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Statistical analysis of extreme changes in the
muscular strength in the extremities

J. Vetra, V. Sklarevich, L. Beilina, G. Anoufriev, |. KalménS. Umbr&ko, V.
Kotovs

In this paper we present our study of experimentally meastekable statistical
data related to changes in muscle strength of the extreanitienges in the vertebral
column curve, and the functional position of the hip jointsieh are characteristics
of the human position. This position is typical for a persoorking in front of a
computer. We present statistical analysis of the test wivechconducted on a group
of healthy volunteers. The test was performed on the handlesjsn sitting/vertical
position, with the flexion of the head at 30 degrees. The maah of our test was to
measure the strength of separate muscles in the arms, legsthe cervical region.
Using our statistical study we can conclude that there angtrrelationship in the
strength change of the observed muscles between vertisdlgmoand flexion of
head at 30 degrees.
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1 Introduction

The goal of this research was to find out the reasons of chamgasscle strength in
targeted muscles of the arm and hand (M.abductor pollicigus, M.biceps brachii,
M. triceps brachii, M.deltoideus), as well as those of the(ld. extensor hallucis
brevis, M. tibialis anterior, Mm.peroneus longus et breuisconnection with the
changes of muscle strength after the flexion of the head%t 30

The study involved 100 healthy volunteers (68 women and 3@)9 to 30
years old. In our study we have used the MicroFET2 Hand Helgit&i Mus-
cle Tester in accordance to the manufacturers recommendain order to deter-
mine the strength of the muscles of the hand and arm (M.abdpatlicis longus,
M.biceps brachii, M. triceps brachii, M.deltoideus), adhas those of the leg (M.
extensor hallucis brevis, M. tibialis anterior, Mm.peraadongus et brevis). The
results were then used to analyze the difference in thegitvar the muscles of the
cervical and lumbar regions with the head flexed &tf80the same person sitting in
the vertical position. Statistical results were obtaingdibing IBM SPSS software
Statistics20.

Rehabilitation professionals who work in clinical setsrapserved and described
a well known phenomenon: often, the patients muscle stneinghe arms and legs
changes asymmetrically when tilting the patients head dodw(flexio capitis) as
well as when the patients torso is tilted forward (flexio tiyri1]-[6]. This means
that changes in the muscle strength of the limb occur whengdsin the cervi-
cal or lumbar regions take place (in the position of kyphosisen no lordosis is
present). These professionals performed a lateral fleXitiredhead or torso, which
explains the reason for changes of the upper or lower extyamiscle strength.
These changes can appear mainly by decreasing the gap betveciatervertebral
disks, and by pressing the spinal nerves of the arm. Thisgzhenon is character-
ized by certain symptoms and is used to verify the tests tbat @wone in this work.
Also, in some cases, compression was applied in areasglamthe longitudinal
axis of the body. This created symmetrical narrow intealaidl openings that af-
fected the spinal nerves (Spurling’s test) and reduced theeha strength according
to the spinal cord segments. This information can be fourttiénmechanical ge-
ometric explanation. The flexion of the head or the torso ssilted in the change
of the strength of the lib muscles. This fact can be explaidedng the change of
position in the cervical and lumbar spine from lordosis aypHosis, the interver-
tebral gap expands and thus reduces the possibility of médigressure on the
spinal nerves. Therefore, according to the empirical céihobservations, patients
with chronic back pain, notice changes in limb muscle stitenghe available sci-
entific literature sources mention this phenomenon, seexXample, [7], but the
information they provide is based on patient observatidg. tfo explanations are
given with regards to its possible cause. Hereby, we aragrio clarify the nature
of this phenomenon and establish certain parameters, ar twhetter understand
it.

In this context, we conducted a feasible study involvinglthgavoluntary sub-
jects, as well as using data obtained from rehabilitati@ciitioners on the patients
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Fig. 1 Deformation of structure in elastic cylinder, such as the spinall@v nerve during flexion
of the spine.

in clinical observation. Our experimental study has alldws to identify the fol-
lowing:

e Manually verifiable changes in limb muscle strength. Théitstib change the
spine curves from lordosis to the kyphosis are presentedl Bubjects, both
healthy and with locomotion apparatus pathology, with iregydegree of ex-
pressiveness. Changes in arms muscle strength, by ouliexpergives a uni-
versal response to a movement of the spine.

e Reduction of muscle strength occurs immediately after #rwical spine or
lumbar lordosis changes in the position of kyphosis. Aféstoring normal lor-
dosis, the muscle strength reduction disappears.

e The reduction of the limb muscle strength is always asynin#trThis phe-
nomenon is more expressed for patients with chronic back pai

e When the flexion of the head or torso is within a physiologiealge, our test
does not cause pain in the locomotion apparatus.

We are taking into consideration the changes in the limb teustcength which
are synchronized with the changes in the spinal functionalature stage. We can
assume that such a phenomenon could cause changes onlydarithectivity of
the central nervous system. As mentioned above, the pealphervous system in-
cludes spinal nerves and the area of their exit from the sjneing the head or
torso flexion they cannot be the reason for the decline ofithie inuscles strength.
During the study, it was found that changes in the suppogigments of the mus-
culoskeletal (locomotion) apparatus such as ligamenidoies, bones, cartilage, or
muscles, cannot occur so rapidly. The abnormal curvatuteeogpine in its func-
tional stage leads to a mechanical stretch and functioreaigd of the spinal cord,
see Figure 1. The abnormal curvature of the spine and furaltitage leads to a
mechanical stretch and change of the spinal cord.

The purpose of our research is to study various related @saimgthe muscle
strength, as well as to find out what level of spinal cord cleangpuld be attributed
as a possible causes for this phenomenon and the findinge litical practice.
Thus, the main goal of our research is to measure the relati@ages in mus-
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Fig. 2 Nucleus pulposus movement by neck extension and flexion.

Age |Female Male Total
19 |5 5 10
20 (28 11 39
21 |25 11 36
22 |3 2 5
22 |3 2 5
23 1 1
24 |1 1
25 |2 2
26 |1 1 2
27 |1 1 2
28 |1 1
30 |1 1

Total |68 32 100

Table 1 Volunteer demographics.

cle strength in specific muscles of the arm (M.abductor g@islliongus, M.biceps
brachii, M. triceps brachii, M.deltoideus,) and the leg @itensor hallucis brevis,
M. tibialis anterior, Mm. peroneus longus et brevis) whea tlkrvical and lumbar
spine are in vertical position, while the head is flexed &t 3Bis position is impor-
tant in order to determine the possible reasons for the @simgmuscle strength.

2 Materials and Measurement Methods

Our study involved 100 volunteers age 19 to 30 years old, mathealth issues, see
Table 1 for volunteer demographics. All measurements werlopmed on persons
in sitting position, using a standardized chair DXR ACHER The functional ele-
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Fig. 3 Models of typical examples of disk deformation.
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Fig. 4 Spinal cord and intervertebral nerves arteries.

ments of the chair were adjusted in such a way so that theithdils elbow joints
should be at a 90- arms should be supported on the armchair.

We used the MicroFET2 Hand Held Digital Muscle Tester acicaydb the man-
ufacturers recommendations. In our tests we measuredrthggth of the muscles
of the hand, arm (M.abductor pollicis longus, M.biceps hriad/. triceps brachii,
deltoideus,) and leg (M. extensor hallucis brevis, M. fibianterior, Mm.peroneus
longus et brevis). Each muscle test was performed at least tjwith one repe-
tition). The time which was spent for each test of muscle mesasent was the
same. This time was determined automatically by the MicfidEBand Held Digi-
tal Muscle Tester manual test system. We finished the tegtvamén we got a mes-
sage “valid” on the machine display. All measured resultsti&ngth of the muscles
were given in Newton$ = X8M The trials were performed on the same subjects
to determine the strength of the same muscles in two différedy positions. Each
produced result of mesurement of muscle strength was redatdring the flexion
of the cervical spine (in vertical position) and the head@Gf Fhe main tendency
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Fig. 6 Flexion of the cervical spine producing convergence of thealeissues at C5-C6, but not
at the lumbar region.

is described by the average value and distribution of thedstal deviation. A t-test
pairs of samples were used to determine if developed muselsgth and flexion of
the spine in a vertical position are statistically signifita different. All measured
results were processed by using a computer program IBM SR&iSti8s20.

For computation of statistical significanpén Tables 2, 3 we used followingull
hypothesisThere is no difference in the strength change of the obdemvescles
between vertical position and flexion of head a?.30ur null hypothesiss rejected
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whenp values are less then significance of lemelvhich is usually set to 5%. This
means that the conditional probability of awll hypothesiss 5%. Results of Tables
2, 3 show that values g < 0.05 are statistically significant.

To estimate standard deviation we use measurements foret80rs of Table 1.
These measurements were performed at least twice for eeespm The standard
deviationo in Tables 2, 3 is computed as

1M 1M

whereM is number of measurements for one person, and.,xy are values of
measurements.

3 Analysis of results

All results of mesurements are presented in Tables 2, 3. &bdlts in these ta-
bles show statistically significant changes in the threealess(M.abductor polli-
cis longus, M.biceps brachii, M. triceps brachii, M.delt®is) when the maximum
strength values are obtained at the position of the flexiothefcervical spine (in
vertical position and the head at%0We have established that the potentially af-
fected areas of the functional changes in the spinal cordhereC5, C6 and C7
segments, which are responsible for the correspondinglmimstervation. Signif-
icant statistical differences between the muscle streafjthe spine in vertical po-
sition and flexio capitis position can be explained by the fhat, in sitting posi-
tion, making flexio trunci 38 extent, the movement occurs mainly in the cervical
region,(changing from the lordosis to kyphosis positioouy, the lumbar spine cur-
vature has a minimal change.

We evaluated the possible reasons that could lead to a nagictaersible change
in the innervation of the three muscles on the right and ldf,sas well as the me-
chanical stretch of the spinal cord, the mechanical pressarthe spinal cord, and
the changes in the blood supply to the spinal cord. Once ag@remphasize that
it is a normal function of the locomotion apparatus in heakhbjects, not associ-
ated with pain or any subjective or functional impairmerite Tmechanical nervous
stretch with an elongation within 5-12% range may causestean disturbances in
innervation, see Figures 1, 2. Since the spinal cord is médemwous tissue, it
can be assumed that this mechanism could be one of the refagsahg relative
change in the muscle strength phenomenon. During a longélstretch of periph-
eral nerves, the increase in intraneural pressure occipr®portion to the width of
the nerves (Figure 1).

When head is flexed, cervical lordosis position is changegphésis, mechan-
ical loading on the spinal columns intervertebral disc canse nucleus pulposus
dorsal movement which is illustrated at Figure 2. This isyvgossible scenario
because our study included individuals who were 30 yearsselel Table 1 for vol-
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Muscles The average value [Standard deviation Statistical
(N) p, (N) Significance p

Pair 1|alk Abductor Pollicis Longus |51.1 26.1 0.092
alk Abductor Pollicis Longus |53.3 26.5

Pair 2|a2k Extensor Hallucis Brevis |53.9 24.1 0.558
b2k Extensor Hallucis Brevis |54.6 22.2

Pair 3|a3k Biceps Brachii 123.1 56.8 0.004
b3k Biceps Brachii 113.2 49.3

Pair 4|a4k Triceps Brachii 121.4 57.0 < 0.001
b4k Triceps Brachii 108.6 52.0

Pair 5{a5k Midle Deltoid 107.3 45.4 < 0.001
b5k Midle Deltoid 96.9 43.6

Pair 6|a6k Tibialis anterior 69.0 36.7 0.192
b6k Tibialis anterior 72.5 38.9

Pair 7|a7k Pereneus Longus et Brevig59.1 26.8 0.369
b7k Pereneus Longus et Brevis57.8 275

Pair 8|all Abductor Pollicis Longus |50.3 295 0.678
b1l Abductor Pollicis Longus |51.0 27.1

Pair 9|a2l Extensor Hallucis Brevis  |55.0 25.6 0.094
b2l Extensor Hallucis Brevis |57.3 255

Pair 1ga3l Biceps Brachii 144.7 68.5 0.006
b3l Biceps Brachii 133.1 62.4

Pair 11a4l Triceps Brachii 132.3 57.6 < 0.001
b4l Triceps Brachii 120.2 50.3

Pair 12a5I Midle Deltoid 107.6 44.1 < 0.001
b5I Midle Deltoid 99.1 41.8

Pair 13a6l Tibialis anterior 69.8 36.3 0.452
b6l Tibialis anterior 715 35.8

Pair 14a7| Peroneus Longus et Brevis|62.1 34.1 0.781
b7l Peroneus Longus et Brevis|61.7 314

Table 2 Summary of measurements. Mean values of the extremities muscle btrébgtrevia-
tions: a - the spine is vertical; b - flexio capitis ; k - the leftesitl- right side; digits - the size of the
number in the database. For example: alk Abductor Pollicis U®Rrghe left side muscle, spine
upright.

unteer demographics. The nucleus pulposus contains lafyédly consistency and
is not yet fully transformed into cartilage which is filled tiicollagen fibers, see
Figure 3. The neck lordosis condition has an essential fmctn that case the
vertebral bodies and nucleus pulposus are driven by peegeuhe front part of
the vertebral body. There they effectively oppose the bealeanterial longitudinal
ligament. This is firmly fixed to the vertebral body bone stiwes and its width
corresponds to the width of the vertebral bodies.

In the cervical spine kyphosis position, the nucleus pulpads moved to the rear
where there is virtually no supportive structure that camtlits movement. The
a posteriori longitudinal ligament is a rudimental fornoati which is fixed itself
to the intervertebral disc structures, moving togethehlite mechanical forces.
Basically, the a posteriori longitudinal ligament keeps thtervertebral discs nu-
cleus pulposus in central position in respect to the vealdiwdies in lordosis neck
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Left side
Abductor |Extensor |Biceps Triceps Midle Tibialis Peroneus
Pollicis Hallucis Brachii Brachii Deltoid anterior Longus et
Longus Brevis Brevis
Vertical 51.1 (26.1) |53.9 (24.1) [123.1 (56.8)121.4 (57.0)107.3(45.4)|69.0(36.7) |59.1(26.8)
Flexion 53.3(26.5) |54.6 (22.2) |113.2(49.3)[108.6(52.0)[96.9(43.6) |72.5(38.9) [57.8(27.5)
Stat. significance p0.092 0.558 0.004 <0.001 |<0.001 ]0.192 0.369
Strength change (9%9).4 1.4 -8.1 -10.5 -9.6 5.0 2.1
Right side
Abductor |Extensor |Biceps Triceps Midle Tibialis Peroneus
Pollicis Hallucis Brachii Brachii Deltoid anterior Longus et
Longus Brevis Brevis
Vertical 50.3 (29.5) |55.0(25.6) |144.7(68.5)[132.3(57.6)[107.6(44.1)[69.8(36.3) [62.1(34.1)
Flexion 51.0(27.1) |57.3(25.5) |133.1(62.4)[120.2(50.3)[99.1(41.8) [71.5(35.8) |61.7(31.4)
Stat. significance 0.678 0.094 0.006 < 0.001 <0.001 [0.452 0.781
Strength change (%).3 4.2 -8.0 9.1 -7.9 2.4 -0.7

Table 3 Limb muscle strength changes measured in Newtons (N) in the spimerioal position
with flexed cervical and lumbar spine) compared to the left agiut Sides. Values in brackets show
standard deviatiop in Newtons (N).

Fig. 7 Typical position of people working with computer.

position, but does not affect the movement of dorsal kyghpssition. The blood
supply to the spinal cord system is complex, with high adafita under various
functional conditions, and it is composed out to three ldmyeitudinal arterial
trunks. Together, these trunks constitute a single citogfecircle. On the other
hand, the spinal cord gray and white matter has blood supplghnis carried out
by the segmental artery and terminal branches. Theseestame perpendicular to
the longitudinal axis of the spinal cord, see Figures 4, Sn@ysur experimental
study we can conclude that the changes in blood supply willitectly affected
by the spinal cord deformation caused by the mechanicatchti@]. Because of
this, it is most likely that the segmentally vessels will leenpressed, worsening the
blood supply of the segment. At the same time, the neuralifumal capabilities are
directly dependent on the adequate blood supply [8, 9, 10].
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NORMAL POSTURE

Fig. 8 Different loading of cervical region in vertical position: 5k (left figure), head flexion 15
grades - 14.5 kg (middle figure), head flexion 30 grades - 1§ Gight figure).

Overall, we are confident that, combining the three mainltesi this study,
we can change the relative strength of the extremities eSirechave not found any
statistical significant changes in muscle strength in theabtluctor pollis longus
being in-nervated from C8 segment, we can conclude that ¢lxe®f of the head
is created by a mechanical stretch up and down of the C5-Q6esgg. However,
the mechanical distension (tension) in these segmentsnemeutral. Using results
of our experimental study we also can conclude that the aleutechanical stretch
is in the C8 segment. The fact that changing the functionageeof the cervical
spine from kyphosis to lordosis does not create any significkange in the muscle
strength of the lower limbs supports the assumption thattt@mge is segmental
in nature, and it is influenced by the deformation of the renmaces in the spinal
cord segments [11, 12, 13], see Figure 6.

The position of the regular computer user affects the streingome of the upper
limb muscles, see Figure 7. Posture and the functionalsstdtthe spinal cord are
important factors in various spinal pathology-relatecedses. These factors must
be taken into consideration because the flexion of the nexkilee position of the
body may be overextended some periods of time, on a dailg bseg Figures 8, 9.

4 Discussion

Changing position of head and neck from neutral-cerviaaldsis to flexed-cervical
kyphosis results in the big mechanical overloading in thecstire of the spine cer-
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Fig. 9 The effect of posture to the disc pressure. Disc pressure was meastweeid-rd and
4-rd lumbar vertebrae. Results are presented according toeNetin and Elfstm.

vical region, see Figures 8, 9. That overloading can bringauloskeletal disorders
and shoulder-neck pain when that position becomes fixedgliohg period of time
[2, 3].

The cervical spine position changes kyphosis to lordosysiplogical extent, by
flexio capitis 30 extent, leads to a significant change in heustcength between the
right and left side of the asymmetric changes in arm muscleb{ddps brachii, M.
triceps brachii, M.deltoideus ) strength.

The results of our study support the hypothesis that thegasim the strength of
these muscles are related to the mechanical distensior epthal cord by applying
mechanical pressure on the spinal cord, which leads to @saingolood supply to
the spinal cord. The kyphosis position of the cervical spateflexio capitis 36
extent, according to the indirect signs can show changeausctla strength of the
spinal cord segments C5, C6 and C7 where are formed mechdistansion, but
changes in segment C8 were not detectable.

In principles of adjusting of computer workplace [14], p, &6stated that visual
angle to the computer should be abouf 2B0? downward. Typically, this recom-
mendation will lead to a position of flexion of head at 30 degrevhich is studied
in this note. Using our experimental study we can concludeadlsuch position can
result in a neck, upper back and shoulder problems and tleushitive recommen-
dation should be commented in accordance with our study.

5 Conclusion

Statistically significant differences between the sameateustrength were found
in M.biceps brachii, M. triceps brachii, M.deltoideus. 3lé most likely due to the

11
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stretching of the spinal cord and the possible functionautatory changes in the
spinal cord segments of C5, C6 and C7.

Using our experimental study we can conclude that the clgimgthe cervical

region when the head is flexed at?3used significant changes in the strength of
the hand muscles (M.biceps brachii, M. triceps brachii,&taldeus).

Acknowledgements This research was supported by the Swedish Institute, Visby &rogr
Swedish Research Council.

References

=

10.

11.

12.

13.

14.

Hagberg M, Wigaeus Tornqvist E and Toomingas A, Self-regbréduced productivity due
to musculoskeletal symptoms: associations with workplace and thdil/factors among
white-collar computer userd. Occup Rehahill2(3), 151- 62, 2002.

. Hales TR, Sauter SL, Peterson MR, Fine LJ, Putz-Andersonhleifer LR, Ochs TT and

Bernard BP, Musculoskeletal disorders among visual display tatrasers in a
telecommunications comparfgrgonomics37(10), 1603-21, 1994

. Holte K.A. and Westgaard R.H., Daytime trapezius muscleigctwnd shoulderneck pain of

service workers with work stress and low biomechanical expogurner. J Ind Med41,
393-405, 2002.

. Theorell T., Harms-Ringdahl K., Ahlberg-Hulten G. and We#&i, Psychosocial job factors

and symptoms from the locomotor system - a multicausal anafysend J Rehabil Med
23(3), 165-73, 1991.

. WahlstrJ., Hagberg M., Toomingas A. and Wigaeus Tornqvis®&ceived muscular

tension, job strain, physical exposure, and associations withpan among VDU users; a
prospective cohort stud@ccup Environ Med61(6), 523-8, 2004

. Vasseljen O., Holte K.A. and Westgaard R.H., Shoulder ankl c@mplaints in customer

relations: individual risk factors and perceived exposuresoak. Ergonomics44(4),
355-72, 2001.

Fujita Y., Yamamoto H., Tani T, An experimental study of spiraiictraction syndrome,
Nippon Seikeigeka Gakkai Zas§t#(4), 359-368, 1988.

Lundborg G, Rydevik B, Effects of stretching the tibial veepf the rabbit: a preliminary
study of the intraneural circulation and barrier functiorited perineuriumJournal of Bone
and Joint Surgery55B: 390-401, 1973.

Ogata K., Naito M., 1986 Blood flow of peripheral nerve efeof dissection, stretching and
compressionjournal Hand Surgeryl1B(1): 10-14, 1986.

Denny-Brown D, Doherty M, Effects of transient stretchafgeripheral nerveArchives of
Neurology and Psychiatryp4(1): 116-129, 1945.

Adams C., Logue V., Studies in cervical spondylotic myefloypd. Movement of the
cervical roots, dura and cord, and their relation to the coofsiee extrathecal root&rain,
94: 557-568, 1971.

Louis R., Vertebroradicular and vertebromedullar dyrat#inatomia Clinica3: 1-11, 1981.
Yuan Q., Dougherty L., Margulies S., In vivo human cerlvémnal cord deformation and
displacement in flexior§pine 23(15): 1677-1683, 1998.

Allan Toomingas (Editor), Computer worgwedish Work Environment Authority
http://lwww.av.se/teman/datorarbete/



