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Abstract

The thoracolumbar fascia attaches to the lumbar spinous processes and encloses the paraspinal muscles to form

a muscle compartment. Because muscle spindles can respond to transverse forces applied at a muscle’s surface,

we were interested in the mechanical effects this fascia may have on proprioceptive signaling from lumbar

paraspinal muscles during vertebral movement. The discharge of paraspinal muscle spindles at rest and in

response to muscle history were investigated in the presence and absence of the thoracolumbar fascia in anes-

thetized cats. Muscle-history was induced by positioning the L6 vertebra in conditioning directions that length-

ened and shortened the paraspinal muscles. The vertebra was then returned to an intermediate position for

testing the spindles. Neither resting discharge (P = 0.49) nor the effects of muscle history (P > 0.30) was signifi-

cantly different with the fascia intact vs. removed. Our data showed that the thoracolumbar fascia did not

influence proprioceptive signaling from lumbar paraspinal muscles spindles during small passive vertebral move-

ments in cats. In addition, comparison of the transverse threshold pressures needed to stimulate our sample of

muscle spindles in the cat with the thoracolumbar fascia compartmental pressures measured in humans during

previous studies suggests that the thoracolumbar fascia likely does not affect proprioceptive signaling from

lumbar paraspinal muscle spindles in humans.
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Introduction

Fascia is connective tissue investing and interconnecting

almost all other bodily tissues, including muscle, solid and

hollow viscera, nerves and blood vessels. It helps define

muscle compartments, distributes stresses in soft tissue,

and reduces occlusal forces on blood vessels and compres-

sive forces on nerves (Benjamin, 2009). It is virtually contin-

uous throughout the organism. In the lumbar region, the

posterior layer of the lumbar fascia tightly encloses the

back muscles and helps to define a dorsal muscle compart-

ment. We were interested in the mechanical effects that

this fascia may have on proprioceptive signaling in the

lumbar spine.

In the human lumbar region, the lumbar fascia consists of

three layers (Bogduk & Macintosh, 1984). The most superfi-

cial or posterior layer is the thickest of the three layers and

has been described as having extensive connections arising

from the spinous processes and ⁄ or intraspinous ligaments

and attaching directly to muscles of the upper back and pel-

vis, and indirectly to abdominal muscles via fusion with the

two deeper lumbar fascial layers (Bogduk & Macintosh,

1984; Vleeming et al. 1995; Barker & Briggs, 1999). The

superficial layer is the only layer that extends into the tho-

racic region and is therefore known as the lumbodorsal or

thoracolumbar fascia. It has two laminae, a superficial and

a deep lamina (Bogduk & Macintosh, 1984; Vleeming et al.

1995; Barker & Briggs, 1999). Positive intracompartmental

pressures between the fascia’s inner surface and the erector

spinae muscles have been measured, indicating the pres-

ence of a physiological space (Carr et al. 1985). These pres-

sures can increase during exercise and changes in posture

(Carr et al. 1985; Songcharoen et al, 1994). If the mechanical

threshold is reached, mechanically sensitive sensory recep-

tors respond to these loads.

The muscle spindle apparatus is a type of low-threshold

mechanoreceptor in muscle. In the lumbar vertebral col-

umn, muscle spindle input contributes to positional control

of the low back (Brumagne et al. 1999). The lumbar spindle

is more sensitive to changes in vertebral position and

paraspinal muscle length than its appendicular counterparts

are to changes in the limbs (Cao et al. 2009). Its dysfunction

has been associated with low back pain (Brumagne et al.
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2000) although causal mechanisms are not yet clear. In gen-

eral, these proprioceptors are well known for providing

information about changes in position and movement

about a joint (Prochazka, 1996). Their afferent’s resting dis-

charge increases in response to muscle stretch and decreases

in response to muscle shortening (Matthews, 1972). Because

muscle spindle afferents also respond to transverse pressure

when it is sufficient to deform their receptive endings

(Bridgman & Eldred, 1964), vertebral movement which

increases fascial tension and intracompartmental pressure

(ICP) might affect these lumbar proprioceptors by placing

transverse loads on the enclosed multifidus, longissimus,

and iliocostalis muscles.

To investigate the effects that the thoracolumbar fascia

has on lumbar paraspinal muscle spindles we used a pre-

viously established model and protocol (Pickar, 1999; Ge

et al. 2005) to challenge the lumbar spine’s spindle appa-

ratus in the anesthetized cat. Analogous to the human,

the cat’s thoracolumbar fascia has two laminae (Bogduk,

1980). The deep lamina has been considered an aponeu-

rosis because it provides attachment for the longissimus

muscle, unlike in the human (Bogduk, 1980). The experi-

mental protocol takes advantage of the spindle’s thixo-

tropic property whereby its responsiveness to vertebral

position and movement is differentially affected by the

previous flexion vs. extension history of the vertebra to

which the paraspinal muscles attach (Ge et al. 2005; Ge &

Pickar, 2008). Tests of responsiveness were performed in

the same experimental animal in the presence and

absence of an intact thoracolumbar fascia. We tested the

hypothesis that the history-dependent responsiveness of

lumbar paraspinal muscle spindles at rest and during pas-

sive movement decreases in the absence of the thoracol-

umbar fascia.

Materials and methods

Preparation

Experiments were performed on 12 deeply anesthetized

adult cats (weight: 3.5–4.9 kg). All cats were treated in

accordance with the Guiding Principles in the Care and Use

of Animals approved by the American Physiological Society.

All procedures have been described previously (Pickar, 1999;

Ge et al. 2005). Briefly, deep anesthesia was maintained

with pentobarbital sodium (35 mg kg)1, i.v.) and additional

dosages (�5 mg kg)1, i.v.) were given when necessary. Cats

were mechanically ventilated (model 681; Harvard Appara-

tus Company, Inc., Millis, MA, USA). A midline incision was

made through thoracolumbar fascia at L5 in order to per-

form an L5 laminectomy and to gain access to the L6 spinal

cord for neural recordings from L6 dorsal root. The caudal

half of L4 and all of L5 were removed. Except for the incision

at L5, the thoracolumbar fascia remained. Arterial pH, PCO2,

and PO2 were measured every 90 min using the i-STAT Sys-

tem (i-STAT Corporation, East Windsor, NJ, USA) and were

maintained within normal range (pH 7.32–7.43; PCO2, 32–

37 mmHg; PO2, > 85 mmHg).

Recording nerve activity from the L6 dorsal rootlets

The dura mater was incised and the L6 dorsal root identified

for electrophysiological recordings. The L6 spinal nerve pro-

vides innervation to fascicles of the multifidus and longissi-

mus muscles attaching to the L6 vertebra (Bogduk, 1976). L6

dorsal rootlets were cut close to their entrance into the

spinal cord and successively placed on a small platform. Thin

filaments were teased using sharpened forceps under a dis-

secting microscope until impulse activity from a single unit

with a receptive field in the paraspinal muscles could be

identified. Action potentials were sorted using a PC-based

data acquisition system (Spike 2, Cambridge Electronic

Design, Cambridge, UK). Activity from a putative muscle

spindle in the lumbar spine was first identified by the

ability to evoke a high frequency in response to gently

compressing the lumbar paraspinal tissues. Only those

afferents were used whose discharge was highest in

response to probing the back muscles compared with the

gluteal, hip or leg regions and who responded to manual

movement of the L6 vertebra in the cranial–caudal and left–

right directions.

Effects of muscle history

While recording afferent activity from lumbar paraspinal

muscle spindles, movement about the L6–7 facet joints was

introduced by applying controlled displacements at the L6

spinous process in the horizontal plane along both the lon-

gitudinal (cranial–caudal) and the transverse (left–right)

axes of the spine. Displacements were controlled using an

electronic feedback control system (Lever System Model

310; Aurora Scientific, Aurora, ON, Canada). The L6 spinous

process was attached to the motor’s drive shaft through a

pair of tissue forceps (152.4 mm long) suspended from a

pivot at its upper end and clamped via its working end

onto the process’s lateral surfaces. To actuate L6 along the

longitudinal axis, the lever arm was positioned parallel to

the forceps and connected to the forceps via a stiff metal

rod 83.0 mm from its pivot. Thus, movement at the L6 spi-

nous process was obligatorily coupled to lever arm move-

ment and determined from lever arm displacement. For

the transverse direction, a custom-made bell crank lever

transferred the motor’s lever arm movement along the lon-

gitudinal axis to a perpendicular movement in the horizon-

tal plane.

Because the previous lengthening history of a muscle

can influence subsequent muscle spindle discharge

(Proske et al. 1993), each protocol began by applying

identical histories to the L6 vertebra and its attached mus-

cles by moving the L6 vertebra back and forth 10 times
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(10 mm s)1), rapidly stretching and shortening the

attached muscles. Following this deconditioning, a period

of controlled muscle history (conditioning) was applied

by actuating the vertebra and holding it in a static posi-

tion that shortened (hold-short), lengthened (hold-long)

or maintained the attached muscles at an intermediate

(hold-intermediate) position for 4.0 s (see Fig. 1). At the

intermediate position, the paravertebral tissues were con-

sidered in a neutral position because they exerted no

force against the motor’s drive shaft. For technical rea-

sons, protocols were conducted along the longitudinal

axis first but the order of the three history protocols was

randomized for each axis. To determine the effect of

muscle history on muscle spindle discharge, the vertebra

was then returned to or remained at the intermediate

position for 0.5 s (static test) and then slowly (0.2 mm s)1)

moved in a direction that loaded the muscle spindle

(dynamic test). Muscle spindle discharge during the static

and dynamic tests was compared between hold-interme-

diate and hold-long or hold-short.

Each of the six protocols was separated by at least 5 min.

Within a cat and across protocols, the intermediate position

and the magnitude of vertebral translation during decondi-

tioning, conditioning, and the dynamic test were identical.

The magnitude of the conditioning translation was estab-

lished for each cat by the displacement in the long direction

for the sagittal plane that loaded the L6 vertebra 55–70%

of the cat’s body weight (BW). The same magnitude of ver-

tebral actuation was used in left–right conditioning for

same cat.

After the six history protocols were completed, the tho-

racolumbar fascia directly above the surface of longissimus

and multifidus muscles on the side of nerve recording was

resected. The thoracolumbar fascia including both superfi-

cial and deep laminae [erector spinae aponeurosis after

Bogduk (1980)] was removed between the L6 and S1 dor-

sal processes and from the midline laterally, sufficient to

fully expose the multifidus and longissimus muscles. The

sacrocaudalis dorsalis lateralis (lumbococcygeus) muscle

lying between the lumbar multifidus and longissimus mus-

cles was removed to improve mechanical isolation of the

latter two muscles. All other tissues including the epimy-

sium of underlying multifidus and longissimus muscles

were kept intact. To confirm that the source and mechani-

cal threshold of neural activity was from a receptive end-

ing in the lumbar longissimus or multifidus muscles, von

Frey hairs (Stoelting Co., Wood Dale, IL, USA) were used,

which determined that the most sensitive area for

mechanically activating the afferent was in the low back.

Transverse pressures applied by the von Frey load were

calculated based upon the surface area of the von Frey

filament’s tip. Two methods were used to confirm that

neural activity was from a muscle spindle: decreased

discharge to a muscle twitch and increased discharge to

succinylcholine injection (100–300 lg kg)1, intra-arterial).

Following this identification procedure with the thoracol-

umbar fascia removed, the history protocols were repeated

with hold-short, hold-long and hold-intermediate applied

in the same order as when the fascia was intact.

Fig. 1 Schematic of the experimental protocol and representative response (inset) of one spindle to three conditioning protocols in the

cranial–caudal direction. Loading protocol shows the change in vertebral position relative to the reference position. Note that at the beginning of

the static test, the vertebra was positioned identically for each of three protocols.
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Data analysis

Spindle activity was quantified as mean instantaneous fre-

quency (MIF) for the static test and mean frequency (MF)

for the dynamic test similar to our previous studies (Ge

et al. 2005; Ge & Pickar, 2008). MIF was calculated by aver-

aging the reciprocal of each time interval between consecu-

tive action potentials. MF was calculated by dividing the

number of action potentials by the recording duration.

Muscle spindle responsiveness during the static and

dynamic tests was characterized as a change (D) by subtract-

ing MIF or MF of the hold-intermediate protocol from

that of the hold-short (DMIFshort or DMFshort) or hold-long

(DMIFlong or DMFlong) protocols. A positive value indicated

an increase in muscle spindle responsiveness; conversely, a

negative value indicated a reduction in muscle spindle

responsiveness. Values close to zero indicated conditioning

had little or no effect.

A paired t-test was used to compare paraspinal muscle

spindle discharge before the thoracolumbar fascia was

removed with that after removal. Significance level was set

at the P < 0.05 level. Assumptions of normality and homo-

geneity of variance were examined using residual plots.

Data are reported as means (lower, upper 95% confidence

limit) unless otherwise indicated. Statistical analyses were

conducted using SAS (version 8; SAS Institute, Cary, NC, USA).

Results

Baseline characteristics

All 12 paraspinal muscle spindle afferents were activated by

succinylcholine and silenced by bipolar muscle stimulation.

The most sensitive portion of each afferent’s receptive field

was located in either the lumbar multifidus (n = 4) or lon-

gissimus (n = 8) muscles. Most receptive fields were in deep-

er parts of these muscles close to the L6–7 facet joint; two

were close to L7–S1 facet joint in the longissimus muscle.

With the thoracolumbar fascia removed and using von Frey

filaments, the transverse force necessary to stimulate these

spindles when applied perpendicular to the muscle’s surface

ranged between 0.007 and 1.234 N [0.312 (0.478) N; mean

(SD)]. By considering the tip diameter of each filament, the

applied pressures necessary to stimulate the spindles ranged

between 210 and 2378 kPa [881 (846) kPa; mean (SD)]

(Table 1). For the cranial–caudal direction, translation of the

L6 vertebra in the cranial direction loaded eight muscle

spindles and translation in the caudal direction loaded the

remaining four spindles. For the left–right direction, left-

ward translation of the L6 vertebra loaded 11 spindles,

whereas rightward translation loaded one spindle despite

all spindles being located on the right side. Vertebral

displacements ranged from 1.0 to 1.5 mm [1.2 (0.2) mm]

which loaded the L6 vertebra 55.3–70.0% BW for displace-

ments in the cranial–caudal direction and 6.5–34.3% BW for

the left–right direction. For each cat, identical actuations

always produced higher loads in the cranial–caudal com-

pared with the left–right direction [64.9% (4.2%) vs. 18.7%

(9.6%) BW].

Intact thoracolumbar fascia

All afferents had a resting discharge prior to conditioning;

mean discharge rate was 30.7 (11.8) imp s)1 (range: 14.0–

56.4 imp s)1). The changes in muscle spindle responsiveness

to the positional history of the L6 vertebra is shown in

Table 2. Hold-long history along either the longitudinal or

transverse axis of the spine’s horizontal plane decreased the

resting discharge rate of lumbar paraspinal muscle spindles

and their responsiveness to passive vertebral movement

that stretched the spindle. During the static test, DMIFlong

decreased by )18.2 ()23.7, )12.6) imp s)1 to the cranial–

caudal positional history and )9.4 ()14.9, )3.8) imp s)1 to

left–right positional history. During the dynamic test,

DMFlong decreased by )8.0 ()11.8, )4.1) to cranial–caudal

history and )3.3 ()5.5, )1.1) to left–right history. Con-

versely, hold-short history decreased muscle spindle respon-

siveness at rest and during vertebral movement (Table 2).

However, the absolute magnitude of the responsiveness

was substantially smaller compared with hold-long. For the

static test, DMIFshort increased by 6.2 (4.5, 7.9) imp s)1 to

the cranial–caudal history and by 3.8 (2.3, 5.3) imp s)1 to the

left–right history. For the dynamic test, DMFshort increased

by 1.4 (0.1, 2.7) imp s)1 to cranial–caudal history and by 1.9

(0.2, 3.6) imp s)1 to left–right history. For both the static and

dynamic test, none of the 95% confidence intervals crossed

0 imp s)1 (Table 2), indicating that the hold-long and

hold-short history each significantly altered muscle spindle

activity compared to the hold-intermediate history.

Table 1 Calculation of pressures applied to a muscle spindle’s

receptive field by a von Frey filament

Muscle

spindle

afferent

von Frey

marking

Forcea

(N)

Tip

diametera

(mm)

Calculated

pressure

(kPa)

1 4.31 0.020 0.305 273.9

2 4.74 0.054 0.381 472.6

3 5.88 0.743 0.711 1873.4

4 4.56 0.036 0.356 357.6

5 4.56 0.036 0.356 357.6

6 3.84 0.007 0.203 209.6

7 5.46 0.283 0.559 1152.2

8 6.1 1.234 0.813 2377.8

9 4.56 0.036 0.356 357.6

10 4.74 0.054 0.381 472.6

11 6.1 1.234 0.813 2377.8

12 4.17 0.014 0.254 286.2

aObtained from Stoelting Co., Wood Dale, IL, USA.

1 N mm–2 = 1000 kPa.
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Thoracolumbar fascia removed

The mean resting muscle spindle discharge of 31.5 (9.8)

imp s)1 (range: 14.6–49.2 imp s)1) was similar to that with

the intact thoracolumbar fascia (P = 0.49, paired t-test). His-

tory-dependent changes still occurred with the fascia

removed. For the static test, DMIFlong decreased )18.8

()23.7, )14.0) imp s)1 with the cranial–caudal history and

)8.6 ()13.4, )3.7) imp s)1 with the left–right history

(Table 2). Compared with the fascia intact, the decreases in

DMIFlong for the static test were not significantly different

for either the cranial–caudal (P = 0.64) or the left–right

(P = 0.77) conditioning history (paired t-test, Fig. 2). With

the fascia removed, DMIFshort increased by 5.7 (3.4, 8.1)

imp s)1 to the cranial–caudal direction and by 4.4 (2.5, 6.3)

imp s)1 to the left–right direction (Table 2). Compared to

intact preparation, no significant difference was found for

DMIFshort in either the cranial–caudal or left–right condition-

ing directions (P = 0.89 and 0.36, respectively, paired t-test,

Fig. 2).

For the dynamic test, DMFlong decreased )8.6 ()11.0,

)6.3) imp s)1 with cranial–caudal history and )2.4 ()3.8,

)1.1) imp s)1 with left–right history (Table 2). Similar to the
static test, the decreases in DMFlong for the dynamic test

with the fascia removed were not significantly different

with the fascia intact for the two conditioning directions

(P = 0.53 and 0.26, respectively, paired t-test, Fig. 3).

DMFshort increased by 1.0 ()0.4, 2.5) imp s)1 to cranial–

caudal translation and 1.7 (0.4, 3.1) imp s)1 to left–right

translation (Table 2). Again, the difference for DMFshort

between the intact and exposed preparations was not sig-

nificant for either conditioning direction (P = 0.71 and 0.86,

respectively, paired t-test, Fig. 3). Figure 4 shows muscle

spindle discharge responses to vertebral actuation history

over the entire duration of the dynamic test. It provides a

comparison of the time course of spindle activity during the

dynamic test for the intact and exposed preparations. Time

course of spindle responses to the conditioning history was

similar in the intact and exposed preparations for both the

hold-short and hold-long conditioning directions.

Discussion

This study showed that removal of the thoracolumbar fascia

did not change the activity of paraspinal muscle spindles in

Fig. 2 Difference in DMIF for the static test between conditions with

the thoracolumbar fascia intact and removed. Each symbol represents

the mean ± 95% confidence interval of 12 observations.

Fig. 3 Difference in DMF for the dynamic test between conditions

with the thoracolumbar fascia intact and removed. Each symbol

represents the mean ± 95% confidence interval of 12 observations.

Table 2 History-dependent responsiveness of lumbar paraspinal muscle spindles with thoracolumbar fascia intact and removed

Response measure Conditioning

Cranial–caudal Left–right

Intact Removed Intact Removed

Static test DMIF (imp s)1) Hold-long )18.2 ()23.7, )12.6) )18.8 ()23.7, )14.0) )9.4 ()14.9, )3.8) )8.6 ()13.4, )3.7)

Hold-short 6.2 (4.5, 7.9) 5.7 (3.4, 8.1) 3.8 (2.3, 5.3) 4.4 (2.5, 6.3)

Dynamic test DMF (imp s)1) Hold-long )8.0 ()11.8, )4.1) )8.6 ()11.0, )6.3) )3.3 ()5.5, )1.1) )2.4 ()3.8, )1.1)

Hold-short 1.4 (0.1, 2.7) 1.0 ()0.4, 2.5) 1.9 (0.2, 3.6) 1.7 (0.4, 3.1)

Values are reported as means (lower, upper 95% confidence limit).
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the lumbar spine of the cat. These spindles had mechanical

pressure thresholds that ranged from 210 to 2378 kPa. Nei-

ther their resting discharge nor their responsiveness to a

movement protocol that quantified their history-depen-

dence to small, passive vertebral movements was altered.

Movements of the L6 vertebra were actuated within the

horizontal plane transversely left and right, and longitudi-

nally in the cranial and caudal directions, movements that

accompany lateral bending and flexion ⁄ extension rotations,

respectively (Kanayama et al. 1996; Ochia et al. 2006). The

results indicate that the thoracolumbar fascia in the cat did

not produce transverse forces sufficient in magnitude to

alter the signaling properties of muscle spindles in the

paraspinal muscles it encloses.

The literature has suggested various biomechanical roles

for the thoracolumbar fascia. Its role as a site of muscle

origin for the latissimus dorsi and transversus abdominus is

well documented (Bogduk & Macintosh, 1984). A biome-

chanical role has been proposed wherein the thoracolum-

bar fascia is thought to help stabilize the lumbar spine by

providing the predominant extensor moment during lifting

(Gracovetsky et al. 1977). Because the fascia attaches to the

spinous processes, an anti-flexion moment could be induced

via an increase in its midline longitudinal tension wherein

the spinous processes are brought together, creating an

extension moment in the low back. One mechanism that

might tension the thoracolumbar fascia is contraction of

the abdominal muscles to which the fascia attaches

(Gracovetsky et al. 1977, 1981). While such a mechanism for

anti-flexion seemed reasonable based upon gross anatomy

(Macintosh et al. 1987), reconsideration of thoracolumbar

anatomy, calculations of extensor moments and measure-

ments of abdominal EMG activity during lifting provide

quantitative arguments that makes this mechanism unlikely

(Macintosh et al. 1987; McGill & Norman, 1988). For exam-

ple, the thoracolumbar fascia provides < 4% of the extensor

moment caused by contraction of the dorsal paraspinal

muscles even during heavy lifting (Macintosh et al. 1987;

McGill & Norman, 1988). The hydraulic amplifier is a second

mechanism by which fascial tension was proposed to

increase (Gracovetsky et al. 1977). The cross-sectional area

of contracting paraspinal muscles enclosed by the thoracol-

umbar fascia would enlarge and thereby load the fascia.

Modeling suggests this mechanism is capable of producing

a substantial anti-flexion moment (Hukins et al. 1990).

A neurosensory role for the thoracolumbar fascia appears

to have first been supported when mechanoreceptive nerve

endings were observed in this tissue (Yahia et al. 1992).

While the fascia could support longitudinal tension up to

300 N during stretch (Tesh et al. 1987) its actual functional

contributions to spinal neurophysiology have not yet been

identified. However, changes in this fascia’s innervation

have been observed in individuals with low back pain

where their thoracolumbar fascia contains few, if any,

mechanoreceptive endings (Bednar et al. 1995). Microscopic

evidence suggestive of inflammation and ischemia within

the fascia was found in association with the deficiency of

actual neural end-organs (Bednar et al. 1995).

Fig. 4 Time course of the dynamic test in 5% increments comparing history-dependent spindle responses with the thoracolumbar fascia intact vs.

removed. Top panel represents hold-short conditioning and bottom panel represents hold-long conditioning. X-axis is normalized to the

conditioning displacement used for each spindle (see Materials and methods). Velocity of displacement during the dynamic was same for all

spindles (0.2 mm s)1).
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Even though muscle spindles are clearly sensitive to mus-

cle stretch (Matthews, 1972), they are also sensitive to trans-

verse loading when applied to a muscle. Bridgman & Eldred

(1964) were the first to hypothesize and provide evidence

that muscle spindles signal a muscle’s contractile state by

responding to internal transverse forces as intramuscular

pressure increased during muscle contraction. Thus, in addi-

tion to a direct mechanosensory role through its innerva-

tion, the thoracolumbar fascia could indirectly modulate

muscle proprioceptive input to the extent that its loading

during vertebral movement transversely loads the paraspi-

nal muscles it encloses. In the passive muscle, application of

external transverse forces to a muscle’s surface in order to

identify a putative muscle spindle afferent has been a main-

stay of neurophysiological approaches. Spindle sensitivity to

these transverse forces was clearly evident in the lumbar

paraspinal muscles of the cat when we applied von Frey

filaments orthogonal to the surface of the multifidus and

longissimus muscles. The average mechanical threshold

pressure was 0.881 N mm–2 or 881 kPa (range 210–

2378 kPa).

These threshold pressures can be considered in relation-

ship to transverse pressures that might develop at the mus-

cle surface with an intact thoracolumbar fascia. The space

enclosed by the paraspinal muscles and the fascia’s inner

surface can be considered a compartment. In the relaxed

standing human, two studies report similar ICPs of

� 5 mmHg (0.67 kPa) (Carr et al. 1985; Songcharoen et al.

1994). During 90� low back flexion, presumably when flex-

ion–relaxation has occurred so that paraspinal muscles are

silent and the fascia had been maximally loaded by axial

stretch, ICP reaches no more than 34 mmHg (4.5 kPa) (Carr

et al. 1985; Songcharoen et al. 1994). During erector spinae

contraction sufficient to produce lumbar extension; ICP

increases to no more than 21 mmHg (2.8 kPa) and then fur-

ther increases to 60 mmHg (8.0 kPa) when accompanied by

a valsalva maneuver (Carr et al. 1985). With either the spine

flexed at 30� during an 80% maximal voluntary isometric

extension effort, or with the lumbosacral junction flexed

and legs straight while lifting an 18.2-kg weight, or with

the hips flexed and the back straight while lifting 18.2 kg,

ICPs never exceed 52 mmHg (6.9 kPa) (Carr et al. 1985;

Songcharoen et al. 1994).

While intracompartmental pressures in the cat have not

been determined, ICPs measured in humans during the vari-

ety of lumbar positions and loadings summarized above

were always at least two orders of magnitude below the

average mechanical threshold pressure that stimulated spin-

dle afferents in our cat preparation. Even the lowest thresh-

old pressure we measured in the cat (209.7 kPa, Table 1)

was more than an order of magnitude (� 26·) greater than

the highest ICP measured in the human lumbar spine

(8.0 kPa). The invasive procedures we used to determine

threshold pressure in the cat spindle have not been applied

in humans. Assuming the range of threshold pressures in

the passive spindle of the human are similar to those in the

cat [e.g. see Kakuda, 2000)], it seems unlikely that the tho-

racolumbar fascia loading that occurs during physical activ-

ity generates ICPs sufficiently high to stimulate passive

paraspinal muscle spindle. However, unlike other mechano-

sensory receptors, the sensitivity of muscle spindles can be

increased by the central nervous system through the action

of gamma-motoneurons. Increased gamma drive might

increase spindle sensitivity to thoracolumbar fascial com-

partment pressures relative to the passive state of muscle

spindles studied here. To our knowledge, little if anything is

known about gamma-motoneuronal control of spindles in

muscles of the axial skeleton.

In addition to these functional implications, this study

advances an important issue in animal welfare. Institutional

Animal Care and Use Committees are mandated by the Pub-

lic Health Service to refine, reduce and replace the use of

animals in research to minimize the number used to answer

a scientific question (Pitts, 2002). When using animal prepa-

rations that require invasive procedures, it is desirable to

keep a preparation as physiological as possible so that inter-

pretations may be generalized. In an animal model used to

study proprioceptive mechanisms in the spine (Pickar, 1999;

Ge et al. 2005; Cao et al. 2009), the thoracolumbar fascia

has been kept intact until the end of the experimental pro-

tocol; only then is it opened to identify the recorded neu-

ron. This approach yields only one data point per

experimental animal. In the current study, because the tho-

racolumbar fascia played no role in transmitting loads that

affected proprioceptive signaling properties from paraspi-

nal muscle spindles, it can be removed without sacrificing

the physiology. This knowledge allows more muscle spin-

dles to be studied in each experimental animal, thus reduc-

ing the number of animals required to achieve the needed

spindle sample size, reducing the cost of performing a

study, and reducing the time necessary to complete a study.
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