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CHAPTER I

INTRODUCTION
4, Introductory remarks and statement of the problem,

This investigation was undertaken to determine whether the
intrinsic musculature of the back-~srector spinae muscles-has
any role in normal respiration and/or phonotion. One can ob-
serve that in eupnea, physiologlc respiration, the sternum
rises and falls, The vertebral column is extended and flexed
during inspiration and expiration respectively. As one speaks
the back muscles can be felt to contract,

The intrinsic back muscles are those groups of muscles
derived from the epimeresz of the myotomes and extend from the
oceiput, caudally to the pelvis, and laterally to the posterior
angles of the ribs, The back muscles can, for purpose of study,
be subdivided into the categories of depths, levels, and
columns. The columns are the medlan, medial, and lateral. The
levels would be the cervical, thoracic¢ and lumbar and the
deptha are the superficial, intermediate, and deep. The super-
fieial three columns and the two levels, theracic and lumbar,
are being investigated in present study. (See Appendix III for
details of these muscles,)

Respiration consists of two distinct acts, inspiration
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and expiration, in which the alr successively enters the lungs
and is expelled from them by alternate increase. and diminution
of the thoracic cavity. Thane (1899) states that the movements
of the thoracic walls are four:

1) "The anterior-posterior diameter is inereased by a
forward movement of the sternum with the attached ribs
and cartilages,

2) The vertical diameter of the thoracic cavity is in-
creased by the descent of the dlaphragm which forms
its floor and the lower ribs are drawn backwards and
outwards rather than railsed.

3) The transverse diameter of the thoracic cavity is
increased by the elevation and eversion of the ribs.

4) The extension of the vertebral column is an important
factor. “hen the column is bent forward. the ribs
are approximated in the concavity of the curve and
when the column is extended the ribs are squxated."

The method selected for this etudy 1a electromyography

because of its reproducibility and the functional principle
upon which 1t is based: The contractlion of any muscle 1s
accompanied by action potentials which can be picked up and
transmitted to a suitable recording device ( the electromyo-

graph) where the potentials are amplified and recorded on




paper (ee Licht for history and details,
B. Review of the literature

The pair of erector spinae muscles have been treated by
previous investigators as a unit rather than investigation of
the individual components of the muscle in relation to the
entire muscle, The literature is scanty, widely scattered and
very indefinite fpr the most part. Further, the investigators
in general do not state what technicue was used to investigat-
ing these muscles, how many subjects were used, or on what
mechanical basis the statements are made, In short, to date
the back muscles have not been investigated in a thorough
fashion.

The erector spinae muscles were studled by Duchenne in
1867 who stimulated these muscles with electrical current,
%Yhen the electrodes were placed over the site of the common
aponsurosis of origin the trunk moved obliquely backward and
toward the side of stimulation and the vertebrae "from around
the eighth dorsal vertebra" described a curve with the con-
vexity away from the side of stimulation. If the electrodes
were placed on the lateral attachments of the longlssimus
dorsi muscle the same movemenit resulted as when the
sacrolumbar muscles themselves were stimulated, With the

electrodes near the spinous processes of the dorsal vertebrae




4,
corresponding, therefore, to the fibers of the spinalls muscles,
direct extension of the vertebra was produced. iinally, when
the electrodes were over the iliocostalis muscles a powerful
lateral inclination of the trunk was effected because, " the
fivers are more perpendicular to the levers of the ribs whilch
they move and because these levers are longer."

Thane (1899) described the erector spinae muscles as
"indirectly aiding in inspiration if the spine 1s extended and
assisting in expiration if the spinal column is fixated." The
costal attachments of the muscles presumably accomplished the
latter.action. His work is apparently based upon logic and
dissection but this 1s not stated.

Beevor (1904) investigated these muscles by palpating them
in the living body whille asking the subject to perform some
action. The erector spinae muscles can be felt to contract
under the following conditions:

1) upon tilting the head forward while standing erect
(thus upsetting the equilibrium of the body.)

2) upon abducting the humerus or advancing it while
standing erect.
Adams cited by Beevor (1904)(p 41) and walmsley (1923) (p 174),
refers to both of these conditions as "a state of vigilant

repose". Apparently what is meant 1s that the erector spinae
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muscles function whenever the equilibrium of the body is
threatened. |

walmsley (192%) describes the erector spinae muscles as
"indirectly elevating the ribs”". His method is also apparently
based upon dissection and logic but this 18 not stated. Grant

(1842) in Morris' Human Anatomy edited by Schaeffer, 10th =d.,

p 482, states that the lateral superficial column, "iliocostalis
lumborum', depresses the ribs while the medlal superficial
column, "iliocostalis cervicis"”, elevates them. But no mention
is made of the method in which thils was determined or what
investigator had made this ccnclusion.

Akerblom (1948) found in twelve subjects there was no
electrical activity in eight of the subjlects when the spinal
column was flexed, 1.e. there was no apprecilable difference
in electromyogram from the resting state. Kelton and Wright
(1945) showed in 9ne subject in the '"easy standing position”
no activity from the erector spinase muscles, while Floyd and
Silvers (1955) showed that activity was present during the
attitudes of beginning flexion but there was a cessation of
the impulses recorded in the electromyogram in complete flexion
because the ligaments took over the task of holding the body.
Only a lovw level of discharge was noted in an upright position.

Campbell (1958) has examined the erector spinae muscles
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(iliocestalis,longissimus and semispinalis) with needle and

surface electrodes and concluded

during expiration,

that

these muscles are active




C. TABULATION OF PREVIOUS3 INVESTIGATORS

1867
Duchenne

1899
Thane

1904
Beevor

1923
Walmsley

* RN i e

1942
Grant

1948
Akerblom
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nspiration
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activity
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g
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of
vertebra
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a whole,"

Blank spaces indicate items not studied in each case.
The above tabulation was drawn relatively to the conclusiond
-of previous investigators.

"% No specific component of the erector’ spinae muscles
Results are for the erector spinae muscles as

(Refer to text; pp 3-56)




CHADTEPR 11

PROCEDUNRT

Tha Grsas odel TYIT D slectroencenhelogregh was ssploryed
in reeerdéing zetion poentiales from the nusclas under atudy,
Tour ohonmml: ware used in meking alnaltisncons recordings fronm
four different eltesa, A fifth channal was usad to record the
rhaaez of respiration and spesch, (Pig. 1)

Tach glecirods,having a2 differgnt eclsor cadle, wes »lupsed
inte the appropriate Jack on the alecirode bosrd which trans-
mitted the potantiale into the main panel. Thua, any two slec~
trodes eould be channeled into one channel or sll channels.

The inpulees were transmitted from the awitch panel into two
sariasl amplifying sysitsms, a preamplifier and an amplifiasr.
Fron ths latter the impulsss wsrs then conducted to the inke
writing pens of the consols,

The shovs method of recording was used rather than the
ocilloscope since it was shown by Floyd and Silvers (1952) te
be practically the same if the frequency of discharge of the
“yacles wara no largsr than fifty cyelss per sacond, If the
abova sonditions obtained,the amplitude of the potlential re-

sained the sane gxternally,




Surface electrodes supplied by the Grass Instrument
Company were used in this study., These electrodes are cup-
shaped silver discs, about eight millimeters in diameter,
Surface electrodes were used rather than needle electrodes

because the object was to study a large mass of muscles and

CTAlCTACTS WT.\ e T30 T T T
\ 2 “‘l 4 “‘\ . -\ ¢ \ \* ) ‘ \“‘ A ) v‘ w -
\ -}

\

FIGURE I .
GRASS MODEL III D ELECTROENCEPHALOGRAPH




i0,
needle sleotrodes are only useful in sampling just a fow
millisetera around the tip of the nesadle. {(Moyd and Silvers
1955) HNesdle sleoctrodes also cause nain and wers thought to
e & hindrance to having the subject relax in cartsin phases
of the study, The disadvantage of using the surface sleatrodes
was that fraguently they slipped and had to be replaced after
certain manouvars,

The methed used to shew the inapiratory phase of respire
ation was {0 manuslly deflect the pen upwards when the subject
inhaled or apoke certain words, The psn was deflested down~
ward when the sabjeci exhaled,

4 otal of ten subjescts participated in the eollection
of thie datn:four Temalas (nuwrses), six males (etudents),

413 subjeets used in shis investigation were hetwesn the ages
of twenty and thirty yearu,

dethede

1. Infitially the subjects were to bs divided into groups of
ersct posturs, partial flexion, and complete flexion, and theae
various groups sontrasted with sash eothar, ‘™is idea wna
abandoned eince prerecording anauud'that sach subject nhunlﬂ’
repeat the entire set of maneuvers %o aliminate the varisnce
betwesn individuals whioh night have takem place,




1.
Zeo freliuinary teating showed that the greatest uunh&r of
astion potentials c§n1¢ bhe expeactad during the expiratery phase
of respiration and that muscle potentials for spesch were
beyond tho sensitivity of ths apparastus,
3. The asuseles that wers to be studied were the illosostalis
and the longisaimue munscles, The locstion of these mussles
was. first asoceriained on eadavers by dissestion, The topw
ography of the muscle was pnratalxy outlined on the akin and
snatomical fixed landmsrks wsre sought in order to identiry
the muscles later in the living subjeats, The moter point
which wae seen to be in the middle of ths muscle belly, was
found to be 2idway Letween the middle of the orest of the ilium
and the last rib, The longlissimsus mueole was approxisately a
hend *s breadth from the vertebral colusm. slso at dissection
the servratus posterior inferior nusole was seon Lo cover portions
of the i1livcostalin mussle but the site selectad for eleoctrode
atudy would be covered only by lumbodorsal fasecia, Alse
Floyd and 3ilvers (1955) have ahown that sotion pétentials
were not pitked up from surrounding muscles when examined by
necdle electrodes during their otudy. They sxamined the follow-
ing museles: serratus posterior inferior, latissimus dorsi,
trapeziua, psoas, abdominal munoles, quadratus lunborun; snd
glatedi,
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4, Accordingly, the elecrodes were placed as outlined above
on the muscle under study, either the right or left iliocostalis
and longissimus muscle,

The transverse line for the electrodes was determined by
measuring the total transverse thickness of the erector spinae
muscle and then taking 904 and 10 this distance for the
iliocostalis and longissimus muscles respectively, The vertical
level was then specifically located by placing the electrode
midway between the last rib and the middle of the crest of the
ilium for iliocostalis and longissimus muscles,

Another set of electrodes wase placed on the above two
muscles one to one halt centimeter below the above located
electrodes., This placement of the electrodes is approximately
at the second and third lumbar levels, (Fig.2)

The skin over these sites was abraded with the electrode
paste supplied by the Grass Instrument Company. The electrode
was filled with the paste, placed on the site and an one
centimeter square of cotton gauze was placed over the electrode.
The electrode was then secured to the skin by three strips
of cellulose tape,

Numerous other methods were tried in securing the electrodes

but the cellulose tape was preferred. Collodion was found

not to hold the elctrode whils the subject was standing erect.
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FIGURE 2
PHOTOGRAPH OF THY BACK WITH SITES OF ELECTRODES INDICATED

Code: L, Longissimus muscle
I, Iliocostalis muscle
H. Last ribdb

Ty Electrodes sites
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Adhesive tape was less flexible and seemed to slip more easily
than the cellulose tapse, |
5. The subjects were instructed prior to the experiment as
to what the investigator desired to know and the mechanism of
the recording apparatus, The above was done to place the
subject -at ease,

The subjects were asked to stand erect with the feet apart
so that they felt at ease, and to allow their hands to hang
loosely at their sides, The distance the feet were apart
varied from twelve to fifteen inches and the feet were usually
turned outwards in an approximated fourty-five degree angle,
(Fig. 3)

A counting system was devised aimilar to that used by
Pauly (1952), The investigator would begin counting one, two,
three....eight, on the'count of four the subject would begin
to inhale and simultaneously an upward deflection was made
manually on the appropriate writing pen of the console, At
the count of eight the subject would begin exhalation and a
downward deflection was simultaneously made on the writing
pen. The exhalation would continue until the maximum effort
had been expended as the investigator could determine by

watching the subject, The investigator demonstrated this
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procedure and the subject practiced several times before the
recordings were taken, The subject was then allovwed to rest
& few minutes after which the recordings were taken. The
experiment was then yepeated alter a rest period.

The above method of obtaining records of respiration was

“FIGURE. 3
PHCTCGRAPH OF THE BUBJECT IN THE STANDING POSITION
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repeated with the subject in partially flexed and completely
flexed positions. (Pig. 4 and 5) Complete flexlion waa assured
by the investigator grasping the shoulders of the subject and
gently rocking the subject’s body until there was felt to be

a complete freedom of motion. The erector spinae muscle was

FIGURE &

PHOT&GRAPH OF THE SUBJECT IN THE FARTIAL FLEXED
POSITION
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found previcusly by Floyd and Zilvers (1955) to be electrioeally
silent in this position.

Te record spoech potentlals a mwrdery rhyme was recited,
the words being ennuncliated at three decond intervals and an

upward deflection of the pen was made with the ennunciation of

FIGURE 5
PROTOGRAPH OF THE BUBJECT IN THE COMPLETE

FLEXED POSITION
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each word or syllable., The subject was in an erect poaition
when the wordes were recited,

6. The height of the spike oannot be correlated with the
number of motor units firing because this correlation can only
be made on isolated muscle fidbers that are contracting 1so-
metrically. (Campbell 1968) Thus the tracings obtained were
given four classifications:

The type } tracing shows no disturbance of the base line
except the electrocardiogran, | |

The types £ traoings show a disturbance of the base line
but sporadic and sesmily unaesociated with the test maneuver,

The type 3 tracings show potentials with moderate or high
amplitude definitely associated with the test maneuver,

The type 4 tracings show potentiasls with low amplitude
but associated with the test maneuver., (Fig. 6)

A questionnairs (Appsndix I) wae used to detect factors
which might influences the activity of the muscle under in-
vestigation,

The aubjeat's occupation, length of time in a car, exer-
cise status plus any revelant history (e.g. history of injury
to back, upper arm or abdomen, recent history of moving heavy
objects, ect.) were noted.

Thii questionnaire was found to bs very valuable in dis-
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covering history of injuries to the back and the recent heavy
physical labor involving the use of the back muscles,

The electromyographic data sheet (Appendix II) was devised
80 that every record would be complete and have settings of all

dials of electroencephalograph on one sheet, The data sheet

FIGURE 6

TYPES OF TRACINGS

Refer to text p. 18
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also helped in maintaining a uniform racording procedure,

The records were examined individuaslly and a summary
sheet was mede for esch aubjeét accerding to the above githems,
The records were then placed on a mester summary sheet teo
determine 1f any type of trend could be eatablished regarding

speech and respiration,




CHAPTER IIX

ERPYRIKENTAL THESULTS
Ae Donersl

the following results sre teken from recordings froam ten
differsnt subjects: six males and four females,

The recordings never shoew an isvelectric line since they
always contain the elsctrocardiogram complex. This conplex
serves an o time device snd to inform the investigator that
the lead is recording satisrfactorily.(Campbell 1958)

The tables: summary table of exper-imental results, records
of individuals during respiration in the three postural
attitudes (Appnndieon IV and V) summarize the type of electroe-
myographic tracings obtained during the period of inhalation
while the subject was in the ersct standing, partislly flexed,
and completely flexed positiona. (For asimple tracings see
Fige 6.)

The discussion is aceording to the position of the
subject and then to the particular muscle during both phaaes

of respiration.

B, Hecords of subjects




Subject cne:
PR, {(male) (right side)

1, Erect standing poaltion
a, Inspiration

The 1liocostalis muscle shows potentials between
inspiration and expiration, These potentials sre of reduced
amplitude (4) and are associsted with inspiration.

Thoflengisaigus muscle shows potentials beginning
almost as soon as the "inspire" signal 1s given. The amplitude
{8 small,
| b, Txpirstion

T™e {lioccostalis muscle showe potentials of moderate
amplitude (5).A |

The longissimus muscle shows potentials of large
amplitude (3) during expifatien.
2. In speaking

The 1liocostalis muscle at no time shows potentlals
during the period the subject spoke the nursery rhyme.

The loﬁgiuniaua mussle shows activity but it cannot
be ascertained whether any of the potentials are associated
with any particular word or phrase.

A, Partial flexion




23.
2. Inspiration
The 1liocostalls muscle shows potentials of moderate
amplitude (3).
The longlssimus muscle shows potentials of high
amplitude (3).
be. Expiration
The 1liccostalis musele shows potentials of moderate
amplitude (3).
The longlssimus musele shows potentials of moderate
amplitude (3).
4, Complete flexion
a. Inspiration
The i1liocostalis muscle shows very small action
potentials (4).
The longlssimus muscle shows sporadic bursts of
activity (2).
b. Expiration
The 1liocoatalis muscle shows no astivity (1). The
base line is only disturbed by the electreocardiogram.
The longissimus muscle snows no changé in the base

line (1).
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Subject two:
B.#, (maie) (left side)
1. Erect standing voasition
a. Inspiration
The $liceostalis muscle zhows potentials of low
amplitude €4},
The longissimus muscle shows potentials of low
anplitude (4),
b, Expiration
»ha 1liocostalis snd longilasimus musclee show potentials
of modarate amplituds (3).
2, In spaaking
The electromyogram shows potentials which are sporadiec
and do not seem to be associated with any particular words
or nhraass of the rhyme,
3, Partial flasxioen
a, Inapiration
There nesmed to be no increase in the number of action
}potent&als in the iliocostalis or longissimus muscles,
b, Txpiration
Thare appears to be no increase in the number of action

potentiale in the 11iocostalie or longissimue muscles, The
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background activitly 1s too dense to properly svaluate the
recordings.

4, Complets flaxion
a, Inspiration
The Lfliocoatalia and longleaimus mumecler show potentlials
of large amplitude (3).
b. Expiration
The i1liocostalis muscle shows potentiala of moderate
amplitude (3),
The longissimus muscle showe potentisls of small
amplitucde (4),
B,G, (female) (right side)
Note: 8ix days before the subject was teated she had
done heavy physical labor, as indicated on the ﬁucntinnnazrc,
i.e, pushing two cars out of the snow., Al no time during the re-

cordings was it possible to get eleotrical ailence on thie subjec

g t—

1. "rect standing position
8, Inspiration
The illiovcostalies and Longisainua muscles showed potentialg
with moderate amplitude (3),
o Expiration

The 1liocostalis and longissimus muscles showed action
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potentials of low amplitude (4),
Spikes oan astually be counted on all thrae replications.
Z., In apeaking

The iliocostalis muscle shows potentials of sporadic
barsts (2},

The longissimus musclas show potentials throughout the
recitation period;however, no correlation can be made with any
sat ¢f words or phrases, |
3, Fartgial flesxion

a, Inspiration

The 1liocostalis muscles showe an increase in the
number of potentials and also the height, They ars of moderate
amplitude (3).

The longis:zimus muscle shows potentials with low
amplitude (4). |

b, Fxpiration

The $liccostalis muscle potentials show a decrease in
the amplitudes (4),

The longissimus muscle showa the smplitude returning
nimest to the bass line but the ectivity was atill thought
to ba {4,

4, Gomplets flexion

&, Inapiration
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The flioccoetalis and longissimus muscles show potentials
with low amplitude (4). |
b, Expiration
The iliocestalis and longissimus muscles showed no
activity (1); the recording was interrupted only by the ever
present electrocardiogram complex,

Subjagt four:

B.S. (male) (right aside)
1, Erect standing position
a, Inspiration
The 1lioccostalis and lengissimus muscles showed poten-
tials with very low amplitude (4).
b. Expiration
The 1liocostalis and longissimus musclea showed action
potentials with very low amplitude (4).
2. In speaking
No potentials could be recorded from either the
1liocconstalis or longissimus muscles,
3, Partiasl flexion
a, Inspiration
The iliecostalis muscle shows potentisls with large

amplitude (2).
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The iongissimus muscle shows potentials which are
sporadic (2),

b. #“xpiration

The iliocostalia muacle shows potentials of moderate
amplitude (3),

The longissimus muacle shows sporadic potentials aas
in inhalation, =snd should probably be classified as showing
no activity related to the test maneuver, but the constant
activity of the longiasimus muacle in this position made
evaluation impossible,

4, Complete flexion
a. Inspiration

The i{liocostalis and longissimus musclee showed

potentials with low amplitude (4).

b, Fxpiration

The iliocostalis and longissimus showed potentizls with
large amplitude (3).

Subject five:

J.K, (mele)(right side)
1. Frect standing poeition

a, Inspirstion

The iliocoatalis muscle shows potentiala of low

amplitude (4).
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The longissimus muscle shows potentials of moderate
amplitude (3),
b, Expiration
The iliocostalis muscle shows potentiala of low
amplitude (4),
The longissimus muscle shows no activity,
2, In speaking
The longissimus muscle showe potentials throughout the
recitation of the nursery rhyme but the iliocostalis muscle
cannot be properly evaluated due to the unsteady base line,
3, Partial flexion
a., Inspiration
The 1liocostalis muscle shows an increase in the
number of potentials and a deerease in the amplitude (4),
The longissimus muscle shows potentials of moderate
amplitude (3),
b. Expiration
The 1liocostalis muscle shows short bursts of
amplitude (4),
The longlesimus muscle shows potentials of moderate
amplitude (3), |
4, Complete flexion
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a, Inspiration
- The 1liocostalia muscle shows potentials of very low
amplituds ().
Tha longlasimas muacls shows no achivity,
b, Explration
Tha 1linzostalis nnacle shows potentials of very low
amplituda (4),
The longlssaimus muaecla shows no activity,
Subject aix:
A.3. (femals) {(right side)
1. Ersct standing nosition
a. Inspiration
The iliocastalis muscle shows potentials of modsrate
amplitude {3),
The langissimus muscle shows potentials of low
smplitude (4),
b, BExpiration
The iliccestalin muscle shewa potentials of moderate
emplitude (3), Thease potentials are larger than the ones
shown in inspiration,
The longissimus muscle shows potentials of moderate

amplitude (3).
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2, In speaking
The 1liocostalis and longissimus muscles showed a few
sporadic bureste of activity but no correlation can ha made
with any word or groups of woirds,
&, Partial flexion
2. Inspirstion
The 1liccostalls and longiseimus muscles showad
potentiale with medarate amniitude (3),
b. Expiration
‘The iliocostalis and lengissimus musclsza showed
potentials of low amplitude (4),
4. Complete flexion
&, Inepiration
The 1li¢eostalis wmuscele shows potentials with moderate
amplituaalia).. |
The longissimus muscle shows potentials with low
amplitude (4).
b, Expiraticn
The ilicecostalis musele shows potentiala with moderate
amplitude (3),
The longissimus muscle shows peientials with low

amplitude (4).
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Sub 8& 5
L.H. {(female) (right side)
1. Srect etanding pesltion
&. Inepiration
The %liocostalie snd longlezainun muscles showed
potentizls with low amplitude (4).
b. Expiration
The iliocostalis muscle eshows potentisls of moderate
amplitude (3).
The longissimus muscle shows potentiale of large
amplitude (3).
2. In speaking
The 1liccoatalis and longissimus muscles shovwed definite
activity during the recitstion but the records 40 not reveal
any nerrelation between any word or words because the apparatus
18 not sensitive snough to rescord these fine variations. This
record is the only one of the ten subjeots that actually
showed definite activity in the %lioccostalias muacle during
spesch.
3, Partial flexion
a. Inapirstion
The 1liccostalis and longissimus muscles showed no

aotivity.
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b. Expiration
The iliocostalis and longissimus muscles showed no
activity beyond that caused by the muscle being in the partisl
flexed position.
4, Complete flexion
a. Inspiration
The 1liocogtalis and longissimus muscles showed action
potentials of reduced amplitude (4).
b. Expiration
The 1liocostalis and longissimus muscles showed
potentials of moderate amplitude (3).
Bub je i :
A.H. (male) (right aide)
1. Erect standing position
&. Inspiration
The i1liocostalis muscle shows no activity.
The longissimus muscle shows potentials of small
amplitude (4).
b. Expiration
The ilioccstalis and longissimus muscles showed
potentials of large amplitude (3).
2. In speaking
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In the iliocostalis muscle no activity could be
observed,

In the longissimus muscle only sporadic burats of
activity could bes seen and thera may have been some association
with certain words,

3. Partial flexion
a, Inapiration

The 1liocostalis and longissimus muscles showed no

activity associated with the test maneuver,

b. Expiration

The 1liocostalis muascle shows potentials of large
amplitude (3),

| The longissimus muscle shows no activity beyond that
demonstrated by this muncle while in this position.,
4., Complete flexion

a, Inspiration

The i1liocostalis muscle shows potentials with moderate
amplitude (3),

The longissimua muscle shows no activity,

b, Expiration

The 1liocostalis muscle shows potentials with very
large amplitude (3).

The longissimus muscle shows potentials with very
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low amplitude (4),
Subject nine:
E, H, ( female ) (right and left side)
1. Erect standing position
a, Inspiration

The ilioccestalis and longissimus muscles show poten-

tials of low amplitude (4).
b. Expiration

The ilioccostallis and longissimus muscles show
potentials with moderate amplitude (3), although the potentials
of the longissimus uugcla are larger.,

2. In speaking

Thers seema to bs no activity in the right iliocostalis
muscle but some aativity in the left iliocostalis muacle was
observed,

There 1s definite activity in the right longissimus
muscle and some activity waas seen in the left longlasimus
muscle,

Again the technigue does not allow a corrslation of
the activity with any words or phrases,

3. Partial flexion
a, Inspiration

The iliocostalis muscle shows no activity,
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The lengissimus muscle shews polentisls of modsrate
amplitade (3),
b, Sxpliration
Theiilicoostalis nuscle shaows potentisls of levw
anplituds (4), |
T™he longisainas muscls shovs no setivity bayond that
eansed by ths masels sssuming thiz poasition,
4, Tomplete flexion
a, Inapirstion
The 1liecostalis nusele shous no astivity,
The longisainus musole shows potentials of low
amplitude (4),
b, Expiration
e iliecostelis and longissiams suscles showed poten~
tiale &7 13w swyiitude (4). |

Bute (male) (right side)
1. ireat standing pesition
a, Inspiration
Ths 1liceoatsllis and longissimus muscleas showed potene
tials of low amplituds (4),
B, ixpiration
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The 1liocpsatalias and longissimus muscles showed
potentials of moderate amplitude (3), |
2, In speaking
Action potaniiala are shewn in the iliocostalis muscle
and longissimus muscle, The teahﬁlquo does not allow a
correlation of the activity with any werds or phrases,
3, Partial flexion
a, Inspiration 4
Both the iliocostalis and the longissimus muscles
showed potentials of very large-aitplitude (3),
b, Expiration -
The 1;1a¢b-talia muscle shows potentials of very large
amplitude (3),
The longissimus muscle showa potentials largely in-
ereased in amplitude (3,
4, Complete flexion
a, Inspiration _
The iliecestalis and longissimus muscles showed
potentials that are low in amplitude (4).
b. Expiration
The iliocostalis muscle showed ?atnntials of moderate
amplitude (3). ‘

The longisaimus musecle showed potentials of low

amplitude (4).
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CHAPTER IV

' DISCUSSION AND CONCLUSION
A, Mechanics eof Erect Posture,

The body 1is snpportodwby the feet as a base (the lower
limba are supporting pillara) and the back ia constructed as
the vertlocal suppert to hold the t»rso srect to meet the
exigencies of everyday living.

The center of gravity of the body is located (aeccording to .
Morton 1952) by "dropping a plumb line from external auditory
meatus. This line will fall in front of the ankle betwsen the
two navicular bones,"” In a review paper on the center of
gravity im relation to standing (Brunnstron 1954) concludes
"s perpendicular ihrongh the center of gravity tends to fall
near the center of the base &f suppert.”

” The spinel column has a thoraeie primary anteriorly con-
cave curvature with nooondaryllunbar and cervical anteriorly
convex curves; thus the arrangement of the vertebrae in the
"S" eurve enables the back to be flexible to accept the jar-
ring of the body caused by walking and maintain a center of
gravity located more posteriorly than anteriorly of the total
body volume,

The bodies of the vertebrae may be compared to blocks
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vhoss individual sizes increase from above downward, that
have been atacked one on top of the other and these blocks are
prevented from slipping by the intervertebral dises and by the
distridbution of forees as notid above, If the ligaments limited
the vortebras to thia position, movemsnt would be impossible,
That the arsotor spinae musclss are notl responsible for holding
the body sreol is shown by the electricel allence which fs
exhibited in the records mede in this study and others
(7eddell, Feinstein and Pattls 1944; Floyd and Silvers 1958,
Campbell 19868),

The sreetor spinas mueeles are drought fnto play when the
esnter line of gravity shifts forward Beever (1804) has shown
that when the arm is flaxed in froni of the bedy or the neck
is slightly meved either anteriorly or poateriorly both erecter
spinas musclas contraci. If the t&axﬁé srm £9 slowly abducted
through an angle of fourty-five dsgress the ipsilatoral |
erasotor upinas muscle rslaxes and the contraleteral one con~
traots, DBeever (19C4) continues with the analysis by asking
whether it io posaible {0 advance the huserus without bringing
the ersctoer spinae musclss inte eolion. If while tho arm is
flexed thﬁ sracter apinas musecles relax and §f the &ru ¥

dropped amd the msneuver 1a repsated no contraction of the
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srector spinae musoles will take place, The reason is because
the weight behind the center of gravity now egquals the ieight
of the flexed arm, In other words, with the rediatribution
of forces there 1s no need for the erector spinae muscles to
be altered, Thus, only when ths body is flexed through a
certain critical angle do the erector spinas muscles contract
to hold the body in that flexed position,

After complete flexion of the body has taken place the
back muscles cease to work and the task of holding the bedy in
this pesition is performed solely by the ligaments, (Floyd end
Silvers 1955; Campbell 1958), The muscles from a metabolic
viewpoint are expensive and the ligaments ocan perforam this task
of holding the body much more cheaply, (See Norton 1952,
ehapter 32, Metabolic Zconomy in Muscle Function,)

B. Aetion of Muscles in Frect Stending Position,

CGne of the primary tasks ef the erector spinae muscles is
to hold the bedy in various postural attitudes while a seaond
task 18 to extend the trunk, Another task of the back muscul~
ature §{a to assist in respiration when large amounts of air
must be exchanged, a2s in running. (Floyd and Silvers 1955;
Campbell 1958)

In this study it was seen that in the srect atanding
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position 837 ef the males and 1007 af the females showed notion
potentizls in the 1liccoatalis muscle during ths tsrminal)
phaas of deop Inspiraetion, In the longisslisus muscle during
inspiration 100Z of the meles and femrles showed action potane~
tiale, furing expiration 1007 of the mules and fenales showsd
sgtien polentials in the ilicesstalis muscle while in the
longiesinaus musols during expiration 837 of the males and 1007
of the femules showed action potentiale, (tee ‘ppsndlix V for
auwmisry table,)

1. Ilioceoatalis nusele:

&, Tmapiration

Campball (1923) showed that tha flicoostalia muicle ia
used both in fnopiration and expiration aven though Dachenne
(1867) has ststed that ne musaels can perforn two antagoniatic
astiana,

It $3 postulated here that the 1lioocntalis muncle is not
psrforning two antagonistic actions but ene continuous ons,
The 1liocostalis muscle 23 not being uaed to elevate the rita
but sfnply to “fixate” them as that & daeper inapiration is
posaible via the action of the dlaphragm. “he sbove si:iesment
1s supported by the ﬁ&anﬁr@ﬁy@@fﬂp&ia dety whieh shows action
potentials during desp inaspiration. Nest of the subjoonts




42,
showed a low amplitude pattern probably because the contraction
of the 1liocostalis muscle 1s only sufficient to just "fixate"
the ribs,

Presumably during expiration the ilioccostalis muscle
contracts and depresses the ribs causing a powerful expiratory
action, The muscle i1s attached laterally to thes inferior
border of the ribs and by pulling sxerts a powerful expiratory
effect,

The 1liccostalis musele then prodbably has four aotieps;
two principal and two auxillary:

1. the prineipal actions are:

a8, to extend the trunk, but not studied here (Floyd
and Silvers 1955)

Le to hold the body in certain pestural attitudes
(Floyd and 5ilvers 1955)

2., the auxillary actions are;

a, to "fixate" the ribs whioh allows the diaphragm to
meke a large contraction during inspiration

b, possibly to depress the ribs and effect maximum
expiration,

b. In Fhonatien

The activity of this muscle in the act of phonation cannot
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be evalusted in this paper baecaunss aetion petentials were
dsrtnitoly shomn in only one subject., This muscle may have ne
rols in phopation, :

L, lLongissinus muscle;

5, Fsapiration,

This muscle is probably deing ussd to esompensate for an
anterior diaplacement of the éun&-r of gravity by the forward
moving riba and tharuéaa nass during inspiration. The recerds
obtained in thies study shew that during inspiration 1004 of
the subjects showed sotivity during inspiration while during
sxpiration 90£ of the 2ubjects showed activity in this muscle,

%hen the lengissimue musele contracts the spinal column
is extended, Dally (1909) shewsd by means of rosntgen oxamine
ation (orthedisgraphio) that *the shadow of the vertsural
column 1s sesn olearly saparated off from that of the peri-
cardium and the great veasels by s transradisnt trisngle, the
base of shich 4s formed hy the upper surface of the disphragnm,

On inspiration the poatarior wall of this triangle formed
by the spinal colusm 12 sesn to recede to s greater extent
below than sbove, so a2 to open out the interval froam before
baekvwardes, 'ith subssquent expiration tha‘agtn. advances,

On inspiration the shouldera are squared and the hsad elevated
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end thrown backwards, then there 18 & gradusl backward move-
ment of ths whole thoracic apine ae far as ths superior scapular
angle, in consequence of this in desp breatiing the upper
thorseie region is widened anterior-pesterierly.”

The longissimua muzcle then has two primary functions like
the 1lioccostelis muscle snd possibly $we auxillary:

1. the principal actions are:

a. to extend the trunk, bat not studied here (Floyd
and uilvers 1988)

b, t0 hold the body in certain pestural attitudes
{(Fleoyd and Silvers 1955)

£, the auxiliary actions’ are:

8. to possibly aid the §liccostalis muscle in depressing
the ribe, particularly the lateral attachments of the
~ longissimus muscle,
b, medisl attechment to vertebrae for sxtending column,
{additional to primary extension)

The “fixating” of the ribs by this musole could noet sxplain
Dally's (19069) obxarvaiian. This muscle probadly asote by ite
medial et of attachments to extend the apine. This atudy
does not indieats the division of the work betwesn medial and
lateral sttachments.
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b, In Phenation:

The longissimus muscle i3 the largest of the throo‘olanonta
of the erecter spinae muscles and the longissimus muscle showed
the greatest number of action potentials with speech, The
suscle probably helps to balance the anterior postural muscle
group in achieving volce control bu£ the data 18 lacking from
this experimsnt which would suppert this statement,

Nothing ceould be found in the literature as to the action
of the back muscles in speesh.

C. The 4iction ef Muscles in Partial Flexion

1, Ilioeostells muscle

a, Reapiration

The sams activity of the iliocestalis musele is postulated
for this position as waa found in the erect standing position,
The only difference is thet greater activity is required by the
muscle while in this position since this muscle must contract
to hold the body in this attitude. The number of subjects
whioh showed action potentials in this musale during inspiration
while in the partially flexed poaition was 507 of the females
and 667 of the males |

2, Longiesimus musocle:

a. Respiration
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The longissimus muscle shoved sotion potentials during
pertial flexion in 507 of the mules and females with an‘amplitude
of moderetie height during inspiration., This muscle is ex~
tending the spine during inspiration and concomittantly keep-
ing the body in a flexed position,

D¢ Aetion of the Huscles in Complets Flexion

In couplete flexion there is no activity of the ersctor
tpinee muscles until desep inspiration and expiration take pl=ce,.
The activity ic the same in the iliocortalis musclé as in the
lengissimuas muscle, The pestulate advanosd here &s that the
pressure of the diaphregm uUpon the vissera causes the longissimus
muscle and illocestalis muscle to contract to "Fixate" the
ribs to enable ths diaphragm %o gain a greater sontraciion,

Thus no matter if the body is in the srect standing
pesition, partially flexed position or completely flaxed position
the actiivity af'ths 1liccostalis and longissimus muscles remain
the same, The function of the 1liocestalis muscle, 1t is
propesed, 4s to "fixate® thec riva se that a greater diaphragmattc
excursion is possible during inspiration; during expiratien
the {liocostallis muscle diminishes the size of the thoracle
cavity. The function of the lengissimus muscle during inspir-

ation iz to extond the vertebral column whils during expiration
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the function i% %o aasist the 1liceoatalis muscle in diminishing
the theracic cavity, The above statements are confirme& by
direet obssrvation and by electromyegraphy.

Z, Cobnelusions:

i, The {liocostalia and longissimue muscies are active in =all
three positions during the same phases of the respiratery
actlion,

Z. During insplration the iliocosialis muscle ie apparently
"fixating” the ribs for a better dlaphragmatic sctien,

3. During expiration the illocostalis murcle probably depresses
the ribs and flexea the vertebral column,

4. The longissimus muscle in all ithree positions is apperently
extending the vertebral column; its medial attachments are
prebably ective,

5, The longisuimus muscle ie active during expiration and its
lateral set of attachments are probably active during this

phase,
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3.

4.
G.

be

Be
9.
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CREFIVR V

SUMMARY
the 1liocostalias and longisuimua portions of the erector
spince muacles wore studied slectiromyographieslly in three
positiona: eract standing, pertislly flexed, and completely
fiszad positions,
Jarface electrodes with the Orass IIID Hodel TI0 were eme
ployed in receording astion potentiale,
Thess muasclea of the bsok were studied in 10 sudjeets
(4 fenules and & males), Tuch aubject was studied ia the
three positions noted,
The $licooatalis musels is sotive during Snaepiration,
The pastaxnté 1o that the susole i3 probably sctiive bessuse
1t 45 "fixating” the ribs allowing bettsr diaphragmatie
aetion.
The iliccostalis muscle is sotive during expirstion.
“ha postulats advanced is that the musale 18 depressing the
rivs, |
The longlesimus muscle is sotive during inapirstion,
The poatualate is that the muscle is sxtending ths vertebrel
spines which i3 confirmed by Dally (1909),
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10, The leongisuimu:z muscle is aetive during expiration,
11, The activity s probably assoclated with assisting the
~ 1llocostallis muscle in depressing the ribe,
12, There is no signifiocant difference between males and females
in the functioning of the back musoles,
12, The ascessment of the hack muscles during speeech cannot bde
made from this study becauses the frequency reaponse of the

apparatus was tou low, or they may have no rols,
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ANNOTATED"LITERATURE

Akerblom,B, 1948 8tanding and sitting posture, Stockholm,

A,~B, Nerdiska Bokhendeln,

Examination of the literature in standing and sitting
positions especially in reference to the construction
of a good chair, In regard to the back muscles there
is stated on page 178 "one may take the ywiew thet
sitting relaxed, sunken and bent forwards sheuld be

2 good reating position, Electromyography of the
lumbar part of the sacrospinalis also shows that the
muscles of this region are practically inactive,"

Beever, C,E, 1904 The Croonian lectures on muscular movements

and their representation in the central nervous
system, lLondon, Adlard and 3en,

A series of four lectures on the movements of upper
extremity, of the head, of the spinal column and
repreasentation of the movements in the central nervous
system, The techniques umed for investigating the
muscles are analysed; the author uses the method of
palpation while asking the subject to perform an
action,

Brunnstrom, 3, 1954 Center of gravity line in relation to

ankle joint in erect standing. The Fhy, Ther, Review
343 109115, ‘

% eritical review is given of center of gravity of

Braune and Fischer's Narnalatall%%g. This position
is {llustrated and contrasted with the Bsqueme Haltung,

the latter being assumed when one stands naturally,

" The conclusion of the author is based upen Hiler-

Campbell,

brandt's work: "a perpendicular through the center of
gravity tends to fall near the center of the base of
support,." A very valuable review article,

E.J.M, 1958 The respiratory muscles and the mechanics
of breathing, Chicago, Y#a$¥ book Publishers Inc.

An investigation and correlation of activity of back
muscles as observed with electromyography. A must for
a better understanding of respiratory mechanics and
physiolegy. The bibliography is very extensive and
comprehensive, In the appendix is valuable information
of electromyography technique,




Delly, J,F,H, 1909 An induiry into the physiological mechanism

Duchenne, G,B, A, 186? Physiologie des Houvements Trens, E,P,

Floyd, W,F, and Silvers P.H,S, 1952 Comparitive merits of

Floyd, W,F, and Silvers P,H,5, 1955 The function of Erecter
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of respiration with special reference to the movements
of the vertebral column and diaphragm, London, J. Anat}
43, 93~114 '

The xsray examinatiocn (orthodiagraphic) examination of
the movement of the vertebral column during respiration
is diecunssed, Also the important role of the srector
apinae muscles is emphasized in respiration, Three
diagrams are shown of the diaphrage in inspiration
and expiration, No bibliogPaphy is given,

Kaplan 1949 Philadelphia, LippinQi$t.

A study of practically all the muscles in the body in
the hsalthy and individuals in which there was muscular
dinesase or muscles anomallies or absences, The author
stimulated the muscle electricelly and observed the
effeot obtained, Criticism of Duchenne's work i1s that
even though a muscle may be capable of some movement
when stimulated elec¢trically it may act in this manner
rarely or never under physiological conditions,

ink-writer and cathode rey oscillographs for electre-
myography., J. Fhya., 117 London 36P, 37P,

The author determined the response of ink writer to
aignals of known amplitude and wave form and by
simultaneous recordings of muscle action potentials
by ink writer and osecillographs, The conclusions are:
There 18 a steady state response, The reaponse is
constant up to 50 ¢/s. 50-70 ¢/8 resonance with not
more than 704 increase in amplitude the response de-
clined 100 ¢/8 it was 28-387 of the amplitude below
resonance. There is no loss of significant infor-
mation for monopolar needles or for surface electrodes
leads, using the ink-writer,

Spinas muscles in certain movements and postures in
man, J. Phys, 129 London 184-203 ;

The erector spinae muscles were examined electromyo-
graphy at levels of 13,14,15 with needle and surface
electrodes in erect standing, partially flexed and
completely flexed positions, The erector spinae musolﬂs
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wore: shown Lo bLe slectrically active during partial
flexion, The ligaments support the bedy after
couplete flexion is reached,

frant, J,U.be lorrie! Human Anatomy Yalted by wchaeffsr, 10ed,
' “hiledelphia, Xakision Co,
in this section on musculsture under superficial
lateral voreal systes ol Laok muscles Urant stetes
“the 11icecutalis luaborfum depresses lhe ribs while
the iileotestalis cervices msy ald in elevating them,
The spinslle serves merely as an extensor,”

nelten, 1, , and “right P, L, 194% The mechanism of casy stande
ing Ly men, uet, J. Gxp. del, Hed, del, 2T 506~
£15,
Elsclroayogrephic and gravimetric determinations
were gerried out In several subjecis (number net
gtnted) on the muscles of the leg,ttdgh,doreal spinal
and mapdibulay wuscles, 4l) were found to be elsct-
rically silent except tibialiv anterior and solus
aussles in ensy ntending position, wshich is well dee
fined by the auther,

ideht, ©,3, 1588 TNlectrodiagnosie and electromyoegraphy,
faltimors waverly I'reas inec,
A deteiled history of siectromyography snd sechanics
of cluatrcnyogrn y £as given in the first twe chapters
musels physiology and metor peints constituts the
nazt two chapters, The resl of the book discusses
Elsatrodiagnosias with ene chapler on electroencephslos
ﬁ’:ﬁg{ and one chapter on sleotroretfnography. The
beok is largely olinical, mritten by many physicians
for physicians in physical medieoine,

dorton, ... and Fullsr D,L, 198% tHaman locomotion und body
form, Baltiimore, “illisms snd illiams Co, €85,
s Getalle. analysis of walking and mechanies of {oob;
the book 1s amply 1llustrated, Frebably the bLeat
shapters ar: cuapter 32 on ketabolic sconomy in musele
funciionand chapter 285 on ostural and locomotion
hinite,

Caaly, Jene 198E  lectromyograpinle studies of sone
wuscles of respiration, ¥.3, Thesis, Loyola Univ,
Llsotromyographic sxamination of the intercostals
spaces in two places i.e. intercartilaginous
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pertions of the internal intercostals a2nd in mid
elavicular line, The two intercostals are studied
together. The conclusion is that during eupnea and
hyperpnea the above muacles contract for purposs of
maintaining the space between the riba,

Thane, G.D), and 3chafer E.2, Tditore of (uain's Tlements of
Anatg:y 1599 10ed,, Vel, 11 London, Longmans,Green
and Co.

A book of deseriptive myelogy and angelology.
Exsellent plates of the muscles ars shown. RErief
discussions ars given about morphology of the limd
and trunk muscles,

Yalmsley, T. 1923 <Juain's Flements of Anatomy, Fdited by
T.H, Bryse, 11 ed, Vel, IV Part II Londen,
Longmane, Green and Co. ,

A very valuable introduction is given developing the
topiea of atructure, mechanics and merphology of the
skelstial muscles, The rest of the book is deascrip-

tive myology, with analysis of complex actions in the
body and participation of the amuscles in that action,

 %eddell, P. and Feinstein, P.T, and Pattls, R, 1944 The
eleotrical sotivity of voluntary musole in men under
normal and pathological conditions, Dréim 67: 173-257
No electrical aotivity could be recorded from a ,
voluntary muscle when it is completely relaxed, A
discussion of muscle tone and factors responsible

are listed according to body compertmentis; rheological
and ecentral nervous system, The rest ef the paper is
divided into mections: Action potentials for demar-
vated muacle, a case of reverajible ischaemic nerve
bloek, and re-innervated muscle, In the last chapter
i1s discusced specific nsurologic affsotions, .
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QUESTIONNATRE | Record: Ho.

Name . Race Sex
Ocoupation _ ... . :
a) does occupation involve sitting at a desk? Yes___ No
b) if yes, how long? ____ hrs. minutes per day
¢) how many hours a week do you work?
d) does your job involve climbing of stairs? Yes __ No
e) if yes, how many flights?
Do you drive a car? Yes___ Ko

a) if yes, do you drive to work?
b) if yes to 3a, how long doss it take to drive to work?
c) approximately how much time do you spend in the car in a week? hrs,

Do you do active exercise at present? Yes___ No
a) Is this activity obtained through definite scheduled classes? hrs. fuk,
b) What exercises are done routinely in these classes?

If No to 4, then do you exercise (undsrline one)
Never 2-3 times a week once a month
a) What type of exercise is done if you exercise at all?

What is your favorite sport?
Do you actively partioipates in the sport?
Have you sver had an injury to your back?

a) were you disabled for any length of time with this injury? Yes No
b) . how long

Have ever had an injury to your abdomen? Yes____ No
aglo:ype of injury?

Have you ever had an operation on your abdomen? Yes___ No
a) state what was done
b) year

————

Have you ever injuréd your chest or lungs in any way? Yes No
a§ state what happened and year

Have you ever broken your am or injured your shoulder in any way? Yes___No
a) state what happened and year _

Remarks:

(LHEHD @1ave) 1 RIONaddy

‘¥
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APPENDIX IXII  TABLE I  SUMMARY OF A SCHEME OF INSERTION AND ORIGIN OF M. erector spinae

SUPERFICIAL LAYER

‘ LATERAL COLUMN MEDIAL COLUMN MEDIAN COLUMN
Lave]] H, 1liocostalis M, longissimus M, spinalis
Iumborum thoracis thoracis
Origin:

Comnmon aponeurosis entire
sacral groove,
sacrotuberous ligament COMMON| ORIGIN
and medial 1/3 of 1lium,
Also from the medial aspect of
M4, longissimus and upper two
or three spinous processes of
lumbar vertebrae.

Tumbar

Insertion Insertion Insertion

Inferior border of lower Laterally: upper six thoracie spinous
six ribs medial to the into all ribs (1-12) medial processes by 4.8 tendons,
posterior angles, to M, 1liccostalils

Medially:

into transverse processes
of all thoracic verisbrae
and accessory processes of
upper three lumbar vertebrae

thoracis cervicls
Origin: Origin:
] Medial to the insertion transverse processes of the
:.,i of M. 1liocostalis lumborum upper six thoracie
9 on the superior surface of vertebrae medial to the
& the six 1&, ribs. insertion of M. longissimus ‘
thoraes., R
T
Insertion:

Urigins
Origins
superior surface of upper seventh ceorvs spisous
8ix ribs medial to the | procese, o
insertiin of *
H, 11locostalls thoeacls,

Insertion: ' Insertiom Inserts.
mﬂwwa .. pesterior tuborules of spinous proesss of axis,
transverse processes of . - traneverse prooesses of :
servical vertsteas four ~ earvical vertsbrae from
throngh six, , second through fifth,

Origim
uppst' serviesl vertebrao in
Sommon usaslly wAith
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APPENDIX IV
TABLE IX
RECORDS OF INDIVIDUALS DURING RESPIRATION IN THE THREE
POSTURAL ATTITUDES
Tloo Longissimus Muscle
Insp. Exp. Spesch Insp. Rrp,
. 3 ;
d x 1
F [ 3 3 #ﬁ 3 2 .
:gt & 5
i %5 T
“;L 3 2 —7
¥ J — ¥ -
S rE ¥ 3 ! 3 1
| ¥ ) 13 13 i
| : : —
F 3 3 g 5
Subject | B g % 3 2 i
P ,
T (¥ "y 3 K3 3
S e e e S S S [N N [
‘ B 3 I &
Sebject | B b % 2 b i
b L : ;
¥ T 3 2 3
3 5 3
Subject | E 5 3 3 s 3
©oR H 3 ¥ 13
3
Code: B: Erect standing position
) P: Partial flsxed pesition
’ Fi Complets flexed position
1t Ko utiﬁwunv
2: Sporadic ac
335: ﬁ?&g assoaiated with test m but low amplitude
*: Yemale
Elank spaces indicate ltems not studied,
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