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ABSTRACT

This study has addressed the possible relationships between the structure
and function of the masseter and temporalis muscles and the skeletal
morphology of the human face and jaws. Furthermore, it has noted how
these muscles respond to surgical correction of facial deformities, and

whether this has any relevance regarding surgical stability.

42 patients scheduled for surgical correction of vertical facial deformities
were subjected to investigations designed to record the structure and
function of masseter muscle, and the function of temporalis muscle. These
were repeated over a one year review period. Muscle structure was
investigated using ATPase histochemical techniques, whilst muscle function
was recorded through electromyography, mandibular kinesiography and
occlusal force measurement. Skeletal and dental form was measured from
digitized lateral skull cephalometeric radiographs. Where appropriate the
results were compared to those from a matched control group (20 patients)

with normal skeletal facial morphology.

The results showed a significant reduction in the size of type Il fibres in
patients with a long face morphology and this was refiected in the reduced
occlusal force generated by such individuals. Canonical correlation analysis
showed that a reduced type |l fibre contribution to the relative fibre cross-
sectional area influenced the anterior vertical relationship of the mandible to
the cranial base ( p < 0.001), but no other aspect of facial form. Facial

morphology did not significantly influence muscle structure.

Surgery resulted in a reduction in Intermediate fibre incidence and vertical
surgical stability correlated with the incidence of Intermediate fibres prior to
operation (r =-0.94, p < 0.001). Muscle adaptation was observed over the
review period ranging from almost immediate adaptation in the clinical rest
position of the mandible relative to the maxilla, through to more gradual

adaptation in the physiological rest position and range of mandibular mobility



extending over a 12 month period.

The measures of muscle function indicated reciprocal activity between
masseter and anterior temporalis in maintenance of mandibular rest position.
Non-invasive studies of muscle function showed good correlation with type
Il fibre size and percentage total cross-sectional area but gave little
information regarding type | fibres, the sub-groups of type Il or Intermediate

fibres.
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List of abbreviations used throughout the text

The following commonly used abbreviations will appear throughout the

text:

EMG - Electromyography

ATP - Adenosine triphosphate

ATPase - Adenosine triphosphatase

SS - Sagittal split osteotomy of the mandible

LFI - Le Fort | osteotomy of the maxilla

SFG - Short face group

LFG - Long face group

RVD - Resting vertical dimension

TESP - Trans-cutaneous electrically stimulated
position

SD - Standard deviation of the mean

SE - Standard error of the mean

95% Cli - 95% confidence interval

r - Pearson correlation coefficient

ANOVA - One-way analysis of variance

ns - Not statistically significant

GTCO?® - Superscript indicates manufacturer

listed in appendix
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INTRODUCTION

The question as to the principal factors responsible for the control of cranio-
facial growth has resulted in a swing of the pendulum back and forth
between the genetic and environmental theories. Of the environmental
factors, the form and function of the muscles of mastication have been
suggested as possible regulatory mechanisms influencing the final form and
relationships of the maxilla and mandible, especially in the vertical dimension
(Mdller, 1966).

The question whether abnormal facial form affects muscle structure and
function or whether abnormal muscle form and activity affects facial
morphology remains unanswered. However, regardless of how abnormal
dento-skeletal form occurs there is no doubt that the dental, skeletal and
muscular components are in a state of functional balance. Orthodontic or
surgical correction of dento-facial form is likely to alter the musculo-skeletal
relationship and may result in muscle activity abnormal for the individual

which could potentially lead to relapse.

It was considered that further information could be ascertained regarding
form, function and musculo-skeletal adaptation by studying patients
presenting for the surgical correction of facial deformity. If abnormal facial
growth in the vertical dimension is a direct result of abnormal muscle, then
unless that muscle is capable of adaptation, surgical correction of the
deformity should theoretically relapse, which may to some extent lend
weight to the argument in favour of mdscle as an environmental factor

controlling growth.

Alternatively, if surgical stability were followed by adaptation of muscle
structure and function to a more ‘normal’ level, then this would perhaps
suggest that the muscle picture was secondary to the genetically

determined bony relationship.

16



The aims of this study were three-fold. Firstly, to investigate the possible
relationships between the structure and function of human masseter muscle
and the function of the temporalis muscle with respect to the corresponding
facial form in the vertical dimension. Secondly, to study the changes
occurring in the structure and function of the masseter muscle in
conjunction with surgical alteration of vertical facial imbalance. Thirdly, to
consider to what extent the results of non-invasive studies of muscle

function reflect muscle structure.

All patients attending the facial deformity and orthognathic clinics of the
Eastman Dental Hospital between February 1987 and August 1988 were
screened for an obvious discrepancy in vertical facial form as revealed by

inspection.

A total of 66 patients was identified of whom 54 agreed, at least initially,
to take part in the study having had the full protocol explained. As will be
seen, several patients exercised their prercgative to withdraw, particularly
in the later stages. Despite attempts to the contrary, it proved impossible
through technical and logistical reasons to record information for every
patient at the prescribed stages of the study. Therefore the number of
participants involved in each aspect of the investigation will be identified in
the text.

All investigations in this study received the approval of the Research and

Ethical Committee of the Eastman Dental Hospital and Institute of Dental

Surgery.

17



Chapter 1

GENERAL LITERATURE REVIEW
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Facial growth in the vertical dimension

i) Vertical facial balance

In order to maintain a normal relationship between the mandible and the
maxilla and cranial base, anterior and posterior facial growth must remain
in balance. If the vertical increase at the facial sutures and alveolar
processes is greater than at the condyle, the mandible rotates in an opening
or backward manner. Conversely, if condylar growth exceeds the sum of
vertical anterior growth then a closing or forward rotation will occur
(Schudy, 1965; Isaacson et al., 1971). Depending upon the location and
relative extent of the vertical growth imbalance, the centre of rotation will
vary from the incisal edge, the teeth in the buccal segments or the temporo-

mandibular joint.

ii) Theories of vertical facial growth

Scott (1953, 1957) considered that facial growth was primarily under
genetic control and that growth of the associated soft tissues occurred
secondarily to that of the osseous tissue. Although soft tissue function
could influence the form and structure of a particular bone at certain sites,
for example the size of muscular processes, growth in length of a bone was

considered to be largely independent of its use (Scott, 1957).

In complete contrast to these views, Moss (1962, 1964) proposed that
whilst genetic factors initiated bone formation, subsequent growth of any
bone was ultimately determined by function. This so-called "functional
matrix" was later sub-divided into two types. The "periosteal” matrix was
considered responsible for determining bony topography and the "capsular"
matrix for spatial location of a part. According to Moss (1968) enlargement
of the nasal and oral airways resulted in expansion of the oro-facial capsule
which carries the mandible downwards and forwards away from the cranial

base. The maxilla responds by expansion in order to maintain an articulation

19



between the mandible and base of skull. The spheno-occipital, nasal and
condylar cartilages were not, therefore, considered primary growth centres

but sites at which growth occurred in response to functional demands.

Moss (1981) further developed his theories by suggesting that both
"genomic" and "epigenetic" factors are necessary for cranio-facial growth.
As such, since the genome does not contain sufficient information to
regulate all subsequent development, additional epigenetic information is
self-generated concomitant with the attainment of increasing structural and

functional complexity.

It is very difficult to either prove or disprove the theories as proposed by
Moss. Severe criticism of much of the supportive evidence was levelled by
Johnston (1976) and one must question whether evidence from essentially
pathological conditions can be applied to explain a normal developmental

process.

Mills (1983) stated that the mechanisms behind anterior or posterior growth

rotations have never been adequately explained.

Bjork (1969) considered that condylar growth direction together with
muscular forces were important as aetiological factors. Since muscle and
ligamentous attachments have a finite working length, the author felt that
they were capable of directing growth of the mandibular body such that
when vertical mandibular growth exceeded horizontal development, the
attachments at or near the gonial angle converted the vertical growth
direction into an anterior rotation. Bjérk (1969) also considered the
magnitude of the masticatory forces significant in relation to growth
rotations, referring specifically to the observations of Méller (1966) using
electromyography. These results indicated a greater activity in the elevator
muscles during maximum biting and simulated chewing in those cases
exhibiting an anterior or closing rotation compared to those with an opening
or backward rotation. These results have been subsequently supported by

several authors both electromyographically (for example Moss, 1980) and
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by occlusal force measurements in adults (Proffit et a/., 1983).

iii) Extreme vertical facial dysplasias

Whilst all individuals exhibit some degree of forward or backward rotational
growth of the face and jaws, the effect is normally small and frequently
masked. Occasionally, however, the degree of rotation may be particularly
marked such that anterior rotations are characterized by some of the
morphological features seen in the "short face syndrome " (Opdebeeck and
Bell, 1978) whilst posterior rotations display features characteristic of the
"long face syndrome"” (Schendel et a/., 1976). The term syndrome is used
in these situations as it allows a more complete description of the facial,
skeletal and dental characteristics of a given facial type and its variants
rather than relying upon more exclusive but somewhat inaccurate
designations of single parameters, for example "low or high angle" cases
(Bishara and Augspurger, 1975; Opdebeeck and Bell, 1978).

iv) The short face syndrome

Opdebeeck and Bell (1978) studied cephalograms of 27 untreated aduit
Caucasians which had been selected on the basis of a clinical impression of
a reduced face height. The authors concluded that two sub-groups of the
clinically recognizable facial type were evident (figure 1). Sub-group 1 was
characterized by a long ramus, a sharply reduced cranial base to mandibular
planes angle, and a relatively normal ratio of upper to lower anterior face

heights measured as percentages of the total anterior face height.

By way of contrast, sub-group 2 was characterized by a short ramus, a
slightly reduced cranial base to mandibular planes angle, a facial proportion
index of approximately zero and a reduced posterior maxillary height

designated as vertical maxillary deficiency.
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Figure 1 - Sub-groups of the short face syndrome
(after Opdebeeck and Bell, 1978)

Sub-group | show a reduced sella nasion - mandibular planes angle, a long ramus, a normal posterior

maxillary dento-alveolar height and a facial proportions index which approximates 10. (see page 61)

Sub-group Il is characterized by a reduced sella nasion - mandibular plane angle, a short ramus, vertical

maxillary deficiency and a facial proportions index which approximates zero.
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v) The long face syndrome

According to Schendel et a/. (1976) the term "long face syndrome" was
used to unify the various and more specialized titles of this specific facial
deformity (for example; high angle case, adenoid face or vertical maxillary

excess) under one facial type.

Whilst there may be common aesthetic abnormalities (for example,
excessive exposure of maxillary teeth and gingivae, especially on smiling)
it was only following cephalometric analysis of 31 Caucasian patients that
the commonly recurring skeletal and dento-alveolar features were identified.
These included an increased total anterior facial height and specifically an
increased lower face height which correlated with excessive development
of the maxilla in the vertical direction. Dental open and closed bites are two
variants of the syndrome. Open bites were noted in those patients with a
normal ramus height whilst an increased ramus height was seen in those
patients in which a positive overbite existed. Other features were common
to both sub-groups, namely a high mandibular plane to cranial base angle,
and excessive exposure of the maxillary incisors despite the upper lip length

being within normal limits.

In a later study Opdebeeck et a/. (1978) attempted to sub-divide patients
with the long face syndrome using the same parameters used in the sub-
classification of the short face syndrome (figure 2). As a consequence sub-
type | was characterized by a long ramus, vertical maxillary excess, a
slightly increased sella nasion to mandibular plane angle and an extremely
long face. By way of contrast, sub-type Il was characterized by a short
ramus height, a posterior dento-alveolar height that was within normal
limits, a moderate increase in lower anterior facial height but a markedly
increased sella nasion to mandibular plane angle. Clearly there are
differences between the two classifications and in many cases there may
be features of both sub-types. For that reason sub-divisions of the long and

short face groups will be avoided in the present study.
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Figure 2 - Sub-groups of the long face syndrome

(after Opdebeeck et a/., 1978)

Sub-group | is characterized by a slightly increased sella nasion - mandibular planes angle, an extremely

long face, a long ramus and vertical maxillary excess.

Sub-group |l is characterized by a greatly increased sella nasion - mandibular planes angle, a moderate
increase in lower anterior face height, a normal or short ramus and a normal posterior dento-alveolar

height.
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vi) Theories of abnormal vertical growth

a) Genetic influence

The relative role of genetics in the development of abnormal vertical growth
has never been fully established. Hunter (1965) in a study on like-sexed
twins demonstrated that vertical cephalometric variables showed a relatively
stronger genetic dependence than variables in the horizontal dimension.
Subsequently, Lundstrom (1984) although initially opposing this view later
reversed this opinion and concurred with Hunter’s findings (Lundstrom and
McWilliam, 1987).

b) Environmental factors

The role of naso-respiratory function and head posture

The functional influence of oral and nasal respiration on facial form has been
extensively investigated. Briihn (1927) suggested that anterior open bites
probably resulted from irregular growth of the facial skeleton accompanying
chronic pharnygitis. Furthermore, Bennett (1931) discussed the inter-
relationship between enlarged adenoids and associated mouth breathing
with the incidence of anterior open bites, which he ascribed to increased
posterior vertical maxillary growth. Ricketts (1968) confirmed the high
incidence of anterior open bites in patients with hypertrophic adenoids
describing the collective features as the "Respiratory Obstruction

Syndrome”.

Abnormal vertical patterns of growth have been created in Rhesus monkeys
by initiation of mouth breathing following gradual nasal obstruction with
silicone plugs (Harvold et a/., 1973). An increase in lower anterior face
height as well as an increased tendency to anterior open bites was noted
compared with a control sample. The results were, however, extremely
variable and in many cases mandibular prognathism rather than vertical

defects ensued. These variable effects were also evident in a later study by
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Vargervik et al. (1984).

Solow and Tallgren (1976) observed that the posture of the head in relation
to the cervical column was related to cranio-facial morphology. In cases
where the head was extended, the face was retrognathic and the
mandibular planes angle as well as the anterior and total facial heights were
large. Subsequently, Solow and Kreiborg (1977) suggested that factors
which may affect the .adequacy of the nasal airway could result in a
posterior extension of the head, which in turn would stretch the soft
tissues, namely the muscles and fascia, passing between the cranium and
the mandible and as a result initiate differential forces on the skeleton and

hence a change in morphology.

Linder-Aronson (1979) demonstrated that enlarged adenoidal tissue induced
mouth breathing which in turn demanded a low tongue position. With the
need to maintain an airway the head extends and as a consequence the
lower facial height and vertical facial angles increased with an associated
high incidence of anterior open bite, V-shaped maxillary arch forms and
frequent crossbites in the buccal segments. In a five year follow up study
following adenoidectomy the experimental group was observed to return to
more "normal" features with reduction of the extended head posture, a
decrease in the maxillary-mandibular planes angle and an increase in upper
arch width (Linder-Aronson, 1979).

The studies of Linder-Aronson have been criticized by Vig et a/. (1981) who
found no significant difference in nasal resistance between individuals with
normal facial proportions and those with an increased face height. Similarly
Turvey et al. (1984) in a study of patients attending for surgical correction
of a "long face" found increased nasal resistance in only 37% of cases. As
Turvey et al., (1984) pointed out, the factor controlling the resistance to
nasal air-flow is governed by the inner aspect of the anterior nares ( the

liminal valve) and not by factors further posterior in the naso-pharynx.

26



The role of masticatory musculature

The classifications of vertical morphology described above are very similar
to the two vertical skeletal variants described by Sassouni (1969) as skeletal
deep bite and skeletal open bite. Of the factors considered in the aetiology
of the two groups, he drew attention to the differing activity occurring in
the posterior vertical chain of muscles ( masseter, medial pterygoid and
temporalis) as noted electromyographically by Méller (1966) as well as
through his own gnathodynamic measurements. The differing anatomical
relationship of the muscle attachments to the dentition prompted the
suggestion that in deep bite cases the anterior attachment of the muscles
on the mandible is such that the molars are directly under the vertical impact

of masticatory function.

Throckmorton et al. (1980) commented that several factors could produce
the observed differences in muscle activity and specifically bite force
between the skeletal types. These could include; the total muscle size,
differences in muscle morphology and variations in mechanical advantage

of the adductor muscles of the jaw.

The inter-relationship between muscle weakness and progressive facial
divergence has been reported by Proffit et a/. (1968) and by Kreiborg et a/.
(1978) who documented the increasing facial heights in patients with

progressive muscular dystrophy.

The therapeutic effect of increasing muscle force in growing individuals with
morphological features of a developing long face was observed in a pilot
study by Ingervall and Bitsanis (1987). During a one-year experimental
period 13 children, aged 7 to 12 years, were asked to chew a resin gum for
at least two hours per day. The results showed an overall increase in muscle
strength and a tendency towards an anterior or closing rotation of the

mandible.
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Structure and function of masticatory skeletal muscle

i) General anatomy

The muscles of mastication are voluntary skeletal muscles of the mesoderm
of the first branchial arch. Transplantation experiments and auto-antibody
studies undertaken on quail embryos have shown that the myogenic cells
originate from the paraxial mesoderm and become associated and

interspersed with mesenchymal cells of neural crest origin (Noden, 1988).

The various stages of development of these cells to form mature muscle
fibres remain uncertain but it is generally agreed that discrete muscle
condensations appear with alignment and fusion of myoblasts forming
multinucleate myotubes. Almost immediately after fusion, myofilaments
begin to be assembled which ultimately form myofibrils with highly
organized sarcomeres that continue to enlarge and accumulate myofibrils

throughout the embryonic period.

The myofibrils first appear near the centre of the cell and further
myofilaments are added to the outside of existing ones, such that the nuclei
become displaced towards the periphery of the fibre. It is at this stage that
the architecture of the muscle is formed as tendons and connective tissue
septa become evident as well as the arrangement of muscle fibres
(McClearn and Noden, 1988).

The structural architecture of the whole muscle (figure 3) consists of a
number of fasciculi or groups of fibres each surrounded by a connective
tissue envelope (the perimysium). Each fibre is a single cylindrical,
elongated cell of varying diameter encased in a delicate envelope of loose
connective tissue (the endomysium). The sarcoplasm of each cell contains
groups of longitudinally running myofilaments or myofibrils composed of
either the fibrous protein myosin (thick myofilaments) or the globular

proteins actin and troponin (thin myofilaments). The actin filaments consist
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of two chains of globular units in the form of a long double helix with the
smaller troponin molecules attached at intervals along its length by means
of tropomyosin molecules present in the groove between the two actin
chains. In transverse section each myosin filament is surrounded by six actin

filaments in a regular hexagonal pattern (Hanson and Huxley, 1955).

The arrangement of the thick and thin myofilaments produces the
characteristic sarcomere pattern of cross striations seen on electron
microscopic examination, with the thick myosin filaments forming the dark

A bands and the thin actin filaments forming the lighter | bands.

Surrounding the myofilaments is the sarcotubular system consisting of the
T system and the sarcoplasmic reticulum. The T system of transverse
tubules extends from the membrane of the muscle fibre and runs between
the A and | bands. This tubular system is responsible for rapid depolarization
from the cell membrane to all the constituent filaments such that all parts
of the muscle fibre can be stimulated to contract mere or less

simultaneously producing the characteristic ‘twitch’.

The sarcoplasmic reticulum forms a drape around each of the filaments and

is concerned with calcium storage and movement, and muscle metabolism.

Mitochondria with densely packed cristae lie between the myofibrils (figure
3) with their incidence varying according to the type of muscle fibre.
According to Hess (1970), mitochondria are more plentiful in slow rather

than fast twitch muscles so providing the energy source to resist fatigue.

Most skeletal muscles, including the muscles of mastication, exhibit a
mixture of two types of fibres, designated slow and fast twitch. The fibre
type is determined by the frequency of neural activity supplied by the
terminal branches of the nerve fibre or axon whose cell body is in the

anterior horn of the grey matter of the spinal cord (Riley and Allin, 1973).

This cell body, the axon running down the motor nerve and its terminal
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branches together with all the muscle fibres supplied by that nerve
constitute a motor unit (Liddell and Sherrington, 1925). The number of
muscle fibres served by one axon varies according to the degree of finesse
involved in a particular muscle action. The finer the degree of muscle
movement and hence control required, the fewer the fibres per motor unit
(Henneman et a/., 1965).

Carlsdo (1958) recorded the mean number of muscle fibres per motor unit
as 640 for masseter and 936 for temporalis. For comparative purposes
Mdller (1966) quotes 5 fibres per motor unit in the rectus oculi and 1900

per motor unit in the gastrocnemius muscles.

Wyke (1974) described a mixture of small and large motor units in the
supra- and sub-mandibular muscles. The small units being found
predominantly in the sub-mandibular group. He suggests that the small
{phasic) units are involved in the production of rapid mandibular movements
whilst the larger (tonic) units are used for postural regulation and sustained

biting.

Muscle fibres belonging to one motor unit exhibit a remarkable homogeneity
in their properties with similar histochemical profiles. The contractile
response of whole skeletal muscles represents an average response of the
individual fibre types that constitute that particular muscle (Henneman and
Olson, 1965).

i} Skeletal muscle fibre types

For many years muscles were classified according to their gross anatomical
appearance. Initially, this was on the basis of colour with a differentiation

into highly vascular red muscles and less vascular pale or white muscles.
Following the work of Engel (1962) muscle fibres were classified

histochemically by staining for myofibrillar adenosine triphosphatase

(ATPase), and particularly on the basis of the stability of this staining
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reaction with variations in pH. Under alkaline conditions those fibres with
a low (weakly staining) myofibrillar ATPase activity were designated type
| fibres, whilst those presenting a strong staining intensity were designated
type |l fibres. Barany (1967) noted that the myosin ATPase activity was
indicative of the contractile speed of the muscle fibres. Subsequently,
Brooke and Kaiser (1970) noted that when frozen muscle sections were
pre-incubated in acid, a complete reversal of the staining pattern occurred
with type | fibres, whereas type Il fibres showed only a partial change.
Consequently the classification was expanded to include sub-divisions of
type Il fibres. With pre-incubation at pH 4.6 those fibres which
demonstrated a complete inhibition of staining reactivity were designated
type lla fibres. FoII'owing pre-incubation at pH 4.3, fibres which had shown
a strong reaction at pH 4.6 but now showed a weak response were
designated type lIb. A third sub-type of type Il fibre, the lic fibre shows a
residual positive reaction at pH 4.3 but becomes negative at a pH below
3.9. Brooke et al. (1971) have suggested that type llc fibres may be a
precursor of the other muscle fibre types.

The intensity of staining for specific enzymes of the glycogenolytic and
glycolytic metabolic pathways gives an indication of the capacity of the fibre
to contract in the absence of oxygen. Conversely, oxidative enzymes give
an indication of the muscle’s aerobic capacity and hence its ability to resist

fatigue providing a blood supply is maintained.

Recognition of these biochemical properties led to the classification of Peter
et al. (1972) inferred from the staining characteristics of rabbit and guinea
pig muscle in a myosin ATPase (pre-incubation pH 9.4) and a
Dihydronicotinamide adenine dinucleotide (NADH) diaphorase preparation.
Fibres were described as: SO (ie. slow oxidative, equivalent to type | fibres,
staining light with ATPase and dark with NADH), FOG (ie. fast oxidative
glycolytic, staining dark in ATPase and intermediate in NADH) possessing
both high aerobic and anaerobic capacity, equivalent to type lla fibres, and
FG fibres (ie. fast glycolytic with high ATPase and anaerobic capacity,
equivalent to type llb fibres, staining dark in ATPase and light in NADH).
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An alternative sub-division was proposed by Burke et a/. (1971) based on
the mechanical response of all the muscle fibres of a motor unit when their
motoneurone was stimulated by a single electrical pulse (contractile
response) and to a sustained train of stimuli {contractile fatigue response).
Fibres are classified as: S (slow and fatiguable), FR (fast and fatigue

resistant) and FF (fast but rapidly fatigued).

It is evident from the above that several classifications of muscle fibre types
exist and this has undoubtedly led to confusion in the past. A comparison
of the various classifications and the physiological properties of muscle fibre

types is presented in table I.

With regard to the masticatory musculature the picture is clouded even
further since Ringqvist (1971,1973c) has reported the presence of fibres
(ATPase IM) presenting an intermediate staining intensity for myofibrillar
ATPase at alkaline pH and claims this as evidence of the unique structure
and function of these muscles. Although similar findings have been
observed by Serratrice et al. (1976) the incidence of such fibres was
extremely variable. Dubowitz and Pearse (1960) whilst observing these
fibres, especially in animal muscle, did not delineate them as a separate
fibre type. Indeed, the authors felt that such findings may indicate a
technical artifact as it was difficult to assign such fibres to an equivalent

group using an alternative classification.

Billeter et a/. (1980) employed an immunohistochemical technique using
specific antibodies to fast and slow myosins as a means of investigating the
correlation between fibre type and myosin isoforms in human limb muscles.
They concluded that whilst type | fibres contained mainly slow myosin and
type |l fibres fast myosin, type lic fibres contained both fast and slow
myosins in variable proportions. Similar results were observed for the
muscles of mastication by Thornell et a/. (1984) with both ATPase
Intermediate and type llc fibres containing both slow and fast myosins in

variable amounts.
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Table | - A comparison of the classifications and physiological

properties of human skeletal muscle fibre types.

Classification

Brooke and Kaiser | lla 1] lic
(1970)
Peter et al. (1972) SO FOG FG -
Burke et a/. (1971) S FR FF -
Properties
Contraction rate slow fast fast -
Oxidative capacity high > lib low -
Force tension low < lib high -
Fatigue rate slow ~ slow fast -
Function posture fast explosive ?
or slow repet. movt. trans-
repetative movt. or max. itional
movt. tension

The myosiﬁ molecule consists of two heavy molecular weight and four light
molecular weight polypeptide chains. Billeter et a/. (1980) suggested that
the histochemical ATPase activity was determined by the heavy and not the
light chains. It is feasible, as suggested by Thornell et a/. (1984), that all the
various degrees of staining and reactions in masticatory muscle fibres may
be explained by a continuum of various proportions of slow and fast myosin,

heavy as well as light chains.

The heterogenous distribution of the various myosin isozymes has been
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confirmed by Butler-Browne et a/. (1988) with many masseter muscle fibres
containing more than one myosin type. Furthermore, they have shown that
mature human masseter muscle in addition to adult fast and slow myosin
contains two proteins characteristic of developing muscle. The presence of
these neo-natal myosin heavy chains and embryonic light chains were
particularly related to the ATPase Intermediate and type lic fibres giving

further evidence that these fibres may serve a functionally adaptive role.

iii) Skeletal muscle growth and regeneration

The final number of fibres within a muscle is reached some time before
birth. Subsequent growth in length is as a result of an increase in the
number of sarcomeres added primarily at the ends of the muscle fibres
where fusion of myoblasts continues. Further growth in diameter occurs
through the addition of myofilaments around the periphery of the myofibril
up to a critical size whereupon the fibril splits longitudinally into two
myofibrils (Williams et a/., 1989). These processes continue into post-natal

life and some myoblast cells persist into adult life as satellite cells.

The fibre diameter is greatly affected by activity, such that exercise leads
to fibre hypertrophy, whereas disuse results in atrophy (Rowe and
Goldspink, 1969). Fibre atrophy also occurs following denervation being

replaced by fibrous connective tissue.

Human skeletal muscle is capable of limited regeneration following injury,
although the exact mechanism remains unclear. According to Carlson
(1973) following damage and removal of the necrotic material by
multinucleate cells, nucleated cylinders of cytoplasm and the basement
membrane remain intact. These cylinders fuse and grow back inside the
basement membrane to form a myotube. Satellite cells are also believed to
be involved in the process, possibly fusing at the ends of the existing

cytoplasm to form part of the new fibre (Bischoff, 1975).
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iv) The connective tissue component

Types | and lll collagen fibres are major contributors to the connective tissue
element of muscle structure. Type | collagen fibres form long thick bundles
which are virtually inelastic, whilst type Ill collagen forms a loose reticular
arrangement. Two other collagen types are present but in smaller
proportions; type IV which forms a macromolecular network ideally adapted
to the highly flexible and mechanically stable sheet-like structure of the
basement membrane, and type V collagen present as small fibres around the
muscle cells (Kuhn, 1986).

The role of collagen in muscle development and regeneration has, until
recently, been largely neglected. Bailey et a/. (1979) have demonstrated
through Jin vitro studies that collagen substrate is important in the
promotion of myoblast differentiation, whereas several authors (for example
Carlson, .1973) have stressed the importance of the presence of the
basement membrane for myotube orientation during the regeneration of

damaged muscle.

v) Muscular contraction

The contraction of skeletal muscle is initiated by membrane depolarization
at the motor end-plate. The resultant action potential is transmitted to all
fibrils by way of the T system with a corresponding release of calcium ions
from the sarcoplasmic reticulum. Calcium initiates the contraction by binding
to the troponin molecules, and the troponin/calcium complex in turn
activates actin permitting the development of cross-linkages between the
actin and myosin molecules at the myosin heads. The contractile response
is a result of repeated forming, breaking and reforming of cross-linkages
between the actin and myosin molecules. This interaction requires a
continual source of energy provided by the hydrolysis of adenosine

triphosphate (ATP) by myofibrillar adenosine triphosphatase (ATPase).

According to Faulkner et a/. (1978) the general sequence of energy flow
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during contraction is:-

1. Immediate hydrolysis of ATP with the release of high energy
phosphate bonds.

2. Within milliseconds, the re-synthesis of ATP from adenosine
diphosphate (ADP) and creatinine phosphate begins.

3. Within secon&s, the glycolytic pathway is activated to provide
energy for the first forty seconds of contraction. This extra source of energy
from anaerobic glucose breakdown permits muscular exertion of greater
magnitude but of limited duration.

4. Gradually over the first 60-90 seconds energy from mitochondrial
oxidative phosphorylation provides an increasing proportion of the steady

rate energy requirements.

Itis apparent, therefore, that muscle fibres with a high mitochondrial density

are more resistant to fatigue compared with fibres possessing a low density.

vi) The gross anatomy and functions of masseter and temporalis

muscles

The muscles of mastication to be considered in this study are masseter and
temporalis. Their anatomy and function are as described by Williams et a/.
(1989).

Masseter

Masseter muscle is a quadrilateral shaped muscle composed of three

superimposed layers which blend anteriorly.

The superficial layer is the largest and arises from the thick aponeurosis
from the zygomatic process of the maxilla and from the anterior two-thirds
of the lower border of the zygomatic arch. The fibres pass downwards and
backwards to be inserted into the angle and the lower half of the lateral

surface of the ramus of the mandible.
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The middle fibres arise from the deep surface of the anterior two-thirds of
the zygomatic arch and lower border of the posterior third and are inserted

into the middle of the ramus of the mandible.

The deep fibres arise from the deep surface of the zygomatic arch and are
inserted into the upper part of the ramus and coronoid process of the

mandible.

The principal action of the masseter muscle is to elevate the mandible with
a small effect in lateral and protrusive movement and minimal activity in the
rest position. The relative involvement of the different fibre layers during
functional movements of the mandible has been fully elicited through
electromyographic studies (Vitti and Basmajian, 1977).

Temporalis

The fan shaped muscle arises from the whole of the temporal fossa except
that part formed by the zygomatic bone, together with the deep surface of
the temporal fascia. The anterior and posterior fibres converge to attach,
via a tendon, to the medial surface, the apex and the anterior and posterior
borders of the coronoid process and the anterior border of the ramus of the

mandible nearly as far as the last molar tooth.

The anterior fibres elevate the mandible and the posterior fibres whilst
providing a backward pull during closing specifically draw the mandible back
after protrusion. Electromyography suggests the muscle is active during
forced elevation of the mandible but not in slow elevation (Vitti and
Basmajian, 1977).
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Musculo-skeletal adaptation

Adaptation can be defined as those structural and physiological changes
which serve to maintain functional homeostasis or to enhance functional

capabilities in a changing environment (Faulkner et a/., 1978).

McNamara (1972) proposed that with regard to the musculo-skeletal

system, adaptation could occur at four sites:

i) Within the central nervous system

The development of altered neuromuscular feedback appears to be one of
the earliest and most rapidly occurring adaptive mechanisms. Minor
alterations in the position of the skeletal attachments of the oro-facial
muscles or changes in muscle length have profound effects on the muscles
of mastication (Carlson et al, 1982). Golgi tendon organs and
proprioceptors within the periodontal membrane and temporomandibular
joint provide feedback through the central nervous system regarding the

spatial relationship of the maxilla and mandible.

ii) Within muscle

Adaptation can take place within muscle through the geometric
rearrangement of fibres, and/or changes in both sarcomere number and
length, and/or changes in muscle physiology through the distribution of fibre

types, their metabolic capabilities and their resultant contractile properties.

The fact that muscle geometry is the result of functional needs and is not
simply genetically determined has been shown through changes in fibre
length, cross-sectional area and fibre arrangement occurring normally during
growth, with advancing age and, for example, in response to plaster
immobilization (Maxwell et a/., 1974). When muscles are maintained in a

lengthened position it is possible for the insertions of individual muscle fibres




to migrate so returning the fibre length to normal whilst maintaining the

increased length of the muscle as a whole (McNamara et al., 1978).

Sarcomere length appears to be stable within a given muscle. One possible
explanation of this could be that following stretching of a muscle, the
reduced overlap of the actin and myosin filaments and the corresponding
reduction in the number of cross-bridges (Goldspink, 1972), is perceived
through proprioceptors with a resultant contraction of the muscle so pulling
the altered segments back to their original position. Alternatively, sarcomere
length could be re-established by the addition of sarcomeres within the
stretched fibre at either the muscle/tendon junction (Speidel, 1938) or at the
end of individual fibrils (Crawford, 1954).

Adaptivé changes in muscle physiology have been shown to occur under
varying circumstances. Faulkner et a/. (1971, 1972) and Maxwell et al.
(1973) for example, have demonstrated a reduction in the oxidative capacity
of skeletal muscle fibres with age, whereas an increase occurs in response
to endurance training. Similarly a change occurs from fast to slow myosin
in response to age (for example, Karpati and Engel, 1968) and as a result of
cross-innervation (Bardny and Close, 1971). With specific regard to
physiological adaptation of the muscles of mastication, Carlson and
Poznanski (1982) reported the findings of their associated research team
using the rhesus monkey as their animal model. Myofibrillar ATPase activity,
oxidative capacity and cross-sectional area were studied for masseter and
temporalis muscles following a reduction in functional length, through dental
extraction, and an increase in functional length through bite opening

appliances.

Biopsies from eleven adult female rhesus monkéys rendered edentulous up
to five years previously were compared with specimens taken from an age
and sex matched control group. The results indicated that the masseter and
temporalis muscles responded to the reduced facial vertical dimension, the
reduced functioning length and altered masticatory function in that there

was a reduced percentage of type | fibres and an increase in type |l fibres
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with a significant reduction in oxidative capacity. Although the proportions
of all fibre types were affected, only type | fibres showed a significant

change in size through a reduction in cross-sectional area.

The type | fibre atrophy was believed to indicate a decrease in the load
resisted by the slow fibres brought about by a decreased role in the

maintenance of mandibular posture, decreased masticatory effort or both.

The effect of increasing the vertical dimension was studied in adult female
rhesus monkeys by means of an intra-oral bite-opening appliance designed
to create an 18 - 20 mm interincisal opening and an 8 to 10% stretch in
masseter muscle (Carlson et al., 1982). The results indicated the relative
stability of the masseter and temporalis muscles with respect to fibre
percentage composition. Those monkeys who received an appliance but
underwent a bilateral masseter myotomy and surgical reattachment of the

muscle again showed some atrophy of type | fibres.

In discussing the results of these animal experiments Carlson and Poznanski
(1982) expressed the view that the appearance of a particular type of
myofibrillar ATPase seems to be a result of neural influence primarily and
therefore was determined relatively early'in development. A change in fibre
proportion was more likely to be due to splitting of type |l fibres and not a
transformation of the type of ATPase synthesized by the muscle fibres as
suggested by Rowe and Goldspink (1968). The general conclusion,
therefore, was that muscle fibres reflect alterations in function rather than

being the primary determinant of function.

iii) At the muscle- tendon and muscle- bone interfaces

Both the muscle-tendon and muscle-bone interfaces are active sites of
adaptation since the interface itself is composed primarily of collagen fibres.
Iin the case of the muscle-bone interface two general types of attachment
are evident- periosteal and tendinous. Periosteal attachments are

characterized by a blending of the muscle fibres with the fibrous outer layer
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of the periosteum from which collagen fibres pass into the cortical bone.
The bone surface beneath the attachment may be either depository or
resorptive depending upon the local circumstances of bone or muscle
growth (Enlow, 1975).

In tendinous muscle attachments the muscle fibres blend with collagen
fibres of the tendon itself which acts as a link of variable length between
muscle and bone. Like the musclé-bone interface, the muscle-tendon
interface is an extremely active site of growth and of adaptation to

biomechanical forces which alter the muscle length itself.
iv) Within bone

Two major non-pathological adaptations can occur within or between bones
following surgical alteration of facial form. Firstly, a change in the spatial
orientation of bones which may act as origins or insertions of muscles may
affect the functioning length of the associated musculature and secondly,
localized bony remodelling which will affect the size and shape of individual
bones. Both of these forms of adaptation may compromise the surgical
result leading to relapse. The aspects of relapse relevant to the present

study will be discussed in the next section.
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The techniques and stability of the surgical correction of vertical facial
deformities

Surgical techniques devised to correct cranio-facial and dento-facial
deformities have been reported since the early 19th century. However it
was the development of the versatile sagittal split osteotomy of the
mandible (Trauner and Obwegeser, 1957) and the downfractured Le Fort |
osteotomy of the makxilla (Bell, 1975; Epker and Wolford, 1975) that has

now enabled the treatment of an extensive range of deformities.

When assessing patients for orthognathic surgery it is essential to consider
the deformity in all three planes of space. Vertical deformities can occur on
any class of antero-posterior skeletal pattern. Furthermore, it is important
to appreciate that antero-posterior and vertical movements of the makxilla
will have a secondary effect on the spatial location of the mandible. This
rotational effect (autorotation) may or may not be aesthetically desirable. It
is, therefore, common for combinations of surgical techniques to be
undertaken in order to produce the most aesthetic, efficiently functioning

result.

With regard to vertically deficient facial abnormalities, surgical techniques
may include maxillary inferior repositioning with or without advancement,
and /or a forward sliding mandibular osteotomy with or without anterior

segmental surgery and genioplasty.

Similarly, abnormalities incorporating an increased vertical height may
require corrective procedures ranging from a reduction genioplasty through
to a maxillary impaction in combination with a sagittal osteotomy of the

mandibular ramus and /or genioplasty.

When considering the stability of the various procedures it is therefore

appropriate to consider them both in isolation and in combination.
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i) Isolated maxillary procedures

a)}Vertical repositioning

Inferior repositioning of the maxilla has the reputation of being one of the
least stable orthognathic procedures. Relapse reported in the literature has
been shown repeatedly to be extremely variable. Bell and Scheidman
(1981), for example, noted relapse in 11 patients to vary from O to 100%,
with a mean of 31%, whilst Wolford and Hilliard (1981) reported a range of
20 to 70%. Numerous attempts have been made to augment the stability
of the result including pre-operative muscle lengthening splints, inter-
positional bone grafts, the use of threaded Steinmann pins into the
zygomatic buttress and rigid intra-osseous fixation techniques (Welch,
1989). Several of these modified techniques have failed to eliminate relapse,
perhaps not surprisingly as they clearly demonstrate a lack of understanding
of the adaptive abilities of muscle and bone. Several authors, therefore,
recommend overcorrection to allow for relapse. Bell and Scheidman (1981),
for example, recommend adding 2mm to the ultimate desired vertical

change, whilst Freihofer (1981) suggests a 50% overcorrection.

In contrast to inferior repositioning procedures, maxillary impaction
techniques have been reported to be generally stable. Studies by Bell and
McBride (1977), who analyzed the results of 41 patients with vertical
maxillary excess treated by Le Fort | osteotomy, and Schendel et a/.(1976),
who reported on 30 patients studied over one year following surgery, both
showed minimal post-operative movement, and that which did occur was
found to be in the same direction as that achieved at surgery. More recently
Proffit et al. (1987) examined 61 patients who underwent superior
repositioning of the maxilla. During fixation,if the posterior maxilla were to
move, it was generally more likely to intrude rather than relapse inferiorly.
The posterior maxilla was vertically stable in 90% of cases. The anterior
maxilla also moved superiorly during fixation and remained stable in 80% of
cases. The analysis showed no difference when comparing 6ne-piece

maxillary osteotomies to multiple segmental procedures.
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b) Maxillary advancement

Individual modifications to surgical techniques and methods of fixation
preclude direct comparison of stability studies following Le Fort | maxillary

advancement.

Aranjo et al. (1978) reported relapse of between 31 and 68% of the
advancement when this was undertaken without bone grafting, compared
to a second group of ten patients where relapse varied from O to 5% when
grafts were placed between the tuberosity and pterygoid plates. Rather
surprisingly, the authors then concluded that routine use of bone grafts was

not indicated with notable exceptions, for example, cleft palate deformities.

Teuscher and Sailer (1980) followed the progress of 16 patients for a
minimum of one year following advancement and reported virtually no
change in maxillary position. Similar findings were reported by Horster
(1980) who recommended the routine use of bone grafts and rigid plate
fixation. Luyk and Ward-Booth (1985) emphasized that adequacy of fixation
was of prime importance for stability rather than grafting, but the study only

examined four patients for a period of three months.
Carlotti and Schendel (1987) reported excellent stability in 16 of 18 cases
stabilized by a variety of techniques. They commented that any skeletal

changes which did occur were complete within 5 months of surgery, but

that dental compensations could continue for at least 12 months.

ii) Isolated mandibular procedures.

a) Mandibular advancement.

Welch (1989), in a comprehensive review of studies, both animal and

human, reported relapse ranging from 22 to 50%.

McNeil et a/. (1973) postulated that condylar distraction from the glenoid
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fossa and a posteriorly directed soft tissue force and muscle pull as being
the two mechanisms for relapse. More recently Wessberg et a/. (1982a)
added the method and duration of fixation as being important. As a
consequence attention has focused on the use of rigid fixation techniques,
as a means to control the proximal segment, and the effect of the
suprahyoid musculature. Animal investigations by Ellis et a/. (1988) and
human studies by Barer et a/. (1987) have found total stability. However,
the size of the advancement may still be significant as Van Siskels et al.
(1986) found consistent relapse despite rigid internal fixation in cases where

the advancement exceeded 6mms.

b) Mandibular set-back.

Despite the numerous surgical procedures available to setback the mandible,

comparatively few authors have addressed the post-operative stability.

Reitzik (1974, 1980) in a study of 50 cases treated by a variety of ramus
and angle procedures studied skeletal change up to one year following
surgery. Antero-posterior relapse was noted in 50% of cases. Similar
findings were noted by Vijayaraghaven et a/. (1974) in a study of 16 sagittal
split osteotomies where relapse of up to one-third of the surgical correction

occurred in 50% of cases one year following surgery.

In the 1974 study Reitzik observed an increase in anterior face height in
90% of his cases with a resultant variable degree of anterior open bite

which he attributed to disruption of the pterygo-masseteric sling.

Morrill et al. (1974) found horizontal relapse in 17 of 22 patients one year
following surgery but surprisingly found that the remaining 5 cases showed
a continued posterior movement. Surgery also resulted in an increase in the

mandibular plane angle and this angle continued to increase post-surgically.

Hunt (1980) in a study of 30 cases who had undergone sagittal split

correction of mandibular prognathism employing minimal rotation found the



results as a whole to be stable, the relapse occurring being neither
statistically nor clinically significant. This was in contrast to a later
unpublished study by the same author in which surgery produced marked
changes in both anterior and posterior face height. Vertical relapse was

significant in the majority of cases.

iii) Simultaneous bimaxillary procedures.

Stability studies of simultaneous bimaxillary procedures have produced a
whole spectrum of results when compared to single-jaw osteotomies.
LaBanc et al. (1982), for example, analyzed 100 consecutive cases and
concluded that there was an increased incidence of relapse when compared
to single-jaw surgery. Quejada et a/. (1987) found no difference in stability,
whereas Brammer et a/. (1980) in a study of 12 patients treated with
maxillary impaction and advancement combined with mandibular
advancement found a strong correlation between superior repositioning of
the posterior maxilla and decreased mandibular relapse. They concluded that
the decreased facial height resulting from the impaction maximized the
autorotational advancement of the mandible thereby reducing the absolute

forward movement of the mandible required.

The variation in response between individuals is highlighted by close
examination of the least stable group included in the study of Hiranaka and
Kelly (1987). Three patients were treated by an inferior and anterior
movement of the maxilla together with a mandibular setback. One patient
had complete relapse, one had no post-operative change and one showed
continued downward movement.There was no correlation between the

change in posterior face height and relapse.

In conclusion it is apparent that certain osteotomy procedures are more
stable than others. Currently, however, there is no way to predict which
patients will remain stable and, if post-operative movement is to take place
in which direction that movement will occur. Furthermore, although

bimaxillary procedures are finding an increasing prominence in orthognathic
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surgery, it is still unclear whether all deformities that require two-jaw
procedures should be treated as a combined operation or staged separately
(Welch, 1989).

Summary

This literature review has, so far, briefly discussed the general aspects of
cranio-facial growth, especially in the vertical dimension, the possible causal
mechanisms of abnormal growth and the surgical techniques available,
together with their success rates, for the correction of extreme vertical

facial abnormalities.

The muscles of mastication have been cited as one of the factors whose
strdcture and function may influence cranio-facial development. Certainly it
is apparent, from the fairly limited information available, that these muscles
may exhibit a structure which could possibly be considered to be fairly
unique amongst other human skeletal muscles, but the question as to
whether their structure and, perhaps, function affect facial morphology

remains, to a large extent, unanswered.

Furthermore, although it is evident that skeletal muscles possess the ability
to adapt to functional needs, it is not apparent whether this is true for all
individuals and yet this is an essential requirement if surgical correction of

facial abnormalities is to prove successful and remain stable.

i) Overall aims_of the investigation

The overall aim of this series of investigations is to provide further
information into the role of the muscles of mastication in determining facial
form and in particular how those muscles adapt or respond to the surgical
rehabilitation of individuals with diverse facial abnormalities in the vertical

dimension.
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i) The assessment of masticatory function

Techniques to assess masticatory muscle function include
electromyography, the analysis of mandibular movement (kinesiography),
the measurement of certain physiologic correlates of muscle contraction,
such as occlusal bite force, and invasive techniques such as the

histochemical characterization of the muscle fibres themselves.

These methods of investigation will form the basis for the individual aspects
of this study and will provide an overall view as to the structure and

function of the muscles of mastication.

Histochemical analysis has the obvious disadvantage of requiring surgical
excision of muscle tissue and, therefore, may be limited in its acceptance
by patients. To date there have been only two published studies (Ringqvist,
1973b and Shaughnessy, 1986) which have correlated histochemical
characteristics with occlusal force. Furthermore, only Shaughnessy (1986)
has attempted to discover whether other non-invasive measurement
techniques could provide similar information regarding muscle metabolic
characteristics. As data will be collected by both invasive and non-invasive

techniques correlation of that data will form the final aim of this study.
For ease of presentation the various investigations will be presented

separately in individual chapters, following which the results will be brought

together and discussed.
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Statistical methods used throughout the studies.

Two computer packages, Minitab Release 7' (1989) and SAS System for
Statistical Analysis?> were used to analyze the data accumulated in the

various studies.

The data were first tested to ensure they conformed to a normal distribution
using either plots of Normal Score Transformations or the Shapiro-Wilk test.
Descriptive statistics included the sample mean (x), standard deviation (SD)
and standard error of the mean (SE) as well as the 95 % confidence interval
(95% Cl). Where the data were not normally distributed the median and

inter-quartile (%-ile) limits were noted.

Prior to undertaking comparative statistical analysis, the variances of the

samples were compared using Snedecor’s Variance Ratio Test (F test).

In those situations where the data were normally distributed and the F
statistic not exceeded, comparative analysis involved either the paired or un-
paired two-tailed ¢ test. Multiple comparisons were made using the one-way
analysis of variance (ANOVA). Relationships between sets of data were
analyzed using the Pearson correlation coefficient ( r ) and where
appropriate either linear regression or step-wise multiple regression. Where
relationships between multiple variables with varying inter-dependence were
being assessed, data reduction was first undertaken through Principal
Component Analysis (PCA) and the relationships between the groups of
variables studied through Canonical Correlation Analysis. More detail
regarding these two analyses will be given in the appropriate part of the

text.

Where the requirements for parametric statistical analysis were not met, the
data were analyzed using either the Wilcoxon Signed Rank test for paired
data or the Mann-Whitney U test for un-paired data as appropriate.

Comparisons between several groups were made using the Kruskal-Wallis
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test.

When assessing the systematic and random errors involved in the study
design, both the Dahlberg error (Dahiberg, 1940) and the coefficient of
reliability (Houston, 1983) were noted.

The minimum level of significance ( a level) accepted throughout the studies
was 0.05 (*), considered to be moderately significant. Levels of 0.01 (**)
were considered as significant and 0.001 (***) designated as highly

significant. A lack of statistical significance was designated as (ns).
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Chapter 2

THE CEPHALOMETRIC ASSESSMENT OF THE STUDY CASES
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Cephalometric Investigations

Each of the succeeding chapters in which masticatory muscle structure and
function is examined by differing investigative techniques will correlate
those findings with facial form as measured by lateral skull cephalometric
radiography. It is pertinent, therefore, to describe the cephalometric

measurement techniques used.

i) Material

Serial lateral skull cephalometric radiographs were taken as part of the
routine evaluation of patients attending the combined orthodontic / oral
surgery clinics at the Eastman Dental Hospital. Radiographs of those adult
Caucasian patients assessed clinically as possessing a vertical facial
abnormality as part of their overall facial deformity were included. However,
those patients exhibiting facial deformities as part of more complex
syndromes, cleft palate deformities, endocrine disorders or those with other
obvious pathologiesincluding disorders of the temporo-mandibular joint were

excluded.

Cephalometric assessment was based on radiographs taken immediately
prior to operation, at the removal of intermaxillary fixation and

approximately one year later.

ii) Method

Tracings were made of the lateral skull radiographs using a 4H pencil and
fine grain, high quality tracing paper. Tracings were carried out in a
darkened room using a frame to eliminate excess light and facilitate
landmark identification. The complete series of radiographs of one patient
was traced on the same occasion but in a randomized order so as to reduce
systematic error (Houston, 1983). No more than six radiographs were traced

on any one occasion in order to minimise error due to operator fatigue.
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The tracings were then digitized using a GTCO? Digitizer linked to a micro-
computer for data storage and subsequent statistical analysis. The di

gitizing programme was written by Dr P. Furness.

iii) Cephalometric landmarks and measurements

The following cephalometric landmarks were digitized from the tracings
(figure 4) and unless otherwise stated are as described by Krogman and
Sassouni (1957).

S - Sella. The midpoint of the sella turcica determined by inspection.
N - Nasion. The most anterior point on the fronto-nasal suture.
Or - Orbitale. The most inferior point on the bony orbital margin.

ANS - Anterior nasal spine. The tip of the anterior nasal spine. If this point
was not clear the base of the spine was bisected.

PNS - Posterior nasal spine. The tip of the posterior spine of the palatine
bone of the hard palate. If this point was not clear, the base
of the spine was bisected.

A - Point A (Sub-spinale). The deepest midline point on the maxilla
between anterior nasal spine and the alveolar crest.

B - Point B (Supra-mentale). The most posterior point on the outer
contour of the mandible between pogonion and the alveolar
crest.

UA - Upper incisor apex. The apical point of the most anterior upper
incisor.

UE - Upper incisor edge. The incisal edge of the most anterior upper
incisor.

LE - Lower incisor edge. The incisal edge of the most anterior lower
incisor.

LA - Lower incisor apex. The apical point of the most anterior lower

incisor.

UM - Upper molar cusp. The tip of the mesiobuccal cusp of the upper
first molar.

LM - Lower molar cusp. The tip of the mesiobuccal cusp of the lower
first molar.
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Pg - Pogonion. The most anterior point on the bony chin.
Me - Menton. The most inferior point on the bony chin.

Go - Gonion. The most posterior inferior point at the angle of the
mandible. This point was determined by constructing and
bisecting the angle formed by the tangents to the lower and
posterior borders of the angle of the mandible. Where the
bisector met the contour of the mandible was deemed to be
gonion.

Ar - Articulare. The point of intersection of the posterior border of the
mandibular ramus and the inferior border of the base of the
skull (Bjork, 1947).

Po - Porion.The uppermost contour of the ear-post sited in the external
auditory meatus.

In order to minimise the error associated with tracing the incisors, templates
of the upper and lower incisors were constructed for each individual case,
by selecting the best incisor projection from the patient’s radiographic

sequence.

Where bilateral landmarks produced a double image, the midpoint between
those images was chosen in order to reduce enlargement error (Baumrind
and Frantz, 1971a).

In many cases following surgery involving a sagittal split osteotomy, up to
four shadows may be evident in the angle region of the mandible (figure 5).
In such cases gonion constructions were drawn for each shadow and the
midpoint of the constructions being ultimately recorded as gonion for that

film.
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Figure 4 - Cephalometric landmarks.
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8. NSAr -The angle at sella between the S-N line and a line from N to
articulare. The saddle angle.

9. SArGo -The anterior angle at articulare between lines from Ar to gonion
and Ar to sella. The joint angle.

10.ArGoMe -The superior angle at gonion between lines from Go to
articulare and Go to menton. The gonial angle.

11.Ulmax -The angle formed by the intersection of the long axis of the
upper incisors (UE to UA extended) and the maxillary plane.

12.UISN -The angle formed by the intersection of the long axis of the upper
incisors and the S-N line.

13.LImand -The angle formed by the intersection of the long axis of the
lower incisors (LE to LA extended) and the mandibular plane.

14.LISN -The posterior angle formed by the intersection of the long axis of
the lower incisors and the S-N line.

and 13 linear measurements (figures 8 and 9):

15.UAFH -The upper anterior face height. The distance between point N
and the maxillary plane measured along a perpendicular to the
maxillary plane.

16.LAFH -The lower anterior face height. The distance between Me and the
maxillary plane measured along a perpendicular to the maxillary
plane.

17.UPFH -The upper posterior face height. The distance between S and the
maxillary plane measured along a perpendicular to the maxillary plane.

18.LPFH -The lower posterior face height.The distance between Go and the
maxillary plane measured along a perpendicular to the maxillary plane.

19.TAFH -The total anterior face height measured as the sum of the upper
and lower anterior face heights.

20.TPFH -The total posterior face height measured as the sum of the upper
and lower posterior face heights.

21.UADH -The upper anterior dental height measured as the perpendicular
distance from the maxillary plane to UE.

22.UPDH -The upper posterior dental height measured as the perpendicular
distance from the maxillary plane to UM.
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Figure 7 - Cephalometric angular measurements cont®.
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23.LADH -The lower anterior dental height measured as the perpendicular
distance from the mandibular plane to LE.

24 .LPDH -The lower posterior dental height measured as the perpendicular
distance from the mandibular plane to LM.

25.ML -The mandibular length measured as the distance between the points
Pg and Ar.

26.RH -The mandibular ramus height measured as the distance between
points Go and Ar.

27.Body -The mandibular body length measured as the distance between
points Go and Pg.

The two remaining linear measurements were made relative to a vertical
reference line passing through sella and drawn at 98 degrees to the S-N line.

28.0J -Incisor overjet measured as the difference in horizontal distance of
perpendiculars from the reference line to UE and LE.

29.0B-Incisor overbite measured as the vertical distance along the reference
line between perpendiculars from that line to UE and LE.

Finally three proportional measurements were recorded:

30.%LAFH -The LAFH expressed as a percentage of the TAFH.
31.%LPFH -The LPFH expressed as a percentage of the TPFH.

32.FPI -The facial proportions index as described by Opdebeeck et a/.
(1978) and derived from subtracting the upper anterior facial
proportion from the lower (both being expressed as a percentage of
the TAFH). For normal vertical proportions this figure would be 10,
ie 55% - 45%. A figure less than 10 would indicate a short face
tendency, whilst a figure greater than 10 would indicate features
of a long face.
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Figure 8 - Cephalometric linear measurements.
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Figure 9 - Cephalometric linear measurements cont”.
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iv) Masticatory muscle orientations

Throckmorton et a/. (1980) have suggested that the activity of the muscles
of mastication may be related to the geometric arrangement of those

muscles relative to the occlusal plane.

In order to evaluate the orientation of the muscle fibres to both the
morphology of the facial skeleton and the dentition, seven additional
cephalometric points were identified to help establish the origins and
insertions of the superficial masseter and temporalis muscles. These points
were based on the study by Takada et a/. (1984) in which the muscle
attachments were identified by direct comparison of dry skulls and

radiographs of the same skulls. The additional points were (figure 10):
33.Sor -Supraorbitale. The most anterior point on the intersection of the
inferior surface of the roof of the orbit and its lateral contour.

34.KR -Key ridge. The lowermost point on the contour of the anterior limit
of the infratemporal fossa.

35.AGo -Antegonion. The highest point on the notch of the lower border of
the ramus where it joins the body of the mandible.

36.C1 -Coronoid point 1 - The most inferior point on the anterior contour of
the coronoid process.

37.C2 -Coronoid point 2 - The most superior point on the anterior contour
of the coronoid process.

38.C3 -Coronoid point 3 - The most superior point on the posterior contour
of the coronoid process.

39.C4 -Coronoid point 4 - The most inferior point on the posterior contour
of the coronoid process.



Figure 10 - Additional cephalometric points used in the muscle orientation

study.

SOr
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The points representing the origins and insertions of the muscles were then
taken as follows (figure 11):

Point IM -The insertion of the superficial masseter muscle taken as the
midpoint of a line joining AGo to Go.

Point AT -The origin of anterior temporalis muscle taken as the midpoint
between the intersections of the S - N line with the contours of the
greater wing of the sphenoid bone and the anterior limit of the infra-
temporal fossa.

Point PT -The origin of the posterior temporalis muscle taken as the midpoint
between SOr and Or projected on a perpendicular to the Frankfurt
plane (Or - Po) at Po.

Point PC -The insertion of the temporalis muscle taken as the midpoint of
a line bisecting the angle formed between lines joining C1 to C2 and
C3 to C4, and a line parallel to the Frankfurt plane passing through
KR.

Having established the lines of action, the orientation angles between the
muscles and the upper and lower occlusal planes were calculated, the
occlusal plane being defined as a line joining the incisor edge with the molar

point (figure 12).

40.UOPMASS and 41.LOPMASS -The superficial masseter angulation
measured as the anterior angle formed between the upper or lower
occlusal plane and a line parallel to the line connecting KR and AGo
through IM.

42 .UOPAT and 43.LOPAT -The anterior temporalis angulation measured as
the anterior angle formed between the occlusal planes and a line
through PC and AT.

44 UOPPT and 45.LOPAT -The posterior temporalis angulation measured as
the anterior angle formed between the occlusal planes and a line
through PC and PT.



Figure 11 - Derived points representing the origin and insertions

of the masticatory muscles.
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Figure 12 - The masticatory muscle orientation angles.
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v) The error of the method_of cephalometric techniques

Three sources of error are evident when undertaking cephalometric
techniques (Baumrind and Frantz, 197 1a).These can be considered as:
a) Errors of radiographic technique and projection error

b) Errors in landmark identification and location

c) Measurement error.

Errors of radiographic technique and projection error

All the radiographs used in this study were produced to a standardized
procedure. However, any radiographs which displayed obvious

malpositioning of the head in the cephalostat were rejected.

Projection errors are inevitable when producing two dimensional shadows
of three dimensional objects from a non-parallel X-ray beam. Points in the
mid-sagittal plane are least affected whereas bilateral landmarks will
undergo differential enlargement. When two images of bilateral structures
were identified, the midpoint between the respective landmarks was

registered in order to minimize the enlargement error.

In order to compare the results of this study with those of other workers it
was necessary to incorporate a correction factor (0.93) into the computer
programme to take into account the magnification of the linear distances

recorded.

Errors in landmark identification and location

It has been demonstrated that each landmark has its own characteristic and
often elliptical envelope of error. Errors of identification were reduced by
using, whenever possible, measurements from landmarks in their most
reliable plane. Some points, notably the incisor apices are notoriously
difficult to locate and in these cases templates were constructed from the

most clearly identifiable radiograph in that particular patient’s series. Points
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which lie on curves with large radii (for example, gonion) show a tendency
towards greater error but this was minimized by using constructed

landmarks where possible.

All points on the tracing were digitized using the two pass method. Points
were rejected by the computer if the difference between the two passes

exceeded 0.2 mm.

Measurement Error

Since all measurements were calculated by the computer, this source of

error was eliminated.

a) Assessment of the overall error of the method for the
cephalometric study.

In order to establish the overall error of the method thirty radiographs were
selected at random by an independent observer and coded. The author then
produced repeat tracings which were subsequently digitized. A comparison
of the linear and angular measurements recorded on the two occasions gave
an indication of the combined systematic and random errors involved in the
study. The overall error of the method was calculated according to the
formula of Dahlberg (1940). In addition, the coefficient of reliability gave an
indication of the error variance in relation to the total variance of the
measurement, and the paired ¢t test was indicative of the systematic error
(Houston, 1983).

b) Results

The results for each of the linear and angular measurements involved in the

study are shown in table Il.

Whilst the results of the error study for the cephalometric variables are

within acceptable limits, they are generally higher than the majority of
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Table Il - Errors of the method for the cephalometric variables

Angular measurements

SNA
SNB
SNPg
SNmand
SNmax
MM
FMPA
NSAr
SArGo
ArGoMe
Ulmax
UISN
Limand
LISN

Linear measurements

UAFH
LAFH
UPFH
LPFH
TAFH
TPFH
UADH
UPDH
LADH
LPDH
ML

RH
Body
oJ

OB
%LAFH
%LPFH
FPI

Muscle orientation angles

UOPMASS
LOPMASS
UOPAT
LOPAT
UOPPT
LOPPT

Dahlberg

error

0.50
0.64
0.81
0.56
0.64
0.73
0.83
1.42
1.32
0.64
0.72
1.10
0.53
0.73

0.64
0.81

0.90
0.77
0.68
0.43
0.92
0.53
0.59
0.47
0.84
0.66
0.64
0.56
0.47
0.70
1.17
0.50

1.18
1.94
1.28
1.01
2.77
2.12

Coefficient of
reliability

99.3
99.1
98.2
99.3
97.9
99.2
99.4
97.4
95.5
99.4
99.4
99.3
99.6
99.5

93.2
99.3
99.7
99.5
99.2
99.2
96.4
92.9
96.2
99.4
99.8
99.3
98.6
95.8
99.3
99.6
99.5
93.7

97.0
90.8
92.0
98.9
92.5
94.9

t test

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns
ns

ns
ns
ns
ns
ns
ns
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cephalometric studies undertaken within the same department, including
those by the author (for example Hunt, 1980). It must be stressed,
however, that the random selection of radiographs for inclusion in the error
study would inevitably include those of patients who had experienced
extensive bimaxillary surgery making landmark identification more difficult.
The coefficient of reliability was greater than 90% and therefore considered
acceptable.

Houston (1983), whilst discussing types of error which may occur during
orthodontic measurement stresses the importance of the terms validity and
reproducibility. In the present investigation one must question whether the
method described for determining the muscle orientation angles forms a
valid representation of the true lines of action of the muscles. Recent
advances in computerised tomography and magnetic imaging techniques
would provide a more valid and realistic approach but unfortunately such
techniques were not available when the study was designed. In the absence
of a better alternative it was decided to proceed with the approach

described but to view the results with caution.

From the point of view of reproducibility the results of the repeat
measurements were surprisingly precise bearing in mind the large number
of geometric constructions, each with their own source of error, required to
establish the orientation angles. The size of the Dahlberg error was
acceptable bearing in mind the size and range of the recorded angles but
certainly care would need to be taken when considering changes in the
orientation angles with treatment or time. Unfortunately, Takada et
al.(1984) fail to quote figures for the method error in the technique
described and therefore it is impossible to draw what would have been

useful and essential comparisons.
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vi) Classification of patients according to facial type

For some sections of this study it was appropriate to sub-divide the
patients, on the basis of their facial morphology, into long and short face
groups. It is apparent, however, that although the two groups are well
recognized clinical entities, they cannot be differentiated on the basis of any

single cephalometric variable, but rather by a pattern of variables.

The cephalometric studies of the "long face syndrome" (Schendel et a/.,
1976) and the "short face syndrome"” (Opdebeeck and Bell, 1978)
highlighted those features which are most commonly at variance from
"normal”. Consequently it was decided to classify the patients in this study
using a weighted points system based upon the values of eight
cephalometric variables considered by the above authors as being significant

features of vertical facial type.

These variables were :

1. SN-Mand 5. %LAFH
2. MM 6. FPI

3. ArGoMe 7. UPDH
4. TAFH 8. 0B

The total score was derived from the number of standard deviations that the
individual’s variables differed from established "normal" figures having made
the necessary adjustment for the magnification. A positive score was taken
as indicative of a long face whilst a negative score resulted in the patient

being ascribed to the short face group.
In the absence of a matched control group the "normal” figures were taken
as a compilation of those given by Riolo et a/. (1974), Broadbent et a/.

(1975), Opdebeeck and Bell (1978) and Mills (1982).

It is appreciated that this approach is open to criticism on at least two

counts. Firstly, the normal or control figures should, ideally, be taken from
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the same population and matched for aspects such as age and sex.
Unfortunately, lateral skull radiographs of such patients were not available
and it was considered unethical to produce them. Secondly, Baumrind and
Frantz (197 1b) have indicated that in order for observed differences to be
considered as real (that is biological rather than due to measurement error),
the observed difference should be at least twice the standard deviation of
the estimating error. In view of the small number of variables considered in
this section, the total number in the sample, and the relative severity of the
vertical deformities, application of the suggested approach would have failed
to provide a clear delineation. Consideration of the pattern of multiple
variables rather than single parameters, whilst not overcoming the problem,

improved the likelihood of the characterization being correct.
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Chapter 3

MASSETER MUSCLE - HISTOCHEMICAL STUDIES
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Literature review

i) The fibre profile of the human masseter muscle

To date, the published information relating to the fibre profile of the human
masseter muscle is sparse and open to criticism on several counts.
Comparisons of previous studies are very confusing due to variations in
sample selection criteria, biopsy sites, fibre classification systems and the

format of the results.

a) Critique of previous investigations

One of the earliest investigations of muscle fibre types was by Wachstein
and Meisel (1955) who used specimens taken from rats and rabbits as well
as human autopsy material. Unfortunately the results were somewhat
meaningless as the data was pooled and not presented as species specific
(Ringqvist, 1974a).

Whilst several investigations have been based upon human biopsy material
(Ringqvist, 1971; 1973b; 1973c; 1974a; 1974b; Ringqvist et a/., 1982;
Boyd et al., 1984; Shaughnessy, 1986) several studies have used human
autopsy material (Finn et a/., 1980a; Vignon et al., 1980; Eriksson, 1982;
Eriksson and Thornell, 1983) whilst others have mixed autopsy and biopsy
material (Serratrice et a/., 1976; Thornell et a/., 1984).

Although Eriksson (1982) has shown the reliability of fibre typing in
specimens taken within several days of death, there is no evidence to
suggest that fibre size is directly comparable between biopsy and autopsy
material. Indeed, Goldspink et al.(1973) reported a reduction of fibre

diameter of approximately 15% within 24 hours of death.

Another confusing factor is that whilst a few studies looked specifically at

material from subjects with both normal dental and skeletal relationships
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(Vignon et al., 1980; Eriksson and Thornell, 1983) and other workers have
studied groups with specific skeletal abnormalities (for example Ringqvist,
1973c; Boyd et al., 1984) several studies have been based upon samples
taken from subjects with varying states of the occlusion (Ringqvist, 1974a),
or varying skeletal and dental relationships ( Serretrice et al., 1976; Finn
et al., 1980b; Shaughnessy, 1986).

A lack of stringent sample selection criteria has resulted in studies which are
not sex specific (for example Ringqvist, 1973c; Boyd et a/., 1984) and have
included wide age ranges (Serratrice et a/., 1976; Vignon et a/l., 1980).
Furthermore, many studies are based on very small sample sizes (for
example Finn et a/., 1980a; Ringqvist et al., 1982; Eriksson, 1982 who all

used five patients only).

A frequently occurring criticism of many previous studies is the lack of
information presented relating to the exact location of the biopsy site.
Eriksson and Thornell (1983) have shown that regional variations in muscle
structure do exist. It is, therefore, of paramount importance to be specific
when describing a biopsy site in order to avoid misinterpretation. For
example, a statement that "sam'ples were taken from the superficial bundle
of fibres..." does not indicate whether these were from the superficial or
deep aspect of the anterior or posterior fibres of the superficial bundle. Finn
et al. (1980a) described the results of biopsies from the deep masseter,
whereas the same group of workers (Boyd et al., 1984) later described
results obtained from the deep surface of the superficial masseter. The
authors expressed surprise as to the discrepancy in results which would
suggest that either they were unaware of the regional variation study of
Eriksson and Thornell (1983) which would seem unlikely, or that the
anatomical source of the biopsies in the two studies was in fact consistent,

in which case the description of that source was inadequate.
A further reason for confusion with regard to the findings of previous

studies arises from the use of different histochemical fibre type

nomenclatures. Thus, Boyd et a/. (1984), used the classification described
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by Peter et a/. (1972) with division of fibres into slow oxidative, fast
glycolytic and fast oxidative glycolytic. Several other workers (for example
Serratrice et al., 1976; Vignon et al., 1980; Eriksson and Thornell, 1983)
employed the classification described by Brooke and Kaiser (1970) with the

grouping of fibres into either type | or type Il with sub-divisions of the latter.

As Shaughnessy (1986) pointed out, even more confusing is the fact that
some workers have claimed to be using the Brooke and Kaiser (1970)
classification although their actual application appears to involve different
naming systems within that classification. Eriksson and Thornell (1983)
noted the reactivity of fibres at various pH levels but their interpretation of
a type lla fibre could be classified as a type lIb fibre by other workers. The
critical pH of the ATPase reaction is not identical from one study to another
and this may result in different classifications of the same fibre type

between studies.

Measurement techniques have also varied between workers. Ringgvist
(1974b), for example, used sliding callipers to measure fibres from prints of
enlarged photomicrographs, whereas Eriksson (1982) employed a particle
size analyzer and Boyd et a/. (1984) digitized photographs of sections on a

summagraphics data tablet.

With the exception of Eriksson (1982) the error of the measurement method

used in the various studies has not been reported.

Finally, the description and format for presentation of the results is often
confusing, with differing terminology used by different workers. Ringqvist
(1974b), for example described fibre size using measurement of the
"smallest diameter” as well as the percentage distribution of fibres. Eriksson
(1982),however, estimated the fibre diameter from its cross-sectional area
and presented his results as the relative frequency of the fibre types, mean
fibre diameter and the relative fibre cross-sectional area. The terms "relative
distribution of fibres" and "percentage proportion" quoted by Boyd et al/.

(1984) and used synonymously, correspond to the term relative or
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percentage cross-sectional area as described by Eriksson (1982).

b) Studies of human masseter muscle fibre profile

The first quantitative investigation into the histochemical fibre types in
human masticatory muscle was by Ringqgvist in 1971. A pooled sample of
12 biopsies taken from the masseter and temporalis muscles of 6 males and
6 females showed the presence of both type | and smaller but more
numerous type Il fibres. Unfortunately the exact site of the biopsies was not
reported.

In a subsequent study (Ringqvist, 1973c) based on 17 subjects with
mandibular prognathism, where samples were taken from the middle and
deeper portions of the masseter muscle, fibres with an intermediate staining
reactivity were demonstrated in addition to the type | and Il fibres. Like type
| fibres, the Intermediate fibres exhibited a strong or moderate NADH
tetrazolium reductase reaction, a strong ATPase reaction after acid pre-
incubation, and a weak ATPase reaction after alkali pre-incubation.
However, like type Il fibres they showed a strong phosphorylase reaction.
The author suggested that such fibres may represent a type | fibre in the
process of being transformed into a type |l fibre or vice versa and as such
this supported the conclusions of Guth and Yellin ( 197 1) that muscle cells

have the potential for adaptation to changing functional demands.

Unlike Ringqvist (1973c), the presence of Intermediate fibres could not be
demonstrated in the middle and deep bundles of fibres in a mixed autopsy
and biopsy study by Serratrice et al. (1976 ). However, their existence was
confirmed in 6 out of 10 samples taken from the Superficial bundle. Vignon
et al. (1980) similarly noted the presence of Intermediate fibres in autopsies
from superficial masseter. Furthermore, whilst there was no correlation
between the incidence of type | and Intermediate fibres, a negative relation

was found between the percentage of type Il and Intermediate fibres.

Eriksson (1982) noted that Intermediate fibres were present in five different
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sites within masseter muscle following biopsies obtained from 5 individuals
with normal intermaxillary relations and complete dentitions. Furthermore,
the classical staining reaction for type lla fibres was only noted in one
subject. This latter finding supported a similar observation by Vignon et al/.
(1980) and led to the suggestion that Intermediate fibres were possibly
most closely allied to type lla fibres. Ringqvist et a/. (1982) disagreed with
this view and suggested that Intermediate fibres were probably most closely
related to lic fibres. This association between type lic and Intermediate
fibres has been supported by immunocytochemical evidence in that both
types of fibre contained a mixture of fast and slow myosins in variable
amounts (Thornell et a/., 1984) and that both fibres show myosin isoforms
characteristic of developing muscle (Butler-Browne et a/., 1988)

The findings regarding the relative proportion of type | and type Il fibres has
varied extensively in previous studies. Ringqvist (197 1) noted that type Il
fibres constituted 65% of the fibre types in the specimens examined,
whereas in a later study (Ringqvist et a/., 1982) greater variation was noted
with type | fibres representing 14 - 44%, Intermediate fibres representing
7 - 19% and type |l fibres constituting 37 - 79%.

By way of contrast, Eriksson (1982) and Eriksson and Thornell (1983)
reported that in addition to inter-individual variation, obvious intra-muscular
variability occurred. Whole fascicles or large groups of type | fibres could be
seen as well as groups of only type llb fibres. However, their studies
reported an overall type | fibre predominance of 61.6 - 71.8% in four
different areas of masseter, with equal relative frequency in the posterior

superficial portion of the muscle.

Previous studies have shown greater overall consistency of results with
regard to relative fibre size. Serratrice et al. (1976) reported that the relative
size of type | and Il fibres varied with the site of the biopsy. The most
striking disparity occurred in the superficial bundle where the type | fibres
had a much larger diameter compared to the type Il fibres. Unfortunately it

is impossible to report exact figures as those quoted were not consistent
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throughout the paper. The size disparity between the type | and type Il

fibres was apparently less evident in the middle and deep bundles.

In a later autopsy study by the same investigative team (Vignon et a/.,
1980 ) 18 samples were taken from the superficial fibres of masseter, the
subjects being aged between 17 days and 87 years old. The material was
divided into two groups according to age with 13 years taken as the cut-off
point. The mean diameter of type | and type Il fibres in the adult group was
given as 38.4um (S.D. £ 11.2 ) and 16.1um (S.D. + 8.2 ) respectively.
This size discrepancy was not evident in the very young specimens but by

2.5 years a difference of up to 5 ym was noted.

Eriksson (1982) found the type | fibres to be larger than type Il fibres in all
sites except the intermediate zone. The range of the results was large,
however, with the diameter of type | fibres varying between 10 - 90 um and

the type Il fibres ranging from 10 - 60 ym.

A more detailed investigation of the fibre population of masseter muscle
was undertaken by Eriksson and Thornell (1983). Autopsy material was
examined from 5 subjects with samples taken from the anterior and
posterior aspects of the superficial fibres, the anterior and posterior
aspects of the deep fibres as well as from the intermediate or middle fibre
bundle. The mean fibre diameter of the type | fibres (43.9 ym ) was
larger in all sites than the type Il fibres (31.0 um ). The various types of
fibre did not differ significantly in diameter between the various parts of the
muscle. The estimated percentage of the total fibre cross-sectional area
attributed to type | fibres ranged from 70.2 % in the posterior aspect of the
superficial fibres to 87.9 % in the anterior aspect of the deep fibres.

It is evident from the above that information regarding the fibre profile of the
human masseter muscle in healthy subjects with normal skeletal and dental
relationships is limited and often contradictory. A summary of the findings
is presented in table lll. It was considered desirable, therefore, to undertake

an investigation to obtain further information on fibre profiles using
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techniques which would ultimately be involved in the main study.

Type |

Study mean fibre
diameter

% comp.

Table lll - A comparison of previous studies of masseter profiles in

normal subjects

Type Il

mean fibre % comp.
diameter

Ringqvist -
1971

Ringqvist -
et al.
1982

Eriksson and
Thornell -
1983

Vignon 38.4
et al.
1980

Eriksson 10 -90
1982

Eriksson and
Thornell 43.9
1983

35

14 - 44

61.6-71.8

- 37-79

16.1 -

31.0 -
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ii) The histochemical profile of masseter muscle in patients with
diverse vertical facial morphology

To date, very few studies have examined the masseter muscle fibre profile
in patients with specific vertical skeletal facial deformities, and indeed those
reported have emanated from the same centre, by the same research team.

Nevertheless there has been variation in their observations.

Finn et al. (1980a, 1980b) examined deep masseter muscle biopsies in
individuals with long and short face syndromes, and compared their findings
with biopsies from control subjects with normal facial morphology. The
initial study (Finn et a/., 1980a) was only based on 3 patients in each group
and presumably these same individuals were included in the slightly larger
samples in the later report (Finn et a/., 1980b). The ultimate sample size
included 10 long faced individuals, 8 short faced subjects and 10 control
biopsies. The authors reported that, compared to the controls, the short
faced patients demonstrated type Il fibre atrophy, whereas the long faced
patients showed hypertrophy of both type | and type Il fibres.

These results were in contrast to the findings of later reports of 9 patients
with vertical maxillary excess (Boyd et a/., 1984; Gonyea et al., 1985)
where biopsies were taken from the deep surface of the anterior aspect of

the superficial masseter.

The mean fibre area for the slow oxidative fibres was 1784 um? as
compared with 1654 um? for the fast oxidative glycolytic, and 1269 yum? for
the fast glycolytic fibres. It should be noted, however, that large variation
occurred in fibre area for all fibre groups. The type Il fibres as a whole
(FOG and FG) were predominant accounting for 55.4% of the distribution
of the fibres. Combining mean fibre area and percentage distribution, the
type | (SO) fibres contributed slightly more (51.9%) to the total fibre cross-

sectional area of the muscle.

It is evident that, as mentioned by Gonyea et a/. (1985), there is a definite
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need for further investigations, based on larger sized samples, into the fibre

profile in patients with vertical skeletal discrepancies.

iii) The adaptation of masseter muscle to surgical correction of
facial deformity.

The effect of orthognathic surgery on the masseter muscle fibre structure,
as assessed through histochemical investigation has again received little

attention in the literature.

Bell (1985) reported the response to surgical correction of vertical maxillary
excess in five patients, four women and one man, with a mean age of 24.4
years. All patients underwent a Le Fort | osteotomy to intrude the maxilla,
with three patients experiencing an additional mandibular advancement
procedure. In all instances intermaxillary fixation was applied although this
was not standardised in duration. Biopsies were taken from the deep
surface of the anterior aspect of the superficial masseter muscle at

surgery and at least six months later ( mean = 8.5 months).

The pre-operative fibre profile was reported as being consistent with that of
an earlier publication, which is not surprising as, whilst actual figures are
not quoted, one strongly suspects that the data was from the same source.
In four of the five patients the slow oxidative (type |) fibres predominated
and, in all but one individual, they were also the largest fibre as measured
in terms of cross-sectional area. Post-operative biopsies showed a shift in
fibre predominance from slow oxidative (type |) to fast glycolytic (type lib)
in all patients. The change in percentage of fast oxidative glycolytic fibres

(type lla) was extremely variable.

Fibre size also changed following surgery and this appeared to be related to
the surgical procedure. Patients who experienced maxillary surgery alone
were noted to show an increase in the area of type Il fibres, whereas the
three patients who underwent bimaxillary surgery showed a reduction in

fibre size. In one patient this was limited to the type llb fast glycolytic
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group, whilst all fibre groups were affected in the other two individuals. It
is important to bear in mind, however, the small sample size upon which

these observations were made.

Statement of the problem and aims of the histochemistry studies

In view of the very limited and frequently contradictory reports in the
literature relating to the histochemical fibre profile of human masseter
muscle in individuals with both normal and abnormal facial morphology, the
paucity of reports which have investigated whether or not there is any
relationship between masseter muscle structure and cranio-facial form and
the total lack of information relating the histochemical response following
one specific form of corrective surgery, a series of investigations was

devised to throw further light on all these aspects.
The aims of the studies were therefore:

1) To confirm a technique for histochemical fibre typing of human
masseter muscles in our laboratory and to determine the reproducibility of

that technique.

2) Toestablish whether a single biopsy could be considered representative

of the histochemical profile of the whole muscle.

3) To determine the histochemical profile of subjects with normal antero-
posterior and vertical facial morphology using the specific histochemical
technique and fibre classification.

4) Todetermine the histochemical profile of patients with either increased
or decreased vertical facial morphology and to compare these with the fibre

profile of normal subjects.

5) To determine whether there is any correlation between masseter muscle
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structure and skeletal form, especially in the vertical dimension.

6) To ascertain the response of the masseter muscle fibres to surgical
correction of vertical facial deformity by a Le Fort | impaction of the maxilla

and sagittal split osteotomy of the mandible.

Method

Masseter was chosen as the muscle for histolochemical investigation for
several reasons. Firstly, it is an elevator muscle of the mandible believed to
be active during posture as well as during isometric biting activity.
Secondly, access to the muscle is readily available during orthognathic
procedures involving the mandibular ramus, and thirdly, results would be
available to enable comparison of some aspects of the study with the

findings of previous workers.

i) Masseter muscle biopsy technique

All muscle biopsies were taken at the start of any operative procedure and
before excessive manipulation of the mandible had occurred. In those cases
where the biopsy was taken under local anaesthesia, care was taken to
ensure that the nerves were blocked at a site remote, being proximal and

high, to the biopsy site.

The biopsies were taken through intra-oral incisions at the level of the third
molar teeth. Having reflected the mucosa and identified the anterior edge
of the ascending ramus,the muscle fibres were partially detached from the
lateral surface of the mandible. Specimens measuring 3mm x 2mm x 2mm
were removed from the anterior leading edge and deep surface of the
masseter muscle ( figure 13) with the largest dimension always taken in the
long axis of the muscle in order to aid orientation. The biopsies therefore
consisted of muscle taken from the anterior and deep surface of the

superficial fibre bundle up to and including the middle fibres.
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Figure 13 - Diagrammatic representation of the masseter muscle biopsy

site.

AN
\M

Vi .
| R

The specimens were removed from the deep surface of the anterior part of the superficial masseter

muscie at the level of the occlusal plane (the hatched area on the lower diagram).
Adapted from Bell (1985).
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Care was taken to ensure the constancy of biopsy site as well as avoiding
any tendinous insertions. All biopsies were taken by the same surgical team.
No attempt was made to maintain the muscle specimen at its original length
as results of a previous electron microscopy study (Round etal/., 1982) have

shown the sarcomeres to be fully and consistently relaxed.

ii) Histochemical fibre typing techniques

Once taken, the specimens were orientated under the microscope and
mounted on a cork disk using OCT* mounting compound following which
they were frozen by dropping into iso-pentane cooled to -196°C in
liquid Nitrogen. The specimens were coded, by a technician, to enable blind
analysis thereby reducing bias. Finally, the frozen specimens were stored

in liquid Nitrogen until required for analysis.
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iv) Error of the method and reproducibility of the typing technique
and analysis

In order to assess the error of the method and the reproducibility of the
measurement of fibre area and percentage composition, 10 biopsy
specimens, previously frozen and stored in liquid nitrogen, were selected at
random, reprocessed and remeasured not less than one month following the

original measurement.

The overall error of the method ( 6 ) was obtained according to the formula
described by Dahlberg (1940), and the coefficient of reliability and the
paired t - test gave an indication of the random and systematic errors

respectively.

a) Results

The results are presented in table IV. The reproducibility of the technique
proved satisfactory in most cases. The random error associated with the
measurement of type lla fibres and the assessment of Intermediate fibres in
the early part of the study, meant that the results with regard to these fibres
should be viewed with extreme caution before drawing conclusions. The
paired t - test showed that the systematic error was acceptable with the
exception of early techniques for the assessment of those fibres

designated as Intermediate fibres.

In the early studies, as mentioned previously, the Intermediate fibres were
not considered as a separate entity but grouped as either type | or type Il
fibres depending upon their relative staining intensity. With greater
experience and minor improvements in technique the ability to reliably
classify Intermediate fibres improved to the extent that they were
considered in their own right in the later studies. The overall error of the
method showed the measurement of fibre area to be within %
approximately 150 um?2. In view of the size of the fibres (see later) this error

was considered to be entirely satisfactory. Similarly, the assessment of
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relative percentage fibre composition was considered acceptable.

Table IV - Error of the method of biopsy analysis

Dahlberg Coefficient t test
error of reliability
Fibre area (um?)
Type | 151 91.6 ns
Type i 156 96.9 ns
Type lla 59 85.8 ns
Type llb 114 96.5 ns
Type IM 74 95.2 ns

Percentage composition { % )
Type | vs Type |l 3 90.7 ns
Type lla vs Type lib 5 95.4 ns

Type | and Il vs
Type IM (early) 19 71.2 *

Type | and Il vs
Type IM (late) 7 89.7 ns
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Study 1 Whole muscle study

Some doubt arises as to whether a single biopsy presents a truly
representative picture of the architecture of the whole muscle. In other
words, would slight variations in biopsy site produce differing results

regarding muscle fibre size and relative proportions?

Previous histochemical studies based on autopsy material have shown that
regional variations occur within the masseter muscle for both fibre size and
relative proportion (Serratrice et al., 1976; Eriksson, 1982; Eriksson and
Thornell, 1983).

Prior to embarking upon establishing data for both the control patients and
the experimental groups, a pilot study was undertaken with the following
aims: Firstly, to confirm the regional variation between the superficial and
deep fibres, and secondly to ascertain whether variations occur between

biopsies taken from within a particular region.

i) Material

The material consisted of a whole right masseter muscle, removed within
12 hours of sudden death from a male Caucasian aged 50 years. The
consent of the relatives was sought and agreed, and supported the written
request of the deceased that his organs be used for transplantation or
scientific research. The donor possessed a full complement of teeth and had

no known head or neck pathology.

The reliability of autopsy material for histochemical fibre typing obtained
within 12 hours of death has been confirmed (Eriksson, 1982).

The muscle was carefully dissected from its origins and insertions together

with the associated parotid gland and duct in order to aid orientation.
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ii) Method

A total of 8 biopsies were removed representing two sites within the
superficial aspect of the superficial fibre group, four from the deep aspect
of the superficial fibres, around the area normally accessed in clinical in
vivo biopsy studies of the masseter muscle, and the remaining two from the

deep aspect of the deep fibre group.

The specimens were orientated, frozen, sectioned, stained and analyzed in

the same manner as previously described.

Within each biopsy three different fields representing a minimum of 30 type
I and 30 type |l fibres were examined enabling the recording of the mean
fibre area and percentage composition of the type | and type Il fibres for
each field. From these results the overall mean fibre area and relative
composition was calculated for each anatomical region of the masseter

muscle.

iii) Results

The overall results are presented in Appendix B, whilst the group mean
results are shown in Tables V and VI. The statistical analysis included a
one-way analysis of variance (ANOVA) as well as Student’s t test for both

paired and unpaired data.

Biopsies taken from the superficial aspect of the superficial bundle of
fibres showed both typel (p =< 0.01) and type Il fibres (p < 0.001)
to be significantly smaller than their deeper counterparts. However, there
were no significant differences in mean fibre area between biopsies taken

from the deep aspect of the superficial bundle and the deep fibres.
Similarly there were highly statistically significant ( p < 0.001 )

differences in relative percentage composition between the superficial

aspects compared to the deeper structures. In the superficial biopsies, type
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Il fibres predominated (x = 52 %)

Table V - Regional variations in muscle fibre area

Type | Type 1l
Anatomical mean 95% mean 95%
site area SD SE Ci area SD SE CI
Superficial/
Superficial 1261 171 70 1081- 924 203 83 711-
(SS) 1441 1137
Deep/
Superficial 1523 129 37 1441- 1511 130 37 1428-
{DS) 1605 1594
Deep 1552 106 43 1440- 1599 125 51 1468-
(D) 1664 1731
Units : Sq microns.
Significance: Type | Type ll
SsS DS D SS DS D
SS - * * * » - L X X * ¥
DS * % - ns *Hw - ns
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Table VI- Regional variation in muscle fibre distribution

Type | Type |l
Anatomical mean 95% mean 95%
site % Ci % Cl SD SE
Superficial/
Superficial 48.0 44.6-51.4 52.0 48.6-55.4 3.2 1.3
(SS)
Deep/
Superficial 53.6 51.9-54.9 46.4 45.0-47.9 2.3 0.7
(DS)
Deep 54.8 53.8-55.9 45.2 44.1-46.2 1.0 0.4
(D)
Units : %
Significance: Type | Type ll
SS DS D SS DS D
SS - * % ¥ * % ¥ - * % * * * %
DS * ¥ ¥ - ns * % ¥ - ns
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whilst in the deeper areas type | fibres were more abundant (x =
54 % ). Again, there was no significant difference in percentage
composition between the deep aspects of the superficial bundle and the
deep fibres.

These results only partially support the findings of Serratrice et a/. (1976)
in that although they found type Il fibre predominance in the superficial
aspects, the discrepancy was not as obvious as in the present study (4 %
cf.10 %). Furthermore, Serratrice et a/. (1976) noted a 6 % predominance
of type Il fibres in the deep aspects of the masseter muscle. Interestingly,
the authors observed that biopsies taken from areas between the superficial
and deep bundles showed a 9% predominance of type | fibres, a result
which more closely resembles the mean percentage observed in this study

for biopsies taken from the deep aspect of the superficial fibres ( 53.4 % ).

With regard to variations between different fields and between biopsies
taken within the same anatomical region, there were no significant
differences between the results for either fibre size or percentage

composition in both the deep superficial and the deep areas.

Similarly, the mean fibre size was consistent between the two sites from
the most superficial fibres but variation did occur in fibre composition (p <
0.05).

In conclusion, the results confirm the findings of previous studies by
Serratrice et al. (1976), Eriksson (1982) and Eriksson and Thornell (1983)
in that regional variations in fibre size occur within the masseter muscle.
However, there was no significant difference between samples obtained
from the same anatomical region. It was considered that providing regional
anatomical boundaries are adhered to, a single biopsy can be representative
of the muscle fibre profile of that region. This is especially true for the
deeper aspects of the masseter muscle. Therefore, it is likely that any
variation in fibre profile occurring either between individuals or within

individuals on different occasions should be indicative of the variation of
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Study 2

The masseter muscle fibre profile in subjects with normal skeletal and

dental relationships

In view of the variation in results which has been reported regarding the
masseter fibre profile in patients with normal cranio-facial morphology, it
was felt necessary to establish "normal" or control data for such patients
using the techniques of the present study.

i) Subjects

20 Caucasian patients due to have their unerupted third molar teeth
removed under general anaesthesia consented to a muscle biopsy at the
time of surgery. The subjects consisted of 10 males and 10 females aged
between 17 and 30 years, with a mean age of 19.6 years. No patients gave
a history of neuromuscular disease, habits,bruxism or temporomandibular
joint dysfunction. All patients exhibited normal relationships of the mandible
to the maxilla antero-posteriorly, vertically and laterally, as well as good
quality dentitions as assessed by inspection. With the exception of four
patients, each of whom had four first premolars removed as part of minimal

orthodontic intervention, all patients possessed a full complement of teeth.

ii) Method

The biopsies were processed and measured according to the technique
previously described. The mean areas and standard deviations for each fibre
type for the male and female groups, as well as the entire pooled control
sample were established. Subsequently, the computer produced a histogram
for each patient demonstrating the number and distribution of fibres within
a particular area range as previously described (figure 21). When all 20
patients had been recorded, the histograms were pooled to form a
megahistogram for each fibre type for the entire control group (figure 23)

in the manner described by Serratrice et a/. (1976).
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Dubowitz et a/. (1985) has emphasized that in biopsy studies where fibre
histograms do not correspond to a normal distribution curve or which are
skewed, it is important to ascertain the deviation in fibre distribution.
Consequently it is important to state the variability coefficient. This

coefficient is derived from the expression:

standard deviation x 1000

mean fibre size

Any fibre type with a variability coefficient of greater than 250 is considered

to demonstrate abnormal variability in size of the fibres.

The percentage composition of the fibre types was determined as before.
Once again, the overall mean distribution of the fibre types was calculated
for the male and female groups as well as for the pooled sample. Finally, the
relative percentage contribution of each fibre type to the total cross-
sectional area, determined from the products of the mean areas and

percentage compositions, was ascertained.

The above procedure was then repeated for the acid reversal sections in
order to classify the type Il fibres into the type lla and lIb sub-groups.
Unfortunately the sub-division of type Il fibres was limited to only 8

patients.

iii) Results

The overall figures for the individual mean fibre areas, percentage
compositions and percentage cross-sectional areas are presented in

Appendix C together with the comparison of the groups according to sex.

The material for this aspect of the study was derived from biopsies of 10
male and 10 female subjects. However, there was no significant difference
observed between the sexes for any of the parameters measured. On this
basis, the results were pooled to form a control group of more meaningful

size.
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Table VIl shows the combined male and female group figures together with
the statistical comparisons. Figures 23 to 25 present the mean group results

diagrammatically.

The inability to observe any sex difference with regard to type | and [l mean
fibre area, relative percentage composition and relative percentage cross-
sectional area, supports the findings of Ringqvist (1971, 1974b) with regard
to masseter muscle. This differs, however, from findings related to limb
muscles in which the cross-sectional dimensions were found to be smaller
in females than in males (Edstrom and Nystrom, 1969; Brooke and Engel,
1969).

Although there was no statistically significant difference between the type

Il sub-groups, the very small sample size severely limits further discussion.

Considering the entire control sample, the mean area of the type | fibres was
1771 ym?2 (95% Cl 1601 to 1940 ym?). This compared with an average
fibre area for the type Il fibres of 1909 ym? (95% CI 1735 to 2083 ym?),

a difference which was not statistically significant.

As discussed earlier, it is difficult to draw exact comparisons with the
findings of previous studies due to variations in biopsy site. Eriksson and
Thornell (1983) observed that type | fibres were larger than type Il fibres in
all sites examined. However, Serratrice et al. (1976) and Eriksson (1982),
despite noting a large size disparity in the superficial fibres, observed a more
equal fibre diameter in the middle or intermediate zone, the area most
probably allied to the present study. Unlike the findings of Eriksson (1982),
who noted large variations in the diameter of both fibre types, the range of
areas in the present study was reasonably consistent. The variability
coefficients were low at 203 and 194 for the type | and Il fibres

respectively.

The results of this study showed a significant difference (p < 0.05)

between the relative percentage composition of the type | and Il fibres,
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Table VIl - The histochemical profile of the control group

20 patients

Fibre area
mean
SD
SE
Var. coeff.
95% CI

% Composition

mean
sD

SE
95% ClI

% X-sect.area

mean
SD

SE
95% CI

8 patients
Fibre area

mean

SD

SE

Var. coeff.
95% CI

% Composition

mean
SD

SE
95% CI

% X-sect. area

mean
SD
SE
95% ClI

Type |
1771

361
81
203
1601-1940

45.4
7.3
1.6

42.0-48.8

Type lla

1848
492
174
266

1437-2260

28.6
6.5
2.3
21.8-35.4

28.5
5.7
2.0
23.3-32.8

Type ll
1909
371
83
194
1735-2083

56.4
8.5
1.9
52.4-60.3

Type llb

2007
500
176
249

1589-2426

26.0
4.7
1.7

22.0-30.0

27.9
5.0
1.8
23.9-32.1

ns

ns
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with the latter predominating on average by 9.2% (95% Cl 2.3 to 15.9%).
Serratrice et al. (1976) noted a 6% predominance of type Il fibres in the
deep aspects of the muscle, but in contrast to the present study, they noted
a 9% type | fibre predominance for biopsies taken from the deep aspects of
the superficial fibres. It should be emphasized however, that Serratrice et
al. (1976) included patients with varying skeletal relationships and differing

states of the occlusion.

The percentage fibre cross-sectional area showed significant type ll fibre
predominance (p = 0.01) accounting for 56.4% of the total fibre area,
which was on average 12.8 % (95% Cl 4.8 to 20.7%) more than the type
| fibres. These results are again at variance to the findings of Eriksson and

Thornell (1983) who observed type | fibre predominance in all sites studied.

As already mentioned, difficulties with laboratory techniques limited the
number of biopsy samples available for assessment of the sub-types of type
Il fibres. However, from the 8 samples measured the mean area of the type
lla or FOG fibres was 1848 ym? (95% Cl 1437 to 2260 ym?), whereas the
mean area of the type llb or FG fibres was slightly greater, but not
significantly so, measuring 2007 ym? (95% Cl 1589 to 2426 ym?3). The

variability coefficients displayed reasonable consistency.

The lla fibres were present in similar frequency to the llb fibres forming 52%
of the type Il fibres measured, although it should be noted that the range
was relatively large, varying from 47 - 65%. Overall, the mean incidence of
types |, lla and lIb fibres was 45.4%, 28.6% and 26 % respectively.
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Variations in nomenclature of fibre types makes comparison of these
findings with those of earlier investigators somewhat difficult. Serratrice et
al.(1976), for example, reported the presence of type llb, llc and
Intermediate fibres in their mixed autopsy /biopsy study, commenting that
lla fibres were an unusual finding in the superficial aspects of the masseter
muscle. As mentioned earlier the histochemical techniques followed in this
investigation gave inconsistent results regarding Intermediate fibres or lic
fibres. It is feasible that fibres assessed as lla in the present study could be
interpreted as Intermediate fibres by other workers. The metabolic properties
of fibres assessed as type lla were confirmed whenever possible by

examination of serial sections stained using the NADH reductase reaction.
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Study 3

The histochemical profile of masseter muscle in patients with diverse

vertical facial morphology

In view of the paucity of data relating to the masseter muscle fibre profile
in humans with abnormal vertical skeletal relationships, the following

investigation was undertaken to provide further information in this respect.

i) Subjects

Of the 54 patients who ultimately proceeded to surgery for the correction
of a facial deformity involving a change in the vertical dimension, 42
patients consented to a masseter muscle biopsy at the time of surgery. Of
the 42 patients, 25 (15 females, 10 males) were identified as long faced
individuals (see page 73) where surgery was planned to reduce the vertical
skeletal dimension. Similarly, 17 patients (10 females, 7 males) were
identified as possessing short faces requiring an increase in skeletal
dimensions in the vertical plane. The mean age of the whole group was 23.3
years ( 95% ClI 21.5 to 25.1 years).

ii) Method

The biopsy technique, together with the preparation of the specimens and
their subsequent measurement followed exactly the same procedure as
detailed previously. For the first 6 months of this part of the study, all the
sections were both prepared for analysis and measured by the author.
However, for the latter 12 months, the specimens were prepared for
analysis by Miss A. Geraerts from the Metabolic laboratory at University
College Hospital, London. In all cases the morphometric analysis was
undertaken by the author. In order to check that there was no discrepancy
in the results obtained for specimens prepared by the two workers, 6
biopsies previously prepared by the author were subsequently recut by Miss

Geraerts and analyzed. The variation in the results was well within the error
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iii) Results

The detailed results for the short and long face groups, together with group
comparisons based on patient’s sex are presented in Appendix D. The type
Il fibre sub-classification was available for 12 of the 17 patients in the short
face group and 20 of the 25 patients in the long face group. As the only
significant difference between the male and female patients in either group
occurred with regard to the mean type | fibre area for the long faced
individuals ( p < 0.05), it was felt justifiable to pool the sexes to form

skeletal groups of more meaningful size.

The overall mean fibre areas, relative fibre percentage composition and
percentage cross-sectional areas, together with the variation coefficients are

presented in tables VIl and IX, and figures 27 to 32.

A comparison between the control and study groups was made using the
one-way analysis of variance ( ANOVA) for the parametric data or the
Kruskall-Wallis test (K-W) for non-parametric data as appropriate. The results

are presented in table X as well as in diagrammatic form in figure 34.
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Table VIi- The histochemical fibre profile of the short face group

17 patients

Fibre area

mean
SD

SE

Var. coeff.
95% CI

% Composition

mean
SD
SE
95% ClI

% X-sect.area

mean
SD
SE
95% CI

12 patients

Fibre area

mean

SD

SE

Var. coeff.
95% CI

% Composition

mean
SD
SE
95% ClI

% X-sect.area

mean
SD

SE
95% ClI

Type |
1705

383
93
224
1508-1902

45.8
7.8
1.9
41.8-49.8

46.2
9.6
2.3

41.2-51.1

Type lla

1565
727
209
464

1103-2027

27.9
12.2
3.5
19.8-36.0

27.5
13.4
3.9
18.4-36.6

Type Ui
1718

529
28
307
1446-1990

54.2
7.8
0.9
50.2-568.2

53.8
9.6
2.3
48.8-58.8

T 1]

1640
689
199
420
1201-2078

ns

ns

ns
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Figure 28 - Short face group fibre percentage composition and total cross-
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Table IX - The histochemical fibre profile of the long face group

25 patients

Fibre area

mean
sSD

SE

Var. coeff.
95% CI

% Composition

mean
SD

SE
95% Cl

% X-sect.area

mean
SD

SE
95% ClI

20 patients

Fibre area

mean
median
inter Yile
Var. coeff.

% Composition

mean
SD

SE
95% CI

% X-sect.area

mean

SD

SE

95% Cl or
inter % ile

Type |

1880
527
105
280
1662-2097

58.2
10.7
2.1
53.8-62.7

71.5
11.8
2.4
66.7-76.4

Type lla

1020
629
493-1138
882

23.3

9.2

. 2.0
19.0-27.6

14.8

median 11.4

7.1-20.6

Type Il

1131
median 808

646

Yaile 619 -1491

41.8
10.7
0.1
37.3-46.2

28.5
11.8
2.4
23.6-33.3

Type lib

1162

862
649-1421

658

18.
5.6
1.2

16.9-21.2

13.7
5.2
1.2
10.9-15.8

l‘a’.’.

* * %

* % %

ns

ns
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