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ABSTRACT 

Muscle fiber architecture, innervation, and differences in 

fiber-type composition were examined in the gluteus medius of four 

horses. In the anatomical part of this study, the gluteus medius of 

four adult horses were extracted, soaked in a 10% formalin solution, 

and examined for fiber architecture and innervation patterns. Based on 

architectural and innervation differences, two distinct anatomical 

compartments were defined: the dorsal region and the ventral region. 

The histochemical portion of this study examined the fiber composition 

of each region by classifying the fiber types on the basis of myosin-

ATPase. The dorsal region had a significantly higher percentage of 

Type I fibers than the ventral region; whereas the ventral region had 

a significantly higher percentage of Type IIB fibers than the dorsal 

region. These findings suggest that this subdivided structure may be 

designed to allow functional independence within the muscle. 
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CHAPTER 1 

INTRODUCTION 

The biochemical basis for contraction of a muscle fiber is 

reflected in its histochemistry, which can characterize fibers into 

three general types (Brook and Kaiser, 1970). Based on the biochemical 

properties of these types, the fiber type composition of certain 

muscles in various mammalian species has been used as an indicator of 

athletic potential. In man, athletic ability has been correlated with 

the histochemical composition of fibers sampled from selected limb 

muscles (Costill et al. 1976; Saltin et al., 1977). Similarly, 

histochemical composition of fibers sampled by the percutaneous needle 

biopsy technique (Snow and Guy, 1980) from the gluteus medius of the 

horse is thought to be a predictor of performance. 

In various mammalian species, including man and horse, it is 

now well documented that muscle fiber composition in skeletal muscle 

varies extensively, especially as a function of depth (Gonyea and 

Ericson, 1977; Bruce and Turek, 1985; Henriksson-Larsen et al., 1983). 

This evidence has demonstrated that the small number of fibers involved 

in the sampling procedure does not reflect the entire population of the 

muscle, and may be a potential for biased sampling. It has been 

hypothesized that this non-uniform distribution of muscle fiber types 

is by design and may be a result of fibers being organized into 

discrete compartments that may function differentially during certain 
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tasks (Gonyea and Ericson, 1977; Botterman, Binder and Stuart, 1978; 

McConathy, Giddings and Gonyea, 1983). It is the purpose of this 

investigation: 1) to better define the structural and histochemical 

composition of this commonly studied muscle; 2) to determine if muscle 

fiber variation in the gluteus medius of the horse is a function of 

random variation or if it is organized into regional subdivisions 

separated into distinct compartments; and 3) to interpret the 

functional significance of its anatomical components and histochemical 

profile. 
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CHAPTER 2 

LITERATURE REVIEW 

The study of muscle and how it relates to performance has been 

a topic of enormous interest in the past 15 years, first in the human 

athlete and more recently in the horse. It has been shown that the 

fiber composition of certain muscles may reflect the athletic potential 

of an individual. It has also been documented that muscle exhibits 

spatial variation, which means that one sample of muscle does not 

necessarily represent the composition of the entire muscle. It has 

thus been suggested that this uneven distribution of fiber types is a 

result of distinct organized regions within individual muscle that may 

provide a division of labor for certain tasks. The most frequently 

sampled muscle in the horse, the gluteus medius, has demonstrated an 

extensive amount of fiber type variation; however, little is known 

about the nature of this variation and the possibility that it could be 

a function of regional subdivisions. 

Muscle Fiber Type Classification 

Skeletal muscle is composed of a collective group of muscle 

fibers which possess diverse characteristics as first described by 

Ranvier (1893) in his description of red and white muscle in the rabbit 

and the ray. A more sophisticated identification of these muscle 

fibers was documented by Edstrom and Kugelberg in 1968 by using 
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histochemical staining in combination with physiological 

characterization of motor units accomplished by isolation, and 

stimulation of individual motorneurons. The basic feature that 

differentiated fibers with a single motor unit into different types was 

their contractile properties. One group exhibited a relatively long 

time to peak tension (slow twitch) and the other group a short time to 

peak tension (fast twitch) as described by Burke et al. (1971, 1973, 

1974 and 1977), Kugelberg (1973), andj>eter et al. (1972). 

The best biochemical determinant of the time to peak tension of 

the twitch in muscle fibers is its adenosine triphosphatase (ATP) 

activity (Barany, 1967; Barany et al., 1965; Samaha et al., 1970). 

This can be detected histochemically by a staining technique that 

detects differences in the sensitivity of myosin for retaining or 

losing ATPase activity after exposure to either high or low pH 

(Padykula and Herman, 1955). Based on the different sensitivities of 

the myofibrillar ATPase toward acid and alkaline inactivation, Brooke 

and Kaiser (1970, 1974) developed a method for classifying skeletal 

muscle fibers. The group of fibers that were acid stable and alkaline 

labile were classified as Type I and fell into the previously described 

category of contractile properties as slow twitch fibers. In contrast, 

the second group of fibers, which were alkaline stable and acid labile, 

were classified as Type II and had the contractile characteristics of 

fast twitch fibers. 

Further studies of Type I and Type II fiber types have provided 

additional information about their fatigue and metabolic 

characteristics. Burke et al. (1971, 1973, 1974) described the Type I 
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slow twitch fibers as fatigue resistant; whereas the Type II fast 

twitch fibers were either easily fatigued or fatigue resistant, thus 

subdividing Type II fibers into IIA, fatigue resistant, and I IB, easily 

fatiguable. In addition, histochemical staining of both rat and human 

muscle has shown major differences in the metabolic profiles of the 

Type I and Type II fibers. In general, the Type I fibers were well 

endowed with oxidative enzymes (Hintz et al., 1980; Lowry et al., 1978, 

1980) and contained significantly lower amounts of glycogen, ATP, ANCP 

(Essen and Henrikson, 1974, 1980; Essen et al., 1975; Hultman et al., 

1980), which indicated a low anaerobic potential, the reverse being 

true for the Type II fibers. In contrast, the Type IIA fibers are rich 

in oxidative enzymes as well as glycogen, ATP, and ANCP, demonstrating 

high anaerobic and oxidative potential. 

Implications of Physiological Characteristics of Muscle 

Fiber Types for Athletic Potential in Man and Horse 

The documentation of these fatigue and metabolic 

characteristics of Type I and Type II fibers provided the thrust behind 

the work relating fiber type composition to athletic potential of both 

humans and horses. With respect to human muscle, numerous papers have 

related the histochemical composition of fibers from selected limb 

muscles to performance in specific athletic events (Costill et al., 

1976; Saltin et al., 1977; Prince et al., 1977). It has been shown 

from these studies that athletes who excel in endurance events possess 

a higher percentage of Type I fibers; whereas those athletes who excel 

in sprinting and power events have a predominance of Type II fibers. 
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This suggests that the capabilities of an individual are at least 

partly related to the muscle fiber composition in certain limb muscles. 

The theory and logic behind predicting athletic potential based 

on muscle fiber composition has extended into the equine performance 

arena, and has presented quite similar results. Snow and Guy (1980, 

1981) have shown that the histochemical composition of fibers from the 

gluteus medius muscle of horses correlates with the performance of the 

breed. They reported that Quarterhorses, which are natural sprinters, 

had a greater population of Type II fibers; whereas the middle distance 

and long distance breeds such as the Thoroughbreds and Arabians 

exhibited a greater percentage of Type I fibers. Furthermore, within 

the same breed of horse, Snow (1983) has reported significant 

differences between the percentages of Type I muscle fibers within the 

gluteus medius muscle. Thoroughbreds, classed as long distance 

runners, had the greatest percent of Type I fibers versus Thoroughbreds 

classed as sprinters. In addition, Barlow et al. (1984) suggested that 

histochemical sampling of the semitendinosus muscle of yearling 

Thoroughbreds could possibly predict future performance. 

Documentation of Muscle Fiber Variation 

The preferred method for sampling muscle from both man and 

horse in the majority of the exercise studies mentioned above is by the 

percutaneous needle biopsy technique developed by Bergstrom (1962) and 

modified by Snow and Guy (1976). This procedure requires the removal 

of a small amount of muscle tissue consisting of approximately 600-800 

fibers. However, there are problems with this method of assessment of 
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an individual. With repeated muscle biopsies from the same muscle 

within the same animal, an uneven distribution of fiber types has been 

observed (Snow and Guy, 1980; Henrikkson-Larsen et al., 1983). 

Repeated samplings from the same animal resulted in a variable range of 

differences in both man and horse (Edwards et al., 1975, 1977; Sjostrom 

et al., 1981; Raub et al., 1985). 

More specifically, Henriksson-Larsen et al. (1983) in their 

study of the human tibialis anterior, described the muscle fiber 

variation in this muscle as gradual, and often dramatic, the increases 

in Type II fibers from the surface of the muscle towards the deeper 

regions. They concluded that this variation is not random and 

hypothesized that different parts of a muscle are used during different 

movements, with the fiber population compensating for the functional 

demands. However, they had little evidence to support this theory. 

In the horse, Van den Hoven et al. (1985) found differences in 

the percent of Type I fibers as a function of intramuscular location in 

five different muscles including the gluteus medius. Bruce and Turek 

(1985) found a greater percentage of Type I fibers in the deep region 

of the gluteus medius when compared with the superficial region. They 

described this variation as a function of depth and concluded that it 

is critical to maintain a uniform sampling site if reliable results are 

to be obtained. Other studies by Kai (1984) and Kline et al. (1984) 

demonstrate similar findings. 

Non-uniform distribution of fiber types as described in humans 

and in the horse is not an unusual phenomenon in other species. Gunn 

(1978) found substantial fiber type variation within certain muscles of 
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the dog. Several studies on cats have also shown that fiber types 

within heterogeneous muscle are non-uniform in their distribution and 

may even be located in discrete anatomical "compartments" (Botterman et 

al, 1978; McConathy et al., 1983). It has been hypothesized that such 

uneven distribution of fibers is by design, and might allow regions of 

a muscle to function independently of one another when called upon to 

perform a task (Gonyea and Ericson, 1977; Botterman et al., 1978; 

Gonyea et al., 1981; Henriksson-Larsen et al., 1983). However, there 

is limited physiological data to support this hypothesis (English, 

1983). 

Physiological and Structural Evidence for 

Muscle Fiber Compartmentalization 

Recent studies of different species have provided evidence that 

mammalian skeletal muscles are sub-divided into discrete regions that 

allow a working independence within the muscle, thus suggesting 

differential control from the central nervous system (Burke et al., 

1973; Gonyea and Ericson, 1977; English and Letbetter, 1982a, b; 

Wineski and Herring, 1983; English and Weeks, 1984; Richmond et al., 

1985). English and Letbetter (1982), in their efforts to describe the 

possibility of differential motor control of subdividied muscle, 

identified the idea of "compartmentalization" by referring to 

subvolumes of muscle that were innervated by a single primary branch of 

the muscle nerve as a neuromuscular compartment. There are also other 

theories for describing this phenomenon of neuromuscular localization 

within an individual muscle such as Stuart and Binder's (1977) 
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"partitioning" hypothesis and Loeb's (1984, 1985, 1987) "taskgroup 

notion". 

Regionally sub-divided areas of the muscle can be identified 

not only by their innervation pattern but also by their architectural 

features (Richmond et al., 1985; Loeb et al., 1987) and their 

histochemical profiles (Bodine et al., 1982; English and Letbetter, 

1982b). Identifying subdivisions within muscle through anatomical 

dissection to reveal architectural differences and innervation 

patterns, along with histochemical staining to establish muscle fiber 

profile, has been relatively easy to accomplish. However, establishing 

functional differences between compartments has proven to be a 

difficult and tedious task. 

It has been suggested that, muscle fiber composition 

distinguishes the physiological specialty of individual muscles as well 

as subdivisions of a muscle (Burke, 1981; Close, 1972; Nemeth, 1989). 

Likewise, mechanical considerations, such as pinnation and complex 

distribution of muscle attachments, can also influence functional 

specialization between and within muscles (Loeb, 1987). However, it 

can only be hypothesized that differences in muscle fiber composition, 

fiber architecture, or site of attachments are responsible for the 

specialized and diverse functional capabilities of compartmentalized 

muscle, since little evidence exists to substantiate this theory 

(Windhorst et al., 1989). 

The best evidence to date for establishing functional 

differences in compartmentalized muscle is provided by studies 

investigating differential activation using electromyography (EMG). 
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Though few studies exist using this technique on subdivided muscle, the 

information available substantiates the theory that different regions 

within a muscle may be activated differentially in certain tasks, and 

suggests that the nervous system may exhibit segmented motor control. 

Herring et al. (1979) demonstrated differential activation in the pig 

masseter muscle while chewing. Likewise, English and Weeks (1984, 

1987) observed functional differences in the compartments of the 

lateral gastrocnemius and biceps femoris of the cat in unrestrained 

locomotion. In the 1987 study, English and Weeks also described the 

compartments of the biceps femoris as having different primary 

innervation and different architectural design. More recently, Dunbar 

et al. (1988) also reported heterogeneity in the activity of the 

compartments of the cat lateral gastrocnemius. In man, motor units 

were shown to be turned on at different times during different tasks in 

the biceps brachii muscle (ter Haar Romney et al., 1982, 1984). Based 

on the reviewed studies, it appears that different anatomically 

described compartments may have different functional demand during 

normal activity. 

In a study done by the author (Bruce, 1986), EMG needle 

electrodes were placed in the gluteus medius to determine electrical 

activity of this muscle at two depths during different phases of 

locomotion. One electrode was placed in the superficial portion, which 

had a Type I population estimated to be less than 10%, and one 

electrode directly under the superficial site to a depth of 6 inches, 

where the Type I fiber population was estimated to be greater than 50% 

(Bruce and Turek, 1985). During the canter, intense electrical 
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activity was recorded in the superficial site. In contrast, the deep 

site showed little activity. Based on these preliminary findings of 

one horse, it was concluded that the superficial portion of this muscle 

was most active during the canter, due to high concentration of Type II 

fibers, while the more oxidative portion of the muscle, the deep site, 

remained relatively inactive. These findings are consistent with Loeb 

(1987) who indicated that superficial portions of muscle have a higher 

concentration of Type II fibers and may function more intensely during 

certain movements. 

Anatomical and Histochemical Profiles 

of the Gluteus Medius of the Horse 

The gluteus medius of the horse is considered to be a major 

hindlimb propulsion muscle responsible for extending the hip joint and 

abducting the limb (Getty, 1975). It is anatomically described as 

taking its origin from the aponeurosis of the longissimus lumborum, the 

gluteal surface of the ilium, the tuber coxae and tuber sacrale, the 

dorsal and lateral sacroiliac and broad sacrotuber ligaments, and the 

gluteal fascia. It inserts on the summit of the greater trochanter of 

the femur and the lateral aspect of the intertrochanteric crest (Getty, 

1975; Adams, 1974; Sack and Habel, 1977) (Figure 1). The nerve supply 

to this muscle is from branches of the cranial and caudal gluteal nerve 

which innervate it in various sites. 

Based on a theory by Smith and Savage (1957), the gluteus 

medius is mechanically designed for acceleration. With its relatively 

short moment arms about the hip, the gluteus medius is adapted for 



Figure 1. The Gluteus Medius Muscle of the Horse Illustrating Its 

Origins and Insertions. 

The gluteus medius is anatomically described as taking its origin from 

the aponeurosis of the longissimus lumborum, the gluteal surface of the 

ilium, the tuber coxae and tuber sacrale, the dorsal and lateral 

sacroiliac and broad sacrotuber ligaments and the gluteal fascia. It 

inserts itself on the head of the femur: the summit of the greater 

trochanter, and the lateral aspect of the intertrochanteric crest. 
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Figure 1. The Gluteus Medius muscle of the Horse Illustrating 
Its Orgins and Insertions. 
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rapid movement; hence speed and not strength is emphasized in thigh 

extension. More recent muscle biomechanics data support this theory 

(MacConnell, 1966). 

The gluteus medius is the muscle most frequently sampled in 

studies analyzing biochemical and histochemical changes during exercise 

in the horse (Lindholm and Piehl, 1974; Essen et al., 1980; Snow and 

Guy, 1980). This muscle has been the muscle of choice based on the 

results of a study by Snow and Guy (1976) showing that the fiber 

composition of this muscle, when compared with other equine hindlimb 

muscles was most reflective of breed performance capabilities. The 

gluteus medius is also easy to locate and relatively untraumatic to 

sample (Snow, 1976). 

Summary 

Based upon the literature cited, it can be hypothesized that 

muscle fiber composition of certain limb muscles may be predictive of 

an individual's athletic potential. However, the problem associated 

with this assessment technique is the fact that there is an uneven 

distribution of fiber types within most muscles. This makes it 

difficult to determine the functional role of the entire muscle. The 

gluteus medius of the horse has demonstrated extensive muscle fiber 

variation in its composition. The purposes of this investigation are 

to determine if the variation seen in this muscle is random or 

organized into distinct compartments, to better define its anatomical 

structure, and to interpret these findings with its functional role in 

locomotion. 
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CHAPTER 3 

MATERIALS AND METHODS 

Anatomical Study 

Four adult horses, one Thoroughbred, one grade, and two 

Quarterhorses, were used to study the structural components of the 

equine gluteus medius muscle. The horses used were euthanized due to 

physical injuries but were free from disease and other disorders which 

may affect muscle content. Immediately after euthanesia, the gluteus 

medius was carefully excised, taking particular care to preserve the 

nerves innervating it. Each muscle was perfused with at least two 

quarts of a 10% formalin solution by intramuscular injections, and 

soaked in individual tubs for 30 days in the same 10% formalin solution 

to provide proper fixation. Before fiber architecture was examined, 

the nerves and sites of innervation were documented by photographs and 

sketches. 

Two of these muscles were rinsed thoroughly and placed in a 30% 

nitric acid solution for connective tissue digestion. The digestion 

occurred over a two-day period in which several layers were examined 

and peeled back with glass probes every 6-8 hours. The other two 

muscles were cut into 2-inch cross sectional slices, in which fiber 

architecture was carefully examined by peeling away fibers from each 

slice. Photographs and sketches were also used to document these 

architectural findings. 
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Histochemical Study 

Four adult male Thoroughbred horses were euthanized and the 

gluteus medius muscle was extracted from each animal. The same breed 

and gender were used to minimize the effect of breed and sex 

differences. Previous anatomical dissection revealed two distinct 

regions (Figure 2), hereafter referred to the dorsal and ventral 

regions (see Results). A cross sectional slice was taken from each 

muscle approximately 10 cm caudal dorsal to the tuber coxae, the 

location most commonly used to obtain samples from needle biopsies 

(Figure 3). A sample approximately the size of a 2 cm cube was taken 

from each of three randomly chosen sites from the dorsal region and 

three randomly chosen sites of the ventral region for each horse. The 

samples were all taken along the center line of each region of this 

cross section to diminish the effect of depth (Bruce and Turek, 1985) 

(Figure 2). The muscle samples were oriented on cork discs with 

ornithine carbamyl transferase (OCT; Ames Tissue Tek) and frozen in 

isopentane cooled to -150°C in liquid nitrogen. Transverse serial 

sections, about 10-12 microns in thickness, were cut in a cryostat at 

-20°C and mounted on coverslips for histochemical staining. These 

sections were stained for ATPase (pH 9.4) after an acid (pH 4.56) per 

incubation using the histochemical procedure of Brooke and Kaiser 

(1970). Based on the classification system of Brooke and Kaiser 

(1970), the fibers were classified into three fiber type groups: Type 

I, Type IIA, and Type IIB. Those fibers which showed light ATPase 

activity were classified as Type IIA, described as fast twitch fibers 

which exhibit both glycolytic and oxidative properties. Those fibers 



Figure 2. Lateral View of Cross Sectional Slices of the Gluteus Medius 

Muscle. 

The lateral view of the gluteus medius cut into 2-inch cross sectional 

slices, showing the muscle fiber orientation in both the dorsal region 

and the ventral region. The histochemical sampling sites were taken 

from each region as illustrated in the marked cross section. 
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Figure 2. Lateral View of Cross Sectional Slices of the Gluteus Medius Muscle. 
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Figure 3. The Gluteus Medius Muscle of the Horse Showing the Cross 

Sectional Slice for Histochemical Sampling Sites. 

The cross sectional slice was taken approximately 10 cm caudal dorsal 

of the tuber coxae. Samples from 3 randomly chosen sites from each 

region of this cross sectional slice were taken for histochemical 

analysis. 



Cross Sectional Slice 
Tuber Coxae 

Dorsal 

Ventral 

Figure 3. The Gluteus Medius Muscle of the Horse Showing the Cross 
Sectional Slice for Histochemical Sampling Sites. 
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staining for moderate ATPase activity were grouped as Type IIB, also 

described as fast twitch fibers but exhibiting highly glycolytic 

properties. Finally, the fibers that showed intense ATPase activity 

were classified as Type I and were considered to be slow twitch highly 

oxidative fibers. 

Statistics 

Many physiological and metabolic parameters, which are 

continuously changing along a spectrum, effect the differentiation of 

staining intensities between the Type IIA and Type I IB fibers (Lowry et 

al., 1978; Nemeth et al., 1981). The most reliable count came from the 

intensely stained Type I fibers. Therefore, while three fiber 

classifications were examined, the major statistical analyses were 

performed on the Type I fibers. 

Two-way analysis of variance techniques were, employed to 

compare the percentage of Type I fibers between the dorsal region and 

the ventral region. A t-test on contrasts was used to test the main 

statistical hypothesis that the dorsal region has a higher percentage 

of Type I fibers than does the ventral region. 
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CHAPTER 4 

RESULTS 

Anatomical Study 

Two distinct anatomical regions, the dorsal region and the 

ventral region, separated by a thick tendinous sheet that ran from the 

crest of the ilium to the head of the femur, were identified based on 

fiber architectural differences (Figure 2). Figure 4 shows the dorsal 

region as dark in color with tightly packed cross sectional fibers. 

These fibers took their origin from the longissimus lumborum, tuber 

coxae, tuber sacrale and sacrotuberal-dorsal sacroiliac ligaments and 

ran parallel to the vertebral column. This region was inserted by a 

pointed mass of fibers with a tendinous border onto the lateral surface 

of the intertrochanteric crest (Figure 5). The ventral region, located 

ventrally to the dorsal region, was considerably lighter in color and 

had more loosely packed fibers that ran perpendicular to those in 

dorsal region (Figures 2 and 4). The fibers in this ventral region 

took their origin from the body of the ilium and the gluteus assessoris 

fascia (Figure 5), and inserted onto the strong tendon separating the 

two regions. This tendon was inserted on the summit of the greater 

trochanter. 

The dorsal region was innervated at various sites exclusively 

by the dorsal trunk of the caudal gluteal nerve (see Figures 6 and 7); 

whereas branches of the cranial gluteal nerve came through the greater 



Figure 4. Formalin Soaked Cross Sectional Slice From the Gluteus 

Medius Muscle. 

A cross sectional slice from the gluteus medius after soaking for 30 

days in a 10% formalin solution showing both the dorsal region and the 

ventral region. The dorsal region is dark in color with densely packed 

fibers, while the ventral region is lighter in color with more loosely 

packed fibers that appear to run from the tendon separating the two 

regions ventrally. 
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Figure 4. Formalin Soaked 
Gluteus Medius Muscle. 

Cross-Sectional Slice From the 



Figure 5. Fiber Orientation of the Gluteus Medius Muscle About the 

Insertion Points. 

The fibers in the dorsal region took their origin from the longissimus 

lumborum, tuber coxae, tuber sacrale, and sacrotuberal and dorsal 

sacroiliac ligaments, and ran parallel to the vertebral column. This 

region inserted itself by a pointed mass of fibers with a tendinous 

border onto the lateral surface of the intertrochanteric crest, 

suggesting its mechanical activity is for medial rotation. 

The fibers in the ventral region ran perpendicular to those in the 

dorsal region and took their origin from the body of the ilium. They 

were inserted onto the strong tendon that separated the two regions. 

This tendon was inserted on the summit of the greater trochanter, 

suggesting that the ventral region has the mechanical action 

responsible for extension of the femur. 



28 

Tuber 
Sacrale 

Tuber 
Coxae 

Vertebra 
Column 

REGION A 

Media 
Rotation 

REGION B 

Tendon 

Thigh 
Extention 

Femur 

Summit of the 
Greater Trochanter 

tertrochanteric 
Crest 

Figure 5. Fiber Orientation of the Gluteus Medius Muscle About 
the Insertion Points. 



Figure 6. Medial Side of the Gluteus Medius Muscle Showing Innervation 

of Primary Nerves. 

The gluteus medius is innervated at various sites by branches of two 

primary nerves; the cranial gluteal nerve and the caudal gluteal nerve. 
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Figure 7. Medial Side of the Gluteus Medius Muscle Cross Sections 

Showing Innvervation Sites. 

The innervation sites of the caudal gluteal nerve are exclusively in 

the dorsal region whereas the innervation sites of the cranial gluteal 

nerve are restricted to the ventral region. 
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ischiatic foramen to innervate multiple sites of the ventral regions 

(Figures 6 and 7). 

Histochemical Study 

The number of fibers analyzed and compared from each region of 

each horse was approximately 9,000, with a total of 18,000 fibers per 

muscle, representing close to 30 needle biopsies per animal. 

Table 1 shows the percentages of the three fiber types for each 

site. A trend was exhibited for each horse: The dorsal region had a 

higher percentage of Type I fibers than did any site within the same 

horse in the ventral region. Similarly, for each horse, each site in 

the ventral region had a higher percentage of Type IIB fibers than any 

site in the dorsal region. Table 2 gives the corresponding mean 

percentages when averaged over the three sites as well as regional 

means. Each horse had a higher mean percentage of Type I fibers in the 

dorsal region and a higher mean percentage of Type I IB fibers in the 

ventral region (Figure 8). This trend was also seen when averaged over 

all four horses (Figure 9). 

An analysis of variance was applied to the Type I fibers (Table 

3). Using a t-test on the contrast comparing the dorsal region to the 

ventral region, the dorsal region had a significantly higher mean 

percent of Type I fibers, when averaged over the four horses, than did 

the ventral region (P<0.001). However, there was also a significant 

region by horse interaction (P=0.001). This means that, while all 

horses showed a decrease in Type I fibers in moving from dorsal to 



Table 1. Percentage of Fiber Types in the Gluteus Medius Muscle. 

For each horse, three randomly chosen sites in the dorsal region and 

three randomly chosen sites in the ventral region were sampled, all 

along the center line of a cross sectional slice of muscle. Each 

sample was histochemically stained for ATPase and three fiber types 

were classified: Type I, Type IIA and Type IIB and approximately 3,000 

fibers were counted per sample. 
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Table 1. PERCENTAGES OF FIBER TYPES IN THE GLUTEUS MEDIUS MUSCLE 

DORSAL REGION VENTRAL REGION 

TYPE SITE 1 2 3 1 2 3 

HORSE 1 
I 35 28 35 8 10 12 
IIA 34 41 37 51 49 41 
I IB 31 31 28 41 41 47 

HORSE 2 
I 22 26 26 10 12 7 
IIA 40 36 34 45 46 51 
I IB 38 38 40 45 42 42 

HORSE 3 * 

I 33 34 33 28 24 15 
IIA 32 43 40 37 41 43 
I IB 35 23 27 35 35 42 

HORSE 4 
I 10 12 11 4 4 4 
IIA 51 54 45 50 50 52 
I IB 39 34 44 46 46 44 



Table 2. Mean Percentages of Fiber Types Averaged Over Sites Yielding 

Regional Means. 

For each horse, region, and fiber type, the three percentages from 

Table 1 were averaged over the 3 sites. These means were again 

averaged over the 4 horses to produce the average percentage of each 

fiber type within both regions. 
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Table 2. MEAN PERCENTAGES OF FIBER TYPES AVERAGED OVER SITES YIELDING 
REGIONAL MEANS 

TYPE DORSAL REGION VENTRAL REGION 

HORSE 1 
I 32.7 10.0 
IIA 37.3 47.0 
I IB 30.0 43.0 

HORSE 2 
I 24.7 9.7 
IIA 36.6 47.3 
I IB 38.7 43.0 

HORSE 3 
I 33.3 22.3 
IIA 38.3 40.4 
I IB 28.4 37.3 

HORSE 4 
I 11.0 4.0 
IIA 50.0 50.7 
I IB 39.0 45.3 

REGIONAL MEANS 
I 25.4 11.5 
IIA 40.6 46.3 
I IB 34.0 42.2 



Figure 8. Mean Percentages of Type I and Type I IB Fibers in Both the 

Dorsal and Ventral Regions of the Gluteus Medius Muscle. 

The height of each bar is the average percentage of the indicated fiber 

type when averaged over the 3 sites, within each region of each horse. 

These are the same means as recorded in Table 2 for Type I and Type I IB 

fibers. In moving from the dorsal region to the ventral region, a 

trend for each animal was a decrease in the percentage of Type I fibers 

and a corresponding increase in percentage of Type IIB fibers. 
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Figure 9. Mean Percentages of Type I and Type I IB Fibers in Both 

Regions of All Horses. 

The height of each bar is the average percent of the indicated fiber 

type when averaged over the 3 sites as well as the 4 horses producing 

Regional means, as recorded in Table 2. In moving from the dorsal 

region to the ventral region, the trend was a decrease in the 

percentage of Type I fibers and a corresponding increase in percentage 

of Type IIB fibers. 
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Table 3. Analysis of Variance on Type I Fiber Distribution. 

A standard two-way analysis of variance summary table is presented 

listing the 3 tested sources of variation: regions, horses, and horse-

by-region interaction. Since each of the corresponding probabilities 

is less than or equal to 0.001, all three sources of variation are 

significant at the 1% level. 
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Source of Variation Sums of Squares df Mean Square F P 

Regions 1167.04 1 1162.04 119 .67 <0 .001 

Horses 1307.46 3 435.82 44 .88 <0 .001 

Horse x Region 
Interaction 201.13 3 67.04 6 .90 0 .001 

Error 155.33 16 9.71 

TOTAL 2825.96 23 



Figure 10. Horse by Region Interaction. 

The mean percentage of Type I fibers for each Region of each horse is 

plotted. The amount of decrease in the percentage of Type I fibers in 

moving from the dorsal region to the ventral region is not constant and 

depends on the individual horse. This exhibits Horse by Region 

interaction. Parallel lines would result if there were no Horse by 

Region Interaction. 
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ventral, the amount of decrease depended on the individual (Figure 10). 

Furthermore, there were significant differences in mean percentages of 

Type I fibers among the four horses (P<0.001), indicating an 

anticipated individual variation. 

All three sources of variation, region to region, horse to 

horse, and region by horse interaction, were significant. In order to 

rank the sources of variation from largest effect upon the percentage 

of Type I fibers to the smallest effect, the F and P values reported in 

Table 3 yielded a ranking of: 1) region to region; 2) horse to horse; 

and 3) compartment by horse interaction. It is noted that a larger 

amount of the variation in Type I fibers can be attributed to 

differences between regions than can be explained by individual 

variation. 

When the Type IIA and Type I IB fibers were subjected to the 

same analyses, similar results prevailed. To compare the relative 

sizes of these differences, 95% confidence intervals for the true mean 

differences were computed (Table 4). Clearly, the dominant differences 

occurred in the percentages of Type I fibers, with the Type IIA fibers 

differing the least. 



Table 4. Ninety-Five Percent Confidence Intervals for the Differences 

in Average Percentage. 

For each of the three recorded fiber types, a 95% confidence was 

computer for the true difference in mean percentage for a given fiber 

type between the dorsal region and the ventral region. 
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Table 4. NINETY-FIVE PERCENT CONFIDENCE INTERVALS FOR THE DIFFERENCE 
IN AVERAGE PERCENTAGE 

95% Confidence Interval for Dorsal - Ventral Regional Mean % 

Type I 13.9 ± 2.7 

Type IIA -5.7 ± 3.3 

Type IIB -8.2 ± 3.0 



40 

CHAPTER 5 

DISCUSSION 

Recent studies in both man and horse have suggested that 

performance may correlate with muscle fiber composition of certain 

hindlimb muscles (Costi11 et al., 1976; Saltin et al., 1977; Snow and 

Guy, 1980; Saltin and Gollnick, 1983). More specifically, it has been 

reported that athletes who excel in sprinting events have a higher 

percentage of fast twitch fibers; whereas athletes who do well in 

endurance races possess a high proportion of slow twitch fibers 

(Gollnick et al., 1972; Costill et al., 1976; Saltin et al., 1977). 

Likewise, Snow and Guy (1980) have demonstrated that the histochemical 

composition of fibers in the gluteus medius of select breeds of horse 

correlates with performance. 

The sampling technique for these studies is by histochemical 

examination of a small biopsy specimen from one muscle. However, with 

repeated muscle biopsies from the same individual, an uneven 

distribution of fiber types has been reported (Snow and Guy, 1980; 

Henriksson-Larsen et al., 1983) suggesting that this small amount of 

tissue being analyzed is not necessarily representative of the fiber 

population of the entire muscle. It is now well documented that there 

is extensive muscle fiber variation within muscle, especially as a 

function of depth (Gonyea and Erickson, 1977; English and Letbetter, 

1982b; Kai, 1984; Bruce and Turek, 1985). It has been hypothesized 
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that this uneven distribution of fiber types is the result of regional 

specificity, which may allow a region or regions within a muscle to 

function differentially (Botterman, Binder and Stuart, 1978; McConathy, 

Giddings and Gonyea, 1983). 

The results of this study demonstrate that the gluteus medius 

of the horse is divided into two distinct anatomical regions (see 

Figure 2). These compartments are defined by differences in 

architectural design, innervation patterns, points of origin and 

insertion, as well as significant differences in fiber composition. 

Based on their histochemical profile, the two compartments exhibit 

significant differences in their oxidative and glycolytic capacities. 

This concept of compartmentalized muscle, first described by Letbetter 

(1974), is not an unusual phenomenon among other mammalian species 

demonstrating variation of fiber composition (Gonyea and Ericson, 1977; 

Bodine et al., 1982; English and Letbetter, 1982; Richmond et al., 

1985). English and Letbetter (1982b) further defined the concept of 

compartmentalization as subvolumes of a muscle innervated exclusively 

by the primary branch of a muscle nerve. Most recently, a study done 

by English and Weeks (1987) used EMG analysis to demonstrate functional 

differences of a subdivided muscle of the cat biceps femoris that was 

innervated by different primary nerve branches. These authors showed 

that a portion of muscle innervated by a primary nerve can be activated 

separately from other compartments of the same muscle which are 

innervated by a different nerve. This work illustrates that 

compartments of the same muscle with a different primary nerve supply 

can function independently of one another. 
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Additional studies have demonstrated differential activation 

of subdivided muscle during certain tasks. Herring et al. (1979) 

showed different activity patterns of the pig masseter muscle while 

chewing. Russel et al. (1982) reported that compartments within the 

lateral gastrocnemius muscle of the cat can be activated in various 

combinations during some natural movements. It has also been 

documented that the human biceps brachii muscle is differentially 

activated while performing certain tasks (ter Haar Romeny et al., 

1984). In this study, the gluteus medius muscle of the horse 

demonstrated similar regional subdivisions and innervation patterns to 

the above mentioned studies, suggesting that this regional organization 

is by design, allowing each compartment to function differentially 

during different phases of movement. However, to date, no EMG evidence 

on the horse can substantiate this correlation seen in other species. 

Other factors which may influence functional specificity within 

muscle include: 1) differences in the distribution of fiber types; 2) 

differences in architectural features; and 3) differences in mechanical 

action due to origins and insertions. All of the above have been 

demonstrated in this study by the equine gluteus medius. A brief 

review of recent studies of several species will follow showing how 

these factors could provide functional advantages for differential 

control and how the findings of this study could relate to these 

factors. 

The fiber type distribution in muscle or subvolumes of muscle 

distinguishes certain features attributed to the function of that 

muscle. Hence, the predominance of one fiber type over the other 
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suggests a pattern of muscle usage (Close, 1972; Burke, 1981; Nemeth, 

1989). For example, portions of muscle with a large percentage of slow 

twitch, oxidative fibers usually found deep in the muscle is thought to 

control postural activity; whereas, superficial portions of the muscle 

possessing a higher concentration of fast twitch, glycolytic fibers 

emphasize power and strength movements (Loeb, 1987). In the horse, it 

has been well documented that the gluteus medius muscle possesses 

higher percentages of Type II fibers in its superficial layer and is 

rich in the oxidative Type I fibers in the deep portion (Kai, 1984; 

Bruce and Turek, 1985). In an unpublished EMG study done by the 

author, muscle activation was shown to be intense in the superficial 

site during the canter but only slight in the deep site of the muscle, 

suggesting differential activation in these two layers during this 

phase of locomotion (Figure 11). Through glycogen depletion tests, 

Armstrong et al. (1977) showed that different groups of fiber types, 

thus motor units, within individual muscle may be recruited as the 

animal changes stride, indicating that different portions of the muscle 

may be activated at different gaits. The data obtained in this study 

clearly shows significant differences in the histochemical profile of 

both compartments (Figure 9). These fiber composition differences may 

also reflect the physiological adaptation for the sort of functional 

demands to which each compartment is subjected with respect to speeds 

of contraction and resistance to fatigue. 

It is well known that muscles vary considerably in their 

structure (Gans, 1982). Some skeletal muscles demonstrate complex 

Figure 11. EMG Recording of the Gluteus Medius of the Horse. 



Figure 11. EMG Recording of the Gluteus Medius of the Horse During the 

Canter. 

a. EMG recording of the deep portion of the muscle estimated to have 

more than 50% Type I fibers. This recording illustrates slight 

activity during this phase of locomotion. 

b. EMG recording of the superficial portion of the muscle, 

estimated to have less than 10% Type I fibers. This recording 

shows intense activity at the same phase of locomotion as a. 
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architectural structure that suggest considerable mechanical 

specialization. Factors that may influence the production of this 

varied mechanical action within muscle is the arrangement of its muscle 

fibers, commonly referred to as its architecture (Sacks and Roy, 1982). 

The pinnation or angle at which fibers are arranged within muscle 

influence the amount of work it performs. A division of labor may be 

suggested between differently pinnated muscle fibers within a single 

muscle. In this study, it has been shown that the muscle fiber 

architecture in each compartment is arranged differently and, with 

respect to one another, are almost opposing in action, suggesting 

another factor which could contribute to heterogeneity of action within 

the muscle (Figure 2). 

The insertion of a muscle may also play another role in 

determining differences in the mechanical actions of subdivided muscle. 

Due to different insertions, the bicep femoris of the cat has exhibited 

differential control based on activation patterns of its well-defined 

compartments (English and Weeks, 1987). Loeb (1987) suggested that 

muscles with broad origins or insertions, such as the sartorius muscle 

of the cat, would have such a specialized internal organization that 

would allow heterogeneous mechanical actions to be exerted within this 

muscle. Other studies examining the cat semimembranosus (Hamm et al., 

1985) and the cat medial and lateral gastrocnemius (Letbetter, 1974; 

English and Letbetter, 1982a) emphasize that these muscles, by their 

distributed origins and insertions, show the potential for producing 

varied mechanical activity by selective activation of muscular 

subdivisions. In this study of the horse gluteus medius muscle, the 
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multiple origin sites of the dorsal region, in combination with its 

insertion on the lateral aspect of the intertrochanteric crest of the 

femur, suggest its mechanical activity is for medial rotation or 

abduction of the hip. In contrast, the origin sites of the ventral 

region on the body of the ilium and the insertion of these fibers on 

the tendon running through the muscle suggest its mechanical action to 

be responsible for extension of the femur (Figure 5). This specialized 

arrangement of attachments about the hip could indicate the different 

functions that each region may exhibit when activated. 

In conclusion, the gluteus medius of the horse, a major 

hindlimb propulsion muscle, has been selectively chosen for study 

because of: 1) its histochemical profile that reflects breed 

differences (Snow and Guy, 1980); and 2) its position on the hip that 

makes sampling relatively easy and nontraumatic (Snow and Guy, 1976). 

This muscle has been studied extensively for its relationship to 

athletic performance and exercise, but not for locomotor function. 

Histochemical and biochemical studies have dominated the field of 

research on the gluteus medius, which is usually sampled without any 

knowledge of its anatomy, architecture, or histochemical profile. 

Little has been done to demonstrate functional relationship of the 

sample taken in this muscle to its role in exercise. This study 

demonstrates evidence of two distinct anatomical compartments 

distinguished by a different nerve supply, different architectural 

design, different muscle fiber composition, and different points of 

origin and insertion. In the numerous studies mentioned above, it has 

been suggested that these factors contribute to differential control of 
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subdivided muscle. Understanding the functional applications of these 

factors may help explain the role this muscle plays during movement. 

Future studies should be designed to interpret the functional 

demands placed on both regions of the gluteus medius in different 

phases of locomotion. Such work should include identification of 

activation patterns using EMG analysis, along with quantification of 

histochemical and biochemical properties. Until then, when using only 

percutaneous biopsy technology, researchers should be cautious in 

interpreting data from this anatomically and histochemically complex 

muscle. 
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