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Neuropathy and Gait Disturbances
in Patients With Venous Disease:
A Pilot Study

W e studied less well-investigated compo-
nents of the calf muscle pump failure asso-
ciated with venous disease, including muscle,

nerve, movement, and gait abnormalities.1 We investi-
gated sensory neuropathy and ambulatory foot pres-
sures in patients with chronic venous insufficiency (CVI)
to further elucidate the pathogenesis and mechanisms of
venous ulceration.

Methods. After institutional review board approval and
informed consent, 10 patients with active noninfected ve-
nous ulcers or a history of such ulcers (CEAP [Clinical-
Etiologic-Anatomic-Pathophysiologic]1 clinical classifi-
cation 5 or 6) were recruited. No recruited patient had a
history of neuropathy or predisposing conditions for neu-
ropathy. Ten age-, sex-, and weight-matched control pa-
tients without diabetes or venous disease were also re-
cruited from the same population. All patients had good
arterial circulation and walked without assistance. A medi-
cal history was obtained and foot, leg, and ulcer exami-
nations were performed on all patients.

To evaluate symptoms of peripheral sensory neuropa-
thy, the validated neuropathy symptom score (NSS)2 was
determined. To measure quantitative objective neuro-
pathic changes, we performed quantitative sensory test-
ing of the feet using the validated neuropathy disability
score (NDS).2 As part of the NDS, we used a 10-g mono-
filament to perform sensory testing of the feet at 6 sites.

Vibration perception threshold testing was performed
using a biothesiometer and a 128-Hz tuning fork. Tem-
perature discrimination and Achilles reflex were also
tested.

Gait was analyzed by evaluating pedal pressures using
the Novel Emed program and device (Novel Electronics
Inc, Minneapolis, Minnesota),3 an electronic measure-
ment system used to evaluate dynamic pressure distri-
butions. This device uses calibrated capacitive sensors
beneath a mat connected to a computer to analyze pedal
pressures as subjects walk across the mat barefoot. Over-
all pressure for each patient was measured in kilopas-
cals (kPa), as were localized pressures in 5 locations on
each foot.

Results. Ten participants with venous disease and matched
controls were enrolled, including 3 participants who had
active disease bilaterally. We therefore evaluated 13 ex-
tremities with venous disease. Both the NSS and NDS were
significantly higher in patients with venous disease than
in matched controls (4 and 3.3, respectively, in the ul-
cer group and 0 and 0 in controls) (Table 1). Overall
total foot pressure was significantly higher in the con-
trol group than in the ulcer group (756.93 kPa vs 630.38
kPa) (Table 2). The location of peak pressure was the
forefoot for both groups. However, the ulcer group had
significantly higher midfoot pressures and lower big toe
pressures. We did not find a correlation between NDS
or NSS scores and pedal pressure.

Comment. Patients with venous disease had both sub-
jective and objective symptoms and physical findings of
neuropathy to a greater degree than their matched con-
trols, and this finding is consistent with other studies dem-
onstrating peripheral sensory neuropathy in patients with
CVI without diabetes.4 We also found that patients with
CVI have an altered gait compared with that of controls

Table 1. Descriptive and Inferential Results for NDS and NSS

Score

Mean (SD) Score
Score

Difference
Standard

Error t Statistic

P Valuea

CVI Group Control Group 2-Tailed 1-Tailed

NDS 3.30 (2.06) 0.00 (0.00) 3.30 .651 5.072 .001 �.001
NSS 4.00 (3.13) 0.00 (0.00) 4.00 .989 4.045 .003 .002

Abbreviations: CVI, chronic venous insufficiency; NDS, neuropathy score2; NSS, neuropathy symptom score.2

aBased on 9 df. Calculations were based on the sample of 10 patients.

Table 2. Descriptive and Inferential Results for Peak Total Foot Pressure

Mean (SD) Pressure, kPa
Pressure

Difference, kPa
Standard

Error t Statistic

P Valuea

CVI Group Control Group 2-Tailed 1-Tailed

630.38 (324.43) 756.93 (314.66) −126.55 70.197 −1.803 .097 .049

Abbreviation: CVI, chronic venous insufficiency.
aBased on 12 df. Calculations were based on the CVI group sample of 13 limbs (3 of the 10 patients with CVI had venous disease on both limbs).
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as measured by pedal pressures. To our knowledge, this
has not been previously reported.

Patients with CVI had lower total foot pressures than
the control group, even when controlling for weight,
primarily due to differences in the higher midfoot and
lower big toe pressures in the CVI group. This may be
related to decreased range of motion previously reported
in patients with CVI. The pattern of pedal pressures
observed was distinct from the pattern of pedal pres-
sures seen with diabetic neuropathy.2 Recently, surro-
gate markers of gait, including ankle range of motion
and walk time, were found to decrease with increasing
severity of venous disease among a subset of patients
with venous disease (intravenous drug users who
injected in their legs).5

Interestingly, in the present study, despite finding ab-
normalities in neuropathy and gait, we did not find an
association between the 2 outcomes studied. This may
suggest that gait changes are not a consequence of neu-
ropathy but rather are due to other mechanisms, or the
finding may be an artifact of our small sample size.

Our results may have management implications, in-
cluding simple, low-cost screening procedures for neu-
ropathy using monofilaments in patients with venous dis-
ease, use of agents that target neuropathic pain, or the
use of gait training and physical therapy to improve calf
muscle pump function.
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Preventing Diabetic Skin Ulcers
in Latinos—No Small Feat:
Development of a Spanish and
English Survey for Fast Assessment
of Lower Extremity Skin Care Practices

A ccording to the 2006 US Census,1 Latinos make
up more than one-third of California’s popula-
tion. Latinos living in the United States in many

cases do not speak or read English and have diverse edu-
cational and health care needs. The Centers for Disease Con-
trol and Prevention2 reported in 2004 that the age-
adjusted prevalence of diabetes in Latino adults in California
wasnearly11%.Thegoalof thepresent cross-sectional study
was to evaluate the knowledge, attitudes, and practices of
Latino adults with diabetes with respect to skin ulcer pre-
vention on the lower extremities. A short survey tool was
developed for clinicians to use in the busy clinic setting to
efficiently assess the prevention needs of patients in this
rapidly growing segment of the population.

Methods. A PubMed search was performed using the search
terms diabetic, skin, ulcer, and lower extremity. Several ques-
tions on lower-extremity self-care practices and attitudes
were adapted from existing survey instruments.3,4 Knowl-
edge and other attitude questions (Figure 1, Table 1,
and Table 2) were formulated using the specific guide-
lines of the National Institute of Diabetes and Digestive and
Kidney Diseases to assure content validity.5 The survey was
written in English (Figure 2) and translated into Span-
ish. The Spanish version was back-translated by a third per-
son to assure correspondence in meaning.

English 

Please circle the best number:

On how many of the last 7 days did you check your feet? 

0 1 2 3 4 5 6 7 

On how many of the last 7 days did you inspect the inside of your shoes? 

0 1 2 3 4 5 6 7 

On how many of the last 7 days did you wash your feet? 

0 1 2 3 4 5 6 7 

On how many of the last 7 days did you dry between your toes after washing? 

0 1 2 3 4 5 6 7 

Spanish 

Favor de marcar el mejor número:

En cuantos de los últimos 7 días se revisó los pies?  

0 1 2 3 4 5 6 7 

En cuantos de los últimos 7 días inspeccionó la parte de adentro de sus zapatos? 

0 1 2 3 4 5 6 7 

En cuantos de los últimos 7 días se lavó los pies? 

0 1 2 3 4 5 6 7 

En cuantos de los últimos 7 días se secó en medio de los dedos de los pies?   

0 1 2 3 4 5 6 7 

Figure 1. Validated and reliable screening questions for lower extremity
self-care practices of Latino adults with diabetes.
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