INTRODUCTION

LITERATURE REVIEW

1.1 Pain and Sleep

Sleep disruption can be caused by both internalexternal factors. One of the most common
causes of sleep disruption, as reported by patiant8nical practice, is pain. According to the
International Association of the study of pain (Bleret al, 1979), pain is an unpleasant sensory
and emotional experience associated with actuplotential tissue damage. Pain can either be
acute or short-lasting, such as postoperative paiohronic, lasting more than several weeks or
months, such as arthritic pain. Pain impacts qualit life and also sleep. Chronic pain is
associated with an increased risk for insomnia:%4of patients with chronic pain report
insomnia compared with 19 % of subjects withouthp@iavigneet al, 2010). The existing
hypothesis that describes the interaction betwdeepsand pain suggests that pain has an
arousal-enhancing influence that prevents theaiiih and maintenance of sleep (Cooper, 1993;
Roehrs, 2009). This influence leads to excessiwgirda sleepiness (Roehrs, 2009). Sleep can
also influence the perception of pain. The nocieepand sleep-wake pathways have common
neurobiological systems that include serotonengingmission such that sleep can impact pain
processing (Roehrs, 2009). Having fewer hours eésl(< 6 hours per night) or poor quality
sleep is associated with increased pain perceqdlianigne et al, 2010). The relationship

between sleep and pain is, therefore, bidirectional

The association between sleep and pain has bedarexgrom different angles. There are
experimental studies that have been conducted ioAfig® subjects to assess how manipulating
sleep influences pain perception and how experiahgydin impacts sleep. Other studies have

been carried out on animals to assess the mechanisderlying the relationship between pain
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and sleep. Some research studies have been cawiedn clinical pain patients like in
fibromyalgia, rheumatoid arthritis, orofacial paemd other clinical pain conditions to explore

the relationship between chronic pain and sleep.

Sleep disturbance in individuals with no medicahdition, but stimulated with a noxious or
non-noxious painful stimulus has been confirmeddme studies (Bedyouet al, 1993; Drewes

et al., 1997; Bentley, 2003). The effect of painful stiatidn on sleep varies depending on the
stage of sleep and on the pain stimulus used. &tuldat have been conducted during sleep using
thermal pain showed that the threshold that triggertical arousals and increased heart rate was
lower in light sleep stages 1 and 2 when compavedkep sleep (stage 3 and 4) or REM sleep
(Bentleyet al, 2003; Lavigneet al.,2000) at 50° intense pain (50° thermal stimulua} weeded

to arouse pain-free patients from SWS and REM 4|Beptleyet al, 2003). Whilst it is evident
that a noxious stimulus causes awakenings acrosdeap stages, a non-noxious stimulus is
more likely to cause microarousals (Muzet, 2007ntRy, 2007; Lavignest al, 2001). The
common outcome of the two types of stimuli is tbhfragmented sleep (Lavigret al, 2001).
Different pain stimuli induce different EEG respesgiuring sleep (Drewes al, 1997). Muscle
pain, induced with hypertonic saline during deegepl is associated with a reduction in slow-
frequency delta waves (corresponds with deep slaeg)an increase in fast-frequency alpha
which presents itself at 8 to 12Hz (associated waittawake state) and beta waves, commonly at
16 to 25Hz frequency (also associated with heigidemakeful state and anxiety) (Thunbetg

al., 2005). Joint pain, induced with a pneumatic stator during deep sleep, is associated with a
reduction in delta activity, presenting itself a @ 3.5Hz frequency and theta waves appearing
at 4 to 7Hz frequency (associated with drowsinesg) an increase in alpha, sigma waves (at
12.5 to 14Hz), and beta waves (Thunbeta@l, 2005). Sigma waves are also associated with
wakeful state (Thunberegt al.,2005). Cutaneous pain, induced with an Argon ldseing deep
sleep, however, had no effect on the sleep EEGAEset al, 1997).

The validity of the studies on experimental paidingited by the difference in pain modalities
between experimental pain and clinical pain (Daya &8entley, 2009). The influence of
experimental pain on changes in sleep architecuazme therefore not be extrapolated to

neuropathic or clinical pain (Daya and Bentley, 200Due to the heterogeneous cognitive and
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biochemical changes that are difficult to reprodutean ethically acceptable way, it has also
been difficult to carry out human experimental poatls for the study of chronic pain in humans
(Bentley in Lavigneet al.,2007). Experimental studies about pain and sléepefore, are poor

models for the effects of chronic clinical painsaep.

1.1.1 Clinical pain and sleep

At least 50 % of patients with diverse chronic pagmditions complain of sleep disturbances
(Smith and Haythornthwaite, 2004). In many diseapa is the leading cause of insomnia
(Drewes and Arendt-Nielsson, 2001). Evidence idlabke confirming that pain contributes to
sleep disturbance and that disruption of sleepritries to pain, with sleep disruption shown to
be increased with increased pain (Ceteal, 2007; Morin, 1998). For example, poor sleep
quality is significantly correlated with mechanigalin thresholds in patients with Fibromyalgia,
suggesting that increased pain sensitivity is aaset with greater sleep disturbance (Agargtn
al., 1999).

Objective polysomnographic studies have also shseiong relationships between sleep and
pain. There are several sleep abnormalities foarghtients with chronic pain, with fragmented
sleep and a decrease in sleep efficiency and slawewleep being commonly found (Drewes
and Arendt-Nielsson, 2001). A number of studiesehfound abnormalities in the general sleep
architecture of Fibromyalgia patients (Modolfsley al, 1993; Brancet al.,1994; Landit al.,
2004). Fibromyalgia patients have a shorter tdedstime, reduced sleep efficiency, and shorter
duration of slow wave sleep and REM sleep. Thel@ss a general shift of EEG activity from
slow wave (Delta) to faster (Alpha) activity (“aphntrusion”) indicating increased state of
arousal. Fibromyalgic patients also show a morgnfiented sleep (Modolfskyet al, 1989).
Other types of pain are also associated with distlirsleep as objectively measured with the
polysomnograph. Patients with lower back pain healever sleep efficiency and less slow wave
sleep (Drewes and Arendt-Nielson, 2001). Patients asteoarthritis have more Stage 1 sleep
and less Stage 2 sleep than age- and sex-matcinédlso(Leighet al., 1988). Women with

dysmenorrhoea have a lower sleep efficiency andcertiore spent awake, moving and in light



Stage 1 sleep when they have menstrual pain conhpau@ther times of the menstrual cycle and
compared to healthy controls (Balatral,, 1999). There are not many studies availablelthae
researched CTS pain and subjective and objectivasunes of sleep as well as the influence of

treatment of CTS pain on sleep, as discusseditat&ection 1.4.

Studies about sleep in chronic pain patients hétes dound a strong association between mood,
sleep and pain. Chronic pain in humans with fibralgya, rheumatoid arthritis as well as
chronic orofacial pain has been found not to be ¢anigely associated with sleep disturbance,
but also emotional distress (Modolfsky, 1975; Gdhmidtet al., 1983; Rileyet al., 2000).
According to Sayaet al, 2002, anxiety and depression explain about bimd-of the variance in
the relationship between poor sleep and pain. Alse,recall of patient sleep time has been
found to be shorter than that objectively recorttethe sleep laboratory (Lavigret al, 2007).
Perceptions of sleep, therefore, may differ frololatory-based measures of sleep in chronic

pain patients.

Research conducted in the field of sleep and pHersoits own challenges due to complexities
associated with sleep deprivation as well as parogption (Lavignet al, 2004). These factors

may include medication, mood and depression, aiheliagnosed conditions, pain perception
and insomnia (Daya and Bentley, 2009). It is themeefessential to comprehend the basic
construct of normal sleep and sleep pattern tdbbeta understand theability of pain to interfere

with sleep. The following part of the discussiomldenith normal sleep.

1.2 Sleep

As described by Aschoff (1965), sleep is controlbgdight and darkness through the circadian
rhythm and humans spend two thirds of their lifarspwake. The rest of the time human spend
asleep. Sleep is essential for many of life’s pblggjical, chemical and psychological processes
that take place (Edgast al, 1993). Since the discovery of electroencephalog{EEG) by

Berger in 1929 (Berger, 1929), and later work blyeotresearchers including Carskadon and



Dement, 1987; Shapiret al.,1984; Demenet al, 2002, to name a few, immense knowledge has
been collected regarding the profound alteratiobrain pattern to regulate sleep-wake pattern.
Reticular activation system is responsible for wakess and alertness (Cooper, 1993). The
sleep/wake pattern is promoted by a two procesemsyESapeet al., 2005). The one promotes
sleep (process S), and the other one promotes ulaket (Process C) (Sapetr al, 2005).
Neurons found in the pre-optic area of the hypatimals inhibit neuronal communication and
turn off arousal systems during sleep (Cooper, 1€a8lopinet al, 2000, Sapeet al, 2005).
Ascending reticular formation system also promotbe release of noradrenalin and
acetylcholine responsible for cortical activatioBopper, 1995). Neurons in the pons are
responsible for the switch over that takes pladevben REM and Non REM sleep through-out
the night (Sapeet al., 2005).. Other neurotransmitters that are resptmédr the sleep-wake
process in the brain include dopamine, glutaming lsistamine (Gilman and Newman, 1996;
Spriggs, 2002).

External factors also play an important role in toatrol of sleep and in particular the sleep-
wake pattern. The ‘zeitgeibers’ (time givers) ptayimportant role in the essential control of the
sleep-wake pattern. The two processes that arateds@ the regulation of sleep within a 24

hour cycle are the homeostatic control and theadiem rhythm (Borbély, 1982). The

homeostatic control is the regulation of sleep Bpomential increase of sleep drive during
waking and subsequent decrease during sleep (Bort#82). The circadian rhythm represents
the control of the tendency to sleep within a 24irhweriod, regulated by the bio-physiological
clock embedded in the suprachiasmatic nucleus (S@Nhe hypothalamus, as well as the
retino-hypothalamic tract linking the retina to t&&N (Cooper, 1993; Moore, 1999). The
circadian rhythmicity is therefore influenced predoantly by the cycle of light and darkness.
Any type of pain may disturb sleep physiology imtthg the homeostatic and circadian control

of sleep.

Within sleep, two separate states have been definede basis of physiological parameters. The
stages are, non-rapid eye movement (NREM), andl reye movement (REM) sleep. The REM
and NREM phenomenon exists in virtually all mammé@Rarskadon and Dement, 20002;
Shapiro et al, 1984). NREM sleep is conventionally divided infour stages. It is

characteristically synchronous with such sleep camepts as sleep spindles, K complex, high



slow wave sleep. The four NREM sleep stages amnstituting 2-5% of total sleep time (TST),
and stage 2 constituting 45 to 55% of TST, andest&and 4 (SWS) occupies 13 to 23% and
lastly REM sleep usually occupies 20-25% of TSTrgkadon and Dement, 2002; Hirshkowitz,
2004). | have to mention that the stated propostiohsleep staging apply well to normal young
and healthy subjects between the ages 18-30yrs Qdareret al.,2000). My CTS subjects had
a mean age of 52, suggesting that they may havdelsadr SWS and spent more time awake
than the younger and more healthier subjects (Vauteet al, 2000). Most research has shown
that there is significant decrease in SWS at ni@{86-50), which is replaced by light sleep,
with further decrease in SWS in later adulthoodoagganied by an increase of 28 minutes in
wake time per decade towards late adulthood (Varnetat al, 2000).

REM sleep is defined by EEG activation, muscle atoand episodic bursts of rapid eye
movement. The mental activity of REM sleep in hum@nassociated with dreaming based on
vivid dream recall reported after approximatelyg®@®cent of arousals from this state (Carskadon
and Dement, 2002). The important step toward theerstanding of human sleep has been
established on the basis of the electroencephalbgraorrelates of sleep and wakefulness. This
has further helped in providing basic paradigm toidging human sleep and sleep disorders
(Hirshkowitz, 2004).

Sleep stages are cyclical and they occur at bet\@eand 5 cycles per night and each cycle
lasting for between 70 and 120 minutes on aver&lge.following stages are defined according

to Rechtschaffen and Kales, (1968) and represamtedhypnogram in Figure 1.
Stage 1

» This stage begins with the disappearance of thieaalpythm and the appearance of 4-
7Hz slower frequency waves (Theta activity).
* Low amplitude activity of mixed frequencies.
» Paradoxical alpha rhythm may occur.
» A variety of sudden medium to high amplitude wigltd, theta and alpha activity may
occur in transition to stage 1 and 2.
Stage 2

» Characterised by presence of either sleep spindi@$s duration, K complex or both.
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» Sleep spindles are bursts of activity consistingyfL6 Hz waves that occur for 0.5to 1.5
seconds.

» K-complexes are waveforms that show an initial ghergative deflection followed by a
high-voltage slow wave of at least 0.5 seconds.

 Slow waves of less than 2Hz absent or not predamiinBositive occipital sleep
transients (POSTs) which are characterised by thsepce of sharp bi-occipital sharp
wave mixed with bi-central short-lived 12-16 Hz &tsrare also predominant.

Stage 3

Moderate amounts of slow waves and high amplituttevity present. If 20-50% of an epoch
(30s of recording) is occupied by waves 2Hz or t#ssver 7V amplitude recorded in C3-Al

or C4-A2, stage 3 is confirmed. K complex is offgasent. There is reduced muscle tone.

Stage 4

For Stage 4 sleep to be scored, over 50% of theefOsh should be occupied by slow wave
sleep of at least 2Hz or less that arg@W73n amplitude. This activity is recorded on C3-Afl

C4-A2 and POSTs and spindles may be present kit rar
REM (rapid eye movement) Sleep

REM sleep is characterised by low voltage EEG padtewith rapid eye movements, as well as
reduced muscle activity (atonia). REM sleep is @gnésvhen more than 50% of a 30s epoch
contains low voltage EEG activity with theta adivas well as rapid eye movements. It is

associated with vivid dreaming.
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Figure 1: Progression of sleep stages during a epight of sleep in a
Normal healthy adult represented on a hypnograms¢Hkowitz 2004).



1.3 Carpal tunnel syndrome and pain

The following section focuses on one of the neutlipaconditions that presents with numerous

reports of sleep disturbance as well as daytime, plae carpal tunnel syndrome.
1.3.1 Carpal tunnel syndrome

Carpal tunnel syndrome is a localised entrapmeuatapathy of the median nerve at the wrist
caused by the mechanical irritation from nerve mgpment (Binnieet al., 2004). It is the
second most common industrial injury in Americapassed only by lower back pain (Wall and
Melzack, 1994). Carpal tunnel syndrome represenkscalised injury on the median nerve
(Smorto and Basmajian, 1979, Goodgold and Ebersi®®3). The injury to the nerve may be
due to constant irritation because of an impingamgtomical space due to increased wrist
pressure as may be witnessed in rheumatoid asthgtut, ganglion tumours and pregnancy
amongst many precursors (Goodgold and EbersteB8;\all and Meltzack, 1994; Binnigt

al., 2004). As an entrapment neuropathic syndrome i€ &Svell-known condition.

There is no South African statistical evidence loa prevalence of carpal tunnel syndrome. A
stratified sample of 3000 subjects (Age range 2%&ars), randomly selected was surveyed in
the region of Southern Sweden with a populatiod 7000 (Atroshiet al, 1999). There was a
response rate of 83% (n=2466, 46%). Of the sympticrnaspondents, 81% underwent clinical
examination (Atroshet al, 1999). Based on the clinical and symptomati@datin5 (20%) of
subjects had CTS based on clinical examinationedectrophysiological testing (Atroshkt al.,
1999). Other epidemiological studies have also shaw increase incidence of CTS with age,
women showing more presentation of CTS than thaillernsounterparts (McCalet al, 2007).
Males have shown increased prevalence rate at ¥8#&4 of age, and females at 45-54 years of
age (McCabeet al, 2007). The McCabe study also showed that inece&MI, diabetes and
pregnancy are associated with CTS (McCaibal, 2007).

The pain presented by carpal tunnel syndrome wanhgittention soon after World War 1l when
patients presented with what was referred to asattreparaesthesia’ syndrome (Krenetral,

1953 Binnieet al, 2004) . The painful condition was reported l&ydgeom middle-aged women



who undertook manual labour due to wartime circamses (Binniet al.,2004). In 1949, it was
McArdle who suggested that the pain might be fromncompression of the median nerve at the
wrist area. McArdle also pioneered the first CT®mion which is done by the division of the
flexor retinaculum at the wrist (Binniet al., 2004). Around 400 000 surgical operations are
conducted in the USA alone on the CTS (Bireti@al, 2004).

The major symptoms reported by CTS patients arebnmess, tingling of the fingers, pain and
weakness of the fingers as well as signs of atrophyhe thenar muscles (Steven, 1987;
Goodgold and Eberstein, 1983, Bineieal.,2004). According to Dawsoet al., 1983, there are
three main types of documented categories of gatad to CTS. Group | is the mild form of
intermittent pain and numbness at the median net&ribution with no abnormal
electrophysiological findings. Group Il is charagted by tactile sensation (hyperesthesia)
accompanied by clumsiness, loss of dexterity arakmess of the pinch with more nocturnal
burning sensation and swelling in the hand. Thedaotion studies are abnormal in this group.
Group Il is characterised by severe sensory lass significant functional impairment. There is
thenar muscle wasting as well as reported sevearepstisturbance Group Il patients have
poor prognosis (Goodgold, 1983). The CTS pain @alibtributed to the whole hand, forearm,
elbow, shoulder and sometimes with neck discontfeihg experienced (Dawsat al., 1983;
Goodgold and Eberstein., 1983; Bineieal.,2004). The compression of the median nerve may
also be associated with many conditions other @&®, including Raynaud’s phenomenon,
vascular lesions, systemic amyloidosis, pregnargngnulomas, and vitamin (pyridoxine)
deficiency as well as traumatic conditions (Dawsanal, 1983). Carpal tunnel syndrome

surgery has reported success varying from 70% % @@ilder-Smithet al., 2006).

It is however, of significant importance to undarst the relationship between CTS and the
effect it has on other physiological processes saslsleep. Understanding CTS objectively
measured variables and the process of recovery impsrtant in this study in order to
understand the time-linked interaction between (&8, recovery period and the subjective
reports from patients in a clinical setting foramprehensive understanding and management of
CTS pain. The following section will focus on theatomical position as well as the physical
entrapment of the median nerve.
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1.3.2 The median nerve compression

The median nerve arises from the branches of thieainend lateral cords of the brachial plexus
and is derived from the cervical nerve roots C5, CB, C8, T1 (Romanest al.,1981, Gilman
and Newman, 1996). The cords then unite anteritwrlthe third part of the axillary artery, a
continuation of the subclavian artery (Romaaesl., 1981). The median nerve continues along
the lateral aspect of the brachial artery at thd-mimerus to lie on its medial side and in the
forearm, it enters between the heads of pronat@stand gives off an anterior interosseous
branch (Romanest al., 1981). In the wrist, the median nerve becomesr§io@ on the ulnar
side of the flexor carpi radialis, where it thersg@s deep to the floor of the flexor reticulum
giving off branches to the thenar muscles, radiaWto lumbricalis and cutaneous branches of
the thumb, index, middle and the radial half of timg finger (Romanest al.,1998; Gilman and
Newman, 1996; Binnie, 2004).

Entrapment occurs where a nerve passes througlsseoftbrous tunnel or through a slit of
fibrous tissue (Eberstein and Goodgold., 1983)p@launnel syndrome is prevalent primarily in
people constantly engaged in excessive use of Handgctivities requiring fine motor control,
such as knitting, fitting and turning or meat packiamongst other activities (Dawsen al.,
1983, Russel, 2006). CTS can also be secondarhév conditions, like pregnancy, rheumatoid
arthritis, any tenosynovial proliferation, wrisinb abnormality and muscular anomaly. (Dawson
et al, 1983).

The examination of the carpal tunnel/wrist in patsewith CTS reveals an impairment of the
cutaneous sensation in the hand’s median nervebdisbn and if motor involvement has
occurred, there is weakness and wasting of the cbdyolicis brevis and opponens policis
muscles (Aminoff, 1986). The anatomical position tbe median nerve makes it easily
susceptible to compression compared to other engapneuropathies, like those affecting the
ulnar and the radial nerve (Dawseh al, 1983). To properly diagnose CTS, other disorders
which may co-exist with CTS, like tendinitis, fibnyalgia and cervical radiculopathy need to be
excluded (Wilder-Smitlet al, 2008).
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1.3.3 Electrophysiology

A description of the loss of sensation by the patie a very important part in the gathering of
clinical information geared towards a proper diaisoof the CTS. Electrophysiological
measurements confirm and give evidence to complete diagnosis of the carpal tunnel
syndrome (Thomast al, 1967; Goodgold and Eberstein, 1980).

During clinical examination, tests can help idgntihether the patient has CTS or not before
electrophysiological examination is performed. Tg&est is undertaken by gently tapping over
the wrist crease (Buchthat al, 1974; Dawsort al.,1983). A positive response for this test is a
tingling sensation felt and extending to some brneddian nerve innervated fingers (Dawsdn
al., 1983; Goodgold and Eberstein., 1983; Wilder-Sraitlal, 2008). In Phalen’s test, the wrist
is bent into flexion for 30 to 60 seconds (Dawsbral., 1983; Wilder-Smithet al, 2008). The
positive response here will be the exacerbatiosyofptoms in the affected hand (Dawsdral.,
1983; Goodgold and Eberstein., 1983). Abductiorthef abductor policis brevis muscle is the
commonly used technique to test the weakness ah#tan nerve innervated muscles (Dawson
et al., 1983). The thumb is brought up perpendicular ®oghlm and the patient is requested to
produce a resistance force that is directed talital phalanx (Dawsoet al.,1983). The power
of the thenar muscle is then compared to the poivéne opposite side (Dawsat al., 1983;
Goodgold and Eberstein, 1983)

Carpal tunnel syndrome is best diagnosed by nemeduction studies, which is the
electrophysiological study of the nerves, perforraedording to the guidelines suggested by the
American Association of Neuromuscular and Elecergdostic Medicine (AANEM) Rochester,
2004. Early or mild compression may not lead to algctrophysiological abnormalities, but,
more than 90% of CTS patients have localised slgwinconduction of sensory fibers (Dawson
et al.,1983; Binnieet al.,2004). The study of the median nerve sensory adiatulatency done

at the wrist and distal motor conduction laten@asswell as the sensory and motor response
amplitude turned out to be the most sensitive rgiten the diagnosis of CTS (Dawsen al.,
1983; Goodgold and Eberstein., 1983). To a lessenewhen compared to nerve conduction
studies, needle examination is also useful in tagribsis of CTS (Dawsoet al.,1983). There is
commonly no correlation between the degree of abatity in the nerve conduction studies and

the degree of severity of the symptoms (Birgti@l, 2004). Dawsoret al.,(1983) suggests that
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more pain may be caused by ischemia than by demayeln at the carpal tunnel site. The
median nerve supplies sensation to the radial agie¢be palm, the volar aspect of the thumb,
index, middle fingers and the radial half of thegrifinger (Dawsoret al., 1983; Gilman and
Newman, 1996). Dorsally, the supply of the mediarva extends to proximal interphalangeal
joints of the second, third, third as well as tladial half of the fourth digit (Dawsoet al.,
1983). The sensation to the aforementioned areéisedfiand will be affected during the carpal

tunnel syndrome (Fig 2).

1.3.4 Treatment

There are different forms of treatment for carpanel syndrome. When the complaints are first
reported, the conservative approach might takera fif job modification, avoiding the activity
that precipitates the condition, night splints, st@roid anti-inflammatory drugs (NSAIDS),
occasional steroid injection, and trial of diurstiespecially when symptoms are premenstrual
(Goodgold and Eberstein., 1983; Dawsdral.,1983).

An alternative to conservative treatment is suddieatment. An absolute indication for surgery
includes failure of non-operative forms of treatmen clinical evidence of thenar atrophy. A
relative indication for surgery is if there is getent sensory loss. (Dawsehal, 1983). Surgery
for carpal tunnel syndrome is said to be one of niest successful operations that can be
performed on the hand and the complications of dperation and poor results are almost
uniformly related to poor surgical technique (Dawst al, 1983, Gorschet al., 1999). The
surgical incision is a curved interthenar incisalang the bisected line through the fourth digit.
The transverse carpal ligament is then released¢baet al., 1983). Rare complication of the
ligament incision is injury to the superficial pamarch as well as laceration of the motor branch
of the median nerve (Dawson et al., 1983; Biratial.,2004). The operation is otherwise known
to have a good success rate (Dawson et al., 1988)reported immediate relief in nocturnal

pain symptoms (Binniet al, 2004).
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Figure 2. Areas of sensory loss affected by thepteta lesion of the median nerve. Adapted
from L.J. Pollock and L DavifXeripheral nerve injuriesNew York: Hoeber, 1933 p. @ark
shaded areas represent complete sensory loss andmass. Hatched areas indicate partial loss

of sensation)
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1.4  Carpal tunnel syndrome pain and sleep

Reports of nocturnal pain that wakes patients ughé early hours of the morning are very
common in patients with carpal tunnel syndrome (@a® et al, 1996; Binnieet al, 2004).
However, there are few studies that have invesitateep disturbances in any detail in patients
with CTS. One study found that patients with CT8red an average of 11 on the Pittsburgh
Sleep Quality Index, where a score of greater thas considered an indicator of poor sleep
(White et al, 2003). | conducted a pilot study of subjectileep quality in 33 untreated patients
with CTS (Mdluli et al, 2004, See Appendix). The majority of patients36>%) reported that
they had trouble falling asleep, awoke during thghty and had a restless sleep at least
sometimes because of CTS pain. In the most detsiletly of sleep in CTS patients, Lehtinen
and colleagues (1996) compared the responseslée@ guestionnaire in 36 patients with CTS
to those of a normal Finnish population. All patgereported waking up at night because of pain
and numbness of the affected hands and fingeren®atwith CTS were more likely to report a
poorer sleep quality, have a more fragmented slk&ép longer awakenings, and suffer from
more daytime sleepiness compared with the genellation. CTS patients were also more
likely to have symptoms of insomnia and to use sfeg pills compared to the general
population (Lehtinen et al., 1996). Six of thes&guds were studied with objective measures of
motor activity during the night both before and 6nths after an operation to treat their CTS.
Motor activity was measured in the laboratory véthktatic-charge-sensitive bed that can monitor
gross body movements and respiratory and heatecelanovements. Patients showed a
reduction in motor-active wakefulness and shortevement periods during the post-operative
night compared to the pre-operative night. Totalichanovement time also decreased after the
operation (Lehtinen et al., 1996). Limitations bfststudy are that sleep stages in the patients
were not assessed with polysomnography and a ¢artoop was not included. As far as | am
aware, there are no polysomnographic studies &t bvaluated sleep quality in patients with

CTS before and after treatment.
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1.5 Thesis Aims

My study sought to further explore the associabetween CTS pain and sleep disturbance by
doing subjective as well objective neurophysiolagicneasurements on CTS patients and
compare those with control subjects before and aftegery in order to measure changes in pain
domain and sleep architecture. | hypothesized uh&eated patients with CTS would report a
poorer sleep quality and show a lower sleep efficyeand less slow wave sleep than age- and
gender-matched control subjects who were not soffefrom pain. | also hypothesized that
subjective and objective polysomnographic measwofesleep quality would improve after
surgical treatment of CTS in association with palaviation in CTS patients and that no change
in sleep measures would be seen in the controlpgobypatients after a surgical procedure in the

absence of pain.
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METHOD

This chapter describes the sample of subjectstanddsign of the study. A detailed description
of procedures and instruments used for the cotleadf data is set out. The method that was used
to analyse the data is also described. The studyocaaied out at the Wits Dial-a-Bed sleep
laboratory of the Brain Function Research GrouphefFaculty of Health Sciences, University
of the Witwatersrand. Prior to commencement of teisearch project, ethical approval was
obtained from the Committee for Research on HumabjeSts of the University of the
Witwatersrand (ethical clearance number is M01-89-Which adheres to the principles of the

Declaration of Helsinki (Appendix 1). All subjecigned an informed consent form.

2.1 Patients

2.1.1 Carpal tunnel syndrome patients

Patients between the ages of 35-75 years old (Taplevho suffered from carpal tunnel
syndrome, were recruited from an EEG and neuroplogy laboratory in the private sector in
Gauteng, South Africa as well as from orthopaediggesons who operate on the condition,
mainly in private hospitals in Gauteng, South Adridll patients underwent a routine clinical
examination by the referring physician. The mediamation of persistent symptoms of CTS in
the patients was 6 months. | performed nerve cdiwustudies on these patients according to
guidelines suggested by the American Associatiokle€ttrophysiological Medicine (1993), to
confirm the diagnosis of carpal tunnel syndrome.lyOpatients who had abnormal
median/sensory conduction speed, abnormal senatey-peak latencies between the median
and the ulnar nerves, as well those with absepbreses were considered for the study. Surgical
relief of the pressure on the median nerve was ddaracessary for all the subjects.
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Table 1. The demographics of patients and costrbjects

CTS patients Control patients

Number of patients 7 6
Male 2 1
Female 5 5
Caucasian 3 3
African ancestry 4 3
BMI (kg/m?) 27+3 2745
Median age(y) 52 49
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2.1.2 Control patients

Age, gender and weight-matched control patientsp wkeded to undergo a minor dental
surgical procedure, were recruited from local cln{Table 1). Only patients with non-painful
conditions at the time of surgery were considefed. those who had had acute pain, the pain
would be alleviated long before they came for tiperation. Further, the necessary surgical
procedure had to be of a similar duration to tlidhe CTS release operation, and to require only
regional anaesthesia. Six control patients whoaouefriteria agreed to participate in the study.
Three of the control patients had surgical openatifor tooth repair, and the other three had
surgery for tooth extractioerve conduction studies were not done on the cbpgitients.
None of these subjects reported any clinical symptsuggestive of CTS. The post- surgical
evaluation was done on the control patients at sirtiee same time (within two months) as CTS

patients.

2.1.3 Screening interview

To confirm the suitability of candidate CTS and ttohpatients for the study, all individuals

were interviewed and completed a questionnaire tab@ir medical history, use of chronic

medication, sleep habits, possible presence ofpstésorders, and history of CTS, where
applicable. None of the CTS or control patientsfesefl from comorbid diseases such as
polymyopathies, polyneuropathies, or had had presvierist surgery or any other inflammatory
disease processes. None of the CTS patients orotgudtients reported or complained of
symptoms of sleep disordered breathing. None@f&tlbjects interviewed used pain medication
in the form of morphinics or anti-epileptic drugehere were therefore, no anticipated sleep
changes from pain medication on these patientsllifjmone of the patients reported suffering
from any chronic disease. None of the controlenel taking any pain medication. Four of the
seven CTS patients, however, typically took somienfof analgesic to reduce their pain before

going to bed.
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Female patients were also asked about their reptivdistatus. Five of the CTS patients had had
a hysterectomy and one was taking hormone replagetherapy. Of the control female
patients, three were peri-menopausal and three ywest-menopausal. None of the control
patients was taking hormone replacement therapyt, dne woman was taking oral
contraceptives. None of the women in either gragorted severe mood and physical symptoms

associated with their hormonal status.

All CTS patients complained about pain, describgdm@e or more of the following: irritating

pain accompanied by numbness and /or pins and eweadlthe median nerve distribution,
weakness of the abductor policis brevis muscles) pathe wrist sometimes radiating to the
shoulder and scapula as well as dropping thingsydasm the hand. All the CTS patients also
complained about the fact that the pain woke thg@nduring the night, and got more severe

subsequent to using their hand, either drivingaingl fine motor movement tasks.

2.2 Measures and procedures

2.2.1 Nerve conduction studies

To measure the action potential response requiretermine the median motor nerve latency,
each patient was asked to lie down in a supinetiposil used surface silver/silver chloride
recording electrodes over the abductor policis isr@PB) as indicated in Figure 3. To identify
the muscle, | asked the patient to abduct the thuaibe it at right angle to the haridthen
placed the three cup electrodes (Figure 3). Thieeaelectrode, | placed on the belly of the
muscle (APB), halfway between the distal wrist seeand the first metacarpophalangeal joint.
The ground electrode, | placed between the musstegliested and the stimulator (see Figure 3).
The reference electrode (R), | placed distal to fire# metacarpophalangeal joint, 30-40mm
distal to the muscle. For distal stimulation, ca#gC) was placed 80mm proximal to the active

electrode, in a line between the midpoint of th&taliwrist crease and a point slightly ulnar to
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the tendon of the flexor carpi radialis. For proalmtimulation, | placed the cathode (C) slightly
medial to the brachial artery pulse in the antealilvegion. The anode was placed 15-20mm
proximal to the cathode. Stimulation of the perighenerve at two points, distally and
proximally, separated by a known distance, alloarstfie calculation of the motor conduction
velocity.

Conduction time = Proximal motor latency — Distaitor latency

Motor conduction velocity (m/s) = Conduction distar{mm) / Conduction time (ms).
(Buschbacher and Prahlow, 2006)
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Recording the distal motor conduction latency for the median nerve

Typical waveform Stimulator

appearnnce

Bom

Figure 3. The orthodromic recording of the distadtor latency (DML) for the median nerve.
Adapted from Buschbacher and Prahlow, 2006
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Table 2. Parameter settings for the median andsgngrve conduction studies

Sensitivity

Time base:

Sweep speed:
Stimulus rate

Low frequency filter
High frequency filter

Stimulus duration

Motor

10mV/division
20ms
1ms/division
1-2 pulse per second
3Hz
10Hz
100us
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Sensory

5uV/division
10ms
1ms/division
1-2 pulsseesnd
20Hz
2 KHz
100pus

Orthodromic sensory conduction recording and palmar stimulation

N %



Orthodromic sensory conduction recording and palmar stimulation

=

—Ground
eC

Palmar
stimulation

Ground

—
Ulnar sensory ~Cle ® C
stimulation Rt

Ale @ A

Median sensory
stimulation

Figure 4a Figure 4b

Figure 4a: The recording of orthodromic median/uleensory conduction latencies and Figure
4b shows a palmar stimulation of the median nerve.
C-Cathode, A- Anode R-Reference, A-Active
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2.2.1.1 Sensory conduction

To do the sensory nerve conduction study | asketi gatient to lie in a supine position. To
measure sensory conduction velocity, for orthodoodagital nerve stimulation and recording, |
used ring electrodes soaked in saline or sometooaed with electro-conductive paste. | placed
the ring electrodes around the digits and the dhgrelectrode on the midline section of the
wrist. | placed the electrodes, on the patient'schas depicted in Figure 4a and 4b. The active
electrode (A) was placed slightly distal to the rtbumetacarpophalangeal joint. The reference
electrode (R) ring electrode was placed 40mm dystah the same digit. For median nerve
stimulation, the cathode (C) was placed 140mm pnekito the active electrode and made
slightly ulnar to the tendon of the flexor carpnhatis. For ulnar nerve stimulation, the cathode
(C) was placed 140mm proximal to the active elelgrslightly radial to the tendon of the flexor
carpi ulnaris. The anode (A) was placed proximallge ground electrode was placed midway
between the recording and the stimulation sithehtrecorded the action potential using the

technique described below to obtain supra-maxiesjonse.

2.2.1.2 Stimulation and recording

| performed nerve conduction studies on all pasienith suspected CTS using a Sapphire,
Medelec 1L EMG 2 channel (Vickers Medical, Surrépgland). The criteria used to confirm a
diagnosis of CTS are given in Table 3. Ulnar ardialanerve motor and sensory conduction
latencies, velocities, response amplitude defeet®wonsidered for the study to exclude more

diffuse nerve pathology.

To produce action potentials, | used constant atisBmulation. | used the standard parameters
as described in Table 2, for motor and sensoryeneonduction time, response amplitude and

conduction speed determination. The technique liegpvas slowly to increase the stimulus
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intensity to threshold, observing the initial mésensory action potential, from the baseline. |
then increased the stimulus current to betweerethnel five times the threshold value to achieve
supra-maximal stimulation of all the nerve/musdaévaty with a moderately vigorous twitching
of the muscles. | measured latency from the initisdle of stimulation from baseline in
milliseconds and peak latency was measured foaltpsbximal sensory conduction latencies.
Amplitude was measured from peak (negative) to p@adsitive) in millivolts for motor
conduction and microvolts for sensory conductiomrdlion was measured from the initial
deflection at the beginning of the action potentathe last deflection back to baseline at the end
of the action potential in a single sweep in maiiends. The supra-maximally stimulated action
potential was reproduced at least three to fouedimt the same stimulus intensity and super-

imposed to exclude artefact.

Another technique that | used to confirm the preseaof localized wrist entrapment of the

median nerve was that of comparing the inter-pasdnky difference between the median and
the adjacent ulnar nerve. By stimulating the neag@dicated in Figure 3, a sensory recording
on the digits of the fingers for the respectiveviesr was obtained and conduction latency
measured at peak amplitude. The inter-peak latelifigrences for the adjacent radial and the
ulnar nerves, as well as the palmar stimulatiofieddhce to median and ulnar nerves were
combined to give the combined sensory index (Tdhle

2.2.2 Electromyography

Electromyography was performed using a 0.37mm,laiponcentric Teflon disposable needle
electrode inserted in the relaxed belly of theet@shuscle. One reason for doing the EMG was
to assess the muscular atrophic and/fibrotic abaliies, which would allow one to gauge
whether the CTS was chronic or not (Bineieal., 2004). A second reason was to exclude the
involvement of the cervical compressive lesionsagpling specific cervical root myotomes to
look for fasciculation potentials, fibrillations @rother abnormalities. Lastly it was to exclude

any abnormal muscular abnormality patterns in tipadients. EMG examination of the abductor
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policis brevis muscle particularly was used to grdte severity of the CTS. Reduction in muscle
volume contraction was graded as the indicatioreitifer chronic denervation or conduction
block of motor units. To exclude a diffuse/proxin&G pattern compatible with a cervical
compressive pathology or a muscular abnormalitjepat | sampled the deltoid, the biceps, the
brachioradialis, flexor carpi radialis, and thesffidorsal interosseous muscles. (Goodgold and
Eberstein, 1983)
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Table 3. Criteria to confirm a diagnosis of clifigasuspected CTS, based on the guidelines of

the American Association of Electrophysiological ditgne, (1993).

Measured variable Value
Median motor distal latency >4.4ms
Median palmar latency >3.6ms
Median/Ulnar difference >1ms
Palmar median/ulnar difference >0.3ms

Diffuse neuropathy and myopathic pattern excluddidcriteria in Table 3
met for the diagnosis of suspected CTS. . Mild CAlormal sensory
conduction latencies; Moderate CTS: Abnormal sgnand motor
conduction latencies; Severe CTS: Abnormal senandymotor conduction
latencies, abnormal response amplitude and needi®ination patterns.
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Table 4. The calculation of the combined sensodexnbetween the radial, ulnar and median

nerves. (American Academy of Neurology, 1993).

Nerves for inter-peak latency Latency difference

Determination

Median digit IV-Ulnar digit IV 0.4ms
Median digit-Radial Digit | 0.5ms
Median Palmar-Ulnar Palmar 0.3ms
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Figure 5. Position of the median and ulnar nerved te incision of the carpal ligament to
decompress the pressure on the median neAdapted from Nucleus Communications
Incorporated (1998)
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2.2.2 Patients’ surgical procedure

2.3.1 CTS operation

All CTS patients underwent an open carpal tunnebdwgression (see Figure 5). The procedure
involved a small palmar incision to visualize therpal ligament and the median nerve. The
transverse carpal ligament was then sectionedawig® relief on pressure on the median nerve
at the carpal tunnel site (Dawset al, 1983; Goodgold and Eberstein, 1980). The surgical
procedure lasted between 30 — 60 min and was pegtbunder regional anaesthesia (Auerbach,
Southern California Orthopaedic Institute, 2004).

2.3.2 Control operation

All control patients underwent a minor operationiahhpredominantly involved the
removal/extraction of a tooth. Once the anaesttetittaken effect, the dentist or oral surgeon
would widen the socket using a tool elevator oam pf special forceps. The tooth would then
be moved the from side to side until it was loaseugh to be removed completely. No patient

had gums or jawbone deformities. The proceduredifstr about 30 minutes.

2.4 Polysomnography

After screening, both the patients and controlsevaesked to spend four nights in the Wits Dial-
a- Bed Sleep Laboratory, two nights pre-operativaig two nights post-operatively. The first
night served as an adaptation night, on each amtasil procedures were identical to those
followed on recording nights, however, data was cultected. Pre-operative recordings were
made between three days and four weeks before gbmtmon, and post-operative recordings

were made between 10 days and two months afteypdetion for all the subjects (patients and
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controls). The average time for post-operative rdiog was 34 +15days for CTS patients and 36

+ 15 days for control subjects.

| asked patients to keep to their regular sleepewszhedules during the week before each visit
to the laboratory. Most of my subjects did not adh® this request. They completed morning
guestionnaires to record their bedtimes, wake tiraed subjective sleep quality. | also asked the
patients not to exercise, drink coffee or othefesafited beverages, or take sleeping tablets on
each day before coming to the laboratory. Finallygsked patients not to take any pain
medications in the evening of their overnight reloogs. Patients arrived at the laboratory 2-3
hours before bedtime so they could familiarise tbelwes with the laboratory. All the patients
were encouraged to go to bed at their normal dieen which ranged between 21:00 and 22:30.

Spontaneous wake-up time ranged between 05:307a86.0

2.4.1 International 10/20 System

On each visit to the sleep laboratory standardtrelencephalographic, electrooculographic, and
electromyographic recordings were made on a commipatk electroencephalograph (Medelec
DG 20, Vickers Medical, Surrey, England) at a \attitspeed of 15mm/s. The standard
International 10/20 System was used for electrddegpment (Spriggs, 2002).

EEG was recorded from two leads, C3 and C4, refexkno an indifferent electrode placed on
the contralateral mastoid (A1 and A2). Bipolar sebtal electromyographic (EMG) and
referential electro-oculographs were also recof@glire 6). The electro-oculograph leads were
placed 10 mm out from the outer canthus, with daeqa slightly above and one placed slightly
below the horizontal plane to allow for the symneetecording of both the vertical and the
horizontal oscillatory movements of the eyes (Sp8jg2002; Chokrovertyet al 2005). These
electrodes were referenced to the indifferent edelet on the opposite side of the head (Al or
A2).

For the recording of chin EMG, leads were placeat Higainst the skin to ensure stability

throughout the night. Lead A was placed over sultatemuscles on one side and B on the
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opposite side of the jaws to measure the musclé&aion (Spriggs, 2002). See Figure 6 for

electrode placement.
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Figure 6. The 10-20 electrode placement systera fmylysomnogram recording.
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Table 5. Recording parameters used for Polysompbgra

Channel Low frequency filter High frequency filter Sensitivity
EEG/EOG .5Hz 35Hz pk//mm
EMG 10Hz 70Hz pvV/mm

Electrode resistance- less than 10kiloOhms
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2.4.2 Sleep variables and subjective data

Thirty-second epochs were scored according to tdwedard criteria (Rechtschaffen and Kales,
1968) by me. A selection of records was doublekbeédy Dr. Alison Bentley, a scorer blind to
the identity and condition of the subjects. Sleapat latency (SOL) was calculated as the time
from lights out to the appearance of the first memsecutive epochs (60s) of stage 2 sleep. The
sleep period was defined as the time from sleeptandtil lights-on, including any intervening
wakefulness. Total sleep time (TST) was computetth@smount of actual sleep time within the
time in bed interval, equal to the total recordiimge from lights out to lights-on minus the sum
of total wake/movement time. Sleep efficiency wakulated as the proportion of sleep time to
total time spent in bed, expressed as a percentage.

Slow wave sleep latency was calculated as the fiora sleep onset to the first of at least 60
seconds of stage 3 sleep. The REM onset latencycaleslated as the time between sleep onset
and any indication of the first continuous 30 setepoch of REM sleep. Time spent in REM
sleep, stage 2 sleep, stage 3 and stage 4 sledpneah(slow wave sleep), stage 1 sleep, and
wakefulness/movement time, were calculated as@ptage of the sleep period.

Transient arousals were scored independent of Rawilfen & Kales, 1968 epoch scoring. An
arousal differs from wake time, defined in Rech#$tdn and Kales, 1968, which lasts 15
seconds or longer in a 30 second epoch. In contaasEEG arousal lasts between 3 and 15
seconds and is as an abrupt shift in EEG frequewbych may include theta, alpha and/or
frequencies greater than16Hz but not spindles fivtaand Douglas, 1995). The subject needs to
be asleep for at least 10 continuous seconds bafoaousal can be scored. Arousals in REM
sleep are scored only when they are accompaniehbycrease in submental EMG amplitude.
Delta waves, K complex and artefacts are not caouate arousals unless accompanied by a
frequency shift (Chokroverty, 2006). Arousal indexas calculated according to the

recommended polygraphic parameters for arousairgcdrased on a preliminary report from
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Sleep Disorders Atlas Task Force of the AmericageflDisorders Association (1995). The

arousal index was recorded as the number of apsalhour.

2.5  Subjective Assessments

On each visit to the sleep laboratory, patientessesd their pain severity, mood, and sleep
guality using validated questionnaires and visual@gue scales. | assessed the quality of their
pain in the evening and morning using the McGillnPQuestionnaire, which has been used
extensively to describe different pain types (Watld Melzack, 1989). The questionnaire
consists of 78 adjectives arranged into 20 grorgiecting similar pain quantities. The patients
selected a word that best described their pain femoh applicable group. Because of the
language barrier in most of the patients regartiegwvords used, pain rating index (PRI), which
is a verbal scale pain intensity measurement indexid not be used. The patients also assessed
the severity of their pain in the evening beford,lend in the morning, when they woke up, by
making a mark on a 100mm visual analogue scale (V&fhored at their ‘worst pain’ ever
experienced and ‘no pain’ at all (Colliesal,, 1997). All the subjects were comfortable witldan

could comprehend the visual analogue scale.

Patients were asked to complete the Beck Depressvemtory (Becket al,, 1961)o assess their
psychological status on each visit to the laboyat®he Beck Depression Inventory consists of
21 questions and is widely used to assess depmes&ie conventional cut-off points for mild,
moderate and severe depression used on the BDIlpgsyehiatric setting are: <10 minimal
depression, 10-19 mild depression, 20-29 modemgieedsion and >30 severe depression (Beck
et al 1961). The BDI was used to describe the way titeepts had been feeling the previous

week, including the day of filling in the form.

The profile of mood states (POMS) questionnaire wssd to assess the instantaneous mood
state of the subjects at each laboratory visit.tAd subjects had a fair comprehension of the
words used in POMS. The POMS consists of 65 wordwrief phases (McNaiet al., 1971). It

was developed by Mcnair, Lorr and Droppleman inll9he POMS consists of 65 adjectives to
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which participants respond on a 5-point scale, fdofnot at all) to 5 (extremely) based on how
they are feeling right then (McNagt al, 1971). Six dimensions of mood are evaluated ftioen
POMS, including tension-anxiety, depression-degegtanger-hostility, vigour-activity, fatigue-
inertia, and confusion-bewilderment. A total moadre is calculated by summing the scores of

the six dimensions, with vigor weighted negatively.

Finally, in the evening of each recording nighttigrats completed a questionnaire describing the
events of that day and indicated their evening etgxon a VAS, with anchors of ‘terrible
agitation’ and ‘utterly calm and peaceful’. Afteadh recording night, subjective sleep quality
was assessed with a VAS, anchored at ‘worst evat’ ‘best ever’ sleep quality. Similarly,
morning vigilance was assessed with a VAS, anchatédorst ever and ‘best ever'. Patients
also reported their subjective sleep onset latemcg,the perception of the number and duration

of awakenings during each night.

2.6 Data analysis

All results are reported as mean + standard dewiathrcsin square-root transformation was

done on all visual analogue scale ratings to nammahe scores before analysis. A repeated-
measures analysis of variance at a 95% confidenieeval was used to investigate the effect of
surgical intervention on polysomnographic and stibje sleep and mood variables. The effect
of surgical intervention on VAS pain ratings in #ening and morning was determined using a
repeated-measures ANOVA with treatment (pre-opamatwersus post-operation) and time

(evening versus morning ) as factors.
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RESULTS

This chapter describes the results of differentsteone on carpal tunnel syndrome (CTS)
patients before and after the carpal tunnel decessmn treatment. The CTS patients’ results
are compared to those of the control subjects bedad after their minor surgical procedure for
tooth extraction. The data presented in the madyof results will exclude the results obtained
from one of the 7 CTS patients who participatedhe study. | will later come back to this
patient and present the results separately. Rdsgltede the nerve conduction studies data that
were used to confirm the diagnosis of CTS on thpegeents. The sleep section consists of the
objective polysomnographic measurements, as wethassubjective sleep assessment results
that are comprised of visual analogue scale (VABNg as well as questionnaires on sleep
behaviour before and after treatment for both th& @s well as the control patients. Results of
the ratings of the quality and the intensity ofrpai all the subjects are also presented. The
section on mood assessment describes results ethttkom the profile of mood states (POMS)
and the Beck depression inventory (BDI) instrumexstsvell as assessment of evening levels of
anxiety based on VAS in all patients before andrafieatment. The last section on this chapter
describes the CTS patient that was excluded froenstidy due to the fact that this patient

reported no changes in his condition and contiriaexkperience pain after CTS treatment.

3.1 Nerve conductions

The average median nerve distal motor conductitentges for the patients with carpal tunnel

syndrome before and after treatment are showndnr&i7. Table 6 shows values before and
after CTS treatment. The nerve conduction measurtsmgere done at least 2 months after
surgery on all our patients. The antidromic medi@nve distal sensory tests showed absent
conduction in 5 of the 6 patients, indicating aesevcompressive neuropathy of the median

nerve in these patients (Table 6). There was dtsligcrease in the incidence of fibrillation
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potentials as well as nascent low amplitude polgmhpotentials on the abductor policis brevis
muscles in 4 out of the 6 CTS patients, during jop&rative electromyography. Five of the
patients had a unilateral carpal tunnel syndromaitber the right or the left hand (Table 6), and
one patient had a bilateral carpal tunnel syndrding.of the five patients who came back for a
nerve conduction study post-operatively, only towsed an improvement in both sensory and
motor conduction latencies with recovery in medmnve antidromic sensory conduction and
also distal motor response amplitude and latenbgrd was no significant improvement shown
by motor conduction amplitude response, post-opelgt (Table 6). Before surgery the two

CTS patients had absent distal sensory action pakemwhich returned after treatment
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CTSPre-op  CTS Post-op

Motor nerve conduction latencies(ms)

Figure 7. Distal motor conduction latency on 5 Q¥e8ients recorded before and after the CTS
operation was performed. Post-operative reductionlatency was statistically significant
t=1.980, p=0.04.
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Table 6. Distal motor conduction amplitude on 5 @BEHents recorded before and after the CTS
operation was performed.

Subject Pre-op amplitude (mv) Post-op amplitude)(mv
1 15 1.9
2 1.8 2.2
3 15 1.4
4R No response 15uv
L 2.5 3
5 2.9 3.4
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Table 7. Median nerve distal sensory latency angliome on 5 patients with carpal tunnel
syndrome before and after treatment.

Distal sensory latency (ms) and

amplitude(uv)
Subject
Pre-op Post-op
1 R-No response 2.4(14pv)
2 R-No response No Response
3 R-No response 3.0(19pv)
4 R-No response No Response
5 R-Low amplitude No Response
L-No response No Response
6 R-No response -

R=Right hand L=Left hand
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3.2 Sleep

3.2.1 Polysomnogram

This section describes the results obtained frolysponnograms from two recording nights, one
pre-operative and one post-operative night. Resuiscompared between the CTS and control

patients before and after surgery (See Table 8).

There were no significant differences in time irdpbtotal sleep period, total sleep time, sleep
onset latency, latency to REM sleep or latencyldw svave sleep either between patient groups
or before compared to after treatment (Table 8gr&hvas a significant treatment effect with no
significant interaction effect for sleep efficienayth both groups having better sleep efficiency
while spending less time awake/moving after therafpen (Table 8). CTS patients spent more
time awake/moving both before and after their ojp@nacompared to controls (Table 8). The
CTS patients showed significant group-by-treatnegfegct when compared to the control group
(Table 8). The CTS patients also had a larger atondex than did the control patients, and that
arousal index was reduced after surgery partiguléol the CTS patients. There were no
differences in percentage time spent in Stageepsistage 2 sleep, or REM sleep either between
subject groups or before and after the operati@wever, the CTS patients had less slow wave
sleep than did the control patients, but there measignificant change in percentage slow wave

sleep after surgery.

3.2.2 Subjective sleep assessment
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Subjective ratings of sleep quality by the CTS andtrol patients are shown in Table 9. The
CTS patients reported that they woke up more fretip@nd spent more time awake than did
controls on both nights. There was also a sigmficeeatment and interaction effect for awake
time, with the time spent awake being reduced vahg the operation particularly in the CTS
patients. CTS patients also rated their sleep tyuad significantly poorer than control patients
overall and reported that their sleep quality waproved after the operation (Table 9). There
were no differences in perceived time to fall aglbetween groups or as a result of treatment in
either group. Finally, there were significant sabjend treatment effects for morning vigilance,
with a tendency for an interaction effect (p = Q.@Hatients with CTS reported lower levels of
morning vigilance than controls and both groupsoregul higher levels of vigilance after the
operation, which tended to be more pronounced i6 @datients. The CTS patients reported not

using pain medication for CTS pain after surgetligothan for other pain related conditions.
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Table 8. Sleep variables (meanzSD) derived from gh/somnogram for six patients with
carpal tunnel syndrome before and after a carpatdurelease operation compared with six

control patients before and after a minor surgacatedure for a non-painful dental condition.

CTS patients Control patients Repeated measures
Variable Before  After Before  After 2 way ANOVA
TIB (min) 465+12 47116 471+14 468123  Subjects K}50.04, P=0.9

Treatment F(1,10)=0.03, P=0.9
Interaction F(1,10)=0.3, P=0.6

Total sleep 451+12 458+17 456+14 450+24  Subjects F(1,10)=0P34.8
Period (min) Treatment F(1,10)=0.01, P=0.9
Interaction F(1,10)=0.6, P=0.5

TST(min) 385+16 40015 397416 404+19 Subjects H(E1.7, P=0.2
Treatment F(1,10)=2.2, P=0.2
Interaction F(1,10)=0.3, P=0.6

Sleep efficiency 82.7+1.7 84.9+1.4 84.4+3.2 86.4+0.8 Subjects F(1,10)=2.8, P=0.1
(%) Treatment F(1,10)=10.2, P=0.01*
Interaction F(1,10)=0.01, P=0.9

Awake/ 15+1 1341 1242 1141 Subjects F(1,10)=13.1, P=0.005*
Movement (%) Treatment F(1,10)=10.5, P=0.009*
Interaction F(1,10)=0.7, P=0.4

Stagel (%) 7+1 6+2 5+l 612 Subjects F(1,10)=2.10.P=
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Stage?2 (%) 41+2
SWS (%) 19+0.8
REM (%) 18+2
SOL(min) 1442
ROL(min) 71£10

Latency to 15+2
Stage 3(min)

Arousal Index 73
(number/hour
of sleep)

41+3

20+1

21+4

13+2

66+9

14+2

3+2

40+2

21+2

20+0.9

15+1

69+5

15+2

2+2

4242

22+2

20+0.9

18+4

72+6

12+2

2+1

Treatment F(1,10)=1.1, P=0.3
Interaction F(1,10)=2.0, P=0.3

Subjects F(1,1037P@=0.6
Treatment F(1,10)=1.7, P=0.2
Interaction F(1,10)=1.4, P=0.3

Subjects F(1,10)=B41).03*
Treatment F (1,10) =0.6, P=0.5
Interaction F (1,10) =0.01, P=0.9

Subjects F(1,103-0=0.5
Treatment F (1,10) =2.7, P=0.1
Interaction F (1,10) =3.1, P=0.1

Subjects F(1,10)=#60.06
Treatment F(1,10)=0.6, P=0.5
Interaction F(1,10)=2.7, P=0.1

Subjects F(1,10)=@40.5
Treatment F(1,10)=0.07, P=0.8
Interaction F(1,10)=1.3, P=0.3

Subjects F(1,10)=0.4, P=0.5
Treatment F(1,10)=4.0, P=0.07
Interaction F(1,10)=1.3, P=0.3

Subjects F(1,10)=33.1, P<0.01*
Treatment F(1,10)=29.7, P<0.01*
Interaction F(1,10)=29.7, P<0.01*

Time spent in each sleep stage or wake/moveimexpressed as a % of Total Sleep Pr
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Table 9. Subjective assessments of sleep and ngovigitance (meanzSD) for CTS and control

patients before and after their operation.

Question

CTS patients

Control Patients

Repeated measures 2 way

Before  After Before After
How long do you 4524 33114 28+12 23+10
think it took to
fall asleep? (min)
How many times 442 2+1 3+1 2+1
did you wake up?
If you woke up 45+17 2249 15+4 166
how long were
you awake for
(min)?
VAS: Sleep 71+8 88+6  98+2 98+3
quality (Worst
ever to best ever)
VAS: Morning 71+8 8815  96+3 98+3

vigilance (Worst
ever to best ever)
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ANOVA

Subjects F(1.10)=2.7, P =0.1
Treatment F(1.10)=3.5, P=0.09
Interaction F(1.10)=0.8, P=0.4

Subjects F (1.10)=26.1, P=0.01*
Treatment F (1.10)=2.91, P=0.37
Interaction F (1.10)=2.91, P=0.37

Subjects F(1.10)=28.4,.D80*
Treatment F(1.10)=5.5, P=0.04*
Interaction F(1.10)=06.4, P=0.03*

Subjects F(1.10)=47.1, P<D:00
Treatment F(1.10)=10.1, P=0.01*
Interaction F(1.10)=7.2, P=0.023*

Subjects F(1.10)=57.7, PeD:0
Treatment F(1.10)=16.2, P=0.002*
Interaction F(1.10)=4.0, P=0.07



3.3 Pain
3.3.1 Pain intensity

The CTS patients rated their pain on a VAS as Sagmitly lower after the carpal tunnel release
operation in both the evening and morning (ANOVAatment effect: F(1,5) = 468.0, p <
0.001). There was no significant difference in paatings between evening and morning
(ANOVA time effect: F (1,5) = 2.5, p = 0.2) and significant interaction between treatment and
time (ANOVA interaction effect: F(1,5) = 2.0, p =20. All patients rated their evening and their
morning pain as being low or absent after surgé&igufe 8). None of the control patients

reported pain during their visit to the sleep laory either before or after their operation.

3.3.2 Pain quality
3.3.2.1 The McGill Pain questionnaire

The MPQ was administered in English for all thejsats. All the subjects tested could speak
English, but it was not necessarily their firstdaage. All words chosen were explained to the
patients in their own language. The primary conguariwas that of the MPQ before and after
the operation in all CTS patients. See Table 1@iands chosen to describe the CTS pain by the
patients on the pain questionnaire. On the McGilhpuestionnaire, all six patients with CTS

described the pain as “pricking” (Table 10). Thetmmaost common words used to describe the
pain were “sharp” and “numb”, used by four out of subjects. All the patients reported the

night-time as the time when their pain is at itsrstoThe control patients did not select any

words on the McGill pain questionnaire as theyrtireport any pain.
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Table 10.. All the words chosen by the CTS patignthe McGill pain questionnaire before the

CTS operation, including the most common words.

Words chosen  Number of patients Number of patients
Before After

Pricking
Sharp
Numb
Shooting
Cramping
Sore

Dull
Piercing
Sharp
Annoying
Burning
Tingling
Stinging
Tight

PRrNOwWwwwwwwdpo
CoPooopcoPoocooopo©o
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3.4 Mood
3.4.1 Profile of Mood States (POMS)

CTS patients had higher POMS scores, reflectingrggomood, when compared to control
patients regardless of treatment (Subject: F(171@D.7, p < 0.001). The significant treatment
(F(2,10) = 13.1, p = 0.005) and interaction (F(1,2(8.8, p = 0.014) effects showed that there
was significant improvement in mood for the CTSiquas after surgery but little change in

mood in the controls (See Figure 9).

3.4.2 Beck Depression Inventory

CTS patients had higher scores on the Beck Depredaventory, reflecting greater levels of
depression, compared to control patients (Subfgdt;10) = 64.8, p < 0.001) (Figure 10). The
significant treatment (F(1,10) = 10.4, p = 0.008y anteraction (F(1,10) = 14.1, p = 0.004)
effects showed that the CTS patients were lessedsed after their operation with little change

seen in controls.
3.4.3 Evening anxiety

There were significant treatment (F (1,10) = 14.2; 0.004), subject (F(1,10) = 6.4, p = 0.03)
and interaction (F(1,10) = 9.0. p = 0.01) effecisdvening anxiety, as rated on a visual analogue

scale before subjects went to sleep. CTS patieats more anxious before their operation (8317
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mm) compared to after the operation (96+4 mm), anchpared to control patients (pre-

operation: 95+3 mm; post-operation: 963 mm).
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Figure 8: Ratings of evening and morning pain sgven a 100 mm visual analogue scale in 6
patients with carpal tunnel syndrome before aner @ftcarpal tunnel release operation. * p <

0.001 compared to before the operation.
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Total mood score

CTS ' Control CTS ' Control
Pre-op Post-op

Figure 9. Total Mood Score (meanzSD) calculatechftbe POMS in six patients with CTS and
Six patients with non-painful dental complaintsdrefand after treatment.

*significantly different from controls, p < 0.00%;significantly different from pre-operatively.
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Figure 10. Beck Depression Inventory Score (medD)4#Br six patients diagnosed with carpal
tunnel syndrome and six patients with non-painntdl complaints before and after treatment

* significantly different from controls, p < 0.00%;significantly different from pre-operative.
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3.5  The excluded patient

This 72 year old patient had had clinical symptahearpal tunnel syndrome for more than two
years. He had complained of pins and needles, nesshras well as unbearable pain on the
median and ulnar nerve sensory distribution as agklong the arm up to the neck. There was
no evidence of cervical radiculopathy noted on teexamination that had been done three
weeks before this patient entered my study. Thiepateported no known sleep problem in the
oral interview for the sleep studies. The patidmivged absent sensory and motor conduction
latencies with minute sensory and motor respongaite for the median and ulnar nerves,
bilaterally. Needle examination showed fibrillatiggotentials, positive sharp activity, and
increased insertional activity with reduced reengiht pattern on the thenar muscles.

Table 13 shows a comparison of data collected im patient compared with the other CTS
patients. The polysomnogram on this patient shawatihe had a very high percentage of Stage
1 sleep, a longer sleep onset latency, and a Isleep efficiency than the other patients. The
patient reported continuous poor sleep quality withnoticeablehanges before and after the
operation (35mm before and 32mm after operatiomthensleep quality VAS). The patient also
had very high BDI and POMS scores, indicating sewdapression, which did not change after
treatment (Table 11). This patient still reporsedere pain long after the surgery and the PSG
were done. This reported pain was accompanied bghamge in both sensory and motor
conduction latency (Table 11).
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Table 11. Variables for the CTS patient that wadweded from the study

Polysomnogram Before After treatment
Treatment

This subject Other subjects  This subject Other subjects

TIB (min) 474 465+12 444 471+16
Total sleep 446 451412 419 453+17
period(min)

TST(min) 356 385116 339 40015
Sleep efficiency 73 82.7+1.7 76 84.9+1.4
(%)

Awake/movement 19 15+1 18 13+1
(%)

Stage 1% 29 7+1 21 612
Stage 2% 30 4142 33 4143
SWS (%) 18 19+0.8 20 20+1
REM (%) 11 18+2 12 21+2
SOL (min) 28 14+2 25 13+2
ROL (min) 95 71+10 88 6619
Latency to stage 325 15+£3 22 1442
(min)

Arousal index 8 7+3 6 3+2
(Number/hours of

sleep)

Other

measurements

POMS 110 833 104 53122
BDI 43 2517 41 1344
VAS painrating 91 9048 93 10+2
VAS Sleep 35 71+8 32 8816
quality

Median nerve Absent 5.8+2 Absent 3.6+1
distal sensory

latency

Median nerve Absent Absent Absent 3.8+2
distal motor

latency
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Discussion

| investigated the changes in sleep architecturkjestive sleep assessment, mood and pain in
patients with carpal tunnel syndrome before andra@TS decompression. | compared CTS
patients with control subjects who underwent a midental surgical procedure of similar
magnitude to carpal tunnel decompression. Thisysisidhe first, as far as | am aware, to use
polysomnography to record sleep architecture ineptg with CTS before and after surgical
treatment. All patients who participated in thedstinad electrophysiological features of CTS. |
showed that my patients with CTS had significanhaamalities in the distal sensory motor
latencies, velocities and sensory/motor responsglitaitie. All patients that took part in the
study had absent sensory conduction latencies emgbsy action potential response amplitude
and grossly delayed distal motor conduction laesci discovered that the sensory action
potential response amplitude had partially recavenethese patients after CTS operation with
accompanying recovery in distal sensory latenciBlse CTS patients had shown some
improvement in the electrophysiological CTS feasurdut the condition had not been
completely cured, following surgery. The nerve aactbn studies were still abnormal. Despite
very little change in electrophysiological measurdse CTS patients reported an almost
complete eradication of pain post-operatively corapgdo pre-operatively. | discovered that after
surgery, CTS patients reported a better sleep tguathproved morning vigilance and less
perceived wakefulness during the night comparedhto pre-operative recording. They also
showed dramatic improvements in mood post-opelgtivETS patients showed signs of
moderate depression pre-operatively, which was aediuto minimal/mild depression post-
operatively based on Beck Depression Inventory escoAge- and gender-matched control
patients who underwent an operation of similar tionashowed no significant change in
subjective sleep assessments or mood post-opdyativéhave, therefore, shown that the
improvement in mood and subjective sleep qualitjkisly due to the eradication of pain post-
operatively in CTS patients. Despite the dramatiprovements in subjective sleep perception,
there was very little change in objective polysognaphic measures post-operatively compared
to pre-operatively in the CTS patients. The onlyialae that showed an interaction effect was

arousal index, which was lower in CTS patients jopsratively. The CTS patients showed an
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improvement in sleep efficiency and a reductiotirme spent awake or moving post-operatively,
however, this effect was also seen in the contatiepts and therefore was not specific to the
removal of pain in the CTS patients. The improveniersleep efficiency was small, being only

two percentage points, on average, in both groups.

My study demonstrated that the CTS patients’ suivegerception of their pain and sleep
improved after surgery disproportionately with resp to any objective measure of
neurophysiology or sleep architecture. Minimal aes were noted in the objective
measurement of sleep, the overnight polysomnogiwven though the CTS patients showed
some changes in sensory and motor conduction stutliese were just residual deficits. The
perceived improvement in pain after the CTS surgexgeeded the neural improvement
measured in conduction studies. These findings sirengthened by the inclusion of a
comparison group of subjects in my study to corfoolny effects of surgery or other factors on
sleep that may have changed over the pre-opernatipest-operative time interval. The control
patients had no pain and no symptoms of depressi@mxiety either before or after treatment.
Psychological problems may therefore be dependemiether patients undergoing surgery are

in pain or not, amongst other variables, as wademged in CTS patients.

The study had several limitations. The first waat thf the language barrier particularly on the
subjective instruments used in the study. Mostepési did not use English as their first or second
language even though all spoke the language. Tgridéage barrier was more or less similar for
the CTS patients. The language barrier posed alggrobh most questions that depended on
rigorous understanding of the language in ordepaed to questions. The McGill pain

guestionnaire was particularly difficult becauseatsfabsolute reliance on language proficiency
of the subjects making it difficult to get a comipeasive analysis of the questionnaire. It was
therefore not possible to compute the pain ratmdgex. Although some explaining had to be
done on the other subjective questionnaires like RDMS and the BDI, these questionnaires

seemed better understood than the McGill pain gquestire by the subjects.

The second limitation on the study was that norotifigective measurement was done on all the

patients to exclude any other sleep problem. Imtalesleep disorders were excluded only by
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interviews and sleep questionnaires. Some patieradg have had some undiagnosed sleep
problems that may have disturbed their sleep. &orgdor sleep breathing disorders like sleep
apnoea or snoring would have been one way helgfukxclude conditions which may

significantly alter sleep architecture includinge thatient’s sleep efficiency and periodic sleep
disruptions. | also did not analyze the microstuuetof sleep, such as delta and alpha activity in
the EEG. It is possible that the CTS patients mayehshown improvements in the

microstructure of sleep post-operatively that mayehinfluenced the subjective perception of

sleep.

Thirdly, my patients had generally increased BMiefie is no available research-based evidence
linking the increase in BMI directly to the prevate of CTS. The same cannot, however, be
said with the relationship between increased BMI sleep apnea, where strong correlation can
be found in literature. One can then argue thatetk@usion of sleep apnea though objective

screening would have been helpful in my patientgam

A fourth limitation was the sample size. A biggangple of both CTS and control patients would
have provided a more comprehensive analysis ofdbalts than the sample size considered for
this study. A fifth limiting factor was the factahno actigraph logs were used to properly
compute the sleep-wake schedule for these pati€hts pitfall with the sleep diaries was that
they were not all properly filled up to be ableget a proper analysis of the estimated sleep
duration. Lastly, there is a need for a long-teaitofv up for post-operative re-testing for CTS

patients in particular, to accommodate neural repptime lag after CTS surgery.

Few studies have investigated sleep quality inep&ti with CTS and no other study has
investigated sleep architecture in patients withSQJ¥efore and after treatment with which to
compare my results. An extensive study of CTS stisqption was conducted by Lehtinen
al., (1996). Similar to my results, that study founattiCTS patients reported a poorer sleep
quality with a more fragmented sleep and longer kanings. Although polysomnographic
recordings were not made, objective measuremergsost body movements during sleep were
made in six patients with CTS before and after isatgtreatment (Lehtineret al., (1996).
Patients had less motor-active wakefulness, leseement time and shorter movement periods
post-operatively compared to pre-operatively (Ledrtiet al., 1996). Similarly, | found that CTS

patients had fewer microarousals and less awakefment time post-operatively. However, a
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control group of patients in my study showed a lsinsmall decrease in awake/movement time
post-operatively suggesting that the decrease ekefmnovement time was not only related to
the removal of CTS pain. The study by Lehtinen|gtl896) did not have a control group of

subjects.

Nerve conduction variables were also recorded ensgmptomatic arm in the evening before
patients went to bed, during the night when subjeaike up due to numbness, as well as in the
morning in the study by Lehtinest al (1996). The nerve conduction studies showed faoginit
improvement in the patients after CTS surgeryeadralso confirmed in my study. All variables
measured including distal sensory/motor conductlatencies, conduction velocities and
response amplitude showed significant improvemeeeltinenet al, 1996). There was a longer
interval (6 months) between the surgery and foligwrecordings in that study (Lehtinenal.,
1996) than in my study (< 2 months), allowing mitnee for recovery. .

In the objective measurements obtained using aspoipograph in my study, there was no
noticeable change in Time in bed, Total sleep tiR®L, SOL, latency to SWS, percentage of
stagel, 2 and REM sleep pre-operatively comparg@osboperatively despite the improvements
in subjective sleep quality and no difference betw€TS and control subjects. The relative
resistance to change in REM duration has been wi$en other pain-related disorders like
rheumatoid arthritis, fibromyalgia as well as chicofatigue syndrome ( Modolfskgt al., 1975,
Modolsky (2001), Modolsky and MacFarlane (2005)cadsésioet al., 2002). The observation
also concurs with other findings on experimentaiyuced pain which found no change in REM
duration in response to pain in the experimenthjesats (Daya and Bentley, (2009), Drevets
al., 1997, Velluti (1997). | established that percentagme spent awake/moving was
significantly greater in CTS patients than contrdlkis finding supports that of other studies
about chronic pain: The most consistent findinghnonic pain diseases is a greater amount of
time spent awake after sleep onset compared tdhlyeadntrols (Drewes and Arendt-Nielsen,
2001). Although wake/movement time decreased sagmfly post-operatively in the CTS
patients in my study, it still remained higher th@mtrols showing that factors other than pain
may be disturbing their sleep. Also, controls shdwesimilar reduction in wake/movement time
post-operatively despite not having any pain preragively. Possibly, all patients were more

comfortable in the laboratory on their fourth ovght (post-operative recording) than on their
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second overnight (pre-operative night) despiteinguain initial adaptation night. | also found that
SWS (as a percentage of total sleep period) waginaly less in the CTS subjects compared to
controls on both pre and post-operative nightseOstudies have reported lower levels of SWS
in some patients with chronic pain, such as lowkhaain, compared to controls (Drewes and
Arendt-Nielsen, 2001). The percentage time spenBWS, however, did not change after
treatment and alleviation of pain in the CTS patien my study showing that the lower amount
of SWS was not simply related to the presence serd®e of pain. All my CTS patients were
categorised as having a severe form of CTS. The €&&U8rity is characterised by the absence or
delay in both sensory and motor conduction latenaompanied by reduction in sensory and
motor response amplitude, as well as abnormalrelegographic patterns (Dawson, 1995). The
pain exhibited by my CTS patients was typical & gain experienced by most neuropathic pain
patients. | discovered that the most complainedigpain descriptions by my CTS patients were
numbness, pricking, and burning sensation and sigoh the median nerve myotomes. Others
have also reported that patients with CTS repartgms such as shooting, burning sensation
and numbness, pricking and shooting on the Mc@Gilh guestionnaire (Nashed al.,2010; lida

et al., 2008). The CTS patients also presented with simédported characteristic daytime and
night-time symptoms which were relieved followinggical decompression (Higgs al, 1997,
lida et al., 2008). Previous studies have confirmed completmanked (80 to 100%) relief of
CTS symptoms following surgery (Townsheedal, 2004; Richeet al, 2004). In one study,
100% complete pain relief was achieved in patienth early CTS symptoms, 94% in the
moderate symptom group and 50% in patients witlerge€TS (ladat al, 2008).All my CTS
patients were categorised as having a severe form of CTS. The CTS severity is characterised by

the absence or delay in both sensory and motor conduction latencies accompanied by
reduction in sensory and motor response amplitude, as well as abnormal electromyographic
patterns (Table 3) (Dawson, 1995). Similarly, the CTS patients in my study reportet)jeative
pain relief following surgery. The reported impravent in pain symptoms has been reported,
particularly in “paraesthesia” following surgery if@heet al, 2008; Wilder-Smith, 2008). Other
studies have shown improvements in psychologicabrpaters after CTS decompression
surgery, similar to my findings. CTS patients hdeeer depression and anxiety scores after
surgery compared to pre-operative levels, suggestiat the chronic pain of CTS causes, at least

in part, psychological distress (Hobbyal., 2005). Indeed, there is a strong correlatiomvbenh
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pain severity and depressive symptoms and peopleckionic pain have a high prevalence of
depressive disorders (Landis et al., 2004, Pagaab, 2004, Wilson et al., 2002). Chronic pain,
psychological distress, and sleep disturbances cfteexist (Rileyet al, 2001) and it is difficult

to determine direction of causality. Monat al., 1998, found a self-reported sleep disruption as
well as a psychological and mood disturbance irept with chronic pain. Patients with lower
back pain, fiboromyalgia as well as orofacial pastignts were investigated using subjective
sleep measurement questionnaires, as well as nmubdriety scales to determine the influence
of chronic pain on sleep and mood. The Beck Derdadex, the Pain Anxiety symptom scale
and the Pittsburgh Sleep Quality Index were thgestibe questionnaires used in that study.
These patients had had chronic pain for longer tharonths, and others for as long as 5 years.
They did not find any difference in depression oxiaty comparing patients with and without
sleep disturbance, suggesting that sleep distueb&ncot always associated with an underlying
mood disturbance in chronic pain patients (Mairal, 1998). However, there is other evidence
suggesting that pain increases negative mood awer and that the negative mood makes a
more substantial contribution to poor sleep qualitgn does pain (Rilegt al, 2001). In my
study, it is therefore possible that the improvemaerthe subjective perception of sleep quality

in CTS patients post-operatively was partially na¢elil by the improvement in their mood.

| also found no direct relationship in the recovefyhe median nerve or the improvement of the
median nerve, post-operatively in the CTS patidotthe reported improvement in sleep quality.
The CTS patients reported improvement in sleepityuahg before the median nerve recovery
was complete. We found no direct relationship betwéhe actual recovery duration of the
sensory/motor fibers of the median nerve based hennterve conduction studies and the
subjective perception of pain and sleep qualityrompment amongst the CTS patients. There is
no documented report about the extent of CTS reyoaed sleep quality in the study of CTS
patients conducted by Lehtinen al., 1996). The 2 groups were evaluated at almost thee sa

time within the two month period post-surgically.

According to Dellon (2000), the recovery of the Cp&st-operatively is characterised by two
stages. Firstly, the improvement of the symptomsnoness, pain, pins and needles) is due to

the physical release of pressure on the nerveladrtmediate improvement of the blood flow.
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Secondly, it is due to the recovery of the insidetree nerve and from the actual loss or
degeneration of nerve fibers and nerve wasting.rémee fibers must regenerate from the site of
the nerve injury to the finger tips, and it is motmediate. Depending on the severity of the CTS,
it may take six months to a year. | conducted teetephysiological measurements about 2

months post-operatively, when the nerve fibers ikedy still recovering.

In our study we have successfully shown that ellendh the clinical presentation and the relief
of pain symptoms of carpal tunnel syndrome are wég@et on the surgical procedure to
decompress the median nerve, physiological pogiatipe recovery takes place long after
reported pain relief, confirming the possibility @dntinued existence of CTS immediately after
surgery. The continued existence of the objectivedasured abnormality on the EMG and nerve
conduction studies shortly after surgery, despite teported subjective improvement could
provide an explanation for the recurrence of CTShiese patients. The recurrence of carpal
tunnel syndrome has been reported as a commonrencerin the CTS patients (Dyek al,
1971; Amadio, 2009). Most common causes are duectumplete release of carpal ligament,
post-operative adhesions, intra-neural fascicidarrgg, and tethering of the median nerve with
the carpal canal (Raimbeai al, 2008). The percentage of recurrence has beenteepat
ranging from 3 to 12 and 3 to 19 percent (Raimbxal 2008). This recurrence percentage may
be higher as my study has shown that all my CT&ipigt had no short-term improvement in
EMG and nerve conduction studies compared to nobmathmark values. Most patients in my
study were seen again for re-testing of the EMGraerde conduction studies about two months
after surgery for decompression. None of my patiewere followed up afterwards for
sufficiently long to confirm whether or not they chaecurrence of CTS. The lack of
improvement in polysomnogram, EMG and nerve condaocstudies, post-operatively whilst
there is an almost complete subjective pain reditférs an interesting case to argue the failure of
CTS surgery to completely treat CTS on a short teasis. It also may provide the basis for the
recurrence of CTS in some patients that are treatdddecompression, depending possibly on

the severity of the CTS, opening another questoriurther research.

Having considered and stated the various limitgtionmy research, my study did, however,
manage to conclusively show that the reported ingarent in subjective pain relief, subjective

sleep quality and psychological improvement andlange are independent of the objectively
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measured results of the polysomnogram and therepdutsiological recovery as well as the
integrity of the median sensory and motor fiberdo#Amore research can still be done based on
our significant findings. This further research niayinstance explore the usage of language to
promote the better understanding of the languagest#ant subjective instruments as |
discovered some barriers in the comprehension mesaf the words used in the questionnaires
used for my research for non-English speakers. Marphasis should also be placed on stricter
exclusion criteria for incidental sleep disorddmattmay significantly alter sleep variables and
cause periodic sleep disruptions and other slesfrtions. A provision for a much bigger
sample size may also help in improving the stastanalysis of the results. Lastly, a future
direction would be to explore the recovery rate amegrity of the median nerve over a longer
period of time following CTS surgery, as well asetirer there are any subsequent changes in
sleep architecture given a longer period of recp¥@r the median nerve following surgery.
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Conclusion

The overall purpose of my dissertation was to dalane the association between CTS pain and
sleep disturbance. | compared subjective and obgedata between CTS patients and a control
group of patients that underwent a surgical prosedéithe same magnitude as CTS patients, pre
and post-operatively. To achieve this purpose omded overnight sleep before and after CTS
surgery as well before and after a minor dentagisat procedure. | also took nerve conduction

measurements in CTS patients before and after GQif§ery. Subjective data was collected

through subjective questionnaires and visual ansagrales. My study produced a number of
interesting observations that may need to be takenaccount in the overall management and,

possibly, treatment of patients with carpal tursygidrome.

The first important observation | made was thagsldisruption is not directly correlated to pain

severity in carpal tunnel syndrome. Whilst all mySpatients reported decreased pain after
CTS decompression, this decrease did not transkat@ny observable improvement in the PSG.
Nevertheless, the CTS patients complained of skispption and reported that the CTS

decompression improved their sleep. But becaussckfof observable improvement in the PSG

(except a modest improvement in sleep efficien@akefulness/movement and slow wave sleep),
one cannot completely rely on subjective reportddtermine whether or not sleep architecture
has been improved.

The second observation in my study is that evenghdhe CTS patients reported improvement
in pain severity and no sleep disruptions, that rompment was not paralleled by

neurophysiological improvement in nerve conductgindies performed a few weeks after
surgery. This observation suggests that the sgwafrithe CTS symptoms cannot be completely
correlated with severity of the nerve conductionamwements, since the nerve conduction
studies still showed an abnormality in the facengfroved pain reports from the CTS patients,
particularly within the first few weeks after surge There was some neurophysiological
improvement, however, following decompression: sensonduction responses that were all

absent during the pre-operative conduction stugere recorded in 2 of the 5 patients that were

65



re-examined in follow up study. All these patiergported improved pain and discomfort, post-
operatively. The improvement in sensory conductstherefore not solely responsible for the
improvement in reported pain and discomfort amortgst CTS patients. The “container”

hypothesis postulates that factors other than damagthe median nerve, particularly the
connective tissue in the carpal tunnel space, niay @ role in the symptoms associated with
CTS. Therefore the pain severity pre-operativelyl grain relief post-operatively may be

dependent not only on the damage and recoveryeaseéhsory/motor fibers of the median nerve,
but also on the damage or the recovery of the tdrpmel space connective tissue. The
awareness of these possibilities may be an importsgzne to be taken into consideration in
clinical practice when evaluating pain symptoms paih relief pre and post-operatively in CTS
patients. It may also help in effective pain mamaget as well as attending to patients’

expectations before and after surgery.

The third important observation in my study is tllaspite the fact that there were minimal
changes in overnight PSG, and the nerve conductiowlies, the subjective reports of
improvement in sleep disruption and in pain werm@fqund. The reason why this improvement
was not recorded in objective measurements toahe snagnitude as with the subjective reports
is still unclear. This observation conclusivelyaddished that even though the CTS patients got
pain relief and improved quality of life from thee@bmpression surgery, the objective
measurement showed that they still had disturbsepsland residual nerve damage, so subjective

improvement is no guarantee of the success ofrteedure.

The fourth observation in my study is that all G3&ients showed evidence of depressive mood,
and increased anxiety levels before the CTS operatiith notable improvement after CTS
operation. The improvement in the depressive maoael! as anxiety, presumably, is a result of
the removal of pain. There was no correlation betwehe depressive mood, anxiety
improvement and the objective measurement of skegept that the CTS patients had reduced

wakefulness/movement time, and slightly reduced siave sleep following surgery.

Future management strategies of carpal tunnel symelipatients should consider a number of
pertinent issues when dealing with CTS patientslimcal and surgical practice. These issues
are that the operative treatment of CTS does ingtbe patient’s sleep quality significantly, but

there is a limited association between this impnoset and the patient's actual sleep
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architecture. In the management strategy, one lvarefore not rely on the overnight PSG, and
the patient’'s self-reports do not necessarily spell an improvement in the patient's CTS
condition, post-operatively. Further, even thoughve conduction studies should still be used as
a diagnostic tool, there should be less reliancehennerve conduction measurements as a
management benchmark for improvement, particulaithin first few weeks after surgery as
there won't be any significant immediate chang@&eanve conduction studies despite reports of

reduction in pain and discomfort from these pasient

The depressive mood, increased anxiety levels,nanerestorative sleep reports from the CTS
as a result of chronic pain may in themselves ssiggat the CTS patients may benefit from
non-pharmacological treatment options like cogeitbehavioural therapy (CBT) or cognitive
behavioural therapy for insomnia (CBT-I) used wyd&r the management of pain. In CTS
patients, however, it would be much more benefitastill consider CTS surgery as a primary
option considering the success rate of the operatioreducing pain and discomfort in these
patients. Cautionary measures should be taken antount regarding the possibility of the
recurrence of symptoms at a later stage considehiagthese patients are physiologically not
readily cured of the CTS.

In conclusion, my study established the relativecipancies between subjectively and
objectively measured variables in relation to iny@ment in sleep, reduction in pain and
discomfort in CTS patients post-operatively. Futtgsearch may still need to do comparative
sequential study of sleep studies and neurophygadb measurements over longer periods of
time post-operatively, in order to track the polesibauses of the dissociation between the

subjective and objective results of this particuésearch.
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Subjective sleep quality and psychological statusnipatients with carpal

tunnel syndrome.

Carpal tunnel syndrome is a mono-neuropathy in lwkiie median nerve is compressed in the
space that is formed by the wrist and the cargahtient, which results in a mechanical irritation
that causes pain. Carpal tunnel syndrome is prevalepeople constantly engaged in extensive
use of hands for activities requiring fine motontol, such as knitting, fitting and turning, or
meat packing, amongst other activities (Gorsch&91%chiyama, 2005). The patients with
carpal tunnel syndrome commonly complain of incegapain severity during the night. The
pain often radiates to the median nerve sensotyilalifon of the thumb, index, and the middle
finger. Pain radiating proximal to the wrist as Msgnsory symptoms outside the median nerve
distribution has also been reported (Cupta and tBads 1997). The aim of this particular study
was therefore to explore the CTS patients’ subjecsleep quality, particularly mood and
psychological status and how the sleep qualityeisd affected by the carpal tunnel syndrome

pain.

MATERIALS AND METHODS

Patients

Patients recruited for this study were those reterfor nerve conduction studies to the
Neurophysiology laboratory in Gauteng. There weB &je and gender-matched patients
recruited for the study (Table 1). The patients €drom different centres around Gauteng that
deal with neurological as well as orthopaedic ctods including carpal tunnel syndrome. The
diagnosis of carpal tunnel syndrome was made basetinical examination as well as nerve
conduction studies. On clinical examination, seypshsturbance was evaluated by the area of

hyperaesthesia and paraeththesia and by usinghtiler and the Tinel's tests. | conducted
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nerve conduction studies on these patients in dacae with the recommended guidelines of the
American Association of Electrophysiological Mediej 1993. Patients were interviewed to
establish any known sleep problems. The suitabienia were afterwards given questionnaires
relating to the history of CTS, pain severity, giag and social habits. Patients included in the
study were therefore those without any other knsileep problems other than the reported sleep
problems related to CTS. Clinical symptoms usedewtiose of tingling or numbness, in a
distribution including the hand, or pain in a regitncluding the hand or weakness in the median
nerve distribution and abnormal conduction studies.
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Table 1. Gender and age of participants in theystud

Subjects Number Age (YrszSD)
Male 14 43+11
Female 19 41+10
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Electro-diagnostic investigation

Standard nerve conduction studies techniques waarged out on these patients using surface
stimulating electrodes. Standard practice recome@éntty the American Academy of
Electrophysiological medicine for the evaluation GTS was followed. Nerve conduction
stimulation was obtained by using an electricahatator with a narrow pulse of between 100
and 500 microseconds in width. The stimulation tiépe rate used for the sensory and motor
conduction studies was between 1 and 2 pulsesquamd. A Sapphire, Medelec IL EMG 2
channel Electromyography (Vickers Medical Surreyngland) was used to record nerve

conduction studies.

The severity of carpal tunnel syndrome was defibaged on the results of nerve conduction
studies. Normal: normal median nerve conductionosigl and normal distal conduction

latencies; mild: slow sensory conduction velocitydanormal median nerve distal motor
latencies; moderate: slow sensory conduction vigloprolonged median nerve distal latencies;
severe: absent sensory action potential and pretbiog absent motor distal latencies. Normal
radial and ulnar nerve motor and sensory condua®well as “F” wave conduction time were

used to exclude other nerve lesions and confirnabisence of diffuse neuropathy.
A subjective questionnaire

All patients were asked to complete a questionndlilee questionnaire was aimed at the
subjective assessment of the sleep, as well as statgl. The first questions were separated into

four main categories.
* The history of CTS and pain experienced
* The pain severity which was measured using thealVenalogue scale

» The sleeping habits and social habits
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History of CTS and pain experienced

Patients were asked the duration for which theyéwgebrienced CTS and whether they had had
a previous CTS operation. Patients were askedelf ttad experienced any of the following
symptoms; headaches, shoulder pain, neck pain,goidseedles, numbness, muscle weakness

on regular basis.
Pain severity and sleep habits

The subjective severity of CTS was measured us$iagyisual analogue scale anchored from “no
pain” to “unbearable pain”. The subjects were alsked whether their sleep was being disturbed
by the CTS pain and how they were affected. Thesevedso asked whether they had trouble
falling asleep, needed medication to fall asleapwere frequently awakened by pain. The
patients were asked to describe their sleep halnts the presence of any sleep disorders.
Patients were asked whether they stopped breat¥tieg they slept or if they woke up gasping
for breath or if they snored or if they had restleteep. They were also asked how often they
experience sleep problems like non-refreshing sleegleepiness that interfered with daily
activities. Patients were also asked about thewkamg habits, their drinking habits and other

health problems in general and whether or not tbely any medication.

The women subjects were asked additional questiaiselated to their reproductive hormonal
status. The question related to whether they hadjutar menstrual cycle, or if they suffered
from severe pre-menstrual tension, or if they haglsdeep complaints associated with menstrual
cycle, or if they were pregnant. The patients wase asked if they were taking any medication
that had hormones, or if they were menopausaladramy operation that caused their periods to

stop completely as well as whether both ovarieewemoved.
Data Analysis

All results are reported as mean + standard dewiathrcsin square-root transformation was

done on all visual analogue scale ratings to ndemahe scores before analysis.
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Results

The CTS patients had had symptoms for carpal tusyedirome for between 2 weeks and 6
months (42%), between 6 months and 2 years (30%)oaer 2 years (28%). None of these

patients had had previous carpal tunnel releageur

Latencies:Most CTS patients (68%) showed severe carpal tiaymelrome with either absent or
grossly prolonged distal sensory and/motor condackatencies. The rest (32%) had moderate

CTS with median nerve distal motor latency and @megbialmar sensory conduction (Table 2)

Pain severity:The patients rated their pain severity on a 100visnal analogue scale that was
anchored from “no pain at all” to “unbearable paifPatients reported their pain as being
significantly greater during the night than it waging the day (paired t test, p<0.03). The mean
was 74+24mmSD during the night, and 46:24mmSD,duthe day. The majority of these
patients (91%) reported that their sleep was disirby pain. Most of these patients reported
that they woke up during the night (88%), they Iradible falling asleep (94%), and they had

experienced restless sleep (94%), at least sonmebemwause of CTS pain.

Sleep habitsA small percentage of these patients (27%) redoetecessive sleepiness, during
the day as determined by the score of greater 18aon the Epworth Sleepiness score (ESS).
Scale on the ESS were not significantly correlatdgth the VAS pain rating (Pearson’s
correlation (r=0.2, P=0.3) whether during the daynight. Some of these patients (45%)
reported taking some form of medication regulanyorder to fall asleep, whilst 33% reported
not taking any form of medication to fall asleepd&®1% of these patients sometimes did take

medication.

General health and mood quarter of the patients had altered psycholdgtzus indicated by

a very high score on the General Health Questioarf@HQ). The mean score was 7+t7meanSD
which is higher than that of the normal populatidhis relationship confirmed that the CTS is

not only associated with sleep disruption, but aksth altered mental status. There was no
significant correlation associated between the Ipslpgical status and pain severity, particularly
during the night as measured on GHQ (Pearson’gletion, r=0.2 p>0.05). Eight of the patients

who were being regularly awakened by CTS pain alsowed sign of depression with the

GHQ=8+5SD.
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Table 2. Conduction latencies for distal mediarssgnand motor nerve.

Type fibers stimulated Conduction latency (mean+SD)

Median nerve distal motor latency (ms) 4.7+1.4

Median palmar sensory conduction laten®/4+0.3

(ms)
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CONCLUSION

In my pilot study | established that the CTS pasdmad reported disturbed sleep. There was no
correlation between the alteration of the psychicllgstatus of these patients and pain severity.
Some of these patients used some one form of pi@nskor another in order to subdue pain, a

factor that may have influenced some of my findingghe influence of pain during sleep.

In conclusion, | have shown that patients with eatpnnel syndrome had trouble falling asleep
and maintaining sleep because of nocturnal pairstMatients reported an increase in daytime
sleepiness. Patients with CTS also did have distlirbental health although independent of pain
severity. Similar to other pain-related diseasestefore, neuropathic pain in patients with CTS

is associated with disturbed sleep and psycholbgtatus.
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