










































































Cervical biomechanical function of forward and backline players was compared. In

this project it was hypothesised that the forward players would have a higher

incidence of cervical dysfunction compared to the backs, due to the impact and forces

acting on the neck in the scrum. However, the results, using Pearson Chi-square, did

not indicate a statistically significant difference between the two groups (p = 0,255).

See Figure 1.1 for the prevalence of cervical dysfunction according to forward and

back playing positions in the sample.

Figure 1.1: The prevalence of cervical dysfunction according to forward and

back playing positions in the total sample (Steyn, 2002).

A possible explanation for the high incidence of cervical dysfunction in back-line

players (74 %) (Steyn, 2002) could be due to incorrect tackling techniques, such as

spearing, which may cause cervical biomechanical dysfunction. The high contribution

of the tackle to injury episodes could reflect recent rule changes that encourage open

play conducted at high speeds to enhance the game as a flowing spectator sport. The

challenge now is to sustain the popularity of the game, while reducing potential

trauma following high-velocity contact of the tackle (Garraway & Macleod, 1995).

6

90

U) 80...
Q)

70
ca-
Co 60

. Cervical0 50
dysfunctionQ)

en 40 " . Normalca....
30C

Q)
(J 20...
Q)

10Q.

0
Forwards Backs Total

















































\8)

~\
.(;,'~I .

'.~ .

Figure 3.1: Skeletal muscle components (Silverthorn, 2001:348)

Figure 3.2: Muscle fibre components (Silverthorn, 2001:349)

Human skeletal muscle comprises several different types of fibres that have different

functional characteristics. Type I muscle fibres tend to have slower contraction and

relaxation times and are very fatigue resistant. Their motor unit size is typically small

with a high capillary density. Type II muscle fibres can be subdivided into types IIA

and liB. Type IIA are fast twitch, fast oxidative glycolytic fibres that have high

contraction speeds but are relatively fatigable, with a large motor unit size and

relatively high capillary density. Type liB muscle fibres are fast twitch and utilise

glycolytic metabolic processes. They are the most fatigable but have the fastest

contraction speeds and the greatest contraction strength. Their motor unit size is the
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extension the nucleus does not change shape or position (Figure 3.3, White & Panjabi,

1990:15)

Figure 3.3: Bulging of the annulus fibrosus on the concave side of the bending

curve (White & Panjabi, 1990:15)

TORSIONALBEHAVIOUR

Farfan (1970) tested 21 nondegenerated and 14 degenerated lumbar discs in vitro and

applied torsion to the disc with the axis passing through the posterior part of the disc.

He found that the degenerated discs failed 25 % earlier than the nondegenerated disc.

In the initial phase 0° - 3° of deformation occurred with very little torque. Between

3° - 12° a linear relationship between torque and deformation was found and failure

occurred at approximately 20° of rotation.

SHEAR CHARACTERISTICS

Failure due to pure shear force in the horizontal plane is very high at 260 N /mm. This

high value is clinically significant since a very large force is required to produce

abnormal horizontal displacement of the vertebral disc unit. Therefore annulus

disruption is most probably the result of combined bending, torsion and tension forces

(White & Panjabi, 1990:9).
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The strength of a ligament is important during spinal trauma. Another important

characteristicof the spinalligamentsfor physiologicalfunctionis the non-linearload-

displacementcurve. A load-displacementcurve of typical spinal ligaments is shown

in Figure 3.4 (White& Panjabi, 1990:21).Accordingto this representationthe curve

can be divided into three regions:The neutral zone (NZ) - the displacementbeyond

the neutral positionof the ligamentdue to a small force; the elastic zone (EZ) - the

displacementbeyond the neutral zone to the physical limit of the ligamentand the

plastic zone (PZ) - beyondthe elastic zone and until failureoccurs. The neutral and

elastic zones combine to form the physiologicalrange of motion. The viscoelastic

properties of a ligament are another importantcharacteristic,but there are limited

researchdata availableconcerningsuchcharacteristics(TeoandNg, 2001).
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Figure 3.4: A typical load-deformation curve of a spinal ligament, obtained in

a material testing machine (White & Panjabi, 1990:21)

Cryomicrotomy techniques have been used to quantify ligament geometry. It obtains

sequential images in a predetermined plane at very close intervals, thus describing the

three dimensional geometry. The specimen can be frozen in a predetermined state, for

example, in a neutral spine position, thus preserving the in situ features of the spinal

column. Because the body resists and reacts to various external loads in a dynamic

environment, ligament tears have been documented during high rates of load.

Avulsion of the ligament from the bone has been identified during slowly applied

loads. These studies indicate the viscoelastic properties of the ligament structures.
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4.2 Terminology used in the Description of

Human Movement

4.2.1 Unit vectors

A unitvector is a vectorthe lengthof whichequals 1. It is usedto definea directionin

space. In the lowercervicalspinethe facetplane is tilted approximately45 degreesto

the frontal plane and 90 degrees to the sagittalplane. This could be put together to

form a unit vector N, which is perpendicularto the plane of the facet (Panjabi &

White,200I :8).SeeFigure4.1.

Figure 4.1: Unit vector. Orientation of the facet plane of the lower cervical

vertebra is advantageously defined with the help of the concept of

the unit vector (Panjabi & White, 2001:8)

4.2.2 Degrees of Freedom

This is the numberof independentcoordinatesin a coordinatesystemthat are required

to completelyspecify the position of the object in space. This can also explain the

independentplanes of motion in which an object can move. A rigid body has six

degrees of freedom: 3 translations and 3 rotations. A vertebra has 6 degrees of

freedom. It can translate along any 3 axes and can rotate around any of the 3 axes.

Motion does not necessarilyoccur around or along a pure axis and thereforemotion

can be broken down into its components and shown to be composed of various
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combinations of translations and rotations about these axes (panjabi & White,

200 1:8-20).

4.2.3 Axis of Rotation

When a rigid body moves in a plane there is a point, or some hypotheticalextension

of it that does not move. This is the axis of rotation of the body for that step of

motion.Becausejoints in the humanbody are not perfecthingejoints, the locationof

the axis of rotation relative to the bony structuresat any instant in time changes as

well. These changes in muscle force, line of action and moment arm results in a

continuouslyvarying moment in force. The asymmetryof joint motion is caused by

three factors: rotation, sliding and rolling. When a vertebra moves from flexion to

extension it has a set of axes of rotation in relationto the outside frame of reference

(global movement) as well as reference to each of the other vertebrae (relative

motion).As a vertebramoves from flexionto extensionvariouscomponentssuch as

musclesand ligamentscomeintoplayandcan influencethe axisof rotation.

4.2.4 Coordinate System to describe Motion

A rectangular coordinate system best describes the neuromusculoskeletal system. This

coordinate system is also known as the right-handed Cartesian coordinate system.

This system could be defined as three straight lines mutually perpendicular and

intersecting one another. The lines are referred to as the x, y and z axes and their point

of intersection are called the origins. A Cartesian coordinate system with its origin

between the coruna of the sacrum has been suggested for the human body. The planes

of motion are the sagittal or yz - plane, frontal or coronal or xy - plane, and the

transverse or horizontal or zx - plane. Motion can be described in terms of translation

(T) and / or rotation (R) along or around the three axes. Thus translation to the left is

+ Tx, up is + Ty and forward is +Tz. Similarly translation to the right is - Tx, down is

- Ty and backwards is - Tz. For clockwise rotation, rotation will be to the right.
J

Therefore +Rx is flexion around the x axis in the coronal plane, +Rz could be

described as right lateral bending around the z axis in the frontal plane and +Rz is

rotation to the left around the z axis in the sagittal plane. In spinal kinematics the
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motion is usually described in relation to the subjacent vertebra so that the local

coordinate system is established in the body of the subjacent vertebra (panjabi &

White, 200 I :4-7). See Figure 4.2.

z

+1\1 Y +Ry

T...,8verse
zx

Figure 4.2: Right-handed Cartesian: x, y, z. Translations (Tx, Ty, Tz) along

the direction of the arrows and clockwise rotations (Rx, Ry, Rz)

around the arrows are considered as positive motions. The

opposite motions are negative (panjabi & White, 2001:6).

The following section will describe movement of the cervical spine in terms of

motion segments, since one of the primary physiotherapeutic aims of the study is to

validate a manual physiotherapy evaluation technique for motion segment analysis.

4.3 Segmental Motion of the Cervical Spine

Early studies of the cervical spine examinedthe range of motion of the entire neck,

typically by applying a goniometer to the head. Although these studies provide
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implicit data on the global function of the neck, they do not reveal what is actually

happening inside the neck (Bogduk & Mercer, 2000).

It is worthwhile to study the regional characteristics and spatial orientation of the

vertebrae in different regions of the spine in relation to the biomechanics of the spine.

When considering the motion segments of the spine one generally assumes that the

intervertebral disc space is horizontal and parallel to the bottom of this page. In fact

only a few motion segments are parallel to the horizontal plane. In the normal

individual this occurs in the region of C3 - C4, the mid-thoracic region and L3 - L4

in the lumbar spine (White & Panjabi, 1990:48).

According to Kapandji (2002), as well as Bogduk and Mercer (2000), the cervical

spine could be divided into two anatomically and functionally distinct segments,

namely the superior or suboccipital segment, containing the atlas and the axis, and the

inferior segment, stretching from the inferior surface of the axis to the superior

surface of the first thoracic vertebra. For the purpose ofthis study the inferior or lower

cervical spine was investigated, since most of the pathology found in the cervical

spines of schoolboy and adult rugby players were in the lower cervical spine.

4.3.1 Motion Segment

The Motion segment or functional spinal unit (FSU) is the smallest segment in the

spine that exhibits biomechanical characteristics similar to those of the entire spine. It

consists of two adjacent vertebrae and their connecting soft tissue structures. For

studies the lower vertebra is fixed and the loads are applied to the upper vertebra and

its response is measured. The behaviour of a motion segment is dependent upon the

physical properties of the components and their articular surfaces. The entire spine is

composed of multiple motion segments connected in series and the spine's total

behaviour may be approximated as a composite of the behaviours of the individual

motion segments (White & Panjabi, 1990:46-49).
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4.3.2 Flexibility and Neutral Zone

Flexibility is the ability of the structure to deform under load and stiffness is the

opposite.Experimentshave shownthat motion segmentsare more flexible in tension

than in compressionin all directions. In the cervical spine the tensile flexibility is

approximatelyfour times that of the compressiveflexibility.The shear stiffness is

about25 % in the cervicalspinewhencomparedwiththe axialcompressivestiffness.

The neutral zone for flexion / extension of the lower cervical spine is the largest of the

entire spine and the smallest zone is between CO and Cl. For lateral bending, the

neutral zone is also the largest in the lower cervical spine and the smallest between C1

and C2. For axial rotation the largest neutral zone is found between Cl and C2

(Bogduk & Mercer, 2000).

4.3.3 Three Dimensional Motion

A typical motion segment of the spine can move along or around all three axes

(sagittal, frontal and transverse) and this could be called a three dimensional motion.

Twisting of the spine is a good example of three dimensional motion. This is possible

because of the structure of the motion segment and the articulation between the

vertebrae that form the motion segment. A motion segment that moves in three

dimensions is called coupled motion. With flexion of the spine the vertebra rotates

and translates forward and downward. Rotation can be described as the main motion

and the translation as the coupled motion (Panjabi & White, 2001: 21-25).

4.3.4 Zygapophyseal joints of the cervical spine in

Motion Segment Analysis

The motionsof the cervicalspineare stronglyinfluencedby the zygapophysealjoints.

Pure lateral flexion and rotation of the cervical motion segments are known to be

limited,for example,by an intactvertebralringand facetjoints (Onanet ai, 1998).

72



The cervical intervertbral joints are saddle joints which consist of two concavities

facing one another and set at right angles to one another, therefore shaped like the seat

of a riding saddle. The pattern of movement of the spine, is amongst other factors,

dependent on the shape and position of the articular processes of the synovial joints. It

is their orientation in space that determines their mechanical importance. Across the

sagittal plane the inferior surface of the vertebral body is concave downwards, while

across the plane of the zygapophyseal joints the uncinate region of the lower vertebral

body is free to rock forward in the sagittal plane around a transverse axis, and is free

to rock side-to-side in the plane of the facets, around an axis perpendicular to the

facets. Motion in the third plane, that is, side-to-side around an oblique anterior -

posterior axis is precluded by the orientation of the facets. This description appears

dissonant with traditional ideas that typical cervical segments exhibit flexion /

extension, lateral flexion and axial rotation. However it allows for flexion and

extension, but stipulates that the only pure movement is rotation around an axis

perpendicular to the facets. Since the facets are oriented at about 45° to the transverse

plane, the axis of rotation is 45° from the conventional axes of both the horizontal

axial rotation and lateral flexion (Bogduk & Mercer, 2000). See Figure 4.3.
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Figure 4.3: Orientation of the cervical facet joints represented graphically at

approximately 45° to the x-axis (White & Panjabi, 1990:30).

The torsional stiffness of the spine largely depends on the design of the

zygapophyseal joints. According to Panjabi (1998), the zygapophyseal joints of the
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. The vertebral midplane is defined as a line running through the midpoint

between comers one and three and comers two and four respectively.

midplane
C8Ud8I vertebr.

mldpl.ne
crllnill venebr.

'"

Figure 4.4: Method for measuring extension angle for a motion segment in the

cervical spine region (Frobin et ai, 2002).

The computer softwareused by Frobin et al (2002) to identify landmarkson the x-

rays was not available to the researchertherefore it was decided to used the manual

methodof identifyingthe comersof the vertebraeas proposedby Dvoraket al (1991).

4.3.7.1 Flexion and Extension Angles between vertebrae

The angle between two vertebrae of a motion segment is given by the angle between

their midplanes. The midplanes are constructed by determining the midpoint between

comers 1 and 3 and 2 and 4 respectively (Figure 4.4). The angle is counted positive if

the wedge opens anteriorly. The example illustrated in Figure 4.4 therefore represents

the extension angle for this particular motion segment (Frobin et ai, 2002).
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Figure 6.1: Flowchart to illustrate the selection sample population.

6.2 Pilot study

6.2.1 )liEn

The aim of the pilot studywas to screen schoolboyrugby players from the proposed

study population for cervical spine biomechanicaldysfunctionand to determinethe
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timeframe for correction of cervical spine biomechanical dysfunction using the

therapeutic exercise programme for the correction of biomechanical dysfunction and

the applied physiotherapy treatment technique. As a clinician the researcher usually

treats cervical dysfunction with hands on manual physiotherapy techniques. A control

group also performed the corrective exercises and was evaluated to determine whether

any cervical biomechanical dysfunction developed as the result of the corrective

exercises.

6.2.2 Method

A population of 12 schoolboy rugby players were randomly selected for the pilot

study. Three groups of 4 players each were included. Players in the manual

physiotherapy treatment group (Group A) and players in the group who performed the

therapeutic exercise programme for the correction of biomechanical dysfunction

(Group B) had biomechanical dysfunction of their cervical spines, defined as one or

more motion segment / s with abnormal movement patterns. The control group

(Group C) had no dysfunction of their cervical spines.

Only the physiotherapy screening evaluation technique was used with no x-ray

verification since this would be too costly for a pilot study and the aim of the pilot

study was to determine when correction of the dysfunction occurred.

All the players were seen three times a week for a period of two weeks where the

Group A was treated and Groups Band C performed the therapeutic exercise

programme. Each player was evaluated before and after each session.

6.2.3 Results

It was foundthat biomechanicalfunctionwas restoredfor all the playerswho received

the manual physiotherapist treatment technique (Group A) within one or two

treatmentsessions.Theyremainedso for the durationof the two weeks(Figure6.2).
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Figure 6.2: Results of the pilot study for Group A.

Biomechanical function was also restored for the players of Group B, players who

performed the therapeutic exercise programme for the correction of biomechanical

dysfunction. This correction was achieved following two or three exercise sessions

performed during the first week and remained so for the duration of the second week

Figure 6.3). The players who performed the regime without having cervical

dysfunction (Group C) did not develop any dysfunction during the two weeks of the

pilot study.
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Figure 6.3: Results of the pilot study for Group B.

6.2.4 Conclusion for the thesis study

It was therefore decided to perform the therapeutic exercise programme for the

correction of biomechanical dysfunction three times per week for the initial three

weeks and then to start with the neck rehabilitation programme to stabilise the

cervical spine in a non-dysfunctional position. The players will be re-evaluated at

regular intervals during the course of the study as described in the protocol. The group

receiving physiotherapy treatment will start with the strengthening programme as

soon as no dysfunction is found for two consecutive treatment sessions. This is

expected after the first week of treatment.

A problem was encountered by the researcher not expected at the start of the pilot

study. The players were randomly selected to the various groups, a number of the
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Figure 6.4: The effect sizes (d-values) for the results testing the validity ofthe

Physiotherapy Evaluation Technique.

As stated before (Chapter 4:82) various authors concluded that physiotherapists have

fairly poor reproducibility and good repeatability in locating C5, T6 and L5 spinous

processes by palpation. This finding, for the cervical spine, was confinned in this

study. The reliability for evaluation the C5/C6 motion segment was found to be

statistically more significant than any other of the motion segments evaluated (Figure

6.4).

The Rocabado (1999) theory that restriction of the movement pattern of rotation and

lateral flexion to the opposite side indicates a restriction of the motion segment into

the flexion movement was confinned by the results. The mean flexion angle of the

subjects with biomechanical dysfunction of the C5/C6 motion segment, according to
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the physiotherapy evaluation technique, was -1.855° compared to the mean flexion

angle of the subjects evaluated as not having biomechanical dysfunction of -6.968°.

It could therefore be concluded that this evaluation technique is valid in determining

biomechanical dysfunction of the cervical spine, but not highly reliable in determining

the exact motion segment level of dysfunction. For the physiotherapy profession this

result is were important since this evaluation technique could be used to evaluate the

cervical spine for possible biomechanical dysfunction in a multitude of conditions that

could contribute to pain and dysfunction, such as whiplash injury, chronic neck pain

etc.

Having found the manual physiotherapy evaluation technique valid in determining

cervical spine biomechanical dysfunction it would imply that the initial sifting

performed by the examiner to determine the sorting of the players into the various

groups were reasonably correct.

6.8.3 Detailed Physiotherapy Assessment

The detailed assessment was then performed for all the subjects, by the researcher in a

room, which ensured the necessary privacy. The player, his parent or guardian could

have requested the presence of any other person of his or her choice to be present

during the evaluation process. For the details of the subjective and objective

examination see evaluation form (Appendix D). The researcher initiated the

assessment by conducting the subjective and initial objective part of the evaluation, in

the order printed on the evaluation form. Researcher blinding was not possible.

6.8.3.1 Subjective Evaluation

An interview was conducted by the researcher with the subject during which time his

medical history was discussed and recorded. The subjective assessment was

performed according to the guidelines as described by Magee (1997:103). The

researcher enquired about any current symptoms, including any neurological signs

and symptoms as well as the area and intensity of any present pain. This was
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necessaryto ensure that it would not be necessaryto exclude any subject due to any

existing exclusion criteria. The researcheralso enquiredabout the subject's playing

position as one of the sub-aims was to investigate biomechanicalmetrics of the

cervical spinedysfunctionin forwardsand backs.

6.8.3.2 Age and Anthropometric Measurements

The age of the player was determined on the day of the evaluation according to his

identity document number, as provided by the player. Body mass was measured,

using an electronic scale. Muscle strength is proportional to the cross-sectional

diameter of the muscle fibres. The size of the muscle should increase in cross-

sectional diameter with resistance training (Kraemer et ai, 1998). It was therefore

decided to include measurement of the diameter of the neck in the players to

measure if the circumference of their necks increased over the period of the

rehabilitation programme. The cervical circumference of the rugby player was

measured using a piece of string around the neck of the rugby player in the mid

cervical region with the anterior part of the string running inferior to the Adam's

apple (laryngeal prominence). The string was then measured on a standard

measuring tape.

6.8.3.3 Ligament Stability Upper Cervical Spine

Stability of the cervical transverse ligament was assessed in the following manner:

the therapist places one hand over the subject's forehead while the thumb of the

other hand is placed over the spinous process of Cz to stabilise it. The subject is

asked to do flexion of the head, while the examiner presses posteriorly (Magee,

1997:131 and Rocabado, 1999).

The stability of the alar ligaments was assessed as described by Kaltenbom

(1993:226) and Rocabado (1999). The therapist stands at the right side ofthe subject

while the subject sits on a low chair. The palpating finger of the left hand in placed

on the lateral side of the spinous processes of Cz to C3. The right hand of the
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therapist is placed on top of the subject's head. The therapist sidebends the subject's

head and an immediate rotation of C2to the opposite side should be palpated.

The functional space between the occiput and C2 was palpated. The position of C)

and C2 was assessed. (Kaltenborn, 1993:225-226 and Rocabado, 1998). The

therapist stands on the left side of the subject and the therapist tests left rotation of

the atlas in relation to the axis.

6.8.3.4 Motion segment analysis

The motion segments of C2 - C7 were evaluated using the manual physiotherapy

technique validated earlier (Chapter 6:169). The position in which the segment was

held was determined. The therapist places the palpating finger of the left hand on the

motion segment to be assessed. The remaining part of the hand is placed to stabilise

caudal to the segment. With the cervical spine positioned in the neutral position the

therapist rotates the head to the left and in this rotated position the therapist performed

lateral bending first to the left and then to the right, noting any restrictions to the

movement. This was compared to the other side. This physiotherapeutic evaluation

technique has been proven valid (Chapter 6:169). Any restriction to the lateral

bending part of the movement pattern was considered as an indication of

biomechanical dysfunction for that particular motion segment. A qualification or

quantification of the degree of the restriction is not required for this particular

evaluation technique. Restriction of the lateral bending component to the ipsilateral

side was considered as an extension restriction and restriction of the lateral bending

component to the contralateral side was considered as a flexion restriction (Rocabado,

1999). This was confirmed by the findings during the validation process (Chapter

6: 170).

6.8.3.5. Neurodynamic Testing

The neurodynamics of the upper limb was assessed by applying the upper limb

neurodynamicbase test (Magee, 1997:123-124).SeeFigure 6.5.
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Figure 6.5: Upper limb neurodynamic test (ULTT1). (Magee, 1997:124).

6.8.3.6 Posture

The researcher used a digital camera to photograph the subject with an anterior,

posterior and lateral view. The photos were superimposed on a grid and the posture

of the subjects evaluated as described by Kendall et al (1993:69-119) and Magee

(1997:705): The following Figures 6.6 to 6.8 illustrate the various posture types

evaluated for the schoolboy rugby players. See Figures 6.6 to 6.8.

Figure 6.6: Ideal (A), Kyphosis-lordosis (B), Flat back (C) and sway back

postures. (From Kendall et aI, 1993:76).
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Forward Head Posture

Figure 6.7: Forward head posture. (From Kendall et ai, 1993:91)

Scoliosis

RIGHT THORACIC CUM: RIGHT THQRACOI.UM8AA CURVE

) \
,/

DOUBlE MAJOR CURvE

(I1tght tnoroctc and IetIUnbar)

Figure 6.8: Examples of scoliosis curve patterns. (From Magee, 1997:705).
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6.8.4 Radiography

Transportationto the radiologydepartment(Burgerand PartnersInc) were organised

for all the selectedschoolboyrugbyplayers.One of two radiographersperformedthe

x-ray examinationsofthe cervicalspinesofthe all the subjects.

6.8.4.1 Technique for X-ray Examination

Subjects stood in an upright position with the left side of their bodies closest to the

x-ray film. The subjects were informed not to perform flexion and extension in the

thoracic spine and to hold their shoulders as low as possible in order to visualise the

cervico-thoracic junction. The distance between the x-ray tube and the film was

150 em. The radiographer explained the procedure to the subject and observed for a

proper flexion and extension movement. Flexion and extension was performed to the

end of the subject's available range of motion and the x-ray was then taken in this

position (Dvorak et ai, 1991).

6.8.4.2 Measurements Performed

The x-ray measurements as discussed in the literature review (Chapter 4:77) were

performed. The entire cervical spine had to be included on the lateral view. Mobility

studies are lateral views performed in maximum voluntary flexion and extension.

Traditionally these views were performed to locate and document ligamentous

stability and disruption (Torg, 1982:130). Additionally for the current study these

views will help in determining the intersegmental motion of the cervical spine. In

flexion there is an increase in the intraspinous distances, widening of the posterior

aspect of the interfacetal joints and intervertebral disc spaces, and narrowing of the

anterior aspect of the intervertebral disc spaces. The vertebrae may normally slide

anteriorly up to 3mm on the subjacent vertebrae. These changes should be gradual and

consistent throughout the cervical spine. All these changes are reversed in extension

(Chapter 4:75).
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Beginning with the extension view, four lines were drawn tangential to the four sides

of the vertebral body of each vertebra. Their intersection provides four comer points.

This was repeated for the flexion view (Dvorak et ai, 1991). The midplane was then

constructed for each vertebra by determining the midpoint between comers 1 and 3

and 2 and 4 respectively (Figure 6.9, same as Figure 4.4). The angle was counted

positive if the wedge opens anteriorly. The example illustrated in Figure 6.9 therefore

represents the extension angle for this particular motion segment (Frobin et ai, 2002).

The angles of rotation were calculated by subtracting the flexion angle (in degrees)

from the extension angle (in degrees) as explained previously (Chapter 4:80). The

translation measurement for each motion segment was then measured. Perpendiculars

were constructed from the centre points of adjacent vertebrae onto the bisectrix

between the midplanes (Figure 6.9 same as Figure 4.4). Posteroanterior displacement

is defined as the distance between those points where the perpendiculars intersect the

bisectrix. Thus, displacement (and consequently translational motion) is measured

along a direction coinciding in good approximation with the midplane of the disc

(Chapter 4:81).

midplllne
caudal vertebra

midplane
Cl8met varteb...

bisoettlx

Figure 6.9: Method for measuring extension angle for a motion segment in the

cervical spine region.
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6.8.4.3 Analysis of Digitised X-ray Films

The marked x-ray films were scanned into a computer using a Siemens system. The

scanned films were then digitised with computer software (Centricity Radiology RA

600). The angles between the midplanes of each motion segment were then measured

for the flexion and extension views, utilising the same computer software program.

The translation was also measured as standard distance units by the program. The

necessary measurements for each subject were then recorded on a spreadsheet.

6.8.5 Manual Physiotherapy Treatment Technique

Studies investigating the efficacy of physiotherapy in the treatment of neck pain have

been disappointing. Reviewing the literature of treatment modalities used by these

investigators, manual therapy were not included as part of the treatment protocol in

any of the found studies and further no mention was made of correcting

biomechanical dysfunction. Systematic reviews published in 1996 and 1997

concluded that there is little information available from clinical trials to support many

of the treatments for mechanical neck pain and that conservative interventions have

not been studied in enough detail to assess the efficacy adequately (Alaranta et aI,

1994; Holmstrom et aI, 1992 and Winer, 1971).

The number of randomised control trials in the field of neuromusculoskeletal therapy

is increasing, yet there is still a comparatively small quantity of evidence available to

support many aspects of practice and policy (Moore & Jull, 2003).

For this study the treatment technique as taught by Rocabado (1999) in his Module 2

course was performed. The subjects were treated two to three times during the first

two weeks of the study and then once a week for the following two weeks until the

follow-up x-rays were performed and clinical findings were documented for each

treatment (Appendix E). When the assessment of motion segment analysis indicated

the correction of the dysfunction, the subject started with phase one of the therapeutic

exercise programme for the rehabilitation of the cervical spine muscles. Each player

was provided with a copy of phase one of the neck rehabilitation programme in his
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choice of Afrikaans or English as well as all the equipment needed to perform the

programme.

Technique

The researcher evaluated the motion segments of the cervical spine in a sitting

position prior to the start of the treatment session and documented the findings on a

treatment sheet for each of the subjects. The spinous process of the inferior vertebra

of the motion segment to be treated was then palpated. In the event of biomechanical

dysfunction of the right facet joint the cervical spine was then rotated to the opposite

side, in this example to the left, until movement could be detected at the level of the

inferior vertebra. The cervical spine was then laterally bended to the left until the

spinous process of the inferior vertebra tilted to the right. The researcher then

performed resistance to right rotation adapting to the strength of the subject so as not

to get movement at the level intended to be corrected. The resistance was held for a

period of six seconds and the sequence repeated six times. The researcher then

continued to treat the remainder of the motion segments on the same side, if one than

one level were affected. The researcher then continued to correct the levels on the left,

with rotation and side bending now performed to the right with resisted left rotation

(Rocabado, 1999).

The subject was then asked to lie prone on the treatment plinth and the researcher

checked for any muscle spasm and trigger points as well as other myofacial

symptoms, which were then treated using general manual therapy techniques. It was

however not expected that the subjects should have any major signs, since they have

not had any previous injury and did not suffer any pain at the time of the study. The

subject was then asked to lie supine and the anterior structures of the cervical spine

were evaluated for any muscle spasm or other pathological signs. The treatment

technique was then repeated in supine. The treatment was noted in the treatment sheet

of the subject and following the treatment the cervical spine motion segments were

evaluated again and documented. In the event of correction of the segments prior to

the four weeks allocated to the treatment period prior to the follow-up x-rays the
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subject was evaluated once a week to make sure than the segments remained without

dysfunction.

6.8.6 Therapeutic Exercise Programme for Correction

of Biomechanical Dysfunction

The therapeutic exercise programme for the correction of biomechanical dysfunction

was developed by the researcher based on the manual physiotherapy treatment

technique as used for the Group 1 players who received physiotherapy (Chapter 4:86).

The therapeutic exercise programme for the correction of biomechanical dysfunction

was performed by Groups 2 and 3. The programme was executed by the subjects

without the constant supervision of the researcher for the period prior to the second

set of x-rays.

The subjects were asked to perform the entire programme at least three times per

week, preferably four times. Each of the sequences had to be performed three times

and the resistance to the rotation movement had to be held for 6 seconds. The

following section is a copy of the corrective exercises as was given to the subjects in

Groups 2 and 3. Each of the subjects was provided with a copy of the exercise

programme in his choice of Afrikaans or English, as well as the necessary equipment

to perform the programme.

EXERCISE SEQUENCE TO THE RIGHT

The player was asked to clutch a tennis ball under is chin and turn his neck to the

right, until it felt as though the tennis ball was going to fall out. He was then

instructed to drop his right ear towards his right shoulder and to place one finger of

his left hand on his left temple. He was then asked to turn his neck to the left while

resisting the movement with his finger so that no movement occurs. This isometric

contraction was instructed to be held for six counts and had to be repeated three times

(Figure 6.10).
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Figure 6.10: Illustration of the first movement pattern included in the

therapeutic exercise programme performed by the players of

Groups 2 and 3.

For the second movement pattern of the therapeutic exercise programme the player

was asked to move the tennis ball to the middle of his clavicle and clutch the tennis

ball under his chin. He was then asked to turn his neck to the right as far as he could

hold the tennis ball and then to drop his right ear to his right shoulder. He was then

instructed to place one finger of his left hand on his left temple and to turn his neck to

the left while resisting the movement with his finger so that no movement occurred

(Figure 6.11).

Figure 6.11: Illustration of the second movement pattern included in the

therapeutic exercise programme performed by the players of

Groups 2 and 3.
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The players were then asked to perform the same exercise sequence to the left. These

therapeutic exercise sequences were repeated for four weeks. The therapeutic

exercises remained the same except for the amount of resistance to neck rotation. The

players had to resist rotation with two fingers during week two of the programme,

with three fingers during week three and with the palm of the hand during week four

of the therapeutic exercise programme. The second set of x-rays followed the

completion of the therapeutic exercise programme for the correction ofbiomechanical

dysfunction.

6.8.7 Neck Rehabilitation Programme

The following neck rehabilitation programme was developed by the researcher

according to the literature reviewed earlier (Chapter 4:88). The neck rehabilitation

programme was divided into three phases of rehabilitation with progression from one

phase to the other. Phase one exercises were performed by the subjects prior to the

second x-ray procedure. Phase one exercises were performed by Group 1 as soon as

the cervical dysfunction was corrected according to the validated manual

physiotherapy evaluation technique and by Groups 2 and 3 as part of the Therapeutic

Exercise Programme. Following the second set of x-rays the subjects performed phase

two of the neck rehabilitation programme for a period of four weeks and then went on

to phase three if they could successfully complete all the exercises of phase two.

Phase three exercises were then performed until the end of the study when the final

set of x-rays was taken. At this time a final questionnaire had to be completed by the

players concerning their compliance to the programme as well as possible adverse

effects of the rehabilitation programme (Appendix F). The complete neck

rehabilitation programme is available from the researcher.

One of the biggest concerns during the study was thought to be the compliance of the

subjects. To minimise non-compliance the researcher decided to include the exercise

programme as part of the payer's training sessions. The captain of each team of the

teams that included study subjects was taught the exercises and the team was provided

with all the equipment needed to perform the exercises. Each subject was also phoned

184

---



on a weekly basis by a person taught in protocol for enquiring about their compliance

with the exercise programme.

Each element of the neck rehabilitation will be described in the following section with

the progression of phase one to three illustrated accordingly. The players were

requested to perform the exercises at least 3 times, preferably 4 times per week.

6.8.7.1 General Principles when Performing the Rehabilitation

Programme

The following principles remained the same for all three phases of the neck

rehabilitationprogramme.

Breathing

The players were informed to inhale through their noses and to exhale through their

mouths. They were asked to concentrate on controlled breathing and to focus on their

"inner core". It was explained to them that this filtered out all the outside distractions

and allowed the necessary control for the exercises. Relaxation while performing

these exercises was emphasised (Chapter 4: 113).

The players were asked to relax their neck and shoulder region and that while

breathing the shoulder blades had to point towards their lower backs. They had to

concentrate on using the lower ribs, muscles and diaphragm while breathing by

placing their hands or a towel around the lower ribs. They were asked to feel their ribs

moving on in- and expiration. They were advised not to force deep breathing as it may

do more harm than good and that during expiration their hands had to return to their

original position.

Neutral Position of the Tongue

The playerswere requestedto place the tip of their tongues againstthe back of their

front teeth as when sayingthe "n" soundfor exampleno. This ensuredthat theirjaws

185



remained relaxed and that the upper cervical spine region remained in the correct

position (Rocabado, 1999).

Core Stability

This is the first basic step in the dynamic stabilisation of the vertebral column and the

management of optimal posture. The players were asked to maintain core stability

while performing all the cervical spine exercises. They were requested to lie on their

backs with both knees bent. They subsequently had to inhale deeply and on expiration

they had to pull their bellybuttons in and up. The players were instructed to keep the

red triangle area, as illustrated in Figure 6.12, flat. The muscle contraction had to be

maintained for as long as possible. The illustration of the tranversus abdominis

muscle (Figure 6.12) demonstrated to the player the specific muscle they needed to

strengthen to provide support for their lower backs.

Figure 6.12: Core stability exercise using transversus abdominis.
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Shoulder Stability

In addition to core stability the players were also asked to maintain shoulder girdle

stability throughout the rehabilitation programme. They had to place a ball between

their shoulders and the wall and then had to visualise that their shoulder was the

centre of a watch face. The stability position of the right shoulder was said to be the 7

0' clock position and the 5 0' clock position for the left shoulder (Figure 6.13). They

were advised that they could improve their shoulder mobility by slow controlled

movements through all the hours of the watch. The emphasis had to be on control and

not speed.

Figure 6.13: Watch exercise for shoulder girdle stability.

6.8.7.2 Strengthening and Re-establishing Neuromuscular

Control

Deep Neck Flexors

They playerswere requestedto lie on their backswiththeir armsby their sides,with a

small rolled-uptowel in the hollow of their necks. Subsequentlythey were asked to

pull their scapulasdowntowardstheir lumbarspinesand to tuck their chins in and lift
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their heads only one centimetre from the ground (Figure 6.14). They were advised not

to use the sternocleidomastoid muscles for this movement, but rather the deep cervical

flexor muscles (Chapter 4:118). The position had to be held for six counts, or until the

muscles fatigued, and the exercise had to be repeated six times.

Figure 6.14: Phase one deep cervical flexor strengthening exercise.

Once they could perform this exercise without fatigue of their deep neck muscles,

they were requested to progress the exercise by continuing to perform flexion of the

neck, attempting to place their chins on their chests. The idea was that they had to roll

their necks up segment for segment (Figure 6.15 left and right). The emphasis was

placed on control ofthe movement and not on speed.

Figure 6.15: Progression of phase one deep cervical flexor strengthening

exercise.
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The deep cervical flexor muscle exercise progressed in phase two and three of the

rehabilitation to flexion movement against resistance. A green Theraband was used

for phase two and a silver Surgical Tubing was used for phase three. The flexion

movement remained the same as during phase one of the rehabilitation programme.

The Theraband or Surgical Tubing, given to them by the researcher, was placed

around their heads and then thread underneath their scapulas and across their chests so

that they could hold the Theraband or Surgical Tubing with one hand. They were

asked to tuck in their chins, followed by neck flexion, vertebra by vertebra (Figure

6.16).

Figure 6.16 Phase two deep neck flexor exercise with Theraband resistance.

Proprioceptive Neuromuscular Facilitation (PNF) Movement Pattern

The proprioceptive neuromuscular facilitation movement pattern for the neck was

taught to the players during phase one of the rehabilitation programme. The subjects

were asked to lie on their stomachs with their legs together. They had to create a

diamond shape with their arms by placing their fingertips together just above their

foreheads, with elbows open and their shoulders relaxed. They were instructed to

rotate their necks to the side aiming the tips of their noses to the tips of their shoulders
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(Figure 6.17 left). The movement pattern required them to then rotate their necks to

the opposite side, following a diagonal line, ending with their noses pointing to the

ceiling (Figure 6.17 right).

Figure 6.17: Proprioceptive neuromuscular facilitation movement pattern

without resistance for phase one of the rehabilitation programme.

This exercise was progressed to performing this PNF movement pattern against

resistance. The resistance required for phase two of the rehabilitation programme was

provided by the green Theraband. The players had to tie one end to fit around their

heads. They were asked to hold the other end with one hand so that when they moved

their necks from the nose down position there would be resistance against the

movement (Figure 6.18 left). The exercise was repeated six times to each side. They

then had to change the loose end of the Theraband to the opposite hand, subsequently

resisting the movement from the nose up position to the nose pointing towards the tip

of the shoulder position. This part of the exercise also had to be performed six times

to each side (Figure 6.18 right).
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Figure 6.18: Proprioceptive neuromuscular facilitation movement pattern with

resistance for phase two of the rehabilitation programme.

During phase three of the rehabilitation programme the PNF movement pattern

remained the same as for phase two but resistance was now provided by the silver

Surgical Tubing. At the end of the movement the players had to perform 10 small

oscillations attempting to increase their range of motion every time, by aiming their

noses to a target further on the wall or ceiling. If this was no longer a challenge they

were asked to increase the speed of the movement. The fast exercise had to be

repeated 20 times. They subsequently had to change the loose end of the Surgical

Tubing to the opposite hand and perform the opposite movement as explained during

phase two, again increasing their range of motion and speed of the exercise (Figure

6.19 left and right).

Figure 6.19: Proprioceptive neuromuscular facilitation movement pattern with

resistance for phase three of the rehabilitation programme.
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6.8.7.3 Cervical Spine Mobilising Exercises

Mobilising Exercise for Neck Rotation

For phase one the player were instructed to pull the green Theraband across their

chests with the shoulders in approximately 90 degrees of abduction. They then had to

stabilise their shoulder girdles and turn their necks slowly to the right, trying to look

at the tips of their shoulders. Subsequently they had to slowly turn their necks to the

left and repeat the movement six times to each side (Figure 6.20 left and right).

Figure 6.20: Mobilising exercise for cervical rotation for phase one of the neck

rehabilitation programme.

Mobilising Exercise Spine Extension

During phase two of the neck rehabilitation programme the following spine extension

mobilising exercise was included. The players had to lie on their stomachs with their

arms by their sides. They had to proceed by lifting both legs up as far as they

comfortably could without straining their lower backs (Figure 6.21 left). This position

had to be held for 20 - 30 seconds, while breathing evenly. After returning to the

starting position they subsequently had to lift their upper bodies, with the support of

the arms, without straining their lower backs. It was emphasised that they had to keep

their hips on the floor. Again this position had to be held for 20 - 30 seconds while

breathing evenly (Figure 6.21 right).
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Figure 6.21: Mobilising exercise for extension of the spine for phase two of the

neck rehabilitation programme.

Mobilising Exercise for Spine Flexion

For phase three of the neck rehabilitation programme a spine flexion mobilising

exercise was included. They player were instructed to draw their knees up to their

chests while lying on their backs. They had to tuck their chins in to their chests so that

their spines assumed a C-shape. A rocking movement from head to your sacrum had

to be done while maintaining the C-shape of their spines and this rocking movement

had to be repeated 10 times (Figure 6.22).

Figure 6.22: Mobilising exercise for flexion of the spine for phase two of the

neck rehabilitation programme.
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6.8.7.4 Neck Stability Exercises

Neck Stability Exercise in Prone

During phase one of the neck rehabilitation programme the following neck stability

exercise was taught to the players. They had to lie on their stomach with their arms by

their sides and their legs together. They were instructed to inhale to prepare for

lengthening through their spines while tucking in their chins while holding a tennis

ball under their chins. On exhalation they were instructed to stabilise their shoulder

girdles and then to stretch with their fingers towards their toes and lifting their upper

bodies and arms off the floor, while holding the tennis ball tucked under their chins.

This position had to be held for six seconds and repeat six times (Figure 6.23 left and

right).

Figure 6.23: Phase one neck stability exercise included in the neck

rehabilitation programme.

For phase two resistance was added to the neck stabilising exercise described above.

For phases two and three the players had to move their arms to under their faces while

positioning the green Theraband or silver Surgical Tubing around their heads. Their

legs had to remain together. They still had to prepare for lengthening through the

spine while holding the tennis ball under their chins. For phase two the players were

instructed to hold the loose end of the green Theraband in their hands and on

exhalation to push up against the resistance of the Theraband. They had to lift their

heads up and back as far as possible and the exercise was repeated 10 times (Figure
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6.24 left). For phase three this exercise was progressedto resistancewith the silver

Surgical Tubing and if this was no longer a challenge for the players they had to

performthe exercisewith speed(Figure6.24 right).

Figure 6.24: Phase two and three neck stability exercise included in the neck

rehabilitation programme.

During phase two and three of the neck rehabilitation programme the players were

taught how to perform a shoulder and head stands. The final steps of the shoulder and

head stands were only performed during phase three of the rehabilitation programme.

Shoulder Stand Neck Stability Exercise

The following sequence was demonstrated to the players for the shoulder stand. The

players were instructed to start the sequence by lying on their backs with their palms

on the floor and their legs together. The next step was to press down with their palms

beside their bodies and raise their legs to 90., attempting to tilt their legs towards their

chests in a pendulum like movement of their legs. This was followed by exhaling and

gently lifting their buttocks and backs off the floor. As their backs were raised, they

had to bend their arms and use their hands to support their raised bodies. Normal

breathing had to be maintained throughout the sequence. The following part of the

sequence was to press their palms forward to straighten their backs while pointing

their toes and pulling their chests to their chins. This position was initially held for 30

seconds while slowly increasing the length of time the pose was held as they became

stronger. From the phase 2 shoulder stand the players progressed to phase three by
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slowly loweringboth legs to the floor as far as they could. The playerswere asked to

attempt to touch the floor with their toes, keeping their knees straight, without

injuringtheir spines.If they were unableto keeptheir knees straightbecauseof short

hamstrings, they were permittedto bend their knees slightlyand continue to lower

their legsto the floor(Figure6.25).

Figure 6.25: Shoulder stand sequence for neck stability included for phase two

and three of the neck rehabilitation programme.

Head Stand Neck Stability Exercise

The head stand sequence will be detailed in the following section. The importance of

closed kinetic chain exercises have been stated earlier (Chapter 4:128). It was

explained to the players why it was important for them to be able to perform a head
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stand. It was explained to them that if they were involved in a tackle where their

heads were driven into the ground their neck muscles must be able to support the

weight of their bodies. It was also explained that the same principle applied when a

scrum collapsed or in a ruck and mall situation.

The players were instructed to sit comfortably and to focus on the exercise. The

sequence was started with them bending forward and rest their elbows and forearms

on the floor in front of them. They had to keep their elbows pressed down while

moving their hands forward so that their fingers could be interlocked to make a tripod

shape with their palms and forearms. This was followed by bringing the crowns of

their heads down and placing them on the floor, with their palms pressed on the back

of their heads. They then had to raise their hips while walking forward on their toes

until their backs were straight. This was followed by a gradual reduction of the

pressure on their heads, by pressing down on their elbows and forearms to stabilise

their trunks. Breathing had to be even and the position initially had to be held for a

period of 20 - 30 seconds. At this stage for phase two they were informed to gently

release the position and return to sitting on their haunches. For phase three the players

were asked to lift their toes off the floor and straighten their bodies for the full head

stand position (Figure 6.26).
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Figure 6.26: Sequence for the head stand included in phase two and three of the

neck rehabilitation programme.
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Perturbation For Neck Stability

It was stated in the literature review that it was important for dynamic stability of the

spine to include perturbation type exercises in rehabilitation (Chapter 4: 121). The

following exercise was used in phase three of the neck rehabilitation position, using

one of the stages of the shoulder stand sequence (Figure 6.27). The players were

asked to keep their balance in this position while another player gently pushed them in

different directions. They had to resist the pressure while and had to maintain their

balance. Once the players felt confident that they were strong enough, they could ask

the other player to try to push them off balance and they tried to maintain their

balance. The players were cautioned not to injure one another.

Figure 6.27: Shoulder stand position used for the perturbation exercise

included in phase three of the neck rehabilitation programme.

Closed Kinetic Chain Dynamic Stability Neck Exercise

The final neck stabilising exercise included in phase three used one of the positions

assumed during the head stand (Figure 6.28). This exercise could be described as a

closed kinetic chain, dynamic stability exercise and as such is very important to the

schoolboy rugby player (Chapter 4: 110). In this head stand position they players were

asked to imagine that their heads were in the centre of a watch face. If they struggled

with imagining this, they could draw a cross on the floor to help them perform this
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exercise correctly. They were instructed to roll their heads from the centre to the

12 o'clock position and then from the centre to the 6 o'clock position. They had to

move as far as they felt comfortable with. This movement was followed by moving

from 9 o'clock to 3 o'clock, again as far as they felt comfortable with. When this was

no longer a challenge for them, they could progress by moving through all the hours

of the watch. Initially they were instructed to perform these movements slowly and

then to increase the speed of the exercises until they could perform the movements

quickly without discomfort.

Figure 6.28: Position assumed for the closed kinetic dynamic stability exercise

included in phase three of the neck rehabilitation programme.

6.8.7.5 Flexibility Exercises

The players performed static stretches for phase one and two of the rehabilitation

programmeand ballistic stretches were includedin phase three of the rehabilitation

programme.The startingpositionand methodof stretchingremainedthe same for all

three neck stretches,onlythe positionof the headchanged.All stretcheswere held for

30 secondsand repeated3 timeseach.

Starting Position and Method For all Stretches

The players were instructed to sit on one hand, the side that they were going to

stretch, with their backs straight and their shoulders relaxed. They subsequently had to
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position their necks as explained for each of the stretches. They then had to hold their

necks in this position with the other hand. It was strongly emphasised that they were

not permitted to pull on their necks. To feel the stretch, the players had to pull down

their scapulas by bending their elbows of the hands they sat on (Figure 6.29).

I t

Figure 6.29: Starting position of all the stretches for all three phases of neck

rehabilitation.

Stretch for the Lateral Neck Muscles

The players were instructed to perform lateral flexion of their necks, as far as was

comfortable, while maintaining a good sitting posture. Instruction was given to hold

their heads as explained and to pull down their scapulas. They were advised that they

should feel the pull on the side of their necks (Figure 6.30 left). For phase three the

players had to perform a ballistic version of this stretch by completing 10 small

oscillation movements with their heads (Figure 6.30 right).
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Figure 6.30: Stretch for the lateral neck muscles included for phases one, two

and three of the rehabilitation programme.

Stretch for the Posterior Muscles o/the Neck

Instructions were given to the players to do perform a combined movement of flexion,

rotation and lateral flexion away from the side being stretched, until they felt the

muscles pull at the back of their necks (Figure 6.31 left). This position had to be held

with their elbows bent, as explained earlier (Chapter 6:200). For phase three the

players had to perform a ballistic version of this stretch by completing 10 small

oscillation movements with their heads (Figure 6.31 right).
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Figure 6.31: Stretch for the posterior neck muscles as performed during phases

one, two and three of the rehabilitation programme.
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Stretch for the Lateral and Prevertebral Neck Muscles

While maintaining the end position of the previous stretch the players were instructed

to rotate their heads to the side being stretched, while holding their heads and pulling

down their scapulas (Figure 6.32 left). They were told to feel the stretch on the side

and front of the neck. For phase three the players had to perform a ballistic version of

this stretch by completing 10 small oscillation movements with their heads (Figure

6.32 right).

Figure 6.32: Stretch for the prevertebral and lateral neck muscles as performed

during phases one, two and three of the rehabilitation programme.

The following section will detail the nerve mobilising exercises as performed during

phases one, two and three of the neck rehabilitation programme.

6.8.7.6 Nerve mobilising exercises

Phase One Nerve Mobilising Exercise

The nerve mobilising exercise for phase one of the rehabilitation programme were

instructed as follows: The players were asked to sit with their body weight supported

on their arms with their palms flat on the floor and their fingers pointing posteriorly

with their thumbs to the lateral side. They then had to straighten their elbows while

maintaining the stability position of their scapulas. In this position they were
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instructed to try and elevate their sternums while inhaling, and this position was held

for six seconds. They could relax while exhaling and then they and to repeat this

exercise six times (Figure 3.33).

Figure 6.33: Nerve mobilising exercise for phase one of the rehabilitation

programme.

Phase Two Nerve Mobilising Exercise

The nerve mobilising exercise included for phase two of the rehabilitation programme

required that the players sit with their legs straight in front of them with their knees

flat on the ground (Figure 6.34 left). They subsequently had to straighten their left

hands in front of them with their elbows straight and their wrists extended so that their

fingers pointed superiorly. With their right hand they had to pull their fingers

(including the thumb) posteriorly until they could feel the pull down their arms

(Figure 6.34 right). This position was held for 10 seconds. For the second part of the

exercise they had to elevate their arms with their elbows next to their ears, making

themselves as tall as possible. This position was held for 10 seconds.
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Figure 6.34: Phase two nerve mobilising exercise included in the rehabilitation

programme.

Phase Three Nerve Mobilising Exercises

Two nerve mobilising exercises were included in phase three of the neck

rehabilitationprogramme.The first requiredthe playersto sit with their legs straight

out in front of them with their knees flat on the ground.They then were instructedto

cross their arms at their elbows and to interweavetheir fingers, palms together and

hold this position for 10seconds(Figure6.35 left). Subsequentlythey had to elevate

their arms and againholdfor 10seconds(Figure6.35 right).
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Figure 6.35: First nerve mobilising exercise included in phase three of the

rehabilitation programme.

For the second nerve mobilising exercise included in phase three of the rehabilitation

programme the players were instructed to sit with their palms together and their

elbows and shoulders at the same height. They then had to move slowly to the left

until their hands were in front of their shoulders (Figure 6.36). They had to feel the

pull at the back of their upper arms and this position was then held for 10 seconds.

The same movement was repeated to the right and again held for 10 seconds.

Figure 6.36: Second nerve mobilising exercise included in phase three of the

rehabilitation programme.
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Balance exercises perfonned by the players during phases one, two and three will be

detailed in the following section.

6.8.7.7 Balance

Phase One Balance Exercise

For any schoolboy rugby player it is of utmost importance to have good balance. The

players were instructed to stand on one leg, without their knees touching and with the

supporting leg slightly bent. They had to maintain core stability, close their eyes and

keep their balance for as long as possible, without putting the other foot down (Figure

6.37). Proprioception was briefly explained to them.

-

I

Figure 6.37: Phase one balance exercise included in the rehabilitation

programme.
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Phase Two Balance Exercise

The balance exercise included in phase two of the rehabilitation programme required

the players to stand on one leg and shift their weight forward, backwards, and to both

sides, slowly and controlled (Figure 6.38). They could also simulate a passing or

kicking movement pattern, pivoting on their supporting leg, to make these balancing

exercises more relevant to rugby. Once these movements were easy, they were

instructed to perform them with closed eyes.

Figure 6.38: Phase two balance exercise included in the rehabilitation

programme.

Phase Three Balance Exercise

The performance of the phase three balance exercise required the help of a fellow

player. The players were asked to hold onto their Surgical Tubing, with the other

player holding onto the other end. Subsequently they had to perform the same

balancing exercises as for phase two, the difference being that the other player had to

try and pull them off balance. The idea was not for them to pull one another off

balance as quickly as possible, but rather for them to gain knowledge concerning their

ability to maintain balance their (Figure 3.39). The importance of performing these
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exercises shortly after wann-up and not after a physically tiring exercise session was

emphasised, since balance and coordination was found to be poor following muscle

fatigue, therefore increasing the risk of injury (Chapter 4:137).

Figure 6.39: Phase three balance exercise included in the rehabilitation

programme.

6.8.7.8 Player Education for the Neck Rehabilitation

Programme

The players were infonned of various high risk situations for neck injury and how the

rehabilitation programme would benefit in possibly preventing neck injury from

occurring in these situations. They were advised that if they were able to perfonn all

the neck exercises described in the neck rehabilitation programme they could be

confident that their neck muscles were strong enough to be able to support their

cervical spines during these high risk situations.

It was also explained to the players that while they perfonned the rehabilitation

programme they had to imagine phases of play, such as tackling, where each exercise

would benefit them and that this was how the brain learned new protective strategies.

It was expressed that this would help prepare them to respond effectively, and almost
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automatically, during high risk situation, which may arise in a training session or

match.

The statistical analyses used for the analysis of the raw data will be provided in the

following section.

6.9 Statistical Analysis

The statistical analysis was performed by Prof. H.S Steyn. The data was analysed

using the following analyses. Paired t-tests were used to obtain statistical significant

differences between the means of first and second X-ray measurements (Thomas &

Nelson, 1985). These were followed by calculating the effect sizes of differences in

means to establish the practical significance of the results (Cohen, 1988). One-way

analysis of variance (ANOVA) was performed on the first X-ray measurements to

compare the posture groups. The effect size eta-square was calculated to obtain the

practical significance of the posture effect. A Student t-test was done to establish

whether the mean measurements of the forward and backward rugby players differed

with statistical significantly. The effect size of the difference in means was obtained

to determine the practical significance. The SAS-system was used to do the data

analyses (SAS Institute Inc., 1999; SAS Institute Inc. 2002-2003).

6.10 Summary

The empirical study chapter included the pilot study performed by the researcher prior

to formulating the protocol as outlined in detail in this chapter. The study design,

study population and sample as well as the inclusion and exclusion criteria were

discussed. Ethical considerations as measurement tools and instruments were detailed.

This was followed by the validation of the manual physiotherapy evaluation

technique. The manual physiotherapy treatment technique was discussed subsequently

followed by details of the therapeutic exercise programme for the correction of

biomechanical dysfunction. The neck rehabilitation programme as performed by the

subjects was then detailed. The results of the study will be discussed in the following

chapter, chapter 7.
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Chapter 7

Results and Discussion of the Empirical Study

7.1 Introduction

In this chapterthe resultsof the empiricalstudywill be givenand discussedaccording

to the various interventionsincluded in this clinical trial. The following flowchart

illustratesthe flow ofthis chapter.
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Firstly the term biomechanical dysfunction in terms of the x-ray measurements will be

briefly explained to facilitate the interpretation of the x-ray results. The results for

Group 1, the group who received manual physiotherapy for the correction of

biomechanical dysfunction, will be provided and discussed. This will be followed by

a section where the results of Group 2, the group of players with biomechanical

dysfunction who performed the therapeutic exercise programme for the correction of

biomechanical dysfunction, will be given and discussed. The results pertaining to the

safety of the therapeutic exercise programme for Group 3, players without

biomechanical dysfunction who also performed the therapeutic exercise programme

for the correction of biomechanical dysfunction, will then be stated and considered

followed by the results of Group 4, the control group. The neck rehabilitation

programme was performed by all the players of Groups 1, 2 and 3 after the second set

of x-rays and these results will then be specified. The results of other factors, such as

posture, anthropometric measurements and playing position, that could have an

influence on the biomechanics of the cervical spine of a subject will be noted and

reviewed. This chapter will included the interpretation of the preceding results on the

prevention of cervical spinal cord injuries and the prevention of early degeneration of

the cervical spine and will end with a discussion on the prevention of cervical spinal

cord injuries.

7.2 Interpreting Biomechanical Dysfunction in terms

of X-ray Measurements

Biomechanical dysfunction is the crux of this investigation. The researcher identified

a biomechanical dysfunction in the cervical spines of schoolboy rugby players during

a previous study (Steyn, 2002) and decided to investigate two interventions for the

correction of such a dysfunction. The first proposed intervention will be a manual

physiotherapy technique and the second proposed intervention will be a therapeutic

exercise programme for the correction of a biomechanical dysfunction. Objective

x-ray measurements will be compared prior to and following each intervention.

All the selectedanglesmeasuredon the x-rayswill be expressedin degreesandunless

otherwise stated a negative sign before an angle will imply the direction of the
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rotation only. If the wedge opens anteriorly the angle is counted as positive and if the

angle opens posteriorly the angle is counted as negative, in other words a negative

angle will indicate that the segment is moving into flexion. For the sake of visually

interpreting improvements the negative flexion angles will be negated for the graph

illustrations. The translation motion is measured in standard units by the radiographic

software, and will be given as such (Chapter 6: 179).

As stated before, the movement mostly restricted in schoolboy rugby players is

flexion of the motion segments of the lower cervical spine (Chapter 6:170). Therefore

correction of the dysfunction would be established by an improvement in the mean

flexion angles, as measured on the x-rays, before and after the various interventions

studied. Since no restriction of the movement pattern associated with an extension

restriction was found, no significant change in the mean angle of extension would be

expected.

The angle of rotation was also compared before and after the interventions. These

angles were calculated by subtracting the flexion angle from the extension angle

(Chapter 4:80). The values for mean angles of rotation provided in Table 7: I are for

subjects with a mean age of 33 without neck pain or pathology. This was the only

norm found in the literature (Frobin et ai, 2002). Even though these values cannot be

compared to the current study population, this should however give some indication

on what values could be considered as normal for the schoolboy rugby players. A

decrease in the angle of rotation should not always be interpreted as a negative result

since a hypermobile motion segment is not the ideal.

Table 7.1: Normative values for mean angles of rotation (Frobin et ai, 2002).
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level n Range n males

C3/C4 92 11.6 (3.57)

C4/C5 95 14.4 (4.55)

C5/C6 92 12.2 (5.19)

C6/C7 23 9.8 (5.73)



This study will therefore provide the first nonnative values objectively measured for

motion segment analysis, using x-rays, for schoolboy rugby players. For the purpose

of this study the means of the various x-ray measurements of the final x-rays

perfonned for Groups I, 2 and 3 could be used as an indication of the nonnal values

expected for a schoolboy rugby player. The measurements for the control group

cannot be used since some of them had biomechanical dysfunction with no

intervention to correct this dysfunction.

The translation measurements were also perfonned for these players, since the

physiotherapy evaluation technique studied does not claim to be reliable in

detennining instability of a motion segment (Chapter 4:81) Instability of the motion

segment. as the result of biomechanical dysfunction or degeneration of the disc or

facet joints, is believed to be manifested as "slipping" of one vertebra of the motion

segment on the other. This could be the result of laxity in the soft tissues of the

motion segment and such a motion segment could be considered as hypennobile. The

translation distance was measured by the software program used as standard

measurement units.

Most of the results were interpreted by means of effect sizes or practical significance

(d-values) being calculated using the mean differences between the mean x-ray

measurements of the first and the second sets of x-rays. For the purpose of this study

and effect size with a d-value of approximately 0.2 was considered to be of small

significance. An effect size with d-value of 0.5 was considered to be of moderate

statistical significance and an effect size with d-value of more than 0.8 was considered

to be highly significant.

The following section will provide and discuss the results of the manual

physiotherapy treatment technique (Group I), explained in detail in the previous

chapter (chapter 6:180), used in the correction of the biomechanical dysfunction

found in the cervical spines of the schoolboy rugby players.
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7.3 Group 1. Testing the Manual Physiotherapy

Technique for Correction of Biomechanical

Dysfunction.

The effectiveness of the manual physiotherapy interventions will be determined by

comparing the objective x-ray measurements performed before and after the treatment

for the 25 players with biomechanical dysfunction forming Group I. The results will

be discussed accordingly.

Before the manual physiotherapy treatment commenced a set of x-rays were taken of

the cervical spines of these players. The players then received manual physiotherapy

treatment and a second set of x-rays were done after a month (Chapter 6:180). The

mean values for the different x-ray measurement were calculated for each of the

motion segment measured and these results will first be given for flexion, followed by

extension, the angle of rotation, and lastly the translation results. The results from

these will be followed by the effect sizes (d-values) calculated using the difference in

the mean values.

7.3.1 Results of the Flexion angle X-ray measurements

for Group 1

The mean angle of flexion of the C6/C7 motion segment was 1.86 degrees for the first

x-ray measurements and improved to -5.06 degrees after manual physiotherapy

treatment. The effect size (d-value) for this improvement was 2.189, which is highly

significant. The improvement for the C5/C6 motion segment was also highly

significant with the mean flexion angle improving from -0.8 degrees before the

treatment to -5.33 degrees after treatment (d-value of 0.996). Total flexion of all the

motion segments measured improved from -9.56 degrees before treatment to -24.44

degrees after treatment (d-value = 1.885). The results for all the flexion angles of the

various motion segments as well as total flexion of the motion segments measured are

given in Table 7.2 and Figure 7.1.
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Table 7.2: Results of the flexion angles for Group 1 before and after manual

physiotherapy treatment.

Motion Segments

Figure 7.1: Results of the flexion angles for Group 1 before and after manual

physiotherapy treatment.

Most of the subjects included in Group I had no flexion motion of the C6/C7 motion

segment with a mean flexion angle of 1.86 o.These motion segments were thus held

in an extension position despite the fact that the cervical spine was moving into

flexion. These motion segments improved horn being held in extension during a

flexion movement to moving into flexion with a mean of -5.060of flexion.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 -6.10 4.20 -7.33 3.07 0.433

C4/C5 -4.52 3.71 -6.72 3.12 0.596

C5/C6 -0.80 4.23 -5.33 2.25 0.996

C6/C7 1.86 3.89 -5.06 2.09 2.189

Total Flexion -9.56 8.05 -24.44 6.52 1.885
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Angles In 10
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The fact that flexion movement of the cervical spinesof these rugby players proved to

be restricted places their cervical spines at a biomechanical disadvantage. When these

players perform a flexion movement while playing rugby their cervical spines can

therefore not function optimally for protection in high risk situations. The total flexion

of the motion segments measured more then doubled with treatment. The practical

implication of this for the player is improved biomechanical function of the cervical

spine.

7.3.2 Results of the Extension angle X-ray

measurements for Group 1

During the physiotherapy evaluation it was found that none of the players presented

with restriction of the extension movement of the motion segments tested form C3 to

C7. This would imply that the cervical spine motion segments tested for the Group 1

players were all able to move into extension.This was confirmed by the x-ray

measurements. The mean extension angle measurements pre-and post treatment

showed a small diminution for the C3/C4 and C6/C7 motion segments with d-values

of -0.156 and -0.18 respectivelyof small significance.A small significantincrease in

mean extension for the C4/C5 and C5/C6 motion segments (d = 0.053 and d = 0.17

respectively) was found. These results are illustrated in Table 7.3 and Figure 7.2.

Table 7.3: Results of the extension angles for Group 1 following the manual

physiotherapy treatment.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 8.66 3.72 8.22 3.59 -0.156

C4/C5 10.50 4.19 10.65 3.73 0.053

C5/C6 9.87 3.65 10.75 5.19 0.170

C6/C7 10.54 6.59 9.57 4.97 -0.180

Total

Extension 39.57 9.24 39.20 10.37 -0.052
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Figure 7.2: Results of the extension angles for Group 1 following the manual

physiotherapy treatment.

These results suggestthat the cervical spines of the rugbyplayers functionoptimally

during extensionof their neck sinceno restrictionfor extensionmovementscould be

identified.This is in keepingwith the literaturereviewedwhere it was foundthat the

most commonmechanismof injuryto the cervical spine was flexioncombinedwith

rotation(Chapter5:148).

7.3.3 Results for Angles of rotation of Group 1

The various angles of rotation for the first and the second x-ray measurements are

displayed in Table7.4 and Figure 7.3. The improvement of the angles of rotation for

the C5/C6 and C6/C7 motion segments was found to be statistically highly significant

with effect sizes ofd = 0.961 and 1.124 respectively. The angles of rotation for C3/C4
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and C4/C5 could be considered as close to normal (Table 7.1) and therefore a

statistically significant improvement could not be expected.

Table 7.4: Results for the angles of rotation, Group 1, before and after

manual physiotherapy treatment.

6

4

2

o

Motion Segments

18
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12

Angles in 10

degrees 8

8 Rrstmean 114.752115.024110.664
angle of rotation

8 Second mean r:t5:556117.372 116.856
angle of rotation

Figure 7.3: Results for the angles of rotation, Group 1, before and after

manual physiotherapy treatment.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dev ray Dev d-value

C3/C4 14.75 4.93 15.57 4.57 0.192

C4/C5 15.02 5.12 17.37 4.22 .0.460

C5/C6 10.66 4.96 16.86 3.87 0.961

C6/C7 8.69 5.66 14.62 4.72 1.124



The fact that the C5/C6 and C6/C7 angles of rotation increased significantly to a more

normal value could be interpreted as a more functional motion segment. An

improvement in the angle of rotation for any motion segment implies a larger range of

motion available to the motion segment for normal biomechanical function. A small

angle of rotation suggests that the motion segment is hypomobile and therefore at risk

of injury during high load situations that require normal range of motion (Chapter

5:156). This increased range of motion of the motion segments could contribute to the

biomechanical function of the entire cervical spine.

7.3.4 Results for the Translation X-ray measurements

for Group 1

The translation motion of the motion segments for the global flexion motion was

measured for Group 1 and the results show changes of very small practical

significance in translation following the correction of the biomechanical dysfunction.

See Table 7.5 Figure 7.4 for the results.

Table 7.5: Results for translation before and after manual physiotherapy

treatment for the players of Group 1.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dev ray Dev d-value

C3/C4 15.43 7.41 15.64 7.54 0.040

C4/C5 13.74 8.34 13.07 7.75 -0.114

C5/C6 14.33 7.75 12.14 8.74 -0.305

C6/C7 11.68 7.8 9.62 5.86 -0.310



.----

6

4

2

o

16

14

12

10

distance 8
units

.. Firstmean 115.432113.742114.331111.683

translation

. second mean

translation

Motion Segment

Figure 7.4: Results for translation before and after manual physiotherapy

treatment for the players of Group 1.

A reduction in translation was demonstrated which was of very small statistical

significance.This does howevermean that the motion segmentswere slightlymore

stable followingthe manualphysiotherapytreatment.An improvementin stabilityof

the motion segments of the cervical spine is theoreticallyof great benefit to the

schoolboyrugbyplayers.

Kaigle et al (1997) showed that in the lumbar spine hypermobility, with one vertebra

"slipping" on the next, does not seem to occur, but that the motion pattern is greatly

altered. This trend was also found in the results of this investigation. Initial mean

angle of flexion however changed from being held in extension by 1.857° at the

C6/C7 motion segment to 0.796° of flexion at the C5/C6 level to 4.567° at the C4/C5

level. The strain on the posterior fibres of the annulus fibrosus of the C4/C5 level

could be greatly increased. It could therefore be theorised that the altered motion

found by Kaigle et al (1997) could also apply to the schoolboy rugby players with

biomechanical dysfunction of their cervical spines. Altered motion results in changes

in length and loading of the ligaments and this may again result in altered firing
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patternsand changes in the coordinationpatternsof the muscles.The consequenceof

this to the schoolboyrugbyplayercould be devastatingif the motion segmentsdo not

respond optimally during a high risk situation such as a tackle. This situation was

improved by the correctiontechnique,with the second mean angles suggesting less

strainof the posteriorannulusfibrosusof the disc.

7.3.5 Effect sizes (d-values) for the various x-ray

measurements for Group 1 Before and After

Manual Physiotherapy Treatment
The physiotherapy technique was found to be highly significant in correcting

biomechanicaldysfunctionof the cervicalspinewhencomparingx-ray measurements

before and after manual physiotherapytreatment. Figure 7.5 illustrates the various

effect sizes, with d-values, for the various x-ray measurementsnamely, flexion,

extension, angles of rotation and translation, of Group 1. The physiotherapy

evaluationtechniquesuggestedthat the motion segmentsof the lower cervical spine

were held in extensionand this wasconfirmedby the x-ray findings.

Flexion improved significantly for C5/C6 (d = 0.996) and C6/C7 (d = 2.189) as well

as for total flexion (d = 1.885) of the cervical spine and moderately for the C3/C4

(d = 0.433) and C4/C5 (d = 0.596) levels (Figure 7.5). The angles of rotation for the

C5/C6 (d = 0.961) and C6/C7 (d = 1.124) also showed high statistically significant

improvement. The remaining translation and extension measurements only changed

with small significance, as was expected since the physiotherapy evaluation did not

find any extension restrictions in the rugby players.
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Figure 7.S: Effect sizes (d-values) for the various x-ray measurements

performed on the motion segments of the cervical spine before and

after manual physiotherapy treatment of Group 1.

This is a very significant finding for physiotherapists, since no literature could be

found to prove the effectiveness of this specific manual physiotherapy technique.

These results could therefore be used by physiotherapists to compare results of future

studies and to form an idea on the improvement that could be expected in patients

when this treatment technique is used.

The flexion gained by this physiotherapy technique was not associated with a

corresponding reduction in the extension component of the motion, therefore

indicating a normalisation of the movement from flexion to extension. No subsequent

different biomechanical dysfunction was caused by this treatment technique. This is

confirmed by the significant improvement in the angle of rotation for the motion

segments mostly affected, namely C5/C6 and C6/C7.
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For the physiotherapy profession these findings are of great relevance and importance.

In the event of biomechanical dysfunction found in any patient who may be referred

for physiotherapy treatment, this provides a technique that could be used to correct the

found dysfunction. Correction of dysfunction would then normalise the strain on the

particular motion segment and with strengthening of the muscles around the cervical

spine the patient will have a more functional neck. This could be beneficial both in the

prevention as well as for the treatment of neck pain and disability. The value for the

schoolboy rugby player will be discussed later (Chapter 7:278,280).

In the following section the results of the therapeutic exercise programme for the

correction of biomechanical dysfunction, as performed by Groups 2 and 3, will be

stated and discussed.

7.4 Groups 2 and 3. Therapeutic Exercise

Programme for the Correction of Biomechanical

Dysfunction

This section includes the results and discussion of the efficacy and safety of the

therapeutic exercise programme for the correction of biomechanical dysfunction. The

programme was performed by players with (Group 2) and without (Group 3)

biomechanical dysfunction of their cervical spines according to the physiotherapy

evaluation technique described earlier (Chapter 6:170). The players without

biomechanical dysfunction performed the programme to test its safety. This is of vital

importance before a decision is taken to implement the programme for schoolboy

rugby players who did not receive physiotherapy evaluation before commencing with

the therapeutic exercise programme. The programme was developed using the basic

principle of physiotherapy techniques used for the correction of biomechanical

dysfunction for the Group I players. The programme was performed for a month with

x-rays taken before and after the programme.
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7.4.1 Testing the Effectiveness of the Therapeutic

Exercise Programme performed by Group 2

The effectiveness of the therapeutic exercise programme for the correction of

biomechanical dysfunction was determined by the results of the 25 players with

biomechanicaldysfunctionof their cervicalspinesthat performedthe programmeand

was part of Group2. The flexionresultswill be givenfirst, followedby the extension,

anglesof rotationand translationresults.

7.4.1.1 Results for Flexion angles measured for Group 2

As for Group 1 the biomechanical dysfunction most commonly found for the Group 2

players, using the physiotherapy evaluation technique was flexion restriction of the

C5/C6 and C6/C7 motion segments. This was confirmed by the x-ray measurements

with mean flexion angles of less than 4. before initiating the therapeutic exercise

programme. The results for all the flexion angles measured on x-ray are given in

Table 7.6 and Figure 7.6. Note that the mean flexion angles for the C5/C6 and C6/C7

motion segments are restricted, but not as severely as the restriction found in Group 1.

The flexion angles for the C5/C6 (d = 0.43), C6/C7 (d = 0.685) and total flexion

(d = 0.46) improved with moderate significance.

Table 7.6: Results of the flexion angles for Group 2, before and after the

therapeutic exercise programme.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dev ray Dev d-value

C3/C4 -6.06 3.53 -7.02 3.39 0.280

C4/CS -5.98 4.81 -6.60 3.08 0.147

CS/C6 -3.99 5.00 -5.86 4.07 0.430

C6/C7 -1.36 4.68 -4.92 3.12 0.685

Total Flexion -17.95 12.29 -23.82 8.63 0.460
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Figure 7.6: Results of the flexion angles for Group 2, before and after the

therapeutic exercise programme.

The improvement in flexion restriction of the motion segments after the therapeutic

exercise programme was not as significant as the results of the manual physiotherapy

technique. A possible explanation for this could be that the initial flexion restriction

was not as severe, initial mean total flexion for Group 1 -9.560 compared to -17.950

for Group 2, and therefore the opportunity for improvement was accordingly less. The

improvement was however still small to moderately significant and therefore it could

be suggested that all rugby players with flexion restriction of their cervical spines

could benefit from this therapeutic exercise programme.

7.4.1.2 Results for Extension X-ray measurements for Group 2

The extensionmovementof all the playerstestedby the physiotherapytechniquewere

found to be unrestricted and this was confirmed with the extension x-ray

measurements.Therewere small significantchangesin the meanextensionangles for
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the C3/C4 (d = 0.155), C4/C5 (d = 0.033) and C5/C6 (d = -0.007)motion segments

measured before and after the therapeutic exercise programme (Table 7.7 and Figure

7.7). For the C6/C7 motion segment the mean extension angle increased with small

significance (d = 0.318).

Table 7.7: Results for extension angles for Group 2 before and after

completing the therapeutic exercise programme.
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8 First mean angle 1 8.3 19.768 110.07218.528 136.688
extension

8 second mean 1 8.7 19.896110.04 110.272.36.908

angle extension

Motion Segments

Figure 7.7: Results for extension angles for Group 2 before and after

completing the therapeutic exercise programme.

227

Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dev ray Dev d-value

C3/C4 8.30 3.58 8.70 3.02 0.155

C4IC5 9.77 4.14 9.90 3.87 0.033

C5/C6 10.07 3.83 10.04 3.51 -0.007

C6/C7 8.53 4.56 10.27 4.13 0.318

Total

Extension 36.67 8.87 38.91 8.60 0.274
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The results for the extension angle measurements corresponded well to the results

found for the players of Group 1. Therefore it could also be concluded that the

cervical spines of the Group 2 players functioned well biomechanically during neck

extension. The mean extension angles also did not decrease with highly statistical

significance, therefore it could be assumed that the therapeutic exercise programme

did not cause any extension restriction to occur, with a small to moderate significant

improvement found in the flexion angles.

7.4.1.3 Results for Angles of Rotation X-ray measurements for

Group 2

The angles of rotation for the various motion segments were calculated as already

explained. The only moderately significant result was found for the C6/C7 motion

segment (d = 0.616). This result was to be expected since the other motion segments

were close to the norm with the start of the programme. The results are illustrated in

Table 7.8 and Figure 7.8.

Table 7.8: Results for the angles of rotation x-ray measurements for Group 2

before and after completing the therapeutic exercise programme.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 14.36 3.22 15.72 3.17 0.358

C4IC5 15.74 5.35 16.50 4.31 0.146

C5/C6 14.06 4.98 15.90 4.74 0.337

C6/C7 10.46 5.73 14.62 4.44 0.616
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Figure 7.8: Results for the angles of rotation x-ray measurements for Group 2

before and after completing the therapeutic exercise programme.

The fact that the angle of rotationfor the C6/C7motion segmentincreasedto a more

normal value could, as concludedfor the Group I players, be interpretedas a more

functional motion segment.An improvementin the angle of rotation implies more

range of motion for the motion segment for the movementof extension to flexion.

Restrictedrange of motion,as found with smallerrestrictedanglesof rotation,could

predisposea schoolboyrugby player to cervical spine injury due to the fact that the

normal biomechanicalfunction of the cervical spine is restricted. This increase in

mobility of the motion segments could contribute positively to the biomechanical

functionof the entirecervicalspine.

7.4.1.4 Results of the Translation X-ray measurements for

Group 2

Translationof the superiorvertebraon the inferiorvertebraof the motion segments

was measuredfor the playersof Group2. Smallstatisticallysignificantchangesin the

distance of translationwere found betweenthe first and the second measurements.
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The translation was measured in standard units by the radiographic software program

(Chapter 6:180). The results of the translation measurements are stated in Table 7.9

and Figure 7.9.

Table 7.9: Results of the translation x-ray measurements for Group 2 before

and after completing the therapeutic exercise programme.

. First mean
Translation

. Second mean 113.532 110.827112.032
Translation

Motion Segments

Figure 7.9: Results of the translation x-ray measurements for Group 2 before

and after completing the therapeutic exercise programme.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dev ray Dev d-value

C3/C4 14.06 7.55 13.53 5.92 -0.091

C4/C5 10.78 6.53 10.83 5.27 0.008

C5/C6 11.99 6.60 12.03 6.54 0.006

C6/C7 8.38 6.23 7.93 5.25 -0.100
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As explained during the results of translation for Group 1, the fact that very small

changes in translation could be seen is an indication that the strain on posterior fibres

of the annulus fibrosus of the intervertebral disc of the C4/C5 motion segment is

increased due to the large difference in flexion angles between C4/C5 and C5/C6.

This difference is corrected following the therapeutic exercise programme, which

reduces the strain on the C4/C5 motion segment. Accordingly the negative trend seen

in the translation measurements are considered as an improvement, even if not of

moderate to high statistical significance.

7.4.1.5 Effect sizes (d-values) for the various x-ray

measurements for Group 2 Following the Completion of

the Therapeutic Exercise Programme

The results following the therapeutic exercise programme enforced the evidence that

the therapeutic exercise programme is effective in the correction of biomechanical

dysfunction with moderate statistical significance. The following measurements were

found to improve with moderate practical significance namely C5/C6 flexion

(d = 0.431) and C6/C7 flexion (d = 0.685) as well as a moderate significant

improvement for total flexion (d = 0.46). The angle of rotation for the C6/C7 motion

segment also improved with moderate significance (d = 0.615). The remaining

measurements demonstrated small significant changes. The effect sizes (d-values) for

all the measurements are provided in Figure 7.10.
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Figure 7.10: Effect sizes (d-values) for the various x-ray measurements

performed before and after the therapeutic exercise programme

for Group 2.

These results indicate that the therapeutic exercise programme is effective in the

correction of the cervical spine dysfunction, but to a lesser degree than the manual

physiotherapy technique used for the players of Group 1. The mean flexion angles

following the second sets of x-rays were however very similar for the players of

Groups 1 and 2 with mean total flexion angle following the second set of x-rays of

-24.44° and -23.83° for Groups I and 2 respectively. It thus proves the notion that this

therapeutic exercise programme is effective for the correction of cervical

biomechanical dysfunction in schoolboy rugby players.

---
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7.4.2 Group 3. Testing the Safety of the Therapeutic

Exercise Programme

This programme was also performed by 25 players who did not present with

biomechanical dysfunctionof their cervical spines, as evaluated using the manual

physiotherapy technique validated in the previous chapter (Chapter 6:169). The

results for the x-ray measurementsviz. flexion angles, extension angles, angles of

rotationand translationwill be givenhereafter.

7.4.2.1 Results of the flexion x-ray measurements for Group 3

No flexion restrictions, using the validated physiotherapy evaluation technique, were

found for the players included in Group 3. This was confirmed by the x-ray

measurement findings. The following mean flexion angles are the results for Group 3

(Table 7.10 and Figure 7.11). The only small statistically significant finding was the

improvement in flexion angle of the C6/C7 motion segment with an effect size of

d = 0.385. The changes in flexion angles for the other motion segments as well as

total flexion were of very small significance.

Table 7.10: Results of the flexion x-ray measurements for Group 3 before and

after the therapeutic exercise programme.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 -6.14 3.14 -6.70 2.73 0.161

C4/C5 -6.95 3.64 -6.23 3.36 -0.170

C5/C6 -5.58 4.71 -5.01 4.19 -0.097

C6/C7 -1.78 5.18 -4.38 4.01 0.385

Total Flexion -20.46 11.22 -22.32 9.77 0.131
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Figure 7.11: Results of the flexion x-ray measurements for Group 3 before and

after the therapeutic exercise programme.

The mean flexion angles for most of the motion segments did not change

significantly, except for the small improvement ofthe C6/C7 motion segment and this

indicates that the therapeutic exercise programme is safe for flexion angles.

7.4.2.2 Results of the Extension X-ray measurements for

Group 3

No extensionrestrictionswere found in any of the players includedin Group3. This

was confirmedwiththe x-raymeasurementfindings.A small significantchangein the

mean extensionangles for the C6/C7 (d = 0.073)motion segmentas well as for total

extension(d = 0.077)werefound(Table7.11andFigure7.12).
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Table 7.11: The results of the mean extension angles for Group 3 before and

after completing the therapeutic exercise programme.
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angle extension

Motion Segment

Figure 7.12: The results of the mean extension angles for Group 3 before and

after completing the therapeutic exercise programme.

The results of the extension angles suggest that the therapeutic exercise programme is

safe to be perfonned by players without biomechanical dysfunction of their cervical
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 7.67 2.87 6.83 2.49 -0.262

C4IC5 9.52 3.26 11.28 3.31 0.389

C5/C6 9.68 3.57 10.76 3.48 0.209

C6/C7 8.83 5.45 9.40 4.84 0.073

Total Extension 35.71 9.63 36.61 8.58 0.077



spines since none of the motion segments showed a moderate to high statistically

significant change in mean extension angles.

7.4.2.3 Results for the Angles of Rotation X-ray measurements

for Group 3

The angles of rotation for the Group 3 were calculated in the same way as for Group 1

and 2, as detailed in the previous (Chapter 6: 178). A small statistically significant

improvement was found in the angle of rotation for the C6/C7 motion segment

(d = 0.346). The remainder of the motion segments also showed small significant

changes for the mean angles of rotation. The results of the calculated angles of

rotation are provided in Table 7.12 and Figure 7.13.

Table 7.12: The results of the mean angles of rotation for Group 3 before and

after completing the therapeutic exercise programme.
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 13.81 3.61 13.53 4.44 -0.062

C4/C5 16.47 5.03 17.52 4.69 0.210

C5/C6 15.26 5.90 14.11 4.84 -0.167

C6/C7 10.63 6.59 13.77 5.06 0.346
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Figure 7.13: The results of the mean angles of rotation for Group 3 before and

after completing the therapeutic exercise programme.

Since none of the motion segments measured showed an adverse effect of moderate to

high statistically significance as far as the angles of rotation measurements is

concerned. it could be assumed that the therapeutic exercise programme could be

performed by all players without biomechanical dysfunction as far as angles of

rotation is concerned.

7.4.2.4 Results for the translation x-ray measurements for

Group 3

The changes in translationmeasurementsfor Group 3 were of very small statistical

significance for all the motion segmentswith d-values of less than 0.2 for all the

motion segmentsmeasured.This is illustratedin Table7.13and Figure7.14.
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Table 7.13: Results for the mean translation x-ray measurements for the

Group 3 before and after the therapeutic exercise programme.

. First mean
translation

. Secondmean 7.994
translation

12.96 I 9.294 I 7.556 I 6.567

Motion Segment

Figure 7.14: Results for the mean translation x-ray measurements for the

Group 3 before and after the therapeutic exercise programme.

The insignificant changes in the translation measurements for the Group 3 players

could be interpreted as the motion segments remaining stable after the therapeutic

exercise programme. A significant increase in the mean translation measurements of

the motion segments could have been theorised as causing a laxity, and therefore

hypermobility of the motion segment, rendering them unstable. These results confirm

that the therapeutic exercise programme does not cause an increase in translation and
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Motion Mean 1st X- Std Mean 2nd X- Std

segment ray Dey ray Dey d-yalue

C3/C4 12.96 5.79 14.13 5.82 0.152

C4/C5 9.29 5.87 9.74 4.69 0.059

C5/C6 7.56 6.77 7.99 6.57 0.050

C6/C7 6.57 5.62 5.70 5.47 -0.137
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therefore this programme is safe for players without biomechanical dysfunction of

their cervical spines.

7.4.2.5 Effect sizes (d-values) for the various Motion Segment

X-ray measurements performed for Group 3 before and

after the Therapeutic Exercise Programme.

The therapeuticexerciseprogrammefor the correctionof biomechanicaldysfunction

was found to be very safe with only a small statisticallysignificantimprovementin

the mean flexionangleas well as the angle of rotationfor the C6/C7motionsegment

being foundwith effect sizes of d = 0.385and d = 0.346respectively.The remainder

of the measurementswere statisticallyof very small significance.The effect sizes

(d-values)for all the measurementsare given in Figure7.15.
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Figure 7.15: Effect sizes (d-values) for all the x-ray measurements for Group 3.
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The mean flexion angles found in Groups 2 and 3 appear to be very similar, except for

the C5/C6 motion segment which was found to be less for Group 2 than Group 3. This

could be explained by the greater accuracy in the physiotherapy evaluation technique

for the C5/C6 motion segment (Chapter 6:170) as found during the validation of the

manual physiotherapy evaluation technique.

The results provided for Group 2 and Group 3 indicates that the therapeutic exercise

programme for the correction of biomechanical dysfunction is both effective in

correcting biomechanical dysfunction as well as safe for those players without

dysfunction. This programme could thus be implemented for all schoolboy rugby

players without physiotherapy evaluation or x-rays to test for possible dysfunction.

7.5 Group 4. Results for the Control Group

The control groupinitiallyconsistedof 25 subjects,but two subjectsdroppedout after

sustaining whiplash injuries in a motor vehicle accident. This group consisted of

players with or without cervical biomechanical dysfunction. They received no

interventionand participatedin rugby for the periodbetweenthe first and the second

x-rays. They were asked not to change their normal training programmeduring the

periodof the clinicaltrial.

7.5.1 Results of the Flexion angle X-ray Measurements

for Group 4

The results of the flexion measurement for the first and the second sets of x-rays are

given in Table 7.14 and Figure 7.16. Note the slight deterioration in the mean flexion

angle for the C4/C5 (d = -0.206) and C5/C6 (d = -0.255) motion segments during the

period between the first and the second sets of x-rays. The total flexion of the motion

segments measured also deteriorated from -20.44° to -18.05°.
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Table 7.14: The results of the mean flexion angles for the first and second sets

of x-rays for Group 4.
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Figure 7.16: The results of the mean flexion angles for the first and second sets

of x-rays for Group 4.
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Motion Std Mean 2nd X- Std

segment Mean 1st X-ray Dey ray Dey d-yalue

C3/C4 -6.17 6.18 -5.69 4.43 -0.119

C4/C5 -6.93 4.78 -6.03 4.87 -0.206

C5/C6 -5.30 5.87 -3.93 5.70 -0.255

C6/C7 -2.039 5.10 -2.15 4.023 0.018

Total Flexion -20.44 14.4 -18.05 12.74 -0.183

0
I
C3iC4 C41C5 C6IC7

. Firstmean angle I 6.17 6.93 2.039

flexion

. Second mean 2.152
angle flexion

Motion Segments



Even though the change in the flexion angles for C4/C5 and C5/C6 is of small

statistical significance, the negative trend seen in the total flexion of the measured

motion segments is of clinical significance. These players did not maintain their

flexion movement throughout the rugby season. A restriction in flexion angles is

associated with biomechanical dysfunction of the cervical spine therefore it could be

concluded that the biomechanical dysfunction of the rugby players either started or

the dysfunction worsened during the rugby season. It is therefore necessary to correct

biomechanical dysfunction in rugby players as early as possible and to maintain this

correction for as long the players participate in the game of rugby.

7.5.2 Results of the mean Extension angles for Group 4,

the control group.

The results of the extension angles measured between the first and the second sets of

x-rays are given in Table 7.15 and Figure 7.17. The changes in the angles of extension

were of small statistical significance with d-values ranging between -0.173 and 0.227.

Table 7.15: Results of the extension angles measured on x-rays for Group 4.
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Motion Std Mean 2nd X- Std

segment Mean 1st X-ray Dey ray Dey d-yalue

C3/C4 9.14 4.92 8.06 3.67 -0.240

C4/C5 9.52 4.37 10.06 3.93 0.173

C5/C6 11.46 8.86 11.46 4.05 0.141

C6/C7 11.24 3.96 10.39 4.86 -0.159

Total

Extension 41.35 10.01 39.53 9.43 -0.227
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Figure 7.17: Results of the extension angles measured on x-rays for Group 4.

The trend of the extension angles seen for Group 4 (controlgroup) also seemed to

show a negative trend, even if the statistical significance was only small. This

negativetrend could be interpretedas deteriorationin range of motion of the cervical

spine, which could influencethe function of the cervical spine negatively (Chapter

5:156).

7.5.3 Results of the Angles of Rotation for Group 4

The results of the anglesof rotationcalculatedfor all the motion segmentsindicatea

small significantnegativechangewith d-valuesof betweend = -0.075 for the C4/C5

motion segment and d = -0.246 for the C3/C4 motion segment (Table 7.16 and

Figure7.18).
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Table 7.16: Results of the angles of rotation for the first and second sets of x-

rays for Group 4.
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Figure 7.18: Results of the angles of rotation for the first and second sets of

X-rays for Group 4.

The results of the angles of rotation found for the control group follows the negative

trend seen in the flexion angles extension angles. This support the theory that

biomechanical dysfunction could deteriorate while participating in the game of rugby.
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Motion Std Mean 2nd X- Std

segment Mean 1st X-ray Dev ray Dev d-value

C3/C4 15.31 6.18 13.75 4.87 -0.246

C4/C5 16.45 5.41 16.10 5.65 -0.075

C5/C6 16.76 6.3 15.19 6.98 -0.241

C6/C7 13.27 6.21 12.54 5.35 -0.099

C3IC4 C4/C5 C5IC6 C6IC7

15.309 16.448 16.761 13.274

13.752 16.096 15.19 12.543



7.5.4 Results of the Translation Measurements for

Group 4

The results of the translationmeasurementsfor the first and secondsets of x-rays are

illustrated in Table 7.17 and Figure 7.19 Note that the negative trends seen for the

other x-ray results are also seen for the translationmeasurementswith a decrease in

translation. These results are of very small statistical significance with d-values

rangingbetweend = -0.042andd = 0.001.

Table 7.17: Results of the translation measurements for Group 4.

. First mean
translation

. Second mean
translation

Motion Segments

Figure 7.19: Results of the translation measurements for Group 4.
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Motion Std Mean 2nd X- Std

segment Mean 1st X-ray Dev ray Dev d-value

C3/C4 14.36 9.99 13.54 9.88 -0.130

C4/CS 10.95 4.37 10.45 5.41 -0.042

CS/C6 10.88 9.26 10.32 8.86 -0.080

C6/C7 9.67 6.98 9.68 7.84 0.001
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The negative trend in x-ray measurements detected for flexion and extension angles as

well as for the angles of rotation was also seen for the mean translation measurements

between the first and the second x-rays. This strengthens the theory further that

continued participation in rugby causes biomechanical dysfunction or a worsening of

already present biomechanical dysfunction.

7.5.5 Effect sizes (d-values) for all the Motion Segment

X-ray Measurements of Group 4

The results of the various x-ray measurements for the first and the second sets of x-

rays show a negative trend of small statistical significance. The only result that was of

small statistical significance was the deterioration in mean flexion angles of the

C4/C5 and C5/C6 motion segments as well as a deterioration of small statistical

significance in the angle of rotation of the C5/C6 motion segment. The effect sizes

(d-values) of the various x-ray measurements are given in Figure 7.20
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Figure 7.20: Results ofthe effect sizes (d-values) for Group 4.
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The negative trend of the x-ray measurementsfor flexion and extension angles, the

angles of rotation as well as the translation measurementsis clearly illustrated in

Figure 7.20. The implicationof this negative trend, even if the results are of small

statistical significance,is extremely importantfor the schoolboyrugby player since

this is an indicationthat for every rugby seasonthe playerparticipatesin the game of

rugby his cervical spine movementdeterioratesand the biomechanicaldysfunctionof

his cervical spine progresses.This trend has not been documentedin the literature

before and therefore the importance of implementingsome form of intervention

programmefor the correctionof biomechanicaldysfunctionis extremelyimportant.If

the biomechanical dysfunction is not corrected it will worsen during each rugby

playingseasonof the player.

7.6 Testing the Neck Rehabilitation Programme

The following section will provide the results of the rehabilitation programme

followed by the subjects of Groups 1,2 and 3. All the players from Groups 1,2 and 3

started with this programme after the second set of x-rays. The aim of the programme

was to maintain the correction in biomechanical dysfunction following the various

interventions and to rehabilitate the neck in this corrected position. The programme

included various elements necessary for a complete rehabilitation programme

(Chapter 4:88). The element of strength was tested by objectively measuring cervical

circumference before and after the programme. The results for the change in cervical

circumference measurements will be given first followed by the x-ray measurements

ofthe second and the third sets of x-rays.

The results for the players who completed the neck rehabilitation programme were

analysed according to compliance. It was theorised that the players with better

compliance will have better results. Firstly the results of the players who completed

the programme, without taking their compliance into account, were analysed.

Secondly the results of the players who objectively complied with the programme will

be given. Objective compliance could be described as the players who, according to

the weekly telephonic questioning of the players, either complied fully or partially

with the rehabilitation programme. The third analysis was performed on the group of
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players who subjectively complied with the rehabilitation programme. The players

had to answer "yes" or "no" to a question on whether they completed their

programme regularly in the final questionnaire. The subjects who answered "yes",

was considered as having subjectively complied with the rehabilitation programme.

The subjects who did not perform the programme at all were excluded from these

results. A large number of players did not complete the final rehabilitation

programme, due to factors such as injury as well as academic responsibilities. The

Grade 12 players did not continue with rugby following the July school break due to

academic responsibilities. Of the 75 players of Groups 1, 2 and 3, 47 completed the

programme without considering compliance, 38 players objectively complied and 17

subjectively complied with the rehabilitation programme.

7.6.1 Results of Cervical Circumference following the

Neck Rehabilitation Programme

The cervical circumference results for the players who completed the neck

rehabilitation programme are given according to their compliance groups (Table

7.18). The measurements of cervical circumference are given in centimetres. The

improvement in cervical circumference for all three compliance groups is highly

statistically significant with d-values ranging between d = 0.813 for the players with

subjective compliance and d = 1.033 for the players with objective compliance

(Figure 7.21).
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Table 7.18: Cervical circumference results of the various compliance groups

for all the players who completed the rehabilitation programme.
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Figure 7.21: Effect sixes (d-values) of the various compliance groups for all the

players who completed the neck rehabilitation programme.

The body mass results for the players who completed the neck rehabilitation

programme are given in Table 7.19 The various measurements are for the three

compliance groups. The measurements of body mass are given in kilograms. These

results illustrate a small to moderate significant increase in body mass during the
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1st mean Std 2nd mean Std

Compliance n measurement Dev measurement Dev d-value

Excluding

compliance 47 38.97 2.02 39.89 2.33 1.023

Objective

compliance 38 38.90 2.07 39.83 2.61 1.033

Subjective

compliance 17 39.57 2.13 40.51 2.34 0.813



period that the players participated in the neck rehabilitation programme with effect

sizes ranging between d = 0.283 and d = 0.445.

Table 7.19: Body mass results of the various compliance groups for all the

players who completed the rehabilitation programme.

As stated in the literature review (Chapter 4:88), many authors propose strengthening

of the neck muscles in the prevention of cervical spinal cord injury. Scher (1991)

studied x-rays of the cervical spines of people carrying extremely heavy loads on their

head in the rural areas of South Africa. He concluded that no degenerative changes

could be seen in their cervical spines and suggested that this could be due to the

strong stabilising ability of their neck muscles. He suggested that rugby players

should improve their strength and stability in the same way to stabilise their cervical

spines and that the cervical circumference of the neck should be used to test any

proposed rehabilitation programme.

All the players who completed the rehabilitation programme showed a highly

statistically significant improvement in cervical circumference, irrespective of the

degree of compliance with the rehabilitation programme. The reason for this

significant increase in cervical circumference could not be the results of an increase in

body mass since the increase in body mass for the same period was only of small to

moderate significance (Table 7.18 and 7.19).

A possible explanation for why compliance to the rehabilitation did not seem to alter

the results dramatically could be the following. During phase one of the rehabilitation

programme various normal movement patterns of the cervical spine were included as
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1st mean Std 2nd mean Std

Compliance n measurement Dev measurement Dev d-value

Excluding

compliance 47 80.22 11.57 81.55 11.52 0.445

Objective

compliance 38 80.27 12.42 81.49 12.08 0.427

Subjective

compliance 17 83.64 13.19 84.39 12.06 0.283



well as emphasison core stability,stabilisation,balance,and stretching.The players

learned the correct motor patterns for cervical spine movementand formed engrams

for these patterns in their memories. This could have resulted in them using their

necks more appropriatelyduringtraining, with a subsequentimprovementin muscle

recruitmentof the neckmuscles.

Movement is important for spinal health and therefore any exercise programme that

trains the spine in a static fashion should therefore be questioned. Many of the neck

exercises currently used by schoolboy rugby players include static isometric exercises

with the neck in the neutral position. In the questionnaire completed by the players

before the start of the interventions, they had to describe the neck strengthening

exercises they performed for rugby. Of the 44 payers who completed this question 23

stated that they performed some sort of resisted, static, isometric type of exercises.

The other 21 players described poor exercises such as rolling the neck trom side to

side. Two players also competed in wrestling and stated that performed their wrestling

exercises, which included dynamic strengthening as well as weight bearing, closed

kinetic chain exercises. Fifteen percent of the players who completed the

questionnaire did not perform neck exercises of any kind and only 10 % of players

stated that performed more then 10 minutes on neck exercises per session.

Initially the researcher hypothesised that the biomechanical dysfunction should be

corrected with the physiotherapy intervention and the therapeutic exercise programme

for the correction ofbiomechanical dysfunction followed during the first month ofthe

study. It was further hypothesised that the neck rehabilitation programme will then

maintain this correction. The results did not support this hypothesis. A further

improvement in the cervical biomechanical dysfunction, still present following the

second set of x-rays, was found following the rehabilitation programme. The

following section will present and discuss this improvement.
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7.6.2 Results of X-ray Measurements following the

Neck Rehabilitation Programme

The results of the x-ray measurements of the players who completed the neck

rehabilitation programme will be given and discussed in the following section. To

visually compare the results between the various compliance groups the motion

segments of the cervical spine will be given separately and after all the motion

segments a discussion of the results will be done. The flexion results will be given

first.

7.6.2.1 Flexion angle Results following the Rehabilitation

Programme

The results of the various motion segments will be given in Tables 7.20 to 7.24,

starting with the C6/C7 motion segment. The improvement in flexion angle of the

C6/C7 motion segment was of moderate significance for all the compliance groups

(Table 7.20).

Table 7.20: Results of the flexion angles for the C6/C7 motion segment before

and after the neck rehabilitation programme.

The results for the C5/C6 motion segments show an improvement of moderate to high

statistical significance with d-values of between d = 0.515 for all the players

excluding compliance and d = 0.774 for the players who subjectively complied with

the rehabilitation programme (Table 7.21).

252

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance -4.30 3.40 -6.53 3.04 0.538

Objective

compliance -4.42 3.56 -6.93 2.80 0.620

Subjective

compliance -4.59 3.35 -6.91 2.29 0.635



Table 7.21: Results of the flexion angles for the C5/C6 motion segment before

and after the neck rehabilitation programme.

The results of the flexion angles for the C4/C5 motion segments show an

improvement of small significance with effect sizes ranging between d = 0.207 for the

players without taking compliance into account, and d = 0.395 for the players who

subjectively complied with the rehabilitation programme (Table 7.22)

Table 7.22: Results of the flexion angles for the C4/C5 motion segment before

and after the neck rehabilitation programme.

The results of the flexion angles of the C3/C4 motion segments are given in Table

7.23 Improvements were statistically small for all the compliance groups with players

where compliance was not accounted for (d = 0.086), players who subjective

complied with the rehabilitation programme (d = 0.181) and players with objective

compliance (d = -0.346).

253

Mean 2nd x- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance -4.79 3.87 -7.13 3.55 0.515

Objective

compliance -4.48 3.97 -7.33 3.64 0.596

Subjective

compliance -5.11 2.79 -7.41 3.63 0.774

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance -5.99 3.25 -7.62 8.18 0.207

Objective

compliance -5.70 3.38 -8.02 8.98 0.272

Subjective

compliance -6.14 2.78 -7.11 2.56 0.395



Table 7.23: Results of the flexion angles for the C3/C4 motion segment before

and after the neck rehabilitation programme.

The results of total flexion for all the motion segments measured showed

improvements that were of moderate significance. Effect sizes ranged between d =

0.537 for the group excluding compliance and d = 0.68 for the players with subjective

compliance with the rehabilitation programme (Table 7.24).

Table 7.24: Results of the total flexion angles for all the motion segment

measured before and after the neck rehabilitation programme.

Following the improvement in the flexion angles after the manual therapy and

therapeutic exercise programme, a further improvement of moderate significance was

seen for the C5/C6 and C6/C7 motion segments. These two motion segments

throughout the study were seen to be the levels mostly affected in the schoolboy

rugby players. The only literature that could be found on cervical spine flexion

movement indicated that the amount of flexion for the various motion segments

should be approximately equal. Following the rehabilitation programme the flexion
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Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance -6.71 3.23 -6.99 3.22 0.086

Objective

compliance -6.20 2.99 -6.82 3.19 0.200

Subjective

compliance -7.35 3.31 -7.78 3.42 0.181

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance -21.79 9.04 -28.28 11.90 0.537

Objective

compliance -20.80 9.48 -29.10 12.31 0.675

Subjective

compliance -23.18 8.73 -29.21 7.24 0.680



angles for the players who completed the correction of biomechanical interventions as

well as the rehabilitation programme were approximately the same (Figure 7.22).

Therefore it is suggested that these mean flexion angles be used for normative data for

schoolboy rugby players between the ages of 15 and 18 years of age. The negative

symbol indicating the direction of movement was negated for the purpose of the

graph.

o

7.13 I 6.~3.55 3.04

. Flexion 6.99I 7.62

. StdDev 3.22 I 8.18

MotionSegments

Figure 7.22: Normative flexion angle measurements for cervical spine motion

segments C3 to C7 as well as total flexion.

7.6.2.2 Extension angle results following the Rehabilitation

programme

The results of the various motion segments will be given in Tables 7.25 to 7.29,

startingwith the C6/C7motionsegment.A small statisticalsignificantdecreasein the
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extension angles for all the compliancegroups could be seen with effect sizes of

betweend =-0.002and -0.07(Table7.25).

Table 7.25: Results of the extension angles for the C6/C7 motion segment

before and after the neck rehabilitation programme.

The results of the extension angles for the C5/C6 motion segment are illustrated in

Table 7.26. For these motion segments the improvement in extension angles were of

small statistical significance for the group excluding compliance (d = 0.224) and the

group with objective compliance (d = 0.197). The subjective compliance group

showed a small significant decrease in extension angles (d = -0.203).

Table 7.26: Results of the extension angles for the C5/C6 motion segment

before and after the neck rehabilitation programme.

The extension angles for the C4/C5 motion segment decreased with small significance

with effect sizes ranging between d = -0.301 and d = -0.42 for the group with
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Mean2nd x- Std Mean3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 9.73 5.08 9.73 4.79 0.002

Objective

compliance 9.55 4.79 9.83 4.91 0.070

Subjective

compliance 9.48 5.97 9.51 5.60 0.009

Mean2nd X- Std Mean3rdX-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 9.99 4.23 11.14 4.75 0.224

Objective

compliance 10.29 4.43 11.33 4.58 0.197

Subjective

compliance 9.3 4.92 8.34 5.41 -0.203



-

subjectivecomplianceand the group where compliancewas excluded.These results

are illustratedin Table7.27.

Table 7.27: Results of the extension angles for the C4/C5 motion segment

before and after the neck rehabilitation programme.

The results for the C3/C4 motion segments are given in Table 7.28 For this motion

segment the mean extension angles improved with small significance with effect sizes

ranging from d = 0.291 for the group who subjectively complied and d = 0.371 for the

group excluding compliance.

Table 7.28: Results of the extension angles for the C4/C5 motion segment

before and after the neck rehabilitation programme.

The results of the total extension for all the motion segments measured showed a very

small improvement for the group where compliance was excluded (d = 0.128) and the

group who objectively complied (d = 0.16). The group who subjectivelycomplied
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Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 10.81 3.50 9.33 3.25 -0.420

Objective

compliance 10.24 3.22 8.88 2.84 -0.368

Subjective

compliance 10.70 3.62 9.45 3.19 -0.301

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 7.46 3.04 8.67 2.57 0.371

Objective

compliance 7.36 3.3 8.53 2.68 0.346

Subjective

compliance 7.63 2.95 8.48 3.04 0.291



showed a small significant decrease in total extension with an effect size of

d = -0.237.Theseresultsare illustratedin Table7.29.

Table 7.29: Results of the total extension angles for aU the motion segment

measured before and after the neck rehabilitation programme.

None of the motion segments or the total extension showed more than a small

significant change for the extension angle measurements before and after the neck

rehabilitation programme. This is concurrent with the extension measurements results

found following the manual therapy and therapeutic exercise programme. These

results also confirm the results of the physiotherapy evaluation technique, since no

restriction in the extension movement pattern was found for any of the players who

performed the neck rehabilitation programme.

No normative values for extension angles were found in the literature. The description

for normal extension movement however suggested that extension should be a smooth

movement with each motion segment contributing equally to the total movement. The

extension angles measured following the third set of x-rays for the players who

completed the correction of biomechanical interventions and the neck rehabilitation

programme are therefore suggested as normative values (Figure 7.23).
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Mean 2nd x- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 38 9 38.97 8.26 0.128

Objective

compliance 37.44 9.26 38.58 8.44 0.16

Subjective

compliance 37.11 10.72 35.77 10.84 -0.237



- - - -

. Extension~67. StdDev 2.57

Q~ Q~

a~ 4ro

MotionSegments

Figure 7.23: Normative extension angle measurements for cervical spine motion

segments C3 to C7 as well as total extension.

The angles of rotation for the players who completed the neck rehabilitation

programme will be given in the following section. Results will be given according to

the various compliance groups.

7.6.2.3 Results for the Angles of Rotation following the

Rehabilitation programme

The angles of rotation were calculated in the same way as for the x-ray measurement

following the manual physiotherapy and therapeutic exercise programmes. The results

ofthe various motion segments will be given in Tables 7.30 to 7.33, starting with the

C6/C7 motion segment. The improvement in angles of rotation was moderately

significant for all the compliance groups with effect sizes ranging from d = 0.515 for

the group excluding compliance to d = 0.689 for the objective compliance group

(Table 7.30).
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Table 7.30: Results for the angles of rotation for the C6/C7 motion segment

before and after the neck rehabilitation programme.

The results for the angles of rotation for the C5/C6 motion segment show moderate

statistical significant improvement for the group excluding compliance (d = 0.493)

and the group with objective compliance (d = 0.516). The improvement for the group

with subjective compliance was only of small significance (d = 0.245). These results

are given in Table 7.31.

Table 7.31: Results for the angles of rotation for the C5/C6 motion segment

before and after the neck rehabilitation programme.

A decrease in the mean anglesof rotation of moderatesignificancewas seen for all

the compliance groups for the C4/C5 motion segment (Table 7.32). These results

demonstrateeffect sizes ranging between d = -0.626 and -0.691 for the subjective

complianceand for the groupexcludingcompliancerespectively.
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Mean 2nd x- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 14.03 4.99 16.27 5.34 0.515

Objective

compliance 13.97 4.84 16.76 5.52 0.689

Subjective

compliance 14.07 5.45 16.42 5.74 0.535

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 14.78 5.17 18.28 5.45 0.493

Objective

compliance 14.77 5.39 18.66 5.23 0.516

Subjective

compliance 14.41 4.46 15.75 5.67 0.245



Table 7.32: Results for the angles of rotation for the C4/C5 motion segment

before and after the neck rehabilitation programme.

The sametrend as for the C4/C5motionsegmentwas seen in the resultsof the C3/C4

motion segmentwith a decrease in mean anglesof rotation(Table 7.33). A decrease

in mean angles of rotationwas seen with effect sizes rangingfrom d = -0.362 for the

group with objective compliance to d = -0.544 for the group with subjective

compliance.

Table 7.33: Results for the angles of rotation for the C3/C4 motion segment

before and after the neck rehabilitation programme.

The increase in the angles of rotation for the C5/C6 and C6/C7 motion segments

followed the trend seen in the results following the correction of cervical

biomechanical dysfunction seen for Groups 1 and 2. The decrease in the angles of

rotation as seen for the C3/C4 and C4/C5 motion segments is however not in keeping

with the results seen for groups 1 and 2. The standard deviations for the mean angles

of rotation for these motion segments are large, as can be seen in Table 7.32 and 7.33
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Mean2nd X- Std Mean3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 16.80 4.83 8.88 10.56 -0.691

Objective

compliance 15.94 4.54 9.14 9.80 -0.630

Subjective

compliance 16.85 5.43 9.84 10.16 -0.626

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 14.17 4.29 9.15 9.37 -0.458

Objective

compliance 13.56 4.30 9.69 9.06 -0.362

Subjective

compliance 14.98 4.48 9.00 8.30 -0.544



indicating a very large variance in the results of the angles of rotation. The mean

angles of rotation calculated from the third x-ray sets could however still be used as

normative values for the schoolboy rugby players between the ages of 15 and 18 years

(Figure 7.24).
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Figure 7.24: Normative angles of rotation measurements for cervical spine

motion segments C3 to C7.

The following section will present the results for the translation measurements as

measured for the third sets of x-rays following the neck rehabilitation programme.

7.6.2.4 Results for the Translation Measurements following the

Neck Rehabilitation Programme

The results for the translation measurements of the various motion segments will be

given in Tables 7.34 to Table 7.37, starting with the C6/C7 motion segment. A small

statistical significant increase in translation was demonstrated for the mean translation

considering the various compliance groups (Table 7.34). Effect sizes ranged between
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d = 0.3 for the objectivecompliancegroupand d = 0.44 for the subjectivecompliance

group.

Table 7.34: Mean translation measurement results for C6/C7 motion segment

before and after the neck rehabilitation programme.

The results for the C5/C6 motion segment illustrated a decrease in translation

following the neck rehabilitation programme (Table 7.35). This decrease was of very

small statistical significance for all the compliance groups; the group excluding

compliance d = -0.186, the objective compliance group d = -0.232 and the subjective

compliance group d = -0.112.

Table 7.35: Mean translation measurement results for C5/C6 motion segment

before and after the neck rehabilitation programme.

A similartrendto the one foundfor the C5/C6motionsegmentwas seen in the results

of the C4/C5 motion segments, with a decrease in translation following the neck

rehabilitation programme (Table 7.36). Effect sizes were however of very small

263

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 4.64 8.53 7.44 4.48 0.334

Objective

compliance 4.98 8.77 7.45 6.69 0.300

Subjective

compliance 4.57 9.60 8.27 9.60 0.440

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 11.48 8.01 10.09 5.84 -0.186

Objective

compliance 12.36 8.46 10.51 6.18 -0.232

Subjective

compliance 12.43 7.5 11.48 6.89 -0.112



significance with effect sizes ranging from d = -0.098 for the subjective compliance

group to d = -0.288for the groupexcludingcompliance.

Table 7.36: Mean translation measurement results for C4/C5 motion segment

before and after the neck rehabilitation programme.

The translation measurement for the C3/C4 motion segments also followed the trend

as seen for the C4/C5 and C5/C6, with a decrease in translation measurements

(Table 7.37). The decrease was of small significance for the objective and subjective

compliance groups with d = -.0455 and d = -0.428 respectively. The decrease for the

group excluding compliance was of very small significance (d = -0.098).

Table 7.37: Mean translation measurement results for C3/C4 motion segment

before and after the neck rehabilitation programme.

The results of these translation measurements demonstrated a decrease in translation

for the C3/C4, C4/C5 and the C5/C6 motion segments and an increase for the C6/C7

motion segment. In the literature review the movement from extension to flexion of
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Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 12.26 5.84 10.81 3.50 -0.288

Objective

compliance 12.69 6.12 11.40 6.34 -0.256

Subjective

compliance 13.60 5.43 13.11 7.00 -0.098

Mean 2nd X- Std Mean 3rd X-

Compliance ray Dev ray Std Dev d-value

Excluding

compliance 13.60 5.43 13.11 7.00 -0.098

Objective

compliance 15.94 5.60 13.68 5.69 -0.455

Subjective

compliance 16.12 4.67 14.50 5.47 -0.428



the cervical spine are associated with a small degree of translation of the superior

vertebra on the inferior vertebra and the literature stated that this translation should be

evenly distributed throughout the cervical spine. The increase of the C6/C7 motion

segment could therefore be interpreted as improving the even distribution of

translation between the various motion segments measured for this clinical trial.

Since no normative values for translation between motion segments of the cervical

spines for schoolboy rugby players could be found in the literature, the end results

following the neck rehabilitation and correction of biomechanical dysfunction

interventions could be used as normative values (Figure 7.25). The translation

measurements for the various motion segments are similar, therefore the findings of

the literature review is confirmed (Chapter 4:75).

Motion Segments

Figure 7.25: Normative translation measurements for cervical spine motion

segments C3 to C7.

As statedbefore,no normativevaluesfor x-ray measurementsof the motionsegments

of the cervical spine in schoolboy rugby players could be found in the literature

reviewed.Therefore it is suggestedthat the x-ray measurementsfollowingthe third
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set of x-rays could be considered as a norm for this study population, namely

schoolboy rugby players between 15 and 18 years of age. The mean values of all the

x-ray measurements performed for motion segments from C3 to C7 following the

neck rehabilitation programme are presented in figure 7.26. These results for each of

the motion segments are within the normative ranges of motion as described by

various authors (Magee, 1997:112, Bogduk & Mercer, 2000, Trew & Everett,

2001 :218; Frobin et ai, 2002) and therefore it could be assumed that the interventions

studied did not result in hypermobile motion segments.

5

Motion Segments

Figure 7.26: Normative values for all the x-ray measurements performed

following the neck rehabilitation programme for cervical spine

motion segments C3 to C7.
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The possibility of a highly significant result following the neck rehabilitation

programme was limited due to the fact the second x-ray measurements already

showed a highly significant improvement for the group 1 subjects and a moderately

significant improvement for group 2 players. Furthermore the group 3 players did not

present with biomechanical dysfunction initially.

It could therefore be concluded that these results provide evidence that the neck

rehabilitation programme not only maintained the improvement in cervical spine

biomechanical function achieved by the manual physiotherapy technique and the

therapeutic exercise programme, but further improved the biomechanical function of

the cervical spines the players. The following section will theorise on possible

explanations on why the rehabilitation programme improved the biomechanical

dysfunction.

7.6.2.5 Explanation for the Improvement in Biomechanical

Function following the Rehabilitation Programme.

For the same reason that the rehabilitation programme indicated an improvement in

the cervical circumference of the players who did not comply fully with the

rehabilitation programme, the biomechanical dysfunction could also be explained.

The emphasis placed on all the components of a therapeutic exercise programme

(Chapter 4:86), including motor control and motor learning of normal movement

patterns, dynamic stability and establishing feedforward mechanisms could explain

the improvement.

According to Bulter and Moseley (2003:22-23) the sensory homunculus need to

review sensory input of movement continuously to maintain representation of the area

in the primary sensory area. In the case of a limb amputation the sensory

representative area of the homunculus in the cortex decreases in size after

approximately three days. The representative area in the motor homunculus also

decreases because the muscles represented in this area are not being used. Research

by Holm et al (2002) studying the sensorimotor control of the spine found that spinal

structures including the intervertebral disc, facet joint capsule and ligaments abundant
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in afferent structures. Electrical stimulation of these afferents in the lumbar spine

seemed to elicit reflex contraction of the multifidus and longissimus muscles.

Mechanical stimulation of these structures excites the muscles. Therefore normal

movementand a bombardmentof afferent sensory input to the sensory homunculus

providedby the rehabilitationprogrammecould be sufficientto improveand refresh

the cervical spinerepresentationof the sensoryhomunculus.

It has also been suggested that, in order to simplify the sensory input from the

peripheral nervous system, the CNS uses the position of the trunk as a reference for

the position of the more distal segments in the limbs (Hodges, 2004). For the

schoolboy rugby player this means that he should stabilise his neck and head when

performing skills which require coordination of the upper limb.

Each of these components of neuromuscular control described before (Chapter 4: 106)

has been implicated in association with neuromusculoskeletal pain and therapeutic

exercise interventions have been developed to address these deficits. This study

address all these components in the rehabilitation programme for the schoolboy rugby

players not to treat pain as the result of neuromusculoskeletal dysfunction, but in an

attempt to improve these components with the aim being the prevention of pain and

disability later in life.

Therefore this constant refreshment provided by the developed rehabilitation

programme could provide the answer for the improved dynamic biomechanical

function of the motion segments of the cervical spine.

7.6.3 Role of the Educator in the Neck Rehabilitation

Programme

The educator in this case could be any designated skilled person appointed by the

school to implement this neck rehabilitation programme for the schoolboy rugby

players. One of the biggest problems incurred by the researcher during the study was

the compliance of the subjects with the rehabilitation programme. It could be part of

the seemingly demotivated culture experienced by adolescents now. Ninety-five
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percent of the players who completed the initial questionnaire stated that they

believed that a strong neck could reduce their chances of sustaining a neck injury. Not

even this knowledge could motivate the players to comply with the rehabilitation

programme.

Generally with the high level of competition experienced in school rugby, the team

players will follow the training programme performed at training with enthusiasm, but

home exercises are not done, with only 4.3 % of players who completed the initial

questionnaire prior to the start of the interventions, performing any neck exercises at

home. The importance of the rehabilitation programme was discussed with the

coaches and players prior to the start of this investigation and they were all in

agreement with performing the rehabilitation programme during training. This proved

not to be the case. Players gave feedback that before important matches training was

spent on strategic planning and tactics with the rehabilitation programme not being

performed.

The majority (92.4 %) of the players who completed the initial questionnaire stated

that their coach was the person who taught them the neck exercises they performed,

but 67 % of these players felt that their coach did not have sufficient knowledge about

neck exercises. Therefore the challenge for the educators and coaches as well as the

healthcare professional involved with the schoolboy rugby player will be to become

knowledgeable as far as neck rehabilitation is concerned. These role players will also

have to motivate the players to perform their neck rehabilitation by possibly including

the neck rehabilitation programme in training and performing the programme

diligently. Therefore a recommendation of the study will be to spend more time

teaching the exercises to the trainers so that they become familiar with the exercises

and implement them for their teams.

This neck rehabilitation programme not only proved to be effective in strengthening

the neck muscles of all the players who completed the programme, but the results of

the x-ray measurements before and after the rehabilitation programme also showed an

improvement in biomechanical function ofthe cervical spine.
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The following section will provide and discuss the results of all the factors that could

predispose a player to biomechanical dysfunction of the cervical spine.

7.7 Factors which could Predispose a Schoolboy

Rugby Player to Cervical Spine

Biomechanical Dysfunction

According to the literature the following factors could predispose an individual to the

development ofbiomechanical dysfunction (Chapter 4:82). It was therefore decided to

statistically analyse these factors for possible relevance in affecting biomechanical

function of the cervical spines in all the subjects participating in this clinical trial. The

following section will provide and discuss the results of these factors as having a

possible influence of the biomechanical dysfunction found in the schoolboy rugby

players. The possible influence of these factors on the outcome of this study will

subsequently be argued for each factor.

7.7.1 Results for Posture possibly Influencing

Biomechanical Function

To investigate a possible correlation between posture and biomechanical dysfunction

the mean flexion angle was compared with each of the posture variants used in the

study. The Eta squared analysis was used to determine a possible correlation between

each cervical spine motion segment and the various posture types (Chapter 6:176) for

all the subjects participating in this clinical trial. The results for each of the four

groups are given separately. The mean flexion angles measured for the first set of x-

rays were correlated with the various posture types, since restriction of the flexion

movement was the biomechanical dysfunction mostly found in the schoolboy rugby

players (Chapter 6:170). The results of this comparison in given in Figure 7.27. Only

the motion segments that showed correlation are illustrated, the motion segments that

did not show any correlation are omitted. Eta squared values were interpreted as 0.01
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as a small significanteffect,0.06 as a moderatesignificanteffectand 0.14 as being of

high statisticalsignificance.

For Group I only the C6/C7 motion segment showed any correlation with an Eta

squared value of 0.116, which is of high statistical significance. The results for Group

2 indicated a highly statistically significant correlation between posture and the mean

flexion angle for the C4/C5 motion segment with an Eta squared value of 0.169. For

the C5/C6 and C6/C7 motion segments the correlation was very small with Eta

squared values of 0.072 and 0.044 respectively. The results for the players of Group 3

were highly significant for the C3/C4, C4/C5 and C5/C6 motion segments with Eta

squared values of 0.137, 0.162 and 0.306 respectively. For the control group

(Group 4) the C4/C5 and C6/C7 motion segments showed very weak correlation with

Eta squared values of 0.033 and 0.086 respectively.
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Eta Squared- 0.2
values

0.15

0.1

0.05

. Etasquaredvalues10.11610.1691°.0721°.0441°.1371°.1621°.3061°.0331°.°#
,~

Groups and motion segments

Figure 7.27: Eta squared values illustrating the correlation between posture

and biomechanical dysfunction for the various Groups.
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The results above show an inverted result. Group 3 consist of players without

biomechanical dysfunction and the largest statistical significance was found between

posture and dysfunction for this group. For Group I the significance were strong for

only one motion segment and for Group 2, the other group with biomechanical

dysfunction, the correlation was weak for only two motion segments. It could be

theorised that the correlation could not be proven, since the biomechanical

dysfunction found involves extension of the lower cervical spine and not flexion, as

suggested by a forward neck posture, the posture type most common in the schoolboy

rugby players. Therefore it could be concluded that for this particular study

population biomechanical dysfunction of the cervical spine does not correlate well

with poor posture and therefore the poor posture found in some of these players could

not have influenced the results of the study.

The following tables (Tables 7.38 to 7.46) present the results of the posture variations

with their corresponding mean flexion angles as well as standard deviations. Only the

motion segments where a correlation was found will be illustrated.

Table 7.38: Mean flexion angles for the various posture types for Group 1,
C6/C7 motion segment.

Table 7.39: Mean flexion angles for the various posture types for Group 2,
C4/C5 motion segment.

272

Posture n Flexion anole Std Dev
Neutral spine 9 2.23 2.71

KVDhosis -Lordosis 3 4.17 3.08
Flat back 1 1.20

Sway back with forward head Dosture 3 -0.47 3.29
Forward neck Dosture 8 2.64 4.55

Scoliosis 1 -7.10

Posture n Flexion angle Std Dev
Neutral spine 13 -7.90 3.49

Kyphosis - Lordosis 1 4.80
Flat back posture 1 -7.90

Sway back posture 2 -5.50 1.76
Sway back with forward head posture 2 -2.20 5.09

Forward neck posture 6 -4.68 5.88
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Table 7.40: Mean flexion angles for the various posture types for Group 2,
C5/C6 motion segment.

Table 7.41: Mean flexion angles for the various posture types for Group 2,
C6/C7 motion segment.

Table 7.42: Mean flexion angles for the various posture types for Group 3,
C3/C4 motion segment.

Table 7.43: Mean flexion angles for the various posture types for Group 3,
C4/C5 motion segment.
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Posture n Flexion anale Std Dey
Neutral spine 13 -4.36 4.73

Kyphosis -Lordosis 1 -1.40
Flat back posture 1 -14.70

Sway back posture 2 -3.75 1.77
Sway back with forward head posture 2 -5.85 3.04

Forward neck posture 6 -1.28 5.39

Posture n Flexion angle Std Dey
Neutral spine 13 -1.72 4.13

Kyphosis - Lordosis 1 -7.20
Flat back posture 1 -8.90

Sway back posture 2 -1.05 2.90
Sway back with forward head posture 2 2.35 7.71

Forward neck posture 6 0.42 4.77

Posture n Flexion angle Std Dey
Neutral spine 8 -6.79 2.08

Kyphosis -Lordosis 1 -1.70
Kyphosis -Lordosis and forward head

posture 1 -13.20
Flat back posture 1 -2.60

Sway back with forward head posture 2 -7.15 0.35
Forward neck posture 11 -5.57 3.40

Scoliosis with forward head posture 1 -6.00

Posture n Flexion angle Std Dey
Neutral spine 8 -7.55 3.36

Kyphosis -Lordosis 1 0.70
Kyphosis - Lordosis and forward head

posture 1 -8.80
Flat back posture 1 -12.60

Sway back with forward head posture 2 -10.00 2.69
Forward neck posture 11 -6.21 3.21

Scoliosis with forward head posture 1 -4.30



Table 7.44: Mean flexion angles for the various posture types for Group 3,
C5/C6 motion segment.

Table 7.45: Mean flexion angles for the various posture types for Group 4,
C4/C5 motion segment.

Table 7.46: Mean flexion angles for the various posture types for Group 4,
C6/C7 motion segment.

The neutral spine position of the cervical spine as maintained with proper posture is

the best for spinal support of weight and the muscles can generate the most force with

the greatest efficiency while working in that position or from that position. The

importance of body segment position is especially illustrated in the head, where

changes in its anterior-posterior position greatly affect how much work is necessary to

support it (Magee, 1997:697).

The head-neck support system could be linked to a 4 kg ball on a flexible shaft,

stabilisedby guy wires. The least stress on the spine would occur when the head is

centred over the spinal columnwith the force beingtransmittedthroughthe posterior

third of the vertebralcolumn(Rocabado,1999).Each centimetrethat the head moves

forwardrequires increasedexertionby the musclesto supportthe head, whichmeans
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Posture n Flexion anole Std Dey
Neutral spine 8 -6.66 3.27

Kyphosis - Lordosis 1 0.70
Kyphosis -Lordosis and fOlWard head

posture 1 -5.40
Flat back posture 1 -9.90

Sway back with fOlWard head posture 2 -5.47 4.17
FOlWard neck posture 11 -5.47 4.17

Scoliosis with fOlWard head posture 1 7.70

Posture n Flexion anole Std Dey
Neutral spine 10 -8.11 3.48

Sway back posture 1 -0.80
Sway back with fOlWard head posture 2 -10.40 6.36

FOlWard neck posture 10 -5.67 5.38

Posture n Flexion angle Std Dey
Neutral spine 10 -2.18 3.10

Swayback posture 1 7.20
Sway back with fOlWard head posture 2 1.50 8.91

FOlWard neck posture 10 -3.53 5.50



that there is less muscle strength available to support outside loads. This is especially

relevant to the front row schoolboy rugby player whom cannot afford any factor

reducing the effort of the neck musculature.

Forward head posture involves flexion of the lower cervical spine with extension of

the upper cervical spine. This pattern is the reverse of what could be expected in the

schoolboy rugby players, since their lower cervical spines are held in extension. In the

general population the incidence of forward head posture is very high (Magee,

1997:701). Posture could therefore be one of the factors which could contribute to the

biomechanical dysfunction found in the cervical spines of schoolboy rugby players.

For optimal posture however normal biomechanics is a prerequisite. In the event of

biomechanics dysfunction the weight bearing line does not pass through the posterior

third of the cervical spinal column and therefore the subject would not be able to

maintain optimal posture. Optimal posture also requires correct muscle flexibility and

strength balances and if this is the case proper posture can be maintained without

conscious effort at all times. Therefore the elements for optimal posture are correct

biomechanical function, normal muscle flexibility and normal strength and balances

of the neck musculature. It is therefore needless to teach correct posture to a

schoolboy rugby player if he has biomechanical dysfunction, muscle shortening and

weakness.

Since forward head posture and khyphosis worsens with age, it is of utmost

importance that poor posture is corrected at an early age (Jordaan, 2004). Maintaining

proper posture, flexibility and range of motion may help minimise age-related decline

in physical performance. The rugby coach or healthcare professional involved in the

training of the schoolboy rugby player is therefore in the perfect position to be

instrumental in the possible reduction of bad posture.

7.7.2 Age and Anthropometric Measurements results

The various groups compared well to one another at the start of the clinical trial as far

as the anthropometric measurement were concerned as can be seen in the following
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table (Table 7.47). At the start of the investigation the following measurements were

considered: age, years participation in rugby, initial body mass and initial cervical

circumference.

Table 7.47: Mean anthropometric measurements for the various groups.

7.7.3 Upper cervical spine Ligament stability results

Instability of the upper cervical spine could influence the biomechanics of the rest of

the cervical spine (Bogduk & Mercer, 2000). No instability of any of the ligaments of

the upper cervical spine was found in any of the players in any of the groups,

therefore this could not have been a factor influencing the biomechanics of the

cervical spine for the present study.

7.7.4 Results of the Neurodynamic testing

The purposeof neurodynamictesting is to determinewhetherthere is any restriction

in the movementof the neural structuresof the upper limb.If any of the exitingnerve

roots of the brachialplexusfrom the lowercervical spine are entrapped,a restriction

of the movementpattern performedduringthis neurodynamictest will be perceived.

Such an entrapmentcould influencethe normal biomechanicsof the cervical spine.

However, no restrictionof the neurodynamictest was found in any of the players to

suggestany impingementor irritabilityof the neural structuresof the neck and upper

limb, therefore neurodynamic structures could have had no influence on the

biomechanicsof the cervicalspinefor this clinicaltrial.
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Group Age Years Initial Body Initial Cervical

Participation in Masst Circumference

rugby

Group 1 16.44 10.00 78.70 38.43

Group 2 16.60 9.68 82.24 39.70

Group 3 16.36 10.00 75.27 38.24

Group 4 16.43 9.26 70.01 37.74



7.7.5 Results for Playing Position

To investigate whether there was any correlation between playing position and

biomechanical dysfunction of the cervical spine the total flexion and extension

measurement for all the forward players were compared with the same measurements

for the back players. These results are illustrated in Figure 7.28. There were very

small differences in the total flexion and extension angles between the forwards and

the backs. The backs had a slightly smaller total flexion angle than the forwards,

meaning that they had slightly more of a biomechanical dysfunction than the forward

players. The forwards and backs were well matched in terms of numbers and mean

age.

Comparingplayingpositions
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45

17.708

16.24
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. FoMards
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Figure 7.28: Comparison between forwards and backs.

From the literature it was expected that the forward players should be more

predisposed to biomechanical dysfunction of their cervical spines, due to the loads

being placed on the necks of these players during the serum, then the back players.

The majority of players (92%) who completed the initial questionnaire also stated that

forwards were at greater risk of injuring their necks then the backs.
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The results of this study could not confinn this. It was found that the backs had

slightly less flexion movement than the forward, indicating more of a biomechanical

dysfunction. This finding could be explained by the following. The risk to the

schoolboy rugby player to develop biomechanical dysfunction could be equally high

during the tackling and mauling phases of play, where the backs are also involved

frequently, as during scrumming. During a tackle the C5/C6 motion segment often is

the point of contact (Chapter 5:149). According to O'Brien (1996) the mechanism of

injury to the front row players during scrumming is the direct contact on the C6-T2

spinous processes. This could be why the incidence of biomechanical dysfunction

found in the schoolboy rugby players was mostly the lower cervical spines.

The following section will argue the possible prevention of cervical spinal cord

injuries following the results of this clinical trial. It was not within the scope of the

study to prove a reduction in spinal cord injuries following the implementation of this

programme, but the theory on how these results could possible reduce the number of

spinal cord injuries if the therapeutic exercise programme for the correction of

biomechanical dysfunction as well as the neck rehabilitation programme could be

implemented for all schoolboy rugby players.

7.8 Prevention of Cervical Spinal Cord Injuries

The cervical spine biomechanical dysfunction mostly found in these schoolboy rugby

players was a flexion restriction of the motion segment of the lower cervical spine

(chapter 6:169). These lower cervical spinal motion segments are often held in the

extension and subsequently do not follow the nonnal pattern of movement in flexion.

Hypothetically this would imply that in the example of the front row player, where the

serum collapses and the player's neck is forced into more flexion, the motion

segments ofthe lower cervical spine is unable to move optimally. This reduced range

of motion could strain the posterior structures to the point of failure, causing

dislocation of the facet joints.
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According to the literature reviewed the cervical spine level which most often

dislocates causing spinal cord damage is the C5/C6 motion segment of the cervical

spine. The results of this study found they highest incidence of biomechanical

dysfunction at the C5/C6 motion segment and this was also the level which showed

the best improvement. It could be theorised that the correction of biomechanical

dysfunction and the rehabilitation of the neck muscles may reduce the risk of spinal

cord injury in the schoolboy rugby player.

Additional mechanisms of injury for cervical spine dislocation are flexion combined

with rotation as well as straightening of the cervical spine, creating a column and

obliterating the cervical lordosis. The restricted movement pattern most commonly

found in this study by means of the physiotherapy evaluation technique is rotation of

the cervical spine with lateral flexion to the opposite side. During a tackle performed

by a player the neck is flexed and tucked behind the opponent's shoulder. The point of

contact for the player performing the tackle is the C5/C6 area on the side of the

tackling player's neck. After contact is made on the opponent, the neck of the tackling

player could be forced into lateral flexion to the opposite side. This is the movement

pattern found to be restricted in the schoolboy rugby players evaluated during this

study. In addition to this the player could also receive an axial load on the top of his

head. This scenario is often seen in a rugby match or rugby training session with

maximum risk of dislocation of the facet joints of the cervical spine. Correction of the

dysfunction and correction of the restricted movement pattern could therefore reduce

the risk of injury dramatically.

As stated earlier Noakes et al (1999) proposed an intrinsic risk factor which could

predispose the rugby player to cervical spinal cord injury. With reference to the

discussion above the researcher proposes that the intrinsic risk factor in the schoolboy

rugby player may be the biomechanical dysfunction found by the present study. This

programme has been evaluated as being safe in the absence of biomechanical

dysfunction and should be implemented, for all schoolboy rugby players which could

show a reduction in cervical spinal cord injury. It is suggested by this researcher that a

long term follow-up study need to be considered to scientifically and clinically

validate this belief.
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The present Chief Executive Officer of the Sports Science Institute at the University

of Cape Town, the former Springbok captain Morne du Plessis, stated that there will

always be the odd freak accident with a game like rugby, but if players are properly

prepared and if rugby is organised with good coaching and refereeing we can

eliminate a large number of injuries. It is self evident that one must focus on the

preventative rather than the curative. If only one fractured neck a year can be avoided

it is a job well done according to. Lynn Allan, manager of the Chris Burger / Petro

Jackson Players' Fund. She also said that their research showed that the rural areas are

a major source of concern. Due to lack of sufficient funding their medical equipment

usually only consists of a bag of ice and an old door as a spine board. The positive

results of the rehabilitation programme of this study could be implemented in these

areas through training for the coaches and this could aid in the prevention of injuries,

rather than having to treat players following an injury. The Player's Fund is asked to

assist financially with approximately 10 new cases every year (Scher, 2004).

It is strongly recommended by the researcher that the therapeutic exercise programme

for the correction of biomechanical dysfunction as well as the rehabilitation

programme be implemented as part of the training programme for all schoolboy rugby

players in South Africa. The programme is cost effective and safe and with training

workshops the coaches of rugby teams in the rural areas could be taught how to

implement the programme.

The following section will reflect on how the therapeutic exercise programme for the

correction of biomechanical dysfunction as well as the neck rehabilitation programme

could possibly contribute to the prevention of early degeneration found in the cervical

spines of rugby players.

7.9 Prevention of Early Cervical Spine Degeneration

Dysfunction of the cervical spine can lead to degenerationresulting in pain and

disability. Causality of lower back pain is thought to arise from damage to the

intervertebraldisc or the facet joints, either directly through trauma injuries or disc

prolapse, or indirectly through the degenerativeprocess that transmit unfavourable
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loading patterns to other spinal structures for example joints, ligaments, tendons and

supporting musculature. These mechanisms behind spinal disorders can either act as

single variables or in combination (Holm et aI, 2002).

The theory behind the aetiology of early degeneration of the cervical spine, such as

found by Scher (1991) in the cervical spines of rugby players strongly indicates that

the prevention of this degenerative process could be achieved by the various

interventions investigated in this study.

As stated earlier, joints should be in a physiological state of rest or neutrality, with the

least amount of intra-joint pressure, least amount of connective tissue tension and the

least amount of electromyographic (EMG) muscle activity. For the cervical spine this

would mean a lordotic curve with the weight bearing line passing through the

posterior third of the vertebral bodies. Theoretically this neutral position would

suggest the minimum wear and tear that will be placed on the various motion

segments of the cervical spine. This neutral spine position is graphically illustrated in

Figure 7.29.

Functionalweight-
bearingline

..D
Nucleus pulposis

Annulus fibrosis

Longitudinal
ligaments

Figure 7.29: A schematic illustration of the normal biomechanics of the cervical

spine with the functional force being transmitted through the

posterior third of the vertebral body.
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When motion segments are held in a state of immobilisation, which means that the

motion segment is unable to move normally in the three planes of space resulting in a

positional fault, or dysfunction, occurring. This places additional strain on the motion

segments with an increased amount of wear and tear, resulting in possible

degenerative changes. The positional fault which was most commonly found in the

sample of schoolboy rugby players studied was the motion segments of the lower

cervical spine held in extension.

Global range of motion of the cervical spine could compensate for this decrease in

flexion motion with slipping (translation) of the vertebra above. As stated earlier

Kaigle et al (1997) have shown that in the lumbar spine this kind of hypermobility

does not seem to occur, but that the motion pattern is greatly altered. Their results

were confirmed in this study. A compensatory increased amount of flexion was found

for the motion segment proximal to the motion segment held in extension. An

example of the flexion x-ray with marked measurements for one of the players of

Group 1, prior to the start of the manual physiotherapy treatment is given in Figure

7.30. Note that the CS/C6 motion segment is positioned in IO.Soof extension, while

the C4/CS motion segment is positioned in 3.60 of flexion and the C3/C4 motion

segment is positioned in 3.10 of extension.
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Figure 7.30: Flexion x-ray measurement for the motion segments of one of the

players from Group 1, prior to the manual physiotherapy

treatment.

The increasedamountangleof flexionin the motionsegmentadjacentto the segment

held in extensionpossiblyexerts largeamountsof strainon the posteriorfibresof the

annulus fibrosusand this could theoreticallyresult on fissuringof the annulus. With

flexion the posteriorwall of the capsuleof the disc is openedand this may cause the

outer rings of the annulus fibrosis of the disc to be torn (Dai et ai, 1992). This is

graphicallyillustratedin Figure7.31.
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Figure 7.31: A schematic illustration of the effect that excessive flexion could

have on the posterior fibres of the annulus fibrosus of the

intervertebral disc.

A study by Thompson et al (2004) investigated the mechanical effect of intervertebral

disc lesions. They performed an in vitro dynamical mechanical testing of sheep discs

comparing its mechanical behaviour before and after creating discs lesions. They

concluded that rim lesions reduced the disc's ability to resist motion and that radial

tears change the hysteresis of response, indicating an altered stress distribution within

the disc. The importance of this notion for the schoolboy rugby player is that should a

radial tear occur, it will have a negative impact on the ability of the cervical spine to

resist motion in high risk situations. This will predispose the player to severe injury.

This could become a vicious cycle that could result in early degenerative changes of

the cervical spine. The results of the various interventions clearly indicated that the

flexion angles of the motion segments during flexion were normalised. The results of

the same player demonstrated earlier in Figure 7.30 (Chapter 7:283) will be discussed

to demonstrate this normalisation. The improvements in the flexion angles of the

motion segments following the manual physiotherapy treatment is illustrated in Figure

7.32. Note that all the motion segment are now positioned in flexion during flexion

movement of the cervical spine.
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Figure 7.32: Flexion x-ray measurement for the motion segments of one of the

players from Group 1, after the manual physiotherapy treatment.

A further improvement in the flexion angles of the motion segments are seen in the

final flexion x-ray, following the neck rehabilitation programme (Figure 7.33). The

improvement from the first x-ray (Figure 7.30) therefore clearly illustrates a

restoration of cervical biomechanical function of this particular schoolboy rugby

player.
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Figure 7.33: Flexion x-ray measurement for the motion segments of one of the

players from Group 1, following the neck rehabilitation

programme.

Dysfunction of a motion segment could also impact on all the soft tissue structures

surrounding the motion segment. Once a particular joint becomes hypomobile and

loses its normal arthrrokinetics the muscles around that joint attempt to minimise the

strain on the affected joint and subsequently some of the muscles becomes shortened

and hypertonic. This in turn affects both the synergistic and the antagonistic muscles

resulting in a complex neuromusculoskeletal dysfunction (Prentice, 2004: 132). In the

case of the schoolboy rugby players the identified hypomobile motion segments could

therefore result in neuromusculoskeletal dysfunction if left uncorrected. Uhlig et al

(1995) and Falla et al (2004) suggested that fibre transformation takes place in

response to a large number of specific and non-specific stimuli for example physical

training, immobilisation and pain. These changes were found to be independent of the

type of pathology; thus there is no difference in the muscle fibre transformation that

occurs following rheumatoid arthritis and the dysfunction found in the schoolboy
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normal values expected for a schoolboy rugby player. The measurements for the

control group (Group 4) were omitted since some of these players had cervical spine

biomechanical dysfunction with no intervention to correct this dysfunction.

5

o

. Flexion 6.99 7.62 7.13 6.53

. Extension 8.67 9.33 11.14 9.73

. klgles ofrotation 9.15 8.88 18.28 16.27

. Translation 13.11 10.81 10.09 7.44

MotionSegments

Figure 8.1: Normative values for all the x-ray measurements performed

following the neck rehabilitation programme for cervical spine

motion segments C3 to C7.

8.3.4 Recommendations for future studies

The scopeof this studydid not includetestingtheseprogrammesfor the preventionof

cervical spinal cord injuriesas well as the possiblepreventionof early degenerative

changes of the cervical spine by Scher (1991) in adult rugbyplayers.The researcher
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