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Dear Readers,

We are excited to present to you the 4th annual issue of Extremitas: Journal of Lower Limb
Medicine. This year’s edition is a result of a collaboration between WesternU’s students and
faculty, local podiatric organizations and charities who share a common goal of advancing the

care and medical treatment of the lower extremity. Our editorial team would like to invite you to
participate in the tradition of peer review research by taking the time to read through some of the
articles that our students and faculty have taken the time to produce over the past year.

Topics this year include review articles and case studies on management of diabetic complications,
sports medicine, malignancy and original research on medical language interpretation. We

hope that our readers find these discussions as intriguing as we have, and we invite all who are
curious about these topics to begin their own scientific investigations. Together we can help our
communities become more mobile, active, and healthy.

Sincerely,
The Extremitas Team
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Limitations of Ad Hoc Interpreters on Patient
Understanding and Compliance in Diabetic Foot Care
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family member?

0 Yes, about once a year
0 Yes, a few times a year
0 Yes, about once a month
0 Yes, a few times a month
oNo

4. What is the highest level of education you

have completed?

0 None
o Elementary school
0 Middle school
0 High school/ GED
0 Some college
0 College (B.A/B.S)
0 Graduate school

5. Where did you go to school?
0 The U.S.
0 Outside the U S.
0 Both

6. Do you have diabetes?
oYes
o No
0 Unknown

1.3.  Verbal Interpretation Test

We conducted an English-to-Spanish verbal
interpretation test that consisted of common
questions and instructions that a podiatric
physician would ask a patient. The test was given
via the researcher speaking a series of English
phrases, and asking the volunteer to interpret
them into Spanish. If needed, the phrase could be
repeated, but not re-worded. The responses were
spoken into a microphone and saved for later
evaluation.

1.4 Error Evaluation

We evaluated the voice recordings for accuracy
by transcribing participant responses and
comparing them to a master translation done by
an American Translators Association (ATA)
certified language consultant. We quantified how
many mistakes were made, and whether the
mistake was an omission, addition, substitution,
or false fluency. Additionally, we compared the
clinical significance of these mistakes based on
whether the mistakes affected the meaning of the
conveyed message, and could potentially affect
the patient’s outcome. Finally, we tallied which
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words and short phrases were most frequently
misinterpreted.

1.5.  Verbal Test English Script

The following are the scripts for the verbal
interpretation test. The script was drafted by
investigators Orellana and Brems, then edited by
multiple licensed medical interpreters. The edits
were made to include words and phrases most
often used by podiatrists. Additionally, common
false cognates and words which only loosely
translate to Spanish were added.

Foot Evaluation Case
1. When did your foot pain start? Was it sudden
or gradual?
2. What makes it better? What makes it worse?
3. Can you describe the pain?
4. Is the pain dull or sharp?
5. Is there a bumning, tingling, or pins and
needles sensation?
6. Do you have that feeling on both feet?
7. Does the pain radiate anywhere else?
8. In a scale of 1 to 10, how severe is your
pain?
9. What is your A1C level currently?
10. Record your glucose levels daily.

Diabetic Foot Care instructions
1. Keep your blood sugar levels in check to
prevent neuropathy.
2. Neuropathy is nerve damage, and cannot be
reversed once it occurs.
3. You are at a higher risk for developing foot
ulcers.
4. Inspect feet daily. Be consistent.
5. Check in between the toes looking for
redness or discoloration.
6. If you cannot see your feet, use a mirror or
ask a family member to inspect them for you.
7. Wear shoes that fit properly.
8. Fit the longest toe, which might be the 2nd
toe instead of the Ist.
9. Have your vision checked yearly to ensure
that you can see your feet.
10. Don’t walk barefoot because you’d be at
higher risk of injury.
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Figure 1 - Ad Hoc Interpreting Frequency
Distribution

@ Yoady @ Monthly @ Mover
Over half of our subjects interpret for family
members once or more than once a month.

(Figure 1)

Figure 2 - Average Number of Clinically
Significant Errors
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Figure 2 demonstrates the average proportion of
errors being climically significant (CS). For
example, the proportion of CS errors of addition
is very low. Furthermore, one can see that
omission has a high proportion of CS errors,
therefore is a serious error of ad hocs. The
average number of errors per encounter was 32,
and the range was 10-84. 63% of the errors were
clinically significant.

Figure 4a — Foot Evaluation Case - Clinically
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Figure 4b — Foot Evaluation Case — Not
Clinically Significant Errors
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On average, the frequent interpreters
made fewer clinically significant errors during a
ceneral foot evaluation than those who had never
interpreted for family members. (Figure 4a)

Figure 5a — Diabetic Foot Case - Clinically
Significant Errors
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Figure 5b — Diabetic Foot Case - Not
Clinically Significant Errors
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On average, the frequent interpreters made
more errors in the diabetic foot encounter, but

the errors were more likely to not be clinically
significant. (Figure 5b)
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On average, the frequent interpreters made more
errors in the diabetic foot encounter, but the
errors were more likely to not be clinically
significant. (Figure 5b)

Figure 6a — Wound Care Case - Clinically
Significant Errors
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Figure 6b — Wound Care Case — Not Clinically
Significant Errors
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Overall, the highest numbers of errors were made
in the wound care case. (Figure 6a)

Table 1 — Commonly Misinterpreted Words
and Phrases

Omission False Substitution
Fluency
“To help the
Warmth* Redness* healing
process”*
Pain* Saline* Bandages**
ma/:llsl,s *'t To prevent* Sharp**
“Pat dry”/“a Neuropathy Dull**
dry one”* *x
Currently* Gradual*
L (to keep) in
Tingling check*
nlzlendslfsf* Higher risk*
Be
consistent*
Foot ulcer*

*Misinterpreted by over 50% of our subjects
**Misinterpreted by over 90% of our subjects
Discussion

Overall we found that ad hoc interpreters,
usually family members of the patient,
consistently make errors. Virtually all of our
interpreters made multiple errors that could be
considered clinically significant, with an average
of 32 errors per participant, per encounter. This
demonstrates the need for professionally licensed
interpreters in the podiatric medical setting, even
if a bilingual family member is present.

Our data analysis demonstrates that
podiatrists cannot assume how well an ad hoc
will interpret based on his or her education or
experience. We found that there was no
correlation  between education level and
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interpretation accuracy. Furthermore, although ad
hocs who interpret for family members made
fewer false fluency and omission errors than
those who do not, they still made a similar
number of CS errors of omission. Conversely,
those who interpret monthly for family members
had higher rates of CS addition errors than those
who do so less frequently. One possible reason is
that ad hocs who frequently interpret for family
members have experience working with doctors,
and may add potentially incorrect comments
based on their pre-existing knowledge. Further
studies are needed to assess the reason behind
this finding.

It is important to mention that most of the
clinically significant errors were due to words or
phrases that are not necessarily medical jargon.
We noticed that words that describe the quality
of pain, such as “dull” and “sharp”, were often
substituted for words that describe the severity of
pain. Knowing the quality of pain is important in
any patient encounter, particularly for diabetic
patients who may develop neuropathy. Providers
can improve the quality of interpretation by using
descriptive terms or pictorials when discussing
quality of pain.

Furthermore, we noticed that words at the
ends of long phrases were often omitted. To
prevent these omission errors, we suggest
speaking in short phrases when using an
interpreter, whether trained or ad hoc.

Future studies are needed to evaluate the
use of concise terms to describe pain when using
ad hoc interpreters. Specifically, these studies
should find replacements for commonly
misinterpreted words. This research could also be
expanded and applied to other fields of medicine.

In conclusion, understanding physician
instructions is critical to diabetic foot care. Our
study shows that untrained interpreters are
insufficient to accurately interpret for the
healthcare provider, therefore we emphasize the
need for trained interpreters to best necessitate
patient understanding and manage patient health.
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[13]. The majority of Marjolin’s ulcers
become squamous cell carcinoma, although
the process of a malignant tumor developing
from a wound can take several years to
occur [13]. In a 2015 case study by Cho et
al., squamous cell carcinoma developed
quickly within one month from a chemical
burn  wound [13]. There have been
additional reports of squamous cell
carcinoma developing from ulcers, pressure
sores, fistulas, and even diabetic foot
wounds, although there is no literature about
squamous cell carcinoma development from
an eccrine poroma [14,15]. Since squamous
cell carcinoma can originate from
preexisting wounds, it 1S necessary to
thoroughly test skin lesions for this
malignancy.

Conclusion:

In this case study we reported a rare
eccrine poroma, located at the mid-calcaneal
body of the right foot, that converted to a
squamous cell carcinoma. This rare case
signifies the importance of adequate size
biopsy, prompt treatment, and pathology
testing of eccrine poroma as a precaution
against the development of squamous cell
carcinoma. Considering that  eccrine
poromas are commonly thought to be
benign, the details of this case can be of
interest for  practicing  podiatrists,
dermatologists, and general practitioners
when evaluating soft tissue tumors of the
lower extremity. Additionally, it can be a
reminder to health care providers of how
easy it is for cancer to be undetected.

Future studies of similar cases
should include photo documentation of the
lesion before biopsy so further cases can be
recognized. More research regarding eccrine
poromas is needed, including further studies
on the prevalence of eccrine poroma
conversion to squamous cell carcinomas.
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Figure 3 Histomicrograph of the excised Figure 4 Histomicrograph of the excised

squamous  cell  carcinoma  (original squamous  cell  carcinoma  (original
magnification 100x, hematoxylin and cosin). magnification 200x, hematoxylin and eosin).
10

Extremitas Volume 4, June 2017



Case Review: Osteonecrosis of the Distal Tibia

Michael Czulinski, MS3 College of Osteopathic Medicine

Introduction

Atraumatic joint pain is common in
aging populations. Common etiologies such
as osteoarthritis are often at the top of the
differential. This case review discusses a
presentation of atraumatic talocrural pain
due to osteonecrosis (ON) of the distal tibia,
a relatively uncommon location of disease
occurrence. This study aims to briefly
review the common etiology and
pathophysiology of ON while also
discussing the surgical treatment that patient
“T.C." received for management of distal

tibial ON,

Patient Background & Presentation

T.C. is a 64 year-old female who
presented to the foot and ankle clinic
wearing a right ankle brace. Symptoms
included insidious onset of right ankle pain
in the absence of trauma, redness, swelling,
fevers or chills. Radiographic evaluation
demonstrates evidence of degenerative joint
disease (DJD). Additionally, review of
previous radiographic studies of the ankle
noted small lucent foci in the fibula which
merited a follow up bone scan. NM bone
scan showed increased activity in the distal
aspect of the right tibia, considered a
nonspecific finding. Both sides of the
talocrural joint were not involved, thus the
increased uptake was determined to be less
likely related to DJD at that time. T.C.
received triamcinolone injection for possible
synovitis and DJD with noted decreased
pain at follow up. She was instructed to
discontinue the brace and begin physical
therapy.

T.C. was managed with moderate
success after initial presentation.
Approximately 6-8 months later she went to

Volume 4, June 2017

the local urgent care complaining of
atraumatic right ankle pain with associated
swelling. The ankle was immobilized and
repeat radiographs noted soft tissue swelling
without fracture (Figure 1). A MRI was
obtained and revealed a lesion within the
distal tibial metaphysis consistent with bone
infarct, edema and tibialis posterior
tenosynovitis (Figure 2). Imaging did not
show involvement of the joint nor did it
show evidence indicative of early joint

collapse.
‘ |

Figure SEQ Figure 1; AP weight-bearing
radiograph taken days prior to MRL. Nermal with
some soft tissue swelling.

Figure Figure 2: Ankie MRI showing avascular
necrosis of the distal tibla without obvious
involvement of the talocrural joint.
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The Biomechanics of Cycling, and the Pathomechanics:
A Focus on Cycling-Related Achilles Tendinosis

Sara Yancoviiz, MS2, College of Podiatric Medicine
Aleena Resendez, MS2 College of Podiatric Medicine

Introduction

Cycling is a popular sport that is
especially known as a low-impact
activity. It is a sport that can be done over
long periods of time with low incidence of
overuse injuries [7]. Unfortunately, injuries
are possible and do occur despite the low
incidence of overuse injuries. Limited
research has been done to recognize the
pathomechanics behind some of the
common injury-related complaints that
cyclists face. Clinicians who are unfamiliar
with the nature of the sport fail at identifying
the source of injury and are unable to
adequately elicit injury prevention [7]. This
investigation discusses the biomechanics of
pedaling and possible pathomechanical
issues that arise from cycling, specifically
Achilles Tendinosis.

Cycling is a non-weight bearing
activity that can boost cardiovascular health
and overall fitness with low impact stress on
joints. This activity allows for athletes to
cycle for longer periods of time, and
consequently further develop their lower
extremity anatomy. Cycling exercises a
primary set of muscles that do the majority
of work for the sport-specific movements. A
multitude of factors, such as inappropriate
bike fit, pedaling technique and continual
muscle usage can induce high levels of
stress on joints, tendons, and muscles.

Major Anatomical
Consideration in Cycling

The anatomy involved in the motion
of pedaling a crank on a road bicycle in an
“aggressive” bicycle position which we
define as a prolonged flexion at the hip,
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extended back, adducted and retracted
shoulders. Cycling  involves  core
musculature, upper body strength, and
extensive use of the lower extremity
muscles. When riding a bicycle, the upper
body is supported by holding on-to
handlebars. The majority of the anatomy
involved involves the lower extremity at
various points in the pedaling cycling
(Figure 1).

Figure 1 — Muscle Activation during the
crank cycle (Adopted from Success Cycling,
2015 [3])

Normal Biomechanics of the Crank Cycle

The crank cycle is important in
understanding the pedaling biomechanics of
cycling. The crank cycle involves various
positions of the pedal stroke to propel the
bicycle forward without full-body weight
bearing. We define the pedal stroke at the 12
o’clock position as the top dead center of
force (TDC). The bottom dead center (BDC)
is at the 6 o’clock position is 180 degrees
apart from the TDC [5].

The crankset installed on road
bicycles consist of two cranks -- one for
each leg -- that are 180 degrees from each

Volume 4, June 2017



other throughout the crank cycle. Although
the motion occurs concurrently in both leg,
each leg motion is examined individually.
For simplicity, we will describe the forward
pedal stroke in a clockwise motion when
looking at the right pedal, also known as
crank-side (Note: Figure 2).

FIGLNRE 183
Figure 2 — Clock Diagram to illustrate the
forces of pedaling (Adopted from Andy
Pruitt’s “Complete Medical Guide for
Cyclists” [5])

Figure 3 - Ankle Position
throughout the Crank Cycle (Adopted from
Success Cycling, 2015 [3])

Electromyographic studies have been
done to denote the various muscles activated
at the different portions of the crank cycle,
and are the basis of future discussion
[4]. Muscle coordination using EMG is not
quantitative, but qualitative therefore the

Volume 4, June 2017

e & "clock” dagenm o Susiate the forces of ped

amount of work each muscle is not precise
[6]. Nonetheless, this data tells us at which
portion of the crank cycle do certain muscles
fire.

There are two different strokes to
cycling: the downstroke (TDC/0 degrees to
180 degrees) which is considered to be the
power phase and the upsiroke that is known
as the recovery stroke (BDC/180 degrees to
TDC/360 degrees). The downstroke
involves extension of the joints at the hip,
knee, and ankle, while the upstroke involves
flexion of these joints.

THE DOWNSTROKE

During the first half of the
downstroke from TDC to 90 degrees, the hip
and knee are at their greatest flexed position,
and the ankle is dorsiflexed in most
riders. This downstroke uses hip extensors
(Rectus Femoris and the Gluteus Maximus),
knee extensors (Quadriceps: Vastus
Medialis, Vastus Lateralis), Biceps Femoris
and the Tibialis Anterior. The hip extensors
are active at the TDC and BDC.

In the latter half of the downstroke
(90 degrees to BDC), the knee is responsible
for the greatest range of motion (75 degrees)
[7]. Beginning at it’s flexed position at 110
degrees and is extended at approximately 35
degrees [7]. The Quadriceps extends the
knee creating a downward force that is
applied to the pedal. This generates the
major source of torque that continues
through the recovery phase of the crank
cycle [4]. In the downstroke, the hamstrings
extend the knee with help with the Tibialis
Anterior muscle. Force transfers through
the ankle joint via the gastroc-soleus
complex.

At the ankle joint, the Achilles
Tendon is responsible for plantarflexing the
foot. Providing great leverage inserting at
the posterosuperior aspect of the calcaneus.
The achilles tendon serves as insertion
points for the Gastrocnemius, Soleus, and

15
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Plantaris  muscles, which all  act
synergistically to actively plantarflex the
foot. The medial column of the foot is
slightly inverted and plantarflexed, and the
foot is pronated at the midtarsal and subtalar
joints (Note: Figure 3).

Figure 4 — Downstroke into upstroke, just
past BDC

THE UPSTROKE

The upstroke (BDC/180 degrees to
TDC/0 degrees) phase, although a less
force-producing motion, is considered to be
equally important to cyclist motion in
propelling the pedal stroke. The rider drives
the pedal up and back to the initial TDC
position, generating maximum force through
the crank cycle.

At the end of the downstroke, the
ankle joint is slightly plantarflexed and the
hamstrings are in an optimal position to
contract (Note: Figures 3 and 4). The
hamstrings flex the knee synergistically with
the Gastrocnemius muscles. Cyclists flex at
the hip through their Illiopsoas and Rectus
Femoris muscles, lifting the leg up to follow
through with the next rotation of the crank.
The Tibialis Anterior muscle assists with the
dorsiflexion of the ankle joint back to it's
initial position.

For this review, we assume the
cyclist has a proper bicycle fit. Some
variables include the appropriate saddle
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height and position (forward/backward),
handlebar height and position (closer/farther
to the rider), length of the crank, and foot
position. Any major deviation from the
above can cause alternative muscle
recruitment and variation in muscle firing
frequency.

Cyclists are prone to pathomechanics
when their measurements on the bicycle are
less than ideal. As aforementioned, improper
bicycle fits can influence alternative muscle
recruitment and variation in muscle firing
frequency. As a result of constant and
repetitive pedaling motion, injury can
arise. Although Achilles tendinosis is not
the most common cycling injury, it is a
chronic and debilitating injury that can
hinder the daily activity of a cyclist. The
most common ankle problem in athletes is
Achilles Tendinopathy [8]. Though the true
incidence of Achilles Tendinosis is
unknown, it is approximated that over |
million athletes per year are affected [9].
The following section discusses a case
presentation of Achilles Tendinopathy
related to this pathomechanical issue.

Case: Cyclist with Achilles Tendinosis

A  22-year-old, 5’107, 142 Ib
competitive male cyclist complained of right
ankle pain. He sought help from a physical
therapist who determined his right ankle had
limited dorsiflexion. The patient was
examined with right-sided gastrocnemius-
equinus and was diagnosed with Achilles
Tendinosis and prescribed ankle stretching
to improve ankle range of motion.
Stretching exercises included non-weight
bearing active inversion and eversion of the
ankle (Note: Figure 5), active plantarflexion
and dorsiflexion of the ankle (Note: Figure
6), and gastrocnemius wall stretches (Note:
Figure 7). This cyclist rode 15 hours/week
for 10 years and had never experienced prior
Achilles pain. Every bicycle that he rode
underwent a professional precise fit. The
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cyclist’s position was assumed to be optimal
for his body geometry. The cyclist claimed
he had an acute increase in training load. He
recently had 2 consecutive weeks with more
than 20 hours riding/week, as well as, the
transition to his new team-issued bike.
Though he had undergone a professional
bike fit, he had recently disassembled his
bike for transport on a trip. He reconstructed
the bike built with appropriate
measurements except for the saddle height,
which he forgot to physically mark on the
seat post.

The patient was examined on a
stationary trainer by a bike fitter, and the
pedal stroke of the cyclist revealed normal
pedal stroke throughout the crank cycle.
However, the cyclist complained his pedal
stroke “felt weird.” The bike fitter raised the
seat post, increasing the seat height 2mm. At
a follow-up evaluation at the physical
therapist three weeks later, ankle
dorsiflexion increased a few degrees and
pain of the ankle during the cycling motion
subsided.

R\ F ) P

Figure 5- Foot Stretches Demonstrating
Ankle Eversion and Foot Inversion [16]
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Figure 6- Foot Stretches Demonstrating
Dorsiflexion and Plantarflexion [16]

Figure 7- Gastrocnemius Wall Stretch [15]

Discussion:

This case provides an example of
how low saddle height was a contributing
factor for a pathomechanical position, which
resulted in the presentation of Achilles
tendinosis. This assumption i1s made as the
seasoned rider does not claim any other
changes in bike position. Though it is
possible that other factors may contribute to
the pathology, there are no other variables to
compare this outcome.

Deviations from appropriate saddle
height determines the joint range of motion
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as well as muscle length and contraction
available [17]. In addition, saddle height
also plays a role in determining the rider’s
center of mass and changing the interaction
between the seat and handlebars [17].
Though there are multiple interface contact
points the rider is subject to, this discussion
will only be limited to the lower extremity,
Changing the center of mass can contribute
to excess strain on joints and requiring more
muscle recruitment to propel the rider [17].
There are various methods for determining
the appropriate saddle height. One method
according to Burke and Pruitt includes
measuring from the greater trochanter of the
Femur to the point of contact the barefoot
makes with the ground [11].

As described in the previous case
presentation, a seat that is too low will place
the foot in a dorsiflexed position at the
BDC, late recovery phase, and early power
phase (Note: Figure 8) [12]. This causes the
rider’'s heel to drop, reducing the
Gastrocnemius ~ muscle’s  ability  to
plantarflex at the ankle [12]. This causes an
increase in tension on the Achilles Tendon
at the insertion of the Soleus muscle. The
increased tension generates the energy
needed to plantarflex at the ankle joint [12].
Intensified contraction of the gastroc-soleus
complex is a potential source of tendon
rupture at the Achilles insertion point
[17]. In contrast, a saddle that is adjusted
too high will put the rider in a position that
overextends the leg at the BDC of the crank
cycle (Note: Figure 8). As a result, this
causes the Gastrocnemius and Soleus to
overcompensate in plantarflexion through
transmission at the Achilles Tendon [12].

An additional etiology of Achilles
tendonosis is seen with riders who have a
low cadence or pedaling rate (under 90
revolutions per minute) Similarly, this is
seen when the rider pedals uphill and has to
stand on the pedals for a prolonged period of
time. Prevention of Achilles tendinopathy
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could include a higher cadence, pedaling
while sitting in the saddle, and also using toe
clips that position the foot in a rear facing
manner [10].

B0
GO

Figure- 8 Foot Position and Saddle Height
[14]

Conclusion:

Physicians should be aware of the
pathomechanics behind the common lower
extremity injuries that cyclists present with,
such as Achilles Tendinosis. Solely treating
the injury and failure to identify the cause of
the injury, such as bike fit, will create a
chronic injury for many cyclists which could
potentially be more harmful to the patient.
More research needs to be done to identify
additional sources of cycling-specific
injuries, and the many wvariables that
attribute to  pathomechanics of the
activity, The goal should be to educate
healthcare providers accordingly as sport
injury prevention is key treatment for
cyclists.

If a cyclist is injured, conservative
measures should be taken first. Many
athletes do not wish to receive inconvenient
medical treatment or surgery if they can
avoid it. Physicians should be aware of
methods of treating avid cyclists, and be
willing to educate patients on simple at-
home conservative treatments for common
cycling injuries like Achilles
Tendinopathy. Those treatments include
stretching exercises as alluded to in the case
presentation.

Physicians should strongly
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with palpable dorsalis pedis and posterior
tibial pulses bilaterally and capillary refill
time less than 3 seconds on all ten toes.
Neurologic exam shows light and sharp
sensation is intact in bilateral feet. She has
mild tenderess to palpation of bilateral
plantar second and third metatarsal heads
which is worse on the left. The Hubscher
maneuver revealed the windlass mechanism
is intact bilaterally. = There are noted
reducible hammertoe contracture

deformities on digits 2-5 on the left foot
with no signs of crepitus.

LRI
s~ 1..

Figure 1: Clinical image of left foot of
patient I.R. showing green nail syndrome to
nails of digits 2-5 and also a bulla which
also appears infected with pseudomonas.

Epidemiology

Although there is limited research or
literature on the subject of green nail
syndrome or Chloronychia, most of the
patients that have been identified with it are
immunocompromised, such as the elderly
and AIDS patients. It is also more common
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in patients with occupations such as
homemakers, barbers, dishwashers, bakers,
and medical personnel.[1]

Pathophysiology

Green Nail Syndrome is caused by
Pseudomonas Aeruginosa, an aerobic, gram
negative rod bacteria.  This bacterium
flourishes in moist environments or
untreated water sources such as Jacuzzis,
pools, foam padding of shoes, and bath
sponges. When it grows in isolation, P.
aeruginosa is often easily recognized by the
hallmark green and blue pigments called
pyocyanin and pyﬂverdins. The condition is
commonly associated with onycholysis, the
splitting of the nail from the nail bed, which
in turn harbors bacterial growth imparting
the green color of chloronychia [6]

Patients who are affected are those
who have repeated exposure to water, soaps,
and detergents. Also, patients who
experience mechanical trauma are prone to
green nail syndrome as the pseudomonas
bacteria infects the nail beds[1,3] On
clinical examination there is often a triad of
greenish or black discoloration of the nail,
proximal chronic paronychia, and disto-
lateral onycholysis.[7,8]

One such case of repeated micro
trauma causing eventual chloronychia is a
skier who reported that on a ski trip their
hallux was repeatedly forced into the front
of the ski boot causing subungual hematoma
and onycholysis. Three months later, there
was noticeable green discoloration of their
hallux toenail.[6]

Differential Diagnosis
Nail Discoloration:

Given the  unique  clinical
presentation of Green Nail Syndrome, the
diagnosis is simple. It is worth noting that
nail discoloration of wvarying colors can
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Figure 1. University of Tevas and Wagner
Classification Sysiems

Diabetic foot ulcers fail standard
wound therapy when improvements in
surface area of forty to fifty percent or
reduction in wound size are not achieved
within 4 weeks.'""* Monitoring wound
closure at four weeks largely predicts
healing at three months and is a reference
point in the decision tree of care."® Multiple
wound classification systems exist: Wagner,
University of Texas (UT), PEDIS, and the
newly introduced WIfl system for Wound,
Ischemia, and foot infection risk
stratification. All describe and categorize
ulcers based on wound size and depth, as
well as the presence of infection, ischemia,
and neuropathy. These models preserve the
principles in the factors directly responsible
for wound healing and direct standard of
care treatments.'”
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Figure 3. Deep tissue Cultures and
Microbrial Flora of Lower Limb Wounds in
Patients with Type II Diabetes Mellitus as
found by Chellen et al.

Additional therapies provided in
limb salvage centers such as hyperbaric
oxygen therapy, biologics, and amputation
should Be considered at this time when
wound closure goals are not being met.

When a diabetic foot wound fails to
respond to antibiotic therapy, stratify your
treatment regimen to include tough bugs.
Methicillin-resistant Staphylococcus avreus
is a common culprit in DFI. Additionally
increasing in prevalence globally are gram-
negative bacilli with extended-spectrum
beta-lactamase. Both of these pathogens
should be considered in patients with
previous antibiotic use, hospitalization, or
residence in a long term facility.’

Macerated ulcers, moisture, and
warm climates target P. aeruginosa as the
most commonly isolated microorganism in
as many as 20% of DFI. Yet, in the clinical
setting, pseudomonas infections are not the
primary pathogen and in that respect.
Broader antibiotic coverage should be
implemented.’

In the DFU that fails treatment and
does not clinically correlate with infection,
vascularization must be assessed. For
patients with DFU and concomitant
peripheral arterial disease, vascular surgery
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Figure 2. Is the Wound Clinically Infected?

Decision to Treat Algorithm by Bader MS. Am  may actual have a role as the

Fam Physician. 2008 Jul 1; 78(1):71-9. pathogenresponsible  for  diabetic  foot
osteomyelitis."* Reevaluate the wound for
infection or repeat surgical debridement.
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Consider culturing before proceeding with soft
tissue closure.

Increased understanding of the
causative pathogens in diabetic foot infections
has improved our ability to diagnose
infections and advance empiric antibiotic
therapy. Recent studies have clarified the
roles of antibiotic and surgical treatment of
DFI and osteomyelitis."®

Predictability of microbial flora and
infection of diabetic foot ulcers can be based
largely on clinical suspicion, ulcer location,
symptoms, and geographic region such that
additional testing and cultures not always
being warranted. Wound cultures are
recommended for moderate to severe wound
infections. The evidence supports clinician
based practice in the management of diabetic
foot infections. Treating a diabetic foot wound
is a complicated task and delayed healing can
only complicate the treatment plan further by
predisposing the patient to disability,
amputation, and increased mortality.

New  technologies are  under
evaluation, but the basic principles of properly
diagnosing infection, obtaining a specimen for
culture, selecting and refining antibiotic
therapy, rapidly undertaking the surgical
interventions required, ensuring adequate
arterial perfusion, and off-loading pressure
remain the keys to good outcomes in limb
salvage.
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Toe Walking in the Autistic Patient

Ryan Mayberry, MS2 College of Podiatric Medicine

Introduction

Autism is a spectrum of pervasive
developmental disorders and 1s found across
all ethnicities and economic groups.
Children with autism spectrum disorder
(ASD) have difficulty with social
interaction, communication, and language
skills, with many children demonstrating
restrictive and repetitive behaviors'. Of note
specifically to podiatric physicians are the
numerous gait abnormalities that accompany
the autistic patient. Previous studies have
shown, using instruments such as a
GAITRITE system to record plantar
pressure, a reduction in cadence, gait
velocity, step length, step width, and plantar
hindfoot pressure in patients with autism®.
Another study used camera motion capture
systems and force plates to demonstrate
significant differences between the autism
group and the control group regarding
cadence, peak hip, and ankle kinematics and
kinetics’. One gait abnormality in particular,
toe walking, is common among autistic
patients. This article aims to discuss the
research that has been conducted regarding
toe walking in the autistic patient, and to
review the various currently available
treatment modalities and their effectiveness.

Toe Walking

It has been observed that children
with ASD are more prone to idiopathic toe
walking (ITW) than in age-matched healthy
controls'. In a study involving 954 children,
324 of which had an ASD diagnosis, the
incidence of persistent toe walking was
12.1% among the control group, with 7.9%
experiencing tight heel cords. In the ASD
diagnosis group, 20.1% had persistent toe
walking, and 12.0% had tight heel cords,
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which supports the statement that the
incidence of persistent toe walking is
significantly elevated in patients with ASD".
The persistent toe walking associated with
non-motor developmental disorders such as
ASD differs from those associated with
neuromuscular disorders such as Cerebral
Palsy by the absence of long-tract signs of
upper motor neuroninvolvement
(hypertonicity, hyperreflexia, and abnormal
Babinski reflexes)’. However, despite
attempts to discover the cause of persistent
toe walking in patient with ASD, the
neurophysiological basis for this association
largely remains unknown”.

Persistent toe walking continues
longer in autism and can contribute to the
development of secondary motor deformity,
a heel cord so shortened that the foot can no
longer be easily dorsiflexed at, or beyond
neutral (90 degrees)4. Treatments for this
deformity can include stretching exercises,
GaitSpot auditory speakers, casting, braces,
Botox injections, and, in rare cases, tendo-
Achilles lengthening®.

Treatments
Stretching:

Stretching is often the first attempt to
treat toe walking, as it is the least invasive
treatment option available. However, it is
recognized that stretching and physical
therapy offer a limited chance of success for
treating ITW, and is more often used in an
attempt to maintain range of motion gained
by other methods”.

GaitSpot:

GaitSpot auditory shoe squeakers are
simple devices that can be strapped over the
foot either inside or over each shoe and
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adjusted so that a small squeaker fits
squarely over the bottom heel.

Figure 1. The GaitSpot auditory shoe
speaker'”

Once weight is placed on the heel of
the shoe as it is placed on the ground, it
emits an audible squeak thereby providing
the wearer with immediate auditory
feedback. In one study, the GaitSpot devices
were placed on the subject’s shoes for 10
minute sessions. Once the subject elicited 3
consecutive squeaks from the GaitSpot
device by successfully heel striking, the
subject was reinforced with a reward. The
auditory feedback was initially paired with
small edibles or tokens, with social praise
replacing after an initial period.  The
GaitSpot speakers were eventually phased
out of the trial once the subjects were able to
demonstrate zero occurrences of toe walking
over several sessions. Results indicated that
there was an overall decrease in ITW across
all participants though the degree of
individual reduction differed®.

Braces and orthoses:

A study was conducted involving 18
children with idiopathic toe walking, 9 of
whom were given an ankle-foot orthosis
(AFQ), the other 9 of whom received a foot
orthosis (FO). After 6 weeks of treatment
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with the orthoses, the AFO group had better
controlled toe walking, however when the
orthosis was removed, patients tended to
revert to earlier pattems of gait. During a
test in which 1495 steps were assessed,
100% of the AFOs were 100% effective at
preventing initial contact with the toe. After
6 weeks with the FO group, there was less
control of toe walking. In the same
assessment of 1495 steps, 13% of the steps
with the FO were either flat footed or with
toe contact first. However, the FO was
considered after the treatment as being less
restrictive and more aesthetically pleasing
by the parents of the subjects’.

Botox injections:

A group of 11 children with
idiopathic toe walking were treated with a
total of 6 units’kg bodyweight of Botox in
both the medial and lateral gastrocnemius
bellies and the gastrocnemius-soleus
complex. Gait analysis was repeated 3, 6,
and 12 months after treatment with Botox.
In the 12 month follow up, 3 of 11 children
had ceased toe walking, 4 of 11 had
decreased toe walking, and 4 of 11
continued toe walking®. A similar study was
conducted in which 5 children were treated
with botulinum toxin type A. Prior to
treatment, 51% of foot contacts were with
the toe. 20 days following treatment, only
8% of foot contacts were toe contact. This
improvement was maintained upon a 12-
month follow up examination’.

Surgical treatment options:

Surgical treatment is usually only
considered after conservative treatment
options are exhausted. Generally, surgical
treatment of toe walking has proven to be
beneficial. Procedures to lengthen the
gastroc-soleus complex have been shown to
be an effective treatment of idiopathic toe
walking'®. In similar studies, Tendo-achilles
lengthening procedures have also shown to
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Results

Table 1. Biomechanical Performance of TMA Patients

Patient 1 2 3 4 5 6 7 8
TMA Side R R L R R R R L
TAL N ¥ N ¥ ¥ ¥ ¥ N
Ulcer Location 2MH 1MH 3DP 1MH 1MH 1MH : 1/5 MH
MH/Heel
Ulcer Status Healed | Active | Active | Never | healed | Healed | Never | Healed
Longest Metatarsal 2MH 1MH 1MH 4MH 2MH I MH 2MH 2 MH
Parabola vs. Guillitine G P P G P G P P
ERRGOIS Bt 76 62 56 82 50 72 50 53
Angle
Average Stance Peak
37.6 40.1 31.3 27.7 150.2 59.6 37.3 16.4
Pressure Left Foot
Sahoe on Left Heel 2/3aMH 1MH Heel Heel 4MH Heel TE;E
Average Weight % in
.0 j ; : 3 45, ; 1.
RRCE LM EGE 54 55.5 45.5 66.0 75.5 5.0 56.0 1.5
Average Peak Pressure
ith Left d 148.1 168.0 167.8 103.5 282.5 121.4 1135 80.8
Average Peak Location 2 MH/
p MH MH MH MH
ith Left id 1D 3 4MH 1/2 1 1/5 100 1/2 MH
: : 50.4 40.6 185 46.2 105.4 105.9 28.5 78.3
2MH 5MH 1MH Heel 1MH 1MH Heel 1 MH
Average Weight % in
k ) 46 44.5 545 34 24.5 55 44 58.5
: 290.7 224.2 167.5 134.3 2745 181.2 73.2 162.6
| with Right Foot stride
Average Peak Location 1 MH/
: ; M 1MH ipe 1MH 1MH 1MH 1/5MH
with Right Foot stride | 2" Heel | V/

Table 1. Data collection over 16 trials
recording average peak pressures and
location of peak pressure for both feet,
average (avg) weight distribution in stance,
TMA side, tendo-Achilles lengthening
(TAL), ulcer location, ulcer status as
never/healed/active, longest metatarsal
postoperatively, surgery categorized as
parabola or guillotine, and parabola

protrusion angle (°). MH = metatarsal head,
DP = distal phalanx. Data for each patient is
averaged over three trials. Highlighted fields
indicate the location of the patient’s
maximum peak pressure points in stance or
stride, respectively, that in fact, correspond
to locations of postoperative ulcers. Bolded
fields emphasize measurements representing
the TMA surgical foot.
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Carrelation of Peak Pres e @

Figure 1. Correlation of Peak Pressure
and Parabola Protrusion Angle in Stance
and Stride. The graphs above illustrate the
relationship during stance or stride between
peak plantar pressures in the patient TMA
foot wversus the respective parabola
protrusion angle found in the postoperative
TMA foot radiograph wusing Ollier's
classification system. The red line represents
a linear regression model of all eight data
points with the regression equation and
coefficient of determination (r*).

Correlation of Peak Pressure and Parabola Protrusion

Angle during Stride

Figure 2. Peak Force versus Time in
Stance. 39 year old Male patient with Right
TMA, Graph depicting peak force (Ibs) over
time (s) during a two feet standing, 30
second period of pressure mapping. Initial
need to correct balanced forces is significant
in the first ten seconds of stance.
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Table 2. Postoperative TMA Radiographic
Images and correlated bilateral pressure
maps of TMA patients standing for 30
seconds. Pressure maps, below, isolated at
frame of peak pressures. Pressures are
divided into quadrants. Patient center of
gravity (0,0) and sway recorded over each
trial. Of note, plantar pressures shift
medially on the surgical foot.

Figure 3. Post-operative TMA Radiographs
with corresponding pressure mapping

L. 39M, R

IL. 65F, R

II1. 43M, L

IV. 56M, R
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V. 70M, R

VL. 59M, R

VIL 30F, R

VIIL 49F, L

Neither choice in guillotine versus
parabola TMA procedure was a predictive
indicator of ulcer prevention.

Of the two patients who did not
develop ulcers postoperatively, one
underwent the guillotine procedure (PPA=
82°) and one underwent the parabolic
procedure (PPA= 50°), and both underwent
TAL procedures.
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Pressure mapping reveals peak
pressure points in both the surgical and
nonsurgical foot and can be related to the
clinical evaluation of ulceration by the
patient. Despite the small sample size, 3 out
of 6 patients who re-ulcerated had a peak
pressure in stance or stride that correlated
with the location of their ulcer. The
predictive value of measuring peak
pressures may be beneficial formulating
treatments and precautions for patients.

In the trials of stance pressure
mapping, on average, seven of eight patients
placed over 50% body weight onto their
nonsurgical foot. However, in the trials of
patients placing more than 50% body weight
onto their TMA foot, pressure maps
indicated an active or healed ulcer differing
from the location of maximal pressure. It is
possible that increased pressure led to
guarding compensation in these patients.

In the seven patients placing over
50% body weight onto their nonsurgical foot
during stance, five patients had higher peak
pressures in their TMA foot relative to the
contralateral foot. In the striding trials, four
patients had relatively higher peak pressures
in their TMA foot. The patient who placed
over 50% body weight onto their TMA foot
had relatively higher peak pressures in their
TMA foot in both standing and striding
trials. However, this patient did not develop
an ulcer at the location of highest pressure
during standing and striding.

Of the six patients with active or
healed ulcers, three corresponded to
locations of maximal pressure during stride
and two cormesponded to locations of
maximal pressure during stance. Of these,
one underwent a guillotine procedure, two
underwent parabolic procedures, and two
underwent TAL procedures.

In the patients who received
parabolic TMA procedures, none of the
parabola protrusion angles were found to be
within the normal parabola range 95% CI of

41

Extremitas



42

Extremitas Volume 4, June 2017



43

Volume 4, June 2017 Extremitas



in practice is often referred to as the gold
standard tissue management for a diabetic
foot ulcer Considered quick and
inexpensive, it also limits the use of any
analgesics or topical medication to aid in
successful ~ management L. Sharp
debridement is indicated when there is an
abundant tissue necrosis and/or when there
is an advancing infection ., It is important
to differentiate wviable versus nonviable
tissue during debridement and note that
there is risk of incising healthy tissue.
Additional importance should be given by
the practitioner to avoid cutting blood
vessels, nerves, and other important
anatomic  structures. When  surgical
debridement is contraindicated or has failed
to help heal wounds, then other debridement
techniques can be used.

1
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Figure 1. Sharp Debridement Assessment

Mechanical

Mechanical debridement offers a
similar mechanism except with other forms.
One example is Hydrotherapy, in which a
saline solution is sprayed at the wound to
remove non-viable tissue '*!. Different types
of hydrotherapy include whirlpool therapy
as well as pulsatile lavage. One study
involving the use of a VERSAJET
hydrosurgical technique showed that
removal of bacteria as well as inflammatory
markers from wounds were reduced,
although no evidence shows complete
removal of biofilm '®, Disadvantages
include high costs and availability.
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Another type of mechanical
debridement is wet-to-dry dressing. Wet-to-
dry dressings are quick and involve
administering a wet dressing directly on the
wound and waiting for it dry. In theory, once
the dressing is dry, it sticks to the unhealthy
tissue and thus, is removed when peeled off.
While wet to dry methods may be popular,
their effectiveness is inconclusive. This
method is non-selective, meaning when
removing the dressing, granulated tissue
may be removed with it. It can also be
painful and increases the risk of infection "',

Ultrasound is another method of
mechanical debridement. It involves using
an ultrasound machine that emits sound
waves into the wound through a saline
solution. It is thought that the mechanical
forces applied by the ultrasound contribute
to angiogenesis, cell division and release of
growth factors. Ultrasonic debridement is a
quick, can be performed bedside or in clinic
and is associated with less pain than other
techniques. However, there is no further
research to indicate that ultrasound is better
than other debridement techniques and this
technique regjuircs the use of a trained
professional ],
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Figure 2. Mechanical  Debridement
Assessment
Autolytic/Enzymatic

This technique utilizes enzymes
made from the body to remove non-viable
tissue from wounds " There are many
different types of autolysis including honey,
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collagenase, urea, and papin. Honey has
been shown to be effective in treatment for
pressure ulcers as it can provide wound
healing and antimicrobial factors !'". One
study found that collagenase ointment
acquired from Clostridium histolyticum used
with other debridement techniques optimizes
pressure ulcer wound healing more than by
only using collagenase alone '''l. Papain-
Urea has also been proposed as another
autolytic/enzymatic debridement. One study
displayed Papain-urea was effective in
wound healing in rats, but needs to be
further researched about its debridement
properties %],

As this method relies heavily on the
patient's own self healing abilities, it is
extremely important to consider the health
status of the patient. Systemic imbalances
such as diabetes, malnutrition, cancer,
vascular disease, smoking, obesity and
others will prevent migration and
performance of the host’s cells. It is
recommended that if improvement is not
seen in 24-72 hours, another method of
treatment should be used ") To sum, one
may consider the advantages of autolytic
debridement for its simplicity, painless
action and maintenance of healthy tissue.
However autolytic debridement is slow, and
can take weeks to complete. It is not useful
for individuals who need fast debridement,
have an infection or have poor
vascularization to the wound !,
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Figure 3. Autolytic Assessment
*Commonly used movre for moisture balance
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Larval/Maggot

Maggot debridement therapy (i.e.,
MDT) is an effective therapy for patients
who cannot undergo surgical debridement
based off medical contraindications'” .
Larvae are sterilized with radiation before
administration so that they cannot transform
from the larva stage to the pupae stage. The
larvae secrete enzymes to degrade necrotic
tissue and the biofilm created by bacteria.
This nutrient rich liquid is then consumed by
the larva " It has been proposed that
maggot debridement therapy contains many
beneficial effects beyond just dissolving
necrotic or infected tissue. Studies have
shown that after larval therapy, growth
factors that induce neo-granulation as well
as angiogenesis are expressed and
endothelial cell activity is increased ” '*!.

The sterilization aspect of MDT is likely one
of the more beneficial aspects of this
therapy. Maggots consume all bacteria, even
drug resistant bacteria including and not
limited o methicillin-resistant
Staphylococcus aureus and vancomycin-
resistant Enterococcus ¥,

Maggot debridement therapy is a great
option for vascular deficient patients who
cannot undergo sharp debridement or other
therapies. When considering different
wounds, MDT is best suited for diabetic
ulcers, however, may not be necessarily the
best ;IJrimary treatment for diabetic
wounds! ",
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Figure 4. Larval/Maggot Assessment

The algorithms seen are constituted
on three major factors that are critical in
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As mentioned previously, cost and
insurance is not a component of this study;

however, they play a large role in deciding
which debridement method is preferred.

Additionally, it is important to consider the
efficacy of a treatment as well. A much
more efficacious but expensive treatment
may be more cost effective long term "

Table 1.
Type Mechanism of Action Advantages Disadvantages | Example of ulcer Miscellaneous
Autolytic/Enzymatic | Engagement of the Use of natural Long healing Consider health
bodies own healing products that are | time and cannot status and systemic
resources and/or an not harmful 1o the | be used for imbalances
application of body infected ulcers
enzyimes for healing,
Larval Therapy Secrele enzymes o May express Must be planned
(biosurgical) dissolve and consume | growth [actors for | in advance.
dead tissue and angiogenesis and | Larval therapy
bacteria boost endothelial | generally takes
activity, multiple sessions
Consumes and is more
bacteria and is costly than other
good for treatments,
sterilizing
wounds
Mechanical: LIS: low frequency LIS: may provide | US: Requires
Ultrasonic (US) sound waves projected | antibacierial and | deviee and
Wet to Dry (WD) | @t the wound ; pro-haling practitioner 1o
: WD application o qualities perfiorm
Hadreomrpeal (5 wer dressing and let WD: simple WD: Takes
dry and peel of non- | procedure that time and can
viable tissue, does not require | remove non-
HS: high pressure specialist viable tissue
water shot at wound HS: quick and HS: High Cost
for dead tissue clficien willy limited
removal availability
Sharp/Surgical Use of a sharp Quick with no use | Requires “Gold standard” of
instrument to discard | of analgesicsor | qualified 121] debridement.
non-viable tissue topical practitioner to Contraindicated in
medication, perform arterial, pressure,
procedure, and any wound with
human error dry eschar covering
could result in it.
damaging
anatomic
structures

Volume 4, June 2017

47

Extremitas




References:

1. Pecoraro RE, Reiber GE, Burgess EM.
Pathways to diabetic limb amputation. The
basis for prevention. Diabetes Care 1990,
13(5): 513-21

2. The Johanna Briggs Instituie. Surgical
and conservative sharp wound debridement
for chronic wounds. Wound Prac Research
2011; 19: 20-31,

3. Gray D, Acton C, Chadwick P, et al
(2011) Consensus guidance for the use of
debridement technigues in the UK. Wounds
UK 7(1): 77-84.

4. Woo, K. Y., Keast, D., Parsons, N.,
Sibbald, R. G. and Mittmann, N. (2015),
The cost of wound debridement: a Canadian
perspective. Int Wound J, 12: 402-407.
doi:10.1111/iwj.12122

5. Haycock S, Chadwick P. Debridement
of diabetic foot wounds. Nursing Standard
2012; 26, 24, 51-58.

6. Nick Allan 1 , Merle Olson 1, Dennis
Nagel 2 and Robin Martin 3 1 Innovotech
Inc., Edmonton, Canada, 2 Innovotech
Animal Resource Centre, Crossfield,

48

Extremitas

Canada, 3 Smith & Nephew Medical Ltd,
Hull, UK

7. Wodash, A. J. (2012). Wet-to-Dry
Dressings Do Not Provide Moist Wound
Healing. The Journal of the American
College of Clinical Wound Specialists, 4(3),
63-66.
http://dot.ore/10.1016/1.1ccw.2013.08.001

8. Michailidis, L., Williams, C. M., Bergin,
S. M., & Haines, T. P. (2014). Comparison
of healing rate in diabetes-related foot ulcers
with low frequency ultrasonic debridement
versus non-surgical sharps debridement: a
randomised trial protocol. Journal of Foot
and Ankle Research,7(1). doi:10.1186/1757-
1146-7-1

9. Zhang, J., Sun, X., Chen, J.,, Hu, Z. W,
Wang, L., Gu, D. M., & Wang, A. (2017).
Increasing the miR-126 expression in the
peripheral blood of patients with diabetic
foot ulcers treated with maggot debridement
therapy. Journal of Diabetes and its
Complications,31(1), 241-244.
doi:10.1016/j.jdiacomp.2016.07.026

10. Biglari, B., Linden, P. H., Simon, A,
Aytac, S., Gerner, H. J., & Moghaddam, A.
(2011). Use of Medihoney as a non-surgical

Volume 4, June 2017



49

Volume 4, June 2017 Extremitas



50

Extremitas Volume 4, June 2017



et al conducted a radiographic study of
cadaveric feet with sequential increase in
varus and valgus positioning of the 1%
metatarsal.’ Tibial sesamoid position was
found to be directly correlated with frontal
plane positioning of the metatarsal (Figure
1). The study also showed that an increase in
valgus resulted in a significant increase in
the IMA, indicating that increased frontal
plane pathology can increase the severity of
HAV. Ramdass and Meyr added to the
discussion by finding that the distance
between the tibial sesamoid and the 2™
metatarsal does not change with an increase
in tibial sesamoid position.” Dayton et al
postulated that this apparent radiographic
change in the sesamoid position is due
solely to the positional change of the
metatarsal, rather than the sesamoids.’
Based on these findings, it is feasible to
conclude that frontal plane rotation is
consistently present in the disease process of
hallux abductovalgus.

Figure 1: Radiographs showing effects of 1™
metatarsal rotation starting at the top left
image with 30 * valgus with 10 degrees of
increased varus with each successive film,
ending with 30 * varus at the bottom right
showing correction of tibial sesamoid
position with rotation of the metatarsal
alone

Volume 4, June 2017

Enlarged Medial Eminence

Medial eminence resection, or
resection of an enlarged metatarsal head
(popularly known as the Silver procedure)
has been a hallmark adjunct procedure for
surgical correction for HAV. This
enlargement of the medial aspect of the first
metatarsal head is apparent during clinical
examination of patients with HAV. Dayton
et al theorized that this so-called medial
eminence is a result of valgus rotation of the
1" metatarsal causing the dorsomedial
aspect of the metatarsal head to become
prominent (Figure 2].3 The authors state that
the oval or square nature of the metatarsal
head causes its apparent width to visually
seem to be increased when there is valgus
rotation at the metatarsal. Grode and
McCarthy used advanced imaging with
cryomicrotomy and found Dayton’s theory
to be correct, noting frontal plane rotation is
a direct cause of the medial eminence, which
is representative of the dorsomedial surface
of the metatarsal head.” Thorardson and
Krewer found that there was no significant
difference at the medial eminence between
feet with HAV and rectus feet.'” They
attributed the apparent enlargement of the
medial eminence to the loss of medial
cartilage caused by increased forces from a
laterally deviated hallux. Lenz et al
measured the sizes of the medial eminence
and the metatarsal head of those with and
without HAV on AP radiographs.'' They
found a significant difference of 1.12mm
larger at the medial eminence and 2.81mm
larger at the metatarsal head in patients with
HAV compared to those without deformity.
The authors attributed these increased
widths on 2-dimensional imaging studies to
frontal plane rotation of the metatarsal.
Based on these studies, the enlargement of
the medial eminence is a direct consequence
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of the wvalgus rotation placed on the
metatarsal as part of HAV and that routine
resection of the medial eminence may be
unnecessary. Surgeons should attempt
frontal plane correction of the metatarsal
prior to evaluation of the apparent enlarged
eminence to assess whether the Silver
procedure i$ necessary.

Ly

Figure 2: (A) AP film preoperatively. (B)
AP film postoperatively after correction of
frontal plane rotation and arthrodesis of the

1™ tarsometatarsal joint showing apparent
reduction of the enlarged medial eminence
without bony resection.’

Is PASA a Radiographic Artifact?

An increase in the proximal articular
set angle has classically been a key indicator
in osteotomy placement for the treatment of
HAYV. An increase in PASA has historically
been an indication for a metatarsal head
closing wedge procedure, known as a
Reverdin, due to the structural nature of the
deformity. Although the PASA plays a key
role in HAV correction, recently there has
been literature suggesting deﬁciencms n its
utility for surgical planning. LB ATINE Thege
studies state that the increased PASA is a
radiographic artifact caused by frontal plane
rotation® and that the PASA has poor
reproducibility and accuracy.' Studies by
Vittetoe et al and Robinson et al stated that
the PASA changed in correlation to frontal
plane rotation of the first metatarsal in a
cadaveric model.'** This demonstrated that
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the PASA may be more influenced by
valgus metatarsal rotation rather than
structural deformity of the distal 1
metatarsal.  Other researchers found
improvement in the PASA utilizing HAV
procedures that were proximal to the head,
previously thought to have no effect on
PASA." * 1 Dayton et al showed
significant reduction of PASA utilizing a
derotational Lapidus procedure (Figure 3),
and theorized that the apparent increase in
PASA could be attributed to medial cartilage
loss." ® Based on these studies, one can infer
that the an increased PASA can be caused
by frontal plane rotation of the first
metatarsal, and that correction of the PASA
can be made by wtilizing a Lapidus
procedure in combination with frontal plane
correction. The PASA should be re-
evaluated following varus rotation of the
metatarsal to appropriately use it as an
indication for further surgical correction.

Figure 3: (A) Preoperative AP radiograph.
(B) Postoperative AP radiograph following
derotation of the 1" metatarsal and 1%
tarsometatarsal fusion without resection of
the apparent medial eminence with apparent
reduction of the PASA.*

Volume 4, June 2017



53

Volume 4, June 2017 Extremitas



a retrospective review of 36 cases whereby
they analyzed the degree of varus rotation
necessary to realign the 1* MTPJ.*" They
found that when frontal plane rotation was
corrected, there was an improvement in the
alignment of the 1* MTPJ as well as tibial
sesamoid position without the need for
capsular balancing, agreeing with previous
studies. They concluded that, on average,
22.1 degrees of varus rotation is required for
reduction of frontal plane deformity in HAV
in order to obtain 1¥ MTPJ and sesamoidal
alignment. Revisiting the initial question,
there is overwhelming evidence in literature
supporting the theory that frontal plane
correction in HAV is able to adequately and
consistently reduce the tibial sesamoid

position.

Lateral Round Sign

Close examination of the AP
radiographic shape of the 1" metatarsal head
can potentially give surgeons a pearl for
evaluating potential for recurrence of HAV.
One such finding evaluates the lateral aspect
of the metatarsal head, referred to as the
lateral round sign. Okuda et al described the
lateral round sign by evaluating the lateral
edge of the 1" metatarsal head’' If the
lateral edge displayed a rounded shape as
opposed to having an angled appearance
(Figure 4), a positive lateral round sign was
determined. In their study, they also
examined the presence of this lateral round
sign in patients postoperatively following
HAV correction. Patients that possessed the
lateral round sign post-operatively had a
statistically significant increase in both
hallux abduction angle as well as
intermetatarsal angle at the most recent
follow up (mean forty-eight months), while
those that did not possess the lateral round
sign did not have a significant increase in
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either HAA or IMA. The authors attributed
this presence of the lateral round sign to
frontal plane rotation of the 1™ metatarsal.
Based on the evidence presented, one should
expect a patient with a positive lateral round
sign to have an eventual recurrence of HAV
due to inadequate reduction of frontal plane
rotation. Additionally, presence of the lateral
round sign should be evaluated
intraoperatively and surgical modification
must be made to address the frontal plane
rotation in patients with HAV,

Volume 4, June 2017



Figure 4: (A) Postoperative AP radiograph
displaying a negative lateral round sign, due
to the angular shape of the lateral aspect of
the 1 metatarsal head. (B) Postoperative AP
radiograph showing a positive lateral round
sign at the lateral 1¥ metatarsal head.*!

Conclusion

Hallux abductovalgus deformity is
a triplanar deformity'?, with frontal plane
valgus rotation of the 1™ metatarsal being a
historically overlooked aspect until recently
in literature. Correction of this frontal plane
valgus rotation of the 1" metatarsal has been
shown to significantly reduce IMA, HAA,
PASA, and tibial sesamoid position without
the need for distal soft tissue releases or
resection of the medial eminence.* * '*'* AP
radiographs have been shown to be of less
utility for evaluation of the sesamoid
position in assessing adequacy of HAV
correction.” '¢1? Surgeons should order a
sesamoid-axial view for a more complete
evaluation of the sesamoid position in
relation to the 1% metatarsal. When
performing a Lapidus procedure, derotation

Volume 4, June 2017

of the metatarsal in a varus direction should
be performed to assess reduction of medial
eminence and sesamoid position prior to
resorting to bony resection of the metatarsal
head or soft tissue release. Intraoperative
assessment of a lateral round sign should
also be evaluated following any HAV
procedure as this finding has been noted to
have an increased rate of recurrence of HAV
when present post-operatively.

Due to the fact that most of the
studies involving rotation of the metatarsal
have been centered on radiographic
evaluation of HAV with complete
negligence of clinical findings, further
research is required to validate the necessity
to perform a Lapidus procedure over distal
metatarsal osteotomies. An argument can be
made that, although the distal chevron
procedure does not adequately address all
three planes of deformity in HAV, the
clinical and functional outcomes are
satisfactorily improved without unnecessary
fusion of the 1% tarsometatarsal joint.
Further studies will have to disprove this
argument in order to successfully shift the
current paradigm of HAV correction. These
future studies ideally will involve a
prospective approach whereby patients with
HAV are randomly grouped into either a
derotational Lapidus group or a distal
metatarsal osteotomy group with evaluation
of radiographic correction as well as
functional and clinical outcomes in mid and
long term.
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Morton’s Neuroma: Diagnosis and Management

Without Nerve Destruction

Dana Lin, M83 College of Podiatric Medicine

Introduction

Morton’s neuroma is a common
forefoot pain condition. When a
neuroma is located in the space between
the 3rd and 4th metatarsals, it is called a
Morton’s neuroma. This is the most
common area for a neuroma to form.'
Morton’s neuroma is an entrapment
condition where the common digital
nerve is compressed under the deep
transverse metatarsal ligament (DTML).
In the 3™ intermetatarsal space, the
common digital nerve consists of the
terminal branches of both medial and
lateral plantar nerves and lies beneath
the DTML (Fig. 1). It has been thought
that these terminal branches come
together to make a thicker nerve that is
tethered against the DTML.? On clinical
presentation, patients often complain of
pain to the plantar aspect of the foot
between the metatarsal heads. > Other
symptoms include buming, tingling, or
cramping pain that radiates to the toes as
well as numbness to digits adjacent to
the webspace." Occasionally, patients
describe feeling a “lump” in the plantar
aspect of their foot and that their
symptoms worsen in tight or closed-toe
shoe gear.*

The exact cause of a Morton’s
neuroma is unclear but there are some
risk factors such as poorly fitting shoe
gear with a narrow toe box and high-
heeled shoes. Morton’s neuromas occur
more commonly in women, as their toes
are hyperextended at the MTPJ by the
prolonged use of high-heels shoes.”
Therefore, one form of treatment can
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simply be a change in shoe gear.
Additional conservative treatments
include  orthotics, oral NSAIDs,
corticosteroid injections, and other
injecti
ons
involvi
ng
neurol
ysis. If
these
conser
vative
treatm
ents
have
failed,
then
surgica
|
interve
ntion

Figure 1. lllustration of the 3~
branch of the medial plantar

15 nerve. Note that the nerve courses
plantarward, under the transverse
ted metatarsal lizament.?

warran

such as nerve decompression or
neurectomy. Generally, neurectomy is
the primary surgical course’; however,
patients are often looking for a
minimally invasive solution. Patients
who undergo endoscopic or minimally
invasive procedures also typically have
less pain and postoperative
complications than those who have had
open procedures for the same condition.®
Systematic reviews have indicated that
there is insufficient evidence to validate
the efficacy of whether any one
particular treatment is better than
others.” The purpose of this article is to
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localizing the pain and differentiating
adjacent interspace lesions.”

Treatment
Conservative management for Morton’s
newroma

The initial management approach
is a change of shoe gear such as avoiding
constrictive shoes and choosing a wider
toe box shoes. 'Y Shoe maodifications
allow the metatarsal heads to spread out
and relieve the plantar pressure on the
nerves.” Applying metatarsal pads may
also help offload the inflamed nerve.
Similarly, custom orthotics with a
metatarsal dome alleviates pressure on
metatarsal  heads.""  Further  shoe
modifications include metatarsal bars
and rockers” Other conservative
treatments comprised of the RICE (rest,
ice, compression, elevation.) method,
orals NSAIDs, physical therapy, and
activity modifications.” When these
treatments fail to provide pain relief,
then corticosteroids injections can
occasionally be effective.'!
Corticosteroid injections only provide a
temporary relief and can be associated
with complications such as plantar fat
pad atrophy, plantar plate rupture, and
discoloration of the skin; thus, this type
of injection should be used with some
caution."?

Other injection therapies that
may be used is through neurolysis
methods such as phenol and alcohol
sclerosing injections. These methods
produce injury to the nerves and
surrounding tissue. In 1999, the Journal
of Foot and Ankle Surgery published a
study by Dockery that established the
use of alcohol sclerosis as a viable
alternative  treatment to Morton’s
neuroma when conservative therapy
fails."* This study utilized sclerosing
alcohol at 4% strength over course of 3—
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7 injections and included a sample
population of 100 patients. Dockery’s
study resulted in an 89% success rate of
patients being subjectively improved.
Despite these results, many of the
articles on alcohol sclerosing have been
low-level studies with insufficient
evidence and most have warranted
further research. Recent studies found
that alcohol sclerosing therapy was not
an effective treatment and advocated to
avoid the use of alcohol solution due to
being associated with poor results.'* In
the one study, symptomatic relief was
reported in only 7 of 32 patients (22%)
who were treated with alcohol sclerosing
injections.”” Though other therapeutic
neurolysis options such as cryogenic and
radiofrequency ablations have also been
increasingly available as of late, the
results of these procedures are not
considered to have long-term efficacy.
Furthermore, one study found that there
is a potential in worsening pain because
of nerve regeneration and that the nerve
did not have to be completely destroyed
for patients to get pain relief.*

There are emerging novel
therapeutic modalities that offer pain
relief without destroying the nerve, One
alternative method to conventional
radiofrequency is pulse radiofrequency.
Unlike conventional radiofrequency,
pulse radiofrequency temperatures do
not exceed 38° to 42°C, protecting the
nerves from destruction and leads to a
less painful procedure.'® Studies have
also demonstrated favorable outcomes in
pulse radiofrequency compared with
conventional  radiofrequency.' 7 In
treating Morton’s neuroma, one original
article found a decrease in pain level in
18 of 20 (90%) patients."® Although the
sample size is small, this evidence shows
that ultrasound-guided pulsed
radiofrequency is a  promising
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management modality. Another possible
novel modality presented by a pilot
study is treating Morton neuromas with
Botulinum toxin A, which is also non-
neurodestructive as it  essentially
prevents any signals transmitted from
the nerves by blocking acetylcholine
release at the motor endplate.'”
Nevertheless, there are still very few
high-leveled evidence studies proving
the efficacy of these various injection
modalities. Destructive measures to the
nerves of a nerve entrapment would be
better avoided. When conservative
treatments have failed and symptoms
reoccur, then surgery is indicated.

Surgical  management for Morton’s
Tenroma

FY

Figure 2. Plantar incisional approach
where the nerve is transected proximal to

Even after conservative treatments, the
majority of patients continue to have
symptoms and 60-70% choose to do a
neurectomy,  an excision of the
neuroma.” A neuroma excision is a very
common procedure, as is the only
location in the body in which nerves are
generally resected. The overall success
rates following neurectomies procedures
also vary widely from 57% to 93% for
both the dorsal and plantar (Fig. 2)
surgical excision approach.’ Though this
is a common surgical treatment of
Morton’s neuroma, it should be made
clear to the patient that a true neuroma
will frequently be formed. A true
neuroma forms at the resected end of a
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common digital nerve and often
demonstrates  proliferative  histologic
changes. When this happens it is called a
recurrent Morton neuroma or also
known as a stump neuroma. Stump
neuroma may produce worsening
symptoms as a complication of the initial
surgical resection method, which would
then require a revisional surgery.'* In
one retrospective review of 120 patients
treated with neurectomy, only 50% good
or excellent patient ratings resulted at an
average follow-up of 67 months.”® Other
than developing recurrent Morton
neuroma or a painful stump neuroma,
one  additional complication of
neurectomy is postoperative numbness.

Figure 3. lllustration of surgical
technique for decompression of the
intermetatarsal nerve. The deep
transverse metatarsal ligament is being
transected from distal to proximal.®!

Rather than electing neurectomy
as the initial surgical approach for
Morton’s neuromas, endoscopic nerve
decompression has been shown to have
fewer risks and complications by
releasing the deep transverse metatarsal
ligament (Fig. 3), thus salvaging the
nerve. The benefit of decompression
without excision is that there is no loss
of sensation or possible subsequent
formation of a stump neuroma, which is
more difficult to treat than the primary
neuroma before.*' Other advantages of
decompression are the smaller incision
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