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ABSTRACT

Extemnal stimulus/loading initiates adaptations within  skeletal muscle. Whilst
performing tlying manocuvres under +Gz it has been previously found that the cervical
area has the highest loading. The purpose of this study was to examine cervical
muscle response to moderate +Gr. force (+4-6Gz) loading gencrated duning RAAI-
pilot training. Cervical muscle strength was monitored in ninc RAAF pilots
completing an eight-month flight training course and ten controls matched for gender,
age, height and weight. Cervical muscle strength and range of movement were
measured at baseline and at eight months using the Multi-Cervical Rehabilitation Unit
(Hanoun, Canada). Also mcasured, using EMG. was the activation of
stemocleidomastoid and erector spinae muscles for a test pilot during simulated flight
training. The statistical procedure used was a comparison in the difference between
the pilots and control subjects for baseline and post-testing in neck strength and range
of movement using an unpaired t-test. Statistical significance was accepted at p<0.0S.
Results indicated that an increase in neck strength was limited to the pilot’s neutral
flexion position. No strength changes were recorded in any other site in the pilots or
for the controls. Two significant changes occurred in range of movement: a decrease
in flexion and an increase in lateral flexion to the left in the control group. EMG
results found that the sternocleidomastoid (97.8%) is used predominantly when
executing a right twist head movement whilst completing a +3Gz left tumn in the
Pilatus PC-9. When executing a series of manoeuvres it was found the erector spinae
was activated at a high level (89.5% MVC). Fatigue in this area may occur over time
making this a priority area for strengthening as it may be highly susceptible to injury.

These findings support the notion that exposure to +Gz has limited effect on increasing



cervical muscle strength.  Neck strength training outside of the aircraft may be

warranted in order to prevent neck injurnies whilst flymp.
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CHAPTER ONE

1.0 INTRODUCTION

1.1 Background to the Study

When pilots ate exposed to high positive G-forces (+Gz). it is common for
cervical injuries 10 occur (Albano & Stanford, 1998; Drew, 20¢X): Hamalainen,
Toivakka-Hamalainen, & Kuronen, 1999. Hamalainen & Vanharanta, 1992
Kikukawa, Tachibana. & Yagura. 1994: Knudson, McMillan. Doucette. &
Seidel, 1988; Newman, 1997a, 1997b: Petren-Mallmin & Linder, 1999).
According to Hamalainen and Vanharanta (1992) when +Gz are directed from
the head to the feet, high stress is placed on the cervical spine. In order to
maintain an upright position of the head under +Gz, the cervical erector spinae
muscles must be activated (Hamalainen & Vanharanta. 1992). The occurrence
of cervical injuries in high performance pilots is often due to insufficient
strength of the cervical muscles in supporting the head during +Gz induced
loading. If a pilot’s cervical strength is weak before entering flight training.
they may be more susceptible to injury while executing flying manoeuvres

under high +Gz (Newman, 1997a).

Acceleration occurs during plane flight, and is defined as a change of velocity
in magnitude and/or direction and is measured in G units (Reinhart, 1996). The
forces produced by acceleration affect the body in all directions although it
appears most of the forces occur from head to foot (+Gz), down the vertical

axis of the body (Reinhart, 1996). These forces are r=ferred to as G-forces and



the type (positive or negative), intensity, ad duration of a G-force can have an

cffect n the pil t (Reinhart, 1996).

A 7 occu  when the pilot is pushed downward into histher seat hy the
w-celerated forces (Reinhart, 1996). If 7z ar* -ustained. blood be 1ns to pool
in the feet, and lackout can occur in re. ponse to insulficient blood to the brain
(Reinhart, 1996).  Acc rding 1o msting and King (1988), pilot can he
expo cd to positive accelerations  +5-7Gz for 10-400 cconds, and even as
high as +8-10Gz for up 10 6@ cconds. [t appear that human tolerance to +G2
forces has become the limiting factor to aircraft performance (Em-ting & King.
1988). The body is less tolerant to negative G-force (-Gz) and is limited to
around -3Gz (Reirhart, 1996). —Gz are gencrally experienced during aerobatic
flying. The feeling of experiencing -Gz is similar te going over the top of a
roller coaster ride. as blood is forced to the head. isi n begin to redden and
redout occurs (feeling of eyes popping out after approximately fi e seconds

(Reinhant, 1996).

The incidence of neck injuries in high performance aviators i high and appears
to be increasing as aircraft capabilities improve (Royal-Australian-Air-Force,
nd). Several studies have found moderate to high percentages of pilots
reporting acute spinal injuries, especially neck pain (Albano & Stanford. 1998:
Drew, 2000; Newman, 1997a, 1997b). A study of 52 Royal Australian Air
Force (RAAF) F/A-18 Homet and MB326H Macchi fighter pilots found that
85% of pilots reported neck injuries (Newman. 1997a). Most of the injurics
were muscle sprains, with 38% of the surveyed pilot reporting that their ne k

injury interfered with the completion of their mi sion (Newman, 1997a). Of



the.r pilots 27% . ought medical attenti n and a funther 17% of th pilots were
ta nof fight dutics for ~pproximately two wecks duc to thair neck injury
(Newman, 1997a. Th pilots in Newman's (1997a) study w-re gencrally
pu ling w ex cess of +5.5 2 (MB326H Macchi) and +7.5 w7 (I/A-18 Hornet)
and it wa. found that the pil s pulling the lwgher 1z ere suscepuible ta a

neck injury th n the pilots palling th  lower +Gz.

Drew (2 found 54% f pil ¢ report d n ck pain and & percentage of those
aviators de cribed the ncck symptom as limiting their flying performance,
e pecially when exposed to high +Gz air combat manoeu nng. Vanderbeek's
(1988) study found 50.6 of the high performance pil t uffered ome type of
acute neck injury. Knud on, McMillan, Douchette and Seidel (1988) found an
e en higher pe  ntage (74%) of F/A-18 aviators reporting neck pain. duc to
the high +Gz of the aircraft. Kikukawa, Tachibana and Yagura (1995)
surveyed F-15 pilots in Japan and 89.1% of the pilot surve cd rep rted neck

pains related to flying.

Albano and Stanford (1998) studied F-16 pilots and found the pre aience of
neck injuries over one year to be 56.6% and over an F-16 carcer 10 be 85.4%.
Albano and Stanford (1998) also stated that for every 100 hours of flying. the
nisk of injury increased by 6.9%. From these studies it may be con luded that
the prevalence of neck injunies for high performance aviators undergoing
moderate to high +Gz is high. Prevention of the ¢ injuries should be of high

priority to both pilots and their superiors.



There has been three major risk factors identitied tor cervical +Gz injurics 1n
high performance aviators. These arc repeated exposure to +Gz forces above
+4Gz. unpreparcdness for high +Gz manocuvres and off centre positioning of
the head during +Gz manouevrcs. The first nsk factor is repeated exposure to
+Gz forces above +4Gz (Albano & Stanford, 1998: Hamalainen. Vanharanta.
& Bloigu. 1994; Hamalainen. Vanharanta, & Knusela. 1993). Albano and
Stanford (1998) stated that there is an increased risk factor for cervical +Gz
injuries when incuning repeated exposure above +4Gz. because as tlight time
increased so did the opportunity for injuries to occus. This finding suggests
that muscle fatigue is a contributing factor for neck injury in pilots. In light of
this evidence muscle endurance needs to be examined in conjunction with peak
muscle strength to assess if they are sufficient to meet flight demands.
Electromyography (EMG) data is an effective method of acquiring information
about muscle activation and fatigue and will be used in this study. Cervical
injuries during flight would not be expected by the trainee pilots in the current
study as they were not flying for sustained periods of +4Gz and above during

the course.

Also seen as a risk factor for neck injury is the unpreparedness for high +Gz
manoeuvies (Aho, Hamalainen, & Vanharanta, 1990; Andersen, 1988:
Knudson et al., 1988; Schall, 1989). Andersen (1988) reported a flight surgeon
was injured due to being unaware of the manoeuvres of his flight commander.
The cervical spine can be vulnerable to injury if suppoit from the adjacent
tissues is insufficient to withstand the +Gz loading, which may occur when the
person involved is unaware of an up and coming manoeuvre (Andersen. 1988).

Once again, an injury of this nature would not be expected during flight-



training as the Pilatus -9 is not flown during training in a manner capable of

pulling or su taining +Gz high cnough to causc this type of injury.

The third major nsk factor 1- the off-centre positioning of the head dunng +G/
manoeuvres (Aho ct al.. 1990; Andersen, 1988; Knud on ct al.. 1988; Schall
1989). In particular the check six position of the head has heen stated as a high
risk position by pilots whilst pulling +Gz (Hamalainen & Vanharanta, 1992:
Kikukawa et al., 1994; Knudson et al., 1988; Vanderbeek. 1988). As a pilol
tumns or twists his/her head the neck mu cles lengthen. Under sustained +Gz
loading the forc. exerted onto the neck muscles is greater than when the head is
in the neutral position (Hamalainen & Vanharanta. 1992). This results in a
higher incidence of injury and is a factor which needs te be addressed in erder
to prevent these injuries from occurring at the current rate. The trainee pilots
were not expected to use the check six position often duning flight training and
most of the off-centre positions were extension, right and left twists and
rotation head movements. The risk of this type of injury arising in the trainee

pilots during the low to moderate +Gz flight training was not considered high.

1.2  Significance of the Study

To date, very few studies have looked directly at the impact of +Gz forces on
the cervical muscle strength of pilots and the effect this impact has on range of
movement (ROM) of their cervical spine (Alricsson, Harms-Ringdahl, Schuldt
& Linder, 2001). These studies have also failed to assess whether or not the
strength increases found in the cervical region arc in dircct response to flying

under +Gz as no longitudinal studics have been completed. Previous studies



have examined cervical spine degencration and disc protusion injurics in pilots
(Hendriksen & Holewijn, 1999; Petren-Mallmin & Linder, 1999), but re. carch
has been limited when examming cervical muscle strength or range of
movement responses Lo flying in high performance pilots (Alricsson et al.,

2001).

It is currently unknown whether the natural rauscle adaptation of the body to
flight is adequate to copc with the +Gz undertzken during flight tasks, or
whether specific cervical-muscle training programs need to be introduced to
adequately prepare the neck to cope with aerial combat. This study will assist
with the body of knowledge in this arca, because if natural adaptation in
cervical muscle strength of trainee pilots is found to be insufficient to cope with
flight demands, then this may be a factor contributing to the high incidence of
neck injuries found previously in high performance pilots pulling +4Gz and
above (Hamalainen et al., §999), as these pilots are cxpected to cope with

greater strains on the neck than trainee pilots.

A decrease in range of movement may also be a consequence of long term
exposure to flying under +Gz. If a decrease in ROM is found to adversely
effect the pilots performance in the air or contribute to neck injuries then
further research needs to be intensified in this area. According to Newman
(1997a) it was more likely that poor ROM in high performance pilots was a
consequence of prior injury, rather than a contributor to the injury occurring.
Furthermore, with the use of EMG data, it may be possible to guesstimate the

loads placed on the cervical arca during flight training. This will give a clearer



indication as to whether there is a need for additional trmmin » outside of the

aircralt.

The career length of high performance pilots is limited, with pilots o ten beir
forced t  retire prematur ly due 10 1njury. Information found in this study will
po ibly assist pilot in lengthening their carcers and also ¢ mplement further
tudiec into the importance of a specific re i tance traming program in
preventing injuries in high performance pilot . To train a high performance
pil t co ts hundreds of thou ands of dollars. The information f und in thi
study will possibly assi t the armed ervices in retaining pilots in their chosen
career for longer, therefore having to train less pcople and saving themselves,

the government and the community money.

1.3  Purpese of the Study

The main purposes of the study are to determine whether the moderate +Gz
(+2-6Gz) generated during flight training stimulates an increa ¢ in i ometric
cervical muscle strength and how range of movement in the cervical area may
change (if in fact it does) in RAAF trainee pilots. Data from this study will
assist researchers in gaining additional information of the effect +Gz loading
has on the human body. Another purpose of this study will be to quantify the
demands placed on the cervical muscle response during flight using EMG. The
study will begin to establish if natural adaptation is adequate or whether
strength training may need to be performed outside the aircraft. This may then
lead to further research which outlines techniques of preventing injury to the

cervical region of pilots, which is commonplace in air forces throughout the



world (Kikukawa et ual,, 1994; Knudson 1t al., 1988; Newman, 19974

Vanderheek. [988).

1.5

Research Questions

14.1

14.2

Does moderate (#2-6Gz) | ading ¢ pericnced ina -9 ar ra
increas  the isometric cervical muscle  trength of Royal
Au tralian Air Force (RAAF) trainee pilots?

Doe modcrate (+2-6Gz loading experienced in a PC-9 aircraft
decrease the range of motion of the cervical spine of the RAAF

trainee pilot ?

Hypotheses

1.5.1

Moderate +Gz loading w:! increase the cervical muscic strength
of trainee RAAF pilots o er an eight-month flight training
course.

Moderate +Gz loading will see no change in the range of

movement of the cervical spine of the RAAF trainee pilots.



CHAPTER TWO

2.0 REVIEW OF LITERATURE

2.1 Introduction

There are five main arca* within this study which need 1 be oullined and
examined to understand the rescarch que tion more clearly. The e areas are
+Gz force , muscle loading, mu cle strength, range of movement and EMG.
Even as we sit, stand or lie, the body i under +1Gz. As a high performance
pilot Alying acrial manoeuvre the +Gz force increa e dramatically as does the
pressure placed on different arcas of the body. Studies show the cervical area
is highly prone to injury when flying under high +Gz due 1o the incrcased
loads/strains placed on the cervical area (Albano & Stanford. 1998: Drew,
2000; Hamalainen et al., 1999; Hamalainen & Vanharanta. 199.. Hoek-Van-
Dikje Snijders, Roosch, & Burgers, 1993: Newman 1997a; Petren-Mallmin &

Linder, 1999).

Many studies conclude the cervical region i the most susceptible to injury and
recommend a specific neck strength weight-training program to prevent injury
(Alricsson et al., 2001 Conley Stone, Nimmons, & Dudley, 1997a, 1997b:
Hamalainen, Heinijoki, & Vanharanta, 1998). However, no tudy ha

examined the effect of +Gz loading on the muscles of the body and in particular

the cervical area. This information is the first step in understanding the load



+Gz torces place on the body and links to further studies where weight trainin »

pro ram. may be ne ¢ ary.

ew studies (Alnicsson et al., 2001) have se'n the imponance of range ol
movement to high performance pilots, and the study of cervical range ol
movement within th gencral populati n i* also a relatively new arca o
research (Jordan, Mehl.en, & O tergaard, 1997). Rangc of movement is an
important area for high performance pilots because they are expecled to
complete twists, turn  and rotations of the head through large ranges in order to

execule air combat manouevres.

EMG measurements show rcsearchers and pilots the degree to which muscles
are activated and can be compared to the pilot’s maximal voluntary contraction
{MVC). There have been three studies (Hamalainen & Vanharanta, 1992; Oksa
Hamalainen, Rissanen, Myllyniemi, & Kuronen, 1996: Ok a. Hamalainen,
Rissanen, Salminen, & Kuronen 1999) which ha e u ed EMG to register
muscle activation of the cervical area. EMG measurcment exhibit the strain
placed on the muscle and indicates whether the muscles are working above or
within their capabilities. If the strain on the muscle is greater than the MVC
then an injury may occur (Oksa et al. 1996). The following review gives
background into muscle, muscle strength and adaptation, the effects of +Gz on
the body, and EMG, range of movement and muscular strength of high

performance pilots.



22  Anatomy of Skeletsl Muscle

To understand the cervical region and how thc muscles of the cervical region
are strengthencd. it is ncuessary o obtain some background knowledge into the
area. There arc 660 skelelal muscles in the human body, with the cervical
region consisting of 1S muscles (Cailliet. 1991). The muscles of the neck can
be divided into two distinct functional groups, the flexors and extensors. The
muscles which assist in {lexion of the neck arc: longus capitis. longus colli,
rectus capitis anterior. hyoideus and suprahyoid muscles, scalene medius and
anticus and stemocleidomastoid (Foreman & Croft, 1988). The muscles which
extend the neck are rectus capitis minor, rectus capitis major. obliquus capitis
superior, obliquus capitis inferior. longissimus capitis. longissimus cervicis,
semispinalis capitis, semispinalis cervicis and splenius capitis (Foreman &

Croft, 1988).

Skeletal muscle consists of muscle fascicles which are composed of muscle
fibres (Brooks, Fahey, & White, 1996). The fibies are made up of myofibrils
which are composed of sarcomeres (Brooks et al.. 1996). Sarcomeres consist
of myofilaments and are the basic contractile units of skeletal muscle (Brooks
et al., 1996). There are several connective tissue membranes surrounding the
different sections of skeletal muscle and each has a function (Brooks et al..
1996). Each movement is possible due to the structure of skeletal muscle fibres
and how they co-ordinate with the recruitment pattemns of motor units (Brooks
et al., 1996). Muscles are connected to joints by tendons, at the myotendinous
junction. They allow the force generated by the muscle fibres to be transferred

through the tendons to the bones to produce a movement (Brooks et al., 1996).

11



2.3 Skeletal Muscle and it's Adaptation

It wa - anticipated that the moderate +Gz the trinee plots | ew under woulu
provide a stimulus for muscle strength and po sible growth.  Accordin» 1o
Jones and Round (1990), high forces need to be applied before any new muscle
growth can occur. However, it is stil unclear whether it is high force that
causes the change in “trength or the recruitment of all the motor units to the

training stimulus (Jones & Round, 1990).

Jones and Round (1990) suggested that there are three possible stimuli for
muscle strength. These are hormonal stimuli. metabolic stimuli and
mechanical factors. Mechanical factors appear to be the most probable stimuli
for trainee pilots to see an increase in muscle strength. There are three main
ways in which muscle strength might be affected by mechanical stress. Firstly.
high force causing damage to sarcomeres, which provides a timulu for repair
and compensatory growth (Jomes & Round, 1990). Al o, mechanical
stimulation can cause an increase in protein synthesi and degradation. It has
been suggested that activity activates certain hormones in the body which
assist in increasing strength (Jones & Round, 1990). Lastly. connective lissue
is a major part of muscle, and it is subject to stress because it provides the link
between the force generating components and the tendons (Jones & Round.
1990). If an increase in the cervical muscle strength of the trainee pilots is
found, the stimulus for this increase will most likely come from mechanical
factors, in particular the loading (+Gz) the pilots undergo whilst cxecuting

flight manoeuvres.



An important aspect 10 this study s discovering whether or not the cervical
muscl . will naturally adapt to the kud placed on them by the + 2 fon es.
A ordin ' 10 Licber (1992), skeletal mus le 1. on  of the most adaplabl
(plasuc) tssues in the body. Lieber (1992) suggested that there are 1 e
methods m which muscie adapis to increased u.e. Thec are adaptation to
chronic electrical timulation, adaptation to chronic tretch, adaptation to
compen atory hypertrophy adaptation to intermittent electrical stimulation, and
adaptation to exerci i¢ and loading (Licber, 1992). The mo t likel .Japtation
in the skeletal muscle for the RAAF traince pilots i through exercise and

loading as the +Gz force are a form of loading.

In order for adaptation to occur a muscle’ function must be stressed enough 10
overload the body (Brooks et al., 1996). If the stress is not sufficient adaptation
to the muscle will not occur. However, if the stress become too great and
cannot be tolerated injury or over-training will occur (Brook et al., 1996).
Injury may be a factor in high performance pilot pulling +7Gz and above
(Hamalainen et al.. 1999), but not a factor for the RAAF traince pilots who fly

between +2-6Gz.

The principles to adaptation include overload specificity, reversibility, and
individual differences (Brooks et al., 1996). Overload occurs when muscles are
forced to contract at tensions close to their maximum, then an increase in size
and strength occurs. Specificity is found when the muscles that are being
loaded are the muscles that adapt to the stress, and reversibility occurs when
muscles adapt lo an increase in stress by increasing their function (Brooks et

al., 1996). However muscles can also decrease in strength and mass with



disus , immohilization or starvation (Brooks ¢t al., 1996). The final principle
to muscle adaptation is individual differences. Geneties play a role in the rate
and amount of increased strength an individual gains over time (Brooks ct al.,
1996). It is not the sole determinant, a good training program can a. s t with

development within a certain range.

Three of the principles to muscle adaptation will apply to the traince pilots,
these are overload. specificity and individual differences. The principles of
overload and specificity will be seen in the traince pilots if there is an increase
in their cervical muscle strength. Overload will be established if the results
obtained from the EMG data indicate that the cervical muscles of the pilots are
being contracted to or above maximal voluntary contraction (MVC).
Specificity will be shown if the cervical muscle region of the trainee pilots
increases significantly compared to the control group. indicating that moderate

+Gz loading increases the cervical region specifically.

24 Effects of +Gz on the Body

The effects of +Gz on the body vary depending on the person (G-tolerance) and
the level of +Gz that they are exposed to. The effects of +Gz on the body begin
to occur at +2Gz and by +3Gz it is impossible to raise oneself from a sitting
position (Emsting & King, 1988). Between +3-8Gz the movement of the
unsupported limbs becomes increasingly more difficult, and upward movement
of the upper limbs is impossible (Emsting & King, 1988). Above +8G

(without a helmet) and +4Gz (with a helmet) a pilot cannot raise their head

once they have allowed their head to flex (Emsting & King, 1988). The helmet



has a mass of approximately 2kg and this has an effect on the positioning of the
centre of gravity of the head relative to the atlanto-uccipital junction and upper
thoracic vertebrac. With this additional weight, forward flexion of the head
under +Gz acceleration often occurs. It is the exireme forces that +Gz loading
places on the body and especially the cervical region. which warrants the need

for this study.

New aircraft arc capable of sustaining +8-10Gz for up to 60 seconds but it is
unknown whether a pilot's cervical neck muscle strength can adequately
support these loads aiid prevent injuries from occurring (Royal-Australian-Air-
Force, nd). The limiting factor in the aircraft is the pilot. as exposure to +4Gz
for a prolonged period of time will eventually lead to a loss of consciousness
(Royal-Australian-Air-Force, nd). Fatigue also becomes a limiting factor. with
repeated exposure to air combat manoceuvring the pilot places large strains on
their body for long periods of time. and the risk of injury increases the longer

the time spent in the air (Royal-Australian-Air-Force. nd).

Twelve +Gz may be withstood by a pilot. but for no longer than two seconds,
any longer and loss of consciousness without wamning will occur. Warning
symptoms such as greyout or blackout eventuate at a slower onset rate (Royal-
Australian-Air-Force, nd). The prone position is the optimum position for +Gz
tolerance, this however is not possible when flying tactical aircraft (Royal-
Australian Air Force, nd). An F-16 aircraft has a seat which is reclined to
aout 30° (Royal-Australian-Air-Force, nd). These restrictions coupled with

muscle and bone weaknesses make humans a limitation to high performance



flying. This study will assist in bridging the gap beiween the imilabons of

pslots and the capabilities of the aircratt.

2.5  Muscular Strength of the Cervical Area of High Performance Pilots

There has been only one study published that has examined cervical muscle
stirength and muscle endurance in high performance pilots (Alricsson et al..
2001). The Alricsson et al. (2001) study researched muscular strength and
endurance of the cervical spine of the Swedish Air Force jct pilots. Due to no
differences being found between the pilots and the control group during the
cervical spine exlension endurance tesl. il was concluded that isometric
endurance of the extensors was unlikely to be influenced by flying jets
(Alricsson et al, 2001). A clear difference (10%) between the flexors and
extensors of the cervical spine was found. however it was endurance of the
flexors in pilots that was reduced and not in the control group (Alricsson et al..

2001).

Overall the pilots recorded higher cervical muscular strength than physically
active people with different occupations (Alricsson et al., 2000). This may
indicate that +Gz does have an effect on cervical muscle stiength. Other
limitations were that the pilots were not questioned about flying hours under
high +Gz or outside (weight) training programs. both of which could have

affected the cervical strength and muscle endurance of the pilots.

There does net appear to have been any longitudinal studies that have looked

directly at the effect that +Gz foices have on cervical muscle strength, and
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whrther the neck mur s adapt 10 withstand the lones xp snn - d dunne
flight b h h perfe rmane * prlots. Several studi s sace st that i order o
woreas cervical musels ctrength and @ ood inury s neeessar b use
pe e cer acal excrases within a rest tance pro ram (Alniessen 1 ab - 2001

onle ¢t al., 19974, 1997b; Hamaliin n et al., 1998).

Th re appears to ha ¢ been n re earch ¢ . uppont the sugg stion that & specific
resi tance program will a .1t w increa inr the cer cal muscle  trength of
pilot . and there re d rcase the madence of neck mmune in high
performance pilot .  More pecific infirmati n r garding cervical neck
mus le ., and the eftect of +Gz loading on pilots will assist further research in

answering the question raised relating lo resi. tance program .

2.6 Range of Movement £ the Cervical Spine and High Performance

There have been very few . tudies, which have looked dircetly at the range of
movement of the cervical spine in high performance pilots. Alricsson et al.
(2001) examined the differences in range of movement (ROM) in flexion-
extension, rotation and lateral flexion of the neck between Swedish Air Force
jet pilots and a control group. A decrease in the pilots™ cervical spine rotation
range was found and Alricsson et al. (2001) uggested that the decrcase may
have been caused by either shortening of the muscles or degenerative change

brought on by the high +Gz (+7Gz).
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Other studies have corr.pared the range of movement between age and gender
related groups (Dvorak, Antinnes, Panjabi, [.oustalot, & Bonomo, 1990) and
patients with neck pain compared to healthy patients (Jordan et al.. 1997).
Dvorak et al. (1990) found that range of movement decreased as age increased,
in particular in the 30 50 year age groups. Both genders exhibited a decrease in
range of movement although women of the same age displayed less of a
decrease in range of movement than men. However rotation of the C1-C2
segment was found to increase with age, and Dvorak et al. (1990) suggested
this may be to compensate for the decreased motion in the lower segments of

the cervical vertebrae.

Results from the Jordan et al. (1997) study found that range of movement was
teduced in all female groups and reduced in a few of the male groups when
comparing patients with neck pain to healthy patients. These results conflict
each other in the area of gender but both studies agreed that as age increases the
range of movement of the cervical spine decieases. The studies by Dvorak et
al. (1990) and Jordan et al. (1997) do not relate to this study. as the subjects

used were not high performance pilots.

A change in range of movement for the pilots would not be anticipated over
this eight-month study. Range of movement was tested because it was felt that
1e-testing the pilots in the latter stages of their careers in high performance
flying may exhibit decreases in the cervical spine, which would compare to the
studies by Dvorak et al. (1990) and Jordan et al. (1997). According to Newman
(1997) neck pain decieased the tactical performance of high performance

pilots, especially during dog-fight manoeuvring where high ROM was needed

18



This reduction in ROM during air combat manoeuvring may impair a pilot’s

performance and consequently have an effect on their carcer.

2.7 EMG and High Performance Pilots

To gain greater knowledge of the strain +Gz forces place on the cervical
muscles of high performance pilots electromyography (EMG) can be used.
“Electromyography is the measurement and study of the electrical activity that
is associated with, and important for, the centraction of skeletal muscle” (Ross,
1993). Many studies have looked at the strength of cervical musculature using
EMG (Choi & Vanderby, 2000, Conley et al., 1997a; Hamalainen &
Vanharanta, 1992; Hamalainen et al., 1993; Harms-Ringdah! Ekh Im, Schulidt,
Nemeth, & Arborelius, 1986. Jordan Mehlsen Bulow, Ostergaard. &
Danneskiold-Samsoe, 1999; Oksa et al., 1996. Oksa et al.. 1999; Phillips &
Petrofsky, 1983a, 1983b; Schuldt & Harms-Ringdahl. 1988). However, very
few of these studies have looked directly at the effect +Gz forces have on the
cervical muscles (Hamalainen & Vanharanta, 1992: Oksa ct al.. 1996: Oksa et

al., 1999).

Oksa et al. (1996) measured the mean and peak muscle strain of six fighter
pilots during aerial combat manoeuvring exercises. Areas of the body
measured were the thigh (rectus femoris), abdomen (rectus abdominus). back
(erector spinae) and lateral neck (stermocleidomastoid) (Oksa ei al.. 1996). The
mean and peak muscular strains for each muscle were calculated as a
percentage of the pilot’s maximal voluntary contraction (MVC) (Oksa et al..

1996). The resuits found from the Oksa et al. (1996) study was that the strain
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in the lateral neck was the highest and that the mean muscular strain of all areas
wils 5.2-19.8% MVL". The highest peak strain recorded was 257% MV which
wag measured in the lateral neck (Oksa et al., 1996). This particular
manoeuvre caused an injury to the lateral neck arca and the flight was
consequently discontinued (Oksa et al., 1996). Oksa et al. (1996) concluded
that the demands placed on the neck and shoulder areas of fighter pilots are
clearly higher than those of the average population, which also increases the

pilots susceptibility to injury.

Oksa et al. (1999) also completed a study examining muscle fatigue caused by
repeated aerial combat manoeuvring exercises. Six pilots performed one-to-
one dog fight exercises three times in one day (Oksa et al.. 1999). EMG data
was measured from the abdomen (rectus abdominus LA-LS height). back
(erector spii.ae T 4-5 height), neck (erector spinae C4-5 height) and lateral neck
(stermocleidomastoid) (Oksa et al., 1999). Oksa et al. (1999) found that the
maximal muscle strength in the neck and lateral neck decreased the most (8-
10%) between the first and last measurements. Mean muscular strain increased
in all areas during the last flight, but only the neck and lateral ncck exhibited
significant increases (Oksa et al., 1999). Such findings may partially account

for the high rate of neck injuries in pilots.

The study by Hamalainen and Vanharanta (1992) focused on average surface-
integrated EMG (IEMG) measurements of the cervical erector spinae muscles
compared to the pilot’'s MVC's. It was found that subjects used 55.8% of
MVC during an extension of the head movement while flying under +4Gz

(Hamalainen & Vanharanta, 1992). During this manoeuvre one pilot averaged
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100% of MVC in the left cervical erector spinac muscle (Hamalainen &
Vanharanta, 1992). When rotating the head (under +4Gz), 79.5% of MV wi
fi und as the mcan, and three subjects were measured al over 100% of MV

(Hamalainen & Vanharanta, 1992). Manoeuvre. appear to influence the stramn
on the cervical mu les, only 158% of MV wa recorded when no
manoeuvre was performed whilst pulling +44Gz (Hamalainen & Vanharanta
1992). A: +Gz increase so to doe the demand on the cervical erector spinac
muscles. Hamalainen and Vanharanta {(1992) found a mcan muscular strain of
37.9% of the MVC while pulling +7Gz, which hows an increase of 22.1% for

the additional +3Gz pulied.

According to Oksa et al. (1999) and Hamalainen and Vanharanta (1992) factors
that affected the neck area were weight of the helmet and positioning of the
head. Oksa et al. (1999) found that poor posture (eg. “‘check six * position) and
high G-loading increased the load on the cervical spine 21 umes. Oksa et al.
(1999) found it surprising that although the neck and shoulder area appear to be
the most problematic for fighter pilots no previous research had been
undertaken within this area. Two years later and still very few studies have
been completed in the area of cervical muscle strength, relating the data to

injury to fighter pitots (Alricsson et al., 2001).
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CHAPTER THREE

3.0 METHODS AND PROCEDURES

3.1  Subjects

An eight-month [ongitudinal study design was employed to monitor the
isometric cervical muscle strength response and range of movemcent of Royal
Australian Air Force (RAAF) trainee pilots flying Pilatus PC-9, compared to an
age-height-weight matched control group. The subject cohort initially
consisted of thisteen male RAAF trainee pilots. The pilots were aged between
20 to 27 years, with an average age of 22.6 years. All pilots were stationed at
the RAAF flight training school at Pearce, Western Australia. At the
completion of the eight-month study, the attrition rate of the pilots was 23%.

The final pilot cohort consisted of nine pilots, with an average age of 20 years.

Ten control subjects were reciuited from the Aviation and Sports Science
courses at Edith Cowan University. Controls were matched at baseline for
gender, age, height and body weight. Exclusion criteria for entry were past
neck injuries, current participation in a neck resistance training program, or
flying >+2Gz. No subject was excluded during pre-testing based on these

cnteria.

The study protocol was approved by the Australian Defence Medical Ethics

Committee (ADMEC) and Edith Cowan University Human Rescarch Ethics
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ommittee. Writlen informed censent (Appendix A) wa. obtained from cach

pilot and ¢ ntrol ubject, prior to participation in the “tudy.

3.2  RAAF Pilot Training

The pilot” course commenced with six weeks of ground sch | at Pearce
Airbasc in We tem Au tralia (WA) and was ubsequently fi llowed by 25
weeks of basic flight training. Basic flight training incorporated general flying,
instrument flying. navigational flying and formation flying. Due t mechanical
problems in the aircraft the coursc was postponed by a month and during that
time the pilots were grounded. The course was completed by May |5 which
was four weeks later than initially planned. Due to scheduling and time
commitments for the use of the MCU post-testing of the pilots occurred five
weeks before the completion of training. The higher +Gz flight training wa
held during the last four weeks of course which meant testing did not include

the higher +Gz of the course.

The majority of +Gz pulled by the pilots averaged between | to 4 +Gz during
basic flight school, and each of these aerobatic manoeuvres generates a G-force
(Table 1). All flight training was conducted in a Pilatus PC-9 aircraft (Figure
1) with the mean flight time in the PC-9 being approximately 1.25 hours per
day, 4 days per week for the trainee pilots. The total flying time for the course

therefore were 168 hours, with 143 hours being completed before post-testing.
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Table 1
Gravitational Forces Generated During Basic Training Manoeuvres in a Pilatus

PC-9

Flight Manoeuvre G-Force (+Gz)
General Flying
Loop 1.0-4.0
Barrel Roll 3.0
Vertical Roll 4.0
Cuban Eight -1.0-4.0
Lazy Eight 4.0
Rolling manoeuvres -1.0-3.0
Navigational Flying 1.5-2.0
Formation Flying
Wingovers 2.5
Breakaways 3.0
General Flying manoeuvres in Formation (up to) 4.0
Figure 1. Pilatus PC-9 Aircraft.
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33  Data Collection Equipment

3.3.1 Multi-Cervical Unit

Th multi-cervical rchabilitation unit (M U) (Han un  anada) has been used
by the Life are Whiplash cntre of WA ince Junc 1999. 1t i used mainly for
the assessment and treatment of whiplash and cervical spine injuries, bul may
also be used as a re i tance training device. The M U outputs in pounds (Ib )
the i ometnic strength of the muscle that ontrol the neck as well as the range

of motion, which is measured in degrees (LifeCare, nd).

The MCU was used to measure the i ometric neck muscle strength and range of
movement of the subjects using the Melbourme protocol (Appendix B). A
retired F/A-18 pilot was consulted prior to testing to advi e on a flight-specific
testing protocol. This resulted in the addition of two exlen ion 20° te 1s (in the
neutral and left and right 25° rotation positions) in conjunction with the
standard Melboume test protocol. These lwo additional tc t repre: ent cervical
muscle strength in positions more specific to pilots. su h as the check six
position (looking over your shoulder for an opponent). The incidence of injury
when the head is offcentre is higher than that in a neutral position (Newman,
1997a). Therefore, it is important to assess whether the neck is weaker
stronger or the same when positioned in non-neutral postures. Measurements
were taken at baseline (before flying began under moderate +Gz) and taken
eight months later, five weeks prior to the completion of flight training, due to a

mechanical problem with the aircraft earlier in the course.
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3.3.2 EMG Equipment

To gain further knowledge as to which cervical muscles the RAA  train ¢
pilots use morc frequently or at a higher rate, an electromyogram ( MG)
device was ued. EMG was obtained during a lest flight u.ing a Mega
Electronic ME3000P (Mega Electronics Ltd., Finland), 8-channel device and
processed using Megawin and a customised software program generated using
LabVIEW (National Instruments, USA). Video footage was also acquired

using a lipstick camera connected to a Sony 8mm digital camera.

A questionnaire (Appendix C) was completed by all of the subjects enquiring
as to information on previous medical conditions/injuries suffered (in particular
neck pain), regular physical activity completed, smoking status and a food chart
to gauge calcium intake by the pilots (necessary for a study being completed in
conjunction with this study). Full written instructions for the completion of the
questionnaire were provided, accompanied by a verbal explanation. The
trainee pilots also read and signed a consent form. The form outlined what was
required of them throughout the study and how the information on completion

of the study would be used.

3.4  Data Collection Procedures

3.4.1 Multi-Cervical Unit
A qualified and experienced physiotherapist collected the MCU data from the
LifeCare Whiplash Centre of WA. Comect protocol was maintained

throughout testing which was vital for the reliability and validity of results.
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Subjects were seated in an upright position in thc MCU and any hecadwear or
heavy jackets were removed. The subject was strapped in firmly with two belt

crossing the chest and fastened at either side of the waist. This was to
minimize any body movement other than the cervical area throughout testing.
Corvect posture was maintained throughout testing and if the subject's po-ture
moved to an incorrect position the subject was repositioned by the
physiotherapist performing the test. This ensured that the cervical muscles
were isolated throughout te ting. Testing of a subject took approximately thirty

minutes.

To perform the Range of Movement (ROM) procedure, the subject’s head was
held in the neutral position by four pads (Figure 2). Once in position the
subject was instructed as to which direction movement should be made
(Figures 3-5). A built-in voice message instructed the subject when to start
each procedure and when to stop. After performing each ROM direction three
times the head pads were removed. The subjects were instructed throughout
testing to push or work maximally through either the ROM or strength areas of

testing.

To execute the isometric strength testing procedure, subjects were told to press
maximally with either the forehead or back of the head (depending on the test)
against one pad for three seconds. When pushing against the pad with the
forehead, the subjects were instructed to keep their chin into their chest and feel
like they were pushing down and through the pad. This position isolated the
spine and cervical muscles recording a more representative measurement.

Once again they were instructed when to stant and finish by the in-built voice
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me age (the M . Euach subject performed three tests for ca h procedure

and an average was oblained from these measurements.

Seat height was adju ted according 1o the height o the subject and the test
being performed. The physiotherapist positioned the subjects according o the
test being cxecuted. thi enabled a more representative measurement and
between-subject reliability. All ROM and strength te ting of flexion requited
the pad or force pad to be placed immediately above the eycbr ws of the
subje t. Strength te ting in extension required the force pad to be sitting on top
of the external occipital obturance at the posterior of the head. and strength
testing lateral flexion saw the force plate positioned under the top of the ear and
aligned with the subject s eyebrow . Before the commencement of testing,
subjects were advised of the possibility of shight neck soreness the following
day and neck streiche were recommended by the ph iotherapist fi llowing the

completion of testing.

Results were saved within the MCU softwarc and printed immediately

following the completion of each test. Calibration of the MCU occurred once a

month using free weights to test for correct strength of the unit in pounds (Ibs).
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Figure 2.

ROM TESTING

Range of Movement

Neutral Position using Multi-Cervical

Unit

Figure 4.
Movement

Lateral Flexion Range of
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Figure 3. Right Rotation Range of
Movement

Figure 5. Extension Range of
Movement.



STRENGTH TESTING

Figure 6. Flexion Strength Testing
in the Neutral Position

Figure 8. Extension Strength
Testing in Neutral Position

Figure 10. Left Lateral Flexion
Strength Testing in Neutral Position

Figure 7. Flexion Strength Testing
in Neutral Flexion and 25° Right
Rotation

Figure 9. Extension Strength
Testing in Extension 20°



342 EMG

To assess cervical muscle activation during flight, surface electrodes were used
to record EMG activity of the muscles of one RAAF pilot during a test flight.
The preparation of the subject involved shaving of hair at the electrode
placement sites, then the skin was abraided with a fine scourer and cleaned
using an alcohol swab. Four Ag-AgCl electrodes were placed on the muscle
belly level with cervical (C) C4/5 for sternocleidomastoid, on the upper
trapezius pars descendens, C2 level for erector spinae. The distance between
inter-electrodes for each muscle was 20mm (Figure 11). EMG signals were
processed through a Mega Electrenics ME3000 EMG analyser at 1000Hz (raw
signal) and the amplified signal was filtered using a low pass Butterworth
digital filter with a cut-off frequency of 5Hz to produce a linear envelope. Data
was processed in a generic LabVIEW (National Instruments) program, and

further analysis of data occurred using Microsoft Excel version 97.

ES jp———————

SCM

Figure 11. Surface  Electrodes Placed on the
Sternocleidomastoid (SCM) and Erector Spinae (ES)

Muscles
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The data logger was secured in the leg pocket of the subject’s fhght suit and the
trigger was secured to th subject’. arm. Wires connecling the electrodes to the
data | gger were placed inide the pilot’ flight uit in  rder to minimize
interference.  Maximal voluntary contractions (MVC) measurement  were
gained prior to flight with the pilot itting on a r plica flight cat ( trapped n a
if ady for a flight) in the neutral po iti n and then purhing against a force
(outstretched hand) in the flexion, extension, extension lateral bending and

twisting positions (right and left).

During MVC measurement the pilot wa instructed how t operate the EMG
data logger so that during flight it was aclivated only during flight manoeuvres.
The flight consisted of a series of flight manoeuvres (tum ., barrel rolis and
loops) over a 38-minute period. Video footage of the pilot wa also recorded to
coincide with the EMG data collection. Video footage wa  btained using a
lipstick camera mounted in the cockpit facing the pilot. which v a connected to
a Sony 8mm digital camera. Synchronisation of the ideo v ith the data logger
was made through both a verbal cue and visual interpretation of manoeuvres by
the pilot. The video recorded a view of the pilot’s head and the pilot explained
the manoeuvres and levels of +Gz being flown during different phases of the
flight. +Gz data from the PC-9 flight recorder was collected at 1Hz. Follov ing

the landing, all of the data was downloaded.

Video footage of manoeuvres which were similar to those execcuted by the
traince pilots were then synchronised with the EMG data by time (in seconds).
The manoeuvres that have been used to comparc muscle activation whilst under

+Gz to the pilot's MVC were extension, right twist and left twi t of the head.

32



whilst performing a left tum of the aircraft under +3Gz. Figure 12 exhibits the
subject performing extension of the head while flying a manocuvre under
+3Ge. Figures 13 and 14 display a left and right twist of the head by the
subject while executing a left and right tum under +3Gz respectively. The
lincar envelope of the EMG data was reduced to a two second portion of each
movement and a maximal value recorded. The maximal value was then
compared to the MVC data of the same head movement and a percentage of the
MVC was calculated. To examine the pilot's cervical muscle endurance, an
88-second period of aerial manoeuvring whilst pulling +3Gz was analysed to
find a mean IEMG for the pilot in the extension and flexion positions and a
%MVC for the mean values was also calculated. The 88-second peried was
selected hecause the pilot executed a +3Gz left tum with a variety of extension
and right and left twist head movements before flying the aircraft back to the
level position with neutral head movements. The objective for using the EMG
was to measure muscle activation during flight manoeuvres and head
movements, so it was felt that the 88-second period assigned would give

representative results of the flight tasks.
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Figure 12. Extension of Head of RAAF Pilot while Performing a

Manoeuvre Under +3Gz

Figure 13. RAAF Pilot Performing Left Twist while Executing a Left Turn

Under +3Gz
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Figure 14. RAAF Pilot Performing a Right Twist of Head while Executing

a Right Turn Under +3Gz

3.4.3 Reliability of Multi-Cervical Unit

A reliability and validity study of the MCU has previously been examined
(Greenwood, 2000; Greenwood & Nardis, 2000) and the MCU was found to be
very sound for inter and intra-observer reliability of measurements using the
Melbourne protocol. The validity of the equipment was also found to be sound,
for more detailed information refer to the Greenwood (2000) preliminary report
on the Multi-Cervical Unit. Further research at all four Whiplash Centres in
Australia (Melbourne, Sydney, Perth and Adelaide) is continuing in order to
further validate the MCU. Research into strength and ROM normative values

for the MCU have been conducted and can been found in Appendix D.
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Th 1 ndard ervor of mca urement (S M) and the intra-cla s corrclation ()

for the te 1-retest mea. urement® of the Melbourme M U protocol (not including
additional reliability swudy) may be seen in Appendix E.  The SEM
mcasurcments are | w which indicate that the test-retest reliubility for the
nicasure " using the M U was good, and the | results also indicate sound
comelation coefficient bciween therapists using the MCU.  Thirty subjects
were used during the reliability tudy of the M protocol ( reenwood &

Nardi . 2000).

An additional reliability study was also completed on the isometri strength
tests of neutral rotation extension 20° and rotation 25° extension 20°. These
two tests were not part of the reliability study conducted by Greenwood (2000).
as they were recommended by the retired F/A-18 pilot specifically for this
study. The additional reliability study consisted of ten male ubject who were
tested on consecutive days by the same physiotherapist who te ted the RAAF
pilots and control subjects. An identical procedure to the pil t and control

was used although the initial test was completed in approximately ten minutes.
as personal information needed to be input and five minules for the following
days test. All of the reliability study participants were given full explanations

of the procedure prior to testing and ail consented.

Once the data for the reliability study was acquired, the information was
calculated for technical error of measurement (TEM), percentage of TEM
(%TEM) and intraclass comrelation coefficient (ICC) (Dahlberg. 1940). A
table of the raw data collected can be found in Appendix F. TEM was

calculated using the following formula:
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herelati T M wia calculated using the formula:

wherc; X, and X, are the means of the first and sccond ‘erics of
measurement , respectively. The I . were calculated u ing the formula
which wa ba ed upon one-way ANOVA calculation .

BetweenSubjectsM  —WithinSubjectsMS
BetweenSubjectsMS + (k — V)Within “ubjectsMS

ICC =

where: MS i the mean square and & = number of measurement per subject

(Dahlberg. 1940).

The results for the reliability study may be seen in Table 2. The I C' sh w
that the reliability of the additional te:t was sound and the TEM' were similar
to those found using the Melboume Protocol in the initial relia ility wd

(Appendix E).

Table 2
Technical Emor of Measurement and Intra-class Comelation Coefficient’s for
Test-Retest using the Multi-Cervical Unit in the positions Neutral Rotation, 20°

Extension and 25° Rotation, 20° Extension

Measurement TEM %TEM 1 C
0" Rot, 20° Ext +/-3.35 12.44 0.901
25° Rot, 20" Ext Left +/-2.55 10.51 09 0
25° Rot, 20° Ext Right +-2.65 10.94 0.920

Note. TEM is Technical Error of Mcasurement and i measured in pound
(Ibs). Ten subject were tested. Rot is abbreviated for Rotation, Ext for
Extension. Left and Right is the direction of rotation (25% from the newtral

position.
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3.S Data Analysis

Statistical procedures were carried out using SPSS for Windows (version 10.0)).
Comparisons between the pilots and control subjects for age, height and weight
at baseline were made using an independent t-test. Therc were thirteen strength
(dependent) variables obtained and six ROM (dependent) vasables acquired
during testing on the MCU. A correlation matrix was completed to give an
indication of which movements were correlated and produced similar strength
or ROM responses. A comparison in the difference between the pilots and
control subjects for baseline and post-training (Figure 15), in neck strength for
the isometric strength tests and ROM through flexion, extension, lateral flexion
and rotation were made using an unpaired (independent) t-test (Nonnan &
Streiner, 1999). Testing for normality and equal variances was completed and
assumed for all variables. Due to these findings, a parametric test was used to
analyse the data instead of non-parametric test, which would norrnally be used
with such a small sample size. The sample size was small. but all of the
available pilots did participate in the study. Statistical significance was

accepted at p < 0.05.

PRE POST DIFFERENCE

i LI ]

CONTROLS s | J

Figure 15. Experimental design
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Equipment of RAAF pilots. There was cquipment failure
(oxygen supply in planes) resulting in the course being
postponed by a month. This may have had an effect on the final
results as post testing occurred prior to the last four weeks of
flight training wherc the highest +Gz flying of the course
occurred. These additional four weeks ef load on the cervical
muscles may have shown a higher increase in strength compared
to what was found in this study.

Small number of pilots within course may not be a true
indication of strength changes over a larger population. All of
the pilots from the course participated in the study, however it is
an occupation which does not allow for large numbers to be
trained at one time.

Pilots were aged between 20 years to 24 years, so these results
may not necessarily apply to older populations.

EMG data was obtained from one pilot during one flight,
resulting in a small sample size, which may not be a true

indication of muscle activation for the majority of pilots
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CHAPTER FOUR

4.0 RESULTS

41 ubjects
Table 3
Age, Height and Weight Values for the RAAF Traince Pilot and Control
Groups

Pilots SD Control SD
No. Participants 9 10
Age 220 1l 22.6 44
Height i84.4 36 181.6 43
Weight 80.2 5.2 76.4 73

Presented in Table 3 are the physical charactenstics of the RAAF trainee pilots
and the control group. There were no significant difference found between

age, height and weight of the RAAF trainee pilot and control groups.

4.2 Multi-Cervical Unit

After eight months of moderate +Gz flying, the pilots di played a ignificantly
greater increase in cervical muscle strength in flexion when compared to the
control group (Table 4). There were no other significant differences found
between the groups. However therc was a trend displayed by the pilots

showing that their strength had increased in the arcas of left and right lateral

0.2
0.2
03



flexion. Th conlrol subject exhibited no signi 1cant changes in any strength

area over the eight-m nth tudy.

Table 4

Average Difference (Po.t - Pre) for Strength Values in the Neutral Position of

Trainge Pil ontrol Subjects using the Multi-Cervical  nit

Test Pilot mcan SD ontrol mean  SD t p
Flexion 54 30 1.7 39 2 0 0.034*
Exten ion 1.2 74 -0.4 63 051 0616
Lateral Flexion Left 59 5.9 1.9 R] 1.59  0.131
Lateral Flexion Right 6.4 6.6 23 4153 0.144

Note. Averages are taken from three tnals, and measured in pounds (Ibs).
*Indicates a significant p < 0.05) difference between the pilot and

control groups.

There were no significant changes found for the rotation 25" and neutral flexion
test between the pilots and controls (Table 5). Strength increase by the pilots
in lateral flexion were found, but due to large standard deviations n  ignificant
change was recorded. The control group displayed no significant change 1n

rotation 25° and neutral flexion over the cight-month study.
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Table
Average Differences (Post - Pre) for Strength Values in Rotation 25" and

Neutral

Tet Pilotmcan  SD  ontrol mean SD t p
Flexion Left 5.3 LR KN 5215 0310
Flexion Right 6.6 5.4 49 57 062 0.540
Extension Left 0.9 7.0 1.6 56 025 0.84
Extension Right 1.2 5.9 0.6 59 023 0821
Lateral Flexion Left 5.7 7.7 1.7 40 146 0.163
Lateral Flexion Right 5.4 43 1.9 50161 0.126

Note. Averages are taken from three trials, und mea ured in pounds (Ibs).

Results exhibited during the neutral rotation. extension 20 and rotation 25*
extension 20° tests showed that there were no significant change between the
pilot and control groups (Table 6). Neither group displayed an increase in

strength for the extension 20" tests over the study.

Table 6
Average Differences {Post - Pre) for Strength Values in Neutral Rotation,
Extension 20° and Rotation 250, Extension 20° of Trainee Pilots and Control

Subjects using the Multi-Cervical Unit

Test Pilot mean SD  Control mean SD t P
Rot 0" Ext 20"

Neutral -24 8.2 -2.3 69 002 0.984
Rot 25° Ext20°

Left -23 7.5 -2.5 81 006 0.954
Right -24 5.9 2.0 72012 0908

Note. Rot is an abbreviation for rotation. Ext is an abbreviation for extension.

Averages are taken from three trials, and measured in pounds (Ibs).
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Presented in Table 7 are the comparisons between the baseline and po. t-lesting
trength results for the pilots, controls and Life arc normative values usine the
M U Melbourne pr tocol. The results show the pilots had above average neck
strength in all of the positions tested. The control group exhibited below
average or results at the lower end of the normative valuc for all of the

strength positions.

Table 7
Comparison Between LifeCare Nommative Values, the Pilot and Control
Groups for Pre and Post-Strength Testing using the Multi-Cervical Unit — The

Melboume Protocol

Test Pilots Pre Post Controls Pre Post Norms
Strength

Flexion 24.1 29.5 18.8 20.8 20-25
Extension 40.2 41.5 25.8 259 25-35
L/Flexion 28.9 35.1 18.3 -1 20-25

Range of Movement (ROM) in the pilots showed no significant change over
the eight-months. These findings were in conti st to the controls who exhibited
a significant decrease in flexion and an increase in left lateral flexion (Table 8).

No other significant changes were found for either group during the study.
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Table
Average Differen ¢s (Post - Pre) for Range of Movement (R M) Value of

Te t Pilot mean SD  ontrol mean  SD P

Flexi n -0.1 4.9 -10.9 127 238  0.030*
Exten 1 n 36 2 -9 2 1.74 0.00
Lateral Flexion Left 2.0 3 8.6 75 207 0.044*
Lateral Flexi n Right L5 5.3 4.8 105 -0.85 0408
Rotation Left -1.4 37 1.4 9. 083 0418
Rotation Right 1.4 34 0.3 72 063 0538

Note. Averages are taken from three tnals and measured in degree
*Indicate a significant (p<0.05) difference between the pilot and

control groups.
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Figure 16 illustrates the extent to which both muscles were acti ated whilst
manoeuvring under +3Gz. Exhibited are the a tivation Ic el abo e bascline
for MVC of the stemocleidon astoid and crector pinae for the three
positions; extension (52.9% & 56.2% respectively). left twi 1 (26.1% & 44.8%
respectively) and right twist (97.8% & 35% respectively. The
sternocleidomastoid appears to work very hard during right twist (97.8%).
whereas the erector spinae is loaded more during extension (56.2%) and left
twist (44.8%). The stemocleidomastoid is the major mu cle involved in the
flexion action and the erector spinae the extension movement. Thercfore. these
re ults indicate that when performing a left tum und r +3Gz the
stemocleidomastoid, has more of a flexed position during the right head twi 1
and the erector spinac is activated more during extension and left 1wist head

movements.



100
80

%

extension left twist  right twist
MUSCLE MOVEMENTS

Figure 16. %MVC for sternocleidomastoid (SCM) and erector

spinae (ES) muscles of a RAAF pilot executing a left turn while pulling

+3Gz.

The mean flexion and extension measurements as well as MVC’s for flexion
and extension during the 88-second period were calculated to find a ZMVC.
This data is displayed in Table 9. During the flight the erector spinae muscles
were activated to a much higher level (89.5%) than the sternocleidomastoid
muscle (13%). This may indicate from Figure 16, that there were more
extension and left twist movements than right twist movements during this
section of flight, as the erector spinae (89.5%) was found to have higher

%MV C than sternocleidomastoid (13%).
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Table 9

Mean Flexion and Extension Measurements and Maximal Voluntary

Contractions (MVC) Over an 88 Second Period of Aerial Combat Manoeuvring

by a RAAF Pilot Flying a Pilatus PC-9 under +3Gz

Muscle Mean(mV) MVC (mV) oMV C
Flexion SCM 22.00 168.654 13.00
Extension ES 66.72 74.55 89.50

Note. SCM is sternocleidomastoid muscle, ES is erector spinae muscle. Mean

and MVC measurements in Millivolts (mV).
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CHAPTER FIVE

5.0 DISCUSSION

5.1  Multi-Cervical Unit - Strength

The main purpose of this study was to determine whether the moderate +Gz
(+2-6Gz) generated during flight training stimulated an increase in isometric
cervical muscle striength in pilots. An increase in muscle strength was found in
flexion. This strength increase may have occutred due to the pilots continually
working against +Gz to maintain a neutral head and trunk position during
flying manoeuvies where the head and trunk were in an cxtended position.
Examples of such flying manoeuvres in the extended position may include

loops and barrel rolls, as well as during take off.

An explanation of this finding may be as follows. When completing daily tasks
such as looking at a computer screen or reading a book, the head is in a forward
flexed position (Chaffin & Andersson, 1991). To continually maintain this
forward flexed position. activation of the neck extensors is required and
minimal use of the flexors is needed (Chaffin & Andersson. 1991). Therefore,
it can be deduced that in daily life the flexor group is rarely used. therefore it's
potential for strength increases is greater than that of the extensor group. No
other areas exhibited a significant strength inciease. Such findings indicate that
additional strength training may be required outside the aircraft to adequately

prepare the pilots for flight, particularly fast jet flying.
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However, therc were increased stiength trends displayed by the pilots
throughout the strength tests, excluding extension 20" (Table 6). The trends
towards increased strength suggest that some of the principles of adaptavon did
occur. The most likely principles utilised were ovcrload an«l specificity. An
overload would have heen produced when the cervical muscles were forced to
contract near maximum as showa by the EMG data. Specificity occurred
because the cervical spine is highly loaded when executing flight manoeuvres
under +Gz (Hamalainen & Vanharanta, 1992). These results indicate that
muscle loading (+Gz) may have been the factor to incrcasc cervical neck
strength but not to a significant level. Further studies with higher +Gz forces

may show more significant increases in cervical muscle strength.

Aliicsson et al. (2001) examined muscle strength, endurance and range of
movement of the cervical spine in a group of jet pilots comparcd to a control
group. Results from the Alricsson et al. (2001) study found a strength increase
in the neck flexors and extensors of the pilots. These findings were similar to
this study, where the RAAF trainee pilots recorded an increase in flcxion neck
strength. This may indicate that a natural adaptation of the flexion cervical
musculature occurs when flying under +Gz. Harms-Ringdahl et al. (1986) also
suggested that when flying. the cervical spine flexors function as stabilisers
compared to the extensors, which work actively. This requires greater amounts
of work from the flexors (Haims-Ringdahi et al., 1986) and supposts the

findings in this study.

The results found using extension 20° were not significant and the pilot and

control groups both decreased over the testing phase. An increase in strength
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of the extensors would not be expected. as it was not stressed during flight
training. Aerial combat manocuvring with dog-fighting and maximal use of the
check six position commences in the fast-jet program. It is in response to the
aenal combat manocuvring that we would anticipate an increase in cervical

musculature occurring in the off-centre positions.

During baseline testing the pilots exhibited above average neck strength
compared to MCU normative values (Tabte 7). This indicates they had strong,
healthy necks before entering into the high performance flight training program
and increases in neck strength from baseline to post-testing may not have been
as great due to their initial high neck strength values. The control group
averaged below the normative values at bascline and at the lower end of the
norms post-testing, suggesting they had low neck strength. There is no age
limit for the norms making them a limitation when the average age of the
subjects was 22 years and they may not have reached their peak level of

strength.

It appears from the findings of this study, that the +Gz pulled by the RAAF
trainee pilots did not significantly increase cervical muscle strength and thus
may not adequately prepare the neck for higher +Gz flying and more intense
flight manoeuvring (ie dog-fights). It was anticipated that greater strength
changes would have occurred over the eight-month duration, however due to
mechanical problems with the aircraft earlier in the course, post-testing was
completed prior to the highest +Gz flying of the course. This delay may have
been a factor in the results exhibiting trends of increased strength and not the

significant increases in cervical muscle strength expected. Thesc findings
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support the notion of a pre-strengthening program, specific to the cervical neck
muscles. confinning previous reccommendations (Alricsson et al., 2001; Conley

et al.. 1997a, 1997b; Hamalainen et al., 1998).

5.2 Multi-Cervical Unit - Range of Movement

A second purpose of this study was to examine the effect +Gz had on the range
of movement of the RAAF trainee pilots. The pilots displayed no change in
range of movement (ROM). The control group exhibited the two significant
changes found. These were a significant decrease in flexion and a significant
increase in left lateral flexion. The decrease in flexion by the control group
may have been caused by poor posture while studying, as the control group had
finished their exams two days prior to testing. The findings for the pilot group
suppott the hypothesis that ROM would not change during the eight-month
duration of the study. The ROM area was tested due to expected changes
occurring later in the pilot’s careers and to see if any unexpected changes
occurred during this study. The other ROM head positions produced no
significant results. These results indicate that the pilots ROM was good and the
moderate +Gz flown under by the trainee pilots did not have an effect on their

ROM.

ROM is important when executing combat manoeuvies such as check-six,
twists and rotations of the head. A previous study (Alricsson et al.. 2001)
found that high perfonnance pilots displayed a decrease in cervical range of
movement, which may have effected performance over a period of time. When

execuling the twists and rotations of the head the pilots are most susceptible to
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injury (Aho et al., 1990; Andersen, 1988; Knudson et al., 1988) und stren 1th
and ROM i important in these situations.  This gives an important link
between the tw  questions and shows th importance of R M within th

study.

The ROM re ulls in this tudy can be ompared to tho ¢ by Alric on et al.
(2001) du to identicai units of measurement being used in both studie . In the
Aln s on et al. (200!) study however, the ROM flexion-extension movements
were not measured separately. giving a total flexion-cxtension re ull. Lateral
flexion and rotation were also measured over the full ranges, with no specific
directions recorded. This is disappointing because there were differences found
between left and right rotations and lateral flexions within the RAAF trainee
pilot tudy using the MCU. Researchers should consider thi when producing

studies of this nature in the future.

To directly compare the two studies the ROM positions measured in this stud
have been calculated through each full range ie. flexion-extension, lateral
flexion and rotation from the raw scores found in Appendix G. Table 10

compares the results in this study to Alricsson et al. (2001).
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Table 10

Comparison of Range of Movement of Pilot and  ontrol Groups to Alncs. on ¢t

al. (2 1)
Group n Flex-Ext ~ SD Lat-Flex S Rotation sD
Alricssoo
Pilot 30 135.8 20 89.8 20.5 167.2 228
Control 33 142.6 17.6 97.5 157 185 216
Burton
Pilot 9 136.1 15 105.4 15.2 175.1 1.7
Control 10 125.2 184 90.9 129 155.9 166

Note. Alricsson i abbreviated for Alrics on ct al. (2001). Flex-Ext, Lat-Flex

and Rotation measurements are all mean values and measured in degrees.

Due to the large difference in sample size between the two studies it is difficult
to suggest that they are an accurate measurement for all high performance
pilots throughout the world. The RAAF trainee pilots recorded greater ROM
compared to the pilots in the Alricsson et al. (2001 study. Thi would be
expected, given the age differences between the pilot group inth two studies.
Dvorak et al. (1990) stated that mobility tends to decrea.c with age and the
average age of the pilots in the Alricsson et al. (2001) study (30 years) was
higher than all of the other group.. This may indicate why the pilot group in
this study measured a higher ROM than the pilots in the Alricsson et al. (2001)

study.

The Petren-Mallmin and Linder (1999) study also found that high performance
pilots exhibited degenerative changes earlier than age-matched controls who
had no military flying experience. These degenerative changes may be duce to
flying under high +Gz (Petren-Malimin & Linder, 1999). This confirms the

results found from the two studies because, unlike the pilots in the Alricsson et
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al. (2001) study, the RAAY trinnee pilots did not fly under high +Gz, therefore
these degenerative changes would not have bheen as likely to have accurred. It
has been recommended that re-testing the range of movement of the current
group of pilots should occur either in ten years tme or at the end of their

careers.

There has been no other research published which has examined the strength
and ROM of high performance pilots and no study which looks specifically at
trainee pilots and the effccis +Gz have on the cervical spine. As was found
with the strength side of the study. long-term research with these pilots may
show changes in ROM (decreases) as +Gz increase and the load on the cervical

muscles increase also.

53 EMG

When executing a +3Gz left tum it was found that the stemocleidomastoid
(SCM) displayed a predominantly higher MV C during a right twist than any
other head movement. The SCM is the major muscle involved in flexion. and
the large activation levels found duiing this study confirm the significant
increase of strength exhibited for flexion by the pilots during testing of cervical
muscle strength. Both ES and SCM displayed levels over 25%MVC activation
for all head movements measured. These results provide some indication of the
stresses placed on the cervical area during flight and the necessity tor high

performance pilots to have strong necks in order to cope with the loads.
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Hamalainen and Vanharanta (1992) examined the effect of +{iz and head
movements on cervical erector spinae muscle strain during high performance
flying. Results from the Hamalainen and Vanharanta (1992) study indicated
that as +Gz and head movements increased so to did the strain on the cervical
area. It was concluded that if neck strength is insufficicnt to cope with the +Gz
demands then acute neck injuries would be likely (Hamalainen & Vanharanta,
1992). The results found by Hamalainen and Vanharanta (1992) (55.8%) and
in this study (56.2%) were very similar for ES. Hamalainen and Vanharanta
(1992) researched the extension movement under +4Gz, compared to this
study. which was performed under +3Gz. These results indicate the increases
in +Gz did not effect the extension movement for this manoeuvre. These
measurements also confinn the strength findings that the extensors do not work

as actively during flight compared to the flexors.

Hamalainen and Vanharanta (1992) recorded a mean of 79.5% MVC (range of
28.2-189.7% MVC) for rotational head movements compared to this study
44 8% and 35% respectively for ES. The difference in +Gz was +4Gz and
+3Gz respectively between the studies. indicating that as +Gz forces are
increased the load on the body is aiso increased during rotational head
movements. There were ten subjects measured in the Hamalainen and
Vanharanta (1992) study compared to one pilot in this study. The greater
number of sub jects may give a more representative %MVC for the manoeuvre

than using one pilot’s results.

Oksa et al. (1996) studied muscle strain during aerial combat manoeuvring

Results from the Oksa et al. (1996) study found that the highest strain on the
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body during aenal manocuviing was on the lateral neck (SCM). It is these
peak strains, which present the highest risk of injury to the pilots (Oksa et al..
1996). Therefore. Oksa et al. (1996) concluded that maximal neck muscle
strength was important when flying under high +Gz and recommended the

cervical muscles be strengthened accordingly.

An endurance measurecment was calculated over an 88-second period of aerial
manoeuvring, the %MVC for flexion (SCM) was found to he low (13%). and
extension {ES) high (89.5%). The mean flexion (SCM) @MVC (13%) can be
compared to results found by Oksa et al. (1996) where a mean muscle strain for
SCM during encounters was 18.7% MVC. This shows the overall loads placed
on the SCM during longer periods of flight are minimal compared to the large
peak strains, which occur during flight manoeuvres. indicating that maximal
muscle strength is essential to combat injury occurring from high +Gz

manoeuvring.

The mean muscle strain recorded by Oksa et al. (1996) for ES (17.8%) was
very different to the results found for this study (89.5%). This may be due to
the high amount of head movements peifonned in this study although the pilots
in the Oksa et al. (1996) study were also executing acrial combat manocuvring
exercises. More research into this area is required to show more conclusive

results for specific head movements during particular flight manocuvres.

The Oksa et al. (1999) study examined muscle fatigue caused by iepeated aerial
combat manoecuvring exercises. It was concluded that the neck area exhibited

the greatest levels of fatigue. which increased the risk for neck injuries. Oksa
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et al. (1999) recommended that the recovery of neck muscles from fatigue
should receive special attention when performing multiple flights in one day.
‘Therefore. both muscle strength and endurance arc areas. which need to he

tocused on when strengthening the cervical area in high performance pilots.

§.4 Recommendations for Further Study

Due 1o the delay in training for the RAAF trainee pilots and post-testing using
the MCU occurring before the higher +Gz flying in the course, there are areas
which could be studied further to find more conclusive results. A significant
strength increase was found for flexion in the pilots and increased trends seen
in most areas, whether these trends become significant increases with higher
+Gz loading is an area which could be studied further. The addition of the new
test protocol, extension 20°, requires further examination and this will occur if
research using the MCU with the RAAF pilots continues. Further use of this
test measurement may assist in understanding why a high propertion of cervical
injuries occur in the check six position. A decrease in the extension neck
strength of the pilots was found during this study indicating that strengthening

in this area needs to be a priority.

A similar study looking at the same pilots in the next phase of flight training.
which would consist of flying under higher sustained +Gz. may find more
significant increases in cervical muscle strength. With the results found in this
study, it does suggest that the cervical muscles do not adequately adapt to the
high stresses placed on the cervical area by +Gz. Therefore. it appears

necessary for the specific neck strength weight-training program that many
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other tudies (Alric 'son ct al., 2001; onley ct al., 19974, 1997b: Hamalainen

et al., 1998) have recommended. to be implemented.

Rescarch inve tigating pecific head position dunng flight manocuvin win:
EMG could ulso be examined more thoroughly. This area has not been
researched previ u ly and more muscle sites could be measured. To combine
the two arca. ; trength and EMCi. an EMG measurement could be recorded fi r
each pilot when completing the MC'U protocol te ting. Thi would allow a
comparison to be made between forcc required in the air and fi rce  output
during testing o the MCU. However. the most important re.earch to be
undertaken within thi area doe appear to bc the implementation of the

specific neck-strengthening program.

55 Conclusion

This study examined lhe effect of moderate +Gz on the cervical mu le
strength and range of movement of RAAF trainee pilots over an ecight-month
flight-training course. The first major finding of the study wa that limited
strength increases were found by the RAAF trainee pilots during flight training.
Therefore, a specific neck strength training program, completed in conjunction
with future flight training courses would be recommended. However. a
significant increase was found in flexion. This may have been in response to
the pilots continually working against +Gz to maintain a neutral head and trunk
position during flying manoeuvres, where the hcad and trunk were in an

extended position.
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The second major finding was that the RAAF trainee pilots displayed above
average neck strength compared to the normative values. This suggests the
pilots entered flight training with strong, healthy necks. Due to their initial
strength levels. a large increase between baseline and post-testing would not

have been as likely.

The pilots exhibited good ROM throughout the study. As expected. there werc
no changes in ROM by the pilots. due to the short length of the course and to
the level of +Gz being flown under being too low to see shortening occurring in
the cervical muscles. ROM was measured for research over the pilot's careers,
because changes in ROM would be more likely to occur over a number of
years. As the +Gz and the pilot’s age increase, a link may be found between
ROM and cervical injuties. The results did show that during the flight training
course ROM was maintained by the pilots. In contrast, the flexion ROM

decreased and the left lateral flexion ROM increased in the controls.

The high recording of the stemocleidomastoid (muscle involved in flexion)
found by the pilot pulling a +3Gz left tum and executing a right twist head
movement confirmed the significant increase in flexion found during strength
testing. The results from this area of the study assisted the neck strength
section. as it was possible to measure the load placed on the
stemocleidomastoid and erector spinae muscles during a similar flight to that of
the flight training course. The endurance measurements showed the loads
placed on the cervical muscles over a period of time and outlined how muscle
endurance and maximal muscle strength are both essential to combat injuries

which occur from high +Gz manoeuvring. The natural strength adaptation of
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the cervical muscles when {lying under +Gz was not as high as expected. To
cope with the loads placed on the cervical arca during igher 462 manocuvring

ispecitic neck steengthening program would he recommendesd for the pilots.
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FLITH COnNe N
U IVERSILY

Injury Prevention In RAAF Fighter Pilots: A Neck Strengthening Program for
High Performance Pilots
INFORMED CONSENT FORM - RAAF PILOT GRO P

Thank-you for expressing inter st in volunteering to take part in this study. The

fi llowing informati n is presented in order to enable you to make an informed decision
as 1o whether you wish to participate in the siudy. The information included outlines
the procedures involved. wgether with the safeguards associated with participation in
the study.

This “tudy is being conducted with the aim of gaining understanding of the possibility
f neck pre ention and of bone heaith status of RAAF aircrew.  lumately. by gaining

such infi rmati n. we hope to be able to enhance our knowledge in the 4 iati n medical

ficld. in addition to applying the knowledge to public and communit, health field.

Should you volunieer to participate in the stud . you will be asked to undergo two neck

trength and two bone mineral density scans o era m nth period. Medical and
nutritional que “tionnaire - will also be administered at the commencement of the study.
All data will remain confidential t the research ream. The results of the tests will be
made a ailable toy uat th cnd of the testing period.

L give my consent o parti ipate in the rescarch
titled: Injury Prevention in RAAF Fighter Pilots: A Neck Strengthening Program for
High Performance Pilots. on the following basis:

° | acknowledge that the procedure has been explained to m . including the
anticipated length of time it will take. the frequ *ncy with v hich the procedure will
be performed and an indication of any discomfort which ma be ¢ pected.

° I understand that my involvement in this study is  oluntary and that [ am free to
withdraw from the study at any stage without penalty or detriment to my career.

° [ am co-operating in this project on the onditi n that:

- The information | provide is kept ¢ nfidential
- The information will be used only for this proje 1
- The results will be made available to me at my request and any published

reports of this study will preserve my anonymily
-l have heen given a copy of the information sheet and this form. signed by me

and by the principal rescarcher, Dr Fi na Naumann. to keep.

Signed Subject) dace _/ /

Before me (Prin ipal Researcher) date _/ /
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The assessment protocol consisted of:

uf

Personal Details

Name / DOB / Address / Phone Number

Range of Movemenl (ROM) Testing (repeated 3 times)

L.

b

Flexion
Extension
Lateral Flexion (L. / R)

Rotation (L / R)

Isometric Strength Testing (3sec isometric contraction/repeated 3 times)

L.

2.

Flexion: i

2.

Extension: l.

Lateral Flexion: I

Neutrai ! Rotation/Neutral Flexion
25° L Rotation / Neutral Flexion
25" R Rotatien / Neutral Flexion
Neutral * Rotation/Neutral Flexion
25° L Rotation / Neutral Extension
25° R Rotation / Neutral Extension
Neutral ° Rotation / 20" Extension
25° L Rotation / 20° Extension

25" R Rotation / 20 Extension
Left LF/Neutral ® Rot/Neutral LF
Right LF/Neutral ® Rot/Neutral LF
25° L RovNeutral LF

25" R Rotation / Neutral
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FIGHTER PILOT NECK STRENGTH STUDY

Confidential Medical Questionnaire

AM DATE: Y / !
AE  _ yrs. DAT- FBIR H: /I
HEIGHT: cem W LI / /

RAAF FIGH ER/RAAF/ TROL (ctrcle appropriate rroup)

1.  Have you ever suffered or suffer from any of the following conditions?

Asthma: Ye /No Diabcete : Ye /
Renal Disease: Ye /No Heart Discasc: Yes / No
2, On an average basis how many hours per week would you currently

spend engaged in physical activity and exercise?

hrs/ k
Type of Exercise:
3. Are you a smoker? Yes / No
If YES, How many cigaretie per day do you smoke. per/da
4. Have you ever experienced any neck injury or neck pain in the past.

If YES, what was the nature of the injury or pain

S. Are you currently experiencing any neck pain?

Please circle:
No Pain Very Mild Pain Moderate Pain
Fairly Severc Very Severc
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6. Over th past week how frequently did you consume the following
foods? Please indicate th approximate number of standard serves per day or
w k. If you rarely have the item, just tick rarely or never.

FOOD

Milk
Plain
Milk
Flavoured
Milk
On Cereal
Milk

In Tea/Coffee

Milkshake
Thickshake
Yoghurt
lce-Cream
Cream
Cheese
Hard
Cheese
Soft
Chocolate
Fish

Meat

Chicken

Nuts

Fruit
Vegetables
Cereals
Bread
Thank-you

Standard
Serve

l gl
(200ml)

1 glas
(-00ml)
Y2 Cup

30 ml

Regular Size

Regular Size

1 Tub (200g)

1 Scoop (50g)
I Tabicspoon

1 slice (20g)

| slice (20g)

1 bar (60g)
! med fillet
100g

I med steak
100g

Med fillet
100g

20g

| average

| serve

I serve

I slice 30g

Per Day
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Per Week  Rarely or  Type
Never
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NORMATIVE VALUES FOR ISOMETRIC STRENGTH TESTING USING THE
MULTI-CERVICAL UNIT - THE MELBOURNE PROTOC'OL

FEMALES
Flexion 12-17 lbs
Extension 20-30 Ibs
Lateral Flexion 15-20 lbs
MALES
Flexion 20-25 Ibs
Extension 25-35 Ibs
Lateral Flexion 20-25 Ibs

No specific age was specified for these normative values

NORMATIVE VALUES FOR RANGE OF MOVEMENT USING THE MULTI-
CERVICAL UNIT

Flexion 50°
Extension c0°
Lateral Flexion (Left) 45"
Lateral Flexion (Right) 45"
Left & Right Rotation 80"

No specific age and gender was specified for the normative values

(LifeCare. nd)
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Mcasure
ROM degrec )
Flexion
Exlen ion
Lateral Flexi n (Left)
Lateral Flexion (Right)
Isometric Strength (lh. )
Flexi n
Extension
Lateral Flexion (Left)
Lateral Flexion {(Right)
Note. 30 subjects were tested

3.67
4.07
4.34
3.29

1.75
397
2.49
19

Therapist

2 3
374 4.79
573 .20
4.08 71
3.09 .86
1.54 1.67
43 319
1.93 2.
2.39 2.4

(Greenwood & Nardss. 2000

Intra-class Correlation Coefficients for the Te t-Rete t Reliability of

Measurements for Ea h Therapist Using the Multi-Cervi al

Melboume Protocol

Measure
ROM
Flexion
Extension
Lateral Flexion (Left)
Lateral Flexion (Right)
Isometric Strength
Flexion
Extension
Lateral Flexion (Left)
Lateral Flexion (Right)
Notc. 30 subjects were tested

0.859
0.742
0.799
0.842

0.857
0.654
0.704
0.879

nit of the

Therapi t

2

0.806 0.725

0.531 0.624

0.768 0.812

0.861 0.829

0.873 0.862

0.789 0.677

0.857 0.727

0.837 0.826

(Greenwood & Nardi . 2000)
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neutral rotation 20 extension

Means

Totat SS

Between SS

Within S

Between Subjects
Within Subjects
Total

ICC

TEM
%TEM

12.5 419 41.4
16.6 38.6 36.6
14.55 40.25 39

208.2249 224.1009 209.3809 16.2409 164.6089 4.5369

Means
40.8 29.9 20 19.1 26.74
37.2 325 18.9 18.8 2712
» 3.2 19.45 18.95 26.93

192.3769 8.8209 48.0249 61.3089 1137.625

106.7089 136.1889 935089 24.3049 196.8409 103.4289 105.4729 31.0249 64.4809 66.0869 928.057

153.2644 177.4224 145.6849 20.0704 180.3649 16.1604

112.65
One-Way ANOVA Table
sS df MS

1953.032 9 217.0036
112.65 10 11.265
2065.682 19

0.9013

3.35
12.44

7

2065.682

1456849 18.2329 55.9504 63.6804 1953.032



25 rotation 20 extension (left)

Means

11.9 40.8 35 21.8 13.5 29 73 29.7 16.6 154 25.07
14.4 35.9 344 17.5 121 27.4 28.9 28.5 18.4 17.3 23.48
Means 13.15 38.35 34.7 195 12.8 28.2 3341 291 17.5 16.35 24.275
Total SS 153.1406 273.0756 115.0256 7.700625 116.1006 22.32563 169.6506 29.43063 58.90563 78.76563 1024.121
97.51563 135.1406 102.5156 45.90063 148.2306 9.765625 21.39063 17.85063 34.51563 48.65063 661.4763
1685.598
Between SS 123.7656 198.1056 108.6806 22.80063 131.6756 15.40563 77.88062 23.28063 45.90063 62.80563 1620.603
Within S 64.995
One-Way ANOVA Table
SS dt MS

Between Subjects 1620.603 9 180.0669
Within Subjects 64.995 10 £.4995

Total 1685.598 19
ICC 0.830325
TEM 255

%TEM 10.51



25 rotation 20 extension (right) Means

13.2 34.3 35.2 21.2 14.1 31.4 40.9 289 16.3 16.1 25.16
11.2 316 31 19.9 12 29.1 31.6 31.2 19.1 16 23.27
Means 12.2 32.95 33.1 20.55 13.05 30.25 36.25 30.05 12.7 16.05 24.215
Total SS 121.3302 101.7072 120.6702 9.090225 102.3132 51.62423 278.3892 21.94923 62.64723 65.85323 935.5743
169.3902 54.53823 46.03623 18.61923 149.2062 23.86323 54.53823 48.79023 26.16323 67.48623 6£658.6313
1594.206
Between SS 144.3602 76.30023 78.94323 13.43223 124.6572 36.42123 144.8412 34.04723 42.44523 66.66723 1524.231
Within SS 69.975
One-Way ANOVA Table
SsS df MS

Between Subjects 1524.231 9 169.3589
Within Sublects 69.975 10 6.9975

Total 1594.206 19
ICC 0.920644
TEM 265
%TEM 10.94
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RAAF PILOTS RESULTS USING MCU

AVERAGE AGE 2 HEGHT WEIGHT
GROUP AV 18435 AVERAGE Pro-test 8019
AVERAGE Post-test 7878
STRENGTN TES STRENGTH TESTING
Rotation 25 degress Flexxon 0 degrees
Flax ot av Flox o max Flex nght av Flex right maa  Ext ieft av Ex loft max Ext ngit av Ext nghl max Lat Flex et v Lat Flox loh max  Lat Flex nght av Lat Fiex g max
PAE-TEST
SURJECT 1 xR 34 3 %8 61 518 518 8§17 a7 09 48 L] ]
SUBJECT 2 232 bZA) 209 23 » 89 %9 372 252 W4 74 b.]
SUBUECT 3 159 168 14.7 158 329 i1} 281 28 27 274 2 243
SUBUECT & 192 203 211 225 411 L} Qe 48 » k2] k1] ad
SUBJECT § 304 N7 26.1 228 514 $18 802 55 403 “ul 413 4338
SUBJECT 8 193 209 184 204 B2 arz? 04 e 259 274 27 281
SUBJECT 7 287 02 301 306 e 518 53 518 a4 424 415 448
SUBVECT 8 104 178 149 159 145 285 2885 267 13§ 148 13? 142
KUBECT § 27 09 2 X6 81 a2 380 ¢ B3 4 »e 448
GAOUP MEAN 2288 2518 2313 2474 w02 Qs 403 41 41 23 34 59 263 »27
STD DEVIATION 642 861 87 T2 9.52 as7 972 D84 10 61 13 108 11 59
POST-TEST
SUBJECT 1 B4 n 385 a 488 $01 459 48 a2z 503 @9 0
SUBECT 2 B2 k1] 347 379 81 »1 34 822 28 s 203 Fe L.}
SURECT ) 182 198 159 173 251 26 234 282 23 a7 a6 2%
SUBJRECT 4 22 22 239 252 40.1 430 a? 483 84 1 401 a?
SUBIECT S 331 B4 336 M6 503 503 50 503 87 89 45 496
SUBJECT & 35 28 203 214 34 89 405 427 425 “5 49s 49
SUBIECT 7 28 309 209 9 801 503 49 $03 %02 803 a9 492
SUBJECT B 08 03I 295 n2 7 402 31 34 284 308 241 26
SUBJECT 9 ¥8 aze L] 408 97 503 49 502 49 494 a8 40
GROUP MEAN 23 082 297 AN 48 4 12 Qe 41 % 099 3806 P 382 40 58
STD DEVIATION a1 838 a2 846 86 e 84S 793 964 P44 97 04
PRE-POST DIFF 5.33 564 657 87 09 102 126 245 572 522 541 529
PRE-POST DIFF 10.06 10.08 128 194 1.1 12 1.5 292 a.13 1.02 7.0 1.9
Rotabon 0 degrees Fleaon 0 degrees
Fox av Flox max Ext av Ext max Lat Flox ot av  Lai Flox loft max Lat Flex ng av  Lat Flen nght eax
PRE-TEST
SUBJECT 1 282 %1 518 518 43 48) 4 a4
SUBUECT 2 268 274 333 M3 218 22 2186 224
SUBJECT 3 164 172 u9 91 249 26) 19 199
SUBJECT 4 164 173 378 k1) 281 301 x» 35
SUBJECT § a9 M4 49 Ss sae »1 384 “0s
SUBJECT @ 23 a7 r2 404 29 242 FIR 25
SUBJECT ? k) 27 486 496 31 7 52 are
SUBJECT 8 137 146 23 28 1$6 178 15 156
SUBRJECT 9 Fa) W3 457 49 M1 64 24 M3

GROUP MEAN 2408 2519 023 228 2913 3B 2874 07



r

STD DEVIATION

POST-TESY
SUBUECT 1
SUBJECT 2
SUBJECT 3
SUBJECT 4
SUBJECT §
SURJECT ¢
SUBJECT 7
SUBUECT 8
SUBVECT §
GROUP MEAN
STD DEVIATON
PRE-POST DIFF
PRE-FOST OFF

PRE-TEST
SUBUECT 1
SUBJECT 2
SUBUECT 3
SUBECT &
SURJECT §
SUBJECT &
SUBJECT 7
SUBJECT B
SUBJECT 9
GROUP MEAN
STD DEVIATION

POST-TEST
SUBSECT t
SUBJECT 2
SUBJECT 3
SUBJECT 4
SUBJECT S
SUBJECT 6
SURECT 7
SUBUECT 8
SUBJECT 9
GROUP MEAN
STD DEVIATION
PRE-POSY DIFF

339

aHna
28
33
s
k-1
238
1
298
LY 14
B.44
1047

51.7
»a
40%
507
478
LY ]
s17
%59
512
ad 89
677

0
2]
235
402
a5
395
494

%
503

4220
a8
24

™

ns

23

%S
282
37

R
3168
53
849
1.0

923

4148
808
124
182

s&

S03

392
503
a8
489
418
503
Q2%
a.08
098
1.14

818
41

58
518
478
518
e
ST
@5
8147

$02
456
239
25
503
418
50.3
74
502
4272
877
27

503
226
R4
384

408
B8

»e
3512
9.74
5.99
.32

983

02
258
231
393
@7
425
%6
2589
442
3884
948
548

a78
28
2n2

a3
05
xS
21
474
518
1001
64
10.08

1" 01

“@e
ar
217
a7
-3 ]
429
kK]
239
493
B/
1085
804
0.96



PREPORTDFF 277

R 28 dagr E 20 dugr
& ot max loh av right max nght
PRE-TEST
SUBJECT 1 518 st 8 518 51.8
SUBUECT 2 4 %8 k<X ] 341
SUBJECT 3 s B4 349 »8
SUBJECT 4 408 512 48 515
SUBJECT § 87 475 477 508
SUBJECT @ 80 516 51.3 8.8
SUBJECT 7 1.1 518 498 57
SUBJECT 8 264 218 359 281
SUBJECT 9 474 518 454 458
GROUP MEAN 4388 4512 4329 44.49
STD DEVIATION 918 919 834 p84
POST-TEST
SLARCT 1 502 %03 495 503
SUBUECT 2 kK] k1) az k<¥4
SURAJECT 3 214 24 247 2568
SUBJECT 4 ] 87 352 8.6
SUBJECT 5 0 $03 492 503
SUBJECT 8 “us 83 497 503
SUBJECT 7 S0 1 s03 495 503
SUBJECT @ 05 kB 200 N3
SUBJECT 9 30.1 503 494 503
GROUP MEAN 4138 4214 4083 4204
STO OEVIATION 102 881 1059 1019
PRE-POST DIFF 23 290 -246 244
PRE-POST OFF 2.7 3.4 292 2
RANGE OF MOVEMENT TESTING
Fes av Flex ma» Extav Ext maz

PRE-TEST
SUBJECT 1 679 701 s51 S56
SUBJECT 2 80 831 525 527
SUBJECT 3 793 6802 635 653
SUBJECT 4 687 708 Q7 431
SUBJECT § 1] n”l 685 e88
SUBJECT 6 785 774 S68 72
SUBJECT 7 801 802 613 615
SUBJECT B 70 7n3 695 703
SUBUEZT 9 753 %7 741 742
GROUP MEAN 3N 7548 60.42 60 87
STD OEVIATION 358 432 978 983

Lat Flea left av

(1]
541
414

45
ne
583
523
5t9
57¢
54 86
896

tFlex N max

626
563
497
4

ke R
804
534
553
597
56 93
868

itFle nghtav LatFlexnght mas  Laft Rotav

$16
§283
40 37
I8
6503
5203
44 4)
5193
48 43
48 83
8s

827
552
a1
k1l
659
532
“u9
53¢
az3
50 37
836

829
624
844
832
102S
871
100
899
102
9N
737

Rg Aormas
8s9
vE8
P )

864
28

82



POST-TESY
SUBJECT 1
SUBJECT 2
SUBJECT 3
SUBJECT &
SUBJECT S
SUBJECT &
SUBJECT ?
SURFECT B
SURJECT 9
GRAOUP MEAN
STD DEVIATION
PRE POST DIFF
PREPOST OFF

62
w2
e
a8
741
768
97
614

7378
co4

0.13
<.00

79
789
75

56
783

e
b 1]
746
85
058
4.3

574
67.4
64.8

693
815
58.1
ne

6369
78
357

$8.1
6a.1
cae
s2.1
70.4
a8
sa.7
e
754
6488
755
a9
n

582
e
486
458
4.1
7
538
567
565
5609
L1.14

1.2

Ses
676
51

75
566
6.8
585
568
s8.64
854
181
187

51.07
43.73
5027
454
598
535
4727
4897
46.687
5023
43R
147
1.48

615
528
s22

613
84
LT
8186
479
S224
449
163
180

845
838
851
ara
1009
844
Qe
874

91.34
56
=137
Q.74

9.4
964
861
898
1034
838
94S

978
8304
598
-142

86 57
8523
8933
76123

w0
K4
8313

8378
S



i

CONTROLS RESULTS USING MCU

AVERAGE AGE

28

STRENGTH TESTING

PRE-TEST

SUBJECT S
SUBIECT &
SUBJECT?
SUBJECTS
SUBJECT9
SUBJECT 10
GROUP MEAN
STD DEVIATION

POST-TEST
SUBIECT 1
SUBJECT 2
SUBJECTI
SVBSECT ¢
SURECT S
SUBJECT &
SURECT?
SURECTR
SURKELT 3
SVASECT 10
GROUP MEAN
STOOEVIATION
PRE-POST DIFF
PREPOST DWFF '

PRE-TEST

SUBJECT 1
SUBJECT2
SUBJECTI
SUBJECT4
SUBJECT s
SUBJECTE
SUB.JECT ?
SUBJECT 8

1.7
144
16
273
103
23.2
70
17
217
9
15.89
842

217
282
122
285
181
239
70
15
305
102
18.98
8
31
am

Flou av

151
175
102
299
148
28
76
151

HEIGHT
GROUPAV

133
18.2
18.4
200
17
244
78
133
=24
8.8
16.94
as7

235
273
124
281
100
248
81
109
317
100
2002
814
308

Flex max

160
197
10
1
162
277
70
180

181.58

9
119
1081
24
125
213
73
9
248
102
14.45
8.31

237
247
124

178
249
88
156
Rr2
118
19 401
n
498
14.85

Estav

193

205

135
37

292
126
193

AVERAGE

97
123
17
246
120
218
75
97
270
1S
15.45
698

204
222
139
39
332
N
128

Flexioftav Flen loh may Flexiigbdev Fen igitmax Extlofev

WBGHT
Pro-ast 764

Rotation 25 degsese Figxion 0 degrees
Ex lsh man Ext ngit av

207 218 258
27 281 199
10 12,5 105
207 1.8 0.4
201 274 200
295 N1 RS
97 102 98
207 219 250
482 517 483
171 170 ]
2352 2542 2409
10 88 ne 14
252 26 249
209 N1 276
153 16 154
404 424 01
10 19 177

242 249 24
1"t 127 123
205 213 193
503 k] 50.3
1760 193 158
2515 203 2472
1204 1M 1203
163 oes 063
335 1.7 1.29

Rotabon  dégrees Flexion 0 degrees

LatFlexien av LatFlexleftmax LaiFlex agidav Lal Flex igit max

183
242
a8
195
166
236
121
183

161
273
89
209
168
241
126
161

153
264
66
1]
23
219
101
153

Lat Flex loh av Lal Pax ieh max Lat Flex nginav

STRENGTH TESTING
Ext gl d max
260 104
216 231
108 72
319 217
200 10
332 205
107 97
208 184
406 337
178 146
249 1853
1138 73
26 207
302 09
161 101
44 N4
100 177
252 232
138 93
213 154
503 R2
178 121
2 202
17 874
1 167
2.18 an

155
27
73

201

27

23

W0Ss

158

193
243
8
21
185
233
104
193
381
164
1877
70

219
313
102
319
185
251
94
15§
M3
133
2114
923
137
335

173
N
69
184
209
238
9
173
296
214
1957
7758

Lat Fies nght max

07
339
1X)
212
22
241
94
107
301
24
2097
812

232

137
312
24
21
96
144
%8
111 ]
2717
959
174
3%



SUBUECT 9
SUBJECT 10
GROUP MEAN
STD DEVIATION

POST-TEST
SUBJECT 1
SUBJECT 2
SUBJECT 3
SUBLECT 4
SUBJECT 5
SUBJECT 8
SUBJECT 7
SUBJECT 8
SUBJECT 9
SURJECT 10
GROUP MEAN
SYO DEVIATION
PRE-POST DIFF
PRE-POST OIFF *

PRE-TEST
SUBUECT t
SURJECT 2
SUBJECT 3
SUBJECT ¢
SUBJECT S
SUBJECT @
SUBJECT 7
SUBJECT B
SUBJECT 9
SUBUECT 10
GROUP MEAN
STO OEVIATION

POST-TEST
SUBUECT 1
SUBJECT 2
SUBJECT ]
SUBJECT 4
SUBJECT S
SUBJECT &
SUBJECT 7

o

182

1881
726

x1
258
108
RS
15%
74
84
149
303
104
2082
878
201
5.07

@21
24,1
127
203
272
292
197
274
s08

2872
1ma

24
251

319
235
248
X

28 812 518
122 202 22
203 28.0t 27.2
742 124 1273
22 232 25
are 21 242
18 163 185
B4 477 ©®7
189 188 20
289 a2 218
913 131 14.1
183 21 223
N2 $0.3 50.3
1 185 163
204 2563 271
879 1348 1344
174 012 01
412 02¢ Q0.18
Potation 0 degr E 20 dogr
max
Qs
258
142
3.9
288
na
158
287
517
208
2
1184
24
2a
2186
335
237
5%
157

68
133
18.02
6.04

e
287
ar
ns
L.1]
200
59
133
s
ns
2082
.81
2S
049

03

178
1923
8.99%

187
7

»7
178
23
104
141
371
124
2192
1051
269
5

299
183
18.61
7.58

25
s
1s
298
209

83
228
53
138

2149

96
288
7.18

177
19.32
79

239

t18
07
an
213
ae
133
a
1448
24
1003
312
748



SUBJECT 8 235 246

SUBJECT 9 $0.3 50.3
SUBJECT 10 19 193
GROUP MEAN 2823 27.54
STODEVIATION  10.11 88

PRE-POST OIFF -2.49 -2.68
PREPOST DIFF' 453 4.9

Actavon 25 degrees Extenzian 20 degrees

av left max leh avright max right
PRE-TEST
SUBJECT 45 458 40 a2
SUBJECT 2 25.1 274 27 271
SUBIECT 3 1289 144 108 na2
SUBJECT 4 30.1 3R 304 316
SUBJECT S 248 257 26.8 278
SUBJECT & rI 359 N 49
SUBJECT? 123 126 133 16
SUBJECT @ 252 26.3 26 a7
SUBJECT 9 483 493 464 514
SUBJECT 10 203 234 19.4 212
GROUP MEAN 28.16 2093 28.04 2069
STD DEVIATION 1191 1248 nn 12.3
POST-TEST
SUBJECT 1 235 258 249 259
SUBJECT 2 205 206 293 k]
SUBJECT 3 178 18 149 158
SUBJECT 4 19 352 6 43
AJBJECT 5 205 219 29 2389
SUBJECT & 231 257 198 203
SUBJECT 7 136 142 4.4 154
SUBJECT B FR 233 207 211
SUBJECT 9 503 $03 495 50.3
SUBJECT 10 162 171 159 163
GROUP MEAN 2582 27.0t 2611 275
STC EVIATION 10.88 10.62 1149 1213
PRE-PCST DIFF 23 2.9 -1.93 219
PRE-FOST DIFF*  4.32 513 357 -3.83

RAANGE OF MOVEMENT TESTING
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PRE-TEST
SUBUECT1
SUBIECT2
SUBJECT3
SUBJECT 4
SUBJIECTS
SUBJECT B
SUBJECT?
SUBJECTSH
SUBJECT 9
SUBJECT 10
GROUP MEAN
SID OEVIATION

POST.TEST
SUBIECTI
SUBJECT2
SUBJECT 3
SUBJECT 4
SUBJECT §
SUBIECT6
SUBIECT 7
SUBJIEC TS
SUBECT9
SUBJECT 10
GROUP MEAN
STOD DEVIATION
PRE-POST OIFF

PWELOST OFF*

Flex av

799
91
883
793
749
791

799
764
801
73.66
747

397
543
55.6
791
819
585
591
795
768
78
6237
13.68
-11.29
L >

Flex max

598
6a.3
80.2
7”3
793
884

76.5
805
7484
734

402

578
791
a6
601
605
797

755
68367
1318

-10.96
7.94

Extav

52
611
494
834

54

52
829
6G4

56.13
568

491
841
91
704
834
545
83
452
544
591
5613
96
-2
.78

Ext max

522
622
S06
839
ea 2
857
839
522
832
514
589
6.14

521
853
433
713

576
665
87
540
604
57.98
954
094
-8

latFlex loft av Lat Plox leman Lat Flex gt av Lal Flex ngM max  Left Rol av

413
427
494
434
$06
396
464
413
469
B4
45684
Ik

485
513
493
517
49
436
546
65
625
494
528
694
758
218

442
43
53

4“8
515
427
73
%2
74
372
46.48
369

498
%4
517
534
534
458
577
67

631
505
5492
663
ed7
835

Q267
3543
396
406
5143
3137
e - Fx]
4267
I
399
40 11
554

439
66

4863
340
343
438

5463

6073

4697
464
965
429
5.00

456
377
415
412
53
324
401
456
.
429
4206
s7?

445
485
3
501

346
47

817
492
455
947
Ju
393

842
73
71
276
792
751
533
842
o1
815
7680
1169

754
735
73
945
777
7583
™7a
a22
696
86!
7982
754

0.64

Lof Rot max

&1
301
ma
1005
e
782
562
81
836
876
8076
115

7893
78
77

98
765
92
8132
911

eze
8227
677
149
[A]

RoM Rot av

KRI7?
75
6963
068
nar
832
5313
8337
6757
%7
767
815

7303
7167
6763
857
7
8¢
7167
7€03
8273
70
7649
ER: )
022
0.14

Rigim St mas

845
184
75
891
783
855
868
945
693
731
7866
797

756
776
682
878
64
819
N
766
642
nz
7649
599
Q17
0.1
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