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

References to histochemistry are extensive for human limb muscles but occur less frequently in relation to

vertebral muscle. Most vertebral muscle literature has been concerned with muscle fibre characteristics in the

lumbar and thoracic spine, due in large part to the incidence of low back pain and idiopathic scoliosis.

However few studies have investigated the histochemical composition of neck muscles in humans: and, to

our knowledge, no previous study has examined the antagonistic longus colli and multifidus muscle pair. In

addition, while age-related segmental degeneration is most prominent between C5 and C7, it is not known

whether these osteoligamentous changes are paralleled by changes in muscle fibre ratio. Tissue blocks

comprising muscle and bone from C5–C7 segments were harvested at autopsy from 16 subjects with ages

ranging from 4 to 77 years. The prevertebral longus colli and postvertebral multifidus muscle pairs were

randomly selected from one or other side in each subject. The tissue was frozen, sectioned and

histochemically stained for myofibrillar adenosine triphosphatase. Analysis of muscle fibre types was

performed by light microscopy. Wilcoxon paired t-tests were used to ascertain whether intramuscular and

intermuscular differences in fibre composition were significant. In addition, correlation and regression

analyses were used to determine whether fibre type proportions changed in either muscle with increasing age.

The present study has revealed histochemical differences between longus colli and multifidus at the level of

the C5–C7 vertebral segments. Multifidus comprises a significantly greater proportion of type I than type II

fibres. Longus colli comprises a significantly greater proportion of type II fibres than multifidus. Further

there were no changes in fibre type proportion in either muscle with increasing age. These observations

suggest that longus colli responds equally to postural and phasic demands, whereas multifidus is

predominantly postural. Also it would appear that age-related structural alterations in lower cervical

segments are not paralleled by changes in muscle fibre ratio.
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

Axial muscles may be classified as segmental stabilisers

or prime movers on the basis of their moment-

generating capacity (Vasavada et al. 1998). Fibre

characteristics contribute to contractile force and

moment-generating capacity (Lexell et al. 1983;

Richmond et al. 1999), although these properties are

subject to alteration following high intensity en-

durance training (Andersen & Henriksson, 1977;

Rose & Rothstein, 1982; Abernethy et al. 1990),

denervation (Dhoot & Pearce, 1984), or immo-
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bilisation (Rose & Rothstein, 1982; Lieber et al.

1988). Loss of cervical lordosis with increasing age is

accompanied by osteoligamentous changes that

briefly restore motion segment stability, prior to

further degeneration and postural perturbation

(Macnab, 1975; Klara & Foley, 1993; Joosab et al.

1994). Reactive processes of this kind are pre-

dominantly evident in the lower cervical spine (Bayley

et al. 1995). Although neck muscles functionally adapt

to these structural changes, little is known about their

muscle fibre histochemistry. Previous studies have

confirmed greater type I fibre size and composition in



various back muscles (Johnson et al. 1973; Lexell et

al. 1983; Ng et al. 1998), although few studies have

described the histochemistry of human neck muscles,

whether in health or disease. Uhlig et al. (1995)

examined fibre compositions in several ventral and

dorsal neck muscles from patients suffering various

forms of cervical dysfunction. Three further studies

have examined fibre distributions in sternocleido-

mastoid and trapezius in control autopsy tissue

(Johnson et al. 1973; Lindman et al. 1990, 1991).

The bulk of available vertebral literature has

concentrated on the lumbar (Fidler et al. 1975; Jowett

et al. 1975; Sirca & Kostevc, 1985; Thorstensson &

Carlson, 1987; Rantanen et al. 1993; Rantanen et al.

1994; Mannion et al. 1997; Ng et al. 1998; Zhao et al.

2000), and thoracic spines (Zetterberg et al. 1983;

Ford et al. 1984; Sirca & Kostevc 1985; Mannion et

al. 1997; Meier et al. 1997), due in part to the

incidence of low back pain and idiopathic scoliosis.

Studies of lumbar longissimus and multifidus in

healthy subjects has confirmed that both muscles

contain greater proportions of type I than type II

fibres, despite their different anatomical position

(Sirca & Kostevc, 1985; Thorstensson & Carlson,

1987). Also, studies of multifidus in cases of lumbar

spinal derangement and lumbar disc herniation have

consistently noted that type I : type II ratios remain

unchanged from normal values (Fidler et al. 1975;

Jowett et al. 1975; Rantanen et al. 1993; Zhao et al.

2000). However type II fibre transformations may

occur, notably an increase in the type IIB: type IIA

ratio in instances of low pack pain and immobilisation

(Rose & Rothstein, 1982; Lieber et al. 1988; Rantanen

et al. 1993; Mannion et al. 1997; Ng et al. 1998; Zhao

et al. 2000), and a decrease following high intensity

endurance training (Andersen & Henriksson, 1977;

Abernethy et al. 1990). By contrast, studies of thoracic

erector spinae muscle in cases of idiopathic scoliosis

have revealed more type I fibres on the convex side of

the curved spine, whether at the level of the apex or

bilaterally adjacent to it. Type I predominance is

paralleled by diminished type II fibre population on

the convex side, the fibres of which shift from type IIB

to IIA, bearing more oxidative-glycolytic properties.

Interestingly, fibre compositions on the concave side

of the apex reflect ratios seen in healthy subjects

(Zetterberg et al. 1983; Ford et al. 1984; Meier et al.

1997).

Multifidus and longus colli are functionally

regarded as segmental stabilisers (Mayoux-Benhamou

et al. 1994; Conley et al. 1995). We therefore

hypothesised that both may exhibit a predominance

of slow twitch muscle fibres, the proportion of which

may decrease with increasing age, consistent with

disuse and denervation. Here we describe for the first

time muscle fibre characteristics for intrinsic longus

colli and multifidus muscles spanning C5–C7 in

autopsy material, and consider these properties in the

context of age-related degenerative changes known to

occur in this region.

  

Study design

Tissue was gathered from 16 subjects at autopsy, for

which ethical approval had been received. The 16

subjects (10 male, 6 female) ranged in age from 4 to 77

(mean 42³20) y. All autopsies were performed within

24 h of death and medical histories were not available

for review. Blocks including bone were harvested via

an anterior approach from C5–C7 and immediately

transferred to ice for transportation and subsequent

processing. The longus colli and multifidus muscle

pairs on both sides were used. As tissue became

available, C5–C7 blocks were in turn allocated a

random number. For odd-numbered blocks, the right

longus colli and multifidus pair was used. In even

numbered blocks, the left muscle pair was used. Using

this random design equal numbers of left and right

muscle pairs were assigned for muscle fibre analysis,

without bias and independent of age and gender

characteristics.

Muscle histochemistry

Longus colli and multifidus muscles were carefully

resected from the vertebral bodies and laminae

respectively. Muscle biopsies (3¬3¬5 mm) were cut

using a scalpel from the resected C5–C7 muscle

segments, such that samples were obtained from

C5–C7 for both longus colli and multifidus in each

subject. Therefore a total of 96 muscle biopsies were

harvested and prepared in this manner. In each case

sampling occurred in the muscle belly since C5–C7

motion segments represent mid portions in each of

these muscles. In addition, biopsies were taken at

variable depths in each muscle sample to control for

the possibility of non-uniform fibre type distributions

(Richmond et al. 1999). Biopsies were oriented in

plastic moulds (5¬5¬5 mm) and embedded in

TissueTek OCT Compound (Sakura Finetek, USA)

for transverse muscle fibre sectioning. Samples were

then frozen in precooled isopentane using liquid

nitrogen. Frozen muscle samples were immediately

transferred to a ®30 °C freezer and stored for
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Fig. 1. Muscle fibre composition at C6 in subjects aged 36 and 76 y. The top panels indicate multifidus (a, b), the bottom panels longus colli

(c, d ). Sections stained for myofibrillar adenosine triphosphatase (ATPase) following preincubation at pH¯ 9±4 and 4±3. Type I and type

II muscle fibres are labeled in multifidus (b) and longus colli (d ). Objective magnification, ¬20; bar, 100 µm; M, multifidus ; LC, longus colli.

subsequent sectioning. Five serial 8 µm sections were

cut from each of the tissue blocks on a Leica cryostat,

in which cryostat object and chamber temperatures

were pre-set to ®20 °C. As for biopsy sampling, the

sequence of serial sections in each case were collected

following a random start such that on average,

sections used in analysis were representative of full

biopsy depth. Paired longus colli and multifidus

transverse muscle sections corresponding to the same

vertebral levels were mounted on non-adhesive glass

slides and air-dried prior to staining. Sections were

then stained with adenosine triphosphatase

(ATPase) at pH¯ 9±4 and 4±3.

Method for determining muscle fibre composition

We did not attempt to differentiate between type IIC

(transitional), type IIA (fast-oxidative) and type IIB

(fast-glycolytic) fibres in light of postmortem delay in

preparing the biopsies (Elder et al. 1982). Rather,

observations were restricted to distinguish slow-

oxidative (type I) fibres from fast-glycolytic (type II)

fibres, for which ATPase staining at pH¯ 9±4 and 4±3
is routinely used. Under light microscopy type I fibres

appeared dark and type II fibres light, in accordance

with a modified staining protocol (Hamalainen &

Pette, 1993). All slides with stained sections were

coded so that subject characteristics were not known

to the observer. Using a ¬20 objective and a

projectoscope fitted with automatic x,y coordinate

stage advance, 4 tissue fields were randomly selected

and counts of fibre number made. An average of 550

muscle fibres from C5–C7 in each subject were

counted using this protocol. The sum of all type I and

type II fibre counts made in each biopsy were used to

estimate overall muscle fibre composition for the

respective muscles in each subject.
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

Muscle histochemistry

Longus colli contained type I and type II fibres in

approximately even ratios, while multifidus comprised

predominantly type I fibres. These fibre differences are

evident in micrographs of longus colli (Fig. 1c, d ) and

multifidus (Fig. 1a, b). On average longus colli

comprised 53% type I fibres and 47% type II fibres,

while on average multifidus comprised 77% type I

fibres and 23% type II fibres (Fig. 2). Wilcoxon paired

Fig. 2. Wilcoxon paired t-tests revealed significant intramuscular

fibre type differences for multifidus and intermuscular type II fibre

differences at C5–C7. Error bars represent standard error of the

mean (... ; n¯ 16 subjects).

Fig. 3. Correlation and regression analysis of type I and type II fibre counts in longus colli and multifidus as a function of age. Fibre counts

did not change in longus colli (type I, c¯®0±08, P¯ 0±78 and type II, c¯ 0±23, P¯ 0±40) or multifidus (type I, c¯®0±48, P¯ 0±06 and

type II, c¯ 0±14, P¯ 0±62) with increasing age.

t-tests revealed significant fibre type differences in

multifidus (P! 0±01) and type II fibre differences

between longus colli and multifidus (P! 0±01) at

C5–C7 (Fig. 2).

Age differences

Figure 1 illustrates the muscle fibre composition of

multifidus and longus colli at the level of C6 in two

subjects aged 36 (left) and 76 (right) years respectively.

The histochemical profile of multifidus is indicated in

the top panels (a, b) and that of longus colli on the

bottom (c, d ). Figure 1 reveals that fibre proportions

remained largely unchanged in either muscle from age

36 (a, c) to 76 (b, d ). Correlation and regression

analysis of all subjects in the present study confirmed

that fibre counts did not change in longus colli (type

I, c¯®0±08, P¯ 0±78 and type II, c¯ 0±23, P¯
0±40) or multifidus (type I, c¯®0±48, P¯ 0±06

and type II, c¯ 0±14, P¯ 0±62) with increasing age

(Fig. 3).

Sex differences

The subject group was further examined by gender to

determine whether differences in fibre composition
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Table 1. Muscle fibre composition by gender

Longus colli Multifidus

Male Female P-value Male Female P-value

n 10 6 10 6

Age 40±2³6±6 45±0³8±2 0±66 40±2³6±6 45±0³8±2 0±66

Type I (%) 49±3³4±6 58±3³3±4 0±14 76±5³3±4 77±2³3±8 0±90

Type II (%) 50±7³4±6 41±7³3±4 0±14 23±5³3±4 22±8³3±8 0±90

³, standard error of the mean (...).

Fig. 4. Fibre distribution in longus colli at C5 for a subject aged

20 y. Section stained with adenosine triphosphatase (ATPase)

following acid preincubation (pH¯ 9±4 and 4±3). Homogeneous

type I fibres are evident to the right and mixed fibre distributions

evident to the left. Objective magnification ¬5; bar, 100 µm.

were apparent (Table). A 2-sample t-test revealed no

difference (P¯ 0±66) in age range between males and

females. Therefore the samples were statistically

comparable, however two-sample t-tests of fibre

composition revealed no gender differences in longus

colli (P¯ 0±14) or multifidus (P¯ 0±90, Table).

Muscle fibre compartmentalisation

Figure 4 illustrates a section of longus colli muscle

from a subject aged 20 y, in which a muscle fibre

gradient is evident. A homogeneous type I fibre

distribution is evident nearing the biopsy margin to

the right, that is distinct from the mixed fibre

representation to the left (Fig. 4). This was only

observed in two samples of longus colli and was not

observed in multifidus.

 

The objective of the present study was to characterise

the fibre composition of 2 intrinsic and antagonistic

muscles in the human neck spanning C5–C7 segments

in autopsy tissue. Longus colli, a flexor muscle,

comprised on average 53% type I and 47% type II

fibres and in multifidus, a segmental stabiliser, the

corresponding values were 77% type I and 23% type

II fibres (Fig. 2). Furthermore, neither muscle sus-

tained consistent changes in fibre composition with

increasing age (Fig. 3). Results of the present study

are comparable with those in the literature. Specifi-

cally, previous studies have confirmed that type I fibre

proportions increase in extensors of the back from

lumbar (57–65%) to thoracic (73–77%) regions

(Joseph & McColl, 1961; Fidler et al. 1975; Selbie et

al. 1993). The greater dependence on type I fibres with

rostral muscle position is thought to be related to

larger flexion moments and anterior displacement of

rotational axes in the thoracic spine (Joseph &

McColl, 1961). Previous studies have also failed to

identify consistent changes in muscle fibre compo-

sition with increasing age (Grimby et al. 1984;

Rantanen et al. 1994). The net effect of these

observations implies a greater dependence on slow-

twitch postural fibres in vertebral muscles, that is

conserved with age and increases sequentially from

lumbar to cervical levels.

The histochemical profile of neck muscles has to

date received little attention in healthy or diseased

subjects. Combined with this scarcity it is not known

whether fibre type changes are dependent on factors

such as gender (Lindman et al. 1990, 1991; Uhlig et al.

1995; Mannion et al. 1997; Ng et al. 1998), or the

presence and duration of symptoms (Fidler et al.

1975; Jowett et al. 1975; Zetterberg et al. 1983; Dhoot

& Pearce, 1984; Ford et al. 1984; Rantanen et al.

1993; Uhlig et al. 1995; Meier et al. 1997; Ng et al.

1998; Zhao et al. 2000), where these exist. However it

is generally acknowledged that large intra- and

intermuscular variability exists within and between
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individuals. To this end, many authors have high-

lighted the need for adopting best practice sampling

techniques to ensure that results are non-biased and

better represent the true histochemical profile of the

muscle(s) concerned (Goldspink et al. 1973; Heffron

& Hegarty, 1974; Elder et al. 1982; Lexell et al. 1983;

Richmond & Armstrong, 1988; Richmond et al.

1999). To our knowledge, only 3 previous studies have

examined fibre distributions in neck muscle obtained

from control autopsy tissue. None of these have

examined intrinsic muscles of the neck. Rather, these

studies have described fibre composition in sterno-

cleidomastoid and trapezius, both large and super-

ficial muscles. Uhlig et al. (1995) conducted a

thorough examination of type I, IIC, IIA and IIB fibre

composition and transformations in various dorsal

(rectus capitis posterior major, obliquus capitis in-

ferior, splenius capitis and trapezius) and ventral

(sternocleidomastoid, omohyoid and longus colli)

neck muscles, obtained from patients suffering cervical

dysfunction. With respect to longus colli in patients

suffering post-traumatic instability, Uhlig et al. (1995)

reported a mean of 49±7% type I and 50±3% overall

type II fibres in males, compared with 49±3% and

50±7% for corresponding muscle fibres in males of our

study (Table). Similarly, Uhlig et al. (1995) reported a

mean of 69±1% type I and 30±9% overall type II fibres

in females, compared with 58±3% and 41±7% for

corresponding muscle fibres in females of the present

study (Table). We found no gender differences in fibre

composition for either longus colli (P¯ 0±14) or

multifidus (P¯ 0±90). Aside from gender these com-

parisons of longus colli reflect test and autopsy studies

and their close approximation lends tentative support

to the notion that muscle fibre ratios remain constant,

independent of the presence or absence of disease.

Low back pain promotes fibre transformation

affecting the balance of type II fibres, although type I:

type II ratios resemble normal values (Fidler et al.

1975; Jowett et al. 1975; Rantanen et al. 1993;

Mannion et al. 1997; Zhao et al. 2000). A notable

exception concerns patients with idiopathic scoliosis,

in which elevated type I fibre proportions are routinely

observed at the apex of the spinal convexity (Ford et

al. 1984; Meier et al. 1997).

The metabolic requirements of an extrafusal muscle

fibre define its histochemistry and functional proper-

ties (Fidler et al. 1975; Ng et al. 1998). Longus colli

comprises an even type I : type II fibre ratio and can

therefore respond equally to postural and phasic

demands, whereas multifidus is predominantly type I

in character (4 :1) reflecting its postural function in

resisting cervical flexion.

Muscle fibre compartmentalisation

The mosaic pattern of fibre distribution typical of

mammalian muscle occurs as a function of differential

alpha motor unit distribution within muscle fascicles

(Richmond et al. 1999). However recent studies of

splenius and biventer cervicis muscles in the neck of

the cat (Richmond et al. 1985; Richmond &

Armstrong, 1988), obliquus capitis inferior in the

primate (Richmond et al. 1999) and cervical spinal

accessory muscles in the rat (Brichta et al. 1987) have

confirmed that a motor unit’s fibre type complement

may be restricted to specific zones or muscle compart-

ments. Where fibre gradients are evident type I fibres

occupy deep and type II fibres more superficial

regions, the former recruited for maintenance of

posture, the latter for phasic movements (Richmond

& Armstrong, 1988; Selbie et al. 1993; Richmond et

al. 1999). Fibre compartmentalisation was observed in

two longus colli biopsies in the present study, one of

which is depicted in Figure 4. By contrast no fibre

gradients were observed in biopsies of multifidus, a

finding consistent with observations made in deep

dorsal cervical muscles of the rat (Callister et al. 1987).

The lack of observed fibre gradient may be an-

ticipated, since compartmentalisation is usually evi-

dent in muscles of complex architecture that contain

an abundance of intramuscular tendinous inscrip-

tions.

Sampling considerations

This is the first study of its kind that has examined

longus colli and multifidus in autopsy tissue. Whilst

the feasibility of histochemical staining on autopsy

muscle has previously been demonstrated following

lengthy delays (Eriksson et al. 1980), muscle fibre

analysis in this study has been made conservatively

since biopsies were not harvested from living subjects

(Ng et al. 1998). Accordingly we sampled from three

segmental levels, differentiated only slow type I from

fast type II fibres and made no assessment of fibre

dimensions in light of tissue shrinkage (Goldspink et

al. 1973; Heffron & Hegarty, 1974; Elder et al. 1982;

Lexell et al. 1983). Best practice sampling procedures

of this sort provide reliable estimates of muscle fibre

type, although to be regarded as rigorous and truly

unbiased, these factors should be considered in

concert with the theory of muscle compart-

mentalisation.

The present study has characterised muscle fibres

for two intrinsic neck muscles in man, for which

714 L. C. Boyd-Clark, C. A. Briggs and M. P. Galea



normative data was previously unavailable. Distinct

from our hypotheses, there are significant histo-

chemical differences between prevertebral longus colli

and postvertebral multifidus. Furthermore no changes

in fibre type proportion are evident in either muscle

with increasing age. In contrast to the effects of

scoliosis, age-related loss of cervical lordosis with

osteoligamentous change has little effect on muscle

fibre composition. Therefore it appears that con-

ditions resulting in spinal malalignment may act as the

primary stimulus for muscle fibre transformation.

This study provides a greater understanding of the

functional capacity for two intrinsic muscles in the

human neck. Further work incorporating a larger

cross-sectional sample of ages is necessary to establish

the functional characteristics of other segmental and

global neck muscles.
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