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Abstract. Aim: this study is aimed at developing the design of an orthopedic chair for persons with
musculoskeletal disorders, which will meet the requirements of ergonomics and have the active sitting func-
tion. Materials and methods. The study involves the methods of patent search, the analysis of publications
and market analysis, which allowed to create a prototype of the chair. The Xsens 3D motion tracking sys-
tem was used to provide a comparative analysis of postural data during sitting in a standard office chair and
in a prototype of the orthopedic chair. Results. A prototype of the chair was made of composite fiber mate-
rials using additive technologies. Xsens data showed that there were significant differences in postural data
obtained in a standard office chair and in an orthopedic one. The data obtained allowed to develop technical
requirements for at least 3 sizes of the chair with the active sitting function and integrated rotation mecha-
nism. These data will be used for the product, which takes into account anthropometric features of children
and adults. Conclusion. Our prototype contributes to the improvement of sitting posture due to the anatomical
form of the chair seat, chair height adjustment mechanism and active sitting function, which prevents users
from sitting incorrectly and strengthens postural muscles.
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Annomayusn. Iens ucenaenoBanusi: pa3padoTka KOHCTPYKIMH OPTONEINYECKOT0 CTYIIa s JIUI C 3a-
0oJIeBaHMSIMH OIOPHO-JIBUTaTENbHOTO almapara, OTBEYAIOIero SproHOMHYECKMM TpeOoBaHHUAM M 00Ia-
Jarornero (pyHKIMeH «aKTUBHOTO cHaeHmsD» (active sitting). MaTepuajsl m MeToabl. [IpoBeeH MaTeHTHBIN
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TIOVCK, aHAIIN3 ITyOJIMKAIUii, MAPKETHHIOBbIE MCCIIEIOBAHUS 1 U3TOTOBJIEH IPOTOTHUII OPTOIEANYECKOTO CTY-
na. C MCHONB30BaHUEM HWHEPIMOHHOW CHCTEMbI TPEXMEPHOTO aHaJM3a XSens MpOBEAeHa CPaBHUTEIbHAS
OLICHKA I103bl YeJIOBEKAa B CTAHIAPTHOM O(HCHOM Kpecile U Ha pa3paboTaHHOM mpororture. Pe3yjabTaTbl.
W3 KoMIIO3UTHOTO Marepuasia ¢ MPUMEHEHHEM aAJUTHBHBIX TEXHOJIOTHH W3TOTOBJIEH IPOTOTHIT OPTOTIECIH-
gyeckoro ctyna. MccnenoBanue ¢ MpUMEHEHHEM CHCTEMBI Xsens Mokasajo HaJuyhe 3HAUYMMBIX pa3iIuyuii
06MOMEXaHNKH OCAaHKH B MOJIOKEHUN CHII HA CTAaHIApPTHOM O(GHCHOM Kpecie U M3rOTOBJICHHOM IPOTOTHIIE.
Ha ocHOBaHMM NOJTyYeHHBIX Pe3yJbTaTOB pa3paboTaHbl TEXHUYECKHE TPEOOBAHMS JUIsl CO3JIaHUSI HE MEHee
3 THMoOpa3MepoB OPTOIEINYECKOTO CTyla ¢ (PyHKIHEH «aKTHBHOTO CHICHUS» C MHTEIPHUPOBAHHBIM ITOBO-
POTHBIM MIapHUPOM. JlaHHBIE pa3pabOTKU OyIyT HANpaBIEHBI ISl Y4eTa aHTPOIIOMETPUYECKHX 0COOEHHO-
CTel B3pOCJIOTO M JETCKOrO HaceleHus. 3ak/aouyeHue. [TokazaHo, 9YTO MPOTOTUI OPTONEANIECKOTO CTyJIa
MO3BOJIIET U3MEHUTh OCAaHKY 4eJOBEKa B MOJ0KEHUM CHJIS. DTO AOCTUraeTcst Oiarogaps aHaTOMHUUYECKOI
(hopmMe OCHOBaHHMS CTyJa, BAHTOBOMY COEIMHEHHUIO JUII 0OECHEUCHNS! ONTUMAIbHON PEryJIMPOBKH MO BBI-
cote u (PyHKIMH «aKTHBHOTO CHJCHUS», HAIIPABICHHON Ha MCKIIOUEHHE «HENPAaBHJIBHBIX» 103 U TPEHHU-

POBKY MO3HBIX MBIIII.

Knwuesvie cnosa: nonoxeHue cunasd, OnoMeXxaHHKa OCaHKH, OpTOHCZ[H‘IeCKHﬁ CTyJI, aKTUBHOE CHIEC-

HUEC, SprOHOMHUKA

Bnazooapnocmu. Pabota BeITONTHEHA B paMKaxX roc3ajaHus MUHHCTEpCTBA HAyKH W BBICIIEro oOpa-

3oBanusa PO FENU-2020-0022 (Ne 2020072I°3).

Jlna yumupoeanusa: Opronenuyeckuii ctyn ¢ GpyHKIMeH aKTMBHOTO CUAEHUs (TIepCHeKTUBHBIN MPo-
ext) / K.A. HaymoBa, B.B. Emmnmies, JK. Hemer u np. // Yenosek. Cnopt. Memuaa. 2022. T. 22, Ne S1.

C. 85-90. DOI: 10.14529/hsm22s114

Introduction. Back pain is a significant
medical problem [2, 9] but its mechanism is
poorly understood, and there are no effective so-
lutions to prevent its occurrence or to provide
effective long-term treatment [6, §].

In recent years, indirect evidence has emerged
to suggest that the standard design of office
chairs is the root cause of back pain [4]. In some
cultures, mainly oriental, there are alternative
traditional sitting postures that reduce the number
of diseases of the spine [5]. Therefore, alternative
design solutions for office chairs have been deve-
loped: a saddle chair, a knee chair, etc. However,
despite the obvious advantages, a significant
drawback remains, which consists of the long-
term maintenance of a static position [7].

This disadvantage can be eliminated by
the concept of active sitting, when the seat of
a chair is movable, which allows both to con-
stantly monitor postural balance and to streng-
then postural muscles, while performing sitting
exercises [12]. The effectiveness of this approach
was first shown as part of the implementation of
the Rodeo chair program into the educational
institutes of Norway.

In recent years, this concept has been acti-
vely developed, and new products have appeared
on the market:

— Wellness Ball Active Sitting [14];

— Luna Standing Desk Stool [10];

— Balance ball chairs [3];

— QOR360 Active Chairs [11];

— SitTight Active Sitting Chair [13];

— Dancing chair [1], etc.

Therefore, taking into account the increase in
sedentary time, in the coming years, a remarkable
increase of interest in office ergonomics can be
expected followed by the replacement of tradi-
tional office chairs with brand new models, in-
cluding those with the active sitting function.

The project is aimed at developing the de-
sign of an orthopedic chair with the active sitting
function and assessing its effectiveness in prac-
tice. In addition, the most efficient technology for
its small-scale and large-scale production will be
evaluated.

Aim. The aim of this study is to develop an
orthopedic chair for people with musculoskeletal
disorders that meets ergonomic requirements and
has the active sitting function.

Materials and methods. The paper involves
such methods as patent search, analysis of scien-
tific publications, and market analysis. Based on
the data obtained, our design specification was
developed, which required using the following
technological operations: creating a plaster model
of the buttock and thigh area of a seated person;
covering the model with a composite material to
obtain an anatomical chair seat; integrating a ro-
tation mechanism into the chair seat to provide
movement in two planes (X and Y); selecting
a 4-star swivel base for a chair with a chair height
adjustment mechanism (Z); assembling the first
prototype of the chair. The Xsens 3D motion
tracking system allowed us to provide a compara-
tive assessment of the location of body segments
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during sitting in a standard office chair and in our
prototype.

Results. The patent search, analysis of scien-
tific publications, and market analysis showed
that the development of non-standard solutions
for office and orthopedic chairs was a global trend
aimed at reducing the static load on the spine
during sitting. The existing solutions have a num-
ber of disadvantages:

— Wellness Ball Active Sitting, Balance ball
chairs — lack of a chair height adjustment me-
chanism and anatomical seat;

—Luna Standing Desk Stool — non-anato-
mical rigid seat;

— QOR360 Active Chairs — expensive, with
a non-anatomical seat and limited seat move-
ments (no forward tilt movement);

— SitTight Active Sitting Chair - expensive,
a non-anatomical rigid seat;

—Dancing chair (utility model patent
No. 65356 Removable seat) — non-anatomical
seat, chair movements are limited to changes
within 15 degrees.

Based on the results obtained, the following
technical requirements for a prototype were iden-
tified:

1. An anatomical seat that promotes uniform
distribution of body weight due to the increased
support area;

2. A mechanism, which will prevent the use
of wrong sitting positions (when a person tries to
cross his/her legs during sitting, the seat will tilt
to the left so to prevent this person from acting
this way), allow to perform pelvic tilt exercises
and ensure a neutral position of the pelvis for
optimal ergonomics.

The plaster model of the buttock and thigh
area was created followed by a 3D scanning pro-
cedure to obtain a 3D model of the anatomical
seat using the SolidWorks software (Fig. 1).

Subsequently, a master model of the seat was

made with CNC tools. A prototype of the seat
with the integrated rotation mechanism, which
provides movement of at least 28 degrees in two
planes (X and Y), was made manually using
the master model and composite fiber materials.
A 5-star swivel base was selected for the chair to
provide chair height adjustment movements (Z).
The anatomical seat was covered with foam rub-
ber and furniture fabric and then assembled with
the bottom part (Fig. 2).

Fig. 1. A 3D anatomical seat model

To obtain objective information about the lo-
cation of body segments during sitting, the Xsens
3D motion tracking system was used. 16 inertial
sensors were placed at different areas of the body
and transmitted real-time data to the MVN Ana-
lyze Software. Working conditions while sitting
in a standard office chair were simulated in 4 com-
fortable positions (Fig. 3). Then the office chair
was replaced with a prototype, and the data about
the location of body segments were recorded and
compared with baseline data (Fig. 4).

As can be seen from Figures 3 and 4, the dif-
ferences in the location of body segments de-
pending on the sitting posture and chair techno-
logy are obvious. Therefore, it can be said that this
type of chair makes the user sit correctly, while
the swivel joint ensures forward tilts, provides
pelvic stability, and maintains lumbar lordosis.

Fig. 2. A prototype of the chair: a — front view, b — maximum tilt to the right,
¢ — maximum tilt to the left, d — side view
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Fig. 3. The location of body segments in various sitting positions while sitting
in a standard office chair (arrows indicate gravity)

Fig. 4. The location of body segments in various sitting
positions while sitting in a standard office chair (left image)
compared to our anatomical chair prototype (right image)

Based on the data obtained, the following
technical requirements were formulated for
the further development of the project:

1. Create three standard sizes of the anato-
mical seat:

— for people over 90 kg, 495x445 mm;

— for people 40-90 kg, 470%x330 mm;

— for people 20-39 kg, 370%330 mm.

2. Find the optimal chair bottom to ensure
reliable chair height adjustment;

3. Select technologies for small-scale pro-
duction that provide a market price of no more
than 200 US dollars.

Conclusion. As part of the research and de-
velopment project, a prototype of the orthopedic
chair with the active sitting function was made.
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The use of the Xsens 3D motion tracking system research and development activities aimed at the

and the corresponding software allowed to iden- creation of various seat sizes will allow to launch

tify significant differences in the location of body a commercially successful product and reduce

segments depending on the chair used. Further the number of people suffering from back pain.
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Hugpopmauusn 06 asmopax

HaymoBa Kcenusi AHapeeBHa, MIaJIIMi Hay4HbIA COTPYJIHHK, HAyYHO-UCCIIEIOBATEIbCKUM
IIEHTP CIOPTUBHON Haykw, FOxHO-Y panbckuit TocynapcTBeHHBIN yHUBEepcuTeT. Poccus, 454080, Yens-
OumHCK, ipocnekT Jlenuna, 1. 76.

Enumes Butanuii BuktopoBuy, kKannuaar OMOJOTHYECKHUX HAYK, TOUEHT Kadeaphl TEOpUU U Me-
TOAUKH (PU3NYECKON KYIbTYPHI B criopTa, FOkHO-Y panbckuii rocyJapcTBEeHHBIN yHUBEpCUTET. Poccus,
454080, Yensiouuck, npocrnekt JlenuHa, 1. 76.
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Hemet XKoar, npodeccop, kadenpa TeOpuH U NPaKTUKH CIIOPTa, HHCTUTYT CHOPTHBHBIX HAYK H
(dbm3uaeckoro Bocriutanus, [leucknit yauBepcuret. Y. 48-as tér 1, 7622, [leu, Benrpus.

Sxun [Imutpuii XaguHypoBUY, aciupaHT KadeaApsl TECOPUU U METOAUKH PU3MUECKON KYIbTYpPhI U
cnopta, HOxHO-Ypanbckuii rocynapcTBeHHbIN yHuUBepcuteT. Poccus, 454080, UensOuHCK, MPOCHIEKT
Jlennna, 1. 76.

Sxuna TaTpsina BsyecnaBoBHA, aciupaHT Kadeaphl TEOPUN U METOIUKHA (PU3UIECKON KYIBTYpPhI
u cropta, FOHO-Y pambckuii rocymapcTBeHHBIA yHUBEpcHTeT. Poccus, 454080, UenssOMHCK, MTPOCTIEKT
Jlenuna, 1. 76.
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