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ABSTRACT: Introduction: The objective of this study was to
determine whether a hand diagram could be used to predict ul-
nar mononeuropathy. Methods: This was a prospective study
of 117 consecutive patients referred for hand symptoms. Each
subject filled out a hand diagram of symptoms and had median
and ulnar sensory and motor nerve conduction studies, includ-
ing ulnar conduction across the elbow. Results: The best
model for predicting an ulnar mononeuropathy included hand
diagram scores of definite or possible. The model had a sensi-
tivity of 50% and specificity of 93% with an ROC area of 0.90.
Conclusions: The ulnar hand diagram scoring system can be
useful as a screening tool in the electrodiagnostic laboratory or
for epidemiologic studies.
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Ulnar neuropathy (UN) is a common nerve entrap-
ment disorder of the upper extremity. Typical symp-
toms include numbness, tingling, or burning sensa-
tion in the fourth and fifth digits of the hand. The
most common site of entrapment is the elbow,
although entrapment at the wrist is also a possibility.

UN at the elbow is the second most common
compression neuropathy of peripheral nerves.
Although carpal tunnel syndrome (CTS) is the
most common nerve entrapment, UN at the elbow
has an annual incidence that is approximately one-
thirteenth that of CTS, or 24.7 per 100,000 popula-
tion.1 Another study estimated the prevalence rate
at 0.6–0.8%.2 Repetitive work is considered a risk
factor.3 Specifically, repetitive flexing and extend-
ing of the elbow is considered to be a risk factor.
UN at the elbow is more common in men.4,5 Sus-
tained pressure over the elbow region is also a risk
factor. There has been little study regarding the
incidence or prevalence of this disorder in the
working population, although one study of female
floor cleaners demonstrated a prevalence of 7%.6

There are no general population estimates of the
prevalence of UN at the wrist.

The diagnosis of UN at the elbow or Guyon
canal nerve entrapment is typically made by clini-

cal presentation and confirmed by electrodiagnos-
tic testing. Clinically, an affected patient complains
of numbness and tingling in an ulnar distribution.
In more severe cases there is weakness and atrophy
of ulnar innervated hand intrinsic muscles. There
is a self-administered questionnaire that can be
used to evaluate symptom severity (similar to the
Boston questionnaire for CTS), but it has not been
used to assess the prevalence of UN in the general
population.7

In patients with an UN, as in patients with
CTS, there is significant variability in the distribu-
tion of reported symptoms versus the anatomical
distribution of the sensory fibers. Hand diagrams
have been used reliably for evaluation of patients
suspected of having CTS.8,9 Hand diagrams have
been shown to have a sensitivity of 80% and speci-
ficity of 90% for evaluation of patients with sus-
pected CTS, but they had not yet been used for
the evaluation of an UN. Thus, our aim was to
establish and test a simple self-administered hand
diagram for the evaluation of an UN. The instru-
ment we developed was intended for use in an
office practice, but it also has application for popu-
lation screening. We understand that there are
other neurological lesions that can present with a
similar sensory distribution. A C8 radiculopathy,
lower trunk brachial plexopathy, or thoracic outlet
syndrome (TOS) can also present with symptoms
in the fourth and fifth digits of the involved hand.

In this prospective study we utilized a hand dia-
gram for all patients referred to the electrodiag-
nostic laboratory with hand symptoms. We tested
the sensitivity and specificity of this self-adminis-
tered hand diagram for establishing a diagnosis of
ulnar mononeuropathy.

METHODS

A total of 117 consecutive patients seen at the Uni-
versity of Michigan Electrodiagnostic Laboratory
for upper extremity evaluation of hand symptoms
were given a hand diagram to fill out independent
of the electromyographic (EMG) evaluation. All
subjects signed a consent form that was approved
by the institutional review board of the University
of Michigan. The hand diagram was rated for the
possibility of an ulnar mononeuropathy using the
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classification protocol described in Table 1.
An example of the hand diagram is shown in
Figure 1.

All participants had nerve conduction testing
that included at least the following studies: median
and ulnar sensory nerve conduction studies at the
wrist (14 cm, antidromic stimulation in digits 2
and 5) and median and ulnar motor nerve con-
duction studies with ulnar conduction across the
elbow, as well as needle EMG evaluation of the
upper extremity. Additional nerve conduction test-
ing for an UN at the wrist (dorsal ulnar cutaneous
nerve) and for CTS (midpalmar median and ulnar
nerves) was added as needed at the discretion of
the electromyographer. The electrodiagnostic con-
sultant, who was blinded to the findings on the
hand diagram, made the determination of a final
diagnosis for each subject. The criteria followed
AANEM guidelines for defining an ulnar mono-
neuropathy, including an absolute across-elbow
conduction velocity (CV) of <50 m/s or an across-
elbow CV >10 m/s slower than in the forearm seg-
ment.10 An UN at the elbow was also diagnosed if
there was conduction block (a 20% drop in ampli-
tude), or denervation restricted to the ulnar distri-
bution. An UN at the wrist was diagnosed if there
was an isolated abnormality of the ulnar sensory or
motor nerve at the wrist (with a normal dorsal ul-
nar cutaneous response), or if the needle examina-
tion demonstrated denervation only in ulnar hand
intrinsic muscles. In the case of isolated denerva-
tion in the ulnar innervated hand intrinsic
muscles, without slowing or conduction block at
the elbow, it was recognized that the lesion could
still be at the elbow, but this was reported as an
UN at or above the wrist. We acknowledge that
lesions at the Guyon canal, which spare the sensory
fibers, may not be recognized, because ulnar
motor nerve conduction to the first dorsal interos-
seous muscle was not routinely tested.

Statistical analysis included a logistical regres-
sion to model which risk factors were predictive of
finding of an UN. The electrodiagnostic criteria
for an UN were used as the dependent variable,
and hand diagram score, age, gender, height, and
weight were the independent variables. Stata soft-

ware (StataCorp, College Station, Texas) was used
for all analyses, including estimates of sensitivity
and specificity and generation of the ROC graph.
The ROC graph is based on the logistic regression
model described earlier.

RESULTS

A total of 117 subjects were recruited in the first
part of the study. The mean age was 42.9 6 12.4
(range 20–92) years. Fifteen percent were male.
The mean height was 1.66 m, with a mean weight
of 84.3 kg. A total of 22 subjects had a classifica-
tion of possible or definite UN using the hand dia-
gram criteria. Twenty subjects were classified as
having electrodiagnostic criteria for an UN (17 at
the elbow and 3 at the wrist or above). Of the
remaining 97 subjects, 43 had normal studies, 52
had a median neuropathy at the wrist, 1 had a me-
dian neuropathy at the elbow, and 1 had a C5
radiculopathy.

Table 1. Hand diagram protocol for screening for ulnar neuropathy.

2 Definite Palmar symptoms in the fifth digit OR symptoms in the fifth digit and ulnar side
of hand. Symptoms may also be in the fourth digit BUT cannot include digits
1, 2, or 3, nor the radial aspect of the palm.

1 Possible Symptoms in the fifth digit and ulnar side of hand. Symptoms may also be
noted in the rest of the palm. Symptoms may be in the following digits:
1, 2, 4, 5; 1, 3, 4, 5; or 1, 2, 3, 5.

0 Unlikely No evidence of UN—no symptoms in the fourth or fifth digits OR

whole hand symptoms OR 4 contiguous digits involved OR only joint or non-distal
phalanx involvement.

FIGURE 1. Typical hand diagram with symptoms in the right ul-

nar nerve distribution.
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When modeling the finding of an ulnar mono-
neuropathy using the electrodiagnostic criteria as
the ‘‘gold standard,’’ we evaluated the predictive
value of the hand diagram criteria for an UN. We
controlled for age, gender, height, and weight in
the model. The best model included hand diagram
scores of 1 or 2 (definite or possible) (Table 2).
The finding of a positive hand diagram had an
odds ratio of 9.5 [95% confidence interval (CI)
2.4–37.8]. Age was significant in the model with an
odds ratio of 1.06 (95% CI: 1.02–1.12) for each
additional year of life. Taller individuals were also
at higher risk; the odds ratio was 1.2 (95% CI 1.2–
1.3) for each additional centimeter in height. Gen-
der and weight were not significant in the model.
The model had a sensitivity of 50% and a specific-
ity of 93% with an ROC area of 0.90 (point A in
Fig. 2, also see Table 3). According to the ROC fig-
ure, the cut-off for defining an ulnar mononeurop-
athy could be adjusted to yield a sensitivity of 80%
and a specificity of 85% (point B in Fig. 2). When
body mass index (BMI) was substituted for height
and weight in the model, the variable was not sig-
nificant. Two subjects did not provide a weight

and thus were not included in the logistic regres-
sion analysis.

If the model is based on ‘‘definite’’ hand dia-
grams, the sensitivity would be 45%, and the speci-
ficity would be 96% with an ROC curve of 87%.
The odds ratio for a definite hand diagram (grade
1) was 4.0 (95% CI: 91–17.2).

The hand diagram was positive in 11 cases
where there was no supportive electrodiagnostic
evidence of an ulnar nerve injury. In 7 of the 11
cases, the EMG was considered normal and, in the
remaining 4 cases, a diagnosis of CTS was made.
In no case was a positive hand diagram associated
with a cervical radiculopathy or plexopathy.

DISCUSSION

In this study we have demonstrated that the ulnar
hand diagram criteria have fair to good sensitivity
for identifying true cases of UN and high specific-
ity, depending on the cut-off used. Including age,
gender, height, and weight in the model produced
a high ROC value. This suggests that the use of a
hand diagram is feasible for screening patients
with hand numbness and could potentially be used
in epidemiologic studies of the general population
or of active workers in whom ulnar entrapments
are more prevalent.

The false-positive hand diagrams were typically
patients with normal electrodiagnostic studies (7
of 11). These could be patients with intermittent
symptoms consistent with an UN, cervical radicu-
lopathy, or lower trunk plexopathy, where the elec-
trodiagnostic study was not sufficiently sensitive to
make the diagnosis, or they could be true false
positives. Patients with suspected thoracic outlet
syndrome would fall into this category, because
most have symptoms in digits 4 and 5 but normal
electrodiagnostic studies. Of the remaining false
positives, all the subjects had a diagnosis of CTS. It
is known that the hand diagrams associated with
CTS patients can be very variable and include
symptoms in digits 4 and 5. In addition, patients
with CTS can have mild abnormalities of the ulnar
nerve in the wrist, and this might influence their

Table 2. Results of logistic regression analysis using
electrodiagnostic criteria for UN as dependent variable,

and hand diagram score, age, gender, height, and weight
as independent variables.

Odds ratio Z P > |z| 95% CI

Hand diagram 9.5 3.20 0.001 2.4–37.8
Age 1.1 2.56 0.01 1.0–1.1
Gender 3.4 1.34 0.18 0.6–19.9
Weight (kg) 1.0 –1.43 0.16 0.9–1.0
Height (cm) 1.2 2.30 0.02 1.0–1.3

N ¼ 115; chi-square ¼ 42.57; log likelihood ¼ �31.85; pseudo-R2 ¼
0.40.

FIGURE 2. Receiver operator curve demonstrates the sensitiv-

ity and specificity of the model for ulnar mononeuropathy, which

includes the ulnar hand diagram, age, gender, height, and

weight as independent variables. The boxes with (A) and (B)

represent alternative cut-off points for defining sensitivity and

specificity.

Table 3. Sensitivity and specificity from logistic regression model
for UN using hand diagram (grades 1 or 2), age, gender, height,

and weight as predictor variables.

NCS/EMG
positive
for UN

NCS/EMG
negative
for UN Totals

Hand diagram positive 10 7 17
Hand diagram negative 10 88 98
Totals 20 95 115

This represents the model using the cutoff ‘‘A’’ noted in Figure 2. Sensi-
tivity ¼ 50.0%; specificity ¼ 92.6%; positive predictive value ¼ 58.8%;
negative predictive value ¼ 89.8%.
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distribution of symptoms. Of note, none of the
subjects with a positive hand diagram had electro-
diagnostic findings of a C8 radiculopathy or lower
trunk plexopathy.

The hand diagram was a strong predictor of the
presence of an UN with an odds ratio of >9. BMI
was not a predictor, and the literature has been
inconsistent with regard to BMI and UN. Among
women, lower BMI has been associated with a
higher prevalence of UN, whereas it has a mixed
relationship among men.3,5 Taller individuals were
at a slightly higher risk for UN in this cohort, but
this has not been demonstrated in other studies.

The limitations of the study include its modest
sample size. A larger sample size would be more
representative. Our findings are from a tertiary
care center with a high percentage of positive
cases. Seventeen percent of the sample had an
UN, and 44% had CTS. This likely represents a
selection bias from our referring physicians. In
addition, the study was 85% female, and thus a
more balanced sample would be more representa-
tive of the population. The study protocol was not
sensitive to all types of UN at the wrist, and this di-
agnosis may have been underestimated. This could
influence the sensitivity and specificity of the hand
diagram, because the patients with pure motor UN
at the wrist would typically lack sensory symptoms.

In conclusion, a hand diagram rating system is
modestly sensitive and highly specific for UN. It

can be used in a clinical or research setting for
identifying subjects with a high likelihood of hav-
ing an ulnar nerve compression neuropathy. The
presence of CTS can be a confounder as can possi-
ble suspected TOS.
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