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Kopsavilkums

levads. Muskuloskeletalas slimibas ir svariga ar darbu saistita slimibu sloga dala. No
visam balsta un kustibu aparata slimibam vislielaka siidzibu prevalence ir starp kakla un mugura
lejasdalas sapém. Nemot vera, ka kakla sapes sastopas arvien biezak jauniesu populacija, ir svarigi
saprast m. sternocleiodomastoideus parslodzes ietekmi uz sapju raSanas mehanismu. Parak liels So
muskulu sasprindzinajums izraisa muskula saisinasanos, iekaisumu, trigera punktu attistibu un
miofascialo sapju sindroma progresiju. Ir pas$saprotami, ka arodslimnieki ar $adam stidzibam nav
sp&jigi kvalitativi veikt savu darbu.

Darba mérkis. Uzzinat, kads ir optimalakais variants galvas pozicion&sanai, lai m.
sternocleidomastoideus sasprindzinajums biitu minimalais, ka arT izp&tit dzimuma, KMI un
dominantas rokas ietekmi uz muskula biomehaniskiem parametriem.

Materiali un metodes. Kopuma, petijuma piedalijas 45 respondenti, tacu 4 eksperimenta
dalibnieki izkrita viena no posmiem. P&tljuma ietvaros tika pielietots miotonometrs MyotonPro
(muskulu biomehanisko parametru iegtiSanai) un goniometrs (galvas pozicionéSanai). Datu
analize tika veikta IBM SPSS 23.0 programma; dati bija apkopoti Microsoft Excel.

Rezultati. Maksimala m. sternocleidomastoideus svarstibu frekvence tika novérota pie
+60° gradiem — 17,5 Hz (CI 17,0 — 18,1), minimala - pie -30° gradiem — 12,3 (Cl 12,1 — 12,5).
Muskula stivuma lielaka vértiba bija lidziga svarstibu frekvenci pie +60° gradiem, bet zemaka pie
-30° gradiem. Pozitiva korelacija pastav starp galvas lenka poziciju un muskula sasprindzinajumu
(rs= 0,76 p<0,001), un starp muskula sttvumu un galvas poziciju (rs = 0,65, p<0,001). Dzimumam
un dominantai rokai nav ietekmes uz muskula sasprindzinajumu.

Secinajumi. No biomehanikas viedokla visoptimalaka galvas pozicion&$ana ir -30° gradi, jo
pie §1s pozicijas muskula saspringums ir minimals, [idz ar to netiek izraisita muskula parslodze un
muskula nogurums. Iegiitie dati liecina, ka pat pie nedabiskam galvas pozicijam, respondentiem
muskula biomehaniskie parametri ir normas robezas. Petjjumu var modificét, un pagarinat katra
mérfjuma laiku. Kakla sapju patogenéz€ piedalas vairaki kakla muskuli, 1idz ar to turpmak ir

nepiecieSams veikt eksperimentu ar citam kakla muskulu grupam.



Abstract

Introduction. Musculoskeletal disorders are an important part of the work-related disease
burden. Of all the diseases of the support and movement apparatus, the highest prevalence of
complaints is between neck and lower back pain. It is important to understand the impact of m.
sternocleidomastoideus over-exhaustion on the pain mechanism, given the increasing incidence of
neck pain in youth population. Excessive tightness of these muscles causes shortening of the
muscle, inflammation, development of trigger points and progression of myofascial pain
syndrome. Unmistakeably, occupational disease sufferers with these complaints can no longer do
their job qualitatively.

Objectives. To investigate the effects of sex, BMI and dominant hand on muscle
biomechanical parameters, and to find out what the optimal pattern for head positioning is, so that
m. sternocleidomastoideal tension is minimal.

Materials and methods. A total of 45 respondents participated in the study, but 4
participants in the experiment fell out in one of the stages. As part of the study, the myotonometer
MyotonPro (for muscle biomechanical parameters) and goniometer (for head positions) were
used. The data analysis was conducted in the IBM SPSS 23.0 program, the data was summarised
in Microsoft Excel.

Results. The maximum frequency of m. sternocleidomastoideus was observed at +60 °
degrees —17.5 Hz (C1 17,0 — 18.1), a minimum at -30 ° - 12.3 (Cl 12.1 — 12.5). The greater value
of muscle stiffness was similar to that of SF at +60 ° degrees, but the lowest at -30 ° degrees. A
positive correlation exists between head position angle and muscle tension (rs =0.76 p < 0.001)
and between muscle stiffness and head position (rs = 0.65, p < 0.001). Gender and dominant arm
have no effect on muscle tension.

Conclusions. From a biomechanical point of view, the optimal head position is at —30
degrees, because at this position the muscle tension is minimal and therefore no muscle over-
exhaustion and muscle fatigue are caused. The findings show that even at unnatural head
positions, respondents’ muscle biomechanical parameters are within normal limits. The study can
be modified and extended for each measurement. In the pathogenesis of neck pain, several neck

muscles are involved, which requires further experiment with other muscle groups in the neck.
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Saisinajumu saraksts:
AAK - acs argjais kaktins
BKSS — balsta un kustibu sist€émas slimibas
Cl — confidence interval
COR - cerviko-okulars reflekss
KMI - kermena masas indekss
MSCM — m.sternocleidomastoideus
NMPD — neatlickamas mediciniskas palidzibas dienests
ASIS - spina iliaca anterior superior
PS — processus spinosus

SF — svarstibu frekvence



levads

Sobrid ir zinams, ka aptuveni 1.7 miljardu cilvéku cie$ no balstu un kustibu sistémas slimibam
(BKSS) [8]. Visbiezak stidzibas ir saistitas ar kakla un mugura lejasdalas sapeém [8; 11], kas

neparprotami bitiski ietekmé individa dzives kvalitati.

Péc pedgjiem aptaujas datiem tieSi no Latvijas iedarbinatajiem, pirms arodslimibas
diagnostic€sanas siidzibas par sapém muskuloskeletalaja sistéma paradijusas videji jau pirms 3 - 5
gadiem [10]. Tas nozimé&, ka potenciali var uzlabot So populaciju veselibu, veicot profilaksi. Ir
iesp&jams ieviest augsta riska strat€gijas, kuras palidz reducét slimibas risku ietekmi, jo atlauj

identific€t individus, kuriem iejaukSanas biis efektiva.

Pie aroda riska faktoriem, kas ir saistiti ar kakla sapém un vairak ar m.
sternocleidomastoideus (MSCM) bojajumiem, pieder statiska poza, kura ilgstosi tiek uzturéta.
Nemot vera, ka MSCM ir viens no lielakajiem kakla muskuliem, tas palidz notur&t galvu un izpilda
vél citas svarigas funkcijas, $§T muskula disfunkcija noved pie specifisko trigerpunktu izveides,

hroniskam sap&€m, miofascialo simptomu attistibas, galvassapém un galvas reiboniem.

Lidz ar to ir svarigi saprast, kada galvas lenka pozicija izraisa vislielako slodzi uz muskuli

un kura pozicija tiesi otradi ir saistita ar zemaku muskula sasprindzinajumu.

Darba uzdevumi:
- pieejamas literatliras analize, lai saprastu petamas problémas aktualitati,
- uzzinat, kada ir muskuloskeletalo slimibu definicija, biezakas siidzibas un statiskas
pozas patofiziologiskais raksturojums;
- atlastt tas suidzibas, kuras ir visvairak saistitas ar m. sternocleidomastoideus parlieku
sasprindzinajumu;
- noteikt, kadas profesijas parstavji visbiezak cie$ no kakla sape€m un attiecinat tos uz m.
sternocleidomastoideus problémam,;
- ieglt rezultatus par:
1. vispiemérotako galvas poziciju m. sternocleidomastoideus mazakajam
sasprindzinajumam;
2. sasprindzinajumu ietekm&josiem faktoriem.
Hipotéze: jo tuvak m. sternocleidomastoideus atrodas neitralajai pozicijai, jo mazaks ir §T muskula
sasprindzinajums.

1. Izklasta dala



1.1.Problémas aktualitates pamatojums

P&dgjie pieejamie dati no Pasaules Slimibu sloga pétijuma (the Global Burden of disease
study) par 2019. gadu liecina, ka 1,71 miljarda cilvéku cie$ no balsta un kustibu sistémas slimibam
(BKSS). Ipasi svarigi atzimét, ka ar BKSS klastu saskaras cilvéki dazados vecumos, proti slimnieku
starpa ir ne tikai seniori, bet arT arvien biezak stidzibas paradas jaunieSu populacija. Pétijuma dati
liecina, ka So slimibu grupa vairak skar iedzivotajus no valstim ar augstu ienakumu [imeniem, tacu
tas neizsledz, ka regionos ar mazaku ienakumu §1 probléma nepastav [8; 11]. Turklat
muskuloskeletalam patologijam ir vislielaka ietekmé& uz tadu raditaju, ka gadi nodzivoti ar
invaliditati (years lived with disability), un globali tiek skarti 17% no pasaules populacijas. Nemot
vera, ka BKSS termins ietver sevi vairak par 150 dazadiem balsta kustibu aparata traucg€jumiem, ir
nepiecieSsams atseviski izdalit kakla regionu un ar So regionu saistitas patologijas. Uz doto
momentu, ir zinams, ka aptuveni 222 miljoniem cilvéku ir kakla sapes un $o simptomu Tpatsvars ar
gadiem tikai palielinas, jo salidzinajuma ar 2010. gadu §is skaitlis bija 33,9 miljoni [11; 12].

Latvija attieciba uz balsta un kustibu sist€émas slimibu prevalenci nav izne@mums. Saskana ar
petijumu “Darba aptsakli un riski Latvija 2017-2018” bija atklats, ka no 2010. lidz 2016. gadam ar
slodzi, parslodzi un spiedienu saistiti miksto audu bojajumu (SSK-10 - M70-M72; M75-M79)
diagnozu skaits ir pieaudzis 4,7 reiz€s [10]. Savukart, par kakla sapém atseviska registra nav, kas ir
baze turpmakajiem petijjumiem.

IlgstoSi atrodoties statiska poza muskuliem I[éni attistas nogurums un parak liels
sasprindzinajums, kas noved pie miofascialo sapju sindroma attistibas. Savukart, kakla regions ir
bistams ne tikai ar to, ka pacienti fiziski cie§ no sapeém kakla, kas butiski ietekm€ nodarbinata darba
kvalitati, bet arT attistas mugurkaula spondiloze un rezultata cilvéks izjut roku tirpSanu un citas
stidzibas [13].

Ekstrémas galva pozicijas sava darba piedzivo sekojoSo profesiju parstavji: automehaniki,
augstceltnu logu mazgataji un citi, kam ir nepiecieSams ilgstosi skatities uz augsu, lai veiktu savu
darbu. Lidzigs princips un hroniski nelabvéligas galvas pozicijas uztur ofisa darbinieki, stradajot
ergonomiski nepareizi aprikota vide, kuras dél stradnieki visu laiku skatas uz leju, lai fokusétos uz
ekrana monitoru. Tadam riskam ir paklauti arm medicinas darbinieki, un viens no piemériem ir
neatlickamas mediciniskas palidzibas dienesta (NMPD) brigades vaditaji, kuri dazreiz ir spiesti
aizpildit mediciniskas kartes operativaja mediciniskaja transporta plansetdatoros, balstot tos uz
kajam, nevis uz galda vai kada cita paliktnpa.

Viens no lielakajiem kakla muskuliem ir MSCM, §is muskulis ir virspusgjs un viegli

atdifirenc€jams no citiem kakla muskuliem, jo veicot laterofleksiju, muskuli var ieraudzit ar



neapbrunotu aci. ST muskula anatomija atlauj atrast muskula sakuma un beigu punktus, kas padara

to par labu variantu turpmakai izp&tei.

1.2.Patofiziologisks stidzibu izskaidrojums

Hroniska statiska poza provocé muskulu nogurumu. Lai atbalstitu galvu, kura vidgji sver 5,5
kg, un veido vienu septito dalu no visa cilvéka kermena, kakla muskuliem ir nepiecieSama liela
izturiba [7]. Gravitacijas speka ietekmé visu laiku notiek izometriska kontrakcija. Ar laiku aktivo
kustibu truikuma dg] asinspieplide muskuliem samazinas. [S€mijas laika uzkrajas pienskabe un ar
metabolismu saistitie atkritumi. Nemot véra, ka jebkura nedabiska galvai pozicija, pieméram, pie
ilgstosa skata uz augSu vai uz leju, izraisa muskulu parslodzi, ir svarigi pieminét abu So poziciju
patofiziologiskus aspektus.

Tie nodarbinatie, kuriem darba laika nav ergonomiski pareizi izveidota darba vide, pieme&ram,
stradajot pie datora, rodas kifotiska staja, proti cilvéka galva izvirzas uz priekSu un nedaudz uz leju.
S1 pozicija prasa mazo muguras muskulu iesaisti, bet tas izraisa dubultslodzi uz tiem, un sapes vél
vairak progrese. [S€mijas rezultata kumulativie bojajumi progres€, un ne tikai pienskabes ietekmg,
bet arT pastav teorija, ka endotélija notiek ksantina dehidrogenazes konversija par ksantina oksidazi,
kam ir savs ieguldijums sapju progreséSana. Rezultata notiek muskulaudu iekaisums ar tiisku, nervu
kompresiju un tadgjadi tiek izprovoc@tas sapes cipslas un locitavas [14, 15]. Pasi par sevi
muskulaudi sak samazinaties pastaviga sasprindzinajuma dél un zaudé savu elasticitati, rodas
circulus vitiosus (muskulu sasprindzinajums > sapes > palielinata spriedze > palielinatas sapes)
[13].

Par skatu uz augSu. Augstceltnu logu mazgataji, piemeram, art ilgstosi strada statiska poza,
bet ar skatu veérstu uz augSu. Kopa ar redzi, kakla muskuli nodroSina propriorecepciju, tai skaita
MSCM [16]. MSCM tiek inervéts ar n. accessorius, kaut pie MSCM tam ir motoras Skiedras,

taCu tas ietilpst kakla pinuma, kurs ir atbildigs par propriorecepciju [17].



2. Praktiska darba dala

Petijums tiek veikts saskana ar Rigas Stradina universitates Etikas komitejas atlauju.
Atbilstosi pétijuma merkim tika izstradats pétijuma dizains ar noteiktiem atlases kritérijiem un
darba gaitu. Tika izveidots specials MSCM funkcionalitates parbaudes tests. No mérijjuma
rezultatiem informacija tika ievadita un analizéta IBM SPSS 23.0 programma atbilsto$i esoSajam

datu sadaltfjumam.

2.1. Respondentu atlases Kriteriji
Kopuma pétijuma piedalijas 41 cilvéks, no tiem 22 dalibnieki bija sievietes, 19 — viriesi.
P&tijuma dalibnieku atlases kritériji:

e vecums —no 18 lidz 35 gadiem,
e bez redzes traucgjumiem,

e bez stajas traucgjumiem (izteikta kifoze, skolioze, lordoze u.c.).

Respondentu izvéli arT ietekm&a m.sternocleidomastoideus muskula funkcionalais

stavoklis, bet par So stkak tiek minéts 2.2. sadala.
Atlases kriteériju pamatojums:

Vecuma ierobeZojums bija ieviests, lai objektivizétu datus, jo péc 30 gadu vecuma
jebkuram cilvékam sak pakapeniski attistities sarkopénija. Katrus 10 gadus tiek zaudéti no 3% lidz
8% no kop€jas muskula masas, izteiktaks zudums ir fiziski neaktiviem cilvékiem [1]. Samazinoties
muskula masai (attistoties sarkopénijai), ari samazinas muskula spéks [4]. Bet muskula spéks
nav atkarigs tikai no kermena muskulu masas. Ar vecumu mainas ar1 nervu parvade motora vieniba,
notiek reinervacija, rezultata preval€ 1&€nais motorais neirons nevis atrais, ka arf, ja Sis process bija
neveiksmigs, tad notiek muskulSkiedru degeneracija. Ar vecumu ari ieslédzas oksidativais stress un
citas biokimiskas parvertibas [5]. Savukart, pie samazinata muskula speka mainas arf cilveka staja,
palielinas kakla dalas lordoze, pleci paliek apaligaki, kas galu gala noved lidz galva izvirziSanai uz

prieksu [1].

Pastav dazadi mehanismi, karedzes trauc@jumivarietekmét kakla muskulu
sasprindzinajumu. Viens no tiem, ka cilvékiem ar sliktaku redzi ir tendence izvirzit galvu uz
priekSu, lai tuvak redzetu objektus, 1idz ar to kakla muskuli tiek paklauti pastavigai slodzei.

Otrs variants, ka eksist€ cerviko-okulars reflekss (COR), unir pieradits, ka cilvékiem ar
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nespecifiskam kakla sapém ir paaugstinats COR [2]. Ka ari redzes virzienam ir ietekme uz kakla

muskulu sasprindzinajumu, kas liecina, ka redze un kakla muskuli savstarp&ji mijiedarbojas [3].
2.2. Petijuma instrumenti

MSCM aktivitati var izmérit ar dazadiem instrumentiem, piem&ram ar virsmas
elektromiografu, akustisko miografu, miotonometru u.c. P&tjjuma istenosSanai bija nepiecieSama
ierice, kura koronovirusa pandémijas ierobezojumu apstaklos ir viegli parnésajama, pielietojuma
&rta un nodro$ina eksperimenta mobilitati, proti mérfjumus var veikt jebkura vieta un laika. Siem

nosacijumiem vispiemerotakais instruments ir miotonometrs MyotonPro.
P&tijuma gaita ar miotonometra palidzibu tika noteikti sekojosi parametri:

e svarstibu frekvence (Hz) — tiek fiks€ts pirmais svarstibas periods, kur§ rodas deformgjot
muskuli, I1dz nakosajam svarstibas periodam;
e muskula sttvums (N/m) — atspogulo muskula pretestibu pret muskula deformgjoso speku;
e ‘“samazin3juma” koeficients — raksturo muskula elasticitati, jo mazak ir $is koeficients, jo
vairak laika muskulim ir nepiecieSams atpiisties;
o relaksacijas laiks (ms) — laika periods, kad muskulis atjauno savu sakotngjo stavokli péc
deformacijas [5].
Merijjumu izpildei miotonometra programma papildus pieprasa informaciju par respondenta
augumu, svaru, domingjoSo roku, dzimumu un vecumu.

Galvas pozicijas mainai tika izmantots goniometrs.
2.3. Pétijjuma materiali un metodes

No respondentiem netika prasits atseviski sagatavoties pétjjumam. P&tijums tika veikts

istabas temperatiira (no 15 Iidz 25 gradiem).
2.3.1 Muskula funkcionala stavokla parbaude
Respondenti tika atlasiti arf peéc SCM muskula funkcionalitates parbaudes, kura tika veikta
péc sekojosa principa:

1) Respondentam tika prasits apgulties uz muguras un pilniba atslabinaties.

2) Pétnieks panem savas rokas respondenta galvu zem pakausu kauliem un parbauda, vai galva
brivi kustas, mainot poziciju uz labo un kreiso pusi.

3) Tikko respondents pilniba atslabinas, tad pasivi ar rokam pétnieks virza galvu uz labo pusi

(veicot laterofleksiju), péc tam galvu virza ventrali incisura jugularis sterni virziena. Pilniba
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4)

5)

6)

7)

8)

galva netiek pietuvinata pie incisura jugularis (sk. 1. att€lu), Saja pozicija pétnieks prasa
pétijuma dalibnieku noturét galvu 10 sekundes;

Ja SCMM funkcijas parbaudes laika bija pamanita muskula trice vai dalibnieks saka
stidzeties par to, ka vinam ir griti noturt galvu, tad Sis dalibnieks nevargja turpinat
piedalities petijuma.

Respondents paliek gulus pozicija. Eksperimenta veicgjs atkarto iepriekSminé&tas
manipulacijas (2. — 4. punkti), tadgjadi tiek parbaudits kreisa SCM muskula funkcionalitate.
P&c muskula funkcijas parbaudes, tiem respondentiem, kuri izgaja cauri §im posmam, atkal
bija prasits atslabsties, novietot galvu taisni, ta, lai redzes virziens biitu uz griestiem.

Tad pétnieks meklgja SCM muskula sakuma punktu uz manubrium sterni un clavicula, ka
arT kustigo beigu punktu — processus mastoideus uz deninu kaula.

P&c So punktu atrasanas, tika izmérits SCM muskula garums un atziméta vidusdala.

Merfjums tika veikts ar auduma meérlenti. Vidusdala ir miotonometra pielikSanas punkts.

@ ® £

Sternum

1. attels. Muskula funkcionala stavokla parbaude
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2.3.2 Miotometra pielietojums

Merijumi tika veikti 5 dazados lenkos, kuri tika izmériti, izmantojot anatomiskos orientierus

—spina iliaca anterior superior, C7 processus spinosus, acs ar¢jais kaktins (AAK) (sk. 2. attélu).

2. attels. Neitrala galvas pozicija
OC — acs argjais kaktins , C7 — C7 processus spinosus, ASIS — spina iliaca anterior superior

Tabula 1
Meérijumu sérija un noteiktie galvas lenki

Merijumu serija Merijuma lenkis

1. m&rijums Izejas jeb neitrala pozicija

2. mérijums No izejas pozicijas +30° gradi
3. m&rTjums No izejas pozicijas +60° gradi
4. merjjums No izejas pozicijas -30° gradi
5. m@&rjums No izejas pozicijas -60° gradi

Peéc MSCM funkcionalitates testa respondentam tiek prasits ienemt sédus poziciju, ar
iztaisnoto muguru, skatienu vérstu uz prieksu. ST pozicija tiek nosaukta par neitralo poziciju jeb

izejas poziciju. Tad tiek uzsakti SCM muskula aktivitates meérjjumi.

12



Pamata esoSo audu svarstibas tika izraisitas, nodrosinot 5 1sus (15 ms) mehaniskus impulsus
ar zemu speku (0,4 N) un frekvenci 1 Hz. Inducétas audu dabigas svarstibas fikséja MyotonPRO

akselerometrs. Katru reizi ierices zonde (3 mm diametra) tika novietota perpendikulari adas virsmai.
Pirmais mérijums tiek veikts neitralaja pozicija.
Merijumu veic pec sekojosas shémas (sk. 2. att€lu):

1) Goniometra pielikSanas punkti: C7 ir goniometra centrs (ass), Iinija no spina iliaca
anterior superior Iidz C7 procesuss spinosus (PS) ir nekustigais plecs un no C7 PS lidz AAK ir

kustigais plecs.

2) Tad no kustiga pleca gala tiek pierakstits 1. merjjums, kas atbilst izejas pozicijas

mérjjumam vai nosaciti 0 gradiem.

3) Uz goniometra kustiga pleca pie izejas pozicijas meérijjuma lenka tiek pielikts klat vél 30
gradi. Manuali pats p&tnieks kusta respondenta galvu uz augsu, ta, lai AAK biitu uz vienas linijas

ar goniometra iepriekSminéto lenki.
4) Veic miotonometriju uz MSCM vidusdalas.
5) Tadgjadi bija iegiits 2. m&rjjums +30 gradu pozicija.
6) Péc tada pasa principa (no 2 punkta lidz 4 punktam) bija veikts 3., 4. un 5. mérijjums.

7.1) Lai veiktu 4. un 5. mérjjumu, bija nepiecieSams atgriezties izejas pozicija un
galvu nolikt uz leju, no izejas pozicijas mérjjuma lenka atnemt 30 gradus, manuali novilkt

respondenta galvu uz leju ta, lai AAK sakrit ar goniometra raditajiem.
7.2.) 5. mértjums tika veikts, pievienojot vél 30 gradus uz leju.
Merijumi tika veikti sakuma kreisaja un péc tam labaja puse.

Programma MyotonPro iegiitos rezultatus automatiski konvergé Microsoft Excel tabula, tad
Sie dati tiek import€ti no tabulas un tika analizéti SPSS programma. Iegtitiem datiem nebija normala
sadalijuma, lidz ar to tie tika analiz&ti péc neparametriskiem testiem — Manna-Vitnija U-testa un

Spirmena rangu korelacijas testa, nosakot korelacijas koeficientu.
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3. Rezultati

Sakotngji 45 cilvéki piedalijas pétijuma. Pé&c MSCM funkcionalitates parbaudes, 4
respondenti nevarja turpinat Savu dalibu, Iidz ar to tikai 41 respondents piedalijas Visos
eksperimenta posmos. Péc miotonometrijas, Sie cilvéki tika sagrup€ti un analizéti 3 dazados
virzienos: péc dzimumiem, péc kermena masas indeksa (KMI), péc doming&josas rokas, jo mérkis
bija uzzinat, ka Sie parametri var ietekm& muskula biomehaniskos parametrus (muskula
sasprindzinajumu, elasticitati un relaksacijas laiku). Ka ari par katru muskula biomehanikas raditaju

tika iegti atseviski skaitli.
Tabula 2

Katra pétijuma dalibnieka antropometriskie un bazes raditaji (n=41)

Raksturojums Vértiba M = SD
Vecums 18-34 25,0+3,3
Dzimumes, viriesi: sievietes (n) - 19:22
Dominanta roka, laba/ kreisa (n) | - 36/5
Kermena masa (kg) 51-97 69,6 + 13,8
Augums (cm) 152 - 176 174,0+£9,6
Kermena masas indekss 18,3-31,3 22,8+3,2

Svarstibu frekvence (SF). Vislielaka §i raditaja vértiba bija novérota pie +60° gradiem un
sastada 17,5 Hz (CI 17,0 — 18,1), vismazaka — pie -30° lenka un sastada 12,3 Hz (Cl 12,1 — 12,5).

Muskula stivams. Seit ir novérota lidziba ar ieprieksgjo raditaju. Pie -60° gradiem muskula
sttvums bija 314,0 N/m (Cl 295,2 — 332,0) — maksimums, bet pie —30 gradiem — 185,5 N/m (ClI
180,0 — 191,1), kas bija minimals raditajs.

“Samazinajuma” koeficients. Pie §1 parametra jau biis novérota atskiriba rezultatos. Pie —
60° gradiem Dbija sasniegta maksimala vértiba — 1,5 (Cl 1,5 —1,6), bet pie +60° gradiem — minimala
un sastada 1,1 (CI 1,08 — 1,14).
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Relaksacijas laiks. Sim parametram bija lidziba ar “samazinajuma” koeficientu datiem.
Liclaka veértiba bija sasniegta pie -60° gradiem — 25,9 ms (CI 25,2 — 26,6), mazaka pie +60° gradiem
—15,6 (Cl 14,9 - 16,3).

Tabula 3
M. sternocleidomastoideus biomehanikas raditaji

Galvas Svarstibu Relaksacijas
Merijumu Muskula stivums [“Samazinajuma”

lenkis frekvence (Hz) o laiks (ms) +
sérija (N/m) £ SD koeficients £ SD

(grados) + SD SD
5. mérjjums  [-60° 12,33+£1,2 190,35 £ 31,17 1,54 + 0,24 25,87 £3,12
4. merjjums  |-30° 12,29+ 0,76  |185,54 + 25,32 1,43 +0,23 25,33 £ 2,59
1. mérfjums  [“0” gradi 13,16 £ 0,92  [198,24 + 25,76 1,25+ 0,15 22,31 +2,38
2. mérjjums  [+30° 15,56 £ 2,11  [255,22 + 60,99 1,11+0,14 18,08 £ 3,24
3. mérjjums  [+60° 1754+ 2,64 313,57 + 83,77 1,11 +0,15 15,62 + 3,04

Dzimumu salidzinajums. Attieciba uz muskula stivumu un relaksacijas laiku atskiribas
netika konstatétas, tacu pie +30° gradiem sievieteém tika novérota tendence (p=0,057), ka vinu
muskulu sasprindzinajums var bt lielaks par virieSu. Runajot par “samazinajuma” koeficientu pie
lenkiem -60° (p<0,001), -30° (p=0,048) un +60° (p=0,.001) un pie lenka 0° gradi ir novérota

tendence (p=0,059), ka atkal sievietem muskulu elasticitate ir zemaka neka virieSiem.

Galvas lenka pozicija un svarstibu frekvence. Pastav pozitiva korelacija starp galvas
poziciju un SF (rs= 0,76, p<0,001).

Galvas lenka pozicija un muskula stivams. Ari pastav pozitiva korelacija starp Siem

parametriem (rs =0.65, p<0,001).

Netika atrasta korelacija starp SF un respondenta dominanto roku (labai pusei p=0,74, kreisai
—p=0,61). Pastav negativa korelacija starp galvas poziciju un SK (rs = 0,68, p<0,001), papildus tam

starp galvas poziciju un relaksacijas laiku (rs = 0.80, p<0,001).

Tika atrasta pozitiva korelacija starp KMI un muskula relaksacijas laiku pie visiem méritajiem

lenkiem, iznemot +60°.
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4. Diskusija, ierobezojumi un priekslikumi

IerobeZojumi. Ierobezots dalibnieku skaits ir liels Skérslis statistiski ticamu rezultatu
sasniegsana. ST pétijuma iespgjas respondentu skaita zina vargja biit plasakas, koronovirusa slimibas
izraisita pandémija ieviesa ierobezojumus, kuri versti pret infekcijas izplatiSanos, 1idz ar to satikties

ar lielu cilvéka skaitu bija nedrosi.

Galvas lenka noteikSanai, lidzigi ka ar miotonometru, eksisté dazadas ierices, t0 starpa ir
precizakas metodes, ka, pieméram, kustibu analizators, tacu §1 ierice prasa noteiktu telpu, nav
parnésajams. Un ka jau bija mingts otraja sadala par metodém un materialiem, viens no
nosacijumiem bija izmantot tadu instrumentu, kur§ nodrosina eksperimenta mobilitati, tapéc tika

izvelEts goniometrs.

Tresa §1 pétijuma probléma ir tada, ka kaklu veido 26 muskuli. Mérktiecigi bija panemts
vislielakais no kakla muskuliem — m. sternocleidomastoideus, tacu kakla lielo muskulu daudzumu
del, pétijumu ir nepieciesams turpinat veikt ar muskuliem ekstensoriem un lateralas grupas

muskuliem.

Savu ierobezojumu ieviesa ari miotonometrs, jo §1 ierice var but pielietota tikai virspusgjiem

kakla muskuliem. P&tnieks nevar spriest par dzilas muskulatiiras stavokli.

Diskusija un priekslikumi. Dazadie m. sternocleidomastoideus sasprindzinajuma raditaji
atkariba no galvas pozicijas lenka, lava spriest par iesp&jamo apdraudgjumu tiem stradniekiem, kuru
darbs ir saistits ar statisku pozu un ergonomiski nepareizi izveidotu darba vidi. Ka jau bija minéts,
tiem profesijas parstavjiem, kuri ir spiesti vérst savu skatu uz augsu, var ieteikt kakla un plecu
vingrinagjumus. Vingrindgjumi nodro$ina asins piepludi pie kakla muskuliem, tadgjadi lokali
neuzkrajas metabolisma atkritumu produkti un sapju progresija samazinas. Jaatzimé, ka Sis
ieteikums ir universals visiem nodarbinatiem, kuru darbs ir saistits ar statisku pozu. Ta¢u medicinas
darbiniekiem, pieméram, jau miné&tajiem NMPD brigades vaditajiem, masinu var papildus aprikot
ar galdiniem. Parasti NMPD brigades vaditajs séz masinas prieksa, blakus autovaditajam. Starp
viniem ir tuksa telpa, kur var ievietot nelielu mehanismu, vai tuvak brigades vaditaja kréslam. Par
prototipu galdinam, kas teor&tiski ir paredzets rakstisanai plansetdatora, var klut kafijas galdins, kas
atrodas Bentley Mulsanne 2019 salona (sk. 2. pielikumu). Prototipa izstradei var nebtt lielas

izmaksas, tacu mediku darbs var ievérojami uzlaboties.
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Péttjumu var modificét. Katru mérijumu 5 dazados lenkos var mérit ar laika intervalu, lidzot
respondentu nemainit galvas poziciju, bet turét to noteiktaja limeni 5 minttes, tad attiecigi izdarit
mérfjumus Pirms un péc 3T laika. Sadi pastav lielaka varbiitiba atspogulot statiskas pozas ietekmi uz

muskula biomehaniskiem parametriem. Jo spriezot péc normas robézam:

Tabula 4
Miotonometra biomehanisko parametru normas robezas
Biomehaniskie parametri Normas robezas
Svarstibu frekvence 12.0 -18.0 [Hz]
Muskula stivums 220 — 380 [N/m]
“Samazinajuma” koeficients 1.00-1.60
Muskula relaksacijas laiks 14.0 — 30.0 [ms]

Respondentu muskula sasprindzinajums un citi parametri saglabajas gandriz vienm&r normas
robezas pat pie nedabiskam galvas pozicijam (pie skata uz leju vai uz augsu).
Secinajumi
1. Minimalais MSCM sasprindzinajums bija novérots -30 gradu pozicija, kas liecina, ka prieks
MSCM i pozicija ir visoptimalaka.
2. Visi Cetri analizétie biomehaniskie parametri pie galvas lenka +60 gradi parada maksimalo
vertibu, kas atbilst normalai fiziologijai.
3. Miotonometrija ir diezgan preciza metode virspusgjo muskulu analizei. Var bt pielietota
ne tikai pétijumos, bet var apsvert iesp&ju pielietot ari kliniskaja prakse.
4. Dominantai rokai nav ietekmes uz MSCM sasprindzinajumu.
5. Dalibniekiem ar lielaku kermena masas indeksu ir mazaks MSCM saspringums, bet to var
izskaidrot ar lielaku tauku kartu, kas apklaj kakla muskulus.
6. Sievietém ir tendence uz to, ka muskuli ir mazak elastigi, neka virieSiem.
7. Lai labak spriestu par statiskas pozas izraisitam sekam ir nepiecieSams pagarinat p&tijjuma

ilgumu.
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sternocleidomastoid muscle and head position - how to minimize muscle

tension?

Occupational Applications

The COVID-19 pandemic has changed the style of many jobs, forcing people to switch to remote
work. In turn, teleworking is associated with an increased risk of developing musculoskeletal disorders,
as it is difficult to ensure an ergonomically correct working environment at home. Complaints of
headaches and neck pain, as well as dizziness, occur in both young and old people - due to incorrect
head position and prolonged tension in the neck muscles, all provoked by a spatially misaligned
computer monitor in relation to employee's visual plane.

In this study, one of the largest neck muscles, namely the sternocleidomastoid muscle, was
exemplified; it was discovered that it is possible to achieve less muscle tension and consequently reduce
muscle fatigue by changing the position of the screen, e g. with a monitor arm, thus potentially

eliminating health hazards.

Technical Abstract

Background: With an increase in demand for faster data processing, computers and other smart devices
became an integral part of many workplaces. Sternocleidomastoid muscle (SCM) is one of the main
muscles that supports the head. A review of the available literature suggests that the overuse of SCM
can provoke 2 number of complaints among employees, including head and neck pain. This article
describes the process of evaluation of effective angles for head positioning during the use of a monitor
which exert the least strain on the S5CM.

Purpose: The main objective of the study was to determine how the tension of the sternocleidomastoid
muscle changes depending on head position angle. It was hypothesized that biomechanical parameters

of SCM demonstrate the lowest tension with the head in a neutral position.

URL: http=//mcmanuscriptcentral.comdoshf Email: nussbaumavt.edu
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Methods: A total of 41 people (22 female and 19 male) participated in the study. Only respondents
without chronic conditions were selected. Tension of the aforementioned muscle was measured by the
MyotonPRO (Myoton AS, Tartu, Estonia).

Results: A positive strong correlation between angle (head position) and muscle tension (oscillation
frequency) was cbserved (r=0.76, p<0.001) as well as between angle and musde stiffness (r=0.65,
p<0.001).

In respect of head angle and SCM decrement, a negative correlation (r=-0.68, p<0.001) was detected as
well as negative correlation between head angle and muscle relaxation time (r=-0.80, p<0.001).
Conclusions: The study had led to the conclusion that the minimal tension occurs when the head is
positioned at —30°. Determining the angle of minimal tension regarding SCM (-30%) provides credible
ground for various technical solutions that may ensure such positioning, e.g., a moniter arm. Though, to
provide a more accurate insight about the optimal angle of pesitioning, the study must be continued

examining neck extensor muscle group.

Keywords: ergonomics, sternocleidomastoid muscle, myotonometry, monitor positioning

1. Introduction

The rapid evolution of different technologies in recent decades has led to a significant increase
in the number of jobs that require the use of computers and other smart devices. Taking into account
that people spend about a third of their life at work, it may be assumed that this time is spent,
accordingly, in front of the screen; the head and neck are in a tense position throughout the workday.
This becomes particularly important at a time when, due to the global pandemic, anyone whao is able to
work from home is doing so, thus extra attention needs to be paid to workplace environment and

Ergonomics.

URL: httpYmcmanuscriptcentral.comsoehf Email: nussbaumi@vt.edu
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Prolonged static posture creates more muscle exhaustion than dynamic movement (Anghel et
al., 2007). Spending too much time in front of a computer screen poses various health hazards.

Health complaints tend to appear in as little as a few months after switching to a computer-
based job, and after several years of work the occupational diseases might come into play [(Hush et al.,
2009; Lee & Koo, 2015).

The most common health complaints related to computer and other smart device use are back
pain (both in the neck and lumbar region), headaches, and various vision-related problems (Celik et al.,
2018; Ranasinghe et al., 2016; Ye et al., 2017). The most important factor in the development of these
complaints is prolonged isometric contraction of the muscles required for keeping work posture.
Consequently, continuous contraction of the muscle causes discrepancy between fresh blood supply
and energy expenditure. This results in ischemia and, finally, muscle pain (Issberner et al. 1996).

Musdle pain is evoked by specialized nerve endings (nociceptors), which respond to stimulus.
Two activating chemical substances or stimulus are particularly important for the generation of muscle
pain: adenosine triphosphate (hereinafter — "ATP") and hydrogen ions (H*), which come together with
low tissue pH, chronic ischemic states (Mense, 2008). Thus, more tension of the muscle results in higher
probability of pain development. The highest muscle tension most commaonly develops in awkward
postures.

This is the reason why the workplace should be as comfortable as possible when working with
computers. Almost two decades ago, recommendations have been developed for an ergonomically
correct working environment for computer users. For example, the monitor should be located directly in
front of the face at a distance of 50 to 100 cm, the top of the monitor should be at or slightly below eye
level, and the center of the screen should be between 15% and 20° below horizental eye level
(Occupational Safety and Health Administration [05HA], 2003c). The requirements for a chair and table

are similarly stipulated {Occupational Safety and Health Administration [O5HA], 2003a; 2003b). Since the
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time wheb these recommendations have been formulated, computer and screen technologies have
evolved a lot, proposing less static and more various postures while working with computer. In cases
where It is not possible to follow the basic principles of ergonomics directly, various technical solutions
have been developed in last years - such as a monitor arm, variouws ergonomic chairs, heigh adjustable
tables, footrest, and many others.

One of the many ergonomic improvemenit tools that could and in some places is already used to
improve the workplace is the monitor arm. Itis an aid that is attached to a table, wall or ceiling and can
be used to adjust a computer monitor to suit individual requirements, whether the job is sitting,
standing, or both. The monitor can be adjusted in height, distance and angle, thus finding the most
comfortable working position. Monitor arms can be used not only for desktop computers, but also for
laptops. The monitor arm also allows you to arrange the surface of your table. Combined with an
adjustable de<k, it is currently recognized as the best combination for an ergonomic workplace where a
computer is predominantly used (Dataflex, 2019; Kensington, 2019). Monitor arms have not yet been
studied much, but the first few studies are already available. For example, Shao et al. in 2016 published
a study of neck muscles (splenius capitis and trapezius), their mean frequency, and mean power
frequency, which serve as indicators of muscle fatigue. The study was conducted using a surface
electromyography and a monitor arm. By changing the positions of the monitor arm in a vertical plane
without changing the sitting time, it was concluded that muscle fatigue was reduced for the study group
that had used the monitor arm. Boothroyd and Hedge in 2007 concluded that the group of people who
used the monitor arm found that the device made it easier to communicate with colleagues, and the
test group demonstrated significant reduction of overall upper extremity musculoskeletal discomfort
and symptoms of computer vision syndrome. To be able to place monitor at appropriate level with

minimal health effects, there should be dearly defined evidence-based values for the head positioning
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angle. The research data published in recent years have limited information on objective muscle tension
and activity measurements.

The authors did not find any studies that would examine the monitor arm by myotonometer as
an indicator of muscle tension, so it is probable for this type of study to be the first of a kind.

The authors created a study design to figure out how monitor placement can affect health by
placing more emphasis on the tension of neck muscles. Taking into account that one of the largest and
main muscles keeping head posture is sternocleidomastoid muscle (hereinafter — "S5CM™), the current
study was focused on objective evaluation of tension and biomechanics of it.

The sternocleidomastoid muscle plays a key role in the physiology of head-neck balance. The
physiology of the muscle prevents the head from falling forward. Muscle has other functions as well,,
depending on whether one or both sides of the 5CM are working and which body part is fixed at the
moment — the thorax or the head, respectively. When one side of the muscle acts alone, it tilts the head
towards the contraction and at the same time causes the head to rotate to the opposite side. When
both sides of the muscle act together, it pulls the mastoid down, thus ensuring that the head bends
backwards. When the head is in a fixed position, it raises the clavicle and sternum, thus acting as an
accessory muscle of respiration (Ramesh et al., 2007; Hasan, 2010).

In the current study, the following objectives were set: to find out how the SCM tension is
changing, depending on the angle at which the head is located; whether the dominant hand influences
the same side’s 3CM biomechanical parameters; whether there are any gender differences, and whether
the body mass index (hereinafter — “BMI”, kg/m?) may affect measurement accuracy. The study
hypothesizes that biomechanical parameters of SCM demonstrate the lowest tension with the head in a
neutral position. The results might be further used in research to determine which head posture is the
least harmful when working with a computer, using a monitor arm as an aid to reduce long-term health

problems associated with prolonged forced posture at a computer and/or other smart devices.
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2. Methods

2.1. Participants

A total of 41 people (22 female and 19 male) participated in the study. Only respondents
without chronic conditions were selected. To reduce the number of factors impacting the results, the

following selection criteria were applied:

® Age range of respondents - 18 to 35 years.

® Mo visual impairment.

® Mo postural disorders (severe kyphosis, scoliosis, lordosis, etc).

®  No signs of 5CM muscle weakness on muscle functional condition test.

The choice of participants was also influenced by the functional state of the SCM. This is

discussed in more detail in Section 2.2.

2.2, Research equipment

3CM tension was measured by the myotonometer MyotonPro (Myoton AS, Tartu, Estonia).

The MyotonPRO can measure five muscle characteristics, however, for the research were
chosen only four:

s oscillation frequency (Hz) — shows the tension of the muscle in the passive state;

* dynamic stiffness (M/m), - allows to understand how the muscle is resistant to deformation;

* |ogarithmic decrement — property of muscle’s elasticity;

+ mechanical stress relaxation time (ms) —a time when muscle returns to its initial state

(Davidson et al., 2017, p.106).
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According to the method proposed by Vain & Gapeyeva (2007), when performing
myotonometry, data about additional parameters such as height, weight, dominant arm, gender and
age were collected and taken into account in analysis.

A goniometer was used for measurements of changes of head posture. To determine the length
of SCM muscle and its midpoint, a flexible measuring tape was used. Midpoint, or application point of

the myctonometer was marked with a washable felt-tip pen.

2.3. Research protocol

Respondents were not required to prepare for the study separately. To reduce the effect of
ambient temperature on muscle tension, the study was performed at room temperature (18°- 24°C) To
ensure high predsion of study results it was decided to exclude people with weak SCM from the study
participants as it could result in measurement bias. For this purpose, special check of the muscle

functional condition was performed.

Check of the muscle functional condition

Respondents were selected after the SCM musde function test, which was performed according

to the following principle:

{1) The respondent was asked to lie on his back and fully relax.

{2) The researcher placed his hands over the respondent’s occipital bone and checked if the head moves

freely, changing the position to the right and left (by rotation).

(3) As soon as the respondent was completely relaxed, the researcher passively moved his head to the
right {performing lateroflexion), then mowved his head ventrally in the direction of the suprasternal notch

|see Figure 1); the researcher asked the subject to hold the head in this position for up to 10 seconds.
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(4] ¥ muscle tremor was noticed during the SCM function test or the participant began to complain that
he had difficulty staying in the required position, the particular participant could not continue his

participation in the study (a total of 4 people were excluded).

5] The above manipulations were repeated (points 2 to 4) to test left SCM muscle function.

(&) After testing muscle function, the respondents who successfully qualified throughout the previous
stage were again asked to relax, placing their head straight so that the direction of vision was focused on

the ceiling.

{7) The researcher then searched for origin of the 5CM muscle on the sternal manubrium and clavicle, as

well as the insertion —the mastoid procession on the temporal bone.

(8) After finding these points, the length of the SCM muscle was measured and the middle part was

marked. The middle part was the point of myoctonometer application.
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Figure 1. Sternocleidomastoid muscle function test. Step 1 — The respondent lies on his back; step 2 —

head rotation; step 3 —the respondent is asked to hold the head for 10 seconds.

Application of the myotometer

Subsequently, after marking the midpoint, followed an examination of SCM muscle activity by
myotonometer.

Measurements were performed at 5 different angles which were determined using anatomical
landmarks — the anterior superior iliac spine (hereinafter — “AS15”), spinous process of C7 (hereinafter—
“C7 P5"), outer corner of the eye [hereinafter — "0OCE") (see Figure 2).

The respondent was then asked to take a sitting position, with his back straight, his gaze fading

forward. This position is called the neutral position or starting position, which was accepted as 0°.
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The myotonometer was mounted on constant preload (0.18 N). Oscillations of the underlying
tissues were evoked by delivering 8 brief (15 ms) mechanical impulses at a low force (0.4 N) and
frequency of 1 Hz. The induced dump natural oscillations of the tissues were recorded by a MyotonPRC
accelerometer. Every time, the device probe {3 mm in diameter) was placed perpendicularly to the skin
surface in the previously marked point.

The measurement of head posture was performed according to the following scheme (see

Figure 2) to get the next positions for muscle tension evaluation:

(1) Goniometer application points: C7 PS was the center of goniometer (axis), line from ASIS to C7 PS

was a fixed shoulder and from C7 PS to OCE was a movable shoulder.

(2) Then measurement 1 (0°) was recorded from the end of the movable shoulder, which corresponds to

the measurement of the neutral position or conditionally 0°.

(3) An additional 30° was added to the movable shoulder of the goniometer at the measurement angle
of the neutral position. Manually, the researcher moves the respondent’s head up so that the OCE was

in line with the angle of the gonicmeter mentioned above.

(4) Performs myotonometry on the previously marked middle part of the SCM.

{5) Thus, the 2nd measurement in the +30° position was obtained.

(6) The same steps (from points 3 to 4) were taken for measurement 3 (+30° were added to

measurement 2, in the results section it corresponds to +60°).

(7) In order to perform the 4th measurement, it was necessary to return to the neutral position and put
the head down, previously subtract 30° from the measuring angle from the neutral pesition, manually

pull the respondent’s head down so that the OCE ceincides with the goniometer readings.
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(8) Measurement 5 was performed by adding another 30° down (it corresponds to -607).

203 The measurements were taken first on the left and then the right side of the body.

204

205

206
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3
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Figure 2. Starting point of the measurement series. OC — outer corner of the eye; C7 — spinous process
C7; ASIS — anterior superior iliac spine.

2.4. Processing of the dota

The results obtained by MyotonPro were automatically converted into a Microsoft Excel table,
then the data were imported from the table and analyzed using 5P55 21 program (5PS5 Inc., Chicago, IL).

Because the obtained data did not correspond with a normal distribution, they were analyzed by non-
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Table 1. Basic characteristics of participants (n=41). 5D standard deviation, IQR: interquartile

range.
Characteristic Range Mean £ 5D Median (IQR)
Age 18-34 2502+33 250(23.0-26.0)
M-19 -
Gender, male/female -
F—22
L-5 -
Dominant side, left/right -
R—-36
Body weight (kg) 51-37 696 +138 9.0 (58.0-78.0)
Height (cm) 152-176 1740+9.6 175.0 [166.0-182.0)
Body mass index, kg/m? 18.3-313 228+£3.2 228 (19.9-24.8)

The highest SCM muscle oscillation frequency value was at an angle of +60°, where mean value

was 17.5 Hz (C1 17.0-18.1) and median was 17.4 Hz {IQR 15.7-19.0), but the lowest — at -30°, where

mean value was 12.3 Hz (Cl 12.1-12.5) and median was 12.2 Hz {(IOR 11.8-13.0) — these results are

reflected in Figure 3.
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241 Figure 3. Sternocleidomastoid muscle (SCM) oscillation frequency at different head angles.

242

243 The next characteristic which was analyzed was muscle stiffness. The highest SCM muscle

244 stiffness value was at +60° with mean 314.0 N/m (Cl 295.2-332.0) and median 301.5 N/m (IQR 245_8-
245 345.5), but the lowest — at -30° with mean value 185.5 N/m (Cl 180.0-191.1) and median 184.0 N/m (IQR
246 166.9- 204.0).

247 The highest SCM logarithmic decrement value in its turn was at -60°, where mean was 1.5 (Cl
248  1.5-1.8) and median 1.52 (IQR 1.32-1.74) and the lowest SCM decrement — at +50° with mean 1.1 (CI
249 1.08-1.14) and median 1.10 {IQR 1.01-1.19).

250 similarly, the highest muscle relaxation time value was at -60° with mean 25.9 ms (Cl 25.2-26.6)
251 and median 25.65 ms (IQR 23.88-28.6), but the lowest at +60® with mean 15.6 ms (C| 14.9-16.3) and
252  median 15.3 ms (IQR 13.58-17.45).

253 All biomechanical parameters of SCM muscle and their value variations related to the head

284  angle are shown in Table 2.
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Table 2. Sternocleidomastoid muscle biomechanical parameters contingent upon head angle (means

and standard deviation SD, medians and interquartile range IQR).

Head
Oscillation frequency
angle Stiffness (N/m) Decrement Relaxation time (ms)
(Hz)
{degrees)
Mean Mean Mean t Mean
Median (IQR) Median (IQR) Median (IOR) Median (I0R)
tsp £sD sD tsp
19035
1233 12.15(11.5- 187.0(169.0- 154% 152 (1.32- 25.87
-60 + 25.65(23.88-28.6)
12 129) 210.3) 024 1.74) 312
3117
18554
1229 12.2 (11.8- 184.0(166.9- 143% 141(1.25- 25.33
-30 * 24.8 (23.35-27.33)
£076 13.0) 204.0) 0.23 1.60) +259
25.32
19824
13.16 13.2{12.5- 193.5 (180.0- 125% 124(1.14- 22.31
0 b4 21.7{20.7-24.13)
092 13.8)) 217.3) 0.15 1.36) +238
25.76
25522
1556 15.55(13.8- 255.0(209.5- 111 1.10(1.01- 18.08
30 b4 17.8 (15.7-20.45)
£211 16.9) 295.0) 0.14 1.22) +324
60.99
31357
1754 17.4(15.7- 301.5(245.8- 111# 1.10(1.01- 15.62
60 + 15.3 (13.58-17.45)
264 19.0) 345.5) 0.15 1.19) 304
83.77

A positive strong correlation between angle (head position) and muscle tension (oscillation

frequency) was observed (r=0.76, p<0.001) as well as between angle and muscle stiffness (r=0.65,

p<0.001).
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In respect of head angle and 5CM decrement, a negative carrelation (r=-0.68, p<0.001) was
detected as well as negative correlation between head angle and muscle relaxation time (r=-0.80,

p=0.001).

No correlation between SCM tension (oscillation frequency) and participants dominant arm was found
{measuring SCM of both sides of the neck —for the right side p=0.74, for the left side p=0.61).

In this study, 2 of 41 participants had low BMIs, 29 had normal BMIs, and 4 had high BMIs.
Negative weak correlation between muscle tension (oscillation frequency) and participants BMIs was
detected (r=-0.12, p=0.02). A statistically significant positive correlation was also found between
participants’ BMIs and SCM relaxation time at almost all measuring angles except +60° (p= 0.26). The
strongest correlation was detected an angle of 0% (r=0.36, p=0.001), slightly weaker at -307 (r=0.33,
p=0.001). But BMIs had no statistically significant correlation with 5CM stiffness and decrement.

Comparing differences in the context of gender, no statistically significant differences were
found in the measurements of stiffness and relaxation time at any of the angles.

Statistically significant differences for males and females were found in muscle decrement at angles -60°
(p=0.001), -30° (p=0.048) and +&0° (p=0.001) and a trend at the angle 0° (p=0.059) — at these angles
females had lower muscle elasticity than males, but no statistically significant difference between
groups was detected for oscillation frequency or muscle tension, but at an angle of +30° a trend was

detected (p=0.057) that muscle tension in females is greater than in males.

4, Discussion

Taking into account that the main aim of the study was to find out in which head position 5CM
tension was lowest, a study design was developed in which participants’ 5CM was measured in different
head positions. Summarising measurements, the authors of the study have come to a number of

conclusions.
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The major finding of the study is that, as the angle of the head increases in relation to the
monitor or a particular point, the 3CM tension (r=0.76) and stiffness (r=0.65) increase as well, which
partially confirmed our initial hypothesis that, being in a neutral position (0%), SCM biomechanical
parameters are the most optimal. The optimal head position in which the SCM has the lowest tension
and stiffness is at angle -30° (from accepted 0° position). This is the angle at which the computer
monitor should be positioned to reduce the 5CM muscle load.

Data were also obtained that increasing the angle of the head, while looking at a monitor or a
specific point, decreased the logarithmic decrement (r=-0.68), indicating an increase in muscle elasticity
consistent with normal physiology. Muscle relaxation time also shortened while increasing the head
angle.

Another aim of this study was to find out if and how the dominant arm affects the tension of the
5CM on the same side of the neck (for example, will the 5CM on the right side of the right-handed
person have a higher tension than on the left side?). The results of this study showed that there was no
correlation between these indicators, and dominant arm did not affect muscle tension.

As mentioned previously, another goal of the study was to find out the effect of BMI on the
parameters that can be measured using the myotonometer. Majority of the participants in the study
had nermal BMI, however, analyzing the data, which zalso included participants with low or high BMIs,
the authors revealed weak correlation between individual parameters and BMI — with an increase of
BMI, the SCM tension reduced. However, it should not be interpreted that people who are overweight
will have less muscle tension, since it is more related to the thickness of the subcutaneous fat layer. In
order for the probe tip of the myotonometer to reach the muscle and to measure tissue displacement, it
is necessary to squeeze through the subcutaneous fat layer (Pamukoff et al., 2016). Therefore, there is a
possibility that the thickness of the subcutaneous fat layer may affect the performance of a

myotonometer, which explains why people with a higher BMI have lower SCM tension. The hypothesis

URL: http//mcmanuscriptcentral.comdoehf Email: nussbaum@vt.edu

39



Page 21 of 25

308
309
310
31
32
33
314
35
316
7
318
319
320
a2
322
323
324
325
326
a7
328
329
330

KX

IIE Transactions on Occupational Ergonomics and Human Factors

that the thickness of the subcutaneous fat layer may have an effect on myotonometer parameters can
be found in the research of Frohlich-Zwahlen et al. (2014). In this case, the muscles of the lower
extremities were measured using MyotonPRO, but the thickness of the subcutaneous fat layer was
measured using ultrasonography. A statistically significant negative correlation was found in vastus
lateralis, rectus femoris and biceps femoris MyotonPRO parameters (strong negative correlation was
found at vastus lateralis stiffness (r=-0.84, p<0.001) and subcutaneous thickness and at biceps femoris
stiffness (r=-0.75, p<0.001). However, they do not unequivocally state in their conclusions that the
thickness of the subcutaneous layer has a convincing effect on the parameters of the myotonometer,
therefore it is advisable to continue the study aiming to identify the physiological correlates of
MyotonPRO parameters. 5. Agyapong-Badu et al. (2015) also analyzed rectus femaoris and biceps brachii
muscles in their study and discussed the effect of subcutaneous fat layer on Myoton parameters.
Although the correlations had weak and medium coefficients (ranged for some parameters from r=-0.01
to r=-0.49), the authors do not exclude the effect of subcutaneous fat. Therefore, the authors of this
research conclude that it is necessary to expand the study population to include more people with high
BMIs and to perform ultrasonography of the study muscle area separately and determine the thickness
of the subcutaneous fat layer to investigate the correlation.

The initial assumption that gender did not affect SCM biomechanical parameters was not
confirmed either. Following the measurements obtained, it was found out that the gender of the
respondents did not affect parameters such as muscle stiffness and relaxation time, but for muscle
decrement, women had less muscle elasticity at angles -60°, -30° and +60°. Mo studies comparing SCM
elasticity of males and females were found in the process of literature research. In 2016, Agyapong-Badu
et al. studied the effects of aging and gender on muscle (rectus femoris and biceps brachii) tone and
mechanical properties. As for elasticity, it was determined that elasticity in rectus femoris was lower in

males than females only in youth age group (18 to 35 years, which corresponds to the age of this
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research respondents). The data are contradictory when comparing the data obtained in this and the
above studies. It means that the study needs to be continued by analysing precisely the differences in
elasticity of muscles between males and females.

Regarding muscle tension, no statistically significant differences were found between genders,
which means that gender had no effect on muscle tension in this study.

As the measurement results showed that the SCM tension is the lowest at -30°, it is necessary to
think about selutions that can provide it. One such option is the monitor arm. it can be adjusted
individually according to individual needs. In 2016, Shao et al. described this idea by studying the
moniter arm and concluding that the study group that used the monitor arm had lower fatigue of the
studied neck muscles (splenius capitis and trapezius) than the control group. Therefore, it should be
assumed that using the monitor arm would also reduce the SCM tension if adjusted at -30°. However, it
should be noted that not only the SCM, but also other muscles participate in active support of the head,
among which the extensor muscles play an equally important role. Therefore, in order to determine the
position of the head that is least harmful over prolonged periods, the tension of these muscles at

different angles of the head should also be studied.

4.1. Conclusions

When logking at the screen of a computer or other smart device, the head, supported by about
20 neck muscles, remains in a specific position; one of the most important among the aforementioned
muscles is SCM. Its prolonged tension leads to complaints of neck pain and headaches. In order to
determine the position at which the tension of the 3CM is the lowest, measurements were made with a
myotonometer at different angles of head placement (-0°, +30°, -30%, +60° and -60°) and it was
concluded that for SCM, the lowest tension and stiffness is at an angle of -30°. Mo correlation was

detected between the dominant arm of the study participants and 5CM tension. BMI may play a role,
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namely, it was concluded that participants with higher EMIs had lower S5CM tension, but to confirm or
rule it out, a study of people with increased or decreased BMI would be needed. Further research,
including other neck muscles, is needed to determine which head angle provides the lowest overall

muscle tension.
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