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CARPAL TUNNEL SYNDROME AND MANUAL MILKING

Nerve conduction studies in 43 cases
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ABSTRACT - From 1989 to 2004, 3125 consecutive patients had electrodiagnosis of carpal tunnel syndrome
(CTS); from these 43 cases (1.38%) were associated to manual milking; mean age was 44.9 years and 88.4%
were male. The mean time in the milking profession was 247 months; the mean daily milking time was
146 minutes; symptoms referred at electrodiagnostic consultation had lasted on average 34 months, 83%
were bilateral. The median sensory nerve conduction study was abnormal in 75.6% to the right and 66.7%
to the left hand. The median nerve motor distal latency (MDL) was abnormal in 92.1% to the right and in
80.0% to the left hand. There were no differences between right and left for all electrophysiological param-
eters. In CTS related to manual milking most cases were men, with the MDL more affected than the sen-
sory distal latencies and the electrophysiological abnormalities were found to be symmetric. Manual milk-
ing could be a natural model for occupational CTS. In contrast to idiopathic CTS, there was a greater involve-
ment of motor fascicles; this finding is remarkable for CTS.
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Síndrome do túnel do carpo e ordenha: estudo de condução nervosa em 43 casos

RESUMO - No período de 1989 a 2004 foram diagnosticados por meio de eletroneuromiografia 3125 casos
consecutivos de Síndrome do túnel do carpo (STC) e destes, 43 (1,38%) estavam associados com ordenha;
a média de idade foi 44,9 anos e 88,4% eram do sexo masculino. O tempo médio de atividade profissio-
nal era 247 meses; o tempo médio de ordenha diária era 146 minutos; a sintomatologia referida na con-
sulta eletrodiagnóstica tinha em média 34 meses de duração e 83% a referiam bilateralmente. O estudo
da condução senstiva do nervo mediano estava anormal em 75,6% na mão direita e em 66,7% da mão
esquerda. A latência distal motora (LDM) do nervo mediano estava anormal em 92,1% à direita e em 80%
à esquerda. Não havia diferença significante dos parâmetros eletrofisiológicos entre os lados direito e
esquerdo. Na STC associada a ordenha, a maioria dos casos é de homens, a LDM está mais afetada que as
latências distais sensitivas e as anormalidades eletrofisiológicas são simétricas. A ordenha poderia ser con-
siderada um modelo para STC ocupacional e diferente da STC idiopática, há maior envolvimento dos fascícu-
los motores.

PALAVRAS-CHAVE: síndrome do túnel do carpo, nervo mediano, neuropatia compressiva, ordenha.

Carpal tunnel syndrome (CTS) is the most com-
mon entrapment neuropathy in humans1. Median
nerve is compressed as it passes through the carpal
tunnel together with nine flexor tendons, about 2
cm distal to the distal wrist groove2. The incidence
was first described in Rochester, Minnesota (1961-
1980); in women it is about 149:100000 and in men
52:1000003. In 1998, the incidence was described as
almost four times greater in Marshfield, an area in
Wisconsin4 and more recently in Siena, Italy (1991-
1998), where it was as high as 506:100000 for women

and 139:100000 for men5. The prevalence of diag-
nosed CTS, adjusted for age was found to be 3.4%
for women and 0.6% for men in Maastricht, the Ne-
therlands6; the prevalence of non-diagnosed CTS in
an adult female population was found to be 5.8%,
thus totalizing almost 10%. CTS was more frequent-
ly found in women between 40 to 60 years old and,
in spite of the relationship to personal and occupatio-
nal factors and to underlying systemic diseases, most
of the cases are idiopathic. Nerve conduction stud-
ies are the gold-standard method for CTS diagnosis,
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usually showing prolonged distal latencies of the
median nerve7-9.

Carpal tunnel syndrome related to occupational
factors has been a disputed theme due to its elevat-
ed incidence in a general population regardless the
kind of activity. There is strong evidence that work
involving repetitive and strenuous use of the wrist
and hand contributes to the development of muscu-
loskeletal strain injuries and to CTS10. Personal char-
acteristics as risk factors for CTS development seem
to be more important than occupational. Age, gen-
der, weight (body mass index) and wrist dimension
have been well described to act independently as risk
factors11. The National Institute for Occupational Safe-
ty and Health Review of epidemiology studies on
occupational CTS concluded that there was evidence
of positive associations between highly repetitive
work, forceful work, or exposure to vibration and
the development of CTS12. There was insufficient evi-
dence to associate specific postures or hand or wrist
positions to the development of CTS. There was
strong evidence to combine factors such as force and
repetition or force and posture associated with the
development of CTS12.

Manual milking represents a major and very spe-
cific risk factor mainly in countries where milking ma-
chines are not yet in common use. We did not find
large series of individuals with CTS related to man-
ual milking so the aim of this study was to report on
43 cases with nerve conduction studies. When com-
pared to idiopathic CTS, cases related to manual milk-
ing revealed some important differences. We believed
that this could serve as a model to a better under-
standing of the pathophysiology of this compressive
neuropathy.

METHOD
Subjects – Forty-three patients with electrodiagnosis of

CTS related to manual milking were selected out of 3125
consecutive cases of CTS from 1989 to 2004. They repre-
sented 1.38% of total CTS electrodiagnoses. Thirty-eight
were men (88.4%) and 5 were women (11.6%) with a mean
age of 44.9±10.2 years (22 to 66). In contrast, of the non-

milk CTS cases 2,673 were women (86.7%) and 409 were
men (13.3%) with a mean age of 49.3±12.4 years (17 to 93).

Procedure – Electrophysiological parameters for CTS
diagnosis were based on median nerve sensory distal laten-
cy (SDL), onset-measured, ≥3.0 ms or conduction velocity
≤46.6 m/s with a wrist to index finger distance of 14 cm
and median nerve motor distal latency ≥4.25 ms with a
wrist to abductor pollicis brevis (APB) of 8 cm. In 2 cases,
median palm to wrist mixed peak latency ≥2.30 ms and
sensory median-ulnar latency difference to ring finger ≥0.50
ms was used. All cases had numbness, paresthesia and pain
at night and in the early morning and also during manual
milking. Polyneuropathy was excluded both clinically and
by normal sensory and motor ulnar nerve conduction stud-
ies. Mid-palmar temperature was kept at ≥32.0ºC.

Statistical analysis – The data analysis used the Student’s
t-test to compare means of electrophysiological parame-
ters between right and left hands. Statistical significance
was set at a p-value <0.05.

RESULTS
The mean time working in the milking profession

in 33 cases was 247±156 months (range: 2-600); the
mean daily milking time obtained in 28 cases was
146±101 minutes (range: 40-420); the mean duration
of symptomatology was 34±42 months (range: 1-144);
83.3% had bilateral symptoms, 12.5% only of the
right and 4.2% only of the left hand. Nerve conduc-
tion studies were bilaterally abnormal in 69.8%,
18.6% of right and 11.6% of left hand. The median
sensory nerve conduction study (NCS), wrist to index
finger, was abnormal (CV ≤46.6 m/s) in 75.6% of the
right and 66.7% of the left hand. Sensory median ac-
tion potentials were not obtainable in 2 right hands
and 1 left hand. The median motor distal latency
(MDL), wrist to APB, was abnormal in 92.1% of the
right and in 80.0% of the left hand (MDL ≥4.25 ms,
8 cm); there was no difference between right and
left latencies. Compound action muscular potentials
were recordable in all cases. Right and left electrophy-
siological parameters as well the statistically signifi-
cant differences are shown on Table.

Table. Results of median nerve electrophysiological parameters.

Right n Left n p-value

SDL (wrist to index, 14 cm) 3.66±0.43 ms 31 3.65±0.55 ms 31 0.9367

SNAP amplitude (wrist to index, 14 cm) 10.48±5.20 uV 31 13.12±9.10 uV 31 0.1659

MDL (wrist to APB, 8 cm) 5.28±0.81 ms 37 5.26±0.88 ms 32 0.9220

ms, milliseconds; uV, microvolt; n, number; SDL, sensory distal latency; SNAP, sensory nerve action potential; MDL, motor distal latency;
APB, abductor pollicis brevis.
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DISCUSSION

Although there are several reports of the associ-
ation of CTS and occupation, the relationship bet-
ween manual milking and CTS nerve conduction para-
meters has not been described. Stal et al.13 described
that high values of dorsiflexion and radial deviation
as well as increased velocity and repetitiveness might
induce an increased risk of CTS in females working
with machine milking. Various epidemiologic studies
use different research definitions of CTS. Subtle ab-
normalities of median nerve conduction can frequent-
ly be detected in workers, whether or not they use
their hands for heavy or repetitive work. Because me-
dian nerve conduction abnormalities can be asymp-
tomatic, these observations do not determine whe-
ther certain activities can cause CTS14. 

Despite widespread recognition of the relation-
ship between hand and wrist use and symptoms of
CTS, some authors still debate whether activities are
a cause of the basic pathology of the syndrome14. Da-
vis et al.10 emphasized that work related to CTS is a
significant public health problem and, physician-re-
ported cases were more likely male and employed in
manufacturing. Some debate exists related to CTS,
gender and occupation. Some believe that women
with CTS are more likely to work in moderate man-
ual work and men with CTS are more likely to work
in heavy office/clerical work15. However, McDiarmid
et al.16 argue that men and women doing the same
work tasks will have similar rates of CTS, and, partic-
ularly in manual milking this was true, even though
most milkers are men. 

Manual milking involves the continuous and pow-
erful use of finger flexor muscles, alternating from
right to left hand. In our cases it occurred during mo-
re than 10 years with a mean time of about 2 and a
half hours daily. Subjects usually did not have com-
plaints at the beginning of the milking activity since
the mean symptomatology referred at the electro-
diagnostic consultation was about 2 and a half years.
The prolonged use of finger flexors at the same inten-
sity and equally in right and left hands correspond-
ed to the findings on nerve conduction parameters.
There were no statistical differences among median
sensory distal latencies, median sensory nerve action
potentials amplitudes and median distal motor laten-
cies. These findings were due probably by nonspe-
cific flexor tenosynovitis affecting synchronically all
the finger flexor tendons, a model that could be hard
to find in idiopathic CTS. In this situation patients do
not use the hands in strenuous and synchronous dai-
ly activities. 

Another striking and unusual electrophysiologi-
cal finding when compared to idiopathic CTS was the
predominant MDL abnormality instead of SDL: 92.1%
versus 75.6% of the right and 78.9% versus 73.2% of
the left hand. There was a distinctly different pat-
tern of involvement of all fascicles of the median ner-
ve not sparing the motor fascicles as in some mild
idiopathic CTS17. One hypothesis is that in CTS relat-
ed to manual milking, median nerve fascicles are
equally involved because there is nonspecific flexor
tenosynovitis of all finger flexor tendons. In contrast,
in idiopathic CTS the involvement of sensory more
than motor fascicles could be due to a more selecti-
ve nonspecific tenosynovitis. On the other hand, we
can not exclude a gender bias with the predominance
of men in CTS related to manual milking (87.8%). 

We conclude that manual milking could be consi-
dered a natural model for occupational related CTS.
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