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Study Design. A split-plot experimental design was
used to evaluate the influence of posture, trunk angle,
and rotational velocity on peak torque output and myo-
electric activity during maximal trunk extension maneu-
vers.

Objectives. To determine whether the kneeling pos-
ture alters extension torque capabilities in isometric and
isokinetic exercises as compared with standing. Also, to
ascertain whether recruitment of trunk muscles is modi-
fied by such a postural change.

Summary of Background Data. Factors such as
waorkplace geometry may force workers to adopt awk-
ward or unusual postures in the performance of manual
tasks. An understanding of the limitations placed on
strength in unconventional working postures is crucial
to the proper design of jobs.

Methods. Twenty-one healthy male subjects {mean
age = 36 years * 7 SD) performed 12 trunk extension
exertions in standing and kneeling postures. Isometric
tests were performed at 22.5°, 45°, and 67.5° of trunk
fiexion. isokinetic tests were done at three velocities:
30°/sec, 60°/sec, and 90°/sec. Electromyographic data
were collected from eight trunk muscles to assess mus-
cle recruitment under each condition. A priori orthogo-
nal contrasts were specified for analysis of both torque
and electromyographic data.

Results. The kneeling posture was associated with a
15% decrease in peak torque output when contrasted
with standing; however, no concomitant change in
trunk muscle activity was evident. Trunk hyperflexion
(isometric tests) and increasing rotational velocity (isoki-
netic tests) were associated with reduced torque in both
postures. Trunk muscle activity was primarily affected
by changes in trunk angle and velocity of contraction.

Conclusions. A reduced extensor capability exists in
the kneeling posture, despite equivalent trunk muscle
activity. The similar activation patterns in both postures
suggest that the strength deficit does not resuit from
alterations in trunk muscle function. Rather, it may be
the consequence of a reduced capability to rotate the
pelvis in the kneeling posture, due to a disruption of the
biomechanical linkage of the leg structures. [Key words:
electromyography, isokinetic, isometric, low back pain,
posture, strength] Spine 1997;22:1864-1872
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The posture adopted by the human body is a critical
factor in the expression of muscular strength. This is true
whether the exertion involves an isolated joint or is a
complex exercise incorporating multiple joints and mus-
cle groups. In isolated joint testing, the moment arms of
the involved muscles and the length-strength relation of
muscle are highly influential.® However, large-scale
changes in body posture in complex, coordinated exer-
tions may also affect the ability of the sensorimotor cor-
tex to select and activate preferred muscles to achieve the
desired output.® Factors such as stability and balance
may be affected as different postures are used—thesc may
also modify muscle recruitment and strength output.
Therefore, it would seem reasonable to speculate that
trunk muscle function and strength might be significantly
affected when atypical working postures, such as the
kneeling position, are adopted.

Unfortunately, workers do not always have the luxury
of selecting the most desirable postures for the perfor-
mance of manual tasks. On the contrary, working pos-
tures are often dictated by physical restrictions of the
work environment. As an example, almost half of under-
ground coal mines in the United States have a vertical
workspace less than or equal to 1.2 meters.'> Such space
constraints prohibit the use of an upright standing pos-
ture. Under these conditions, workers must reconcile
themselves to less suitable working positions, tvpically
kneeling or stooping. However, miners are not alone in
having to rely on such unconventional postures. Aircraft
baggage handlers, mechanics, gardeners, and others may
also handle heavy loads while kneeling.*® For those in-
terested in reducing the incidence of low back pain and
disability in such professions, it is important to gain a
better appreciation of how this posture affects the func-
tion of the low back.

One method of evaluating low back function is
through strength testing of the thoracotumbar functional
unit of the biomechanical chain,!8-23-25.29.30.33.34 T4
functional unit is involved in transmission of forces from
hands to ground when lifting, and is thought by some to
be the weak link.%* Compromised muscular performance
in this region is a serious concern, particularly because
the trunk musculature may have to work at or near its
limit in the performance of heavy manual work.>%" It
has been suggested that a deficiency in force production
by the trunk musculature in manual tasks may lead to



Cybex i Padded
isokinetic bar
dynamomete

.

Pelvic
restraining
belt
a— YA Adjustable
e base

Figure 1. lllustration of the device used to measure torque in
standing and kneeling postures.

microtrauma of the supporting structures of the spine.>*
This may initiate a cascade that ultimately concludes in
low back pain. Previous research has shown significant
physical limitations associated with the kneeling posture
in terms of lifting capacity and physiologic cost.}#71¢
However, the effect the kneeling posture has on thoraco-
lumbar strength and trunk muscle function has not been
addressed adequately in prior studies. Accordingly, the
purpose of the current study was to observe the effects of
posture on trunk muscle strength under isometric and
isokinetic conditions, and to evaluate the associated elec-
tromyographic activity for eight trunk muscles.

m Materials and Methods

Subjects. Twenty-one healthy male subjects (mean age = 35.9
years * 6.6 SD) served as paid volunteers in the experiment. All
subjects were required to pass a physical examination and
stress test before being accepted for testing, and informed con-
sent was obtained from each subject before participation. Ex-
perimental procedures were reviewed and approved by a com-
mittee for the protection of human subjects.

Apparatus. Back strength was measured using a modified
CYBEX II Isokinetic Dynamometer (Lumex, Inc., Ronkonkoma,
NY). A platform that could be raised and lowered allowed back
strength assessments in standing and kneeling postures, as illus-
trated in Figure 1. During kneeling tests, the subject was in-
structed to use kneepads common to the mining industry. Data
were collected on-line using an Analog Devices Micro 4000
computer (Analog Devices, Norwood, MA), and was also
monitored using a CYBEX II Dual-Channel Recorder (Lumex,
Inc., Ronkonkoma, NY). Values for peak extension torque re-
ported in this article do not include a correction term for grav-
itational torque.

Electromyographic data were acquired using Ag-AgCl sur-
face electrodes placed above eight selected trunk muscles. The

electromyographic signals were amplified using bele-wearable
preamplifiers, and the boosted signal traveled to the integrator/
amplifier through shielded cables. Use of an oscilloscope al-
lowed the investigators to monitor the quality of the electro-
myographic signal. The electromyographic data werce rectified
and averaged using a root mean square procedure, and were
conditioned using 80 Hz high-pass and 1000 Hz low-pass fil-
ters, using a tme constant of 20 ms. The high-pass filter was
used to minimize the influence of motion artifacts or any inter-
ference from 60 Hz sources. Data were collected on-line by way
of an ISAAC 5000 data acquisition system {Cyborg, Inc., New-
ton, MA). The electromyographic data sampling rate was 100
Hz.

Electromyographic data for each muscle were normalized
with respect to the maximum electromyographic activity ob-
served for the muscle during isometric exertions using the fol-
lowing formula®®=22;

Normalized {Task EMG + Resung EMG)
EMG Activity © (Maximum EMG — Resting EMG)

Standing exertions were corrected using resting values obtained
in the standing posture, and kneeling tests were corrected using
resting values obtained when the subject was kneeling. Al elec-
tromyographic data were collected and stored on a microcom-
puter for subsequent analvsis.

Procedure. After informed consent was obrained from the
subject, he was prepared for the strength tests. The eight trunk
muscles {left and right pairs of the latissimus dorsi, erectores
spinae, rectus abdomimis, and external oblique) were 1dentified,
and the skin above the muscle was prepared by shaving (if
necessary}, abrading, and cleaning the site with alcohol. Bipo-
lar surface electrodes filled with Sensormedics electrolyte gel
{Sensormedics, Inc., Anaheim, CA) were placed over the mus-
cles, electrode pairs being separated by a distance of 3 ¢m (cen-
ter to center). A single ground electrode was afixed ata remote
site. Skin resistance was measured for all electrode pairs before
testing, and if readings exceeded 200 k€2, the skin preparation
was repeated.

Trunk extension strength was examined for each subject
under 12 experimental conditions. Static tests were performed
at three angles of trunk flexion (22.5°, 45.0°, and 67.5° from
vertical) in both standing and kneeling postures. Dynamic tests
were also done in each posture at three isokinetic velocities
{30°/sec, 60°/sec, and 90°/sec).

Efforts were made to position the trunk similarly in both
postures, as portrayed schemacically in Figare 1. The following
procedures were used to align the subject in the dynamomerter.
Before entering the device, each subject’s 1.5 spinous process
was palpated in an upright standing position. The distance
from the floor to the L3 spinous process was measured and was
taken as an estimate of the height of 1.5-S1 for sranding exer-
tions. The adjustable base on which the subject stood during
tests was aligned so that the L3 spinous process was even with
a mark signifying the vertical center of the axis of rotation of
the bar against which the subject performed the exertion. Sim-
ilar alignment procedures were used in the kneeling posture. In
both postures, the subject’s pelvis was secured to a back rest by
a stabilization strap. The anterior position of the bar’s axis of



Table 1. A Priori Orthogonal Contrasts for Maximum Torque

Standing

Kneeling
Isometric Isokinetic Isometric Isokinetic
Description of Contrast 22° 45° g7 30°/sec 60°/sec 90°/sec 22° a5° 67° 30°/sec 60°/sec 90°/sec
Isometric vs. isokinetic 1 1 1 -1 -1 -1 1 i 1 -1 -1 -1
Standing vs. kneeling -1 -1 -1 -1 —1 -1 1 ] 1 1 1 1
Posture*exertion type -1 -1 -1 1 1 1 1 i 1 -1 -1 -1
22,45 vs. 67° flexion 1 1 -2 0 0 0 1 1 ~2 0 0 0
22 vs. 45° flexion 1 -1 0 0 0 0 1 -1 0 Q 0 0
30°/sec, 60°/sec vs. 90%sec 0 0 0 1 1 -2 0 0 0 1 1 -2
30°/sec vs. 60°%/sec 0 0 1 -1 0 0 0 0 1 -1 0
Posture*angle (1) -1 2 -1 0 0 0 1 2 1 0 0 0
Posture*angle {2) =1 0 1 0 0 0 1 0 -1 0 0 0
Posture*velocity (1) 0 0 -1 2 -1 0 0 0 1 -2 1
Posture*velocity (2) 0 0 0 -1 0 1 0 0 0 1 0 -1

rotation was positioned at approximately 9 ¢cm from the back-
rest.®

To increase reliability of the strength data, a test—retest pro-
cedure was used in this study.?” The criterion used in this pro-
cedure stipulated that the peak torque generated during two
maximum voluntary contractions be within 10% of one an-
other; the higher of these values was accepted as the true max-
imum voluntary contraction for that condition. Consistent ver-
bal encouragement was given to the subjects during strength
tests,'” and at least 2 minutes of rest was provided between
trials.®

Experimental Design and Statistical Analysis. A split-plot
experimental design was used in this experiment. Each subject
performed strength tests under 12 separate experimental con-
ditions in randomized order. Analysis of the peak torque gen-
erated during trunk extension was analyzed using the a priori
orthogonal contrasts listed in Table 1. Electromyographic data
for each trunk muscle were evaluated for specific trunk angle
windows in each exertion (22.5, 45, and 67.5° of flexion *
1.5°). In dynamic tests, the 67.5° angle was eliminated from the

analysis because true isokinetic motion was not achieved by
this point in the dynamic exertions. The 18 resulting conditions
were analyzed by way of the contrasts seen in Table 2, using a
doubly multivariare analvsis, [f Hotelling’s T* was significant
at alpha = 0.05, a follow-up discriminant function analysis
was done to detect individual muscle contributions to the om-
nibus test result. If the discriminant analysis suggested that the
data were separated along a single underlying dimension, uni-
variate analvses of variance were examined for each muscle.

H Results

Peak Torgue
Figures 2 and 3 display the results of the experimental
conditions on torque production for isometric and isoki-
netic exertions, respectively. The contrast examining
peak torque generation 1n standing versus kneeling pos-
tures showed that significantly less torque was generated
when the kneeling posture was adopted (¢, 5,y = 7.70,
P < 0.0001). On average, 15% less torque was generated
in kneeling tests comparcd with standing. The contrast

Table 2. A Priori Orthogona! Contrasts for Trunk Muscle Electromyographic Activity

Kneeling

Standing
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Figure 2. Boxplots of peak torque generated in isometric tests.

examining isometric versus isokinetic tests showed in-
creased torque in isometric trials (¢} 550 = 10.14, P <
0.0001). Maximum torque in isometric tests averaged
almost 20% higher than in isokinetic exertions. The con-
trast examining the interaction of posture with isometric/
isokinetic exertions was not significant (¢, 55 = —1.01,
P =0.313).

Two contrasts were designed to examine the effect of
trunk angles in 1sometric tests. The first of these com-
pared the two most upright trunk postures (22.5° and
45° of flexion) with the fully flexed condition (67.5° of
trunk flexion). This contrast displayed a significant re-
duction in torque output in hyperflexion (¢, 554 = 11.09,
P << 0.0001). The second contrast {examining 22.5° flex-
ion vs. 45° flexion) showed no significant difference in
torque production (¢, 5,5 = 0.05, P = 0.963).
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Figure 3. Boxplots of peak torque generated in isokinetic tests.
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Figure 4. Normalized trunk electromyographic activity in standing
and kneeling postures. LLD = left latissimus dorsi, RLD = right
latissimus dorsi, LES = left erectores spinae, RES = right erec-
tores spinae, LEQ = left external obliques, REQD = right external
obligues, LRA = left rectus abdominis, RRA = right rectus abdo-
minis.

Two degrees of freedom were spent to examine the
effects of isokinetic velocity on maximurm torque produc-
tion. The first of these comparisons pitted the two slower
velocities (30° and 60° per second) against the fastest
speed (90°/sec). Results of this contrast revealed a signif-
icant drop in torque production at 90°/sec compared
with the two slower speeds (¢ 550 = 3.15, PP < 0.005).
Similarly, the contrast examining differences between the
two slower isokinetic speeds showed a decrease in torque
ourput in the faster of the two (¢, 5,y = 3.01, P < 0.005).

As can be seen in Table 1, the final four degrees of
freedom were expended examining whether the posture
effect interacted with trunk angles (in isometric tests) or
with velocity (in isokinetic tests). None of these contrasts
detected presence of any interaction (P > 0.05).

Electromyography
The decreased torque observed in the kneeling posture
was not accompanied by a decrease in electromyo-
graphic activity related to the main effect of posture
(Hotellings T> = 1.05, P = 0.19; Figure 4). Posture was
found to interact with trunk angles in isometric exer-
tions, however (Figure 5). This interaction was charac-
terized by increased bilateral erectores spinae activity in
the standing exertions of 22° and 45° trunk flexion com-
pared with activity in these muscles at the same angles
when kneeling. The right latissimus was also affected by
the posture-angle contrast, with increased activity ob-
served in the fully flexed kneeling posture compared with
fully flexed standing.

Figure 6 presents boxplots of the trunk muscle re-
sponses to the velocities studied in this experiment.
Three contrasts addressed the trunk elecrromyographic
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Figure 5. Interaction of posture and trunk angle on average erec-
tores spinae activity (isometric tests).

responses to changes in velocity. The first of these con-
trasts compared isometric exertions versus the combined
isokinetic responses. This contrast demonstrated sub-
stantial differences in trunk muscle responses. Bilateral
activities of the latissimus dorsi, rectus abdominis, and
external obliques were significantly decreased in isoki-
netic tests, whereas the erectores spinae displayed a non-
significant trend toward higher activity. A second con-
trast pitted the 30°/sec isokinetic conditions versus the
two faster velocities. The erectores spinae, latissimus
dorsi, and external obliques were responsible for the
overall significance of this contrast, each of these pairs
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Figure 6. Boxplots of normalized trunk electromyography as a
function of velocity. LLD = left latissimus dorsi, RLD = right
latissimus dorsi, LES = left erectores spinae, RES = right erec-
tores spinae, LEQ = left external obliques, REQ = right external
obliques, LRA = left rectus abdominis, RRA = right rectus abdo-
minis.
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Figure 7. Boxplots of normalized trunk electromyography as a
function of trunk angle in isometric tests.

exhibiting less action at the higher velocities. Finally, the
contrast comparing 60°/sec versus 90°/sec failed to de-
tect a significant difference in trunk muscle activity.

The main effect of trunk angles was evaluated by way
of two contrasts. The first comparison dealt solely with
isometric tests. This contrast compared isometric exer-
tions at 22° and 45° trunk flexion versus the fully flexed
trunk. Both erectores and the left external oblique dis-
played lower response to the position of full flexion,
whereas the left rectus abdominis showed an increased
activity to this condition (Figure 7). However, it must be
recalled that a posture-angle contrast was detected in
isometric tests that modifies the interpretation of this
response.

The second contrast involving trunk angle compared
electromyographic responses at 22° versus 45° of flexion
(including both isometric and isokinetic conditions).
These data are presented in Figure 8. All pairs of trunk
muscles showed decreased activity in the 45° conditions;
however, the erectores were also influenced by an inter-
action of angle and velocity. This interaction suggested a
differential response of these trunk muscles depending on
whether the exertion was static or dynamic. In isometric
tests, the erectores showed little difference berween the
two trunk angles. However, in dynamic exercises, these
muscles were more active at the 22° flexion conditions.

M Discussion

The principal motivation for this study was to investigate
whether trunk extension strength is affected when the
kneeling posture is adopted. Results demonstrate that
this posture does inhibit the forces generated in trunk
extension. On average, the magnitude of the penalty was
15%, being slightly greater in isokinetic tests than in
isometric tests. Effects of trunk angle and velocity were
similar in both postures.
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The strength deficit observed in the kneeling posture
raises an obvious question: Is there a change in trunk
muscle function that might help to explain the differ-
ence? Given the correlation between electromyographic
activity of the extensors and force described in the liter-
ature,*? we would anticipate that lower torque produc-
tion might be associated with decreased electromyo-
graphic activity of the extensor musculature, or perhaps
increased activity of the antagonists. However, neither of
these explanations are supported by the data. On the
contrary, the recruitment program for these muscles ap-
pears essentially identical in both postures.

Establishing the relation between electromyographic
activity and muscle force is complicated when comparing
various trunk angles and velocities of contraction. Mod-
ulation of the electromyographic signal resulting from
relative movement of the electrode with the active fibers,
the effects of the force-length relation of the muscle, and
the effects of dynamic activity on the electromyography-
force relation are some of the major complicating fac-
tors.>*31 However, the contrast examining the effects of
posture on electromyographic activity should be free
from these complicating effects, because electromyo-
graphic data were collected under identical velocity and
trunk angle conditions in each posture. In this case, the
finding of equivalent electromyographic activity should
denote comparable force production by these muscles in
both postures. If this is so, what is the cause of the dis-
crepancy in torque production between these two pos-
tures?

Three primary arguments can be postulated: (1) that
trunk muscle forces generated in the kneeling posture are
expended in a manner that limits forces available for
trunk extension; (2} that the change in posture alters the
window of muscle being evaluated by the electrodes; or
{3) that additional extension forces are being supplied in

the standing posture by muscles whose activity was not
measured.

As for the first argument, it is conceivable that forces
developed by the trunk muscles may not all have been
used to develop extension torque. For example, some
forces may be translated into coupled trunk movements
such as torsion or lateral bending. Such motions would
imply asymmetric trunk activation, however, which was
not apparent in the electromyographic analysis. Another
feasible explanation is that kneeling trunk forces might
result in some slippage at the base of support. Any tests
where significant slippage occurred were repeated; how-
ever, a small amount of slippage (inside the kneepad)
may have occurred. It is difficult to imagine, though, that
this, by itself, would account for the magnitude of the
change observed.

The possibility that the change in posture alters the
window of muscle being observed deserves sertous con-
sideration. The kneeling posture did involve greater hip
flexion than standing. It is entirely conceivable that this
might effect the position of the pelvis, which might, in
turn, affect the window of muscle being evaluated from
the surface. This is certainly one of the major drawbacks
of the surface electromyographic technique—one never
really knows which or how many motor units are being
evaluated, even in very similar exertions. However, care
was exercised in aligning the pelvis and specifying trunk
angles for both postures, which should result in similar
muscle lengths and windows of evaluation. Still, one
never knows what changes may have occurred beneath
the skin’s surface.

Although the former arguments certainly deserve con-
templation and cannot be ruled out as explanations, the
more compelling argument to this author is that addi-
tional extension forces may have been supplied in the
standing posture by muscles that were not instrumented.
In evaluating this argument, it may be useful to consider
the base of support in each posture and work up the
kinetic chain. Consider the base of support in the stand-
ing position. The feet provide a structure remarkably
well-suited to assisting trunk extension, because of their
size, shape, and relatively large surface area. The power-
ful triceps surae can take advantage of the foot’s lever
arm in extension movements, creating an assistive mo-
ment about the ankie joint. It was clear that subjects were
using the plantarflexors in standing exertions. In fact,
several subjects had to be cautioned because of a ten-
dency to plantarflex to the point that their heels would
lift slightly off the ground during standing exertions. This
made it clear that the subject was attempting to take full
advantage of the lever provided by the feet, and of the
forces provided by the calf muscles in support of the
extension motion.

Contrast the base of support in the kneeling posture to
that of standing. One can see that the plantarflexor-foor
functional unir, designed to operate so well during stand-
ing trunk extension, is rendered essentially irrelevant



when the kneeling posture is adopted. The kneeling sub-
ject has no lever anterior to the knee to aid in counter-
acting the moment experienced about the knee during
trunk extension. Therefore, the kneeling posture may
suffer both from a reduction in forces supplied by the leg
muscles to support extension and in the ability to trans-
late these forces into a beneficial moment at the base of
support.

If one accepts the notion that additional forces are
supplied by the plantarflexors in standing exertions, it
follows that these forces will be transferred up the kinetic
chain to the hamstrings and gluteal muscles. Many stud-
ies have highlighted the importance of the hip extensors
in the trunk extension motion.3>38 In fact, it is relevant
in this discussion to remember that the powerful hip
extensors initiate trunk extension from a flexed position,
and are active throughout the motion."!” The placement
of the gluteal attachments well behind the center of ro-
tation of the hips allows these muscles to exert tremen-
dous power during extension. These muscles have been
reported to generate a moment of 15,000 inch-pounds,
compared with the 3,000 inch-pounds of which the spi-
nal extensors are capable.” Recent evidence suggests that
the muscles in these regions (specifically the biceps fem-
oris and gluteus maximus) may be functionally coupled
by way of the thoracolumbar fascia to the erector mus-
cles and the latissimus dorsi.>*~*® Increasing electromyo-
graphic activity of the spinal extensors signals a second-
ary phase of the trunk extension motion, which follows
only after a significant portion of the backwards pelvic
rotation is completed.!

Consider the trunk electromyographic data obtained
in this study in the context of the two phases of trunk
extension (i.e., pelvic rotation and spinal extension).
Based on the similarity of trunk muscle activity, it would
appear reasonable to speculate that the change in posture
does not affect the secondary phase—that portion more
reliant on the spine extensors. The deduction follows
that the decreased strength observed in the kneeling pos-
ture may be the result of a compromised ability to
strongly derotate the pelvis. Such an argument makes
sense when one considers where the biomechanical link-
age is disrupted in the kneeling posture. There would
appear to be no real change in the positioning of the
biomechanical structures in the region of the spinal ex-
tensors in these strength tests. It should not surprise us,
therefore, that these muscles are recruited similarly in
both positions. Conversely, the linkage of the leg muscles
is clearly disrupted in the kneeling position. This may
affect the force generating capabilities of the posterior
hip, thigh, and calf muscles, and may limit the forces
available to perform the backward rotation of the pelvis.

To continue this line of thinking further up the kinetic
chain, the additional forces used to rotate the pelvis in
the standing posture should also be transferred through
the thoracolumbar region. Our expectation would be
that this increased force would be reflected in increased

trunk electromyographic activity.*? Why was this re-
sponse not apparent in the current study? It is possible
that these forces were transferred through another mech-
anism. As the gluteals and hamstrings pull powerfully
back on the sacrum and pelvis, the muscles, ligaments,
and fascia of the region stretch, and the transfer of forces
will be accomplished largely by way of passive elements.
The more powerfully the pelvis can be rotated, the
greater the force transferred through this mechanism.
Obviously, any difference in the force transmission
through passive means will be undetectable if we focus
solely on the activity of the trunk musculature.

Trunk extension is clearly a complex phenomenon
that involves a carefully timed sequence of muscle acti-
vation and coordination. The arguments presented ear-
lier suggest that it may not be possible to examine a small
subset of the muscles involved and still obtain a full ap-
preciation of the biomechanics associated with this ma-
neuver. If our focus is too narrow, we may exclude im-
portant information regarding the forces acting on the
lumbar spine. How much information may be lost, we
cannot be sure. Data from this study emphasize the im-
portance of keeping a broad perspective of the anatom-
ical structures involved in this exercise. As has been ar-
ticulated recently, it may be misleading to analyze the
spine and pelvis as functionally separate entities. From a
biomechanical and neurophysiologic standpoint, they
would appear to be fully integrated.®

The trunk strength literature seems divided in terms of
the appropriate method of reporting torque values.
Many authors suggest that torque values incorporate a
correction for gravitational effects on the mass of the
torso,”'® others prefer to report “uncorrected” val-
ues.22-25:3334 Both schools of thought have merit, de-
pending on the purposes for which the data are collected.
In the clinical setting, where antagonistic ratios (e.g.,
flexion to extension) are important, it makes sense to
provide compensated values so that flexion values are
not artificially enhanced or extension values artificially
penalized. Ergonomists, however, find that “uncorrect-
ed” values have better external validity for their pur-
poses. In this case, tests of trunk strength often attempt
to determine the moments that can be developed by
trunk muscles in the presence of gravity (as in the perfor-
mance of a lifting task). The data in this article have been
treated using the latter approach.

As discussed by Graves et al,'® the presence or absence
of a gravitational torque correction can have a marked
impact on reported torque values, particularly in the
fully flexed position. In articles incorporating a com-
pensation, researchers describe an increase in torque ca-
pabilities in the flexed position.'® Authors who present
uncompensated values generally report increasing
torque from slight to moderate flexion, but a decrease in
torque production in full flexion.?*3? The effects of
trunk angle on torque described in this study are similar
to results obtained by investigators using the latter ap-



proach.?725-333% I gratic tests, subjects displayed great-
est torque production at 22.5° or 45.0° trunk flexion.
However, torque produced at the 67.5° static exertions
was lower than that seen in the more upright conditions.
This reduced torque is clearly the result of the increased
influence of gravity on the trunk in this position. In dy-
namic tests, a consistent decrease in strength was ob-
served with increased rotational velocity. This result re-
flects the relation between muscular force and velocity of
movement: peak torque generated by a muscle decreases
with increasing velocity of movement.

Analysis of the trunk electromyographic data con-
firmed the finding made by others that back muscles are
recruited much differently in static versus dynamic exer-
tions.23*** This may be the result of the dual role of the
intrinsic muscles of the back: initiation of movement ver-
sus stabilization of the trunk.**®* In contrast to previ-
ous work,?? this study did suggest that the latissimus
dorsi are sensitive to changes in velocity, with lower lev-
els of activity observed as isokinetic velocity increases.
Several muscles also exhibited sensitivity to trunk angles
in 1sometric exertions. The reduced activity of the erec-
tores spinae in the full flexed position is well known,'-1%-1!
and was corroborated again in the current study. The
latissimus dorsi were not susceptible to trunk angle
changes. This result has also been shown elsewhere.?
However, these muscles were recruited to a greater ex-
tent when flexed kneeling exertions were performed
when compared with flexed standing.

It seems clear, from this investigation, that strength
capabilities of workers may be significantly compro-
mised in the kneeling posture compared with a standing
position. In fact, the reduction in extensor capability cor-
responds to lifting capacity studies, indicating a similar
reduction in lifting capacity in kneeling (approximately
10-18%) compared with standing postures.!?™!% Ir is
also noteworthy that investigators who have studied the
differences in standing and sitting lifting capacity have
discovered a similar decrease (i.e., approximately
16%).27* It is important to recognize these physical
limitations, and to design jobs that must be performed in
such postures accordingly.

m Conclusions

The following conclusions are drawn from the current
investigation:

1. Both isometric and isokinetic back strength are sig-
nificantly reduced in the kneeling posture compared
with that achieved in a standing position. The de-
creased torque produced in kneeling tests was not as-
sociated with a decrease in trunk muscle electromyo-
graphic response.

2. The similarity of trunk muscle activity in both pos-
tures suggests that the decreased torque developed in
the kneeling tests may be due to a reduced capability
to rotate the pelvis backwards. The posture adopted

by the legs when kneeling may restrict the forces avail-
able for this activity.

3. Both trunk angle (in static tests) and rotational ve-
locity (dynamic tests) significantly affects back
strength. More specifically, severe trunk flexion
greatly reduced peak torque in static tests, while in-
creasing isokinetic velocity contraction reduced
torque production. These effects were similar in both
postures.

4. The decreased kneeling extension torque observed
in this study corresponds to decreased lifting capacity
(approximately 10-18%) observed in this pos-
ture,'>"%5 and may help explain the previous finding.
5. The physical limitations- associated with kneeling
trunk extension should be taken into account in the
design of manual lifting tasks performed in this pos-
ture.
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