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Objective   The aim of this paper was to identify prognostic factors for severity of symptoms and disability 
among patients with ulnar neuropathy confi rmed by nerve conduction studies (NCS) or ulnar neuropathy-like 
symptoms with normal ulnar nerve NCS. 
Methods   We conducted a cohort study based on a matched case-referent study. In 2008, we mailed a question-
naire to 1179 patients who were examined by NCS for suspected ulnar neuropathy at the age of ≥18–<65 years, 
2001–2007. Potential prognostic factors included occupational biomechanical exposures, lifestyle factors, and 
NCS result. Outcomes were severity of symptoms and disability according to questionnaire scores. Referents 
delivered reference values. We used ordinal logistic regression.   
Results   The proportion who responded was 61%, comprising 324 patients with ulnar neuropathy and 396 with 
ulnar neuropathy-like symptoms. At follow-up, both patient groups had more severe symptoms and disability 
than age- and sex-matched referents. Abnormal NCS indicated a poorer prognosis regarding symptom sever-
ity [odds ratio (OR) 1.44, 95% confi dence interval (95% CI) 1.01–2.01], but not disability (OR 0.78, 95% CI 
0.57–1.08). High occupational force requirements indicated a poorer prognosis regarding both symptom severity 
(OR 1.78, 95% CI 1.10–2.88) and disability (OR 1.66, 95% CI 1.06–2.59). Other negative prognostic factors for 
both outcomes were current smoking, obesity, distal upper-extremity fractures, female sex, and a recent NCS 
date (suggesting improvement over time). 
Conclusions   NCS confi rmation of ulnar neuropathy identifi ed patients with a poorer prognosis regarding 
symptoms. A negative impact of high occupational force requirements, current smoking, and obesity on both 
outcomes suggested that reduction of these factors might improve prognosis of ulnar neuropathy and ulnar 
neuropathy-like symptoms.
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Ulnar neuropathy at the elbow is the second most common 
entrapment neuropathy following carpal tunnel syndrome 
(CTS) (1) with a prevalence of 0.6–0.8% (2) and incidence 
rates of 20–25 per 100 000 person-years (3, 4). Diagnosis 
may be based on history and physical examination, but 
increasingly, confirmatory nerve conductions studies 
(NCS) are considered necessary (1). On the other hand, 
the prognostic value of differentiating between ulnar 
neuropathy confi rmed by NCS and ulnar neuropathy-like 
symptoms with normal NCS has been questioned (5, 6), 

and among patients with ulnar neuropathy confi rmed by 
NCS, it remains unclear if specifi c NCS fi ndings can pre-
dict prognosis (7–9). NCS are not an integral part of case 
defi nitions in occupational studies (10, 11). 

Ulnar neuropathy may resolve spontaneously (7, 12), 
but >50% of patients who did not have surgery still com-
plained of symptoms one year after confi rmative NCS 
(13). Available evidence is insuffi cient to determine 
when surgery should be preferred to non-surgical treat-
ment (1). In mild cases, advice to avoid movements and 
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positions that provoke symptoms seems to be of prog-
nostic benefi t (1). As opposed to this, the Washington 
State Department of Labor and Industries recently rec-
ommended that patients with ulnar neuropathy continue 
to work until surgery (www.lni.wa.gov/ClaimsIns/
Files/OMD/MedTreat/UlnarNerve.pdf). Thus, there 
is a need for improved treatment strategies, including a 
need for evidence-based guidelines on modifi cations of 
occupational biomechanical exposures. Prognostic stud-
ies may be a fi rst step to achieve this goal.

Few epidemiological studies have examined prog-
nostic factors for ulnar neuropathy (5, 14, 15). Apart 
from one study of surgical outcomes in relation to smok-
ing and obesity (5), we are not aware of studies of prog-
nosis in relation to occupational biomechanical expo-
sures and lifestyle factors. We have recently identifi ed 
high occupational force requirements (16) and smoking 
(17) as risk factors for ulnar neuropathy confi rmed by 
NCS, and repetitive hand-arm movements (16) and 
obesity (17) as risk factors for ulnar neuropathy-like 
symptoms with normal NCS. The same factors may be 
associated with prognosis. A model that effi ciently pre-
dicts an individual’s probability of a specifi c outcome 
may provide insight into potential causal relationships. 
If the model contains factors that are amenable to inter-
ventions, further research could determine if changes of 
these factors improve prognosis. The model could then 
serve as a basis for the patients’ informed choice regard-
ing modifi cation of work and lifestyle factors.

A recent Cochrane review of treatment for ulnar 
neuropathy at the elbow recommended the Disability 
of the Arm, Shoulder and Hand questionnaire (DASH) 
and the Ulnar Neuropathy at the Elbow Questionnaire 
(UNEQ) for outcome assessment (1). DASH (18–20) is 
widely used in studies of upper-extremity musculoskeletal 
disorders, but has rarely been used in studies of periph-
eral nerve affection (15, 21–23). The validity of DASH 
for assessing disability related to ulnar neuropathy at the 
elbow has recently been corroborated by results showing 
that scores refl ected clinical staging (23). UNEQ is a dis-
ease specifi c questionnaire designed to assess severity of 
symptoms related to ulnar neuropathy at the elbow (24). 

The aim of this study was to identify prognostic fac-
tors for severity of symptoms (UNEQ) and disability 
(DASH) among patients referred for NCS for suspected 
ulnar neuropathy and to construct a prediction model for 
each outcome. As potential prognostic factors, we focused 
on occupational biomechanical exposures, lifestyle fac-
tors, and NCS result. If NCS result could be identifi ed as a 
prognostic factor, this would support the prognostic valid-
ity of NCS among patients suspected of ulnar neuropathy 
and, at the same time, corroborate our overall hypothesis 
that ulnar neuropathy differs from ulnar neuropathy-like 
symptoms, not only with respect to profi le of risk factors 
(16, 17), but also with respect to prognosis. Based on our 

previous fi ndings (16), we specifi cally hypothesized that 
high force requirements would be a prognostic factor. 

Methods

Study population

We conducted a cohort study based on a matched case-
referent study. The study population has been described 
previously (16). In brief, we used data from the Danish 
National Patient Register (25) to identify all contacts to 
the Department of Neurophysiology, Aarhus University 
Hospital, 1 March 2001 to 30 June 2007, with a referral 
diagnosis of mononeuropathy of upper limb [group G56 
in the International Classifi cation of Disease, 10th revision 
(ICD-10)] and a discharge diagnosis of either ulnar neu-
ropathy (ICD-10 code G56.2) or no neuro pathy (ICD-10 
codes Z). The population was restricted to patients who 
were ≥18–<65 years old at the date of their fi rst contact 
and examined by NCS across the elbow; this was done 
only if a supervising consultant suspected ulnar neuro-
pathy based on referral information, history, and/or signs. 
Patients were excluded if they had a traumatic lesion 
or ulnar neuropathy as part of a polyneuropathy. Some 
of the patients with ulnar neuropathy had CTS as well, 
and due to registration errors, a number of patients with 
a Z-diagnosis actually had CTS. We left patients who 
(also) received a diagnosis of CTS in the study, except 
in subanalyses. Questionnaire data was collected by mail 
between 7 January and 30 April 2008, and responding 
patients constituted the prognostic cohort.

The referents in the original case-referent study (16) 
delivered background population values for UNEQ and 
DASH. Three referents per case were randomly sampled 
in the Danish National Health Service Register (26), 
individually matched on sex, age (+/- 2½ years), and 
primary health care provider at the NCS date of the case. 

The Danish Data Protection Agency authorized the 
study. The fi ve Danish administrative regions approved 
the use of data from the Danish National Health Service 
Register, and the Danish National Board of Health per-
mitted the use of neurophysiological data. In Denmark, 
register- and questionnaire-based studies require neither 
approval by biomedical research ethics committees nor 
written informed consent.

Potential prognostic factors

NCS was performed with needle or surface electrodes 
(16). The Department of Neurophysiology used normative 
values represented by regression equations that corrected 
for age, height, and/or segment length. Distal latencies, 
motor and sensory amplitudes, and conduction velocities 
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were expressed in Z-scores, ie, standard deviations from 
the normative values. The Z-score for distal latency was 
considered abnormal if it was >2, and Z-scores for motor 
and sensory amplitude as well as conduction velocity 
were considered abnormal if they were <-2 (27). If at least 
one Z-score was abnormal or if there was a partial motor 
conduction block (28), the patient was classifi ed as having 
ulnar neuropathy, otherwise as having ulnar neuropathy-
like symptoms. The cut-off values were in accordance 
with the department’s clinical practice. 

For each participant, occupational biomechanical 
exposures in the year before the NCS year were assessed 
by combining self-reported job titles with quantitative 
job exposures extracted from a job exposure matrix 
(JEM) based on fi ve experts’ ratings (16). The JEM 
comprised 169 groups of jobs that were expected to have 
similar exposure profi les with respect to occupational 
force requirements (force-score: 0=light, 1=somewhat 
hard, 2=hard, 3=very hard, 4=near maximal), repeti-
tive movements of elbow or wrist (≥4 movements per 
minute), non-neutral postures of elbow or wrist, and 
hand-arm vibration (HAV) with accelerations ≥3 m/s2. 
The three last-mentioned exposures were rated as hours 
per day in half-hour intervals.

Questionnaire information was collected on height, 
weight, smoking status, weekly alcohol consumption, 
comorbidity (diabetes, thyroid or renal disorders), hand-
edness, fracture of the elbow, forearm or wrist (ever: 
no/yes), and year of surgery for nerve entrapment at the 
elbow. Only fractures that occurred on the side examined 
by NCS were included in the analyses, and only surgi-
cal operations that occurred after the NCS examination 
and on the examined side were included in the analyses 
(no/yes). Patients who stated that they used both hands 
equally well were categorized as right-handed. Body 
mass index (BMI) was calculated as weight / height 
square (kg/m2). Alcohol consumption was summed up 
as units per week. We also included age, sex, and NCS 
year among the studied potential prognostic factors.

We used education level as a marker for socioeco-
nomic status. Based on data from the Danish National 
Register on Public Transfer Payments (29), we assessed 
education level as indicated by unemployment insurance 
fund membership in the year of the NCS. The informa-
tion was categorized into higher or medium-level edu-
cation (eg, engineers; managers and executives; Danish 
health organizations – including nurses), vocational 
education and training (eg, wood, industry and build-
ing workers; restaurant and brewery employees), low 
education level (eg, general workers; trade and labor), 
and missing. This marker of socioeconomic status has 
been identifi ed as a strong predictor of work disability 
among surgical shoulder patients (30) and patients with 
a herniated lumbar disc (31). We classifi ed cash benefi t 
together with low education level (cash benefi t is part 

of the lowest level of the social safety net in Denmark). 
From the same register, we obtained information on per-
manent transfer incomes at the NCS date and the number 
of weeks with health-related transfer incomes within 52 
weeks following the NCS date (health-related transfer 
incomes were sickness benefi t, fl ex-job, and disability 
pension; a fl ex-job is a subsidized job type for persons 
whose work capacity has been permanently reduced for 
health-related reasons; disability pension is a health-
related benefi t for persons who are permanently unable 
to work even in a fl ex-job).

Outcome measures

The original UNEQ contains nine questions on numbness 
or tingling in the fourth and fi fth fi ngers, elbow pain, 
change of symptoms in relation to elbow position, and 
impaired dexterity (24). UNEQ is side-specifi c. In our 
questionnaire, we shunted respondents around questions 
concerning severity of pain and pain in relation to elbow 
position if they had not experienced elbow pain within 
the past four weeks. Likewise, we shunted respondents 
around more specific questions regarding numbness 
or tingling if they had not experienced numbness or 
tingling in the hand within the past four weeks. Respon-
dents received the lowest score for items that they were 
shunted around. Furthermore, we asked about severity of 
symptoms in relation to elbow positions instead of asking 
about change in symptoms. In order to limit the number 
of different time windows in our questionnaire, we asked 
about the preceding four weeks, whereas the original 
UNEQ concerns the preceding two weeks. Finally, each 
item had seven possible answers in our questionnaire 
(inspired by the Pain Module of the Standard Evaluation 
Questionnaire) (32) with “no pain” (or “no numbness or 
tingling”) and “intolerable pain” (or “intolerable numb-
ness or tingling”) as minimal and maximal anchors. 
We rescaled the answers to a score ranging from 1–5 in 
accordance with the original UNEQ. We then calculated 
the fi nal score as the mean score of the nine items, a high 
score indicating severe symptoms. A missing response to 
≤1 of the items 2, 3, and 4 and ≤1 of the items 6, 7, and 
8 was replaced by the mean value of the responses to the 
two other questions. The score was not calculated if ≥2 
responses were missing in each of these groups of ques-
tions or in case of any missing responses to items 1, 5, 
and 9. The authors translated UNEQ using the published 
English and Italian versions, assuming that question 7 
concerned pain in the elbow as in the Italian version and 
not pain in the last two fi ngers as in the English version 
(24). Patients with bilateral ulnar neuropathy arbitrarily 
received the UNEQ score for the left side.  

The DASH is a 30-item questionnaire that measures 
disability of both upper extremities simultaneously. It 
is divided into six domains: daily activities, symptoms, 
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social function, work function, sleep, and confi dence 
(18–20). We respected the original time window of 
DASH, ie, the past week. In our questionnaire, we 
shunted respondents who did not report pain or discom-
fort in shoulders, arms, or hands within the past week 
around the DASH and they received the lowest DASH 
score. We omitted item 21 concerning sexual activities, 
which we thought was not socially acceptable in the 
context of our mailed questionnaire (33, 34). The score 
was scaled from 0–100 with greater disability refl ected 
by a higher score. We did not calculate DASH scores if 
>3 responses were missing. When we designed our ques-
tionnaire, the authorized Danish version of DASH was 
not yet available, so we translated DASH ourselves – our 
translation was very close to the authorized version.

Statistical analysis

We calculated descriptive statistics for UNEQ and 
DASH scores. Mean scores for patients with ulnar 
neuro pathy and those with ulnar neuropathy-like symp-
toms were compared by Wilcoxon rank sum test. The 
distribution of DASH scores was skewed towards lower 
values, so we classifi ed DASH scores in four categories 
of approximately equal size for further analyses; the 
DASH categories were 0, >0–20, >20–40, >40–100.

We applied ordered logistic regression to investigate 
potential prognostic factors for the outcomes. Odds ratios 
(OR) were estimated for one potential prognostic factor 
at a time in basic models including NCS year (dichoto-
mized: 2001–≤ 2003, 2004–≤2007), sex, and continuous 
age. We also estimated OR in full models including all 
potential prognostic factors under study except educa-
tion level, which we, a priori, decided not to include in 
the main analyses due to expected correlations with other 
potential prognostic factors. To explore any decline in 
symptoms with time since NCS, we performed alternative 
full model analyses including NCS year (trichotomized: 
2001–2002, 2003–2004, 2005–2007). We also repeated 
the full model analyses (i) with CTS (no/yes) as an addi-
tional potential prognostic factor and (ii) restricted to 
patients without CTS. To establish prediction models for 
a specifi c UNEQ score (rounded to whole numbers 1–5) 
and a specifi c DASH category, we performed manual 
backward elimination (35) with use of a P-value of ≥0.1, 
and subsequent refi tting of the model. We used STATA 
11.2 (StataCorp LP, College Station, TX, USA).

If information on occupational exposures was miss-
ing, patients were excluded from the analyses. Thus, the 
analyses were based on patients who had a job in the 
year before the NCS. Patients with missing informa-
tion on education level were placed in the group with 
vocational education and training, and patients with 
missing information on BMI received the mean of non-
missing values for the entire study population including 

referents. We classifi ed patients with missing informa-
tion on handedness as right-handed in order to decide 
if the dominant or non-dominant side was affected. In 
case of missing smoking status, we classifi ed patients 
as ex-smokers. Patients with missing information on 
other potential prognostic factors received the reference 
levels. We repeated the full-model analyses excluding 
participants with missing values.

Results

We mailed our questionnaire to 546 patients with ulnar 
neuropathy, 324 (59.3%) of whom responded, and to 
633 patients with ulnar neuropathy-like symptoms, 396 
(62.6%) of whom responded. The proportion of the 
referents who responded was 57.5%. As reported previ-
ously (16), persons with low education level and persons 
on cash benefi t were slightly underrepresented among 
respondents. The percentage, who received permanent 
transfer incomes at the NCS date, was 18.2% among 
respondents, and 19.4% among non-respondents. On 
average, respondents, who did not receive permanent 
transfer incomes at the NCS date, received health-
related transfer incomes for 9.6 weeks within 52 weeks 
following the NCS date as compared to 11.9 weeks for 
non-respondents. The median follow-up time was 4 
(1–7) years. 

Patients with ulnar neuropathy had a mean UNEQ 
score of 2.12 [standard deviation (SD) 1.10], which 
was signifi cantly larger than the mean UNEQ score of 
1.88 (SD 0.96) for patients with ulnar neuropathy-like 
symptoms (P=0.01). The mean DASH scores of 22.5 
(SD 23.8) and 23.9 (SD 22.5), respectively, did not dif-
fer (P=0.19). Both patient groups had clearly elevated 
scores when compared to their matched population ref-
erents, who had mean UNEQ scores of 1.15 (SD 0.44) 
and 1.20 (SD 0.51), and mean DASH scores of 9.1 (SD 
15.0) and 11.0 (SD 18.0).

Table 1 displays characteristics of the study popula-
tion (patients with ulnar neuropathy and ulnar neuro-
pathy-like symptoms) according to occupational force 
requirements. A relatively high proportion of men and a 
relatively young age characterized the group with a high 
force-score (≥1). The proportion of current smokers and 
the proportion with low education level increased with 
increasing force-score. A high force-score tended to 
coincide with high values for repetition time (correlation 
coeffi cient 0.76), non-neutral-posture time (correlation 
coeffi cient 0.66), and HAV time (correlation coeffi -
cient 0.44). The most frequent jobs with a high force-
score were carpenters, smiths, lorry drivers, machinists, 
farmers, and car mechanics among men, and nursing 
aids, cleaners, physiotherapists, kitchen assistants, and 
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slaughterhouse workers among women. These jobs 
accounted for 30% of high force-scores among men and 
60% among women. Frequent jobs with a medium force-
score (>0–<1) were nursery and kindergarten teachers 
and manufacturing workers for either sex, nursery and 
kindergarten assistants and nurses for women, and taxi 
and coach drivers and stock clerks for men. 

The percentage with CTS was 5.3% (17/324) among 
patients with ulnar neuropathy and 8.3% (33/396) 
among patients with ulnar neuropathy-like symptoms. 
Across categories of occupational force requirements, 
the percentage with CTS was 6.8% (force-score=0), 
5.5% (force-score >0–<1), 8.1% (force-score ≥1), 
and 6.2% (missing force-score). Among patients with 
ulnar neuropathy and ulnar neuropathy-like symptoms, 
respectively, 60.5% and 51.7% still had symptoms 
(rounded UNEQ score >1) at follow-up, and 44.5% and 
49.4% still had disability (DASH score >20); 30.3% and 
1.8% had undergone surgery for nerve entrapment at the 
elbow. Among patients with ulnar neuropathy, 55% of 
the surgically treated patients and 49% of the remainder 
had a force-score ≥1. 

Table 2 shows the main results on the prognosis of 
patients referred for NCS for suspected ulnar neuro pathy. 
Across the models (basic, full, and prediction models), 
NCS result (abnormal/normal) was a prognostic factor 
regarding UNEQ, but not DASH. For both UNEQ and 
DASH, a force-score ≥1, current smoking, and BMI 
≥30 kg/m2 predicted a less favorable prognosis. A more 
recent NCS year was associated with higher UNEQ and 
DASH scores, suggesting a tendency for improvement 
over time. When we applied the trichotomized NCS 
year variable with 2001–2002 as the reference, the 
OR for 2003–2004 was 1.51 (95% CI 1.00–2.28) and 
the OR for 2005–2007 was 1.51 (95% CI 1.01–2.26) 
for UNEQ, suggesting that improvement in symptoms 
took place within the fi rst couple of years after NCS. 
The corresponding OR for DASH were 1.44 (95% CI 
0.97–2.12) and 1.69 (95% CI 1.17–2.44), suggesting a 
gradual improvement over time. Other OR in the models 
did not change. Introduction of education level into the 
full models did not alter the overall fi ndings (results 
not shown). When we repeated the full model analyses 
with CTS (no/yes) as an additional potential prognostic 
factor, the results regarding UNEQ and DASH did not 
change (results not shown). After restriction to patients 
without CTS and patients without missing covariates, 
results were similar to those presented in table 2 (results 
not shown). We did not include surgery in the full 
 models since almost only patients with ulnar neuropathy 
had surgery. In basic models, surgery for nerve entrap-
ment at the elbow indicated an unfavorable prognosis 
with respect to UNEQ [OR 1.90 (95% CI 1.24–2.93)], 
but not DASH [OR 1.11 (95% CI 0.74–1.68)] (results 
regarding surgery do not appear in the table). 

Table 1. Distribution of study population according to biomedi-

cal, personal, lifestyle, and occupational factors within catego-

ries of occupational force requirements. 

Force-score

Missing
N=81

0
N=176

>0–<1
N=165

≥1
N=298

% % % %

Condition

Ulnar neuropathy 54.3 39.2  41.8 47.7

Ulnar neuropathy-like symptoms 45.7 60.8 58.2 52.3

Comorbidity a

No   76.5 85.2 89.7 88.6

Yes 23.5 14.8 10.3 11.4

Fracture, ipsilateral

No 79.0 79.0 80.6 78.5

Yes 21.0 21.0 19.4 21.5

Dominant-sided condition

No 54.3  52.8 53.9 52.7

Yes 45.7 47.2 46.1 47.3

Surgery, ipsilateral elbow

No 81.5 88.1 87.3 83.9

Yes 18.5 11.9 12.7 16.1

Sex

Male 40.7 47.7 32.1 55.4

Female 59.3 52.3 67.9 44.6

Nerve conduction studies (year)

2001–≤2003 48.2 42.1 42.4 39.6

2004–≤2007 51.9 58.0 57.6 60.4

Age at follow-up (years)

≤45  25.9 29.6 37.0 38.6

>45–≤55 24.7 28.4 30.3 28.2

>55 49.4 42.1 32.7 33.2

Body mass index

<20 kg/m2   2.5   3.4   8.5  4.4

≥20–<25 kg/m2 30.9 38.6 37.0 32.9

≥25–<30 kg/m2 32.1 37.5 38.2 37.6

≥30 kg/m2 28.4 18.2 15.2 21.5

Missing   6.2   2.3   1.2   3.7

Smoking status

Never smoker 37.0 39.8 32.7 29.5

Ex-smoker 14.8 27.3 27.9 18.8

Current smoker 40.7   31.8 37.6 46.0

Missing   7.4   1.1   1.8   5.7

Alcohol (units /week)

≤1 44.4 21.0 28.5 28.9

>1–<7 18.5 34.7 41.8 32.6

≥7 22.2 38.6 23.0 32.9

Missing 14.8   5.7  6.7   5.7

Education level   

Higher or medium-level   9.9 31.8 30.9   7.7

Vocational 22.2 46.0 25.5 38.6

Low (including cash benefi t) 55.6   9.1 39.4   51.7

Missing 12.3 13.1  4.2   2.0

Repetition time

0 hours/day - 96.0 45.5 28.9

>0–<2.5 hours/day -  4.0  37.6 14.4

≥2.5 hours/day - 0.0 17.0 56.7

Missing 100.0 - - -

Non-neutral-posture time

<1 hour/day - 63.6 59.4    28.9 

≥1–<2 hours/day - 11.9 35.8 14.4

≥2 hours/day - 24.4 4.9 56.7

Missing 100.0 - - -

Hand-arm-vibration time b

0 hours/day   - 100.0 100.0    70.5 

>0–<1 hour/day - 0.0 0.0 14.1

≥1 hour/day - 0.0 0.0 15.4

Missing 100.0 - - -

a Diabetes, thyroid or renal disorders.
b Time with exposure to hand-arm vibration with accelerations ≥3 m/s2.
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As an example of how to use the prediction models 
presented in table 2 to calculate the probability of a 
specifi c outcome, the probability (Pr) of a UNEQ score 
≥3 can be calculated by the equation: 

Pr (UNEQ ≥3) =  1 - Pr (UNEQ <3) = 
1 - 1/(1 + exp(0.50 × female sex + 0.35 × ulnar 
neuro pathy + 0.38 × recent NCS year + 0.40 × frac-
ture - 0.01 × ex-smoker + 0.38 × current smoker + 
0.34 × BMI <20 kg/m2 + 0.35 × BMI≥25-<30 kg/m2 
+ 0.56 × BMI≥30 kg/m2 + 0.24 × force-score >0-<1 
+ 0.57 × force-score ≥1 - cut2)), where all variables 
are coded 0 for no and 1 for yes. (The probability of 
getting a UNEQ score of 1 or 2 is subtracted using 
cut2=2.57).

Consider a patient who has symptoms and signs con-
sistent with ulnar neuropathy, and who is characterized 
by female sex, ulnar neuropathy, current smoking, obesity 
(≥30 kg/m2), a high force-score, and reference levels of 
other variables in the prediction model. Her probability 
of becoming free from symptoms (receiving a rounded 

UNEQ=1, ie, cut1 must be used) would be 25% [1/(1 + 
exp(0.50 + 0.35 + 0.38 + 0.56 + 0.57 – 1.27)) × 100%] as 
compared to 61% [1/(1 + exp(0.50 + 0.35 – 0.01 – 1.27)) 
× 100%] if she had instead been an ex-smoker with a 
normal BMI (≥20–<25 kg/m2) and a force-score of 0. 

Discussion

Among patients with ulnar neuropathy and ulnar neuro-
pathy-like symptoms, respectively, 60.5% and 51.7% still 
had symptoms and 44.5% and 49.4% still had disability 
after a median follow-up time of 4 years. Both patient 
groups had more severe symptoms and disability than 
age- and sex-matched referents. We identifi ed female sex, 
current smoking, BMI ≥30 kg/m2, distal upper-extremity 
fracture, and high occupational force requirements as 
negative prognostic factors with regard to symptom sever-
ity and disability. There was a tendency for improvement 
over time. An abnormal NCS result confi rming ulnar 

Table 2. Ordered logistic regression models for prognosis of patients referred for nerve conduction studies (NCS) on suspicion of ulnar 

neuropathy as regards symptom severity and disability. Use of the prediction model is explained in the text, see cuts below the table.a 

Signifi cant results are displayed in bold. [DASH=Disability of the Arm, Shoulder, and Hand; HAV=hand-arm vibration; NA=not applicable; 

OR=odds ratio; UNEQ=Ulnar Neuropathy at the Elbow Questionnaire; 95% CI=95% confi dence interval].

Symptom severity (UNEQ, aff ected side) Disability (DASH b, both sides together)

Basic 
model c

Full 
model d

Prediction 
model

Basic 
model c

Full 
model d

Prediction 
model

OR OR 95% CI ß SE OR 95% CI OR OR 95% CI ß SE OR 95% CI

Male NA 1.00 1.00 NA 1.00 1.00

Female NA 1.49 1.02–2.19 0.50 0.18 1.64 1.16–2.32 NA 2.42 1.66–3.53 0.99 0.16 2.69 1.97–3.69

NCS year

2001–≤2003 NA 1.00 1.00 NA 1.00 1.00

2004–≤2007 NA 1.48 1.07–2.04  0.38 0.16 1.46 1.06–2.01 NA 1.49 1.10–2.01 0.37 0.15 1.45 1.07–1.95

Ulnar neuropathy–like 
symptoms

1.00 1.00 1.00 1.00 1.00

Ulnar neuropathy 1.74 1.42 1.01–2.01  0.35 0.17 1.42 1.02–1.98 1.05 0.78 0.57–1.08 Not included Not included

Fracture, ipsilateral

No 1.00 1.00 1.00 1.00 1.00 1.00

Yes 1.56 1.47 1.01–2.15 0.40 0.19 1.49 1.03–2.16 1.58 1.58 1.10–2.27 0.45 0.18 1.57 1.10–2.24

Never smoker 1.00 1.00 1.00 1.00 1.00 1.00

Ex–smoker 1.00 1.00 0.66–1.52 –0.01 0.21 0.99 0.66–1.49 1.22 1.23 0.84–1.80 0.19 0.19 1.21 0.83–1.76

Current smoker 1.61 1.49 1.02–2.19 0.38 0.19 1.47 1.01–2.12 1.64 1.54 1.08–2.21 0.40 0.18 1.49 1.06–2.11

Body mass index

<20 kg/m2 1.50 1.42 0.70–2.86  0.34 0.36 1.40 0.70–2.81 1.65 1.84 0.94–3.60 0.53 0.34 1.71 0.88–3.32

≥20–<25 kg/m2 1.00 1.00 1.00 1.00 1.00 1.00

≥25–<30 kg/m2 1.40 1.44 1.00–2.08 0.35 0.18 1.42 0.99–2.04 1.06 1.09 0.78–1.52 0.06 0.17 1.06 0.76–1.47

≥30 kg/m2 1.76 1.76 1.12–2.74 0.56 0.22 1.76 1.14–2.71 1.74 1.64 1.07–2.51 0.57 0.21 1.76 1.16–2.67

Force-score

0 1.00 1.00 1.00 1.00 1.00 1.00

>0–<1 1.29 1.37 0.83–2.24 0.24 0.22 1.27 0.83–1.94 0.91 0.93 0.58–1.48 -0.12 0.20 0.89 0.59–1.32

≥1 1.96 1.78 1.10–2.88 0.57 0.19 1.78 1.22–2.58 1.75 1.66 1.06–2.59 0.51 1.66 1.17–2.36

a UNEQ: Cut1 1.27 (95% CI 0.73–1.80); cut2 2.57 (95% CI 2.00–3.14); cut3 3.73 (95% CI 3.11–4.34); cut4 6.18 (95% CI 5.20–7.16). DASH: Cut1 1.22 
(95% CI 0.38–2.07); cut2 2.42 (95% CI 1.56–3.28); cut3 3.63 (95% CI 2.74–4.52)

b DASH scores were divided into four categories: 0, >0–≤20, >20–≤40, >40–≤100.
c Basic models included sex, age, and NCS year for one potential prognostic factor at a time. 
d Full models included all variables in the table and age, comorbidity (diabetes, thyroid or renal disorders; no/yes), dominant-sided condition (no/yes), 

repetition time (0, >0–<2.5, ≥2.5 hours/day), non-neutral-posture time (<1, ≥1–<2, ≥2 hours/day), HAV time (0, >0–<1, ≥1 hour/day), and alcohol (units 
/week; ≤1, >1–<7, ≥7).
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neuro pathy indicated an unfavorable prognosis with 
respect to symptoms of ulnar neuropathy, but not disabil-
ity, and surgery for nerve entrapment at the elbow showed 
the same prognostic pattern. We constructed prediction 
models for both symptom severity and disability.

All patients were clinically suspected of ulnar neuro-
pathy by the supervising consultant according to the exam-
ination strategy of the neurophysiological department. 
Thus, we consider it unlikely that co-occurrence of other 
disorders such as proximal nerve compression affected 
our results noticeably, even though such disorders might 
occur more often in the group with ulnar neuropathy-like 
symptoms. A standardized clinical examination protocol 
was not used for data registration at the NCS date (base-
line), although this would have been preferable. Due to the 
retrospective data collection, we also did not have baseline 
UNEQ and DASH scores. This meant that we were unable 
to judge if high baseline scores characterized patients who 
subsequently underwent surgery for nerve entrapment at 
the elbow, but this may well have been the case. High 
baseline scores could then be part of the explanation why 
the surgery patients had relatively high UNEQ scores at 
follow-up. Alternatively, the fi nding might refl ect compli-
cations of the surgical treatment per se, but little is known 
about the occurrence of adverse events (1).

We analyzed patients with ulnar neuropathy and 
ulnar neuropathy-like symptoms together because we 
did not want to assume beforehand that the NCS result 
was a prognostic factor. Due to a limited number of 
patients, we did not proceed to stratify the model by con-
dition. This will be relevant in future prognostic studies.

We assessed occupational exposures based on the job 
held in the year before the NCS year (these exposures were 
highly correlated with exposures estimated for a fi ve-year 
period before the NCS year) (16), whereas we did not col-
lect exposure information for the follow-up period. If the 
prognostic effects were solely related to exposures before 
the NCS date, this would imply that later modifi cations of 
occupational force requirements would be useless. This 
interpretation of the results corresponds to assuming that 
all patients reduced their force-scores to 0 after the NCS 
examination, which seems unlikely. Thus, our results 
probably best refl ected prognostic effects of continuous 
and unchanged occupational biomechanical exposures, 
but underestimated these effects to the extent that patients 
reduced their exposures. We may also have underestimated 
the impact of high occupational force requirements due to 
over-adjustment because we included posture, repetitive 
movements, and HAV in our full models.  

Patients with symptoms may tend to overestimate their 
occupational exposures, which could lead to overestimated 
associations between high exposure levels and poor out-
comes in retrospective studies relying on self-reported 
exposures. The present study had the advantage that we 
assessed occupational biomechanical exposures by means 

of a JEM based on expert ratings, ie, independently of 
the symptom status of the patients. The study popula-
tion represented a variety of occupational biomechanical 
exposures and a wide range of exposure levels and daily 
exposure durations. Thus, with the exception of HAV that 
occurred infrequently, exposure contrasts were present 
as a prerequisite for the ability of our study to assess the 
exposures as prognostic factors. This was also true of the 
studied lifestyle factors, except that high levels of alcohol 
consumption were hardly represented so that we could 
not assess the potential prognostic effects of alcoholism.

We were able to compare respondents and non-
respondents with respect to a number of baseline char-
acteristics. There was a small tendency that non-respon-
dents had lower education level, which was presumably 
associated with higher occupational exposures, and the 
fi rst year after NCS they received more health-related 
transfer incomes than respondents. Thus, we may have 
underestimated symptoms and disability at follow-up 
due to non-response, but overall, respondents and non-
respondents were much alike. 

When we planned our study, UNEQ had only been 
used in the study that introduced the questionnaire (24). 
Surprisingly, UNEQ has still to come into common use. 
We carefully translated UNEQ into Danish, but we did 
not follow formal procedures of forward and backward 
translation, and we used a slightly modifi ed version of the 
questionnaire. Instead, our study benefi tted from the possi-
bility of internal comparisons between patients with ulnar 
neuropathy, patients with neuropathy-like symptoms, and 
background population scores. A further advantage was 
the possibility of comparing UNEQ and DASH scores. 

Among patients with ulnar neuropathy, we found a 
mean UNEQ score of 2.12 (SD 1.10), which was close 
to the mean score of 2.03 (SD 0.7) originally reported 
for Italian patients with ulnar neuropathy (24). To our 
knowledge, a minimal clinically important change has not 
been reported for UNEQ, but a change in mean UNEQ 
scores from 2.03 to 1.73 was originally found to correlate 
signifi cantly with a score for patient satisfaction (24). 
Thus, it seems likely that achievable changes would be of 
clinical importance, assuming that positive changes of the 
factors in the prediction model would actually improve 
prognosis. The fact that the NCS result (abnormal/normal) 
was a prognostic factor with respect to UNEQ, but not 
DASH scores, corroborated the specifi city of UNEQ with 
respect to symptoms related to the ulnar nerve.

The observed mean DASH score for the background 
population was close to reported normative values (36). 
A 10-point difference in mean DASH scores has been 
reported as a minimal clinically important difference (37), 
which suggests that both patient groups had clinically 
importantly elevated DASH scores when compared to 
their matched population referents. Our results indicated 
that symptom and disability scores decreased over time, 
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and in agreement with this, the observed mean DASH 
scores of around 23 for both patient groups were lower 
than preoperative scores of 28 to 33 reported for patients 
with ulnar neuropathy, but higher than corresponding 
postoperative values of 7 to 13 (21, 23). The DASH scores 
were substantially lower than mean DASH scores of 44 
(SD 22) reported for patients who were assessed between 6 
months and 15 years (median 14 months) after a traumatic 
upper-extremity nerve injury, including brachial plexus 
injury in 37% of the cases (15). Brachial plexus injuries 
have been found to be associated with mean DASH scores 
of 55 to 60 (22). A previous study of DASH scores in 
patients with upper extremity disorders at shoulder or wrist 
level showed that patients who were working had mean 
DASH scores of 27, whereas patients who were unable to 
work had mean DASH scores of 51 (18). Thus, on aver-
age, the patients in the present study had more disability 
than their matched population referents, but compared to 
a clinical spectre of peripheral nerve affections their dis-
ability levels at follow-up were relatively low.   

 We think that our results can be generalized to other 
populations of patients who are suspected of ulnar neuro-
pathy. Although not validated, the prognostic model could 
be a useful tool for informing patients about the potential 
benefi ts of modifying occupational exposures and lifestyle 
factors. We found that the prognosis of the two patient 
groups differed with respect to disease-specifi c UNEQ 
scores, but not regarding general DASH scores. This cor-
roborated our overall hypothesis that ulnar neuropathy con-
fi rmed by NCS differs from ulnar neuropathy-like symp-
toms with normal NCS, not only with respect to profi le 
of risk factors (16, 17) but also with respect to prognosis. 

In conclusion, distinction between ulnar neuropathy 
and ulnar neuropathy-like symptoms by means of NCS 
contained prognostic information with respect to sever-
ity of symptoms specifi c for ulnar neuropathy (as mea-
sured by UNEQ), but not with respect to degree of dis-
ability of the hands and arms (as measured by DASH). 
A negative impact of high occupational force require-
ments, current smoking, and obesity on both outcomes 
suggested that reduction of these factors might improve 
the prognosis of ulnar neuropathy and ulnar neuropathy-
like symptoms, but this remains to be shown. 
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