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Abstract

Background: Musculoskeletal disorders (MSD) are a common health problem among dentists. Dental treatment is
mainly performed in a sitting position. The aim of the study was to quantify the effect of different ergonomic chairs
on the sitting position. In addition, it was tested if the sitting position of experienced workers is different from a
non-dental group.

Methods: A total of 59 (28 m/31f) subjects, divided into two dentist groups according to their work experience
(students and dentists (9 m/11f) < 10 years, dentists (9 m/10f) = 10 years) and a control group (10 m/10f) were
measured. A three-dimensional back scanner captured the bare back of all subjects sitting on six dentist’s chairs of
different design. Initially, inter-group comparisons per chair, firstly in the habitual and secondly in the working
postures, were carried out. Furthermore, inter-chair comparison was conducted for the habitual as well as for the
working postures of all subjects and for each group. Finally, a comparison between the habitual sitting posture and
the working posture for each respective chair (intra-chair comparison) was conducted (for all subjects and for each
group). In addition, a subjective assessment of each chair was made.

For the statistical analysis, non-parametric tests were conducted and the level of significance was set at 5%.

Results: When comparing the three subject groups, all chairs caused a more pronounced spinal kyphosis in
experienced dentists. In both conditions (habitual and working postures), a symmetrical sitting position was
assumed on each chair.

The inter-chair comparisons showed no differences regarding the ergonomic design of the chairs. The significances
found in the inter-chair comparisons were all within the measurementerror and could, therefore, be classified as
clinically irrelevant.

The intra-chair comparison (habitual sitting position vs. working sitting position) illustrated position-related changes
in the sagittal, but not in the transverse, plane. These changes were only position-related (forward leaned working
posture) and were not influenced by the ergonomic sitting design of the respective chair. There are no differences
between the groups in the subjective assessment of each chair.
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Conclusions: Regardless of the group or the dental experience, the ergonomic design of the dentist’s chair had
only a marginal influence on the upper body posture in both the habitual and working sitting postures.
Consequently, the focus of the dentist's chair, in order to minimize MSD, should concentrate on adopting a
symmetrical sitting posture rather than on its ergonomic design.

Keywords: Posture analysis, Dentists, Musculoskeletal problems, dentist’s chair design

Background

It has been shown that dentists who work in a sitting pos-
ition are more likely to report severe lower back pain than
those who alternate between sitting and standing [1, 2]. Since
the introduction of treatment on the reclined patient in den-
tistry in the 1960s, dentistry has changed from being usually
performed in a standing position to being executed mostly in
a sitting position [3, 4]. An increased working time in a sit-
ting position may be related to an increasing number of
musculoskeletal complaints (MSD), which represent a major
impairment [5-17]. Numerous studies [5-15, 17] have
shown that between 64 and 93% of subjects surveyed (den-
tists, dental students, dental hygienists and dental assistants)
stated that they suffer from MSD. The most affected areas
are the neck (19.8—-85%), the shoulders (20-65%) and, in par-
ticular, the back area (36.3—-60.1%) [12]. Lietz et al. [18] con-
firmed these results in their review. Headaches, numbness,
paraesthesia and complaints of the hands or knees are also
often described as side effects [1, 11, 19]. Only irregular cor-
relations between the reported complaints with regard to age
differences and the work experience of dentists can be found
[8, 20—22]. In general, these results are globally reported [5—
15).

Further factors such as an unfavorable posture [5, 12,
21, 23, 24], psychological stress [1, 11] or a lack of phys-
ical activity [25] can lead to a heavy physically demand-
ing body strain. A highly physically demanding working
posture is often be assumed while gaining insight into
the patient’s mouth; this means that the dentist sits on
the right-hand side of the patient with a left-sided rota-
tion, right-sided lateral flexion and ventral inclination of
the upper body [15, 26, 27]. Furthermore, the hip and
knee flexion include angle values of less than 90°, while
the head is bent ventrally and rotated to the left. The
right arm is raised up to 90°, rotated inwards with the
forearm strongly flexed, while the left arm is abducted
60° and rotated inwards [28]. The described posture has
been observed in right-handed dentists, but also applies
to left-handed dentists in the mirror-inverted positions.
Consequently, it can be assumed that this constantly
same working posture over many days, weeks, months
and even years leads to the development of biomechan-
ical strategies in order to fulfill the work requirements.

This can lead to muscular fatigue and strain on the
peripheral nervous system due to recurring movements

and static positions held for long periods of time. Over
time, these can also lead to pathological changes in the
musculoskeletal system and the spine [1, 19, 21, 29, 30].
Many factors can influence the working posture includ-
ing the equipment of the workplace [31], the selection of
working instruments, the type of working technique, pa-
tient positioning, the lighting conditions prevailing at
work or even the dentist’s chair [32—-35].

As a result of these work-related complaints the field
of dental ergonomics has generally received increasing
attention in recent years. In the field of dental ergonom-
ics, efforts are being made to reduce these prevailing
physical strains by, among other things, attempting to
modify the dentist’s chair layout. According to the
manufacturer, the dentist’s chair should allow the user
to sit in a stable, relaxed position with a straight back,
without twisting the spine or turning the head and with
a good view of the working area [27, 36]. Ergonomically
shaped dentist’s chairs differ mainly in the design of
their seat and backrest.

Related studies such as those by Gandavadi et al. [33]
and Dable et al. [34] found an acceptable working pos-
ture for the saddle seat (final risk scores in the range of
2-3) compared to a conventional comparison chair (final
risk scores in the range of 3-7) by using the Rapid
Upper Limb Assessment (RULA) to evaluate different
dentist’s chairs.

Haddad et al. [37] and Fiedler [38] used EMG to deter-
mine the muscle activity during sitting. Fiedler [38] ex-
amined the activity of various muscles (M. erector
spinae, M. deltoideus, M. biceps brachii, M. triceps bra-
chii, M. sternocleidomastoideus, M. trapezius (pars des-
cendens and pars horizontalis) and M. rectus abdominis)
while sitting on six different chairs in five different pos-
ture positions. Although Haddad [37] was able to dem-
onstrate chair-specific muscle activity (M. trapezius pars
descendens an pars horizontalis) between two different
dentist’s chairs while performing examination tasks of
the lower jaw, Fiedler [38] refuted these results since the
muscle activity was almost identical on each chair des-
pite the different layouts.

Parameters such as the pelvic rotation on different
dentist’s chairs were analyzed by De Bruyne et al. [32]
using strain gauges. Different sagittal pelvic tilts were
observed with simultaneous changes in lumbar pressure
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and trunk muscle activity depending on the chair design
used.

Apart from the numerous examination methods men-
tioned above, there have been no analyses to date which
investigate the influence of the ergonomic design of den-
tist’s chairs on the upper body posture and the resulting
changes in the spinal column. Since not every method
can depict all changes, with the help of different exami-
niation methods it is possible to obtain comprehensive
insights into the changes from different perspectives.
However, a suitable method to investigate such potential
influences is videorasterstereography [39-44]. This
method has been successfully used to examine the upper
body posture of musicians sitting on musician chairs of
a different ergonomic layout [45]. In order to correlate
results obtained with different methods in the future,
further studies are necessary.

Thus, six exemplary dentist’s chairs were examined in
this study. The aim was to clarify whether dentists
adopted a more asymmetrical sitting posture on the
chairs, compared to a control group, due to their profes-
sion and whether the professional experience within the
dentists made a visible difference in their posture. Re-
gardless of the choice of occupation, it was examined
whether the various chair designs showed clinically rele-
vant differences, firstly, in the habitual sitting posture
and, secondly, in a simulated working posture. Further-
more, the two sitting postures were compared.

The hypotheses to be tested are:

Hypothesis 1: Experienced and less experienced den-
tists show asymmetries in the shoulder and pelvic region
when habitual sitting on different dentist’s chairs com-
pared to the control group.

Hypothesis 2: Due to the biomechanical strategies ac-
quired during working life, the spine and shoulder pos-
ition worsened (less symmetrical) with increasing dental
work experience when sitting on the examined dentist’s
chairs in working posture.

Hypothesis 3: When habitually sitting on the saddle
chair, the straightening of the pelvis results in an
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increased kyphosis and lordosis angles compared to the
other chairs.

Hypothesis 4: The comparison of the habitual with the
working sitting posture results in postural differences in
the cervical and thoracic regions.

Methods

Subjects

Fifty nine subjects (31w/28 m) aged 24 to 69 years (37.8
years +15.1 years) with an average height of 174.7 cm (+
7.94 cm) and an average body weight of 71.03 kg (+ 12.2
kg) were divided into three groups. Accordingly, group
1, the control group, consisted of healthy subjects (via
self-assessment) without any dental work experience,
group 2 consisted of dentists or dentistry students with
work experience of less than 10 years and group 3 com-
prised dentists with work experience of more than 10
years (Table 1). While there is a significant difference
between groups 1 and 3 as well as 2 and 3 with regard
to age, no differences could be demonstrated with regard
to height and weight. The difference in age between
groups 1 and 2 and group 3 confirms the statement that
age is related to work experience.

The following criteria applied as exclusion criteria for
the study: undergoing surgery within the last 6 months,
scoliosis, torn ligaments, acute herniated discs, spinal
surgery, trauma lesions, genetic neurological or muscular
diseases, influence of medication from analgesics or
muscle relaxants and other conditions affecting the spine
or musculature.

All test persons had given their written consent to par-
ticipate in this study. The study was approved by the
ethics committee of the Medical Faculty of the Goethe-
University (Nr. 140/10). All methods were performed in
accordance with the relevant guidelines and regulations.

Measurement system

Three-dimensional back scan

The upper body position was measured by using the
ABW BodyMapper (ABW GmbH, Frickenhausen,

Table 1 Descriptive data (group distribution, gender, age, height, body weight) of all test persons. Significant differences between

two groups are marked with the same superscript letter (a or b)

Group 1 Group 2 Group 3
Group No dental Students of dentistry / dentists < 10 years professional Dentists 210 years professional
description education experience experience
Gender 20 (10w/10m) 20 (1Tw/9m) 19 (10w/9 m)
Age (years) 23-52° 24-32° 45-69 °P
(29.90 + 8.04) (2640 + 2.06) (5642 +6.88)
Body height (cm) 160-193 176.65 +8.31 17363 +7.31
17340+ 801
Weight (kg) 50-100 68.65kg+13.16 73.53+£10.07

71.08+12.79
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Germany), a light optical device based on videoraster-
stereography. The maximum frame rate of this device is
50 frames/sec with a depth resolution of 1/100 mm,
while the error of measurement, according to the manu-
facturer, should be <1 mm and for repeated measure-
ments less than 05mm. Six light-reflecting, self-
adhesive skin markers (of 1 cm diameter) were attached
to six anatomical landmarks (vertebra prominens, lower
scapula angle right and left, posterior superior iliac spine
left and right and the sacrum point (rima ani) (Fig. 2)
[46, 47] directly on the back of the test person prior to
the measurements.

Videorasterstereography has already been confirmed
as a suitable method for recording upper body pos-
ture [39-44] and, therefore, was used in further stud-
ies to obtain representative standard values for young
women (21-30years) [48], young men (18-35 years)
[49] and middle-aged men (41-50years) [50]. A de-
tailed description of the spine parameters examined
can be found in [51].

Dentist’s chairs

Six different chairs were selected for this study. They dif-
fered in their design and underlying ergonomics; these
are summarized in Table 2 and all sitting concepts are
additionally illustrated in Fig. 1.

Chair 1,2,3, 5 and 6 were chosen since they are the
models commonly used in German dental practices
and universities. Only chair 4, the Swopper, is not de-
signed for the field of dentistry. It is an ergonomically
designed chair whose construction is flexible enough
to allow “moving sitting” (bouncing). Body muscles
can thus be moved unconsciously, actively reducing a
static sitting posture.
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Measurement protocol

The investigation was conducted at the Institute of Occu-
pational Medicine, Social Medicine and Environmental
Medicine at Goethe-University Frankfurt/Main (Germany).
One measurement took about 2s. Since we performed a
high number of measurements on the 6 chairs, the meas-
urement of each subject took approx. 1 hour.

Based on the questionnaire used in the study on musi-
cians’ chairs [45], the subjects in this study were asked
about their subjective evaluation of the individual chairs
by using school grades. When grading the chairs, each
mark from 1 to 6 does not necessarily have to be
awarded once, but several chairs could also receive the
same marks.

Prior to the initial study, the questionnaire was evalu-
ated in 10 dental students.

In this context, the following questions, among others,
should be answered in relation to each chair: How did
you like the chair designs you just tried? What did you
particularly like about the best chair? Here, the three
main criteria mentioned by the test persons were the
comfort, the clearly defined sitting position of some
chairs and the ergonomic design.

Prior to the body posture measurements being taken,
the backrests of chairs 3, 5 and 6 (Sirona Hugo freehand,
KaVo Physioform 5005 and KaVo Evo) were removed
for the duration of the measurements in order to enable
the measurement of the back down to the landmark
rima ani. Dable et al. [34] confirmed that the backrest
has no influence on the sitting behavior.

The order of the chairs and the sitting postures were
randomized. Each subject was measured in two different
sitting postures (the habitual sitting posture and the sim-
ulated dental working posture) on all six chairs (Fig. 2).
For the habitual sitting posture, the test person sat

Table 2 Characteristics of the six chairs used: special attributes, sitting area and height of sitting position

Chair Abbreviation Special Sitting area Height of sitting position (knee ankle) Company,
attributes/ chair name
backrest

Chair  Sib no backrest disc-shaped, horizontal height adjustable Sirona, CARL

1

Chair  Sal no backrest saddle-shaped, two parts mutually height adjustable Salli, Saddle

2 adjustable, adjustable inclination manufacturer information: chair

135° knee angle

Chair  Sio backrest ventrally inclined, flexible in the front height adjustable Sirona, Hugo

3 removed part Freehand

Chair  Sw no backrest hemispherical, resilient, flexible height adjustable weight adjustable, spring tension Aeris,

4 adjustable, lateral deflection adjustable Swopper

Chair  Kg backrest ventrally inclined, central elevation height adjustable KaVo,

5 removed Physioform

5005

Chair Kb backrest ventral inclination to max. 15°, central height adjustable KaVo, Evo

6 removed elevation




Huppert et al. BMC Musculoskeletal Disorders (2021) 22:462

Page 5 of 21

Chair 5 Chair 6

Fig. 1 Types of chairs used: 6 different ergonomic chairs used by professional dentists were measured. Different dental working chairs
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Position 1: habitual sitting posture

Fig. 2 Both measurement conditions. The left side shows the habitual sitting posture (condition 1), while the right side shows the working
posture (condition 2). Six attached anatomical landmarks, habitual sitting posture (position 1) and simulated dental working posture (position 2)

Position 2: working posture

upright while the legs were placed vertically with both
feet on the floor and the hands placed on the thighs. For
the dental working posture, the subject was asked to
adopt the following posture: the upper body was tilted
forwards by approximately 10° in the hip joint. The test
person held an object with both hands and tilted their
head downwards to be able to look at it. The distance
between the eyes and the object was approximately 30—
40 cm. The seat height was adjusted so that an angle of
between 90 and 135° was assumed in the knee joint, ac-
cording to the manufacturer’s recommendation. All an-
gles to be adopted were checked with the help of a
goniometer [3, 27, 52, 53].

Three consecutive measurements were performed
from which the mean value was calculated.

Additionally a subjective assessment of chair comfort
was conducted which based on the school grading sys-
tem, with 1 representing the best and 6 the worst rating.

Statistical data analysis
The program “BiAS 11.08” (Epsilon-Verlag, Darmstadt,
Germany) was used for the statistical analysis. Firstly,
normality assumptions were tested by the Kolmogoroff-
Smirnoff-Lilliefors test. Since the data did not show a
normal distribution, non-parametric tests were used.
Secondly, in order to compare all chairs for each back
parameter, either in the habitual sitting position or in
the dental working position, the Friedman-test was car-
ried out with subsequent multiple pair comparisons.

All three groups were compared with the Kruskal-
Wallis test followed by multiple pair comparisons. To
compare both postures, the Wilcoxon-matched-pairs-
test was used.

All p-values were corrected by Bonferroni-Holm cor-
rection. The subjective assassement of chair comfort was
calculated by the Chi? test for the contingency table.

The significance level was 5%.

Results

Table 3 shows the median, minimum and maximum for
all the parameters of the upper body posture (spinal col-
umn, shoulder and pelvic parameters) during the habit-
ual sitting of either all subjects or of each group
individually. Table 4 contains equivalent values for the
working posture.

Group comparison of each chair

Table A (supplemental) shows the results from the inter-
group comparison per chair, both in the habitual sitting
posture and in the working posture. Table 5 provides
more detailed information on the significance between
the specific groups.

Habitual sitting posture

The parameter trunk length S was significant for all six
chairs (p <£0.02). The thoracic bending angle was signifi-
cant (p <0.02-0.04) for chairs 1, 5 and 6, while the lum-
bar bending angle was significant in chairs 2, 3, 4 and 5
(p<0.001-0.03). The kyphosis angle was significant for



Page 7 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

€91 iZza 680 L0 660 71'¢
/0L — €0 /96'0— 020 /LEL= 00— /07 L— 00 /98l — 9¢0 /60'L— S0 l
ve'l oLt /80 ¥90 S60 Sl sdnoib
/L€ — 00 /8¢ L— SLI'0— /181— €0~ /¥9'1l— S¥0— /86'L— €C0— /0L — 0lo— v VVS (o) dUIP3p SIXY
Lel oL 00'L €l LoL 9/°0
/690— ¢S50 /050 — 080 /9¢€0— L0 /€€0— SC0 /€' 0— €0 /090— 0€0 €
SYL 7o'l JASH! 1oL 65l Ll
/C10 990 /€C0 790 /170 Ll /L0 L0 /LE0~ 090 /900~ 040 4
LGl £L0¢C S/l 'l 89°L S0¢C
/910 Ll /8010— 680 /9C0 0L /L00— 650 /70— 6,0 /Y0 oL L
8¢l 01 051 oL 651 9¢'L sdnolb
/P00~ €0 /v1°0 8/°0 /¥C0 960 /00— 8v'0 /8€0— 750 /510 €0 IV N4S () SulPsp yuniy |eauoiy
009 - S6'G — 8¢S — 986 - ey — 4%
wee— 1L — /886— /8- /S¥8— 99— /9€6— 65/ — /= 155 — /€€6— 9L/ — €
Yy — S — oLy — 979 - (VA LEG—
/086—  8//— /L7 0l— 0L/~ /868—  8¥/— /SC6— 99/ — /€€~ 8/'G— /266 — S0L— 4
0817 — oty — 65€— 0C9— €y — lge—
/8= 0CL— /.08 — 5G9 — /€8°L—  v¥9-— /88— 0CL— /LT — 86— /L9 — 959— L
SCS— l¥'5— LYY= cl9— 60— eS— sdnolb
/088 — LS/~ /le6— 9C/L— /99'8— 99— /€6'8— /= /€€~ 8/°G— /1L'8— €0/~ IV NYSS () duipap suniy jenibes
L1°SYS €985 €09¢sS 00'8¢€S §G9¢S 969¢S
/€1'60S  690¢S /8€0S  68'1¢S /88105 ¥C¥LS /€CE0S  C9SLS /€0°10S  I8ELS /SCS0S  STLLS €
SC'895 71995 £G°C9S 6'C9S 6€0SS 6¢'C9S
/ECLES  696YS /TE9CS  €0TVS /€9°CCS 68915 /€6'€CS LY OPS /60'SCS  S6'LES /9TLCS  8E'8YS C
6,695 5599 6/'85S 0G°€SS LE/SS Cle9s
/867CS  8l'EVS /S861S  0/'8€S /SSLCS  6LPES /W[CS  STSES /6891S  687ES /PSECS  C09€S L
61095 or'vSS 68155 6£81S €1°95S sdnolb
/0691S  900VS C98SS/HEVLS  65GES /PYClS  L6'TES /C9SLS  STPES /L¥'60S  [T8CS /SL9LS  ELPES v STYS (W) S YIbus| Sjuni
96'505 £6'867 ov'eer 9S 61 8¢'861 08'C6r
/98C9v  ¥9/81 /8LY9%  SE€8.Y /80°LSY 89S/t /9809% 898t /LC09% 60Ty /6'19% 008t €
6/'1CS 0g9ls 1/8lS cl'els 900LS 181G
/€S LY €TeY /LYy 80Y6h /691y vOeer /OLELy €56 /0¥'89%  L0'88Y /LUSLY  8Leey 4
96'6CS €ECES lv/cS 6C/LCS S¥ecs 61'6CS
/CSYLy - 08005 /€0SLY €586V /89'LLY 986y /99y 81’86 /6Ly ¥E66Y /€6 1LY 09105 L
9C/LLS €/0LS 6/'60S ¢SLLS /605 ccols sdnolb
/LSy L6y /6ELLY  8l6Y /v8L9%  L/88Y /6697 16887 /66'G9%  6C V8V /v80Ly  CL06Y [V 1ays (Wuw) @ Yyabus| yunip
J9)owesed auidg
winwixep| winwixep winwixepy winwixep| winwixep winwixepy
JWNWIUI  uelpay junwiuip uelpsp JWNWIUI  Uelpapy JwnWiulp uelpay Jwnwiulpy uelpspy Jjwnwiuily ueipaly  sdnoin
a) 9 11eyd By S areyd MS ¢ Jieyd OIS € Jleyd |es T 1reyd qis L 1reyd ainysod bumis jenyqeH

(aM) 0A3 OARY (9 JteyD ‘(B)) 5005 WHOJOISAUd OARY (S J1eyD ‘(MS) 19ddoms susy i+ JieyD ‘(01S) pueyaaly obni euoils € Jleyd ‘(jes) 41reyd s|ppes f[es ¢ JieyD ‘(qIS) TdyD euolis
:| JieyD dnolb |enpiaipul yoes 1oj pue suosiad 1591 ||e U0} S191awieied JUSUIRINSEIW [[e JO WNWIXeW pue WNWUIW ‘Ueipaul JO UoeIudsald -inisod bunus [enligeH € ajqel



Page 8 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

85'S 44l 6l SI'e 09l [0S
/S€6—  6£7— OlLl—  9/%— 06/~ [97— /66— 861 — /866— 059 - JLL9—  €9h— ¢
00'S ¥59 799 S0 ve'g 90'¢
/8€/— 80— /Or'S — 8¢ /ELS—  €l0— /8/9—  6LG— /¢S 1~ 660 /909—  [TE- 14
STl 8¢9 96’/ vL9 s 659
VA 810 /ey — L£0 /706 — 610 /Iy = ¥90— /69—  69€— /69— 66T~ L
85'S €6'S 69 [4%% YA 9 sdnolb VSINS
/CC9—  9L1— /196G~ 860— /S~ 08'1— /€99—  Olv— Q18— 99¢— /009 ¥Ob— IV (WW) UOIRIASP [I1E] [BUUIXEIA
¥9°§ 619 S6Y 6%'S ¥€9 S¥'S
/ST 9¢'e /191 343 /65T ¥S€ /61 743 /SLL 34% /S8°¢C 433 <
64'S St 06'€ L09 14 6l
/20T S9'€ /€CC (143 /61¢C 9¢e /90T 09°€ VN 1444 /€LC 89°¢ 14
91'g 10'S (TS 98 L0'9 L0G
T 88'¢ /10 0ce /0T 9re ET 19°€ /161 e /18¢ VA3 L
1458 6% 6LY S¥'S 68°S 89% sdnoib SYSS (W) uonelrsp
€T 99°¢ /00T lee /9C°C 6¢°€ /0v'C =3 /01T ¥8'€ /18¢ S5'e 1% [e433e| UONEIASD piepUElS
LL0L YTl oLeL STl Siad! SSel
/1¥'8 666 /169 66 /€¥'9 066 /659 SL6 /€68 1901 /80'9 vE6 ¢
166 /88 76 96'6 SE0L 6001
/1¥'S 0Lt Vo ad S/9 /561 919 /C9Y SC9 /8¢S (T8 /LTS €69 4
8511 9¢6 €66 818 o6 601
VA4 008 /LS€ 60 /8€ ) Vieaz €9 /SSY 66 /87'S €6/ L
LL0L 0.0l (Y701l 6901 SL0L 770l sdnoib MaTs
/009 098 /€6% 9L /00°S /89 /8Y 8/ /629 128 /19°S 18/ 1% (o) 3|bue Buipuag Jequin’
LI€T 9z€T L0V rler S0 9zTT
/Yyl 56l JLLSL pL6L /LFEL CE8L /6971 9561 /€€l 0L6L /6%l /88l ¢
el 916l A 1661 88/1 1881
/€5CL 08l /eLecL 1961 /20€L LT9l 0TEL YL QUEL 045Gl /SSCL 88¢€l 14
9081 A /891 /561 €88l (T8l
8Tl ol /€8T ¥TSL /6071 6LSL /86'€L 0961 /CLEL 1891 /S5°CL 186l L
7561 6861 ce6l €00 0z6l 8061 sdnolb MLS
/STEL L0LL /LEEL 9191 /99°€1 1991 H9rL €18l /F9EL €891 8Tl 9591 1% (o) 3|bue Buipusg ddeIoYy |
040 80 8.0 €20 %0 ¥20
/85— ST0— /96— 80— /LT 8lL— mlc= 0L /86'1—  €80-— /STT— ¥90— <
LE'L 860 G680 9%0 YOl G680
/SSl— 600 /61— 8l0~— /08l—  8/0— /00L—  1¥0-— pLT—  960-— /89— /00— 14
winwixep wnwixepy winwixepw winwixep wnuwixepy winwixepw
jwnwiuily  uelpapy jwunwiuily ueipapy Junuwiuily  ueipapy jwnwiuily  uelpapy jwunwiuily ueipapy jwnwiulpy ueipsly  sdnoun
qy 9 areyd 6y < areyd MS ¥ Jleyd oIS € ileyd les Z J1reyd qis L areyd aimsod Bunyus [enyiqeH

(panupuod)

(@) OAF OARY 0 J1eyD ‘(By) S00S WIOJOISAU] OARY G JleyD ‘(MS) Jaddomg suay 47 J1eyD ‘(01S) pueyaai{ obnH euouls € Jieyd ‘(|es) Jieyd S|ppes 1[1es 2 J1eyD (qIs) TYyD euolls
:1 JieyD dnolb |enpiaipul yoes J1oj pue suosiad 1591 ||e U0} Sia1awieied JUSUISINSEIW [[e JO WNUWIXeW pue WNWUIW ‘Uelpaul JO UoIleludsald -inisod Bbunus [eniigeH € ajqel



Page 9 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

68+¢ 769¢ 08y 76'6¢ 4324 758¢
/6v'8  L06C /1991 96'/C /999¢  9¥0€ /TlISL ¥6'8T /EL0T  TLTE /10T 08T ¢
05¢€ 16T 69€ 65G¢ %3 [aAd
/9% 69€T /ESTL 9g€T /8YL  69L1 /816 lz€T /850l ¥98L /896  8L%C z
086¢ 68CE %61 414 SLlE €8'5C
/T€T  8ETC /YT a7l /60— 9bPlL e S66L /166 7891 /6Ty €6l L
8TYE 69CE Lzl sree 0£9¢ co'le sdnolb
/99 909C /SE€TL €6 /L8 600C /S68 0T /1801 691 /070l 8LtC 1\ MTS (;) 3|bue sisopio
0£€9 [£€9 Y0'€9 969 €899 1¥'€9
/LISy 005§ 6Ty SLLS /€0y TT8S /Sy LLLS /L09%  81'SS /661y €4SS €
(YA 9815 L1'SS 6'LS 8185 2L6S
HO6E  9lby /6Ly l6EY Yoy LT /6007 98GY /EV8E  9l/Y /9L9¢  €0SY 14
L9/ 9561 rLoy 6861 0805 6905
/678€  LlbY /619¢ LUl /STYE  LOOF /109€  8lov /9T0r  S6'Eh /6LLE  SLTY L
06'65 518§ 11'8S S¥/S £8'85 SE'8S sdnolb
/T6E 001y /LTO0Y  00SH /TL8E  8ESY /8565 69V /L66E  €LLY /684§ LE9Y 1\ S () 21Bue sisoydAy)
S0 656 LE8 v6'8 €6/ v
/9T S~ ws /66'G — Ty /69'G — 9T's /LY— vie /SE°6— 14 /Ty S— Ly ¢
[6S oc/ 59/ 99/ 05, /69
/S1 or's /61°0 68°S /0L€ 0z9 /0L€ €9 /50T - vy /€80~ oY 14
clL 619 L9°S vL9 €8/ 8LL
/8L°¢— 68¢ /05T — 9Y /L€°€ — oLy Jry— ey /19°€ - Sl'S /197 — 88'¢ L
879 669 IWA 8¢/ 89/ I/ sdnolb
/€97~ S0'S /9% L— €0'S /19°€ - 0TS /OLy— [TS /66'€— 8/€ /0L€~ oY 1\ YIAIS () UOIRIOI [eWIXely
LSV Y0'S oY €5 €9°¢ Vi
/0v'C 43 /EV'C e /80T S0'€ /81T ore /82¢C 88¢ /6v'C cee ¢
00°€ VA 08'€ 9l a4 97
/SLL VAL /€0 66C /50T 8T’¢ /59T e /681 Kord VoAl 9€T 4
wy 67 8T€ 9¢Y 7 067
Viéd! 887 /561 08¢ /20T ¥ /681 LT /10T 14:14 /6L 143 L
w6€ oLy 8¢ (a4 oLy 99Y sdnoib Yvss
/01T €8¢ V4 S6C /1T Y0'€ /81T L0°€ /20T 09¢ /601 o€ IV () UONeI0I UONEIASP plepurlS
winwixep wnwixepy winwixep winwixep wnuwixep winwixepw
JWNWIUIAl uelpa\ JWNWIUl  uelpaiy jwunwiully  uelpapy JWNWIULAl  Uelpa\ JWNWIUl  uelpaiy jwunwiuljy  uelpspy mQ:o._...u

ay 9 dtey>

6y < areyd

Ms ey

oIS € Jleyd

[es Z Jreyd

qis L Jreyd

ainysod Humis jenuqeH

(panupuod)

(@) OAF OARY 0 J1eyD ‘(By) S00S WIOJOISAU] OARY G JleyD ‘(MS) Jaddoms suay 47 J1eyD ‘(01S) pueyaai{ obnH euouls € Jieyd ‘(jes) Jieyd S|ppes I1[1es 2 41eyD (qIs) TYyD euolls
:1 JieyD dnolb |enpiaipul yoes J1oj pue suosiad 1591 ||e U0} Sia1awieied JUSUISINSEIW [[e JO WNWIXeW pue WNWUIW ‘Uelpaul JO UoIleIudsald -inisod Bunus [eniigeH € ajqel



Page 10 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

60 L60 9L S80 120 SL0
/86'L— 100 /95— LT0— /ve'L— 950~ /SL1—= 890~ /181~ SL0— /98'1— G0~ sdnolb |y VYV (o) 3Ul[239p Sixy
€81 e SLL 60C ¥0C I3
/66'0— 660 /91— 6C'L /L0~ 9¢'0 /190~ L0 /¥80~— LG50 /07 L= 00 €
iZa SYL 79l 79l 78l 65l
/190— €00 /SC0 Y0l /610~ 00 /500~ S0 /910 S0 /YC0— Ll 4
¥6'L yAN4 08l 091 €9l 80C
/710 €0 /9C 0~ 990 /CC0— 60'L /€00~ 690 /€00 — S0 /900 STl l
16l 18l 78 79l 691 VAl
/CC0— 990 /S0~ €0l /SC0— SL0 /S10— 9’0 /YC0— 990 /LT0— 660 sdnoib ||y NY4Y (o) SUl23p 3un.a [eauoi
8yl — 1091 — 8¢elL— VAR Syl = oYL —
/LC0C—  LL9l— /650C—  9C8l- /S90C—  ¥SLL— /P68l —  €€91— /0¥ /L= €991 — /8€6l—  S¥/L— €
€Sl - 8¢Sl — Syl — Iyl — 00€l — 081 —
/0L0C—  SL/L— /F88L—  9991— /00— ¥09l— /S6LL— CE9L— /9691 = /S¥l— /8L6L—  0L9l— 4
orel — ocLL— N0¢Cl - JAN N 40 S9¢ClL -
/€88l — 9591 — /0C6l— 09l — /65/1—  S6Yl- /99/L = wrYl— /SS8lL— /€Sl — /908l —  /SPl— l
8l - LUSL— €Cel— eel— 99¢CL— 69¢l—
/cL6l— [991 — /156l - 089l— /(88l—  0l9l- /S08l— SC9l— /O /1= 8TSLl— /€€8L=  ££91— sdnoib ||y NYSY () 2ulpap yuniy [enibes
SYers YT LYS 8 0vS G8'LES LCLES 8€9¢S
/S8YLS  C09¢S /60vLS  ¥/9CS /89867  68CCS /€00lS  C0eCs /0£/0S5  €90¢S /9105 0C€Cs €
66'895 81048 96'CLS /'89S L1295 WAVAS
/0CLES  LE6SS /PL6Cs  09CSS /8L'ECS  B8LULYS VAVA 74089 29 /L0TCS  TLTYS /L59CS  vC0SS 4
8/085 €818 AN €C°€9S 9695 009.5
/L80ES  EVLES /LL9CS  C09gES /W8CS  LYYES /8TSCS  9¢'EES /6L°€CS  LT8ES /€6'LCS  6EPES |
CL'995 LY9S 8955 G8'65S 75955 01lt9S
/0CeCs  0L0vS /8lCCS  966£S /LE9LS  /8PES /8C8LS  9LPES /SLLLS  LLYES /650¢5  86%ES sdnolb |y STHY (W) § yabus) yunip
LZ'S0S 8’108 96'86% £0°00S L9861 9'L6v
/88y ECY8Y /CCLo%  STS8Y /CL09%  8Y'SLY /CS'19Y 868y /ELEdr  EST8Y /8699 6618y €
9€'LCS LTSCS ST9CS Y9'ECS €915 S/'SCS
/c0e8y  ¥0'S0S /6018y 9T 66V /86'€Ly  8l'S6Y /LSYLy  SE00S /vy 6016Y /ElvLy  6'86Y 4
86'6CS ¥8'/€S LI'€ES LEVES 88'/CS 6'Les
/0l'l8y  0g66h /LL08y  SYlev /LTy 6CE0S /LS9y tyeeh /186y ¥E00S /€56y 69005 L
19'CCs €8918 YCSLS 60615 LZSLS 98'L¢S
/LSy 8Ly /996y Ol'v6y /9Ly 8LYeY /LECUY v ley /96ELy  66'68Y /9Ty 96y sdnoib |y 1YY (Ww) @ yabus| yunip
J9)9wesed suidg
wnuwixep wnwixep wnwixep winwixepy wnuwixep wnwixep
JWNWIUI UeIP3lN /WNWIUIA  UBIP3JA /WNWIUIN URIPS| /WNWIUI UBIPSJ\ /WNWIUIlN UBIP3A /WNWIUl UeIpI dnoup
9) 9 Jreyd 63 g areyd MS ¥ Jleyd oIS € Jieyd |es ¢ Jreyd qis L ireyd ainisod Bunpom

@)

ONF OARY 0 11eyD ‘(By) S00S UWOJOISAU] OARY G JieyD ‘(mS) Jaddoms suay 4 J1eyd ‘(01S) pueyaai{ obnH euoliS € Jieyd ‘(|es) Jieyd s|ppes 1[1es 7 41eyD (qIS) TYyD euolls :| Jeyd
‘pa1e|0sl sAdnoib 921yl Y JO Yoed 10j pue suosiad 1531 ||e o4 sio3auleled JUSWSINSEIW [|B JO WNWIXeU pUR WNWIUILW ‘URIPSW JO UONRIUSSAI "2in1sod Buiiis Buiop ¥ ajqel



Page 11 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

€6G 99 LS LT 19T wh
/209 - 650 /089—  0Sh - VdN 60T /lL9—  TET— /SLL—= ¥9T— /78S—  Slv- z
LeY 719 06% S6% A L9
/68— 0TE— /SP9—  TST- /6= WT— /STS—  80T— /S0S—  €8¢€— /S9Y—  STE- L
98t 109 LY [43% ole 00’
/I¥9—  887- 9/~ 06E- /6€5— /81— Ui~ 98T- /689—  [8¢E- /01I9—  6£€— sdnoib |y VSY (W) UOIBIASP [BS1R] [BUIIXe
{0 1Zs LTS oS 6€S 9%
/56T 6Lt /8%°C Sl /€T viv /86C 0 /00T 8ch /90T 6v'€ €
S61 9%t 651 19¥ 795 86'€
/6€T £v'e /02T LS€ /04T YEE /56'1 €8¢ /10T LI /€T 8l'¢ 4
vl'S al's 59 95'G ory 00t
/60T (4 /86'L 443 /STT 0g'€ /Tv'T L8T /67T 1LT /00T 85°€ L
70§ s (VA% LS 8/ Y oLy
/67T 1S€ /81T oLy /85 see /LT 0TE 71T 0Ce /€T 6£€ sdnoib Iy SYSVY (W) UONBIASP [BIS18] UOARIASP PIRPUEIS
896 0971 05Tl 98zl 0T6 6801
/0L S8 /085 596 /519 58 /9L 6 /2T9 €8 /759 0C'8 <
443 LEOL 88l 1 0£6 an 7901
/1S 68 /T8 959 /7SS 0rL /929 189 /0Lt ¥89 iz 0SS z
L06 Lzol 196 176 €6 8€01
/£8°€ 869 /t6Y 169 /88°€ 659 /9L Y 601 /9% 6v9 /667 w9 L
876 6£01 L1001 0501 956 0801
/¥S'S STl /EV'S 6lL /LS 99/ /179 008 /LLY or'L /€67 €9/ sdnoib |y MATV () 3|bue Buipusg JequinT
Za33 (VAds €L1€ €90¢ 69'1€ 190¢
/€9TC 089 /LLNT 889 0717 699¢C /8807 ¥LST /EVET T6'ST /IS 809¢C €
509z 8€'ST ¥S'ST 7057 LEvT STST
/8.8l €60C /208l /91T /90T ¥TEC /8161 ¥4 /L6l €8TT 8Ll 651 z
e 08'sT TLse vTLT L0'ST 8T/T
/S€61 991 /SP8L 65T /tg6l 9T /86l 61T /€807 08TT /S€61 88TC L
5897 8897 68/T 9597 95T 6¥'LT
/6961 00°€C /1z61 9t /0T TSEC /210 ST V1T v /SI6L ¥Seg sdnoib iy MALY (,) 3bue buipuaq desoy L
€0 ¥80 8€0 ¥S0 650 870
HET— 170~ L= 0ll- /85T—  650-— mLT—  volL- /8LT—  080-— /97— 090- €
80'L sl 750 040 750 690
m8L—- 610~ /t81—  ¥T0— /T61—  €60— FLT—  680— /CTT—  LL0— /851—  970— z
on So'L sl 60'L 880 w
/81 - 610 AN Y50 /551 — Y0 /LU= Y00- /T9l—  SO0- /91— 870 L
wnwixepw winwixep winwixep| winwixep wnwixep wnuwixewp
/WNWIUI  UBIPSJAl /WNWIUI UBIPSJAl /WNWIUIA UBIP3JA /WNWIUI UBIP3JA /WNWIUIN UeIpSl\ /WNWIUIN Uelpa dnoun
gy 9 J1eyd 6% g areyd MS ¥ a1leyd oIS € Jleyd les T Jreyd qIs L Jreyd ainysod Buppiopm

(panupuod) (9y)

ONF OARY 0 11eyD ‘(BY) S00S UWIOJOISAU] OARY G JieyD) ‘(MmS) Jaddoms suay 4 J1eyD ‘(01S) pueyaai{ obnH euollS € J1eyd ‘(|es) Jieyd S|ppes I1[1es <z 41eyD (qIs) TYyD euous | Jeyd
‘pa1e|0sl sAdnoIb 931yl Y3 JO Yoed 10j pue suosiad 1531 ||e 104 siS3auleled JUSWSINSEIW ||B JO WNUWIIXeU PUR WNWIUIW ‘URIPSW JO UONRIUSSAI "2in1sod Buniis Bupiop ¥ ajqel



Page 12 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

00'/¥ SEo 8Ly 0Csy 0ces 98y
/86'SC 6677t /CLEC €66¢ /69'6C cLee /LLeC 6v¢e /8¢°1LC 6C'9¢ /€9%¢C 9G'Cce €
/8'SC 80°0% 8¥'CE [a44 lG'Le 770¢
/0€CL cesL /0€'S LEYC /61491 L1oc /¢L0C VA474 /L6'1T 00¥¢ /681 80¢ 4
05°6¢E ¥6'CE '8¢ [8'SY €e0¢e €0ve
/€601 (474 /5091 L°1e /0€91 €0vC /06'L1L 90Ce /981 85°1¢ /6£61 ESYC L
6C'8¢ Yy g€ee 6/ 0£°9¢ e
/98'G1 cele /8991 c99¢ /860¢ €1'8¢ /S8°1LC LCCE /0C’LC 8eVC /91°0¢ LY [T sdnoib |y MV () 3|bue sisopioT
8/ [9Y/ 9/ 88°¢/ 68/, LTS
/€€99 0699 /2065 £v'89 /2665 0959 /9065 L1959 /00%S 1819 /8%'85 1659 €
8/°¢9 71'LS 6815 08'€S cl'es 6599
/6’y i dA4 /0% 0 (000474 /LELY 9067 /L9 L6'6Y /06y £6'8Y /LL'SY 08'6¥ 4
6155 €l/s L02S LS'19 5695 78S
/€097 £C0S /c06r 'S /8.9 89°CS /898 0¥'85 /LS9 8/°¢S /CS6Y 9G°¢s L
0699 G1'89 0l%9 16/9 Y019 6519
/6€ LY LSS /9€9% [8'SS /018y L€'SS /898 9065 /9T 8y 8075 /1961 8c'£G sdnoib ||y MY (o) 3|bue sisoydAy
9zl clel €Ccol ol el £/£°01L
/18'8— 60t /CC8— 'S /€€6— [444 i 'S /675~ /89 /608~ vy €
£L001L S6'8 el 08 1/'8 YeL
/SCS— 71’ /€8'9— ¥0'S /0CS— /9 /06'¢ 959 /898— 9/°¢ /9 G— 11§ 4
€8 e Gl'g v/ 106 089
/8%0— 89 /9C'L ¥9°'G /199— 9l'e /€0°€— 0Ly /CCS— 9ly /el L= YA L
706 0L'6 ceol 906 710l [4yA
/9L°¢ — SIS Vadhan 'S /Ot [— o]y /66'¢— 'S /85— 0c's /L9~ ¥y sdnoib |y NV (,) UOILIOL [PUUIXE
s /99 78Y £09 LSV SLY
/ole 6lY /9C'€ LEY /LLT S9¢€ /9CC 8CY /SY'€ oLy /€SC 404 €
14%% oy L6 881 Sl 14%%
/SLC €ee /60C ¥6'C /€€T /e /65C Gee /Ev'C Lce Vidde S8¢ 4
0ey 8lY 9L 68'¢ 9% 06¢
/90'C 443 /08'L 0ce /681 96'C /86'L Lce /S€¢C Lce /95°C e L
0S¥y S0 18 00'S 35874 LTV
/95°C Ve /90C 9ce /YT Lce /9C'C e /0L°C 51749 /ST gr'e  sdnolb |y HVSY (,) UOIIL10) UORIASP piepuels
€LY 1354 oLy S8Y le'e 00'S
/89— I¥S— W8L—  T99- JOL—  UY- /L08—  OL'S— WEL—  YES— /6Y9—  L€5- 3
wnwixep winwixep winwixep winwixepy winwixepy wnuwixep
JWNWIUI  UeIP3ly /WNWIUI  URIPSIA /WNWIUIN UBIPSJA /WINWIUI UBIP3N /WNWIUI URIPSN /WNWIUIN  UBIPS|A dnoin

ay 9 1eyd

63 s areyd

MS ey

ols € Jleyd

[es  Jreyd

qis L areyd

ainiysod Bunjiom

(panupuod) (9y)

ONF OARY 0 11eyD ‘(By) S00S UWIOJOISAU] OARY G J1leyD ‘(mS) Jaddoms suay 4 J1eyD ‘(01S) pueyaai{ obnH euollS € Jieyd ‘(|es) Jieyd S|ppes 1[1es 2 41eyD (qIs) TYyD euouls | Jeyd
‘pa1e|osl sAdnoIb 931yl Y JO Yoed 10j pue suosiad 1531 ||e 104 sio3auleled JUSWSINSEIW ||B JO WNWIIXeU PUR WNWIUIW ‘URIPSW JO UONRIUSSAI "21n1sod Buniis Bupiop ¥ ajqel



Page 13 of 21

(2021) 22:462

Huppert et al. BMC Musculoskeletal Disorders

€00

00
700

€sAL

ESNC
ESAL

ESNC

€00

100
€00

100
1000

€00
S00

ESNC

€SAZ
€sAL

ESNC
ESAL

ESNC
ESAL

700

100
€00

SAL

ESAL

€sAT
€sAL

€sAL

€SN
ESAL

00
00
00

00
00

€AL

ESNC
ESAL

ESNC
ESAL

€00

€00
€00

€sAT
€sAL

ESNC

ESNC
ESAL

100
100

S00

100
00

S00

€sAT
€sAL

ESNC

€SN
ESAL

ESAL

S00
S00

€00
€00

€00
€00

ESNC
ESAL

ESAC
ESAL

ESNC
ESAL

€00

S00
€00

€00
700

€sAL

ESNC
ESAL

ESNC
ESAL

700
1000
S00
1000
€00

€00
00

<00
€00

€SN
ESAL

€sAZ
€SAL
ZsAl

ESNC
ESAL

ESNC
ESAL

€00

1000

00

€00
€00

ESAL

€sAL

ESAL

ESNC
ESAL

S00

<00
000

€00
€00

ESAL

€SN
ESAL

€SN
ESAL

100
00
€00

ESAL

€SN
ESAL

g
(;) uoneIoI SiARd

19
() UOISIO} SIARd

1919wesed sinjpd

dMS
() 3ybu 3|bue Jejndedg

IMS
() Y| 3|bue sejndeds

543
(o) b3y Jeindeds
J9)9wesed i9pjnoys

M1
() o|bue sisopio

MM
(,) 9|bue sisoydAy

dvs
(,) uonelo.
UOI1eIASD pJepurlS

Md1

()
9|bue Hulpuaq Jequin

ML

G
3|bue Buipusqg dpeloy |

Ny4
() UIP3P yuNn4} [LIUOIS

STd
(W) S yabua) sjuniL

and
(ww) g ybus| yunip

J9)9wedsed suidg

anjea
-d

a

anjea
-d

6y

anjea
-d

ms

anjea
-d

ols

anjea
-d

les
[4

anjea
-d

qais
L

anjea
-d

Nl

anjea

anjea
-d

Ms

anjea
-d

ols

anjea
-d

les anjea

[4

-d

qais
L

aimysod Bupjiop

ainysod Buniis |enyqey

ey
uospedwod dnoip

9ouaadxa [euolssajoid siesk gl < sispuap ¢ dnoib ‘eduspadxa |euolssajold
SIBIA Q| > SISPUIP / AISPUSP JO S1UsPNIS 7 dnolb ‘uopesnpa [eiusp oN | dnoio) 11591 Sij|eAA-IRASNIY SY JO SanjeA-d JuedRIUDIS Ja)e (3591 Siled-Payd1e|A-UOX0D|IAN) Uosedwod
Jled ay3 JO saNnjeA-d Pa1d31I0d WIOH-IUOLJUOG 9y} JO uoeuasaid pajielad Jieyd ydes 1oy ainsod buppiom [eiusp pue ainsod [enyigey ul uosedwod dnolio § ajqel



Huppert et al. BMC Musculoskeletal Disorders (2021) 22:462

chairs 3, 4 and 5 (p <0.001-0.04), whereas the lordosis
angle was significant in chairs 2, 3 and 4 (p<0.001-
0.05). The frontal trunk decline was only significant in
chair 1 and the maximum lateral deviation was signifi-
cant only for chair 3 (p <0.01-0.05).

Dental working position

As in the habitual sitting posture, the parameter of trunk
length S was also significant for all chairs (p <0.01-0.02)
in the dental working posture. The parameters of the
thoracic bending angle and kyphosis angle showed sig-
nificances in all chairs, except in chair 3 (p <0.01-0.05).
Furthermore, for each parameter only one significance
was found: trunk length D in chair 1, sagittal trunk de-
cline in chair 4, standard deviation rotation in chair 5,
lordosis angle in chair 4, scapular height in chair 4,
scapular angle left and right in chair 3 and pelvis rota-
tion in chair 5 (p < 0.001-0.05).

Inter-chair comparison

All chairs were compared both within the habitual sit-
ting posture and within the working posture. Hence,
firstly all groups were tested and, subsequently, each in-
dividual group. These data are shown in Table B (sup-
plemental material). Table 6 shows only the significant
p-values of the multiple pair comparisons following the
Friedman tests from Table B (supplemental material).

Habitual sitting position

The comparison of the chairs in all groups showed sig-
nificant values for the following parameters: trunk length
D, trunk length S, sagittal trunk decline, axis decline,
lumbar bending angle, kyphosis angle, scapular distance,
scapular angle left, pelvis distance, pelvis height in de-
grees and pelvis height in mm (p < 0.001-0.05). In group
1, the trunk length D, trunk length S, sagittal trunk de-
cline and axis decline (p <0.001-0.02) were significant.
Significances were found in group 2 for the trunk length
D, trunk length S and sagittal trunk decline (p <0.001).
Within group 3, differences were found in the trunk
length D, trunk length S, sagittal trunk decline, lumbar
bending angle, kyphosis angle, pelvis height in degrees
and pelvis height in mm (p < 0.001-0.05).

Dental working position

The following significant differences between the chairs
could be observed in all groups: trunk length D, trunk
length S, sagittal trunk decline, axis decline, scapular dis-
tance, scapular angle left, pelvis distance, pelvis height in
degrees and pelvis height in mm (p <0.001-0.05). In
Group 1, only the pelvis distance was significant (p <
0.04), while group 2 had significances for the parameters
of trunk length D, trunk length S and sagittal trunk de-
cline, as well as for pelvis distance, pelvis height in
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degrees and pelvis height in mm (p < 0.001-0.05). Group
3 showed significant deviations in trunk length D, trunk
length S, standard deviation rotation and pelvis distance
(p <0.03).

Posture comparison

Table 7 shows the comparison between the habitual sit-
ting posture and the working posture within each chair.
This was calculated, on the one hand, for all test persons
and, on the other hand, for each group. All significances
that occurred had a value of p < 0.001.

The posture comparison in all groups showed statisti-
cally significant p-values between the habitual sitting
and working postures on all six chairs for trunk length
D, trunk length S, sagittal trunk decline, thoracic bend-
ing angle, scapular distance and scapular angle right.

For chairs 2, 4, 5 and 6, the parameter of standard de-
viation rotation was significant. The kyphosis angle
showed significances for chairs 2, 3, 4 and 5, while the
lordosis angle was different in chairs 2 and 4. For the
parameter of scapular height, only chair 1 showed a sig-
nificant difference. In the scapular angle left, signifi-
cances were found for chairs 3 and 4. Finally, for the
parameter of pelvis distance, significance was found for
chairs 2 and 5.

Within group 1 there were deviations in the parame-
ters of sagittal trunk decline, thoracic bending angle and
scapular distance for all 6 chairs. Only chairs 2, 3 and 4
differed in the parameter of trunk length D. The param-
eter of kyphosis angle was significant for chairs 3, 4 and
5, while trunk length S was significant for chair 2 and
the lordosis angle for chair 3.

In group 2, all six chairs showed significant values for
the parameters of sagittal trunk decline, thoracic bend-
ing angle and scapular distance. The parameters of trunk
length D and trunk length S were significant for all
chairs except for chair 4, whereas only in chair 2 did the
scapular angle left show no significance. Finally, standard
deviation rotation had a significance only in chair 6.

In group 3, the parameters of sagittal trunk decline,
thoracic bending angle and scapular distance showed
significant differences between the habitual sitting and
working postures within all chairs used. Standard devi-
ation rotation had significance in chairs 5 and 6. Some
parameters had only one significance each: trunk length
S for chair 2, kyphosis angle for chair 5, scapular angle
left for chair 3, pelvis distance for chair 2 and pelvis ro-
tation for chair 5.

Subjective assassement of chair comfort

With regard to the group differences of the subjective
assessment per chair, no significant group differences
are shown in the Chi® test. The corresponding
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Table 6 Chair comparison. Detailed presentation of the Bonferroni-Holm corrected p-values of the pair comparison (Conover-Iman
test) after significant Chi?-values of the Friedman test. The chair-pairs between which there is a significant difference are shown,
together with their p-values, first for all subjects and then for each individual group. Chair 1: Sirona CARL (Sib), Chair 2: Salli Saddle
chair (Sal), Chair 3: Sirona Hugo Freehand (Sio), Chair 4: Aeris Swopper (Sw), Chair 5: KaVo Physioform 5005 (Kg), Chair 6: KaVo Evo
(Kb)

Habitual sitting posture Working posture
Parameter All P- Group P- Group P- Group P- All P- Group P- Group P- Group P-
groups Wert 1 Wert 2 Wert 3 Wert groups Wert 1 Wert 2 Wert 3 Wert

Spine parameter

Trunk length D 5vs.2 0001 5vs.2 004 5vs.2 0001 - - 5vs.2 0001 - - 5vs.2 0001 4vs.6 0001
(mm) 5vs.4 001 2vs.6 0001 2vs.3 005 5vs.3 003 2vs.1 005
RLD 2vs.3 001 2vs.1 0001 5vs.4 0001 2vs.6 0001
2vs.1 0001 2vs.6 0001 2vs.6 0001 3vs.6 001
2vs.6 0001 3vs.6 0001 3vs.6 0001 4vs.6 0001
3vs.6 001 4vs.6 0001 4vs.6 0001
4vs.1 002 Tvs.6 002
4vs.6 0.001
Trunk length S 5vs.2 0001 5vs.2 001 5vs.2 0001 5vs.2 002 5vs.2 0001 - - 5vs.2 0001 5vs.2 003
(mm) 5vs.4 001 2vs.6 0001 2vs.3 0001 5vs.4 002 5vs.4 0001 2vs.1 003 5vs.4 002
RLS 2vs.3 0001 4vs.6 005 2vs.1 0001 2vs.1 003 2vs.6 0001 2vs.6 0001
2vs.1 0001 2vs.6 0001 2vs.6 0001 3vs.6 002 3vs.6 003
2vs.6 0001 3vs.6 005 3vs.6 0001 4vs.6 0001 4vs.6 0001
3vs.6 001 4vs.6 0001 4vs.6 0001
4vs.1 002 Tvs.6 0.001
4vs.6 0001
Sagittal trunk 5vs.2 0001 2vs.3 004 5vs.2 0001 5vs.2 0001 5vs.2 004 - - 2vs.6 004 - -
decline (°) 2vs.3 0001 3vs.4 005 2vs.3 0001 2vs.3 0001 5vs.3 004
SRN 2vs.4 0001 3vs.1T 005 2vs.4 0001 2vs.1 0001
2vs.1 0001 2vs.1 0001 2vs.6 002
2vs.6 0001 2vs.6 0001
Axis decline (°) 3vs.6 002 3vs.1 001 - - - - 5vs.3 0001 - - - - - -
AA 3vs.4 002
3vs.1 002
3vs.6 0001
Lumbar bending  5vs.2 0001 - - - - 5vs.2 003 - - - - - - - -
angle () 2vs.3 002 2vs.3 004
LBW 2vs.1 004
Standard - - - - - - - - - - - - - - 5vs.2 002
deviation rotation 5vs.3 005
) 5vs.4 0001
SAR 5vs.1 0001
Kyphosis angle (°) - - - - - - 5vs.2 003 - - - - - - - -
KW
Shoulder parameter
Scapular distance  5vs.2 002 - - - - - - - - - - - - - -
(mm) 2vs.3 0001
SBA 2vs.4 001
2vs.1 002
2vs.6 004
Scapular angle left 5vs.2 005 - - - - - - 2vs.3 002 - - - - - -
©)
SWL
Pelvis parameter
Pelvis distance 2vs.1 004 - - - - - - 5vs.2 004 4vs.6 005 5vs.4 002 - -
(mm) 2vs.6 005 5vs.3 003 2vs.6 002
BA 5vs.4 0001 3vs.6 003
2vs.1 004 4vs.6 0001
2vs.6 0001
3vs.1 003
3vs.6 0001
4vs.1 0001
4vs.6 0001
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Table 6 Chair comparison. Detailed presentation of the Bonferroni-Holm corrected p-values of the pair comparison (Conover-Iman
test) after significant Chi?-values of the Friedman test. The chair-pairs between which there is a significant difference are shown,
together with their p-values, first for all subjects and then for each individual group. Chair 1: Sirona CARL (Sib), Chair 2: Salli Saddle
chair (Sal), Chair 3: Sirona Hugo Freehand (Sio), Chair 4: Aeris Swopper (Sw), Chair 5: KaVo Physioform 5005 (Kg), Chair 6: KaVo Evo

(Kb) (Continued)

Habitual sitting posture

Working posture

Parameter All P- Group P- Group P- Group P- All P- Group P- Group P- Group P-
groups Wert 1 Wert 2 Wert 3 Wert groups Wert 1 Wert 2 Wert 3 Wert

Pelvis height (°) 3vs.6 0001 - - - - - - 2vs.6 001 - - 5vs.6 005 - -
BS1 4vs.6 001 3vs.6 002 2vs.6 0001

4vs6 001
Pelvis height 3vs.6 0001 - - - - - - 2vs.6 001 - - 5vs.6 005 - -
(mm) 4vs.6 001 3vs.6 003 2vs.6 0001
BS2 4vs.6 001

distribution of scores is shown in the form of a contin-
gency table in Table 8.

Discussion

The analysis showed that the ergonomic chair layout did
not have a clinically relevant effect on the upper body
posture, either in the habitual sitting or working pos-
tures. There was also no clinically relevant correlation
with regard to the choice of profession or the work ex-
perience of the dentists. This is confirmed by the sub-
jective assessment of each chair in the group
comparison. The sitting position alone, habitual or the
anteriorly inclined, dentally-idealized treatment position,
was found to be the decisive factor.

Only position-related changes in the sagittal, not in
the transverse, plane were observed. The intergroup
comparison was carried out separately on each chair in
both the habitual sitting and working postures. In gen-
eral, changes in the sagittal curvature parameters (thor-
acic bending angle, lumbar bending angle, kyphosis
angle and lordosis angle) were found on all chairs and in
both sitting positions and were most pronounced in the
experienced group of dentists. No rotatory changes took
place. The changes in the shoulder and pelvic parame-
ters were not clinically relevant with regard to statistical
significance. Therefore, both hypotheses 1 and hypoth-
esis 2 have to be falsified. Despite equal gender distribu-
tion in the groups and also similar mean body heights,
including standard deviations, the relevant difference in
trunk length on all chairs between the groups was due
to a more pronounced kyphotic thoracic spine in group
3 (experienced dentists). This could be attributed, inde-
pendently of the profession, to acquired poor posture
due to the older age of the subjects in group 3 [54—56].

In the inter-chair comparison, a harmonious (symmet-
rical) sitting posture was assumed independently of the
chair, both in the habitual and working postures. Only dif-
ferences in trunk length and sagittal trunk decline were
significant in both sitting positions. However, these signifi-
cances could be attributed to a different ventral inclination

of the subjects on the individual chairs, despite the posi-
tioning of the subjects with a goniometer at the beginning
of measurement taking. In this context, it was found that
using the chair pairs 1 and 3, 2 and 4 as well as 5 and 6 re-
sult in the most similar posture reactions during sitting.
Chairs 1 and 3 were from the same manufacturer, as were
chairs 5 and 6. Although chair 2 and chair 4 were based
on different ergonomic sitting designs, a similar upper
body statics was adopted when sitting.

Overall, the differences of the inter-chair comparison
could be classified as minor, since most of the statistical
differences were in the range of +1° or + 1 mm of meas-
urement error and, thus, a clinical relevance was negli-
gible. Consequently, no change in lordosis and kyphosis
angles could be detected when comparing the saddle
chair to the other examined chairs. Therefore, hypoth-
esis 3 has to be falsified. The results of Dable et al. [34],
Gandavadi et al. [33] and De Bruyne et al. [32] could not
be confirmed in this study.

Fiedler [38], who used electromyography to examine
muscle activity on similar chairs (Siemens Sirona S, Kavo
Physioform 5005, Bambach saddle chair), obtained simi-
lar results. He concluded that the chair within a posture
has no effect on muscle activity. In the posture compari-
son (5 different postures that occur during dental work),
he was able to demonstrate demonstrable differences in
the arm muscles, but hardly any differences for the pel-
vic and neck muscles. Ellegast et al. [57] also found no
differences between four different office chairs and one
control chair in terms of posture, muscle activity (M.
erector spinae and M. Trapezius) and physical activity
intensity in 22 subjects. The different designs of the
chairs in their study also had only marginal influences
on the subjects, whereas the activity performed (7 office
tasks) during the study caused a significant difference in
their results. Other studies using EMG [32] and RULA
[33, 34] showed that changes in sitting posture did in-
deed take place on different treatment chairs, although
the methods used were different from the videoraster-
stereography used in this study.
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Table 8 Presentation of the subjective evaluation of all chairs according to the school grading system (1 = best). A significant Chi?

value is marked with *

Sib Sal Sio Sw Kg Kb
Notess G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3 G1 G2 G3
1 0 1 1 4 8 6 3 2 0 8 1 3 0 1 2 2 2 2
2 5 6 3 7 7 4 1 2 2 4 " 7 2 5 5 3 6 4
3 5 9 3 2 4 4 9 8 7 2 2 4 13 8 7 1 10 7
4 6 3 5 4 0 1 2 3 4 4 3 0 4 3 2 2 1 5
5 4 0 6 1 1 3 2 4 4 1 1 1 1 0 2 2 1 1
6 0 1 1 2 0 1 3 1 2 1 2 4 0 3 1 0 0 0

In these studies, the group of saddle chairs was found
to cause a straightening of the pelvis and the associated
support of the natural lumbar lordosis in comparison to
conventional chairs [32, 58, 59], whereas the standard
chairs, used as comparative models, showed a reduction
in lumbar lordosis and an increased load on the spine
and support muscles [32]. The inhomogeneity of the re-
sults could also be due to the different measurement
methods used; these are difficult to compare with each
other and further studies combining the different meas-
urement methods are needed to gain further insight.

In the inter-posture comparison (habitual sitting vs.
simulated dental working posture) the sagittal trunk de-
cline, the thoracic bending angle and the shoulder blade
distance were comparably significant in all three groups
on all chairs, thus, there were no chair-specific differ-
ences. It can be confirmed that the habitual sitting pos-
ture and the working posture differ significantly in the
neck and thoracal area, therefore hypothesis 4 can be
verified. However, whether the working posture supports
the maintenance of the natural spinal curvature cannot
be assessed due to the inhomogeneity of the results of
other sagittal curvature parameters. The ventral tilt of
the upper body could lead to increased activity of the
muscles in the lumbar region and thus favour the devel-
opment of MSDs. In summary, the habitual sitting pos-
ture (averaged over all chairs) (Table 3) can be
summarized as a slightly ventrally inclined upper body
posture (- 6.95°) with a marginal deviation from the cen-
tral axis (0.3°). In all groups, the left scapula was posi-
tioned about 3.5° further cranially than the right scapula
and rotated about 2° posteriorly. The pelvis was almost
balanced in all three groups without rotations. The
group of experienced dentists had a more pronounced
thoracic and lumbar angle. The changes in the simulated
working posture could be explained by the instructions
in which the test person had to bend ventrally with the
upper body and hold an object in front of the sternum
[3, 27, 52, 53]; the arms were consequently moved for-
ward resulting in an increased distance between the
shoulder blades [26, 60]. All other parameters of the

posture comparison were not clinically relevant due to
the differences being too small in the data and were,
therefore, negligible.

However, the comparison of the two postures using
videorasterstereography had some limitations due to the
working posture. The ventral inclination of the upper
body and the slightly ventrally inclined head meant that
the marker on the vertebra prominens could not be rec-
ognized in many cases, hence post-marking was neces-
sary. In addition, the lordosis and kyphosis angles were
often calculated inadequately due to the anteinclination
of the upper body which is why the results, in this re-
gard, should be viewed critically.

Furthermore, the working position adopted during the
measurements was only simulated and was not exam-
ined in the actual daily work routine; the recording of
the upper body statics took only a very short time and
had to be carried out under laboratory conditions.

Since this was a cross-sectional analysis carried out
under laboratory conditions, the long-term influence of
the chairs used on the sitting posture should be investi-
gated in future studies and under real-life conditions.
Studies with prolonged data cohorts in an occupational
environment could establish the chair’s impacts on the
occupational environment’s exposure activities in future.
Despite the different ergonomic sitting layouts of the
dentist’s chairs used, no significant measurable improve-
ment in dental workplace ergonomics could be achieved.
Although no measurable positive changes in upper body
statics could be demonstrated, this does not mean that
individual MSDs could not be reduced or prevented by
one of these chairs, as discomfort is related to subjective
perception. As in other studies in which different pos-
tures showed significant changes in muscle activity, joint
angles, and physical activity, the results of this study
have led to the conclusion that working posture has a
crucial influence on the upper body posture of both den-
tists [15, 21, 38] and non-dentists [57]. Since differences
between the habitual and the dentist-oriented sitting
posture were found in this study, the working posture in
particular should be considered as a starting point for
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further modifications of the chairs. Subsequently, work-
ing posture should also become more important for im-
proving workplace ergonomics in dentistry. Attention
should be paid to an upright, neutral and balanced
working posture in order to minimize stress and thus
counteract overload and its consequences in the long
term [13, 61]. As a recommendation, working in a seated
position should not be chosen as the sole and permanent
working position, but a varied and dynamic way of
working, avoiding long lasting static positions, should be
integrated into the daily routine in order to minimize
the risk of developing work-related MSDs [29, 62, 63].

Conclusions

The results showed that neither the ergonomic chair lay-
out had any clinically relevant effect on the upper body
posture, nor could a clear subjective improvement be
confirmed by a particular chair. The working posture
preferably adopted by the dentist may have a greater im-
pact on the development of some musculoskeletal dis-
eases than the chair ergonomics. The selection of the
dentist’s chair contributes to a small extent (if at all) to
the improvement of ergonomics in the daily dental work
routine. Consequently, work related MSDs are traced
back to multi-causal reasons [13, 18, 23, 30]. Therefore,
the dentists’s chair selection via its ergonomic aspects
should be regarded as a constituent part in the overall
workplace ergonomics.
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