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ABSTRACT

The el ectronyographic activity of the paraspinal nuscles at four
| evel s were examned to investigate the effects of chair sitting on
nmuscl e activation patterns and nuscle fatigue. The Bal ans, Nada-
Chair Back Up, and Standard O fice Chair were studied. Twenty four
subjects were asked to engage in a seated witing task for 10
m nutes for each of three chairs. Prior to the first witing
period and between each witing period, the subjects were asked to
perform a standardi zed nuscle fatigue assessnent while standing

The results of the study indicate that the seated witing task
differentially effects only the paraspinal nmuscles at L3 site.
During the witing task, the Balans chair required the |argest

amount of nuscular effort. The standard O fice chair showed
evidence of fatigue. The Back Up chair vyielded the best
per f or mance. In 87.5% of the conparisons the Nada-Chair Back Up

has | ower readings of nuscular effort conpared to the Bal ans and
Ofice Chair. During the nuscle fatigue testing during standing,
evi dence of increased nuscle fatigue was observed as a function of
each sit period. The greatest anmpunt of fatigue was noted in those
subjects who sat in the Back Up chair last. Wen the Back Up chair
was first or second, the |east ampbunt of fatigue was observed. The
|EMG results reflect a biomechanical nodel. The distribution of
the Balans chair is unnatural and gives the |east anount of support
to the pelvis and lower spine, while the Back Up provides the
greatest anmount of support. The Balans chair overworks the |ow and
m d back nuscles, only to spare the cervical sets, while the Nada-
Chair Back Up provides the greatest anmpbunt of |unbar support. The
energy expenditure of the Ofice chair and Balans chair is
significantly higher in the low and md back area. Thi s hi gher
energy expenditure leads to fatigue while sitting. In conclusion

the level of nuscular effort and acconpanying fatigue associated

with sitting are directly related to poor or inadequate
bi onechani cal support of the chair.



I NTRODUCTI ON

Back problens are very prevalent in our society. Dol ce and
Raczynski (1985) in reviewing the area stated that painful back
di sorders alone are a major nedical problem They claimthat back
pai n al one has been reported to have a yearly incidence of 50 out
of 1,000 workers. Further, an estimated 7 mllion Americans have
been incapacitated by | ow back pain. In a representative study of
the Dutch working population it was shown that 26.5% had suffered
from a serious back problem (H | debrandth & Van der Val k, 1990).
The survey al so showed that for sedentary occupation, the nunbers

of back problem conplaints are even higher. These static working
condi tions, coupled wth poor or inappropriate body mechanics, my
cause prolonged tension in specific muscle groups. This in turn

leads to fatigue and eventual nuscle strain, and a nyogenic
etiology of pain.

The nodel of nuscle fatigue has been gaining acceptance for
explaining the deterioration of human performance over tme. The
term "fatigue" was categorized by Bills (1943) into three different
groups. The first was subjective fatigue, characterized by
psychol ogi cal factors such as a decline in notivation and
alertness. The second is objective fatigue which is manifested by
a decline in productivity. The third is physiological fatigue
which is characterized by changes in physiol ogical processes. One
exanpl e of physiological fatigue has been ternmed "Localized
Miuscul ar Fatigue" by Chaffin (1973). This refers to the inability
of a given nuscle to nmaintain a desired force and is associated
with localized pain. This localized pain nmay be induced by the
sust ai nednuscl e contractions associatedwith sedentary occupations
(De Luca, 1984).

Muscl e contractions produce as by products lactic and pyruvic
acid. Wth sustained nuscle contraction hydrogen ion concentration
increases and a general PH decreases (Tesch et al, 1977).
St ul en(1980) has shown that accumul ation of acidic by products in
t he menbrane environment may be expected to cause a decrease in the
menbr ane conduction velocity. De Luca (1984) in a review article
argues that during sustained, fatiguing contractions, the dom nant
factor is the anmount of acidic by products which remain in the
envi ronment of a mnuscle fiber menbrane.

A nethod which has gained acceptance recently for nonitoring
nmuscl e fatigue is nedian frequency shift of the IEM5s signal. This
techni que is based on the observation that the nedian frequency of
the |EMG power spectrum decreases over time with sustained
isometric contraction (Roy et al, 1988). This falling of the
nmedi an frequency has been observed often and in a variety of
nmuscl es and throughout the human body (De Luca, 1984).
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In order to prevent the injuries associated the prolonged
sitting posture, correct bionmechanical and nuscul ar support are
necessary. Interestingly enough, both depend on the type of chair
used. In particular, the chair height and type of back support are
of critical inportance. Thus, a chair which provides the proper
support, may al so reduce back injuries associated with sedentary
wor ki ng condi ti ons.

In recent years different products have been developed to
provide the proper back support. The Balans chair (a kneeling
chair) is one exanple. This chair has no back support and consists
of a forward-tilting seat wth a padded rest for the knees. The
person bears the weight of the sitting on- the knees, while the
pelvis is bionechanically tilted downward thus creating an increase
in the lordotic curve. It is thought that placenent of the spine
in such a fashion would encourage the disk material anteriorly, and
all ow the weight of the body to hang on the anterior |ongitudinal
i ganment for support. Another new chair exanple is the Nada Back
Up chair. It is actually a chair accessory. It uses a padded
sling which stabilizes and supports the pelvis in an anterior
position using straps around the knees.

The present study was undertaken to exam ne the effect of three
different chairs on the fatiguability of the Cervical, Thoracic and
Lunber nuscle sites during a 10 mnute seated witing task. The
chairs chosen were the Balans chair and the Back Up chair because
of their unique design. These were conpared to a standard office
chair. In addition, we utilized a standardized nuscle fatigue
nmoni toring techni que associated with the standi ng posture. Init,
the |EMG power spectrum during a period of sustained isonetric
nmuscl e contraction is examned for the downward shift in the nedian
frequency.

METHOD
SUBJECTS

Twel ve subjects (nine females and three males) ranging in age
from25 to 45 years (X=37.4 years, sd 11.7) with a history of back
pain were conpared with twelve healthy subjects (6 femal es and six
males) ranging in age between 34 to 51 years (X=39.4, sd 11.3)
Twenty three subjects were right handed whil e one subject was |eft
handed. The group of subjects with a history of back pain was
det erm ned based on self report of recurring back pain of at |east
one year.
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PROCEDURES

Eight pairs of Silver-Silver Chloride electrodes were placed
bilaterally over the subject's left and right d, T6, TIO and L3
nmuscl e groups. These nuscles were chosen as a representative
sel ection of the Paraspinal nuscles. The paired electrodes were
placed 2 cm apart from each other and 2-3 cm out from the spine,
oriented such they run parallel to the paraspinal nuscles. A
single el ectrode was placed for the ground I ead. Each nuscle site
was prepared using a vigorous al cohol abrade. The el ectrodes were

then slightly coated with electrolytic paste and placed over the
muscl e site.

The el ectronyographic portion of the study was conducted using
a PHYSI OTECH 4000 EM5 with an input inpedance of 20 Mohns, and a
fixed band pass filter of 40-450 Hz. The instrunent has a Common
Mode Rejection Ratio of >I10 db wth sensitivity of 512
M crovol ts. The PHYSI OTECH 4000 recorded both processed | EM5 and
medi an frequency from spectral anal ysis.

The flow of the study is represented in Table 1. Fol | owi ng
pl acenent of the electrodes and verification of the |IEMG signal,
each subject was asked to hold a 2.2 Kg. box at full arns length at

a 90 degrees angle in front of the body for one mnute. The
subj ects were encouraged to keep as notionless as possible. At the
conclusion of the one mnute period, the wei ght was renoved and

the subjects were asked to stand with both feet flat on the floor
wth the arns relaxed at their sides for two m nutes.

Table 1. Study flow diagram for both the sit and stand peri ods.

STAND 1 [ SIT 1 STAND 2 [ SIT 2 STAND 3 | SIT 3 STAND 4
CHAIR 1 CHAIR 2 CHAIR 3
The subjects were then directed to the first chair. The order
of the chairs was assigned randoniy. They were instructed to
adjust each chair to their nost confortable position in front of
the table. For the next ten mnutes, the subjects were asked to

engage in a witing task. Al'l subjects were given the sane book

and were asked to copy continuously to the end of the ten minute
peri od.
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At the conclusion of the first sit period, the subjects were
asked to stand for their second stand period. The nuscle fatigue
procedure used in the first stand period was perforned again. This
procedure was repeated for the third and fourth stand period. The
subjects were also instructed to repeat the witing activity for
their second and third sit periods.

RESULTS

The procedure for recording the I1EMG activity during the stand
period is shown in Table 2. The IEMS activity was neasured in 15
second epochs beginning with the first 15 second of the stand
period, and the last 15 seconds of the one mnute tine frame. At
the end of the two mnute period during the relaxed stand period a
15 second epoch was recorded. During the stand period only the T6
and L3 nuscle sites were nonitored and analyzed for nedian

frequency shift. Epochs of 1.7 seconds were utilized for the
spectral anal ysis. See Table 2. For the sit period the nean RVB
| evel s of each 15 second | EMG epochs were utilized: One at the

begi nning of the 10 mnute period, one after 5 mnutes and one at
the end of the period. See Table 3. Al eight nuscle sites were
recorded during the sit period.

Tabl e 2. Study flow of nedian frequency recordings for each
Stand peri od.

Stand- holding 2.2 Kg. weight Stand in a rel axed posture
1 mnute 2 mnutes

first 1.7 last 1.7 last 1.7

seconds seconds seconds

epoch epoch epoch

Table 3. Study flow of IEMG recordings for each sit period.

Mnute 1 Mnute 5 M nute 10
first 15 second | ast 15 seconds | ast 15 seconds

Two- Wy repeated Anal ysis of Variance (ANOVA) was conducted
for the sit period data with two factors: H story (back pain and
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normal ) and Chair Order (six orders). The two repeated neasures
were Tinme and Chair. Time was nested within Chair.

Two- Wy repeated ANOVA was conducted on the stand period with
two factors, H story of back pain (normal and abnormal) and Chair
Order (six orders). The two repeated neasures were Stand Period
and Time. Time was nested within stand peri od.

THE SIT PERI CD

The analysis of IEMs activity (RVMS microvolts) during the sit
peri ods denonstrated a highly significant chair effect for both
the left and the right sides at the L3 nmuscle site (WIkes
Lanmbda, F= 10.8683, P>.d). See Figure 1. No significance was
observed for the C4, T6 and Tl O sites. Pai r-w se conpari sons
indicated that IEMG activity was significantly higher for the
Bal ans chair for both the left and right L3 site when conpared to
the Back UP and Ofice chairs. No significant differences were
observed between the Back Up and Ofice chairs.

The L3 data also indicates that there was a highly significant
interaction between Chair and History (WIkes' Lanbda, F=14.70,

P=.Q). Pair-w se conparisons indicate that the nuscle activity
for the back pain group was significantly higher than the normnal
group while sitting on the Balans chair. No significant

di fferences were observed for the Back Up and the O fice chairs.

A significant time effect was observed for the three sit
periods at the L3 site (WIkes' Lanbda, F=7.3649, P=.Q2). A
pai r-wi se conparison indicated that there was a significant
difference between mnute 1 and mnute 10. A step-w se increase
in |[EMG activity frommnute one to mnute ten is shown in Figure
3. No significant time effect was observed for the other three
muscle sites. A significant Chair and Tine interaction was
observed for the L3 site (WIkes' Lanbda, F=14.3951, P=.Q) A
pai r-wi se conparison analysis indicated that the Bal ans chair
| EMG val ues were significantly higher than both the Back Up and
Ofice chairs for all three tinme periods. The O fice chair was
significantly higher for mnute 5 and mnute 10 conpared to
mnute 1. See Figure 4.
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THE STAND PERI CD

The medi an frequency analysis was perforned on the change in
medi an frequenci es between the beginning of the stand period and
the end of the first mnute. See Table 2. This is referred to
as DP (DP referring to the "difference during the period"). The
medi an frequency shift for stand periods one through four were
denoted as DPl through DP4. The nedi an frequency analysis for
the four stand periods denonstrated a significant Period effect
(Wl kes' Lanbda, F=5.12, p> .d). This analysis indicated |arger
and larger drops in the nedian frequency over repeated stand
peri ods. In addition, an Order effect for-both the left and
right sides at the L3 nuscle site was observed (WI kes' Lanbda,
F=3.09: P=.Q2). A pair-w se conparison indicated highly
significant differences between order OBU (Ofice, Balans and
Back-Up) and the following three chair orders QB (Ofice, Back-
Up and Bal ans), UBO (Back-UP, Balans and Ofice) and BUO (Bal ans,
Back-Up and O fice). The | argest downward shift in nmedian
frequency was observed for the chair order OBU (Ofice first,

Bal ans second and Back-Up third), and the snmallest for orders OUB
(Ofice, Back-Up and Bal ans), UBO (Back-Up, Balans and O fice)
and BUO (Bal ans, Back-Up and O fice) consecutively. See

Figure 5.

A separate analysis of variance was conducted on the overall
difference in the medi an frequency between the begi nning of stand

peri od one and the end of stand period four. The val ues were
obt ai ned by subtracting the median frequency values at stand
period one from stand period four. This neasure reflected the

overall fatigue at the L3 site. The results indicated a
significant O der effect (F= 3.08, p> ,02). Pair-w se

conpari sons show significant differences between order OBU
(Ofice, Balans and Back- Up), and orders UBO (Back -Up, Bal ans
and O fice), BQU (Balans, Ofice and Back-UP) and OUB (O fi ce,
Back- Up and Bal ans). See Figure 6.
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FIG. 5 MEDIAN FREQUENCY DURING STANDING
DIFFERENCE BETWEEN BEGINNING AND END
OF STAND PERIOD 2, 3 AND 4 AT L3 SITE
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FIG. 6 MEDIAN FREQUENCY DURING STANDING
DIFFERENCE BETWEEN STAND 1 & 4 (DPI-DP4)
AT THE L3 SITE
(B=BALANS, U=BACK-UP, O=0OFFICE)
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DI SCUSSI ON

The two overall consistent findings observed in this study were:
First, the type of chair one sits on differentially recruits nuscle
activity. Secondl y, this prolonged isonetric recruitnment
differentially effects nuscle fatigue in at |east two postures.

The data analysis during sitting indicated that the vast
majority of mnuscular support observed during the seated witing
task occurs at the base of the spine (L3), rather than at the TIQ
T6, or C4 levels. In addition, the significant Chair effect
indicated that the Balans chair required significantly higher
levels of recruitment to stabilize the pelvis and spine conpared to
the Back-Up or the Ofice chairs. This prolonged increased in the
level of recruitnment ultimately increases the propensity for nuscle
fatigue and slouching in the | ow back. Anderson et al. (1988) have
showed simlar findings during a typing task, where the Balans
chair required higher levels of recruitnent conpared to the Ofice
chair.

In addition, a highly significant interaction of Chair and
H story of back pain was observed at the L3 nuscle site while
performng the witing task in the Balans chair. The data
indicates that subjects with a history of back pain exhibit
significantly higher levels of IEMG activity conpared to nornal
subj ect s. It appears that individuals who suffer from back pain
have irritable joints and tissue which require them to pull up
their own nuscular corset, when inadequate support is given. In
other words, they over recruit the erector spinae to stabilize the
spi ne when there is |ack of back support.

A significant increase in |EM5 activity over the ten mnute sit
period was al so observed at the L3 site. This is clearly displayed
in Figure 3. Additional recruitnent or synchronization of notor
units bring about the increased |level of |IEMG associated with the
onset of fatigue (Basmgjian and De Luca, 1985). In addition, a
significant interaction of Tinme and Chair was noted. This may be
seen in Figure 4. The findings for Balans chair suggested erratic
and unpredictably high | evels of | EMG conpared to both the Back Up
and Ofice chairs. This in part may be attributable to unnatural
way in which the Balans chair offers support to the back. Another
contributor to these high values would be the adverse inpact of the
Bal ans chair on the EMs activity of the back pain patient sanple.

In Figure 4, it will be noted that the increase in |EMG activity
from mnute one through mnute five was the greatest for the Ofice
chair. This finding strongly suggests that over tine, subjects
sitting in the Ofice chair nust rely nore and nore on their
nmuscles for stabilization and support of the pelvis. This increase
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in IEM5 is associated wth the increased recruitnent and
synchroni zation of motor wunit activity indicative of fatigue.
Further support for the fatigue hypothesis conmes fromthe observed

drop in IEMG occurring between mnute five and ten. As fatigue
sets in, the nuscle tissue is no |longer capable of neeting the
metabolic requirements needed to sustain the contraction. Thus

the initial increase in nuscular support is followed by a reduction
of muscle force (the failure point), along with a reduction of |EMS
activity levels. The pattern of recruitnent we see with the Ofice

chair. Interestingly enough, the Back Up chair shows very little
changes in |EMG activity over the ten minute period, thus
suggesting little in the way of either fatigue or failure. The

|EMG results indicate that the nmechanical support offered by the
Back Up is associated with the |east anmount of nuscle fatigue
conpared to the O fice and Balans chairs. Overall, the Back Up
chair requires less energy to sit.

In the sitting period, greater |EMG activity was recorded on the
left side of the body for all nuscle sites in all three chairs,
These finding are consistent with those reported by Bennett et al.,
(1989). This left sided domnance in the |ow back is related to
the fact that the majority of the subjects in the study were right
handed. During witing the task, subjects wuld [ean forward and
rotate slightly to the right to support their right upper
extremties on the desk. This posture would cause a left sided
asymetrical pattern.

Overall, the pattern of IEMS recruitnent observed during the
witing task is best explained using bionechanical principles. The
Bal ans chair, for exanple, does not provide the mechani cal support
necessary to support the trunk during this prolonged forward
flexion task. The Back Up chair, on the other hand, mechanically
supports and stabilizes the pelvis and | ower spine with the padded
sling, thus lowering the need for supplenental nuscular efforts.
Wiile the office chair "allows" for support of the pelvis and
spine, it requires the user to sit in it properly. Thus, while the
Ofice chair "mght" provide adequate support initially, this may
change over tinme. Lastly, it is inmportant to note that other
researchers also reported that the erector spinae tended to fatigue
faster when sitting wthout the proper back support (Anderson et
al., 1988 and Fl ayed and Roberts, 1958).

A second level of assessment of nuscle fatigue utilized a
standardi zed assessnent procedure simlar to that of Beiderman
(1990) and Roy et al. (1988). Here, the |ow back nuscles were
pl aced into a sustained isometric contraction using a cantil ever
effect from holding a 2.2 Kg weight at full amslength out in
front of the body while standing. One of the strengths of this
procedure is that it was conducted in a posture and activity
different to the witing task which we are studying. Using this
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type of assessnment for fatigue, we observed a significant drop in
the nedi an frequency at the L3 nuscle site over the course of the
four stand peri ods. This finding suggests that as one sits for
| onger and |onger periods of tinme, that the back nuscles becone
nore and nore fatigued in general.

The anal yses of nmedian frequency shift within each stand period
indicated a significant Oder effect. Further investigation of
this Oder effect included a separate analysis of the overall |eve
of nuscle fatigue observed during standing. This was conputed by
subtracting the drop in the median frequency during the first stand
period (DPl) fromthe drop in the nmedian frequency during the |ast
stand period (DP4). Again, a significant Oder effect was
observed. In both analysis of the Order effect, when the Ofice
chair was used first and Bal ans was used second, the downward shift
in the nedian frequency was substantially larger than in any other
chair order. In addition, the results indicate that in three out
of four chair orders in which the Back-Up chair was either first or
second, the downward shift in the nedian frequency was the
smal lest. Wiile this is not a clear Chair effect, it is suggestive
that the order in which the chairs were sat in |eads to greater or
| esser levels of nuscle fatigue. Perhaps a |arger nunber of
observations (subjects) would have led to a frank Chair effect.

In summary, the results of this study indicate that the nore one
sits in a chair which offers nmechanical support to the pelvis and
| ower spine, the less supplenmental nuscular effort required for the
sitting task. In addition, the better support to the pelvis and
| ower spine while sitting, the |less general nuscular fatigue to the
| unbar nuscles one will experience. Thus far, the data presented
above suggests that the Back-Up chair clearly provides the greatest
anount of support to the pelvis and | ower back. Ther eby the Back
Up chair gives rise to the |east anount of fatigue in the Lunbar
region in general while both the Balans and the Ofice chair are
associated with an increase in energy expenditure and fatigue in
the | ow back nuscles.
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