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Context: Flat feet (pes planus) have been implicated in multiple musculoskeletal
complaints, which are often exacerbated by lack of appropriate arch support or

intense exercise.

Objective: To investigate the efficacy of osteopathic manipulative treatment (OMT)
on a patient (K.K.H.) with mountaineering-induced bilateral plantar paresthesia and to
assess the association of pes planus with paresthesia in members of the mountaineering

expedition party that accompanied the patient.

Methods: A patient history and physical examination of the musculoskeletal system
were performed. The hindfoot, midfoot, forefoot, big toe, and distal toes were evalu-
ated for neurologic function, specifically pin, vibration, 10-g weight sensitivity, and
2-point discrimination during the 4-month treatment period. To determine if OMT
could augment recovery, the patient volunteered to use the contralateral leg as a con-
trol, with no OMT performed on the sacrum or lower back. To determine if pes planus
was associated with mountaineering-induced paresthesia, a sit-to-stand navicular drop

test was performed on members of the expedition party.

Results: Osteopathic manipulative treatment improved fibular head motion and mus-
cular flexibility and released fascial restrictions of the soleus, hamstring, popliteus,
and gastrocnemius. The patient’s perception of stiffness, pain, and overall well-being
improved with OMT. However, OMT did not shorten the duration of paresthesia.
Of the 9 expedition members, 2 experienced paresthesia. Average navicular drop on
standing was 5.1 mm for participants with no paresthesia vs 8.9 mm for participants

with paresthesia ( test, P<<.01; Mann-Whitney rank sum test, P=.06).

Conclusion: These preliminary findings suggest that weakened arches may contribute
to mountaineering-induced plantar paresthesia. Early diagnosis of pes planus and treat-
ment with orthotics (which may prevent neuropathies)—or, less ideally, OMT after
extreme exercise—should be sought to relieve tension and discomfort.
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ower extremity peripheral nerve injury is a rare but serious complication of intense
exercise, one that can result in pain, paresthesia, and even permanent neurologic

damage.'* Athletes who wear inflexible and form-fitting boots are prone to local

compression and stretching of the distal lower extremity nerves.>¢ Specifically, the anterior

superficial and deep peroneal nerves, and the posterior tibial nerve may be at risk. With

any distal neuropathy, a comprehensive knowledge of anatomy is important for diagnosis

and treatment.
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The tibial nerve passes under the flexor retinaculum
at the ankle as the nerve extends posteriorly and distally.”
It provides sensation to the plantar aspect of the foot
and toes. Tarsal tunnel syndrome is a compression
neuropathy that causes paresthesias in the tibial nerve
distribution. Compression can be intrinsic from a cyst
or osteophyte, extrinsic from repetitive trauma caused by
shoe pressure, or from a combination of these factors.**
Tenosynovitis of the 4 nearby tendons can put pressure
on the nerve in the nonaccommodating tarsal tunnel and
cause paresthesias. Alternatively, pronation of the foot
may increase tarsal tunnel pressure as well as tension
(stretch) on the tibial nerve (Figure 1) and contribute to
paresthesias.”!" In support of this theory, pronation has
been shown to decrease tarsal tunnel compartment
volume in healthy participants.'> The decrease in com-
partment volume would theoretically increase tarsal
tunnel pressure, which has been demonstrated in studies
using the feet of cadavers.!! Additional in vitro studies
have also demonstrated that pronation increases tibial
nerve tension.'* Because the symptoms of compression
and tension neuropathies are similar, the exact mecha-
nism cannot be identified by clinical examination alone.

The superficial peroneal nerve (Figure 1) travels in
the lateral compartment and divides into the medial and
intermediate dorsal cutaneous nerves at approximately
4 to 6 cm proximal to the ankle joint anteriorly.™ It sup-
plies sensation to the dorsum of the foot except for the
web between the big toe and the second toe. The deep
peroneal nerve courses lateral to the anterior tibial
muscle before passing under the extensor retinaculum to
enter the foot."> The nerve’s cutaneous branches supply
sensation to the web between the first and second toes.
Local repetitive mechanical irritation or compression is
the most common underlying cause of entrapment of
these nerves (Figure 1). Entrapment of the deep peroneal
nerve beneath the superior edge of the retinaculum may
result from inflammation of 1 of the 4 tendons that also
travel in the tunnel. This entrapment is referred to as an-

terior tarsal tunnel syndrome.'® Compression of the

Figure 1.

Patient's mountaineering boot with crampon. Boots were
rarely fully laced to maintain ankle flexibility during glacial
travel. Pronation of the arch may contribute to stretch-
induced injury of the tibial nerve (A), and compression
along the anterior compartment could lead to entrapment
of the peroneal nerves (B).

nerves can also occur distally at the level of the talona-
vicular joint or at the level of the first and second tarso-
metatarsal joints, most commonly from tight shoes.>"5:1¢

In the current brief report, we assessed the efficacy
of osteopathic manipulative treatment (OMT) in a
patient (K.K.H., who initiated the study and is an inves-
tigator-author) with mountaineering-induced bilateral
plantar paresthesia, as well as investigated whether
pes planus is associated with mountaineering-induced

plantar paresthesia.

Methods

A medical history was taken and a complete physical
examination of the musculoskeletal system performed
on a patient (K.K.H.) who presented with mountain-
eering-induced bilateral plantar paresthesia. Neurologic
function of the foot was measured during the 4-month

treatment period. Osteopathic manipulative treatment
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was performed (K.P.H.) on the right lower extremity
using direct and indirect techniques biweekly for the
first month and then weekly for months 2, 3, and 4 of
the study.

In addition, institutional review board approval was
obtained to perform a modified sit-to-stand navicular
drop test'”'” on members of the expedition party, all of
whom provided informed consent to participate in the
study. The right and left navicular tuberosity were identi-
fied and marked with a fine-tipped pen. Each participant
sat on a chair with a height that resulted in an approxi-
mately 90° bend at the knee, with shins perpendicular to
the ground. The width for the stance was adjusted to the
length of each participant’s forearm. A notecard was po-
sitioned at a perpendicular angle to the ground and the
height of the navicular tuberosity was marked. Each
participant was then asked to stand up with equal weight
distribution, and the height of the navicular tuberosity
was remarked. The hindfoot, midfoot, forefoot, big toe,
and distal toes were evaluated for neurologic function,®
specifically pin, vibration, 10-g weight sensitivity, and
2-point discrimination.

We used ¢ tests for statistical comparisons using
SigmaPlot 12.3.0 (Systat Software Inc), where P<<.05
was considered statistically significant. Because of the
small sample size, a more conservative Mann-Whitney
rank sum test was also used with concordant numbers to

provide greater confidence in statistical interpretation.

Results

Patient

Presentation and Medical History

A 43-year-old man (K.K.H.) presented to an academic
outpatient clinic in 2012 with bilateral paresthesia, which
began after a 7-day mountaineering expedition that re-
quired extensive glacial travel in mountaineering boots
with crampons (Figure 1). The patient was carrying a
pack weighing approximately 25 kg and wearing boots
with inflexible soles (3.1 kg) and no orthotics.

BRIEF REPORT N

The patient reported mild and constant numbness of
the feet from the toes to the midfoot, which began insidi-
ously after the latest trip. Numbness was worse in the
morning, with no pain. The patient reported a similar epi-
sode in August 2011, also after a 7-day mountaineering
trip, in which the numbness slowly dissipated with com-
plete resolution in approximately 4 months. The patient
had full sensation of his feet before the 2012 expedition.

Medical history was notable for a motor vehicle ac-
cident in 1989 resulting in multiple fractures; right acro-
mioclavicular joint separation in 1991 requiring surgical
intervention; kidney stones; and a meniscal tear in 2011
requiring surgical intervention. Neither the patient nor
his family had a history of diabetes mellitus, peripheral
vascular disease, lumbosacral nerve root impingement,
or other muscular, neurologic, or vascular problems. The
patient denied drug use and described his diet as well-
rounded with an occasional multivitamin. His most re-
cent laboratory results revealed normal levels of fasting
serum glucose, calcium, albumin, total protein, and
electrolytes (sodium, potassium, chloride, and total
carbon dioxide). No abnormalities were found in test re-
sults for kidney (blood urea nitrogen and creatinine),
liver (alkaline phosphatase, alanine aminotransferase,
aspartate aminotransferase, and total bilirubin), or

thyroid function (thyroid-stimulating hormone).

Physical Examination
Physical examination revealed a physically fit man with
a pleasant affect and stable vital signs (blood pressure,
120/70 mm Hg; temperature, 98.2°F; heart rate, 56 beats
per minute; respiratory rate, 12 breaths per minute; body
mass index, 25.1). Results from heart, lung, and abdom-
inal examinations were unremarkable. Inspection of the
feet for palpable space-occupying lesions did not reveal
any masses; there were subungual hematomas bilaterally
on the second toes.

Examination of the musculoskeletal system revealed
bilaterally equal pulses, 2/4 deep tendon reflexes, and 5/5

lower extremity muscle strength. Skin temperature and
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capillary refill time were normal. Results from a Tinel
test (performed posterior to the medial malleolus), a
straight leg test, and a squeeze test for Morton neuroma
were all negative bilaterally. Osteopathic musculoskel-
etal examination revealed articular, muscular, and fascial
dysfunction of the lower extremities (posterior fibular
head; fascial restriction over the anterior tibial muscle
and knee; dropped navicular and first cuboid; hyperto-
nicity of popliteus and proximal gastrocnemius and so-
leus muscles; anterior lateral malleolus; and tender
points in the hamstring, popliteal, and medial gastrocne-
mius muscles). The patient received a diagnosis of bilat-
eral plantar paresthesia and possible tarsal tunnel
syndrome. Because the paresthesia from the previous
year had resolved spontaneously, the patient volunteered
to use the left leg as a control to determine whether OMT
could augment recovery. Accordingly, somatic dysfunc-
tion was managed with direct and indirect techniques on
the right lower extremity only, whereas the lower back

and left leg were untreated.

Neurologic Function

Each region that we assessed for neurologic function—
hindfoot, midfoot, forefoot, big toe, and distal toes—was
responsive, with no apparent sensory loss. A 2-point
discrimination test was also used to assess the patient and
revealed no sensory loss or sensory gain over the

4-month treatment period.

Efficacy of OMT

During the course of treatment, the treating physician
(K.P.H.) documented differences in severity of somatic
dysfunction between the right and left legs. Improve-
ments in the right leg were noted only in fibular head
motion, muscular flexibility (range of motion), and re-
lease of fascial restrictions of the soleus, hamstring,
popliteal, and gastrocnemius muscles. The patient re-
ported no difference in the severity or area of paresthe-
sias between feet during the treatment but noted

reductions in muscular stiffness and improved range of

motion in the right leg. Paresthesia in both feet resolved
in late December (ie, 5 months later), and the patient was
directed to use orthotics and return to the clinic for OMT

before his next mountaineering trip.!”-?

Expedition Party and Navicular Drop Test

Characteristics of the expedition party (N=9) are pre-
sented in the 7able. There were no statistically significant
differences in age, weight, height, body mass index, or
right or left navicular height in the seated position in the
participants who developed paresthesia vs those who did
not. However, on standing, the right and left navicular
drop of the participants with paresthesia was greater than
that of participants with no paresthesia (¢ test, P<<.01;
Mann-Whitney rank sum test, P=.06). Because there
were only 2 participants with paresthesia, standard error
could not be calculated. Therefore, individual data are
plotted in Figure 2 against the group mean (standard error

of the mean) for the participants without paresthesia.

Discussion
As was seen in the present patient, paresthesia of nerves
anterior and posterior to the ankle mortise can be caused
by repetitive microtrauma during exercise intensified by
pes planus and constrictive shoe wear. Specifically, prona-
tion of the feet may stretch the posterior tibial nerve and
secondarily increase compression of the peroneal nerves
(Figure 1), thereby contributing to paresthesia. Additional
factors may include swelling or tenosynovitis of the flexor
hallucis longus, flexor digitorum longus, and posterior
tibial muscles. Swelling of these tendon sheaths could
decrease space within the tarsal tunnel, compressing the
posterior tibial nerve. This form of nerve compression
may lead to muscle inhibition (from tenosynovitis) and
further contribute to foot overpronation.

Conservative care for distal lower extremity neuropa-
thies involves patient education, which may eliminate
predisposing factors. For example, adding padding to the

tongue of the shoe, loosening laces, or using alternative
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Table.
Characteristics of a Mountaineering Expedition Party by Participant and Presence of Paresthesia (N=9)

Weight, Height, Navicular Height, mm  Navicular Drop, mm
Characteristic Age kg cm BMI Right Left Right Left

Participant

1 31 104.5 185.4 30.3 57 60 5 6.5

22 27 63.6 172.7 21.3 425 48 5 4.5

3 59 89.1 185.4 259 54 50 6 3.5

4 26 84.1 188.0 23.8 52 46 7.5 7

5 55 90.0 190.5 24.7 55.5 61.5 4 5.5

62 25 59.1 172.7 19.8 48.5 50.5 6 3.5

7 25 73.6 177.8 23.2 55.5 54.5 2.5 5

8 30 100.0 182.9 29.8 54 57 9 10.5

9 43 773 175.3 251 47 48 8 8
Mean Data

All 35.7 82.4 181.2 24.9 51.8 52.8 59 6.0

No paresthesia® 354 80.6 181.8 241 521 52.9 5.1 5.1

Paresthesia® 36.5 88.6 1791 275 50.5 52.5 8.5 9.3
P Value

ttest .928 .551 .646 .263 .699 .932 .027 .008

Mann-Whitney .667 .667 .667 .333 .500 .889 .056 .056

rank sum test

2 Female participant. All other participants were men.
b n=7.
¢ n=2.

Abbreviation: BMI, body mass index.

lacing methods may be sufficient to resolve symptoms.
Orthotic devices are useful for correction of a biome-
chanical malalignment in patients with severe valgus
or overpronated feet and have been suggested as a treat-
ment for patients with both peroneal and posterior tibial
neuropathies.!¢

Similar to the findings in the present case, numb toes
(digitalgia paresthetica) have been identified in military
recruits marching with heavy packs,* skiers,® and long-

distance backpackers.’ The combination of pes planus,

repetitive microtrauma, and prolonged compression may
have contributed to neural lesioning, ischemia, inflam-
mation, and edema, thereby leading to the temporary loss
of sensory function. Based on Seddon’s classification of
nerve injury,” the sensory loss could be characterized as
a neurapraxia (acute sensory or motor loss). However,
the 5-month time to recovery does not exclude axonot-
mesis (sensory or motor loss secondary to axon or
myelin sheath damage), which would require longer

recovery secondary to peripheral nerve regeneration.
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Navicular Drop, mm

0+

Left Navicular Drop

I No paresthesia
I Participant #8: paresthesia
I Participant #9: paresthesia

Right Navicular Drop

Figure 2.

Sit-to-stand navicular drop (in millimeters) in left
and right feet for participants with no paresthesia
(mean [standard error of the mean]) and participants
who developed paresthesia (no. 8 and no. 9).

The physical examination findings in the present pa-
tient are an important reminder of the variety of presenta-
tions distal nerve injuries can have. Although the patient
presented with mild numbness, severe cases may include
the loss of strength, clawing of toes, burning, and pain.
The patient’s findings were consistent with a partial le-
sion, one that involved sensory nerves only® and that re-
solved gradually over time, regardless of OMT.® Tinel
sign is often present, though not always as was the case
in our patient.’ Key considerations in the approach to a
patient with plantar paresthesia include awareness, ap-
propriate history, and physical examination including
provocative tension signs of the lumbar spine to rule out
lumbar nerve root pathology.

To ensure comparisons were made in participants
with similar workloads (severity and duration of repeti-
tive foot trauma), our sample size was limited to the
9 members of the patient’s expedition party. Whereas

t tests demonstrated a statistically significant sit-to-

stand navicular drop, we are cautious regarding data
interpretation. The data from Figure 2 suggest that na-
vicular drop on standing was greater in the climbers
who developed paresthesia and support the hypothesis
that foot overpronation may contribute to mountain-
eering-induced plantar paresthesia. Validation of this
hypothesis will require a greater sample size and should
incorporate additional measures for foot overprona-
tion.?!">* Proof of concept will require the use of or-
thotics in participants who developed paresthesia in a
similarly controlled expedition.?*2¢

The present pilot study had some limitations. First,
we could not fully evaluate the effect of OMT on plantar
paresthesia because OMT applied to the lumbar spine
would have impacted the autonomic, circulatory, and
lymphatic tone of both legs. In other words, to ensure the
contralateral leg’s status as a control, lumbar spine and
pelvis dysfunction were left untreated, which may have
limited the efficacy of OMT on plantar paresthesia.
Second, the main clinical and patient measures of OMT
were subjective. In the future, palpatory changes in tissue
texture, asymmetry, restriction of motion, and tenderness
(ie, the TART criteria) should be quantitatively measured
through the use of the Somatic Dysfunction Severity
Scale.?® Third, because the patient (K.K.H.) was also an

investigator, a potential conflict of interest may exist.

Conclusion

The ideal intervention for lower extremity neuropathies
resulting from rigorous physical activity is prophylaxis
involving appropriate equipment, conditioning, and
technique. From an osteopathic perspective, this inter-
vention entails using appropriately fitting boots, arch
supports that reduce the stress of hiking on distal nerves,
and OMT to manage somatic dysfunction. This approach
may reduce the need for typical treatment (eg, removing
athletes from their sport, prescribing anti-inflammatory
drugs that have gastrointestinal risk, immobilizing the

affected muscles, undergoing surgery). Our data suggest
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pes planus (as diagnosed by the sit-to-stand navicular
drop test) may contribute to digitalgia paresthetica in-
duced by mountaineering. By diagnosing pes planus and
correcting dysfunction with orthotics, osteopathic physi-
cians may play an effective role in preventing plantar

paresthesia in athletes with constrictive footwear.
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