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Entrapment neuropathies of the upper extremity, including carpal tunnel
syndrome (CTS) and ulnar and radial neuropathies are common in the general
population. The most common of these is CTS, the prevalence of which can be
up to 5%. These neuropathies cause loss of hand function, disability, sick
leaves and high health care costs. Up to two thirds of diagnosed cases are
treated surgically. However, their aetiology is multifactorial and is still not
fully understood.
This study evaluated the incidence rate and the proportion of surgically
treated cases of CTS, ulnar nerve entrapment (UNE) and radial neuropathies
in the Finnish population, based on data from the Care Register for Health
Care on hospitalizations in specialist care, 2007–2016. The risk factors for CTS
and UNE were studied in the Northern Finland Birth Cohort 1966
(NFBC1966), whose participants attended a clinical examination in 1997 and
gave their written informed consent (N = 8 719). For CTS, occupational
exposures were studied in a sub-population of NFBC1966 participants who
worked at least three days a week at study baseline in 1997at the age of 31.
In the Finnish population, the crude incidence rates (95% confidence
interval, CI) per 100 000 person-years between 2007 and 2017 among women
and men were 196.5 (194.8–198.2) and 104.8 (103.6–106.0) for CTS, 25.8
(25.2–26.4) and 36.0 (35.2–36.7) for UNE, and 5.7 (5.4–6.0) and 8.5 (8.2–
8.9) for radial entrapment neuropathies. Of these, CTS was operated in 62.6%
of women and 61.3% of men, UNE in 43.2% of women and 47.2% of men, and
radial nerve entrapment in 11.4% of women and 7.7% of men. CTS was more
common among women (women : men risk ratio, RR = 1.4), whereas UNE and
radial neuropathies were more common among men (men : women RR = 1.4
and 1.5, respectively). In NFBC1966, overweight or obesity, history of regular
smoking, and the socio-economic status of farmers or manual workers
increased the risk of CTS over follow-up (1997–2016). Of the self-reported
occupational exposures, vibration to the hands was associated with double the
risk of CTS. Smoking ten or less pack-years before the age of 31 increased the
risk of UNE two-fold and smoking more than ten pack-years over five-fold over
follow-up. Overweight or obesity, socioeconomic status, or gender did not
increase the risk of UNE in the adjusted analyses.
Successful prevention of CTS, UNE and radial neuropathies requires better
recognition of their risk factors. This study established several risk factors for
CTS, and revealed smoking as the most important risk factor for UNE.
Keywords: carpal tunnel syndrome, ulnar nerve entrapment, entrapment
neuropathy, risk, factors, register study, cohort study
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Yläraajan hermopinteet, kuten rannekanavaoireyhtymä ja kyynär- ja
värttinähermon pinteet, ovat yleisiä väestössä. Niistä yleisin on
rannekanavaoireyhtymä, jonka esiintyvyys on noin 5%. Yläraajan
hermopinteet aiheuttavat toiminnanvajausta, sairauslomia ja merkittäviä
terveydenhuollon kustannuksia. Hermopinteet vaativat noin kahdessa
kolmesta tapauksesta leikkaushoitoa.
Tässä väitöskirjatutkimuksessa selvitettiin rannekanavaoireyhtymän ja
kyynär- ja värttinähermon pinteiden ilmaantuvuutta ja leikkaushoidon
osuutta
suomalaisessa
väestössä
vuosina
2007-2016
Hoitoilmoitustietorekisterin tietoihin perustuen. Rannekanavaoireyhtymän ja
kyynärhermon
pinteiden
riskitekijöitä
tutkittiin
Pohjois-Suomen
syntymäkohortissa 1966 (N=8719). Potilaiden tiedot ja suostumus oli kerätty
kliinisessä tutkimuksessa vuonna 1997. Rannekanavaoireyhtymän
työaltisteita tutkittiin henkilöillä, jotka kävivät palkkatyössä vähintään
kolmena päivänä viikossa.
Suomalaisessa väestössä vuosina 2007-2016 rannekanavaoireyhtymän
ilmaantuvuus (95% luottamusväli) sataatuhatta henkilövuotta kohti oli
naisilla 196,5 (194.8-198.1), kyynärhermon pinteiden 25,8 (25,2-26,4) ja
värttinähermon pinteiden 5,7 (5,4-6,0). Miehillä vastaavat luvut olivat 104,8
(103,6-106,0), 36,0 (35,2-36,7) ja 8,5 (8,2-8,9). Leikkauksella hoidettujen
tapausten osuus naisilla rannekanavaoireyhtymäryhmässä oli 62,6%,
kyynärhermon pinneryhmässä 43,2% ja värttinähermon pinneryhmässä 11,4
%. Vastaavat luvut miehillä olivat 61,3%, 47,2% ja 7,7%.
Rannekanaoireyhtymä oli yleisempi naisilla (naiset : miehet, riskisuhde 1.4),
mutta kyynär- ja värttinähermon pinteet olivat yleisempiä miehillä (miehet :
naiset, riskisuhde 1.4 ja 1.5).
Pohjois-Suomen syntymäkohortissa 1966 ylipaino, säännöllinen
tupakointi, maatalousyrittäjyys tai ruumiillinen työ lisäsivät sekä naisten että
miesten riskiä sairastua rannekanavaoireyhtymään seuranta-aikana (19972016). Työaltisteista tärkein rannekanavaoireyhtymän riskitekijä oli käsiin
kohdistuva tärinä. Tupakointi ennen 31 ikävuotta lisäsi kyynärhermopinteen
riskiä: korkeintaan kymmenen askivuoden tupakointi yli kaksinkertaisti ja yli
kymmenen askivuoden tupakointi yli viisinkertaisti seuranta-aikana todetun
kyynärhermopinteen riskin. Ylipaino, sosioekonominen asema tai sukupuoli
eivät lisänneet kyynärhermopinteen riskiä.
Jotta rannekanavaoireyhtymää ja kyynär- ja värttinähermon pinteitä
voitaisiin ehkäistä, niiden riskitekijät tulisi tunnistaa paremmin. Tässä
väitöskirjatutkimuksessa
löydettiin
useita
rannekanaoireyhtymän
riskitekijöitä.
Kyynärhermopinteiden
riskitekijöistä
tupakointi
oli
merkittävin.



Asiasanat: rannekanavaoireyhtymä, kyynärhermon pinne, hermopinteet,
riskitekijät, rekisteritutkimus, kohorttitutkimus
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Musculoskeletal disorders, including entrapment neuropathies of the upper
extremity, are common in the general population (Latinovic, Gulliford, and
Hughes 2006). The most common entrapment neuropathy of the upper
extremity is carpal tunnel syndrome (CTS) with a point prevalence of up to 5%
in the general population (Atroshi et al. 1999; de Krom et al. 1992) and even
higher in specific occupational groups (Palmer, Harris, and Coggon 2007).
Ulnar nerve entrapment (UNE) is the second most common entrapment
neuropathy of the upper extremity. Radial nerve entrapment neuropathies are
rare (Latinovic et al. 2006).
Entrapment neuropathies of the upper extremity can cause pain and loss
of hand function. If untreated, the symptoms can become permanent (Green,
Hotchkiss, and Pederson 2005). More than half of CTS cases usually require
surgical treatment (Verdugo et al. 2008), and carpal tunnel release (CTR) is
one of the most common surgical procedures of the upper extremity (Jain et
al. 2014). If conservative treatment fails or the entrapment is moderate or
severe, surgery is also needed for UNE (Caliandro et al. 2016).
The incidence rate of these conditions peaks among the working-age
population (Roquelaure et al. 2006). This might cause a loss of productivity at
work (Martimo et al. 2009), increased use of health care services (IJzelenberg
and Burdorf 2005) and health care costs (Feuerstein et al. 1998; Juratli et al.
2010), sick leaves (Daniell, Fulton-Kehoe, and Franklin 2009; Newington et
al. 2018), long-term work absence (Katz et al. 1998) and early retirement and
disability pension (Jensen et al. 2012).
The aetiology of entrapment neuropathies is multifactorial, and includes
both personal and environmental risk factors (Fadel et al. 2017; van Rijn et al.
2009; Roquelaure et al. 2006). These can be divided into modifiable and nonmodifiable risk factors (Rothman 2002). Non-modifiable risk factors include
gender, genetics, age and family history, and cannot be changed. Modifiable
environmental risk factors for entrapment neuropathies should first be
recognized, after which they can be positively affected among individuals of
the given population, to reduce the incidence rate of these conditions. For
example, workplace interventions such as ergonomic adjustments have shown
to be effective in reducing sickness absence due these conditions (Shiri et al.
2011).
The purpose of this study was to evaluate the incidence of the entrapment
neuropathies of three main nerves of the upper extremity in a Finnish
population, and to assess the risk factors for CTS and UNE in the Northern
Finland Birth Cohort 1966 (NFBC1966).
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The use of epidemiological terms and concepts may vary across studies. This
section explains the terms and concepts used in this thesis.
A cross-sectional study is an observational study that analyses data from a
population or a representative subsample at a single point in time.
Longitudinal studies analyse data at several time points. A cohort study
examines selected exposure(s) in a defined population until they develop
outcome(s) of interest in the follow-up. In a case-control study, cases
identified in the population of interest are classified as exposed and
unexposed, and a control group is sampled from the same population that
gives rise to the cases. As the estimate of the distribution of the exposed in the
population of interest comes from the control group, this needs to be sampled
independently of exposure status (Rothman 2002).
Information on study participants can be collected in several ways.
Questionnaires can either be completed by the participants themselves (selfadministered) or administered during an interview. Objective information can
be collected in clinical examinations. Sometimes adequate information
already exists and is available from, for example, hospital records. Registries
are maintained, organized collections of data on specific individuals or
populations (Coggon, Rose, and Barker 2019). For example, the Care Register
for Health Care contains information on the hospital admissions and
discharges of the whole population of Finland (National Institute for Health
and Welfare 2019).
Prevalence tells us the proportion of cases in the defined population: point
prevalence at one point of time and periodic prevalence during a certain
period of time. The incidence rate tells us how many new cases of the defined
condition occur per unit of person-time at risk, usually expressed per 100 000
person-years at risk. The crude incidence rate is the unadjusted observed
incidence rate of a defined condition in a certain population. As populations
may differ in age and sex distribution, their crude incidence rates may not be
comparable with each other. Adjusted incidence rates or age-standardized
incidence rates are rates that would have existed if the population under study
had the same age distribution as the selected standard population. This
enables comparison of incidence rates occurring in different populations.
Risk factors are associated with an increased probability of outcome in a
subpopulation, and for causal or aetiological risk factors this association is
causal. Environmental risk factors are usually modifiable, meaning that they
can be measured and changed; whereas non-modifiable risk factors remain
the same and cannot be eliminated to decrease the probability of the outcome
occurring.
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In epidemiology, the association between exposure and outcome is usually
reported using effect measures. Risk ratio or relative risk (RR) is the risk of
some event happening in the exposed group compared to it happening in the
control group. Risk difference (RD) describes the absolute excess risk among
the exposed compared with the unexposed population. Hazard ratio (HR) is
a ratio of hazard rates corresponding to the conditions described by two or
more levels of an explanatory variable, taking into account the timing of each
outcome, and is used in longitudinal studies (Hernán 2010). Odds ratio (OR)
is the ratio for the odds of the outcome in the exposed group compared to the
control group, and is used in case-control studies (Rothman 2002).
Attributable risk is the portion of disease rate attributable to the exposure
factor in the epidemiological context in a population of interest.
Epidemiologic studies are afflicted by two types of error: random error and
systematic error. Increasing the study population infinitely would reduce
random errors to zero; the errors that remain would be systematic errors or
biases. Bias can be caused when selecting study participants and measuring
the study variables, or by uncontrolled confounding factors. Selection bias is
present when the association between exposure and disease differs between
study participants and non-participants. Information bias occurs when
information collected from the study participants is erroneous and the
frequency of error in groups is compared. Confounding factors or confounders
are related to both exposure and outcome, and mix the relation between these
in statistical analyses (Rothman 2002).
There are several ways to deal with confounders, such as standardization
or adjusting for potential confounders in mathematical models. A univariate
analysis or univariate model has only one explanatory variable in the
relationship to outcome, and the effect measure it gives is unadjusted.
Multivariate analysis has several explanatory variables in the same model,
and the effect measure is adjusted for these. A time to event analysis analyses
the time until the occurrence of the outcome (Everitt and Vehkalahti, 2019).
Confidence intervals (CI) describe the precision of the estimate, including a
range of potential values of the unknown population parameter for a certain
level of confidence, usually 95% (Porta et al. 2014).
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Entrapment neuropathies of the upper extremity form one of the biggest
groups of diagnoses that hand surgeons encounter in their practices every day.
This thesis studies only CTS (median nerve) and entrapments of ulnar and
radial nerves.
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The brachial plexus is formed by the ventral rami of the spinal nerves of the
lower cervical (C5-C8) and upper thoracic (T1) spinal cord segments. These
nerve roots form upper (C5-6), middle (C7) and lower (C8 and T1) nerve
trunks. These trunks then partly mix and divide into three nerve cords, named
according to their anatomical position in relation to the arteria axillaris: the
lateral, medial and posterior cords. Along the way, the brachial plexus yields
some small motor and sensor nerve branches into the cervical, scapular,
shoulder and pectoral area. Distally the brachial plexus forms four main
nerves, which provide nerve supply to the upper extremity:
musculocutaneous, median, ulnar and radial nerves. (Figure 1).
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The median nerve originates from the lateral and median cords of the
brachial plexus and has contributions from C6-Th1. The median nerve brings
sensation to the volar side and tip of the thumb, index and middle finger, and
the radial side of the ring finger. It innervates musculus (m.) pronator teres,
m. flexor carpi radialis, m. palmaris longus and m. flexor digitorum
superficialis in the forearm. In the forearm, the median nerve branches off as
an anterior interosseous nerve, which innervates m. digitorum profundus IIIII, m. flexor pollicis longus and m. pronator quadratus (Gunther,
DiPasquale, and Martin 1992). At the wrist, the median nerve runs in the
carpal tunnel, and yields another motor branch right after it, usually

6

innervating m. lumbricalis I-II, m. abductor pollicis brevis, m. flexor pollicis
brevis and m. opponens pollicis (Seiler et al. 2017).
The ulnar nerve (C7-Th1) runs behind the median epicondyle at the elbow
through the cubital tunnel. It yields motor branches to m. flexor carpi ulnaris
and m. flexor digitorum profundus IV-V at the proximal forearm, then
sensory branches to the dorsal and ulnar side of the hand, 5–10 cm proximal
to the wrist (Contreras et al. 1998). At the wrist, the ulnar nerve continues to
Guyon’s canal and divides into superficial and deep branches. The superficial
branch innervates m. palmaris brevis and brings sensation to the volar side
and tip of the little finger, and the ulnar side of the index finger. The deep
branch innervates m. abductor digiti minimi, m. opponens digiti minimi, m.
flexor digiti minimi, m. interossei, m. lumbricalis, m. adductor pollicis and
sometimes m. flexor pollicis brevis, m. abductor pollicis brevis and m.
opponens pollicis (König et al. 1994).
The radial nerve (C5-8) innervates m. extensor carpi radialis longus and
brevis and m. brachioradialis. Just distal to the elbow, the radial nerve divides
into a sensory superficial and deep motor branch called nervus (n.)
interosseus posterior. The superficial branch brings sensation to the radial
side of the dorsal hand. N. interosseous posterior innervates m. supinator and
the extensors of the wrist and fingers: m. extensor carpi ulnaris, m. extensor
digitorum communis, m. extensor digiti minimi, m. abductor pollicis longus,
m. extensor pollicis longus and brevis, and m. extensor indicis proprius
(Branovacki et al. 1998).
The musculocutaneous nerve (C5-7) innervates m. coracobrachialis, m.
biceps brachii and m. brachialis. It yields a sensory branch, n. cutaneus
antebrachii lateralis, which supplies sensation to the lateral side of the
forearm (Linell 1921).

   "%!"*$!!*! %#" % &#!"%$
In entrapment neuropathies, compression of the nerve disrupts its normal
function, which can result in the loss of sensation and impairment of upper
extremity function (Doughty and Bowley 2019).
Chronic nerve compression leads to histopathologic changes in the affected
nerve (Figure 2). Because of the associated morbidity that neural biopsy might
cause, the histopathology of nerve compression has mainly been studied in
animal models (Mackinnon et al. 1985). The blood-nerve barrier begins to
break down, leading to endoneurial oedema and perineural thickening (Liu,
Chen, and Chen 2018). Microcirculation of the nerve becomes disrupted as
endoneurial pressure rises. This continuing pressure leads to localized
demyelination of the nerve, followed by diffuse demyelination and finally,
axonal degeneration (Gupta et al. 2004, 2012; Schmid et al. 2014).
Nerve compression can cause damage to the affected nerve (Sunderland
1976). Sunderland (1976) classifies nerve injuries into five categories. In first
degree nerve injury, local myelin damage is present, usually due to
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compression. In the second degree, axonal degeneration is present, but the
damage is usually reversible after, for example, decompression of the nerve.
In the third degree, the endoneurium is damaged, and the degree of recovery
varies. In the fourth degree, the nerve is in continuity, but there is complete
scarring across it, and the damage is irreversible. In the fifth degree, the nerve
is completely divided (Sunderland 1951).
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The median nerve has two entrapment sites: proximally at the forearm and
distally in the carpal tunnel (Green et al. 2005). CTS is the most common of
all entrapment neuropathies (Figure 3). It typically causes loss of sensation in
the median nerve-supplied area in the hand, night-time tingling and finally,
atrophy of the thenar muscle mass. Patients suffering from CTS typically
report night-time burning pain and tingling in the thumbs and the index and
middle fingers, and the radial half of the ring finger. The hand might feel
clumsy in day-time activities such as picking up coins, driving a car and using
a keyboard or mouse. As the symptoms proceed, patients might report the
involvement of motor fibres of the nerve: atrophy of the thenar muscle mass,
and weakness in opposition of the thumb (Middleton and Anakwe 2014).
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The proximal entrapments of the median nerve include pronator syndrome
and anterior interosseous syndrome. In the pronator syndrome, the median
nerve is compressed under the pronator teres muscle. The patient may have
CTS-like symptoms: numbness and weakness in the hand, accompanied by
pain in the forearm (Rodner, Tinsley, and O’Malley 2013). In the anterior
interosseous syndrome, the proximal motor branch of the median nerve (n.
interosseous anterior) is entrapped in the forearm, leading to weakness in
thumb and index finger flexion without any sensory symptoms (Spinner 1970;
Ulrich, Piatkowski, and Pallua 2011).
UNE at the elbow or cubital tunnel syndrome (CuTS) is the second most
common entrapment neuropathy (Figure 4). It may cause loss of sensation in
the little finger and the ulnar side of the ring finger and loss of fine motor
function in the hand, resulting in claw deformity of the hand (Lauretti et al.
2017). Entrapment in Guyon’s canal in the wrist is rare, but it causes similar
symptoms depending on the specific site of the entrapment (Moneim 1992). A
ganglion cyst in Guyon’s canal might also cause entrapment (Wang et al.
2014).

9
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Entrapment neuropathies of the radial nerve are rare. They include
entrapment of the superficial sensory branch of the radial nerve, a state called
Wartenberg’s syndrome, and entrapment of the motor branch, n. interosseous
posterior, in the arcade of Frohse at the forearm. Sufferers of Wartenberg’s
syndrome report tingling and loss of sensation in the radial side of the dorsal
hand (Ehrlich, Dellon, and Mackinnon 1986). In cases of entrapment of the
posterior interosseous nerve, the hand might feel clumsy or foreign, and the
wrist and fingers might lack extension or may be intensely weakened (Portilla
Molina et al. 1998).
Other conditions that may cause similar symptoms include thoracic outlet
syndrome (TOS) and cervical disc disease. TOS is caused by compression of
the nerves or vessels in their passageway to the armpit, and its relation to nerve
entrapments of the upper extremity has been hypothesized. The relation
between TOS and nerve entrapments is often referred to as double crush
syndrome (Kane, Daniels, and Akelman 2015).
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The incidence rate of CTS reported in previous studies has varied according to
study population and criteria of CTS diagnosis (Table 1). These studies have
been based on incident cases in which the patient sought medical advice due
their condition. Three studies conducted in the general population provided
annual incidence rates per 100,000 person-years standardized for the
European Standard population. Two of these were conducted in the UK and
provided no confidence intervals for the majority of their results. In a large
registry study based on the UK General Practice Research Database, the agestandardized annual incidence rates of CTS varied between 65 and 88 among
men, and 170 and 208 among women in 1992–2000 (Latinovic et al. 2006).
Another study in the UK reported annual age-standardized incidence rates of
CTS 60 among men and 120 among women in Canterbury, and 35 among men
and 62 among women in Huddersfield (Bland and Rudolfer 2003). In an
Italian study, the annual age-standardized incidence rates of CTS were 276
overall (no CI reported): 139.1 among men (95% CI = 128.3-149.9) and 505.6
among women (95% CI = 485.8-525.4) (Mondelli, Giannini, and Giacchi
2002). Two studies in the USA have reported annual incidence rates of CTS. A
study by Stevens and colleagues (1988) was the first to report the incidence
rates for CTS in the general population; age-standardized (for white US
population) incidence rates were 52 (95% CI = 44.7-58.7) among men, and 149
(95% CI = 138.1-159.2) among women. Later, Nordstrom and colleagues
(1998) reported incidence rates for CTS in the US population, but as these were
not standardized, comparison with previously reported rates is not possible.
Incidence rates reported by Latinovic and colleagues (2006) were from
primary care, which might explain why they were greater than those of Bland
and Rudolfer (2003). Compared to other studies, Mondelli and colleagues
(2002) reported higher incidence rates for CTS. CTS diagnosis was based on
symptoms, clinical and electrophysiological examination, and compared to
other studies, was less restrictive. The incidence rate among women was
higher than that among men. The peak incidence rate of CTS is reported in
middle age, in the fifth to sixth decade, among both genders (Latinovic et al.
2006; Mondelli et al. 2002; Stevens et al. 1988).
In the Dutch standard population, the point prevalence of clinically and
electrophysiologically confirmed CTS was estimated to be 3.4% (95% CI = 1.55.3) among women, with an additional 5.8% (95% CI = 3.5-8.1%) suffering
from undetected CTS. This particular study had only one male case, and no
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conclusion of the prevalence among men can be drawn from such a small study
population (de Krom et al. 1992). Atroshi and colleagues (1999) reported an
age-standardized (for the Swedish general population in 1997) point
prevalence of clinically confirmed CTS of 3.8% (95% CI = 3.1-4.6%), and a
point prevalence of abnormal findings in electrophysiological study for the
median nerve of 4.9% (95% CI = 4.1-5.8%), while the point prevalence of
clinically and electrophysiologically confirmed CTS was 2.7% (95% CI = 2.13.4%) among both genders combined, and 2.1% (95% CI = 1.3-3.0) among
men, and 3.0% (95% CI = 2.1-3.9) among women. The diagnostic criteria for
these two studies were similar, along with the reported point prevalence
among women. In the Health 2000 survey conducted in the Finnish general
population, the prevalence rates of clinically examined possible or probable
CTS were 2.1% (95% CI = 1.7-2.8%) among men and 5.3% (95% CI = 4.5-6.2%)
among women, adjusted for the Finnish general population (Shiri et al. 2009).
In a study by Tanaka and colleagues (1994), the unadjusted point prevalence
of self-reported CTS was 1.22% (95% CI = 1.02-1.42) among men, and 1.89%
(95% CI = 1.68-2.10) in the US population of ever-working adults. However,
as the rates reported in this study were not standardized, the population was
defined rather than general, and the diagnostic criteria were not validated but
self-reported, they are not comparable with the results of other general
populations.

   & # #' %#" %%%!(
Three studies reported incidence rates for UNE/CuTS in the general
population (Table 1). A study conducted in Siena, Italy reported a clinically
and electrophysiologically confirmed or operated CuTS age-standardized
incidence rate per 100 000 person-years of 20.9 (no CI reported), and average
crude incidence rates of 24.7 (95% CI = 22.8-26.7) among both genders
combined, 32.7 (95% CI = 29.6-36.1) among men, and 17.2 (95% CI = 15.119.7) among women (Mondelli et al. 2005). Latinovic and colleagues (2006)
reported age-standardized incidence rates per 100,000 person-years of UNE
in the UK between 1992 and 2000 as ranging between 19.1 and 28.6 among
men, and 15.2 and 20.3 among women (no CI reported): these cases represent
incident cases of UNE and not only CuTS. Osei and colleagues (2017) reported
incidence rates of CuTS per 100 000 person-years, age-standardized for the
USA Census population, 30.0 (95% CI = 29.8-30.3) among both genders
combined, 31.2 (95% CI = 30.9-31.6) among men, and 28.8 (95% CI = 28.529.2) among women, in a study conducted in a working-age population based
on a health claims registry in the USA. The incidence rates reported for
UNE/CuTS were higher among men than among women. The peak incidence
of UNE/CuTS was achieved in the sixth to seventh decade among both genders
(Latinovic et al. 2006; Mondelli et al. 2005; Osei et al. 2017).
For UNE in Guyon’s canal in the wrist, to my knowledge, no incidence or
prevalence rates have been estimated for the general population.
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Published information on the incidence rates of radial entrapment
neuropathies in the general population is very limited (Table 1). Latinovic and
colleagues (2006) reported the incidence rates per 100,000 person-years,
standardized for the European standard population, in the UK between 1992
and 2000 as ranging between 19 and 29 among men, and 8 and 19 among
women (no CIs reported). Among both genders, the incidence rate was at its
highest in the age groups of 55–64 and 75–84 years and was greater among
men than among women in all age groups.
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This chapter reviews the literature on risk factors for entrapment neuropathies
of the upper extremity. As the literature on risk factors for radial nerve
entrapment is very limited, they are not reviewed here.

    #
Based on the literature, women are at a higher risk of CTS than men. In most
studies, diagnosis was based on symptoms and findings in electrophysiological
examinations. Female gender remained a risk factor after adjusting for at least
body mass index (BMI) and age – several studies have shown this association
(Table 2). The women : men ratio ranged from 1.8 to 4.0 : 1 in studies reporting
incidence of CTS in the general population (Bland and Rudolfer 2003;
Latinovic et al. 2006; Mondelli et al. 2002; Stevens et al. 1988) (Table 1).
Studies examining the prevalence of CTS in the general population reported
prevalence ratios (PR) of 1.4–1.67 : 1 (Atroshi et al. 1999; Musolin et al. 2014).
In studies providing adjusted estimates (for at least age and BMI), female
gender was associated with CTS with ORs ranging from 1.5 to 4.28 (Hendriks
et al. 2014; Nathan, Meadows, and Istvan 2002; Werner et al. 1994; Zhang et
al. 2017), and HRs ranging from 1.30 to 1.91 (Harris-Adamson et al. 2013;
Violante et al. 2016). The underlying features explaining these findings include
the difference between the distribution of adipose tissue among women and
men, pregnancy, and other hormonal factors (Ferry et al. 2000).
For UNE, epidemiological studies have mainly been conducted on CuTS,
with the diagnosis electrophysiologically confirmed (Table 2). Mondelli and
colleagues (2005) studied the incidence rate of CuTS in the general population
in Siena, Italy: the annual average crude incidence rate ratio of CuTS women :
men was 1 : 1.9 (Table 1). In case-control studies comparing
electrophysiologically confirmed UNE with negative electrophysiological
findings of UNE, male gender was associated with increased risk of UNE with
adjusted (at least for age) ORs ranging from 2.155 to 6.9 (Richardson et al.
2001, 2009; Uzunkulaoğlu, Ikbali Afsar, and Karataş 2016). As the reference
group of these three studies consisted of electrophysiologically negative
participants with symptoms and clinical findings of UNE, it might be that
women sought medical advice before developing electrophysiologically
positive UNE, whereas men developed more severe entrapment before
consulting a physician. In contrast, the findings of a large longitudinal registry
study conducted among US military personnel found women to be at a higher
risk of CTS with an adjusted incidence rate ratio of 1.43 (95% CI = 1.39-1.48)
(Pisquiy et al. 2018). Bartels and Verbeek (2007) compared
electrophysiologically confirmed, surgically treated UNE patients with
patients treated for a cervical or lumbar herniated disc, but found no
association between gender and UNE (Table 2). As the two most common
entrapment sites of the ulnar nerve are the condylar groove and the cubital
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tunnel (Lauretti et al. 2017), and the incidence rate of CuTS peaks among
working-aged men (Latinovic et al. 2006), increased muscle mass of the m.
flexor carpi ulnaris might explain the increased risk of CuTS among middleaged men (Richardson et al. 2001).
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The incidence rate of CTS peaks at 45–55 years, typically earlier among women
and later in men (Tables 1 and 3) (Latinovic et al. 2006; Mondelli et al. 2002).
The studies providing adjusted estimates per one year increase in age and the
risk of CTS reported OR between 1.03 and 1.08 (Cartwright et al. 2012; Evanoff
et al. 2014; Hendriks et al. 2014; Maghsoudipour et al. 2008); were all of
occupational populations except the study by Hendriks and colleagues (2014).
This might explain the linear increase in risk of CTS with age (per year), as
occupational populations included only working-aged participants.
For UNE, the reported adjusted incidence rate increased with age, until the
peak incidence was achieved at middle age or late middle age in the fourth to
sixth decade (Latinovic et al. 2006; Osei et al. 2017; Pisquiy et al. 2018). Two
studies reported adjusted estimates per one year increase in age and the risk
of UNE, OR = 1.054 (95% CI = 1.015-1.095) in the study by Richardson and
colleagues (2009), and OR = 1.00 (95% CI = 0.98-1.02) in that by Bartels and
colleagues (Bartels and Verbeek 2007). However, the controls in the study by
Richardson and colleagues were patients with UNE symptoms but negative
electrophysiological examination findings, and the association found between
increasing age and UNE might actually be because the severity of UNE might
increase with age – older patients with UNE may have sought consultation for
their condition later than the younger participants.
The incidence of radial entrapment neuropathies increased with age in a
large registry study conducted among the general UK population (Latinovic et
al. 2006).
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In the studies observing the association between increased BMI and
entrapment neuropathies, the definition of normal BMI varied, but was
usually considered 18.5–25 kg/m2. In most studies, the diagnoses of CTS or
UNE was based on both symptoms and electrophysiological examination
findings, and the analyses were adjusted at least for gender and age.
Several studies on the association between BMI and CTS in both the
general population and different occupational populations have been
published (Table 4). In the cross-sectional studies of the general population,
the prevalence of CTS was higher among overweight or obese (BMI > 25
kg/m2) participants (Atroshi et al. 1999; Werner et al. 1994). In an Italian casecontrol study conducted in the general population, overweight (BMI 25–29
kg/m2) compared to normal weight (BMI < 25 kg/m2) was associated with an
increased risk of CTS only among women, whereas obesity (BMI ≥ 30 kg/m2)
also associated with CTS among men. Increased waist-to-hip ratio (> 0.95 for
men and > 0.85 for women) associated with CTS among both genders:
adjusted OR (95% CI) 2.08 (1.45-2.99) among women and 1.87 (1.10-3.12)
among men (Mondelli et al. 2014). A large cohort study conducted among
women in the UK found that the risk of CTS was lowest among slender (BMI
< 22.5 kg/m2) participants, and higher among overweight and obese
participants (BMI ≥ 25kg/m2) (Reeves et al. 2014). A case-control study by
Tseng and colleagues (2012) found an association between diagnosed obesity
and CTS in a retrospective cohort in insurance claims in Taiwan, and Ferry
and colleagues’ (Ferry et al. 2000) case-control study found this association
among UK women. Moreover, in a large case-control study of the UK general
practice database, overweight and obesity were associated with diagnosed
CTS, and the risk was lowest among the underweight participants (adjusted
OR = 0.64, 95% CI = 0.40-1.01) (Geoghegan et al. 2004). Kouyoumdjian and
colleagues (2002) and Goodson and colleagues (2014) found that the mean
BMI of CTS cases was higher than that of controls.
The relation of increased BMI to CTS has been studied in several
occupational populations, in both cross-sectional and longitudinal settings. A
unit increase in BMI (unit = 1 kg/m2) was associated with an increased risk of
CTS in cross-sectional studies with an adjusted OR of 1.7 (Burt et al. 2011;
Cartwright et al. 2012; Hendriks et al. 2014) and an adjusted HR of 1.07 in
longitudinal studies (Evanoff et al. 2014; Garg et al. 2012). According to these
results, the risk increases as BMI increases, starting from the lowest BMI of
the participants of each study. Of these studies, only that by Burt and
colleagues (2011) reported a reference BMI, which was 18 kg/m2. Nathan and
colleagues (2002, 2005) observed the risk of CTS among participants in BMI
quintiles; in their studies the lowest quintile was the reference, and the
adjusted OR for the fifth quintile reached 11.79. A few cohort studies of
occupational populations compared obese participants with non-obese
participants (BMI<30 kg/m2) (Burt et al. 2013; Harris-Adamson et al. 2013;
Roquelaure et al. 2001). In these studies, obesity increased the risk of CTS with
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adjusted estimates up to OR = 4.4. Gell and colleagues (2005) reported in their
occupational cohort studies that participants with BMI > 27 kg/m2 might be
at increased risk of CTS compared with participants with BMI ≤ 27 kg/m2, with
an adjusted OR of 2.29 (95% CI = 0.9-5.9). Some studies found no statistically
significant association between overweight/obesity and CTS, but their results
were not inconsistent either (Frost, Andersen, and Nielsen 1998; Melchior et
al. 2006; Shiri, Heliövaara, et al. 2011). In addition, a meta-analysis on excess
body mass and CTS showed that both overweight and obesity are independent
risk factors for CTS among both men and women with a dose-response
relationship. The pooled adjusted OR (95% CI) for overweight was 1.48 (1.401.56), for overweight/obesity 1.82 (1.61-2.05) and for obesity 1.97 (1.84-2.10)
(Shiri et al. 2015).
It is not known how overweight/obesity increases the risk of CTS. It has
been hypothesized that excess adipose tissue could increase the pressure in the
carpal tunnel, impair the vascular supply of the median nerve and lead to nerve
ischemia, thickening and fibrosis, local demyelination and axonal loss (Bland
2005; Gupta et al. 2004, 2012; Schmid et al. 2014). Moreover, peripheral
neuropathy is associated with metabolic syndrome, in which obesity is one
main component (Callaghan and Feldman 2013).
Compared to CTS, less studies of the relation between BMI and UNE exist,
and the results among them vary. Richardson and colleagues (2001) compared
electrophysiologically confirmed cases of UNE with controls with negative
electrophysiological examination findings and reported an association
between UNE and BMI > 22 kg/m2 in comparison to BMI ≤ 22 kg/m2 among
women (unadjusted OR = 2.3, 95% CI = 1.3-4.2), but not among men
(unadjusted OR = 1.8, 95% CI = 0.85-3.7). A case-control study among
anesthetized patients in the USA showed an increased risk of UNE for both
BMI < 24 kg/m2 and BMI ≥ 38 kg/m2 compared to patients with BMI of 24–
37 kg/m2, with unadjusted ORs (95% CI) of 3.7 (1.62-5.07) and 15.0 (3.9170.23), respectively (Warner, Warner, and Martin 1994). Two other casecontrol studies found no association between BMI and UNE (Frost et al. 2013;
Uzunkulaoğlu et al. 2016). One case-control (Bartels and Verbeek 2007) and
one longitudinal study (Jackson et al. 2019) observed an association between
BMI and cubital tunnel release (CuTR); the latter reported a slightly increased
risk (RR = 1.28, 95% CI = 1.07-1.54) of CuTR among overweight or obese
participants compared with normal-weight participants in an all-male
occupational cohort. In another occupational cohort of 598 workers with
repetitive work, Descatha and colleagues (2004) found an association between
UNE and obesity (adjusted OR = 4.30, 95% CI = 1.13-16.39) but not overweight
(adjusted OR = 1.02, 95% CI = 0.25-4.12).
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  $! 
The studies that assessed smoking as a risk factor for CTS or UNE defined
smoking in a variety of ways, usually according to current or past regular
smoking status or pack-years. Again, in most studies the diagnoses of CTS or
UNE was based on both symptoms and electrophysiological examination
findings, and the analyses were adjusted at least for gender and age.
Table 5 lists the studies observing the association between smoking and
CTS or CTR. In the cross-sectional studies providing adjusted estimates for
smoking, current smoking was associated with CTS in the Finnish Health
2000 survey conducted in the general population (OR = 2.1, 95% CI = 1.4-3.1)
(Shiri, Heliövaara, et al. 2011), and in the Swedish working-age general
population with a PR of 1.79 (95% CI = 1.10-2.90) (Atroshi et al. 2007). In
occupational cross-sectional studies, current smoking was associated with
CTS among 395 Iranian automobile assembly workers (Maghsoudipour et al.
2008), ever-smoking was associated with CTR among 461 Greece government
workers (Eleftheriou et al. 2012), but no association was found in a Danish
study of 743 slaughterhouse and 398 chemical factory workers (Frost et al.
1998).
In the case-control studies, current smoking did not correlate with CTS
(Ferry et al. 2000; Geoghegan et al. 2004), nor was former or current smoking
related to operated CTS (Mattioli et al. 2009). The adjusted ORs for current
smoking ranged from 1.1 to 1.05. The results of some case-control studies were
conflicting in comparison to those of cross-sectional and case-control studies
(Coggon et al. 2013; Karpitskaya, Novak, and Mackinnon 2002).
In the three published longitudinal occupational cohorts (Nathan et al.
2005, 2002; Roquelaure et al. 2001), adjusted ORs ranged from 0.5 to 2.42,
and only one study showed smoking as a risk factor for CTS (Nathan et al.
2002). A meta-analysis of CTS and smoking stated that smoking was
associated with CTS in cross-sectional studies with a pooled OR of 1.99 (95%
CI = 1.38-2.60), but no such conclusion can be drawn from the cohort studies
(Pourmemari, Viikari-Juntura, and Shiri 2014). Causation could not be
defined in cross-sectional studies, and the association found in these was not
supported by the results of the longitudinal studies. The observed association
might also be due to confounding factors such as comorbid diseases or
occupational exposures.
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No strong evidence exists of smoking being a risk factor for UNE. A higher
number of pack-years was associated with UNE in three case-control studies
(Frost et al. 2013; Richardson et al. 2009; Suzuki et al. 2016), and current
smoking in one (Bartels and Verbeek 2007). The management of exposure
varied across the studies, and only case-control studies provided adjusted
estimates (Table 6). Bartels and Verbeek compared cases of surgically treated
CuTS with controls that were treated for cervical or lumbar disc hernia; Suzuki
and colleagues compared cases of surgically treated CuTS with controls that
were treated for ulnar abutment. In studies by Richardson and colleagues
(2009) and Frost and colleagues (2013), patients with electrophysiologically
confirmed UNE were selected as cases, while those with negative
electrophysiological findings served as controls. Richardson and colleagues
(2009) reported age- and gender-adjusted OR per one-year increase in packyears of 1.035 (95% CI = 1.001-1.070). In studies by Frost and colleagues
(2013), Richardson and colleagues (2009) and Suzuki and colleagues (2016),
the effect of smoking on the outcome was greater in the categories with
increased pack-years. In a prospective cohort of 229 689 Swedish construction
workers, ever-smoking was associated with surgically treated UNE with an
unadjusted RR of 1.60 (95% CI = 1.34-1.91) (Jackson et al. 2019). Another
occupational cohort of 598 participants with repetitive work found no
statistically significant association between current smoking and UNE with an
unadjusted OR of 1.12 (95% CI = 0.37-3.40); however this study only had 20
cases with UNE (Descatha et al. 2004).
The mechanism by which smoking might increase the risk of entrapment
neuropathies remains unclear. Previous studies have shown that smoking may
reduce peripheral circulation, which might cause ischemia, local
demyelination, oedema and fibrosis of the peripheral nerves, making them
more vulnerable to compression (Fuchs, Nathan, and Myers 1991; Rinker et
al. 2011; Shiri et al. 2011). A mechanical explanation, including repetitive
trauma caused by smoking posture and repetitive elbow flexion, was
previously discussed in studies by Bartels and Verbeek (2007) and Richardson
and colleagues (2009). However, these studies found no association between
preferred smoking hand and the side of the diagnosed UNE, suggesting that
smoking posture does not cover all UNE caused by excess smoking.
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Several studies have observed diabetes, rheumatoid arthritis (RA) and
hypothyroidism as risk factors for CTS (Table 7). For UNE, far less published
studies exist. In addition, some studies have found entrapment neuropathies
in patients with other specific long-term illnesses. For example, in a crosssectional study of 297 patients with work-related CTS, a comorbidity other
than previous trauma was diagnosed in one third of the study population
(Atcheson, Ward, and Lowe 1998).

  !*)$##!*+)
Both type 1 and type 2 diabetes mellitus are known risk factors for CTS.
Neuropathy is a major complication of diabetes mellitus, and diabetic
neuropathy is the most common form of neuropathy in Western countries. The
metabolic changes in diabetes may damage the peripheral nerves in the long
preclinical stage, leading to endoneurial oedema, swelling of the nerve, making
it more vulnerable to compression and entrapment neuropathies (Rota and
Morelli 2016).
An association between CTS and both diabetes mellitus type 1 and type 2
has been shown in cross-sectional (Musolin et al. 2014), case-control
(Geoghegan et al. 2004; Kidwai et al. 2013; Solomon et al. 1999; Tseng et al.
2012) and cohort studies (Werner et al. 2005; Wessel et al. 2013) (Table 7).
Most of the studies providing adjusted estimates did not define the type of
diabetes. In these, the adjusted ORs ranged from 1.4 to 6.55 (Geoghegan et al.
2004; Melchior et al. 2006; Solomon et al. 1999; Tseng et al. 2012; Werner et
al. 2005; Wessel et al. 2013). Hendriks and colleagues (2014) and Kidwai and
colleagues (2009) observed patients with type 2 diabetes. However, the first
mentioned study found no association between diabetes type 2 and CTS. In the
study by Kidwai, the prevalence of CTS was higher among diabetic patients
(4/203 versus 19/210). In a study based on the Health 2000 survey of the
Finnish general population, type 1 diabetes but not type 2 diabetes was
associated with CTS (Shiri, Heliövaara, et al. 2011). A large case-control study
based on the UK General Practice Research Database of 3391 cases determined
that the use of insulin and sulfonyl, but not metformin, was associated with
CTS (Geoghegan et al. 2004). In a meta-analysis of the relationship between
diabetes and CTS, both types 1 and 2 diabetes mellitus were recognized as
independent risk factors for CTS. The pooled unadjusted OR for diabetes was
1.97 (95% CI = 1.56-2.49), and the pooled adjusted OR for diabetes type 1 was
3.21 (95% CI = 1.24-8.28), and for type 2, 2.33 (95% CI = 1.44-3.79)
(Pourmemari and Shiri 2016).
Whether diabetes increases the risk of UNE is debated. Stamboulis and
colleagues (2005) analysed 624 consecutive outpatients with various acute
symptomatic mononeuropathies without polyneuropathy, and found that the
prevalence of diabetes (5 of 23 patients with UNE, four of whom had type 1
diabetes) was higher among patients diagnosed with UNE than the prevalence
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rate of diabetes in the general population. In another cross-sectional study
conducted among patients with electrophysiologically diagnosed CTS (6871
cases) and UNE (434 cases), the prevalence rate of diabetes (type not
specified) did not differ between CTS and UNE, at 6.6% and. 6.0%,
respectively (Mondelli, Aretini, and Rossi 2009). In a case-control study of 110
cases, the OR of the association between diabetes and CuTR was 1.75 (95% CI
= 0.61-5.00, adjusted for thyroid diseases and hypertension) (Bartels and
Verbeek 2007). In a case-control study among patients undergoing general
anaesthesia for a non-cardiac procedure (414 cases of UNE and 1242 controls),
diabetes (type not specified) was associated with UNE in the univariate
analysis, OR = 4.3, 95% CI = 2.26-6.73 (Warner et al. 1994).

   -(&!!)))
The association between thyroid diseases and CTS show heterogeneity: some
studies report an increased risk of thyroid disease, hypothyroidism and
thyroxin use (Table 7). According to a meta-analysis, the association between
hypothyroidism and CTS is weak (pooled adjusted effect size of 1.44, 95% CI =
1.27-1.63) (Shiri 2014). The mechanism by which uncontrolled thyroid
diseases might cause CTS is swelling and tenosynovitis of the flexor tendons
in the carpal tunnel, but no solid evidence of this exists.
A cross-sectional study among 137 patients with various thyroid diseases
showed that the prevalence of CTS was higher (30.4%) among hypothyroid
patients than among those with other thyroid diseases. Case-control studies
reporting adjusted estimates for the association between hypothyroidism and
CTS or CTR include a study of enrolees of the New Jersey Medicare or
Medicaid programmes with 627 cases (Solomon et al. 1999), a large casecontrol study from the UK (Geoghegan et al. 2004), another study from the
UK among women only (Ferry et al. 2000), and a large registry-based study
conducted in Taiwan (Tseng et al. 2012), with adjusted ORs between 1.36 and
2.0. However, one meta-analysis found the association between
hypothyroidism and CTS to be moderate, but here publication and
confounding bias is possible (Shiri 2014). In the studies reporting thyroid
diseases (including hyper- and hypothyroidism), the association with CTS
remains vague. In the studies providing adjusted estimates for the association
between CTS and thyroid diseases (including both hypo- and
hyperthyroidism), the effect sizes (PR or OR) ranged from 0.57 to 4.30 with
very vast CIs, whereas no correlation was shown in adjusted analyses in those
that reported such analyses (Harris-Adamson et al. 2013; Melchior et al. 2006;
Wieslander et al. 1989).
Very few studies have evaluated the relationship between thyroid diseases
and UNE. A case-control study with 110 CuTR patients reported no association
between hypothyroidism and CuTR, OR adjusted for diabetes and
hypertension of 0.41 (95% CI = 0.08-2.02) (Bartels and Verbeek 2007).
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Both rheumatoid and degenerative arthritis are risk factors for CTS (Table 7).
In a meta-analysis of arthritis as a risk factor for CTS, a pooled adjusted OR
(95% CI) of the association between CTS and any arthritis was 1.96 (1.21-3.18),
CTS and RA 1.88 (1.43-2.49), and CTS and OA 1.87 (1.64-2.13) (Shiri 2016).
RA in particular can cause tenosynovitis of the flexor tendons in the carpal
tunnel, leading to oedema and swelling, and subsequently, to CTS (Gray and
Gottlieb 1977).
In the studies assessing any/unspecified arthritis as a risk factor, and which
provided adjusted estimates for CTS or CTR, the ORs ranged from 1.23 to 3.10
(Ferry et al. 2000; Geoghegan et al. 2004; Melchior et al. 2006; Solomon et al.
1999). These included a case-control study of 627 Medicare and Medicaid
programme enrolees undergoing CTR (Solomon et al. 1999), two large casecontrol studies from the UK (Ferry et al. 2000; Geoghegan et al. 2004) and an
occupational cohort of 536 industrial workers (Garg et al. 2012).
An association between RA and CTS or CTR was reported in several casecontrol studies with an adjusted OR from 1.13 to 2.25 (Ferry et al. 2000;
Geoghegan et al. 2004; Harris-Adamson et al. 2013; Tseng et al. 2012;
Wieslander et al. 1989). In a Taiwanese study of one million participants, RA
had the highest OR of the comorbidities associated with CTS after adjusting
for potential confounders (Tseng et al. 2012).
An association between CTS and osteoarthritis (OA) has been observed in
very few studies. In a nested case-control study among married women (1264
matched case-control pairs), OA of the spine doubled the risk of CTS in the
adjusted analysis (OR = 2.16, 95% CI = 1.52-3.06), whereas unspecified
arthritis did not reach statistical significance, with an OR of 1.23 (95% CI =
0.82-1.85) (Ferry et al. 2000). However, a cross-sectional study of the Korean
population aged ≥ 65 years found no correlation between radiographic OA of
the first carpo-metacarpal (CMC1) joint and CTS (Shin et al. 2012).
The association between arthritis and UNE is not well established in the
literature. The possible association between RA synovial cysts and UNE were
discussed in an individual case report on two patients (Nakagawa et al. 2004),
and in a case series reporting three cases of RA with surgery to the elbow, one
of which had UNE (Muramatsu et al. 2006).

   * (#&%*($!##%)))
Other long-term illnesses and systemic conditions that might be related to CTS
or UNE include gout (Tseng et al. 2012), hypertension (Tseng et al. 2012),
renal dysfunction, haemodialysis (Nardin, Chapman, and Raynor 2005;
Solomon et al. 1999) and uraemia (Tseng et al. 2012), acromegaly (Tagliafico
et al. 2008; Tseng et al. 2012), and obstructive sleep apnoea (Bilgin Topçuoğlu
et al. 2017). However, these have been assessed in only a handful of studies,
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and no firm conclusion on how they might affect the risk of CTS or UNE can
be drawn.
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Hand, finger or wrist tenosynovitis at baseline was associated with CTS in a
prospective cohort study with a one year follow-up, with an OR of 4.74 (95%
CI = 1.09-20.43) (Werner et al. 2005), and trigger finger was associated with
CTR in an Italian case-control study of 220 participants undergoing CTR with
an OR of 2.7 (95% CI = 1.3-5.8) (Mattioli et al. 2009). Both studies adjusted
their estimates for at least age, gender and BMI. Patients treated for multiple
trigger fingers were at an increased risk of CTS compared to those with single
trigger fingers in a retrospective study of 300 patients treated for trigger digit,
OR = 3.6 (95% CI = 2.1-6.3, adjusted for diabetes) (Wessel et al. 2013).
Previous wrist trauma was associated with CTS in several studies, with OR
adjusted for at least age and gender between 2.29 and 3.87 (Ferry et al. 2000;
Frost et al. 1998; Geoghegan et al. 2004). The prevalence of CTS among
patients with Colles’ fracture of the radius was higher than that among those
with no such trauma (Stevens et al. 1992). Lateral epicondylitis was associated
with CTS among UK women with an OR of 1.88 (95% CI = 1.48-2.39) (Ferry et
al. 2000), and medial epicondylitis with UNE among 598 French workers
doing repetitive work with a cumulative incidence of UNE of 14.3% among
patients with medial epicondylitis and 2.0% among those without (Descatha
et al. 2004). Previous elbow trauma with and without fracture was prevalent
in 10.4% and 9.2% of the 434 patients, respectively, with electrophysiologically
confirmed UNE in a cross-sectional study from Italy (Mondelli et al. 2009).

  $!!! !$%%&$ (!##%%!#$
Socio-economic status (SES) is a measure of an individual's or family's
economic and social position in relation to others. In studies assessing these
factors, the risk usually depended on occupational class. Several occupational
studies observed occupational risk factors for CTS and UNE, many of them
specifically defining the exposures.
Manual work is a risk factor for CTS. In previously published studies
comparing blue-collar workers (manual workers) with white-collar workers
(clerical workers) in the general population, the prevalence of CTS was
significantly higher among blue-collar workers. In the Swedish general
population, Atroshi and colleagues (1999) reported the prevalence of CTS as
1.7% among white-collar workers and 3.5% among blue-collar workers (95%
CI for the difference, 0.2-3.6%, P = 0.03). Mattioli and colleagues (2009)
conducted a large multicentre study in the Italian population, observing risk
factors for CTR, and reported an adjusted OR for socio-occupational status of
blue-collar workers or housewives of 7.1 (95% CI = 4.0-12.7, adjusted for age,
gender, BMI, and several other factors). In the Taiwanese population of one
million, the OR for CTS among blue-collar workers was 1.25 (95% CI = 1.181.31, adjusted for age, gender, and several other factors) (Tseng et al. 2012).
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The studies that had observed a relationship between different
occupational exposures and CTS/CTR are listed in Table 8. A higher
prevalence of CTS, 8.7–42%, was seen in different populations of industrial
workers doing heavy manual work, for example, automobile assembly
workers, poultry processing workers, and footwear factory workers (Table 8)
(Cartwright et al. 2012; Garg et al. 2012; Maghsoudipour et al. 2008; Musolin
et al. 2014; Roquelaure et al. 2001). Of the different occupational exposures,
vibration to the hands, repetitive movements and wrist exertion and force
gripping were the best documented occupational exposures for CTS in various
occupational populations. (Burt et al. 2011, 2013; Evanoff et al. 2014; Garg et
al. 2012; Gell et al. 2005; Melchior et al. 2006; Musolin et al. 2014). Vibration
to the hands seemed the most significant factor that increased the risk of CTS.
However, assessment of the exposure of vibration varied across the studies
(Maghsoudipour et al. 2008; Melchior et al. 2006; Nathan et al. 2002; Shiri et
al. 2009). Exposure to vibration can damage the peripheral nerves and vessels,
and lead to hand-arm vibration syndrome, which has similar symptoms to CTS
and might make the peripheral nerves more vulnerable to compression (Miller
et al. 1994). The most recent studies in the USA had calculated a specific
threshold limit value (TLV) and hand activity level (HAL) for the workplace
physical factors of each work task separately, and the results were reported
using TLV and HAL. The risk of CTS was associated with increasing TLV (Burt
et al. 2011, 2013; Garg et al. 2012; Gell et al. 2005; Musolin et al. 2014). Studies
of keyboard use and CTS reported controversial findings (Atroshi et al. 2007;
Coggon et al. 2013; Eleftheriou et al. 2012). Psychological distress at work and
feelings of depression were also reported to associate with CTS (Coggon et al.
2013; Harris-Adamson et al. 2013; Roquelaure et al. 2001).
An Italian study of electrophysiologically confirmed UNE in the general
population of Sienna and showed a higher incidence rate in regions where
manual work was prevalent (Mondelli et al. 2005). Descatha and colleagues
(2004) observed 598 employees with repetitive work. In their analyses,
holding a tool in a certain position was the only biomechanical risk factor for
UNE (OR = 4.1, 95% CI = 1.4-12.0, adjusted for age, gender, BMI and other
musculoskeletal disorders). Jackson and colleagues (2019) analysed a cohort
of 229 689 male construction workers for surgically treated UNE using a job
exposure matrix-based assessment of different biomechanical exposures.
They reported RR (95% CI) for the exposed versus unexposed, adjusted for
BMI, smoking, age, and time of surgery as follows: force gripping 1.40 (1.181.63), hand-arm vibration 1.18 (0.98-1.31), repetitive elbow flexion 1.01 (0.841.18), and static work and elbow leaning 1.24 (1.05-1.43). A Danish casecontrol study among patients examined for suspicion of UNE and community
referents matched in age and gender created a job exposure matrix of
occupational exposures including non-neutral postures, repetitive
movements, hand-arm vibration and forceful work. Of the exposures studied,
only forceful work was related to UNE with a dose-response relationship and
OR of 3.85 (95% CI = 2.04-7.24) (Svendsen et al. 2012).

39

Literature review

#
/0 %!.!./%)/%*#/$!..+%/%+*!/2!!* %""!-!*/+0,/%+*(!3,+.0-!.
* -,(/0**!(.4* -+)!+--!(!.!+-

4<=>,?>3:<
C0,<.:?9><C

":;?7,>4:9

4,29:=4=80>3:/ ,49<0=?7>=

/5?=>0/1:<
.:@,<4,>0=

DB?C89
*G545>

)1>4?=
C1=@<5?6

@1BD939@1>DC
31C5C

+*CI=@D?=C
"5I2?1B4EC5N 8 41I
3<9>931<
')    
5H1=9>1D9?>

5<53DB?@8IC9?<?7931<
5H1=9>1D9?>

7575>45B
$ C=?;9>7



EBD

,* 851<D8
+*CI=@D?=C
31B51>4
5<53DB?@8IC9?<?7931<
=1>E613DEB9>7 5H1=9>1D9?>
G?B;5BC
31C5C

H@?CEB5C=51CEB541D
$ 
G?B;@<135
'51;6?B35N ?6
=1H9=E=7B9@F5BCEC 
&)    
=?>7?25C5
@1BD939@1>DCN 
5H5BD9?>C =9>ED5&)  
     
>3B51C59>81>413D9F9DI
<5F5<9>3B51C54B9C;?6+*
1=?>7=5>?><I

EBD

,* 851<D8
+*CI=@D?=C
31B51>4
5<53DB?@8IC9?<?7931<
=1>E613DEB9>7 5H1=9>1D9?>
G?B;5BC 
31C5C

H@?CEB5C=51CEB541D
G?B;@<135
) 
.?B;9>7G9D86?B356E<
5H5BD9?>?6D9=5
  
    
N   
&>5E>9D9>3B51C59>+#-
    

1BDGB978D
,*

?77?>
,"

#1D9>?C  +*CI=@D?=C
@?E<DBI
5<53DB?@8IC9?<?7931<
@B?35CC9>7
5H1=9>1D9?>
G?B;5BC1>4
?D85B
=1>E1<
G?B;5BC1754
1>4?<45B


31C5C
3?>DB?<C

5>45B175
$ 

'B5F1<5>35?6+*1=?>7 5>45B$ 
@?E<DBI@B?35CC9>7G?B;5BC DI@5?6G?B;
F 1=?>7?D85B
=1>E1<G?B;5BC'

&)   
    

+*CI=@D?=C
&) 6?BC5<6
7575>45B
5<53DB?@8IC9?<?7931< B5@?BD545H@?CEB5C
5D8>939DI
5H1=9>1D9?>
,C5?6;5I2?1B4 =?EC5
8 41I    
)5@51D54=?F5=5>DC?6
81>4 GB9CD8 41I 
    
)5@51D545<2?G6<5H9?> 
8 41I    
-92B1D9?>D?81>4C 8 41I
  
1>4C12?F5C8?E<45BC 
8 41I    

40

#9DD<5=5>D1<CE@@?BD 
   
<5685B9?E
B5535

 
5=@<?I55C
6B?=1
7?F5B>=5>D1<
41D15>DBI1>4
@B?35CC9>7
E>9D 31C5C

F1>?66
,*

 G?B;5BC +*CI=@D?=C
?649665B5>D
5<53DB?@8IC9?<?7931<
?33E@1D9?>C 5H1=9>1D9?>
1754 ?B
?<45B 
31C5C?6+*

1C54?>=?CDB535>D:?2
D9D<5@8IC931<G?B;
5H@?CEB5C5HDB13D546B?=
D85&33E@1D9?>1<
>6?B=1D9?>1<%5DG?B;
&) 
)5@5D9D9F5=?D9?> 
  
*D1D93CDB5>7D8   


5>45B175
F1B9?EC
?33E@1D9?>1<
5H@?CEB5C

 
+*CI=@D?=C
=1>E613DEB9>7 5<53DB?@8IC9?<?7931<
9>4ECDBI
5H1=9>1D9?>
G?B;5BC 
31C5C

9665B5>D:?2D1C;C1>1<IC54
1DG?B;@<135+8B5C8?<4<9=9D
F1<E5+#-6?B81>413D9F9DI
<5F5<#31<3E<1D546?B
5138:?2D1C;*DB19>9>45H
* G1C31<3E<1D546B?=
6?B35B1D9>7 =9>ED54EB1D9?>
?65H5BD9?>81>4 GB9CD
@?CDEB5)9>3B51C542I
E>9DE@D?1>4D85>
453B51C541C+#-6?B#
1>4* 9>3B51C54
55<9>7C?645@B5CC9?>)
 
%5F5B     
*5<4?= 
&6D5>      
<G1IC  

75$ 
655<9>7C?6
45@B5CC9?>
71B45>9>7
?33E@1D9?>1<
5H@?CEB5C

,*  9>4ECDB91< +*CI=@D?=C
1>43<5B931<
5<53DB?@8IC9?<?7931<
G?B;5BC 
5H1=9>1D9?>
31C5C

!?25H@?CEB5C1CC5CC54
1>4B1D54?2:53D9F5<I+#-
6?B@51;6?B35#
E>1335@D12<5F5BCEC<?G&)
    

<53DB?
@8IC9?<?7931<
69>49>7C
CI=@D?=C
81>413D9F9DI
<5F5<

) 6?BC5<6
B5@?BD545H@?CEB5C
!?2CDB19>
#?G 
3D9F5    
'1CC9F5     
978     
'8IC931<5H81ECD9?>
=?45B1D5 C5F5B5 
    

7575>45B
$ 

1B7
,*

5<<





1BB9C
41=C?>
,*

31C5C
1=?>7  
@1BD939@1>DC
=E<D935>DB5
?33E@1D9?>1<
3?8?BD

+*C5<6B5@?BD54
=54931<89CD?BI
F5B969542I
5<53DB?@8IC9?<?7931<
5H1=9>1D9?>?B
CEB75BI4E5+*
F5B969542I
5H9CD5>35?6C31B

+*9>4?=9>1>D
81>43<9>931<
5H1=9>1D9?>
5<53DB?@8IC9?<?7931<
5H1=9>1D9?>

"5I2?1B4EC54569>541C
7575>45B
;5I2?1B4CDB?;5CG9D8)& $ C=?;9>7
3EBF521C543ED?66F1<E5
@8IC931<13D9F9DI
&)     
 

41

Literature review

$5>D1<5H81ECD9?>
=?45B1D5 C5F5B5   

$178C?E49@?EB 
 B1>
1ED?=?29<5
1CC5=2<I
G?B;5BC
31C5C

$5<389?B
B1>35



$EC?<9>
,*



%1D81>
,*



%1D81>
,*



)?AE5<1EB5
B1>35

+*3<9>931<
5H1=9>1D9?>
5<53DB?@8IC9?<?7931<
5H1=9>1D9?>


+*CI=@D?=C
B1>4?=<I
3<9>931<5H1=9>1D9?>
C5<53D54
G?B;5BC1754
O 
31C5C1=?>7
=5>1>4
1=?>7
G?=5>

@?E<DBI
@B?35CC9>7
@<1>D
5=@<?I55C
31C5C
1754 O 

'B5F1<5>35?6+* 
&) 6?BC5<6
B5@?BD545H@?CEB5C
?B355H5BD9?> ;7 
    
)1@9481>4=?F5=5>D
    
.B9CD25>49>7 DG9CD9>7 
 
-92B1D9?>D?81>4C  
  

7575>45B
$ =1B9D1<
CD1DECC=?;9>7
54E31D9?>
C5F5B1<
?33E@1D9?>1<
613D?BC

'B5F1<5>35?6+*1=?>7
=1>E1<G?B;5BC 
1=?>7=5>1>4
1=?>7G?=5>
') 6?BC5<6
B5@?BD545H@?CEB5C
$1>E1<?33E@1D9?>
$5>    
.?=5>      
-92B1D9?>CN 8 41I
$5>     
.?=5>    

75?25C9DI
49125D5C
D8IB?9449C51C5
1BD8B9D9C

+*CI=@D?=C
'B5F1<5>35?6+* 
5<53DB?@8IC9?<?7931< H@?CEB5C=51CEB541D
5H1=9>1D9?>
G?B;@<135
') 
+#-6?B81>413D9F9DI1>4
6?B359> 31D57?B95C
 
   
      

%?

9>4ECDB91< +*CI=@D?=C
&2C5BF541DG?B;@<135?>
G?B;5BC 
5<53DB?@8IC9?<?7931< #9;5BDC31<5 O 1C
31C5C
5H1=9>1D9?>
B565B5>35
&) 
-92B1D9?>C      

7575>45B
$ C=?;9>7
5>4?3B9>5
3?>49D9?>
>E=25B?6I51BC
9>:?2

9>4ECDB91< +*CI=@D?=C
&2C5BF541DG?B;@<135?>
G?B;5BC
5<53DB?@8IC9?<?7931< #9;5BDC31<5 O 1C
31C5C
5H1=9>1D9?>
B565B5>35
&)'F1<E5
)5@5D9D9?>C    
51FI<96D9>7     
?B35    

7575>45B
$ 
?33E@1D9?>1<
5H@?CEB5C

6??DG51B
613D?BI
G?B;5BC 
31C5C

5>45B175
$ 

+*CI=@D?=C
H@?CEB5C=51CEB541D
3<9>931<5H1=9>1D9?> G?B;9>7@<135
&) 
)1@94DB9775B=?F5=5>DC
    
5>5B1<51<D8
(E5CD9?>>19B5C3?B5 

42

@5B35>D9<5@??B   

.?B;CDB?>7<I3?>DB?<<542I
CE@5BF9C?BC     
*89B9

9><1>4

 51<D8
CEBF5I
@1BD939@1>DC
1754 ?B
?<45B

+*CI=@D?=C
&) 6?BC5<6
3<9>931<5H1=9>1D9?> B5@?BD545H@?CEB5C
?BCEB75BI
133?B49>7D?<1D5CD:?2
1>4C12?F5C8?E<45BC 
   
1>4<9>7<?14C;7  
  
1>4<9>7<?14C ;7 
  
)5@5D9D9F5=?F5=5>DC?6
81>4 GB9CD    
?B357B9@@9>7 8 41I
   
-92B1D9?> 8 41I   




43

7575>45B1<<
?D85B
?33E@1D9?>1<
5H@?CEB5C

Literature review

  !%#"!% %#$%!#$
Other potential risk factors for CTS discussed in the published literature
include genetical factors and positive family history (Hakim et al. 2002),
pregnancy (Stevens et al. 1992) and the use of hormone replacement therapy
(Solomon et al. 1999), contraceptive pills (Ferry et al. 2000) and
corticosteroids (Solomon et al. 1999).
Low social support and feelings of depression increased the risk of CTS in
occupational cohort studies (Garg et al. 2012; Harris-Adamson et al. 2013).
Alcohol consumption was evaluated in very few studies, thus no association
between alcohol consumption and CTS or UNE was found (Frost et al. 2013;
Richardson et al. 2009; Shiri et al. 2011; Warner et al. 1994).
Anatomical features might also cause or increase the risk of nerve
entrapment. For example, thickness/width ratio of the wrist associated with
CTS according to one meta-analysis (Shiri 2015). A case series in the USA
reported five patients with symptoms of UNE caused by intraneural ganglion
(Naam, Carr, and Massoud 2015).
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The aim of this study was to assess the incidence and risk factors of CTS, and
ulnar and radial entrapment neuropathies of the upper extremity in the
general population. The specific study questions are presented below.
I What is the incidence of entrapment neuropathies in the Finnish general
population? How does the incidence differ between men and women?
How many cases involve an operation?
II Is smoking a risk factor for carpal tunnel syndrome? Does maternal
smoking increase the risk of carpal tunnel syndrome in offspring?
IIIDo occupational exposures increase the risk of carpal tunnel syndrome in
the general population?
IV Does smoking increase the risk of ulnar entrapment neuropathies in the
general population?
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The national register data on the whole population of Finland were collected
between 2007 and 2016. In Finland, all citizens are assigned a personal
identification code at birth or immigration by the Population Register Centre
(Population Register Centre 2019), which remains unchanged throughout the
person’s lifetime. The code can be linked to other national registers, including
the Care Register for Health Care (National Institute for Health and Welfare
2019), which covers both public and private hospitals in Finland. Health care
in Finland is divided into primary health care centres and hospitals (specialist
care). In this study, we used only hospital data.
Hospitalizations due entrapment neuropathies of the upper extremity are
coded according to the International Classification of Diagnoses (ICD), the
ninth revision from 1987 to 1995, and the tenth revision from 1996 onwards.
The procedure codes are coded according to the National Institute of Health
and Welfare’s classification of procedures, which is based on the Nordic
Classification of Surgical Procedures (National Institute of Health and Welfare
1996). Individuals diagnosed with ICD tenth revision codes of G56.0 for CTS,
G56.2 for UNE and G56.3 for radial nerve entrapment, and individuals with
procedure codes of ACC51 for CTS, ACC53 for ulnar nerve and ACC52 for
radial nerve were identified. Information on their gender, age and year of first
diagnosis, and age and year of the procedure from 2007 to 2016 was collected.
We excluded those who had previously had the same diagnosis, coded the
same in the tenth revision of ICD in 1987–1995, or an analogous diagnosis in
the ninth revision of the ICD in 1996-2006. The Finnish population size and
age structure was obtained from Statistics Finland (Statistics Finland 2019).

  % !#%#   #%!!#% G
'
The material for the thesis Sub-studies II–IV consisted of the Northern
Finland Birth Cohort 1966 (NFBC1966). This is a large prospective cohort
study conducted in the general population of the two northernmost regions of
Finland, Oulu and Lapland. Originally, 12,231 participants with an expected
date of birth in 1966 were born in the cohort. The NFBC1966 comprised 96.3%
of all births in Oulu and Lapland regions at the time.
Data on the cohort participants have been collected at several time points
through questionnaires and clinical examinations: from the participants’
mothers at 24–28 weeks of gestation, at birth, 28 days, one year, 14 years, 31
years and 46 years (Figure 5).
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In Sub-studies II–IV, the baseline for follow-up was set at 31 years. Follow-up
began immediately after the cohort’s 31-year assessment in 1997 and
continued until the end of 2016.
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The target population for the cohort’s 31-year assessment was 11,637, of
whom 8767 (77.4%) answered the postal questionnaire and 6033 (71.3%)
attended the clinical examination. Of these, 8719 consented to participate. The
study populations of the sub-studies were derived from this population with
different exclusion criteria for each sub-study (Figure 6).
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The smoking habits of the cohort participants’ mothers (Sub-study II) were
obtained from prenatal data collected at 24 to 28 weeks of gestation. The data
were collected later in pregnancy or after delivery from 10.1% of the mothers.
The mothers answered several questions about smoking: ‘Did you smoke
during the last 12 months before pregnancy?’; ‘How long have you smoked?
(years)’; ‘How many cigarettes? (per day)’; and ‘Did you change your smoking
habits during pregnancy?’ If the mother reported a change in her smoking
habits, the type of change, month of pregnancy in which the change occurred,
and number of cigarettes per day after the change were recorded. A variable
was formed with two categories: didn’t smoke or quit smoking in early
pregnancy (no maternal smoking); and smoked throughout the pregnancy or
gave up after the third month of pregnancy (maternal smoking).
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The baseline data of the study populations in Sub-studies II–IV were
recorded at the cohort’s 31-year assessment in 1997 using a postal
questionnaire and during clinical examination. The participants were
examined by the trained staff of the NFBC project (Haapea et al. 2008).

  $&"!%
The postal questionnaire included the question: ‘Have you ever smoked in
your life?’ If the response was ‘yes’ the participant answered further questions:
‘Have you ever smoked regularly in your life?’; ‘At what age did you start
smoking?’ and ‘At what age did you quit smoking?’. The number of cigarettes,
cigarillos, pipefuls, and cigars was recorded. Pack-years were calculated by
multiplying the number of years of regular smoking with the mean number of
packs of cigarettes consumed per day, assuming that a pack contains 20
cigarettes (Boffetta et al. 1999). Two variables were formed, classifying
participants into two or three categories: non-smokers and smokers; and nonsmokers, smokers with less than 10 pack-years, and smokers with 10 or more
pack-years.

  &-$))!%,
BMI was calculated from height and weight measurements recorded in the
clinical examination. For participants who did not attend the clinical
examination, BMI was calculated on the basis of the height and weight
information in the postal questionnaire. The BMI variable was given two
categories: under 25 kg/m2 (normal/underweight) and 25 kg/m2 or higher
(overweight/obese).

   &!&&%&$!)**+)
Based on the socio-economic groups classification of Statistics Finland
(Statistics Finland 1989), the SES of the participants was defined by
occupation and working life activity as nine categories: farmers,
entrepreneurs, lower clerical workers, upper clerical workers, manual
workers, students, pensioners, unemployed, and unknown. The unknown
category was handled as a missing value and was not included in the analysis.
In Sub-studies II and IV, SES was divided into categories of: clerical workers
and entrepreneurs; students, pensioners and unemployed; and manual
workers and farmers. In Sub-study III, which included only those who were
actively in working life, the categories were upper clerical workers, lower
clerical workers, entrepreneurs, and farmers and manual workers.
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Information on diabetes, thyroid diseases and RA was self-reported in the
postal questionnaire (no/yes).

   +'*!&%#,'&)+()
Information on occupational exposures was collected by postal questionnaire
from the whole study population and additional occupational questionnaires
from subpopulations (Figure 6). The questions were answered according to a
Likert scale of 4–5, and divided into two categories: none or light, and
moderate/heavy exposure. Occupational exposures were self-reported and not
objectively measured or assessed by asking in the postal questionnaire: ‘Are
you exposed to the following in your work?’ with response options: heat, cold,
temperature changes, and vibration to hands. The additional occupational
questions included: ‘Do you encounter the following in your work?’ with
response options: heavy physical work, repetitive movements, lifting 1–15 kg
objects, lifting objects over 15 kg, and working with arms elevated above
shoulder level.

  !$"%+%! $&%!#"%& $* #!
 & # #' %#" %
The data on hospitalizations due to CTS and ulnar entrapment neuropathies
were obtained from the Care Register for Health Care (National Institute for
Health and Welfare 2019). The data included both inpatient- and outpatientbased services in specialist care. CTS diagnosis was coded G56.0 and ulnar
entrapment neuropathies G56.2, according to the tenth revision of ICD from
1996 to 2016. Participants with diagnoses before the study baseline in 1997
and those with equivalent diagnoses in the eighth or ninth revision of ICD
(1967–1995) were identified and excluded on the basis of each sub-study’s
criteria.

  $%%$%%!$
The first sub-study counted incidences of entrapment neuropathies of the
upper extremity as cases per 100 000 person-years by dividing the number of
new cases in each age group by the population of that age group in Finland, for
each year and both genders separately. The mean incidence rates and the share
of operations in 2007–2016 were calculated by diving the total number of
diagnoses by the sum of the population in each age group represented,
separately for both genders and diagnoses. We calculated the RR between the
genders. Age-standardization for the rates was carried out using the direct
method with the 2013 European standard population divided into five-year
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age groups (Office for National Statistics 2000). The analyses were stratified
by gender. The 95% CIs were estimated assuming the Poisson distribution of
the cases.
Substudies II–IV examined the correlations between variables using
Fisher’s exact and Chi-square tests, and t-tests for the normally distributed
and the Mann-Whitney U-test for the skewed continuous variables. In the time
to event analysis, the effect of background variables on outcome diagnosis was
analysed using Cox’s regression proportional hazard models. An association
was considered significant if HR (95% CI) excluded 1, and P < 0.05. In Substudies II and III, the analyses were stratified by gender, and in Sub-study IV
they were adjusted for gender. Interaction analyses were performed by adding
the interaction term to the regression model.
In Sub-studies II and IV, the PAR for regular smoking was calculated by
adjusting for the same background factors as those in the multivariate Cox’s
proportional regression analyses. The statistical analysis presented in this
thesis was performed using R version 3.4.2.

 %$"%$
In all the data, the participants’ personal identification was replaced by study
identification codes. The study followed the principles of the Declaration of
Helsinki, as revised in 2008. In NFBC1966, both the participants and their
mothers signed written informed consent to voluntarily participate in the
study. The study was approved by the Ethics Committee of the Northern
Ostrobothnia Hospital District (ETTMK 107/2017).
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Between 2007 and 2016, there were 81,911 cases of CTS, 16,663 cases of ulnar
entrapment neuropathies, and 3831 cases of radial entrapment neuropathies
in Finland. The annual age-standardized (for the European Standard
population 2011) incidence rates for both men and women are shown in Figure
7. CTS was the most common entrapment neuropathy in the Finnish
population between 2007 and 2016 (RR = 1.9). Ulnar and radial entrapment
neuropathies were more common among men than women (RR = 1.4 and RR
= 1.5, respectively).
The incidence rate for CTS reached its peak in the 50–59-year age group
and a smaller peak in the 70–79-year age group among both men and women.
For UNE, the incidence rate increased up to the 50–59-year age group and
decreased towards elderly age. The peak incidence for radial entrapment
neuropathies was reached at 40–49 years among both men and women. The
proportion of operations increased with age for CTS. For UNE, the proportion
of surgically treated cases increased up to late middle age among both genders.
Operations for radial neuropathies were uncommon, and extremely rare
among the elderly (Table 9).
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At 31 years (baseline in 1997), the NFBC1966 participants (N = 8719) attended
a clinical examination and answered several questionnaires about their health.
Half of the study population were men. Nearly half of the men were overweight
or obese, and half had smoked regularly, of the ever-smokers half were heavy
smokers with over 10 pack-years. The majority of men were actively in working
life, nearly half working as clerical workers or entrepreneurs, four out of ten as
manual workers or farmers, and the rest were students, retired or
unemployed. Among the men, the prevalence of diabetes, thyroid diseases and
RA reached 1%. Of the women, one third were overweight or obese, and four
out of ten had smoked regularly; of the ever-smokers one out of four had
smoked over 10 pack-years. Two thirds of the women worked as clerical
workers or entrepreneurs, the rest worked as manual workers or farmers or
were students, retired or unemployed and not actively in working life. The
prevalence of diabetes, thyroid diseases, and RA at 31 years reached 3%.
Sixty-six cases of ulnar entrapment neuropathies, and 308 cases of CTS
were diagnosed between 1997 and 2016 in the NFBC1966 (Sub-studies IV and
II), 215 of which occurred in the working population (Sub-study III).
Cumulative incidence rates of CTS per 1000 person-years (95% CI) were 3.8
(3.4-4.2) overall, 5.1 (4.4-5.8) among women, and 2.4 (2.0-2.9) among men.
The cumulative incidence rate of UNE per 1000 person-years (95% CI) was
0.8 (0.6-1.0) overall. Table 10 describes the study populations’ characteristics.
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    #
In both the general population and general working population, women were
at a higher risk of CTS than men. The risk of UNE did not differ according to
gender (Table 11).
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Overweight/obesity was associated with an increased risk of CTS among both
men and women compared with those of normal weight. The PAR% for
overweight/obesity was 21.9 for women and 21.8 for men. For UNE,
overweight/obesity was not associated with a higher risk (Table 12). In the
interaction analysis, there was no statistically significant difference between
how BMI affected the risk of CTS or UNE among men and women.
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Compared to other socio-economic classes, both genders of manual workers
and farmers were at an increased risk of both CTS and UNE. Among men in
the working population, differences in SES were clearer: the risk of CTS during
follow-up among manual workers and farmers was over six-fold compared to
that among upper clerical workers (Table 13). There was no statistically
significant difference in how SES affected the risk of CTS or UNE among men
and women in the interaction analysis.
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Smoking was associated with an increased risk of both CTS and UNE. In the
general population, a history of regular smoking of over ten pack-years before
the age of 31 doubled the risk of CTS later in life in the adjusted analyses. The
PAR% for smoking was 5.4 for men and 1.9 for women in comparison to nonsmokers in the adjusted analyses.
For UNE, smoking was revealed as the most significant risk factor of all
the variables tested and had the highest effect measure in the adjusted
analysis. Regular smoking of ten or less pack-years and smoking for over ten
pack-years before the age of 31 increased the risk of UNE later in life by over
double and five times, respectively. The PAR% for smoking was 53.6 for both
genders combined (Table 14).
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  %# $! 
Maternal smoking correlated with offspring’s own smoking among both
genders, as well as with SES among men, and with diabetes among women.
However, there was no correlation between maternal smoking and offspring’s
CTS or BMI among either gender.
Maternal smoking was not associated with an elevated risk of CTS among
offspring in the univariate or multivariate Cox’s regression models.
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Diabetes correlated with CTS and was associated with an increased risk of CTS
among women in the general working population in the univariate analysis,
but the correlation diluted with broader CI in the multivariate model (HR =
2.1, 95% CI = 0.9-5.2). A similar trend emerged in the working population. No
men with thyroid diseases in either the general or working populations were
diagnosed with CTS during follow-up, nor in the working population with RA
(Table 15).
Of the 66 participants who were diagnosed with UNE during follow-up,
three had thyroid disease and none had diabetes or RA; thus we are unable to
draw any conclusions on the correlation between these conditions and UNE in
NFBC1966.
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In the univariate analysis, all occupational exposures were associated with an
elevated risk of CTS among men in the working population, whereas among
women, exposure to heat and temperature changes were associated with an
elevated risk of CTS. In the multivariate analysis, only vibration to hands was
associated with CTS, and only among men (Table 16).
In the working population subgroup (N = 3824) which included
participants who answered the additional occupational questions, in the
univariate analyses all occupational exposures were associated with an
elevated risk of CTS among men, and all except work requiring arm elevation
among women. None of the occupational exposures remained significant in
the multivariate models among either gender (Table 16). Stratified by BMI,
physically demanding work was associated with a doubled risk of CTS among
overweight and obese participants (HR = 2.2, 95% CI = 1.1-4.3), but in the
interaction analysis, the occupational exposures did not affect the risk of CTS
differently among overweight/obese participants.
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In the Finnish population from 2007 to 2016, CTS was the most common of
the three entrapment neuropathies studied (CTS, UNE and radial
neuropathies). Its incidence rate was higher among women than men, the total
crude incidence rates (95% CI) per 100,000 person-years in the Finnish
population were 196.5 (194-198.1) among women and 104.8 (103.6-106.0)
among men. The incidence rate increased until late middle age, and the peak
incidence rate was achieved in the 50–59-year age group among both genders.
CTS was operated on more often in older patients. The peak incidence of UNE
occurred at working age in the fifth or sixth decade. UNE was more common
among men than women, with total crude incidence rates (95% CI) per
100,000 person-years of 36.0 (35.2-36.7) and 25.8 (25.2-26.4), respectively.
Radial nerve entrapment was rare in all age groups and among both genders,
with total crude incidence rates (95% CI) per 100,000 person-years of 2.4 (1.43.7) among men and 3.0 (2.8-2.8-3.2) among women. Half of the UNE cases
were operated on, while operations due to rare radial nerve entrapment were
uncommon.
In the NFBC1966, overweight/obesity, regular smoking and female gender
were associated with an increased risk of CTS in the follow-up. No association
between the participants’ mothers’ smoking during pregnancy and increased
risk of CTS was found. Among women, regular smoking before the study
baseline at 31 years was associated with an increased risk of CTS in the followup, the adjusted HR (95% CI) for ten or less pack-years being 1.54 (1.11-2.15)
and for over ten pack-years 1.90 (1.20-3.01). Among men, an association was
found with over ten pack-years of smoking and an increased risk of CTS during
follow-up in the adjusted analysis, with an HR of 1.89 (95% CI = 1.14-3.12).
Overweight/obesity was associated with a higher risk of CTS among both men
and women in the general population, the adjusted HR (95% CI) being 1.59
(1.01-2.49) among men, and 1.91 (1.41-2.59) among women. Among both men
and women, farmers and manual workers were at an increased risk of CTS
compared to clerical workers and entrepreneurs, with an adjusted HR (95%
CI) of 2.18 (1.29-3.69) among men, and 2.24 (1.58-3.17) among women.
Diabetes, RA and thyroid diseases at baseline were not associated with an
increased risk of CTS in the follow-up.
In the analyses of NFBC1966 participants, working at least three days in a
paid job at study baseline at 31 years and vibration to the hands were the most
important risk factors of the occupational exposures studied, with an adjusted
HR of 2.29 (95% CI = 1.48-3.58) among both genders combined. In addition,
in a subgroup of overweight/obese participants, physical work was associated
with an increased risk of CTS, the adjusted HR being 2.18 (95% CI = 1.11-4.29).
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Regular smoking was associated with an increased risk of UNE during the
follow-up of the NFBC1966. In the multivariate analysis, smoking was the only
risk factor that significantly increased the risk of UNE, with an HR (95% CI)
of 2.6 (1.3-5.2) for ten or fewer pack-years and 5.6 (2.8-11.2) for over ten packyears. We found no statistically significant association among gender,
overweight/obesity, SES and UNE.

  $%# %$ ( $$$!%$%&*
The main strengths of this study were its large populations. The effect of
random error becomes smaller with increasing study sample size. The
NFBC1966 is a representative sample of a single-age birth cohort and
represents the Finnish population very well. The response rate in the
NFBC1966 was high, as 77.4% of the cohort participants attended the 31-year
assessment, and the follow-up was long (1997–2016). The participants are of
the same age, and come from all socio-economic backgrounds. Only very few
studies have observed an association between various risk factors and CTS or
UNE in a longitudinal setting in the general population (Ferry et al. 2000;
Reeves et al. 2014).
The baseline information at 31 years was self-reported, except for BMI,
which was for most participants calculated from measured height and weight.
In Sub-studies II–IV, the baseline data included gender, BMI, history of
regular smoking (pack-years), SES, and information on long-term illnesses
(diabetes, RA, and thyroid diseases). Sub-study III used self-reported data on
occupational exposures. The use of self-reported data may be questioned, and
as the participants were not given any specifications of the different levels of
exposures, measurements were only subjective. All the baseline characteristics
in Sub-studies II–IV were collected at 31 years in 1997, the follow-up
extending until the end of 2016. Defining the causation between baseline
characteristics and the outcome of interest over such a long period of time
might be unreliable, as baseline characteristics are mainly modifiable and
might change over time. However, this setting works for observing the
association between a time point characteristic (baseline at 31 years) and the
occurrence of CTS or UNE during follow-up. On the other hand, the incidence
rate of CTS peaks in late middle age, and by ending the follow-up when the
cohort had just turned 50 the study would not extend to that time point.
In Sub-studies II–IV, data on CTS and UNE diagnoses were obtained from
the Care Register for Health Care and combined with information collected
from the NFBC1966 participants. Sub-study I used the national register data
of the Care Register of Health Care. Formerly called the Hospital Discharge
Register, this a nationwide register that covers both public and private
hospitals in Finland. It is reliable, recognizing over 80–99% of cases with
common diagnoses. However, no publications exist on the validity of the
diagnosis codes for CTS, UNE or radial neuropathies in the Care Register for
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Health Care. For rare diagnoses, false positives were more common, with the
positive predictive value not reaching the same as with common diagnoses.
Clear coding errors seemed rare, and false positives were more commonly
related to uncertainty of the diagnosis (Sund 2012). As diagnosing radial
neuropathies may be especially difficult, even for hand surgeons, this source
of error is considerable. On the other hand, the register data based on ICD did
not include information on the side, level or severity of the entrapment.
Moreover, patients not willing to visit a specialist because symptoms were
mild, patients not eligible for surgical treatment due to other more severe
comorbidities, patients not willing to travel long distances to hospital etc.,
might have gone unrecognized. This may explain the small number of
outcomes, as there were only 308 incident cases of CTS and 66 incident cases
of UNE in the NFBC1966 during follow-up. The diagnoses were not
individually verified from patient records.
The results of the analyses presented are vulnerable to residual
confounding. As the variables were classified in the analyses, misclassification
bias due to coding error is possible and probable, and residual confounding is
inevitable. For example, with the BMI, SES and smoking variables, the
spectrum of one category was broad, which means they were not precise
enough to assess all within-stratum confounding or residual confounding. As
the aetiology of entrapment neuropathies is only partially understood, it is
probable that our analyses did not include all confounders. Some unknown
underlying factors might also partially explain the relationship between
baseline factors and the outcome of interest. The baseline characteristic only
reflects the influences of some unknown factor.

    #% !"#%! $!
 %#" % &#!"%$!%&""#
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The age-standardized (European Standard population 2011) incidence rates
per 100 000 person-years of CTS and UNE in the Finnish population in 2006–
2017 were similar to those reported previously in the general population of the
UK in 2000 by Latinovic and colleagues (2006). The incidence rates for CTS
and UNE were 192.8 and 19 among women and 87.8 and 25 among men,
respectively in the UK, versus 197.2 and 26.3 among women and 107.9 and
36.1 among men, respectively in Finland. However, the incidence rate of radial
neuropathies was higher in the Finnish than the UK population: 5.8 versus 1.4
among women and 8.6 versus 3.0 among men. The UK study reported
incidence rates based on diagnoses from primary care, including patients with
only mild symptoms and those not willing to visit a specialist at a hospital for
any reason. As radial neuropathies are challenging to diagnose even for hand
surgeons, they might be better recognized in our hospital-based data,
compared with primary care data in which patients with such rare conditions
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might be diagnosed with a more unspecific code. Even though radial
neuropathies were more common in the Finnish population, they were rare,
and the reliability of the Care Register for Health Care diagnoses might not
reach excellent reliability and validity, as with common diagnoses (Sund
2012). Moreover, as information on the diagnoses was coded according to ICD,
the specific entrapment sites of the ulnar and radial nerves could not be
differentiated.
The proportion of operations due to CTS increased with the onset of elderly
age in this study, whereas operations for UNE were the most common in
working age. Operations due to radial neuropathies were rare in general, and
extremely uncommon among the elderly. As shown before in another UK
study, the severity of CTS might be greater among the elderly than among
younger patients (Bland and Rudolfer 2003), and as surgery is needed more
often for more severe CTS (Verdugo et al. 2008), a higher proportion of
diagnosed cases of CTS among elderly patients might need surgery.
The ulnar nerve usually becomes compressed at the elbow, one of the most
common of its entrapment sites is the proximal fascia of m. flexor carpi
ulnaris (Andrews et al. 2018). As the peak incidence of UNE occurs among
working-age men with greater forearm muscle mass than among women and
older men (Mondelli et al. 2005), UNE might cause more severe symptoms
among middle-aged men, especially those doing manual work (Fadel et al.
2017), and may require surgical treatment more often (Caliandro et al. 2016).
The operations for entrapment neuropathies are coded ACC51 for
neurolysis of the median nerve in the carpal tunnel, ACC52 for any neurolysis
of the radial nerve, and ACC53 for any neurolysis of the ulnar nerve. These
specific operation codes have been in use since 2004 in Finland, before which
a non-specific ACC59 code was used for any neurolysis. During the first years
after introducing the specific codes for neurolysis, the non-specific code was
used, which might have reduced the proportion of operations coded with
specific codes. In Finland, diagnoses of CTS and ulnar neuropathies are
usually based on both symptoms and neurophysiological examination, and
preoperative electrophysiological examinations are performed on all patients
who come to nerve entrapment operations (Caliandro et al. 2016; Liira et al.
2013; Verdugo et al. 2008). Thus, the diagnosis is based on both positive
electrophysiological examinations findings and clinical findings, which should
improve the diagnostic accuracy of hospital-based data compared with
primary care data.
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In Sub-study II, the analysis was stratified by gender. There were 308 incident
cases of CTS during follow-up, of which 214 occurred in women. During
follow-up, the cumulative incidence of CTS per 1000 person-years (95% CI) in
the NFBC1966 was 3.8 overall (3.4-4.2), 5.1 among women (4.4-5.8), and 2.4
among men (2.0-2.9). In Sub-study III, which examined the working
population of the NFBC1966, women were at a higher risk of CTS than men
(HR = 3.77, 95% CI = 2.70-5.25) in the multivariate analysis. In Sub-study IV,
the incidence of UNE was similar among men and women, and the number of
incident cases of UNE during follow-up was divided almost equally: 34 cases
among men and 32 cases among women.
Previous studies of CTS and gender conducted in the general population
have mainly been observational registry studies of patients undergoing
electrophysiological examination, and their analyses have been standardized
for age using the European Standard population (Bland and Rudolfer 2003;
Latinovic et al. 2006; Mondelli et al. 2002). A study by Stevens and colleagues
(1988) reported incidence rates with no specific diagnostic criteria. In
occupational longitudinal studies, the populations studied were often
surprisingly small in sample size, with under 200 participants (Roquelaure et
al. 2001; Werner et al. 2005), and the studies reporting over one-year followups had high drop-out rates (18.6-68.6%) during follow-up (Harris-Adamson
et al. 2013; Nathan et al. 2005, 2002). In the NFBC1966, the incidence of CTS
was higher among women, even though men were more often smokers (50.7%
versus 37.0%), overweight/obese (49.0% versus 29.9%) and worked as manual
workers or farmers (41.1% versus 18.0%) than women at study baseline.
Previous studies have associated male gender with UNE. In the NFBC1966,
there was no association or trend to support this conclusion (adjusted HR for
women 1.3, 95% CI = 0.7-2.3). In a longitudinal study of US military personnel
with over 13 million person-years, the incidence rate of CuTS was higher
among women than men, adjusted for age, race and rank among military
personnel. Although, the study based its diagnosis on the ICD codes, which do
not specify CuTS, all lesions to ulnar nerve were coded under the same code
(Pisquiy et al. 2018). Moreover, as several studies reported estimates without
adjusting for potential occupational risk factors, the confounding effect of
heavy manual work was not taken into account. For example, in an Italian
study of the general population, the incidence rate of UNE peaked higher
among men in areas where manual work was prevalent (Mondelli et al. 2005).
Furthermore, none of the previously published longitudinal studies of UNE
and gender adjusted their analyses for smoking, which this study revealed as
the most significant risk factor for UNE when measured by effect size. In the
NFBC1966, there were only 66 incident cases of UNE in the follow-up, which
might reduce the statistical power of the analyses.
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In this study, overweight/obesity was a risk factor for CTS in the NFBC1966
and the sub-population of working participants. However, we found no
association between overweight/obesity and UNE.
According to the literature, overweight/obesity is a well-recognized risk
factor for CTS. It is an independent risk factor, which means that its
association remains after adjusting the analyses for other established risk
factors. Most previous studies have adjusted their analyses for at least age and
gender, and some studies have defined overweight and obesity as separate
categories. Previous prospective studies assessing the relationship between
overweight/obesity and CTS have been occupational cohort studies with
smaller sample sizes than the NFBC1966 (Burt et al. 2013; Evanoff et al. 2014;
Garg et al. 2012; Gell et al. 2005; Harris-Adamson et al. 2013; Melchior et al.
2006; Nathan et al. 2002; Roquelaure et al. 2001; Werner et al. 2005). The
populations have consisted of less than one thousand participants in all other
studies except in those by Harris-Adamson and colleagues (2013) which had
3515 participants, and Melchior and colleagues (2006) which had 2565
participants. The advantage of a bigger sample size is that it reduces the risk
of random error.
In this study, overweight/obesity at 31 years increased the risk of CTS
during follow-up among both men and women in the NFBC1966. In Sub-study
III, the association was diluted among men when occupational exposures were
taken into account. However, the study population was also smaller. The
association remained significant in the multivariate analysis among women
and when both genders were combined.
The association of increased BMI with UNE is not as clear as it is with CTS.
Recently, a large prospective cohort study of 229 689 Swedish male
construction workers found an association between overweight and increased
risk of UNE (Jackson et al. 2019). Compared with studies of CTS, less studies
exist on the association between UNE and BMI. As UNE is less prevalent than
CTS, the number of cases in UNE studies are often limited, which might reduce
the statistical power of their analyses, as the calculated estimates might not be
very accurate and not considered significant (Bartels and Verbeek 2007;
Descatha et al. 2004; Richardson et al. 2001). In addition, both high and low
BMI have been suggested to increase the risk of UNE (Richardson et al. 2001;
Warner et al. 1994). For low BMI, several studies have referred to the study by
Warner and colleagues (1994), who examined anesthetized patients treated
between 1957 and 1991 in Minnesota, USA. They defined low BMI as lower
than 24 kg/m2 and combined it with a BMI of 38 kg/m2 in the same category
in multivariate analysis, which makes it difficult to determine the true effect
of low BMI. In patients with low BMI and less adipose tissue, the ulnar nerve
might be more vulnerable to repetitive trauma at the elbow than in patients
with higher BMI. In a case-control series of 50 patients with UNE, 50 patients
with CTS and 50 controls for UNE, Landau et al. found that the ulnar nerve
conduction velocity at the elbow positively correlated with increasing BMI in
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the healthy controls with no symptoms of CuTS (Landau, Barner, and
Campbell 2005). This finding suggests that among patients with symptoms of
CuTS, negative electrophysiological findings might be false in patients with
increased BMI and false positive in slender patients.
Of the NFBC1966 participants, 30% of the women and 49% of the men were
overweight/obese at 31 years in 1997. The prevalence of obesity has been rising
both globally and in Europe over the last two or three decades (Lobstein,
Millstone, and PorGrow Research Team 2007; Ng et al. 2014; Seidell 2002).
As the follow-up in Sub-studies II–IV was very long, from 1997 until the end
of 2016, the BMI of the participants probably increased during the follow-up,
which might interfere with our results. The results presented in this study
should be interpreted as reflecting the association between BMI in young
adulthood (study baseline at 31 years) and the risk of CTS/UNE in the
following twenty years or so.

  $! 
The role of smoking as a risk factor for entrapment neuropathies is debated.
For both CTS and UNE, cross-sectional and case-control studies suggest that
current smoking is associated with CTS and UNE, but the association is weaker
in longitudinal studies.
In the NFBC1966, regular smoking increased the risk of both CTS (II, III)
and UNE (IV). The role of smoking as a risk factor was greater for UNE, as
smoking ten or fewer pack-years before the age of 31 was associated with over
double the risk (HR = 2.6, 95% CI = 1.3-5.2) and over ten pack-years with over
a five-folded risk (HR = 2.6, 95% CI = 2.8-11.2) of UNE during follow-up in
the adjusted analysis. The adjusted PAR% of smoking for UNE was 53.6%. For
CTS in follow-up, smoking over ten pack-years before study baseline at 31
years was associated with double the risk among both genders (HR = 1.89, 95%
CI = 1.14-3.12 among men; HR = 1.90, 95% CI = 1.20-3.01 among women),
whereas the association between smoking ten or fewer pack-years and CTS
remained significant only among women (HR = 1.54, 95% CI = 1.11-2.15) after
adjusting for confounders. This might be due to the relatively small number of
cases among men. In addition, the PAR% for smoking versus never-smoking
was higher among women than among men, indicating that smoking and other
lifestyle factors related to it might play a greater role as risk factors among
women.
Compared to previous longitudinal studies of smoking as a risk factor for
CTS (Gell et al. 2005; Nathan et al. 2005, 2002; Roquelaure et al. 2001), our
study population was larger and the association we found was stronger, in both
Sub-studies II and III. Of the previous longitudinal studies, Gell and
colleagues (2005) found no association between smoking at baseline and CTS
during follow-up, and thus analysed it no further. In studies by Nathan and
colleagues (2005, 2005) and Roquelaure and colleagues (2001), the adjusted
ORs for the association between smoking at baseline and CTS during follow-
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up ranged from 0.5 to 2.42. In the previous studies, smoking was usually
reported in two or three categories as never, current and former regular
smoking, and only very few studies reported pack-years for smoking
(Karpitskaya et al. 2002; Shiri, et al. 2011). Defining the categories like this
provides no information on the quantity of smoking. Of the studies defining
pack-years, Karpitskaya and colleagues (2002) reported contradictory
findings, as there were less smokers in the CTS group (26% versus 33%).
Although pack-years were calculated, the information was not further
analysed in their study, which is unfortunate.
Pack-years were calculated in three case-control studies, and an increase in
pack-years was associated with CuTS in all of these (Frost et al. 2013;
Richardson et al. 2009; Suzuki et al. 2016): Richardson and colleagues (2009)
had only 50 cases versus 50 controls and reported an adjusted OR per oneyear increase in pack-years of 1.035 (95% CI = 1.001-1.070). Suzuki and
colleagues (2016) had only 100 cases versus 100 controls, and the adjusted OR
of over thirty pack-years of smoking and UNE was 29.93 with very broad 95%
CI, from 3.19 to 280.91. Richardson and colleagues (2009) and Frost and
colleagues (2013) used patients with suspected UNE but negative
electrophysiological examination findings as controls. This might be
problematic, as it is possible that patients with positive and negative
electrophysiological findings for suspected UNE might share similar
comorbidities. In addition, patients with negative electrophysical
examinations might include borderline cases and cases with not yet significant
findings. Longitudinal studies of smoking and UNE are very limited; Jackson
and colleagues (2019) showed an association between ever-smoking and an
increased risk of surgically treated UNE among a large occupational cohort of
229 689 male construction workers (unadjusted RR = 1.60, 95% CI = 1.341.91), whereas Descatha and colleagues (2004) found no association among
598 cohort participants and 20 cases doing repetitive work (unadjusted OR =
1.12, 95% CI = 0.37-3.40). The results in this study are similar to those
reported by Jackson and colleagues (2019), although the association found in
this study was stronger when measured by effect size. A possible association
between smoking posture and UNE has been discussed. In the NFBC1966, the
preferred smoking hand and the UNE side were not recorded, so mechanical
explanation cannot be excluded.
Only very few previous studies of maternal smoking and peripheral
neuropathies in offspring exist. Maternal smoking is shown to impair brain
development, physical and mental well-being, and is associated with an
increased risk of musculoskeletal pain among offspring (Dombrowski, Martin,
and Huttunen 2005; Määttä et al. 2017; Roza et al. 2007). These findings
inspired us to study the association between maternal smoking and CTS in the
NFBC1966. Only 14% of the study participants’ mothers smoked regularly
during pregnancy, and maternal smoking correlated with future regular
smoking of offspring. However, the smoking of cohort participants’ mothers
during pregnancy was not associated with an increased risk of CTS in
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offspring, the actual NFBC1966 participants. The additional risk of CTS
covered by maternal smoking was lower than that of offspring’s own smoking.

 ! %# $$$
No association between long-term illnesses such as diabetes, RA and thyroid
diseases and increased risk of CTS or UNE was found in the NFBC1966. The
cohort participants were rather healthy at study baseline at 31 years, as out of
8719 participants, only 109 had diabetes, 161 thyroid diseases, and 86 RA. The
outcomes were so few among the exposed participants that no conclusion of
their relationship can be drawn in this study. There were no cases of cancer or
renal failure at study baseline. However, some of the NFBC1966 participants
might have been diagnosed with these illnesses during follow-up.
Diabetes might increase the risk of entrapment neuropathies by causing
endoneurial oedema, which damage the nerves already in the prediabetic
stage, and manifest as entrapment neuropathies (Perkins and Bril 2003).
According to meta-analysis, both types 1 and 2 diabetes mellitus are
independent risk factors for CTS (Pourmemari and Shiri 2016). In this study,
the type of diabetes was not defined. The adjusted HR (95% CI) of the
association between baseline diabetes and CTS during follow-up was 1.42
(0.20-10.20) among men and 2.11 (0.86-5.17) among women in the
NFBC1966. None of the participants diagnosed with UNE during follow-up
had diabetes at baseline, so no estimates could be calculated for this. The
NFBC1966 participants with diabetes were so few at study baseline in 1997
that no conclusion on the association between diabetes and CTS or UNE in the
NFBC1966 can be drawn.
The hypothesized pathophysiology of hypothyroidism increasing the risk of
CTS is that uncontrolled hypothyroidism might cause swelling of the
membranes of the flexor tendons in the carpal tunnel, making it narrower and
leading to compression of the median nerve. However, euthyroid patients with
treated hypothyroidism also show symptoms of CTS (Palumbo, Szabo, and
Olmsted 2000). In the NFBC1966, none of the men diagnosed with CTS during
follow-up had thyroid diseases (neither hyper- and hypothyroidism) at study
baseline, whereas among the women, the association was not statistically
significant (unadjusted HR = 1.49, 95% CI = 0.76-2.90) and thyroid diseases
were not further analysed in multivariable models. For UNE, no conclusion
regarding a possible association with thyroid diseases can be drawn; as only
three participants diagnosed with UNE during follow-up had thyroid diseases
at baseline.
According to one meta-analysis, RA or OA are risk factors for CTS (Shiri
2016). Tenosynovitis, associated with RA in particular, can affect the flexor
tendons in the carpal tunnel and make it narrower, which might lead to CTS
(Gray and Gottlieb 1977). A few case reports have reported elbow arthritis and
osteophytes as causing CuTS among patients, but no solid data on arthritis as
a risk factor for UNE exist (Muramatsu et al. 2006). In the NFBC1966, the
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relationship between OA of the wrist and CTS or UNE was not studied. In the
NFBC1966, the estimates for the possible association between baseline RA and
CTS were not precise enough for any conclusion regarding them to be drawn.
None of NFBC1966 participants diagnosed with UNE had RA at study
baseline, so again no conclusion of the possible association between these
conditions could be drawn.

 $!!! !$%%&$ (!##%%!#$
Only a few studies report SES in relation to CTS or UNE, and usually workers
are divided into blue- and white-collar workers (Atroshi et al. 1999; Mattioli et
al. 2009; Mondelli et al. 2005; Tseng et al. 2012). As described before, in
Finland, SES is defined by occupation, income and activeness in working life,
into categories of upper and lower clerical workers, entrepreneurs, manual
workers, farmers, students, retired, and unknown (Statistics Finland 1989).
Sub-studies II and IV used three categories according to their similarity in the
preliminary analyses: upper/lower clerical workers and entrepreneurs,
farmers and manual workers, and students and retired. In Sub-study III,
participants with SES of student, retired and unknown were excluded, and the
farmer and manual workers categories were combined.
In Finland, SES is based on the classification by Statistics Finland,
following the instructions of international recommendations (Statistics
Finland 1989). SES provides a general indicator of the social environment of
different groups in society. Individuals are grouped according to their
occupation and activeness in working life. For example, the manual workers
group includes employees in industry, mining and other manufacturing, but
also those in service industries and transportation. Encountered occupational
exposures cannot be measured using SES. SES only reflects the individual’s or
family’s social and economic status in relation to others. If studied, the
variability among occupational exposures encountered by the individuals
grouped within the same SES group might be extensive. In the NFBC1966,
health behaviour might account for the increased risk along with the
biomechanical factors encountered at work. In Sub-study II, farmers and
manual workers were at a higher risk of CTS than clerical workers (adjusted
HR = 1.93, 95% CI = 1.29-3.69 among men; HR = 2.24, 95% CI = 1.58-3.17
among women). The incidence and prevalence of CTS was reported as having
increased in several occupational studies of manual labour, although the
majority were cross-sectional and the sample sizes were smaller than in this
study (Burt et al. 2011; Frost et al. 1998; Garg et al. 2012; Maghsoudipour et
al. 2008). According to previously published literature and the findings of this
study, manual workers seem to be at a higher risk of CTS than non-manual
workers (van Rijn et al. 2009).
One reason why manual work might be associated with CTS and UNE is
that people who do this work might seek medical advice for their hand problem
more often than those who do non-physical work. With higher demands for

73

Discussion

hand performance at work, a less severe condition might reduce the ability to
cope at work. This topic has been discussed in relation to Dupuytren’s
contracture, as the majority of surgically treated patients with this disease
seem to be manual workers (McFarlane 1991).
Previously published occupational cohorts have usually defined workrelated exposures very well and measured them objectively (Descatha et al.
2004; Evanoff et al. 2014; Garg et al. 2012; Nathan et al. 2002; Sandén et al.
2010). However, the sample size in all of these studies was quite small, ranging
between 155 and 711 participants, and the number of cases also small, only 10–
35 per study. Sub-study III used self-reported data, with no specification of
categories provided. Moreover, the duration of exposure was not recorded. In
1997, the NFBC1966 participants were relatively young, and some of them
might have changed occupations or work by follow-up. In the NFBC1966, men
worked more often as farmers and manual workers and less often as clerical
workers than women. In Sub-study III, none of the possible associations
between the occupational exposures and increased risk of CTS reached
statistical significance among women in the adjusted analyses. Vibration to the
hands was the greatest in effect size of the occupational exposures assessed,
associated with over double the risk of CTS during follow-up among men and
both genders combined (HR = 2.81, 95% CI = 1.63-4.85, among men; HR =
2.29, 95% CI = 1.48-3.54, among both genders combined). This finding is in
line with the results of previous studies (Coggon et al. 2013; Melchior et al.
2006; Nathan et al. 2002). In a cross-sectional study of 2656 randomly
selected workers from France, self-reported occupational exposures were only
significant among women, not among men; vibration to hands being the most
prominent of the reported potential risk factors. In the same study, Melchior
and colleagues tested several multivariate models with different combinations
of variables. Adjusted for gender, age, obesity, diabetes, thyroid disease,
arthritis, and manual occupation, the PR of the association between CTS and
two or more hours of exposure to vibration was 3.29 (95% CI = 1.49-7.28).
Adjusted for the same confounders, the PRs of the association between CTS
and repetitive movements with or without breaks, or exposure to wrist flexion
for two or more hours a day, varied between 2.10 and 2.99 (Melchior et al.
2006). Sub-study III found no association between exposure to heat, cold,
temperature changes, repetitive movements, lifting 1–5 kg or > 15 kg and an
increased risk of CTS.
In an Italian study of the general population, CuTS was more common in
areas in which manual work was prevalent (Mondelli et al. 2005). In a large
longitudinal study of 229 689 Swedish male construction workers, forceful
hand grip was associated with an increased risk of surgically treated UNE with
an RR of 1.40 (95% CI = 1.18-1.63), and several occupational groups with heavy
manual work showed an increased risk of UNE (Jackson et al. 2019). Substudy IV observed a non-significant trend between the SES of manual workers
and farmers and an increased risk of UNE compared to clerical workers and
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entrepreneurs (HR = 1.8, 95% CI = 1.0-3.3). This study did not further assess
occupational risk factors for UNE.

 !%#"!% %#$%!#$
This study analysed no familial or behavioural factors (Hakim et al. 2002;
Sander et al. 2005), or medication (Ng et al. 2014; Solomon et al. 1999) in
relation to CTS or UNE. Several other studies suggest that previous elbow
trauma, also not analysed in this study, might be associated with CuTS. Some
studies suggest that psychosocial factors, such as increased psychological
stress and feelings of depression, also not analysed in this study, might be
related to an increased risk of CTS (Coggon et al. 2013; Garg et al. 2012;
Harris-Adamson et al. 2013). Thus, the analyses presented in this study do not
cover all risk factors for CTS or UNE.

 &%&#"%! $
To be able to recognize and prevent certain conditions in the population of
interest, health care professionals need to recognize risk factors. Causality can
only be defined in a longitudinal study setting, by defining the exposures of
interest before the follow-up for the outcome of interest. In cross-sectional
studies, only association can be observed, not causality.
Previous longitudinal studies on the risk factors of CTS and UNE can be
roughly divided into two categories: studies conducted in the general and
occupational populations. This study and the previously published studies
concentrate on a group of selected risk factors. The final models in this study
included smoking, BMI, SES and diabetes for CTS and UNE, and Sub-study
III also examined self-reported occupational exposures for CTS. These factors
do not cover all the excess risks of CTS or UNE, and the proportion that they
do cover remains unknown. These factors might include and reflect the effect
of underlying factors that remain unknown. Further studies assessing the
broader spectrum of potential risk factors for entrapment neuropathies of the
upper extremity are needed.
Addressing occupational safety, ergonomics and psychosocial factors is
essential for preventing work-related conditions that might include
entrapment neuropathies. Based on the literature, the safe amount, intensity
or duration of the possible occupational exposures, especially in relation to the
individual’s personal factors, how much and why they might increase the risk
of entrapment neuropathies, are not known. In order to answer these
questions and determine safe levels for each exposure, they first need to be
recognized and then analysed in more detail. Examples of this are the
Threshold Limit Value and the Hand Activity Level discussed in studies of
occupational populations in the USA (Burt et al. 2011, 2013; Garg et al. 2012;
Gell et al. 2005; Musolin et al. 2014). In Finland, the Finnish Institute of
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Occupational Health gives recommendations and restrictions for occupational
exposures. In Finland, Raynaud’s disease and peripheral neuropathy related
to hand-arm vibration can be classified as occupational diseases. Worldwide,
international standards define the levels acceptable for each exposure.
Psychosocial factors as potential risk factors for entrapment neuropathies
were studied less than biomechanical exposures. It seems that they might also
play a role as risk factors for entrapment neuropathies as well as for other
somatic conditions. In my opinion, assessing these in future studies along with
other potential risk factors is desirable.
This study showed the incidence rate and operations of CTS, UNE and
radial neuropathies in the whole population of Finland. The results are in line
with studies of the general populations of the UK and Italy (Latinovic et al.
2006; Mondelli et al. 2005, 2002). Data provided by the Care Register for
Health Care can be combined with information on sick leaves, medicine
reimbursement, and pensions from other national registries. This enables
studying the costs, disability and risk factors of entrapment neuropathies even
further in the Finnish population.
In an ideal situation with unlimited resources, and time and money
provided for my research, I would first add more data on the study participants
of both the NFBC1966 and the national registry data. I think including Katz’s
diagram, a hand-specific patient-reported outcome (for example the Michigan
Hand Outcomes Questionnaire), an electrophysiological examination of the
upper extremities, and a comprehensive examination by a trained hand
therapist, all controlled regularly, would give more valuable information on
the NFBC1966 participants. If possible, I would also record the affected side
of the diagnoses and operations in both the NFBC1966 and the national
register data, and add information on medication, sick leaves, insurance
claims, and pensions. A nationwide or even international register on
entrapment neuropathies, with detailed information on patient
characteristics, diagnosis and possible operations would enable research of
conditions rarer than CTS and UNE. I would also be delighted to have more
specialists in occupational medicine, physical medicine and rehabilitation and
clinical neurophysiology, as well as epidemiologists and surgeons, as
collaborators to broaden my perspective as a researcher, and to help me come
up with new ideas for research projects providing new information on
entrapment neuropathies and their interesting aetiology.
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In the Finnish population between 2007 and 2016, the total crude
incidence rates per 100 000 person-years among women and men were 196.5
and 104.8 for CTS, 25.8 and 36.0 for ulnar entrapment neuropathies, and 5.7
and 8.5 for radial entrapment neuropathies, respectively. CTS was operated
on in 62.6% of women and 61.3% of men, UNE in 43.2% of women and 47.2%
of men, and radial nerve entrapment in 11.4% of women and 7.7% of men. CTS
was more common among women, with its peak incidence rate in late middle
age. UNE and radial neuropathies were more common among men at working
age. Two thirds of CTS cases and a half of UNE cases were operated on, while
operations for radial neuropathies were rare. Operations due CTS increased
towards elderly age; UNE and radial neuropathies were operated on more
often at working age.
II
In the NFBC1966, a history of regular smoking at 31 years was
associated with an increased risk of CTS during follow-up among both men
and women. Over ten pack-years of smoking before study baseline was
associated with double the risk of CTS in the follow-up. Other risk factors for
CTS were overweight/obesity compared with normal/underweight, and socioeconomic class of farmers and manual workers compared with clerical workers
and entrepreneurs. Maternal smoking was not associated with an increased
risk of CTS in offspring.
III
In the sub-population of the NFBC1966 participants working at
least three days a week in a paid job, female gender, the SES of farmers and
manual workers compared with upper clerical workers, overweight/obesity
compared with normal weight and smoking were associated with an increased
risk of CTS in the follow-up. Vibration to the hands was the most significant of
the self-reported occupational exposures and was associated with over twice
the risk of CTS in the follow-up. Among overweight/obese participants,
physical work was associated with an increased risk of CTS.
IV
A history of regular smoking at study baseline was associated with
an increased risk of UNE during follow-up in the NFBC1966. Smoking ten or
fewer pack-years before the age of 31 was associated with over double and
more than ten pack-years with over a five-folded risk of UNE during followup, compared with never-smoking. Adjusted PAR% for UNE was 53.6. No
association among BMI, SES, or gender and increased risk of UNE was found.
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