There is little information on treatments that can improve patients” with DM gait
parameters and decrease their fall risk (Allet, Armand et al. 2010). The importance of
improving gait velocity means the decreased risk of falls in those with DPN (Kang, Zhou
et al. 2020). The INF and sham group showed improvements in gait velocity and stride
length, with no significant differences seen between groups (Table 2). The improvement
in gait velocity and stride length post-intervention for those with DPN is also seen in an
article by Morrison et al., which studied exercise as an intervention for those with T2DM
with and without DPN, but no sham group used (Morrison, Colberg et al. 2014). When

comparing starting means for gait velocity and stride length in the Morrison et al. article
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with ours, we notice our means were higher, suggesting our subjects were higher
functioning and possibly creating a ceiling effect.

A fair amount of research provides insight into decreased balance in individuals
with DPN versus without DPN (Gregg, Beckles et al. 2000, Ites, Anderson et al. 2011,
Brown, Handsaker et al. 2015, Timar, Timar et al. 2016, Kluding, Bareiss et al. 2017,
Selvarajah, Kar et al. 2019); however, fewer research articles are utilizing the NeuroCom
for SOT. In a study by Emam et al., SOT static balance was significantly lower in
neuropathic experiencing patients than non-neuropathic experiencing patients, with no
significant difference seen in dynamic balance (Emam, Gad et al. 2009). This is expected
because a decline in somatosensory function, along with damage to the peripheral
nervous system, is referred to as peripheral neuropathy for individuals with DM (Xu,
Zhang et al. 2016, Szok, Tajti et al. 2019). In 2016, Alshahrani et al. observed the relation
between subjects’ with DPN pre- and post-INF treatments and found significant
improvement in static balance with SOT; however, their study lacked a control or
comparative sham group. This is similar to the findings in the current study in which the
static balance composite score was significantly increased within the INF group (Table
3). However, the composite score did not make the minimal detectable change (MDC),
which needed a change of greater than 8 points (Wrisley, Stephens et al. 2007).

No significant changes were observed between the INF or Sham group. This
could be because the average mean composite score pre-intervention in this study (71.9
+9.7) was a lot higher than the pre-intervention means in Alshahrani et al.’s study (53.77
+21.81), suggesting the current study participants had less balance deficiencies than

Alshahrani et al. study.
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There is also limited research utilizing NeuroCom LOS with subjects with DPN.
The only comparison article available is Alshahrani et al. which reported improved MVL
dynamic balance with LOS on the NeuroCom (Alshahrani, Bussell et al. 2016). Between
groups, there was a significant difference in MVL for FW direction in favor of INF and
ReT in RT direction in favor of sham. The MVL result is similar to the Alshahrani et al.
study in which MVL was also significant. However, in the current study with a
comparative sham group, the dynamic balance was improved in the INF group over the
sham group. MVL had three directional improvements over time in INF as well
suggesting the INF manual therapy approach affects the speed of the subject to change
their COG and reach their target without losing balance. The ReT improvement in sham
over INF was also found between groups. We did not anticipate this result, but only one
direction was seen significantly improved over time in the sham group. Authors believe
further research in LOS with an increased sample size will help us understand the
relationship between INF and LOS.

One explanation of the minimal significant findings is that the LOS test focuses
on the motor response; the interventions provided in the current study did not address
motor system response. Future studies would benefit from looking at INF in conjunction
with specific exercises improving motor control.

In the current study, significant improvements were observed in the INF group
pre vs. post for the total QOL-DN neuropathy score, physical functioning/large fiber
category, and symptoms category (Table 1). The symptom category of the QOL-DN
questionnaire involved: numbness, tingling, electric shocks, unusual sensations,

superficial pain, deep pain, weakness, and allodynia. These symptoms are also indicative
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of both small and large fiber nerve involvement. The large fiber pathophysiology
involving more axonal neuropathy, suggesting possible changes are happening at the
axon. The sham group had a significant improvement in physical functioning/large fiber
(Table 1). There were no significant differences between groups seen, possibly due to our
unequal sample size.

Diminished sensation in individuals with DPN can lead to diabetic ulcers and
non-traumatic amputations (Frykberg, Lavery et al. 1998). The use of the 5.07 SWM with
10-grams of pressure is an essential tool used to diagnose loss of protective sensation and
assess an amputation risk (Pop-Busui, Boulton et al. 2017). This is important due to the
rising health care costs associated with T2DM (Vinik, Park et al. 2000, Gordois,
Scuffham et al. 2003, Sadosky, Mardekian et al. 2015). There are typically 65,000
amputations a year in the United States alone, one every 10 minutes, and neuropathy is
the contributing factor in 87% of these cases (Vinik, Park et al. 2000). This 10-grams of
pressure is important in the 5.07 SWM because it “assesses the integrity of the Merkel
touch domes and Meissner’s corpuscles and their associated large diameter fibers” (Feng,
Schlosser et al. 2009). This is also similar to the current study's QOL-DN questionnaire
findings, where the large fiber subcategory significantly improved within INF (Table 1).
The INF group showed significant improvement in protective sensation after INF
treatments in tested areas (Figure 1). INF results were more significant than the sham
group, suggesting that INF could be a contributing factor in reducing amputations and
ulcers related to individuals with DPN.

The results of the present study showed a strong placebo effect. This was

anticipated as we had mimicked the anodyne sham comparative group in a study by
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Lavery et al., in which a large placebo effect was also seen (Lavery, Murdoch et al.
2008).

The current study aimed to provide an alternative manual therapy physical
therapy approach to assist in combating and improving DPN symptoms in those with
T2DM and hopefully bringing down healthcare-related DPN costs in those where aerobic

exercise may not be safe or feasible.

Study Limitations
Limitations to the current study was the small and uneven sample size not
allowing for significant findings between groups nor ruling out a possible placebo effect
in some cases. Improvement in the pre-screening process utilizing subjects with a
diagnosed balance and gait issues would allow for less ceiling effect and more room to
see possible post-intervention improvement. Moreover, our study did not measure long-
term effects. Authors recommend additional research to include a larger and equal sample

size with balance deficits in conjunction with DPN.

Conclusion
This is a new manual therapy approach in physical therapy to address DPN
symptoms. This study showed that Intraneural Facilitation (INF) improved within group
composite static balance measure and between group protective sensation and unpleasant
pain quality in subjects with diabetic peripheral neuropathy. Further studies with
increased and equal sample size per group are needed to determine further benefits of this

intervention.
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Abstract
Background/Purpose: To assess the variability of anterograde and retrograde pulsatility,
peak systolic volume, and volume flow in patients with type Il diabetic peripheral
neuropathy receiving Intraneural Facilitation (INF) or sham intervention over 5 weeks.
Method: A single-blind, randomized, sham-controlled clinical trial was performed.
Thirty individuals with DPN received Intraneural Facilitation (INF) or sham anodyne
treatment with 28 patients completing the 5-week study, 17 in INF cohort and 11 in
sham. Ultrasound assessment using Phillips Affinity 50 was taken during the course of
this study for both groups with anterograde pulsatility index (AP), retrograde pulsatility
index (RP), anterograde peak systolic velocity (APSV), retrograde peak systolic velocity
(RPSV), anterograde volume flow (AV) and retrograde volume flow (RV) at the distal
posterior artery on the treated extremity at baseline and after week 1, week 2, and week 3
of treatments. A within and between-group statistical analysis was performed.
Results: There was no difference between each group statistically, however, there were
changes within the experimental group with time. Within and between groups statistical
analysis was performed.
Conclusion: Within INF group changes were encouraging yet further research is needed
to elucidate the value of assessing macrovascular regulation using repeated single site
sonography assessment.

Keywords: intraneural facilitation, diabetic peripheral neuropathy
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Introduction

Diabetes is diagnosed in 34.2 million Americans, approximately 10.5% of the
United States’ population (Dhatariya, Corsino et al. 2000). By 2060 adults with diabetes
is projected to triple (Lin, Thompson et al. 2018). Diabetes is considered an emerging
pandemic with 415 million people having the disease worldwide (Papatheodorou, Banach
et al. 2018). Those with type two diabetes mellitus (T2DM) are characterized by chronic
hyperglycemia resulting from insulin resistance which can lead to many complications
both microvascular (including neuropathy, retinopathy, and nephropathy) and
macrovascular complications (including heart attack, stroke, and other cardiac
comorbidities) (Cade 2008, DeFronzo, Ferrannini et al. 2015, Ghardashi Afousi, 1zadi et
al. 2018). Diabetic peripheral neuropathy (DPN) is the most common complication with
8.5% occurring in diagnosed youth and lifetime prevalence of 50% (Juster-Switlyk and
Smith 2016, Jaiswal, Divers et al. 2017). However, 50% of DPN may be unrecognized
(Pop-Busui, Boulton et al. 2017).

DPN symptoms and side-effects include numbness, tingling, sharp and intractable
pain (Kaur, Pandhi et al. 2011, Schreiber, Nones et al. 2015, Bodman and Varacallo
2021). Individuals with painful DPN report both a mental and physical impact profoundly
altering their quality of life (QOL) (Van Acker, Bouhassira et al. 2009). Sensation
impairment, muscle weakness, and impaired function are often present (Bansal, Kalita et
al. 2006, Ylitalo, Herman et al. 2013). Complications from DPN result in more
hospitalizations than any other diabetic complication (Kaur, Pandhi et al. 2011).

These DPN impairments occur from the peripheral vascular and axonal

degeneration associated with DPN (Head 2006). Profound microvascular changes occur
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with capillary basement membrane thickening in endoneurial capillaries, reduced
capillary length, irregular capillary distribution, pericyte loss, transperineurial
constriction and endothelial mitochondrial loss (Hill and Williams 2004, Beltramo and
Porta 2013, Hsu, Liao et al. 2016, Richner, Ferreira et al. 2018). A study using nailfold
videocapillaroscopy evaluated microcirculation in patients with T2DM and found a
positive correlation in the number of microvascular complications and DPN (Hsu, Liao et
al. 2016). As a consequence of resultant ischemia, oxygen deprivation impairs neural
potassium channels performance and local metabolic waste uptake is impaired leading to
reduced neural performance with enhanced nerve trunk hyperalgesia (Jiang, Sigworth et
al. 1994).

There is an inverse relationship between endothelial function and elevated
retrograde shear rate in those with T2DM (Gibbs, Dobrosielski et al. 2011, Ghardashi
Afousi, Izadi et al. 2018). It has been found that low-volume high-intensity interval
training in patients with T2DM can increase flow-mediated dilation and outward arterial
remodeling as a result of increased nitric oxide production, as resulted by increasing
anterograde sear and decreasing retrograde shear and oscillatory index (Ghardashi
Afousi, Izadi et al. 2018).

Diabetic nerve inflammation is not limited to the periphery, but is universal with
vagal nerve axonal damage identified post-mortem (Guo, McLeod et al. 1987). Diabetic
cardiac autonomic neuropathy (CAN) involves vagal nerve and sympathetic nerve
dysregulation with overt symptoms including orthostatic hypotension, tachycardia,
decreased heart rate variability, exercise intolerance, and abnormal blood pressure

regulation (Pop-Busui 2010). Cardiac autonomic neuropathy is a significant, yet
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overlooked symptom of diabetes (Vinik and Ziegler 2007). While diagnosed DPN CAN
symptomatology is clear, evidence suggest subtle autonomic vascular dysregulation
occurs with DPN resulting in inconsistent vascular pressure to the vasa nervorum from
the microcirculation (Amenta, Mione et al. 1983, Barrett, Liu et al. 2017).

Currently physical therapists assist individuals with T2DM with
micro/macrovascular changes through evaluation and treatment of movement and
functional disorders, which in return improves quality of life (Cade 2008). Interventions
physical therapists mainly provide to assist in their treatment is exercise (Cade 2008). In
a pilot study, physical therapists used a novel manual therapy technique to assist in
treating DPN symptoms, this manual therapy treatment is called Intraneural Facilitation
(INF) (Alshahrani, Bussell et al. 2016). INF has been shown to improve balance and
MTNS scores in patients with DPN diagnosis (Alshahrani, Bussell et al. 2016). While this
manual intervention therapy is thought to enhance vasa nervorum microcirculation, it is
unknown the impact of this therapy or other interventions has on reducing variability of
DPN macrovascular circulation. Sympathetic damage occurs in diabetic neuropathy and
there are sympathomimetic agents to help reverse these functional disturbances (Watkins
and Edmonds 1983). However, there is still a need for more non pharmacological
interventions to aide in treating DPN.

This study aims to assess potential changes in macrovascular variability in
response to an intervention which is thought to enhance sensation and reduce painful
DPN. The study is novel in attempting to show a link between macrovascular

dysregulation and microvascular ischemia through microvascular treatment and
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macrovascular evaluation over time. The authors are not aware of a similar study at the
time of writing this article.

The null hypothesis is, there will be no difference in ultrasound measurement of
the distal posterior tibial artery between patients who have DPN and receive Intraneural
Facilitation experimentally and patients who receive a sham intervention. Measurements
evaluated will include anterograde pulsatility, retrograde pulsatility, anterograde volume

flow and retrograde volume flow.

Research Design and Methods

Recruitment, Subject Criteria, and Randomization

Subjects were recruited by distributing flyers in the Loma Linda Community,
referrals from medical doctors at the Loma Linda University Medical Center, Loma
Linda Diabetes Treatment Center, and through emails to school staff, faculty, and word
of mouth. The Institutional Review Board (IRB) of Loma Linda University approved all
methods and procedures, and all subjects signed the informed consent before beginning
their measurements and therapy. Thirty middle-aged male and female adults medically
diagnosed with T2DM with DPN below ankle level were recruited. Phone recruitment
and screening were completed with IRB-approved telephone recruitment for all interested
subjects in which inclusion and exclusion criteria were reviewed along with details of the
study.

Subjects were included in the study if they had T2DM, below ankle DPN

symptoms (numbness, tingling, burning, sharp pain, increased sensitivity, etc.), moderate
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to severe DPN as identified by scoring > 10 on the Quality of Life- Diabetic Neuropathy
(QOL-DN) scale, and if they are between the ages of 50-75 years old. Subjects were
excluded if they had a medical condition suggesting a possible decline in function over
the next 6 months such as; a current regimen of chemotherapy, radiation therapy, or
dialysis, any lower extremity amputations or wounds, documented active alcohol and/or
drug misuse, known health conditions: end stage renal failure, uncontrolled hypertension,
severe dyslipidemia, chronic liver disease, autoimmune disease, advanced chronic
obstructive pulmonary disease and active inflammations, patients with other
inflammatory neuropathies including; chronic inflammatory demyelinating
polyneuropathy, proximal diabetes neuropathy, and autonomic neuropathies, patients
with other neuropathies not associated with DM such as B12 deficiency, hypothyroidism,
and uremia, other severe chronic medical conditions requiring active treatment, morbidly
obese, and if pregnant (self-reported).

Once subjects completed the phone recruitment script, subjects attended a session
at Loma Linda University, School of Allied Health, Department of Physical Therapy
Department, Ortho-Science Research Lab to complete the last inclusion criteria, which
was to score > 10 on the QOL-DN scale, and sign IRB consent form. Once subjects
completed this initial visit, subjects went to the Neuropathic Therapy Center (NTC) for
randomization and scheduling therapy. Every subject was asked to choose between two
sealed identical envelopes in a basket, within the envelope revealed if they were in Group
1 or Group 2. Group 1 (N=17) was the INF group and was given INF treatment. Group 2

(N=11) was the sham group and was given anodyne therapy.
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Upon first treatment a blinded physical therapist provided ultrasound to the
posterior tibial artery of the subject prior to treatment. Ultrasound was completed before
first treatment, and after the 3™ treatment (the first week), after the 6" treatment (second
week), and after the 9™ treatment (3" and final week). Treatment physical therapists were

not blinded and were different then the accessing blinded physical therapists.

Environment

All subjects completed initial measurements initial measurements and post
treatment reveal of their group at the Loma Linda University, School of Allied Health,
Department of Physical Therapy Department, Ortho-Science Research Lab. All lights
were kept on, temperature was kept the same, and no music was played. All subjects
completed testing in the same manner. All subjects completed their ultrasound and
therapy treatments at the same facility, located at the Neuropathic Therapy Center. All
lights were kept on, temperature was kept the same, the same music channel was played,

and all subjects were treated in the same private treatment room.

Outcome Measures

Philips Affiniti 50

We utilized the Phillips Affiniti 50 diagnostic ultrasound unit to measure pulsatility,
and blood volume for wave form analysis (Philips, Anvover, MA). There is no reliability
and validity for this instrument as of yet. Ultrasound was taken at the distal posterior

tibialis artery of the symptomatic foot, at 1 inch proximal to the medial malleolus.
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Measurements of anterograde pulsatility index (AP), retrograde pulsatility index (RP),
anterograde peak systolic velocity (APSV), retrograde peak systolic velocity (RPSV),
anterograde volume flow (AV) and retrograde volume flow (RV) were assessed with the

ultrasound. This analysis took 10 minutes to complete.

Active INF vs. SHAM Anodyne Treatments
INF- Intraneural Facilitation

INF aims to use the body’s own nervous system to bias blood flow to closed
endoneurial capillaries. In order to do this INF utilizes three manual holds. The first is the
facilitation hold, in which the contralateral joint is placed in a maximal loose-pack
position to pressurize the nervous system and bias circulation from the artery into the
epineurium (Alshahrani, Bussell et al. 2016). This slight stretch in the contralateral joint
is hypothesized to stretch the nerve further than the artery, due to the increased amount of
elastin found in the artery (Alshahrani, Bussell et al. 2016). The increased neural
excursion in comparison to the artery stretches the coiled nutrient vessel attached
between the artery and the nerve, thus it is hypothesized that this enlarges the opening of
the arterial junction allowing increased blood into the epineurium (Alshahrani, Bussell et
al. 2016). Now that we have increased this pressure, we begin the secondary hold to bias
the increased epineurial blood into the transperineurial vessels that bridge the
epiperineum and the endoneurial capillaries of the site being treated (Alshahrani, Bussell
et al. 2016). Now that the pressure has increased into the open endoneurial capillaries, the
goal is to open up ischemic endoneurial capillaries and this is hypothesized to open by

providing the third hold. The third hold is known as the sub hold and encourages blood
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flow through ischemic endoneurial capillaries that have increased resistance/pressure
through the application of Bernoulli’s principle. This therapy was provided by a trained
INF physical therapist for those in the active treatment group for 50-60 minutes at the

Neuropathic Therapy Center.

SHAM Anodyne Therapy

A physical therapist performed the sham anodyne therapy at the same site as the
INF therapy location, at the Neuropathic Therapy Center. The sham treatment lasted 50-
60 minutes and consisted of using an anodyne unit for application of near-infrared light
therapy. The unit was not switched on, but the pads were placed on the subject and the
subject was be blinded to the unit being on. The anodyne therapy pads were placed in the
following locations on the affected lower limb: two on the plantar aspect of the foot in a
T formation and one pad on the medial and lateral side of the calf. A double-folded towel
was wrapped around the subject’s foot at the electrode sites to blind the subjects from the

light not emitting from the electrodes, due to the anodyne unit being off.

Data collection
Baseline demographics was gathered a week prior to treatments. Ultrasound data
was collected prior to the 1% (Baseline), and after the 3", (Week 1), 6™ (Week 2), and 9™

(Week 3) treatment visits.
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Data analysis
Mean and standard deviation were computed for quantitative variables and
frequency (percentage) for ordinal variables. The Wilcoxon’s Signed-Ranks Test was
used to compare pre- and post- variables in both groups. A Linear mixed effects model
(repeated measure) was used to examine the screening from baseline to week 3. Data
were analyzed using R software, R Core Team (2020). All analyses were performed at an

alpha level of .05.

Results
Out of forty-five participants screened, thirty subjects satisfied the eligibility
criteria, agreed to participate, were randomly assigned into the INF group (n=17) and
sham group (n=13) by picking between two sealed envelopes and completed their

treatments (Figure 1).
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Subjects Interested (n=45)

Subjects after inclusion/exclusion criteria

(n=30)*
INF group (n=17) SHAM group (n=13)
9 INF therapy treatments 9 SHAM therapy treatments
(3x week for 3 weeks) (3x week for 3 weeks)
(n=17) n=2 drop out (health related)
(n=11)

Ultrasound to posterior tibialis artery of
symptomatic foot at baseline, after week 1,
after week 2, and after week 3

Completed n=28

Figure 1. Subject Screening and Completion (n=45)
*Every subject had a chance to draw Group 1 or Group 2 therapy (INF or sham therapy)
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The analysis showed no significant differences in baseline demographic characteristics of

either group, except for gender (Table 1).

Table 1. Subject Characteristics

INF (n=17) SHAM (n=11) p—
MeanzSD (Min,Max) Mean£SD (Min,Max) value?
Age (years) 66.94 + 5.08 (60.00,75.00) 67.09 + 6.28 (54.00,73.00) 0.945
Height (cm) 173.47 + 13.40 173.18 + 7.85 (160.02,182.88) 0.944
(152.40,195.58)
Weight (kg) 207.35+52.85 209.55 + 39.98 0.908
Gender (130.00,284.00) (157.00,262.00) 0.000
Female 7 (41.2) 4 (36.4)
Male 10 (58.8) 7 (63.6)

ap-value within groups

Two dropouts occurred in the sham group due to health issues. Thus, only twenty-eight

participants completed the study (Figure 1).

Pulsatility Index
Anterograde Pl was compared over time and there was no significant difference seen
between INF and SHAM. Also, there was no significant change over time for both groups

(Figure 2A).

64



>
o

— INF — Sham — INF —— Sham
— — S 1004
S 81 S ﬁ 100
fojmmmm— g
:96- 3 '-U>-; 75
o ~ 4
@ 41 o 10 a 50
g 8 ki
22, 2 5 S 251
2 5 5
<04, . . _ T oo{ ‘ _ _ £ o

0 1 2 3 0 1 2 3

Time (Week) Time (Week)
D

— INF — Sham — INF — Sham
9 g T 10.0-
@ £ )
< 301 c =
> T8 w
@ 20 >
o ° ~ 501
8 g 10, 8
510- g 2 25
2 5 5
5 2 =
¢ 01 . . _ < oL . . _ @ 00

0 1 2 3 0 1 2 3
Time (Week) Time (Week)

Figure 2. Linear mixed-effects plot for INF vs. SHAM Over Time

— INF — Sham

b

0 1 2 3
Time (Week)
— INF — Sham

0 1 2 3
Time (Week)

Abbreviations: Pl, pulsatility index; PSV, peak systolic velocity; VF, volume flow

65



However, there was a significant difference from week 1 and week 3 compared to

baseline (p=0.015, p=0.017) (Table 2).

Table 2. Pulsatility Index, Peak Systolic Volume and VVolume Flow Over Time; INF vs.
SHAM & Comparison of Ultrasound Outcomes from Week (1-3) to Baseline

Intervention (n=17) SHAM (n=11)
Variables Mean £ SD Dif'\f/leerizce p- value Mean £ SD Di:‘\;leeraeace p- value

Pl Anterograde Week 0 5.97+1.47 5.95+0.94

Week 1 6.53 +1.48 0.56 0.015 5.95+1.81 0.00 0.859

Week 2 6.37£1.78 0.40 0.136 6.43 £1.26 0.48 0.859

Week 3 6.66 + 1.64 0.69 0.017 6.11+1.46 0.16 0.799
Pl Retrograde Week 0 5.60 +2.76 9.15+14.22

Week 1 7.75+5.20 2.15 0.196 6.16 £2.13 -2.99 0.441

Week 2 5.42+1.42 -0.18 0.326 5.46 £ 1.88 -3.69 0.722

Week 3 4.66 +2.67 -0.94 0.156 4.88+2.03 -4.27 0.575
POV Anterograde Week | 7969+34.9 74.35 + 23.80

Week 1 73.41 £ 38.47 -6.28 0.013 55.51 +31.23 -18.84 0.109

Week 2 75.86 + 31.88 -3.83 0.507 83.35+£24.35 9.00 0.515

Week 3 71.06 £37.11 -8.63 0.234 76.93 £ 26.36 2.58 0.594
PSV Retrograde Week 0 | 23.94 +14.18 2455 +7.47

Week 1 22.72£11.85 -1.23 0.501 23.11+8.16 -1.44 0.235

Week 2 24.85 + 8.68 0.91 0.410 26.43 £10.36 1.88 0.594

Week 3 20.58 + 10.54 -3.36 0.155 23.32+£11.39 -1.23 0.314
VF Anterograde Week 0 | 19.02 +11.63 16.36 = 8.14

Week 1 14.75 £ 11.07 -4.27 0.055 15.17 £7.43 -1.19 0.594

Week 2 16.97 £ 12.59 -2.05 0.603 17.97 £6.20 1.61 0.767

Week 3 19.19 + 14.86 0.17 0.313 16.87 £12.91 0.51 0.646
VF Retrograde Week 0 5.35+3.93 5.97+4.11

Week 1 5.03+5.81 -0.32 0.278 5.48 £5.30 -0.49 0.441

Week 2 6.56 +4.79 1.21 0.501 7.33+4.30 1.36 0.374

Week 3 6.97 £6.20 1.62 0.156 493 +3.67 -1.04 0.285

ap-value within groups. Abbreviations: Pl, pulsatility index; PSV, peak systolic velocity; VF, volume flow;
Week 0: before 1%t treatment; Week 1: after 3™ treatment; Week 2: after 6 treatment; Week 3: after 9™;

Mean difference: Week1, 2 & 3 compared to baseline. Paired t-test.

Retrograde P1 was compared over time with no significant difference seen

between INF and SHAM. Also, no significant change over time for both groups (Figure
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2B). No significance was seen when the baseline of RP was compared to week 1, 2, or 3

for the INF or sham groups.

Peak Systolic Volume

Anterograde PSV was compared over time and there was no significant difference

seen between INF and SHAM. However, there was significant change over time

(p=0.032) (Figure 2C) (Table 3).

Table 3. Ultrasound Variables Compared Between Groups, Over Time, and Interaction

Intervention

Time

Time*Intervention

Anterograde Pl
p- value

Anterograde Pl
p- value

Anterograde PSV
p- value

Retrograde PSV
p- value

Retrograde PSV
p- value

Retrograde VF
p- value

0.4590

0.3344

0.3720

0.6383

0.1864

0.2986

0.6582

0.0319

0.2176

0.7222

0.1781

0.7519

0.8747

0.5494

0.6498

0.9029

0.4692

0.2878

p-value = <0.05. Abbreviations: PI, pulsatility index; PSV, peak systolic velocity; VF, volume flow

In addition, there was a significance change seen in APSV in the INF group when

baseline was compared to week 1 (p=0.013), but not when compared to week 2, or 3

(Table 2).

Retrograde PSV was compared over time with no significant difference seen

between INF and SHAM. Also, no significant change over time for both groups (Figure

2D). No significance was seen when the baseline of RP was compared to week 1, 2, or 3

for the INF or sham groups (Table 2).
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Volume Flow

Anterograde VF was compared over time and there was no significant difference
seen between INF and SHAM. Also, there was no significant change over time for both
groups (Figure 2E). No significance was seen when the baseline of RP was compared to
week 1, 2, or 3 for the INF or sham groups (Table 2).

Retrograde VF was compared over time with no significant difference seen
between INF and SHAM. Also, no significant change over time for both groups (Figure
2F). No significance was seen when the baseline of RP was compared to week 1, 2, or 3

for the INF or sham groups (Table 2).

Discussion

There is limited research on utilization of ultrasound parameters (pulsatility index,
peak systolic volume and volume flow) to assess the after-effects of a manual therapy
intervention. This article attempts to observe the relationship of this physical therapy
intervention on blood flow. In an article by Ishii et. al., blood flow was analyzed in ocular
ischemic syndrome before and after carotid artery stenting; findings showed that RPSV
was an indicator of stenosis (Ishii, Hayashi et al. 2016). Furthermore, all patients with RV
in the ophthalmic artery changed to AV post carotid artery stenting, also those with RV in
the ophthalmic artery prior to stenting showed poorer visual outcomes (Ishii, Hayashi et
al. 2016). Applying this to the current study, we would hope to see anterograde values
increase and retrograde values decrease. No retrograde significance was found in Pl,
PSV, or VF. AP in the INF group was increased when compared to baseline at week 1

and week 3, alluding to possible improved microcirculation at posterior tibial artery.
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APSV decreased significantly in INF group after one week of treatments when compared
to baseline but not when compared to week 2, or 3. This could suggest possible beginning
shock changes occurring to the circulatory system. The trend seen in the INF and sham
group with APSV was however fluctuating, implying that the frequency of treatments
was possibly too low to show significance over time.

No changes were seen in volume flow with this study. The authors believe this is
preliminary work in investigating changes to the microcirculatory system using INF in
patients with DPN. We suggest that additional research should be considered with our
study limitations of small sample size and disproportionate group sizes rendering

between group analysis inconclusive.

Study Limitations
A larger and equal sample size in both groups should be utilized in the future
studies. Furthermore, increased duration of treatment time and post follow-ups

comparison would be helpful in discerning long-term effects.

Conclusion
Within INF group changes were encouraging yet further research is needed to
elucidate the value of assessing macrovascular regulation using repeated single site

sonography assessment.
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CHAPTER FOUR
DISCUSSION

Diabetic peripheral neuropathy impact on those with T2DM is expected to
dramatically increase over the years and one of its complications, DPN, is one of the
costliest symptoms (Bril, England et al. 2011). Neuropathic symptoms from T2DN are
mostly treated pharmacologically (Bril, England et al. 2011). Due to the rising diagnosis
of T2DM and subsequently the rising cost expenditure on caring for T2DM, this study
investigated Intraneural Facilitation as a possible treatment to aide in reversing DPN
symptoms.

First, we hypothesized that Intraneural facilitation would improve quality of life,
by improving pain and protective sensation in subjects diagnosed with T2DM with
moderate-severe DPN. Significant difference between INF and sham group was found for
only one category in the PQAS questionnaire, unpleasant pain. Protective sensation for
the third and fifth distal phalanx was significantly improved within the INF and between
the INF and sham groups. Signifying that INF improved protective sensation in those
individuals with DPN. The magnitude of this finding eludes that INF has the ability to
improve protective sensation which when decreased can lead ulcers and over time
amputations (Frykberg, Lavery et al. 1998, Pop-Busui, Boulton et al. 2017).

We also hypothesized that Intraneural Facilitation would improve the quality of
life through functional mobility in subjects with T2DM and moderate-severe DPN. There
were no significant differences seen between groups for gait, and both groups actually
significantly improved. In the area of balance, only the INF group showed a difference

over time for composite static balance measure. Also, for QOL, both groups saw
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significant improvements in physical functioning/large fiber symptoms over time. INF
also showed total QOL score to be significantly improved overtime, but there was no
difference between groups. In conclusion there were marked improvements over time in
both groups with no significant changes between groups.

Lastly, we hypothesized that Intraneural Facilitation would increase blood flow
and pulsatility in the distal posterior tibial artery in subjects diagnosed with T2DM with
moderate-severe DPN. Significant differences were seen in anterograde increase in AP in
week 1 and week 3 when compared to baseline and decrease in APSV in week 1 when
compared to baseline. While some INF group changes were observed over time, further
research is needed to reveal the value of assessing macrovascular regulation using
repeated single site sonography assessment. Furthermore, an increased sample size would
further assist in examining INF’s effects on circulation in those with DPN.

The most noticeable finding in this study was the significant improvement in
protective sensation in individuals with T2DM and DPN. This finding is highlighted
because it is a rare finding. To date, according to the researchers’ literature review, there
are only two other studies who found improved protective sensation with the 5.07 SWM
using monochromatic near-infrared energy (MIRE) treatments (Leonard, Farooqi et al.
2004, Flerx and Hall 2015). This is the first manual therapy treatment that can be used to
aide in improving protective sensation.

While this study has begun showing promising results, more research in each of
these areas are encouraged. Future research should focus on increasing and equaling the
sample size in both groups and increasing treatment sessions to further explore the effects

of INF on individuals with T2DM and DPN.
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APPENDIX A

INFORMED CONSENT
TITLE: THE EFFECT OF INTRANEURAL FACILITATION THERAPY ON
DIABETIC PATIENTS WITH PERIPHERAL NEUROPATHY
PRINCIPAL
INVESTIGATOR: Lee S. Berk, DrPH, MPH, FACSM, CHES, CLS

Key Information for You to Consider

Voluntary Consent. You are being asked to volunteer for a research study. It is up to you whether you
choose to participate or not. There will be no penalty or loss of benefits to which you are otherwise entitled
if you choose not to participate or discontinue participation.

Purpose. The purpose of this research is to explore the effects of Intraneural facilitation (INF, which is a
series of positional changes and stretches completed while lying on a therapeutic table) in Diabetes Mellitus
Type 2 (DMT2) subjects with moderate — severe diabetic peripheral neuropathy (DPN). We want to observe
improvements in blood flow in the foot, pain, sensation, and quality of life.

Duration. It is expected that your participation will last 5 weeks. First week will be: visit 0 (baseline
measurement) 120 minutes, then weeks two through four will consist of 60 minute long visits. Visit 10 will
be on week 5 (final measurement) lasting 120 minutes.

Procedures and Activities. You will be asked to participate for 5 weeks in total. First week will be only
one visit in which baseline measurements are taken (60 minutes). The baseline measurements are; Pain
Quality Assessment Scale, Semmes-Weinstein Monofilaments, Neyropen. NewoCom SMART Balance
Master, Quality of Life- Diabetic Neuropathy Scale (QOL- DN), Zeno Walkway, and Skin Temperature.
Then weeks 2-4 will consist of therapy visits 1-9, 3 times per week on Monday, Wednesday and Friday with
a one day break in between (60 minutes). During visit 1, 3, 6, and 9 your therapy visit will be coupled with
an ultrasound to assess blood flow in your foot. The final week, in week 5 there will be a final measurement
(60 minutes) of the same 7 measurements completed in the first week at baseline. There is an optional
baseline measurement, the Neurovascular Index, that will require an additional visit (60 minutes each) on
the first and last week of the study.

Risks. Some of the foreseeable risks or discomforts of your participation include possible breach of
confidentiality, risk of falling, uncomfortable with answering questions, and/or uncomfortable positioning
during therapy.

Benefits. Some of the benefits that may be expected include improvements in diabetic peripheral
neuropathy symptoms below the ankle, improved balance, blood circulation in your foot, improved gait
speed, sensation, quality of life, and decreased pain.

Alternatives. Participation is voluntary and the only alternative is to not participate.

LOMA LINDA UNIVERSITY | School of Allied Health Professions
24951 N Circle Drive, Nichol Hall, Re \118, Loma Linda, CA 1]
(909) 558-4000 * fax

118, d
0302 » alliedhealth.llu.edw/research
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WHY IS THIS STUDY BEING DONE?

The purpose of this graduate student research is to explore effects of INF (which is a series of
positional changes and stretches completed while lying on a therapeutic table) in diabetes mellitus type
2 (DMT?2) subjects with moderate — severe diabetic peripheral neuropathy (DPN). We want to explore
a possible therapeutic option to better your quality of life.

You are invited to be in this study because you have below ankle DPN with DMT2, you are aged
between 50-80 years, you have no other known underlying disease and you have a QOL-DN score
=10. You do not have a medical condition that suggested possible decline in function over the next 6
months such as; a current chemotherapy treatment, radiation therapy, or dialysis. You do not have any
lower extremity amputations or wounds. You do not have any documented active alcohol and/or drug
misuse, any known health conditions: end stage renal failure, uncontrolled high blood pressure, severe
dyslipidemia, chronic liver disease, autoimmune disease, advanced chronic obstructive pulmonary
disease and active inflammations. You do not have inflammatory neuropathies including chronic
inflammatory demyelinating polyneuropathy (CIDP), proximal diabetes neuropathy, and autonomic
neuropathies. You do not have other types of neuropathies not associated with DM such as B12
deficiency, underactive thyroid gland, and urine in your blood. You do not have severe chronic
medical condition requiring active treatment. You are not morbidly obese, and/or are pregnant.

Approximately 48 subjects will participate at LLU.

HOW WILL I BE INVOLVED?
Participation in this study involves the following:
Visit 0
* Quality of Life- Diabetic Neuropathy Scale (QOL- DN) to confirm score >10 to classify you as
at least moderate symptoms associated with DPN.

* Baseline Measurements; Pain Quality Assessment Scale to evaluate quality of pain, Semmes-
Weinstein Monofilaments to assess and sensation loss, Neyropgn,to assess reduced sensation to
sharpness/pain in small nerve fibers, NeuroCom, SMART Balance Master to assess balance,
Zeno Walkway to assess your walking speed and step length, and skin laser thermometer to
assess your skin temperature. Randomization into the INF treatment, or the light therapy
treatment, you will not know if you are receiving the SHAM treatment. The INF group will
involve a series of positioning and stretches while you lay on a therapeutic table. The light
therapy group will be receiving light therapy while lying on a therapeutic table.

Visit 1-9
¢ Ultrasound given before therapy on visit 1, and after therapy for visits 3, 6, and 9 to obtain
information on blood flow.

* Then therapy will be provided for the group you have been randomized in to.
Visit 10
*  You will do the same testing as Visit 1
Optional — Additional 2 Visits (st visit between visit 0 and visit 1, and the 2nd afier visit 10)

*  Newrovascular Index to assess blood flow through ultrasound on arteries in upper and lower
extremities. Each visit lasting 60 minutes.
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WHAT ARE THE REASONABLY FORESEEABLE RISKS OR DISCOMFORTS I MIGHT
HAVE?

This study poses no greater risk to you than what you routinely encounter in day-to-day life.
Participating in this study will involve the following risks: possible breach of confidentiality, risk of

falling (addressed by researcher standing next to patient during walking and balance testing),
uncomfortable with answering questions (you do not have to answer a question if you do not want to),

uncomfortable positioning during therapy (you will be able to tell researcher if you are uncomfortable
and therapy will adjust or discontinue).

All records and research materials that identify you will be held confidential. Any published document
resulting from this study will not disclose your identity without your permission. Information identifying
vou will only be available to the study personnel.

Information will be kept on a USB drive and in a locked file cabinet, all information on a computer will
be password protected, and all written files and paperwork will be kept in a locked file.

WILL THERE BE ANY BENEFIT TO ME OR OTHERS?

Although you may not personally benefit from this study, your participation may help practitioners’
better identify/provide insights into treating DPN symptoms (numbness, tingling, burning, sharp pain,
increased sensitivity, etc.).

WHAT ARE MY RIGHTS AS A SUBJECT?

Your participation in this study is entirely voluntary. You may refuse to participate or withdraw once
the study has started. Your decision whether or not to participate or terminate at any time will not affect
your future care with the researchers. You do not give up any legal rights by participating in this study.

If at any time you feel uncomfortable, you may refuse to answer questions.

WHAT COSTS ARE INVOLVED?
There is no cost to you for participating in this study.

WILL I BE PAID TO PARTICIPATE IN THIS STUDY?

You will be paid $100 for completing this study in full. If you wish to participate in optional testing
procedures, you will receive an additional $50. In order to receive such payments, you may be asked to
provide your home address.

If you are not eligible for the study by scoring < 10 on the Quality of Life- Diabetic Neuropathy Scale
(QOL- DN), you will be thanked for your time and given a $5 gift card for travel reimbursement.

WHO DO I CALL IF I AM INJURED AS A RESULT OF BEING IN THIS STUDY?

If you feel you have been injured by taking part in this study, consult with a physician or call 911 if the
situation is a medical emergency. No funds have been set aside nor any plans made to compensate you
for time lost for work, disability, pain or other discomforts resulting from your participation in this
research.
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WHO DO I CALL IF I HAVE QUESTIONS?

Call 909-558-4647 or e-mail patientrelations(@llu.edu for information and assistance with complaints
or concetns about your rights in this study.

SUBJECT’S STATEMENT OF CONSENT

* [ have read the contents of the consent form and have listened to the verbal explanation given by
the investigator.
e My questions concerning this study have been answered to my satisfaction.

WHO DO 1 CALL IF 1 HAYE QUESTIONS?
Call %09-558-4647 or c-mail paticnirelations(@luedy for information and assistanec with complainis
or comeerns about your rights in this study,

SURJECT'S STATEMENT OF CONSENT

» [ have read the contents of the consent form and have listened to the verbal explanation given by
the myvastigator.

o My questions concerning this siudy have heen answered fo my suisfaction,

*  Sigming this consent document does not waive my rights nor does it release the mvestigators.
institution or sponsers from their responsibilitics.

» [may call Lee Berk during routine office hours at (909) 558-0302 if | have additional questions or
CONEETTS.

® | hereby grve voluntary consent to partzerpate in this study.

Tunderstand Twill be given a copy of this consent form after signing it.

Sighature of Subject Printed Naine of Suliject

Dute

Pleass alse indicane vour ceasent for the optiomal procedures by initialing the approprias statement:

I agree tu purticipate ie Neurovaereutar fudex mesurements that will be pecformed dusing two
sdditional study visits

I do mod agres 1o partcipate i Neurovmeondlar fnder measureenents, and will only send the sonmal
amaunt e 10 study visits.

INVESTIGATOR'S STATEMENT

I have reviewed the contents of this consent form with the persen signing above. I have cxplained
poletitial risks and benefits of the stady,

Signature of Investigator Printed Name of Investigator

Diate

e Signing this consent document does not waive my rights nor does it release the investigators,
institution or sponsors from their responsibilities.

* I may call Lee Berk during routine office hours at (909) 558-0302 if I have additional questions or
concerns.
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s [ hereby give voluntary consent to participate in this study.
I understand I will be given a copy of this consent form after signing it.
|
Signature of Subject Printed Name of Subject

Date -
O

Please also indicate your consent for the optional procedures by initialing the appropriate statement:

[ agree to participate in Neurovascular Index measurements that will be performed during two
additional study visits

I do not agree to participate in Newrovascular Index measurements, and will only attend the normal
amount of 10 study visits.

INVESTIGATOR’S STATEMENT

I have reviewed the contents of this consent form with the person signing above. I have explained
potential risks and benefits of the study.

Signature of Investigator Printed Name of Investigator

Date
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APPENDIX B

Volunteers Needed for Diabetic =~ lowisforvaunteers win

moderate-severe below

Pefip heral N europathy studv ankle neuropathy symptoms

for a graduate student

: et ¥o 7 M . h study: “The Effect of
Are you diagnosed with diabetic peripheral neuropathy l;ff::gﬁmf F_'acy,"{a“sn 1;;;;\/

and deal with numbness, tingling, burning, sharp pain on Diabetic Patients with
and/or increased sensitivity in your feet? Peripheral Neuropathy".

& Who Do We Need:

Where: Loma Linda Univarsity and Loma Linda Univarsity Haalth

o Indaviduals betwean 50-80 years old with Type |l Diabetes and Neuropathic Therapy Canter.
moderata-savere diabatic paripheral neuropathy below ankles
« Subjacts will ba axcludad if you have Length: Your participation will be required in total for five weeks.
Suby c
= Medical conditions that suggest possile dacling in function During the first and last week, only one visit is required for baseline
over the next six manths such as: a current regimen of maasuramant; the secend, third and fourth weaeks you wall be required to
chamatherapy, radiation therapy or dialysis, any Jower participate in three visits par week, for threa weeks consecutively. Each
axiremnity amputations or wounds visit lasts approximately 80 minutas. There are two additional visits
= Any documented active alcohal and/or drug misuse during the first and last waek, sach B] mirutes, which are optional.
= End stage renal failure, uncontrallad hypertansion, severe :
dysiipidemia, cheanic liver disease, autoimmne tissase, What: This is a physical therapy study whare participants will be
advancad chroaic obstructive pulmanary disease and racerving a senes of positions and stretches, or light therapy. All
activa inflammatians participants finishing the study will recewve a 3100 gift card. You may be
= Inflamematory neurapathies including: chronic inflammatoey ahigible to receive an additional $50, if you choose to complate
demyelinating pohneurapathy, praximal diabetes nauropathy, optional testing

and autonomic neurcpathias
= || you have other types of nawopathies not asscciated with

diabetes, such as 812 deficiency, hypothyroidism and uremia Principal Investigator: Lez S Berk, DrPH, MPH, FACSM, CHES, CLS
= Any sevare chronic madical condition requiring Sponsor: Loma Linda University Schocl of Allied Heaith Professions i
aclive treatment For Further Information Contact: Graduzte Studant investigator §
= H you are morhidly obese, andfar are pregnant Kyan Sahiiz, PT, OPT, PhD: at 714-235-0087 or ksahba@lu.edu

i\w LOMA LINDA UNIVERSITY Many Strengths.

= I H; [:[I I One Mission.
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APPENDIX C

Recruitment Script

“The Effect of Intraneural Facilitation Therapy on Diabetic Patients with
Peripheral Neuropathy”

= Hello, my name is Kyan Sahba, from Loma Linda University. | am a doctoral
candidate from the physical therapy department. May | please have your name?

= We are working on a graduate student research study about the effect of a new
physical therapy procedure called Intraneural Facilitation to treat diabetic
peripheral neuropathy in diabetes mellitus type 2.

=  Would it be convenient for me to talk to you about this study right now?

* Your participation during this conversation is entirely voluntary.

* The purpose of this study is to explore the effects of Intraneural facilitation (INF)
in Diabetes Mellitus Type 2 (DMT2) subjects with below ankle moderate — severe
diabetic peripheral neuropathy (DPN).

= We want to observe improvements in blood flow and pulsatility in distal posterior
tibial artery, quality of pain and protective sensation, and quality of life.

= Your information will only be seen by researchers at Loma Linda University. We
will make sure that the information we collect from you is kept private and will be
used only for the research study we are discussing.

» |f you decide to participate in this study, you will need to visit Loma Linda
University to enroll in the study and for further screening.

* The inclusion criteria are:

o You have DMT2 and moderate- severe DPN with no other known
underlying disease

o Below ankle DPN symptoms (numbness, tingling, burning, sharp pain,
increased sensitivity, etc.)

o 210 on Quality of Life- Diabetic Neuropathy Scale (QOL- DN)

o Between age 50-75 years

* The exclusion criteria are:

o Patients with a medical condition that suggested possible decline in
function over the next 6 months such as; a current regimen of
chemotherapy, radiation therapy, or dialysis

o Any lower extremity amputations or wounds

Documented active alcohol and/or drug misuse

o Known health conditions: end stage renal failure, uncontrolled
hypertension, severe dyslipidemia, chronic liver disease, autoimmune
disease, Advanced chronic obstructive pulmonary disease and active
inflammations

o DM patients with inflammatory neuropathies including chronic
inflammatory demyelinating polyneuropathy (CIDP), proximal diabetes
neuropathy, and autonomic neuropathies

o Patients with other types of neuropathies not associated with DM such as
B12 deficiency, hypothyroidism, and uremia

o Other severe chronic medical condition requiring active treatment

o Morbidly Obese patients

o Pregnancy (self reported)

= You will be paid $100 upon completion for your participation in this study in full

= If you wish to participate in optional testing procedures, you will receive an
additional $50.

o)

Loma Linda University Health
Institutional ew Board

Approved 0 3?_29_,3
IRB# gl Draft OSR 2/24/04
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Your participation will be required in total for 5 weeks, first and last week, only
one visit is required for measurements, the 2nd, 3rd, and 4th week you will be
required to participate in 3 visits per week, for 3 weeks. Each visit lasts
approximately 60 minutes. There are 2 additional visits during the first and last
week, each 60 minutes that are optional.

After the study is completed, it will be disclosed whether or not you were in the
SHAM group.

Some of the foreseeable risks or discomforts of your participation include
possible breach of confidentiality, risk of falling, uncomfortable with answering
questions, and/or uncomfortable positioning during therapy. However, measures
will be taken in order to minimize such risks.

Possible benefits are improvements in diabetic peripheral neuropathy symptoms
below the ankle, improved balance, blood flow and pulsatility in distal posterior
tibial artery, improved gait speed, sensation quality of life, and decreased pain.
Do you have any questions?

You can contact the principal investigator Lee Berk, office (909) 558-0302, or
email him at Lberk@Ilu.edu if you have questions about this study.
Participation is voluntary. Your decision whether or not to participate or to
terminate at any time will not affect your care.

Would you like to participate in this study?

Please understand you are not officially enrolled until you come to Loma Linda
University for the study and sign a consent form.

Thank you for your time.

Draft OSR 2/24/04
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APPENDIX D

Updated QOL-DN
Page 1 0of 3

Quality of Life Questionnaire (QOL-DN)
Diabetic Neuropathy Version

Name: Date:

Subject #: Visit:

Date of Birth: Gender: 1 Male [ Female
Race: [ White U Black U Hispanic

U Native American’ [ Asian / Pacific Area®> U Other:
! Native American includes American Indian, Eskimo, and Aleut
2 Pacific Area Embraces Polynesian (including Hawaiian and Samoan), Micronesian (including Guamanian), and Melanesian

Do you have diabetes? Yes [ No
Do you have neuropathy (nerve damage)? U Yes U No

Do you have any known medical condition that causes pain or weakness? [ Yes U No
-- If yes, what condition:

How long have you had any symptoms of neuropathy? Years Months

Are the symptoms the same on the right as on the left? ..... U Yes U No...whichis worse? O Left O Right
...only one side? Q0 Left O Right

Are the symptoms usually worse at night? ...........cccccceeeenns dvyes WNo

How many medications or other treatments have you used for any of these symptoms (both in the past and
presently)? Please write the number on the line.

Have you ever been told that you have neuropathy? .......... UdYes ONo
Have you ever had ulcer(s) on your feet?...........ccceeveennenne UdYes ONo
Have you ever had gangrene? ...........ccccoeeeeeveveeeseerennns dvyes WNo
Have you had any toes (or fingers) amputated?.................. dvYes WNo

In the past 4 weeks, have you had a problem with involuntary urinating when laughing or coughing?

dyes WNo

(MALES ONLY) In the past 4 weeks, have you had a problem with obtaining or maintaining erections?

dyes WNo

(FEMALES ONLY) In the past 4 weeks, have you had a problem with vaginal dryness during intercourse?
dyes ONo

© Eastern Virginia Medical School, 2003
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Page 2 of 3
Part I: Symptoms
Have you had any of the following symptoms in the past 4 weeks? Please Check all that apply.
Legs Hands Arms None
1. NUMbNESS.....oooviiiiiieeniecceece e
2. Tingling, Pins and Needles..........d ... o W D
3. Electric Shocks .......evvvvvvveveeveeee b
4. Other Unusual Sensations..
5. Superficial Pain..........coccoevveeeiiieeennns
6. Deep Pain.......ccoceeveinieic e
7. Weakness........coovueveiieieiiieeeiieeeees
Part ll: Activities of Daily Life 5 2
€ T € E ®E o E
o2 ° L §O& FO
-9 29 a9 Ta Sa
o2 o2 =2 292 v
Z48 >8 Z2a 24 wa
Answer these questions according to the following scale: 0 1 2 3 4
8. In the past 4 weeks, has pain kept you awake or woken you at night? a a a 4 a
9. In the past 4 weeks, has the touch of bed sheets, clothes, or wearing shoes [ a a a a
bothered you?
10. In the past 4 weeks, have you burned or injured yourself and been unable a a a a a
to feel it?
11. In the past 4 weeks, have any symptoms kept you from doing your usual a a a a a
activities during the day?
12. In the past 4 weeks, have you had difficulty doing fine movements with 4 a a 4 a
your fingers, like buttoning your clothes, turning pages in a book,
picking up coins from a table?
13. In the past 4 weeks, have you felt unsteady on your feet when you walk? a a a a a
14. In the past 4 weeks, have you had any problem getting out of a chair a a a a a
without pushing with your hands?
15. In the past 4 weeks, have you had a problem walking down stairs? a a a a a
16. In the past 4 weeks, have you been unable to feel your feet when walking? [ a a d a
17. In the past 4 weeks, have you been unable to tell hot from cold water with O a a a a
your hands?
18. In the past 4 weeks, have you been unable to tell hot from cold water with a a 4 a
your feet?
19. In the past 4 weeks, have you had a problem with vomiting, particularly 4 a a 4 a
after meals (but not due to flu or other iliness)?
20. In the past 4 weeks, have you had a problem with diarrhea and/or loss of d a a ] a
bowel control?
21. In the past 4 weeks, have you had a problem with fainting or dizziness ] a a a a

when you stand?

© Fastern Viroinia Medical Schanl 2003
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Page 3 0of 3
In the past 4 weeks, how much difficulty have you had performing the following activities:
22. Bathing/ShOWENNG?..........uvveeiiiiii e e g a a a Q
23, DFESSING? «..veeeeeeeee ettt a a a a Q
24, WalKING? ....veeeeee e a a o a a
25. Getting on or off the toilet? ..... .. o a a a
26. Using eating UtenSilIS? ..............ccvveeieiueeieeeieeee e, a a o a a
= 2>
s . 5 % 3
T g £ 8 ¢
o = o o [}
z < w = w
Answer these questions according to the foIIowing scale: 0 1 2 3 4
In the past 4 weeks, have you had any of the following problems with your
work or other regular daily activities as a result of your physical or
emotional health?
27. Cut down on the amount of time you spent on work or other activities?...... a a a a a
28. Accomplished less than you would like?............c.cooiiiiiiiiiiie, a a a a a
29. Were limited in the kind of work or other activities you could perform?....... d a a d a
30. Had difficulty performing the work/other activities (it took extra effort)?....... a a a a a
31. In general, would you say your health now is:
Excellent Very Good Good Fair Poor
a d d a a
32. Compared with 3 months ago, how would you rate your health in general now?
Much Somewhat About Somewhat Much
Better Better the Same Worse Worse
a d [ a a
_ E T
S . 3 E
T £ 8 ¢
o = o ) [}
z < %] = (%]
Answer these questions according to the following scale: 0 1 2 3 4
33. In the past 4 weeks, to what extent has your physical health interfered with [ a a a a
your normal social activities with family, friends, neighbors, or groups?
34. In the past 4 weeks, how much did pain interfere with your normal work d a a d a
(including work both outside the home and housework)?
35. In the past 4 weeks, how much did weakness or shakiness interfere with [ a a d a

your normal work (including work both outside the home and
housework)?

© Fastern Viroinia Medical Schanl 2003
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APPENDIX E

Manual and Scoring Algorithm for QOL-DN
1) Description:

The QOL-DN is a self-administered questionnaire, designed to capture and
quantify the impact of diabetic neuropathy on the quality of life of individual patients
with diabetic neuropathy. Fourteen of the items are of a health-related, biographical
nature and are not scored. These are on the front page, and they are not mmbered nor
scored. The remaining 35 scored questions are mmbered items that compnse the
entfire scale, and they are arranged thematically so that the wording of the questions
and the type of response is grouped together. However, the content and topic of each
mdividual question concems particular fimctions or symptoms that are related to the
following themes:

Total Quality of Life Score

Physical Functioning/Large Fiber Neuropathy
Activities of Daily Living (ADLs)

Symptoms

Small Fiber Neurcpathy

Autonomic Neuropathy

These scales and the administration of the questionnaire are described in detal
below. In general, items 1-7 (Part I) are a simple inventory of symptoms of neuropathy.
The presence of the symptom is checked in whichever box applies, and an absence of a
symptom is checked under “none.” Positive responses are scored as 1; and negative
responses, as 0. Htems 8-35 (Part II) pertain to Activities of Daily Life, and most of these
are scaled on a 5-point Likert scale mnging from 0 (“Not a problem™) to 4 (“Severe
problem™). However, Questions 31 and 32 are scored differently. In Question 31,
“Good”, the middle item, is scored as O. “Very Good” is scored as —1, Excellent” is
scored as —2. “Fair is scored as 1, and “Poor” is scored as 2. In Question 32, “About the
Same”, the middle item, is scored as 0. "Somewhat better” is scored as —1, "Much better”
is scored as 2. "Somewhat worse" is scored as 1, and "Much worse” is scored as 2.

A final important point of the overall instrument is that the patient/subyect is
instructed to rate most items over the last 4 weeks, so responses should be interpreted as
cumulative over that time period - not merely an inventory of the patient’s status at the
moment of filling out the questionnaire.

2) Administering the questionnaire:

Administering the questionnaire to the patient or expenimental subject is very
straightforward: the patient simply fills out the paper form. It is important that the
patient is in a quiet area, free of undue distractions, and patients are encouraged to answer
the questions themselves (i.e. spouses and significant others should not fill cut the
questionnaire or influence the patient’s responses). These are subjective patient
responses. The responses are coded and scored when they are entered into the appropnate
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database, and the algorithm is supplied below. All questions should be answered. The
gender-specific sexual functions questions located on the hographical page should
obvicusly be answered according to gender. It is not recommended to compare responses
on this questionnaire directly to the patient’s medical history or any other sources of
similar information such as cther pain questi onnaires, etc.

3) Data Accumulation:

De-identified data are accumulated in database format (e.g. MS Excel 2000) and
entered by a HIPAA certified research assistant. The oniginal hard copies of the responses
are retained as scurce documents in the patient/subject’s medical record The database is
secured by password access to authorized users only. The structure is that of a single
table containing all fields for a single questionnaire.

4) Sub-scales and Scoring Algorithm:

The scales listed above were determined based on an exploratory factor analysis,
so the questions have loaded into their respective domains. All symptoms (1-7) are
soored as either a 1 or a 0, indicating a presence or absence of the symptom. With the
exception of Questions 31, and 32, the other items are scored according to the 5-point
Likert Scale (0-4, “No Problem” to “Severe Problem™”). In Question 31, “Good”, the
middle item, is scored as O. “Very Good” is scored as —1, Excellent” is scored as —2.
“Fair is scored as 1, and “Poor” is scored as 2. In Question 32, “About the Same”, the
middle item, is scored as 0. "Somewhat better” is scored as —1, "Much better” is scored as
-2. "Somewhat worse" is scored as 1, and "Much worse” is scored as 2.

The Total QOL and five domains should be summed as follows:

e Total QOL ¥(1-7, 8-35)

e Physical Functioning/Large Fiber (8, 11, 13-15, 24, 27-35)
e Activities of Daily Living (ADLs) ¥(12, 22, 23, 25, 26)

* Symptoms X(1-7,9)

e Small Fiber ¥(10, 16, 17, 18)

e Autonomic ¥(19, 20, 21)

These scales and subscales are calculated without weighting of any kind, and reported as
the integer sum of the listed questionnaire items.

97



APPENDIX F

o[y A103STY
s juaned o) ur aoe[d 0] JYorqPaS] USPLIM UIRIqO AW NOXK JBY) 0S sardosojoyd opdnnw sonpoxd
noA jerp) 153383ns o4 sjuanjed oAk Aq paouarradxd ured Jo Ajrenb pue K12A9s o) Julssasse Ul

noA 3sIsse 0 $[00} onsougerp 2say) papIaoid seq (i DJIN) wi[0DU0)) Uled U0 dANRNIU] [RUONEBN YT,

S9|eo2g JUBWISSasSSY uled

SADIAYTS TLYNAVHOILSOd
TVNOISS5340Hd w . TOHLNOD NIvd NO
b * FANILYILINI TYNOLLYN

NOSINOHL Oﬂ- - Z

98



‘uoissiwiad Aq pejuiiday ou| ‘Agsopy Aq pajybuidon
"L0€L "d 'LO0Z 'sinoT IS ‘89 ‘BuisinN d1nelpad jo sjenuessy s,Buopm 1d ZHEMUDS T UIBISISNUIM ‘0 US| ‘W uoje3-AliaquanooH 1Q Buopm wouy

"Jaquinu ejeldoldde ay) pJooal pue uied UMO S8qLIIsSap }Saq Jey) ade} 8S00y9 0)
PIIYo ey} ysy "Alsusjul uled ayy aquosep 0} splom ay) Buisn aoe) yoes 0} Julod :SUol3INIISUl piom joug

"J1ap|o pue sieak ¢ abe suosiad 1o} papuawiwodal si 9[eas Buney

‘Bunesy s1 8y Moy saquUosap 1saq Jey} a0k} au} 9sooyd

0] uosiad ay) ysy "peq siy) |99} 01 BuiAio aq 0} aAey },uop noA ybnouyye ‘ebewl ued noA se yonuw se suny
G 80B "J0] 9|OYM B SlINY { 89B4 "9J0W USAS SHNY € 9B ‘alow 9)))l| B sUny Z 9oe4 '}iq apy| e isnl suny
| @0e4 "J|e Je uny jusaop ay asnesaq Addey A1aA si g 8oe4 "uled JO JO| B IO BWOS SBY 8y asneoaq pes
10 (Jny) ured ou sey ay asneosaq Addey s|aa) oym uosiad e 1o} S| 99.} Yoea jey} uosiad ay} o) uieidx3

107 9j0YM aIoN QIo ng
JSIOM SUNH  SuNH USAI SUNH  SMITSHUNH  SMITSUNH  MNH ON

M (NN =N =N (e
€ ) \eo) (e ) |9 || )|

ojeog buney uied s3IV Jaxeg-buom

99



"JaIAas|3 woy uoissiwad ypm ‘6661 JUBLAdOD ‘gL "d ‘[E 18 ‘N AualeDol ‘[lenue [ESiullD (uled woly pajuuday

ured
a|qissod ured uied
1SIOM a)elapo ON
OL 6 8 /L 9 g vy € 4 2 0
| | | | | | | | | | |
| | I | I I | | I | I

aJeas Buijey ured s8wNN 01—0

100



‘ujed jo ApmS oy} 10§ UCHEIIOSSY [EUOHBUIBIU|
ay) woJy uoissiulad yim ‘g6 WBUAdoD ‘662-22Z ‘spoyiew Buloos pue sajuadoid Jofew :aieuuolsany Uled (199N aUL 'Y Y9BZIBI ‘| oA ‘Wied wol pajuuday

‘[BUISUL PUE [BUISIXD YJOq JI 9., A “JIew nok yoIigm seale
oY) T8SU [RUISUI JT _ T,, JO [RTINXS JT 4, SIIM UTed [95] NoA 9I5UM SBaIR 31 ‘M0[aq SSUIMRIP ST} TO “{ILwW ases[d

Jured JnoA si alayp

101



(.Buming,,)

oiqeurdeuniuonesudss [ 01 [ 6 | 8 | L |9 [ ST v el 110 | joy
307 JS0ur Y], 10N
« 91y uo,,

pue _Futuing,, opnjour ured jo7 AI0A 9qLIOSIP 0 PIsh SPIOAY “oam sed 9t 1940 )19F sey ured MoK J0Y MOY SN [[3} 0} MO[2q I[BIS Y} SN ISBI[J €

(251w & I,)
slqeuiSeumuonesuds [ 0T | 6 | 8 | L 1 9 1 S 1 ¥ 1 €1 1110 | dreys
daeys jsour oy, 10N

2.“%: 10 ?a%ﬂg: 2"%
& a1, apnjour sSuraay dreys aquosap o) pasn spiopy “Yeam ised oty 1040 31ef sey ured oA daeys moy sn [[2} 0) MO[2q SBOS 2} SN 3sEI[J T

ojqeuLIewWl
=o.§mnumqﬂn_oﬁ_m_wﬁnﬁw_m_wﬁmﬁm_ﬁ_o_ ured
SUI)UT JSOUW O], ON

-a8e1oA® U0 “yeam jsed o) 1940 useq sey ured INOA ISUIIUT MOY SN [[9] O] MO[aq I[BIS 9Y) SN ASBI[J [

HOVYAAY NO MHAM ISVd HHI Y940
J[9J 9ARY jou Aeux 10 Aew noA 3d£) pue Aypenb ured JuaIAPIP Yoed JO YInu MOy IJBI 0] MO[I( SI[BIS SUNEI ()7 Y} ISN ISLIJ

ERELT
U0 MO AI9A PUE AMO[3] SI[BIS Y} JO JUWIOS U0 YIIY AIIA )1 0} NOA J23dXd am “A10J19Y I, "Ayde pue [np AI1dA ST ured I3 341
1993 Inq ‘ured Surwaing Aue IUILIAdX? Jou Lewn Juaned JIY)oue A[IYM ‘TINP [[€ }E€ Jou Ing ‘uIuing pue Joy A[PWIIIXI [39] Jysru
ured e ‘yuanyed auo 10 -ured anoA Jo s303dse JUIIIJIP IY)0 PUE ISIY] JANSEIW SN sd[9y I[ed§ JudmISSassy AJend) ureJ ay L,

*sanenb aw) JUAIAJJIP 2ARY UEB) oS[e pue Jueseajdun se paqLIISIP 3q Ued wieJ "Apoq Jnoi Ipisur daap woay aae Ay} NI [93)

Aewr 31} J0 ‘([PAJ[-uDys &) [enIjIadns £19A aae A3y Y1 [99] Aew sured Jwog -Ayde pue ‘[np ‘pio3 ‘joy ‘dieys (93§ uLd Wreg
“SULINSEIUI Ul PajsaI)ul A1 M JEY) pue DUIIIAdXI syuaned jey) ured jo sad£) pue s)03dse JUAIIPJIP 31 2431, :SUOpoNISU]

(,SYOd) ,ATVOS INHINSSASSV ALI'TVAO NIVd

102



(surddez, )

oiqeurdenruonesuds [T [ 6 | 8 | L [ 91 ST ¥ [ €l ¢l 1 ] 0] Sunooys
Supooys jsow ayJ, JON

. Surddez,, s1 ured Sunooys
2qLIDSAP 0} pasn pIom IAjouy Yaam jsed oy 1040 Sunooys usaq sey 1 a1 319F sey ured MoK yonuwr Moy Sn [[9} 0) MO[aq S[BIS A1) SN AsLI[J

SiqewiSeunuonesuas [ oL [ 6 | 8 [ L [ 9 [ ST ¥ €l cl 1 10] Ayan
Ayajr jsowt oy L, 10N

..’ 31q ONMbSOuI € 3], pue , KAT
uostod a1, apnpour ured Ayojr 3qLIISIP 0] Pasn SPIOA 23 Ised 2y 1940 3133 sey ured 1ok Aya31 Moy sn [[9) 03 MO[3q S[BIS I ISN ISLIJ

(. smiq e ayy,,)
S|qewiSewuonesuas [ O | 6 | 8 | L 1 91 S T ¥l €l cl110] J9puw)
Japud) Jsoul Ay ], 10N

. 3sTniq € o], s1 ured I9puQ) AqLIOSAP
0} Pasn pIoM IOIOUY Y23 Ised oy 1040 71 jsutwSp passaid sy Sutyauios usym st urpd nod IDPUIY MOY SN [[9) 0) MO[Dq I[BIS I} ISN ISLI[J

Aﬁnﬁﬁxm B.N.Huuv
ojqeuSewruonesuds [ 0T | 6 | 8 | L | 9 [ S [ # [ € 1 ¢ | I | O | oanisues
JADISUAS JSOW oYL 10N

. TS MEl,, pue  UG[S powmnquns a31],, 9PNOUL ULNS SADISUIS qLIDSIP 0) Pasn
spiopy “yeom ised oy 10a0 31 JsuteSe Surggn. Sunyjo]o 10 yonoy Sy 0] u2aq sDY UYS 4noA JARIISUIS MOY SN [[9} 0} MO[q J[BIS 2} 2SN SB[

A:wﬁﬂNcmvﬂuuv
ojqeurSewruonesuwss [ 0 [ 6 [ 8 [ L [ 9 [ ST¥# T el T 0] p1o2
PI0d js0W ST, 10N
anu ENumvﬂuu qu
201 o91],, apnjour uted pjod AIoA 2qLIISAP 0) Pasn SpIoAy “eom ised a1} 1oA0 )a] sey wed oA p[od Moy sn [[9) 0} MO[aq 2[IS 1) J5N 95LA[J
ojqeurSewtuonesuss [ O [ 6 | 8 | L1 9 [ ST ¥ €l clT 0| mp
TInp jsow YL 10N

oom ised o) 1040 3]97 sey ured oA [P MOY SN [[9} 0} MO[Iq S[BOS O} 2SN ISLIJ

103



(.Surpunod,,)
o[qeurSewiuonesuds [ O | 6 | 8 | L | 9 | S v 1 €1 1 11 0 |Suiqqomp

Surqqoay jsow oy, 10N
. Jurpunod,,
st ured 3urqqoIy 9qLIISAp 0 PIsN pIom IdYJoUY Naam Ised oy} IoA0 3]9F sey ured Mok Surqqoay) Moy SN [[9) 0] MO[aq I[BIS dY) oSN SEA[J "G
ﬁﬂhmaﬂummhnmiuv
o[qeurSewrtuonesuds [ 0T | 6 | 8 | L [ 9 [ S [ # [ €[ ¢ 1 [ 0 | Sunemper
Sunerpenr jsow ayJ, 1ON
. SuIpeaIds,,
st ured Sunerpel aquIDSIp 0} Pasn pIom ISIOUY "aam Jsed a1} 1940 3197 sey ured oA Sunerpes Moy sn [[3) 01 MO[aq [eIS ) SN 3SLI[J "t
A:MENQQ.—-—GW‘“V
ojqeurdewntuoneswdss | 0T [ 6 [ 8 [ L [ 9 [ ST # [ €[zl 1[0 |Suduen
Surdwead ysow oy, JON
. Tq81,, pue  Surz33nbs,,
apnpour uted Surdurers aquISap 01 pasn SpIoA  oom ised oy} 1040 3[9F sey uted anok Surdureads moy sn [[2) 0} MO[2q 23S ) asn ased[d €1
(so[pasu pue suid,,)
o[qeurewruoneswds [ O | 6 | 8 | L | 9 | S | # [ € [ ¢ [ [0 | Suqsum
durdum jsow oy, JON
. SUPpPId, pue , S5[pasu pue
surd a31],, apnjour ured Surj3un aqLIdSIP 0] Pasn SpIoAy “eam jsed oy 19A0 319] sey ured oA Surpdur) Moy sn [[2) 01 MO[2q 9[BIS JY) asn ased[d 7]
H«nmxoogmiuv
ojqeurdewrtuonesuds [ 0T [ 6 | 8 | L [ 9 [ S [ # [ € [ T [ 0 ]reomosp
[BI1L1)I3A JSsow AT, 1ON
« SUTIeds,, pue ‘SUTOYST],, ,SYO0TS,, apnou ured
[e911199[9 QLIISIP 0} PIsN SPIOA, “oaMm Ised 31) 1A [BILIIIII J[3] IARY SUONESUIS UTed INOA [INW MOT ST [[3) 0} MO[aq J[IS ) SN 3SLI[J ']
A«nQQQMM“auV
ojqeurdewruoneswdes | 0T [ 6 [ 8 [ L [ 9 [ ST €Tzl 1 T0] qumo
quInu jsowr oy, 1oN
 A39SE 11
911, ST uTed qUINU 3qLIISAP 0} Pasn aq Ued jey) asen]d ¥ "Yoam jsed o1} 1040 ]3] sey ured oA quunu MoT Sn [[9) 01 MO[aq 9[eIS 21} 95N 3seA[J "0

104



a[qeuIseun ured
vonesuosured [ 0T [ 6 [ 8 [ L T 9 T ST # €T T T 10 | 9depns
92BJINS ISUIIUT JSOUI Y], oN

NIV OVAYNS ANOA ST ASNALNI MOH

a[qeuIdeun ured
uoneswosuted ["OT [ 6 [ 8 [ L (9T STwv el 110 | daap
doaap asuayuy jsowr o7, oN

NIV JTHT HNOA STASNALNI MOH

"2)BUINS
1saq moA sn 2A13 asea[d inq _ ‘ssong 3saq,, © 2q [[I4 J1 A[SNI[ }SOW PUE “SIJBUIT)SS 9SAT]) SBUI O} JNOLEJIP 2q URD J1 JeT} aZI[eal ap A[ojeredes
ured Jo UOTIEOO] o8BS 9181 0} NOA JUBM 9\ oam Ised o) JoAo uTed 53€JINS snsioa doap oA Jo AJII9A9S 91} JO 9)eWINISa Ue SN 9ALS 0) nok juem ap “61

(.21qeieouL,,)
oiqeurSewntuonesuss [ OI | 6 | 8 | Z 1 9 | S [ ¥ [ € [ ¢ | I [ 0 |uesesdun
juesed[dun jsow oy, 10N

's[o9y ured anoX yueseajdun moy sn [[2) asea|d ‘o[eds SIY) YNA 9[qeIS]0}
K194 9q Inq Aynsuajur Y31y e 9Aey wed ured Jo spury swos pue ‘jueseajdun A[SUIoNX9 [99] [[1IS INq ANSUSIUT MO B 9ABY Ued Ured ‘Ioquuatuay]
. 2[qeIaToNlL,, pue  J[qEISSTH,,  FWOSI0q,, SuiAouus,, opnjour ured jueseajdun A10A 9qLIOSOp 0) posn SPIoA) oo 1sed oY) 19A0 NOA 0}

uoaq sey ured moX yueseajdun Moy [[eI9A0 SN [[9) 0} NOA JUEM aM ‘)[9] 9ARY NOA suonesuas ured Jo sadA) JUaIdJIp 1) sn p[o} 2AeY noAk Jey) MON 81

(Lumop palysion, )
ojqeurSeunuonesuss [ 01 [ 6 | 8 | L [ 9 [ S [ ¥ 1 €l cl 110 | Axeay
AA®BIY Js0WT O, 1ON

. TROD PISTIA,, pue

omssaxd,, are ured AABay 9qLIISOP 0] Pasn SpIoM Jay)() oo ised ay) 1040 119) sey ured oA KABIY MOY SN [[9] 01 MO[9q [BIS DY) 9SN ISBI[J "/ ]

(..2yoeyl003 € ,,)

ojqewiSeunruonesuss [ 0] [ 6 [ 8 [ L [ 9 [ ST+ [ €lTTl[1 0 | Sumype
Suryde jsowr o ], 1N

B ONI],, 51 ured Suiyor 9qLIOSIP 0] PIsT pIom JoYlouy “3oom Ised oy 1oA0 119J sey ured InoA SuIgIE MOY SN [[9] 01 MO[Iq I[BIS JY) 9SN ISBI[J 9]

105




610" QI TOD MMM

1e Jaulaju| au} uo a|gejieA. (QIT00) @seqeleq JuawWwngsu| a7 Jo ANfenDd ay) uo ajge|ieAe s| (siayjo pue Buuoos ‘a|qe|leA. SUONe|SUBI) ‘S80Ualajal Se Yons) SyDd
ay} noge uonewloul [njasn “(papiroid ale Juawaaibe-1asn pue asn Jo SUCHIPUOD) BIOTSNI-[JEU MMM (Jaulalu| - I Tdelw@oopisny (jlew-3 - 2g 99 €1 Z/¥ (0)

€€+ XBd - G/ 69 €1 Z.F (0) €€+ 181 - JONVY ‘UckT £0069 ‘BNBIIA B 8p 8ni /g ‘jsni] Yoieasay Idepy ‘anua) saoinosay UONELLOJU| (UOHELLIOJUI JORIUCD SYDd

“JaInes|3 (wepiejswy “juawieas) uted Ul 8y Jo Aljenb pue ‘sawoono ‘aouspiag
(*sp3) UM "H %§ LBD " U| "S|ed} [EDIUND Ul JUSWSSAsSE Uled ‘(ssaid ul) "d' | ‘uasuar "parlasay sIYBry |Iv ‘€00z ‘IUCHEWWES) R uasuaf “1ajes @ WbuAdon

‘(spouad sayg-ured ou pue ‘1ayjoue
0] JUSTIOW SUO0 WO Yonur A10A 93uetd jou saop jey ured jueisuod) ured afqeys areq 1( )
*(ured jo sad4) Surliea 1o ured ySnoaypjealg,, 919498 UIA9 10 ‘ured
2I0W JO SUSOW OS[e Jnq ‘ewm a1} [[e uted . punoidyoeq,,) ured ajqertea aseq ( )
‘(sowumy Jomjo e saxy-ured we | 3nq sawugawos ured 1297 1) wred Juapruradyur oaey ()

:(ouo Aquo 10979s osea[d) ured moA jo urayed awr) o) SOQLIOSSP ISoq 253 Jo Yo Ay “ured I[qeys

Pa[Teo SI SIY[, "ISYIOUE 0) JUITWOW SUO WOIJ Yonu Jey) 23ueyo jou soop Affea1 yey) ured oaey a[doad 1oy} "oa1y ured 10a0u are Loy} ‘(s

“(ured , punoiSyoeq,,) ured Jo S[2AD] JOMO] [23] UBD A2Y) oW IR0 Je Inq ‘(ured  ySnoxyiea1q,,) ured 2susjur AI9A JO SJUIWOW IARY A9Y) [99]

Kot e} 05 ‘0I0A9S 9q UeO soseardul oy ‘ojdoad asoy) JoJ -ured S[qeLIEA PO[JED ST SIY], )XOU 91} 0} JUSTIOW SUOC WO ATea ued A1110Ads ured

pue sad4y ured 112y Inq ‘02 ured JoAou ore sioy)() “ured JuayrwIIAUI PI[[EO SI SIY], S90S pue sewod,, ured ayy spiom 1ayjo ul fured noym
A19191dmIos aI1e 1By} S)ULSWOU JWOS dARY A31]) 05 pue sa03 pue sawod uted a1 ‘ojdoad swos 10,] "sanyfenb own JUIISJJIP ALY OS[E UBD UIed (0T

106



SUBJECTINAME:

APPENDIX G

PRE-TREATMENTIDATE:[

&TIME:

MONOFILLAMENT:[

THIRDBMETMEADR

YESHEIDRMAN O]

FIFTHBMETMEADR

YESHEIDRMAN O]

POST-TREATMENT MDATE:[2

MONOFILLAMENT:[

THIRDBMETMEADR

YESHEIDRMAN O]

FIFTHBMETMEADR

YESHEDRAN O
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APPENDIX H

LLU Neuropathic Therapy Center: INF Study
Patient ID:

Date: Treatment #-_

Distal Posterior Tibial Artery (Proximal to Medial Malleolus)

o Angle of insalpation to be 60 degrees for vessel
* No constricting clothing
* Record best of 2-3 measurements

Please circle: Left or Right

Pre- Image # Post- Image #
Treatment Treatment

PI
Anterograde

Pl
Retrograde

PSV
Anterograde

PSV
Retrograde

Volume Flow
Anterograde

Volume Flow
Retrograde

RI
Anterograde

RI
Retrograde

Waveform
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