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EXECUTIVE SUMMARY
The following report presents data evaluating Movably used for mixed seated and standing office work.
Postural responses, work productivity and subjective discomfort are benchmarked against traditional
sitting and standing conditions. The data were collected on 16 participants (eight females and eight males),
of which four in each sex group were pain developers (PDs) and non-pain developers (NPDs). Each
participant completed three sessions of two-hour sedentary desk work that consisted of standardized office
work (typing, data entry, and reading comprehension). The primary objective of this study was to examine
the effect that Movably has on pelvis and spine postures, work productivity, and perceived discomfort.
Movably facilitated a wide range of postures different from traditional office working configurations
without causing notable disturbances to desk work productivity. Sitting and standing postures when using
Movably were different from each other indicating good postural variation like the differences between
traditional sitting and traditional standing. Sitting in Movably resulted in postures similar to the
comparator ergonomics task chair. With the rotation between sitting and standing in Movably, there was
a change in seated posture over the two hours. At the beginning of the simulated office work, postures
were more non-neutral (i.e., increased lumbar flexion) than the reference chair, but became more neutral
during the middle of the trial with postures at the end equivalent to the reference chair. Movably supported
seated postures throughout the 2 hours, with improving postures over the two-hour working session.
Movably standing resulted in a true “intermediate” posture, in which the pelvis and lumbar angles fell in
between traditional sitting and standing. This posture was achieved facilitated by participants leaning
against the Movably backrest, resulting in posterior pelvis tilt and reduced lumbar extension. The frequent
movements within Movably, every three minutes between sitting and standing, had no impact on
productivity.
Movement and/or postural changes that occur with Movably are beneficial for those who develop low
back and leg discomfort in standing. Participants classified as low back pain developers by their response
to the discomfort survey during two-hours of standing, reported low back discomfort was reduced when
using Movably to complete the same work. One hundred percent of PDs changed pain status reported
scores equivalent to non-pain developers (NPD) when using Movably for two continuous hours. Using
movably with rotation between sitting and standing resulted in lower low back discomfort scores than
sitting or standing for all PDs and discomfort equal to or lower than standing and sitting for all participants,
both PDs and NPDs. Leg discomfort was also reduced for all participants in Movably compared to
traditional standing.
An alternative one leg supported standing posture, Flamingo, was different from a traditional standing
posture. However, it was not different from Movably sitting, suggesting that Flamingo creates postures
more similar to sitting than standing. With Flamingo, there was more posterior pelvis tilt and lumbar
flexion compared to the level standing conditions. Additionally, there was a sex dependent response to
the Flamingo posture. Females exhibited pelvis and lumbar spine postures like those in sitting, while males
had postures that were intermediate between sitting and standing. There was no adverse pelvis obliquity
(lateral tilting) observed even though legs were positioned asymmetrically. It should be noted that each
Flamingo trial was collected for one minute only. Therefore, Flamingo results should be viewed as
preliminary with the sex specific responses and long-term postural behaviours and discomfort rankings
undetermined.
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INTRODUCTION
In the modern work environment, adults in developed countries spend approximately one-third of the
workday sitting (Clemes et al., 2014). As a result of these daily occupational exposures to prolonged
sedentary postures (sitting and standing), approximately 40% to 70% of individuals develop low back pain
(Gallagher et al., 2011; Marshall et al., 2011). In addition to low back pain development, prolonged
sedentary work has been linked to several negative health conditions, including lower extremity venous
pooling (Smith et al., 2018), atherosclerosis (Krause et al., 2000), and diabetes (Hu, 2003). Previous
ergonomics studies have identified the inability to change one’s position while performing sedentary work
as a prominent factor for low back pain development (Damkot et al., 1984). As such, numerous
ergonomics interventions have been tested and implemented in an attempt to mitigate low back pain and
counter physiological maladaptation. Notable interventions aimed at encouraging intermittent movement
include adjustable office chair components (i.e., armrests, seatback, lumbar support, seat pans), tilt
mechanisms, administrative controls like intermittent movement breaks (Messing and Kilbom, 2001), and
a mixture of sitting and standing postures (Gallagher et al., 2014; Karakolis and Callaghan, 2014).
However, given that intermittent movement breaks such as walking (De Carvalho, 2015) and standing
(Gallagher et al., 2014) have not yielded chronic reductions in low back pain development, more
sustainable solutions for facilitating movement during sedentary work are necessary.
It is widely reported that the lack of continued use is one of the main barriers for workstations that
encourage movement during sedentary work (e.g., sit-stand workstation) (Riddell and Callaghan, 2021;
Wilks et al., 2006). The use of sit-stand workstations in a controlled environment shows positive outcomes
including decreased discomfort, decreased sitting time, and increased variation in postures (Gallagher et
al., 2014; Husemann et al., 2009; Karakolis and Callaghan, 2014; Robertson et al., 2013). However, a
survey conducted for four Swedish companies found that when installed in their workspace, the use of sitstand workstations was less than what can meaningfully alter musculoskeletal loading, as they reported
that as few as one in ten workers used the sit-stand workstation daily (Wilks et al., 2006). Implementation
of such workstations requires education and/or training. Varying degree of training has been associated
with decreases in sedentary time (Gilson et al., 2012; Graves et al., 2015), decreases in musculoskeletal
discomfort, and increases in utilization (Nerhood and Thompson, 2016; Neuhaus et al., 2014; Wilks et al.,
2006). However, these intervention study results continue to show difficulties in maintaining utilization
over extended time and behavioral change that includes frequent movement at the workstation (Riddell
and Callaghan, 2021; Wilks et al., 2006). A recent qualitative evaluation study highlighted two main
reasons for non-use: 1) habitual reasons and 2) practical workplace issues (Renaud et al., 2020). The nonusers in the study had a persistent habit of sitting that led to them tending to forget to use the standing
option and did not acknowledge the motivation to change or believe in the benefit of standing. The
practical issues included the inability to raise the desk because of poor cable management or organization
and the time it takes to find the right standing and sitting height. Movably targets both of these non-use
reasons by having the ability to automatically switch postures and eliminating the desk/work surface
movement when transitioning.
The primary objective of this study was to compare Movably with traditional sitting and standing
workstations during a two-hour bout of sedentary desk work. Specifically, the following variables were
examined: 1) pelvis and lumbar postures, 2) perceived low back discomfort, and 3) work productivity. In
addition, the Flamingo standing posture in Movably was compared to other level standing postures.
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METHODS
Participants
Sixteen participants, eight females (age = 23.5 ± 3.6 years; height = 1.63 ± 0.08 meters; mass = 60.8 ± 7.4
kg) and eight males (age = 25.1 ± 2.4 years; height = 1.74 ± 0.06 meters; mass = 76.9 ± 7.8 kg), were
recruited from the university student population for the study. The anthropometric characteristics of all
participants are in Table 1 and Figure 1 below. All participants were free of low back pain or injuries
currently and in the past year. Half of the participants were classified as standing-induced transient low
back pain developers (PDs) and the other half as non-pain developers (NPDs). Prolonged standing has
been shown to induce transient low back pain in 40 to 70% of non-symptomatic individuals. These
individuals show altered lumbopelvic neuromuscular control (Nelson-Wong et al., 2008; Nelson-Wong
and Callaghan, 2010), and are three times more likely to experience an episode of clinical low back pain
within the first 24 months (Nelson-Wong and Callaghan, 2014). PDs were classified by the low back
discomfort rating that exceeded 10 mm on the visual analog scale (VAS) during a two-hour standing
protocol. The decision to examine these sub-clinical groups was made based on the features Movably has
(e.g., capable of using backrest when standing and transitioning between postures) and their potential to
influence discomfort development among PDs (Callaghan et al., 2015; De Carvalho, 2015; Gallagher and
Callaghan, 2016; Karakolis and Callaghan, 2014). The study protocol received approval from the
University of Waterloo Board of Research Ethics, and all participants provided informed written consent
prior to testing.
Table 1: Participant anthropometric characteristics.

Average
SD

Age
(years)
23.5
3.6

Female
Height
Mass
(m)
(kg)
1.63
60.8
0.08
7.4

BMI
(kg/m2)
22.8
2.3

Age
(years)
25.1
2.4

Male
Height
Mass
(m)
(kg)
1.74
76.9
0.06
7.8

BMI
(kg/m2)
25.3
2.6
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Figure 1: The range of female and male BMI in this study. Data are plotted by mass and height, with
red representing females and blue representing males. Most individuals fall within the BMI range: 20 –
30 kg/m2.
The questionnaire administered in this study revealed that participants, on average, spend 7.09  1.77
hours in a chair and 6.96  1.87 hours working on a computer each day. Of their time spent at a workstation,
the average adopted posture was stratified with the order being from most common to least common:
“Sitting upright back supported” (33.38  23.67%), “Sitting perched on front of seat” (28.25  25.87%),
“Reclining” (21.38  18.06%), and “Standing” (5.44  8.59%). Five out of 16 participants indicated that
they had experience using a sit-stand workstation.
Testing Overview
Each participant completed three, three-hour laboratory sessions, totaling nine hours per participant. On
the first day of testing, participants were familiarized with the three desk tasks (typing, data entry, and
reading comprehension) that would be completed within each testing session. Participants were then
instrumented with accelerometers to measure head, spine, and pelvis postures and rigid body clusters to
measure trunk and lower extremity postures. Immediately prior to the two-hour sedentary exposure, the
workstation was set up in accordance with the participant’s anthropometrics and ergonomics standards.
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Instrumentation
Motion Tracking
Three-dimensional kinematics of the head, trunk, lumbar spine, pelvis, thighs, and lower legs were
measured using tri-axial accelerometers (ADXL335, Analog Devices, Norwood, MA, USA) and an
optoelectronic motion capture system (Optotrak – Certus, Northern Digital Inc., Waterloo, ON, Canada)
Error! Reference source not found.. Accelerometers were placed on the back of the head, the bottom of
the neck (C7), lumbar (L1), and sacrum (S1). Each accelerometer was used as an inclinometer to measure
the cervical spine, thoracic spine, lumbar spine, and pelvis angles. The accelerometer data were collected
at 250 Hz using a 16-bit A/D system (Optotrak Data Acquisition Unit II, Northern Digital Inc., Waterloo,
ON, Canada). Rigid clusters with active infrared (iRED) markers were secured to the front of the thorax,
sacrum (S1), and bilaterally on the lateral aspects of the thighs and lower legs. Rigid clusters were also
affixed to track the desk location and configuration. Following the placement of each tracking marker
cluster, a digitizing probe was used to define the endpoints of each body segment and the workspace items
to define the anatomical and physically relevant features. Following digitization, participants completed
functional joint trials to identify knee and hip joint centers (Camomilla et al., 2006; Schwartz and
Rozumalski, 2005). These trials involved moving each joint through their functional range of motion
(flexion/extension for knees and flexion/extension, abduction/adduction, and circumduction for hips) and
calculating the point at which the segment rotates about. The marker data were collected at 25 Hz using a
16-bit A/D system (Optotrak Data Acquisition Unit II, Northern Digital Inc., Waterloo, ON, Canada).

Figure 2: Placement of accelerometers (left) and optoelectronic motion capture system (middle and right).
Posture Normalization
Once fully instrumented, the following postures were collected for normalization: quiet standing,
maximum standing flexion and extension, and maximum neck flexion and extension. During quiet
standing, participants stood upright while looking straight ahead at a target on the wall. Maximum standing
flexion was performed by maximally flexing their lumbar spine and then leaning the torso down towards
the ground. Maximum standing extension was performed by arching the lumbar spine and torso posteriorly.
Maximum neck flexion and extension trials were performed by moving the head down anteriorly and back

8

posteriorly, respectively. Each posture was held and collected for five seconds. Quiet standing was used
as the reference (zero position) posture for the calculation of all joint angles. The maximum lumbar flexion
trial was used to normalize the lumbar spine angles to 100% of the voluntary range, which enables
comparison between individuals.
Testing Protocol
Each participant completed a three-hour laboratory session on three separate days, with each day testing
a different workstation configuration. Three randomized workstation conditions were tested: Movably sitstand, traditional standing, and traditional sitting (Embody, Herman Miller Inc.) (see Table 2, Figure 3,
and Figure 5 for workstation set up information). In each condition, the office workstation was set up
according to the CSA ergonomic guidelines (CSA-Z412, 2000). Specifically, the chair and desk height
were set so that the hip, knee, and elbow angles had a starting postural angles of approximately 90 degrees
and the monitor was set horizontally between 40 and 70 cm (16 to 28 in) away from the brow of the
participant and vertically the top of the monitor was at their eye level. For the Movably condition, the
standardized procedure outlined in Appendix A was used to set up the chair height, desk height, and the
chair location. Prior to starting the collection with Movably, participants were trained to be able to
complete smooth transitions between sitting and standing. Generally, 10 minutes of training was enough
to minimize affordance (e.g., hip hiking and lateral leaning) while maintaining balance to complete both
transitions. Movably collection started with sitting as the first posture. Postures between sitting and
standing were alternated every three minutes with auditory and proprioceptive cues from the chair, and all
transitions began with the movement of the right leg. During workstation set up, participants were also
exposed to three standardized office tasks:




Typing: Text passages standardized to an ATOS readability level between 6.0 and 6.9 and grade
5 equivalency were copied using Mavis Beacon Teaches Typing software. The standardization of
readability was to ensure that the text difficulty was similar across passages.
Data entry: The data entry task involved the transfer of product, client, and company information
from invoices into a custom-developed graphic user interface. The number of entries was
consistent across invoices.
Reading comprehension: The reading comprehension task was a scaled version of the Qualitative
Reasoning section of the standardized Graduate Record Exam (GRE). Each test contained 10
questions related to text completion and short, medium, and long passages that were extracted from
previous GRE practice exams.

Table 2: Measurements of the workstation setup.
Movably

Traditional

Chair location
(cm)

Desk height
(cm)

Chair height
(cm)

Sit desk height
(cm)

Stand desk height
(cm)

Chair height
(cm)

Female

50.0 (3.1)

107.1 (3.7)

72.4 (2.2)

65.2 (2.3)

101.5 (4.6)

41.5 (1.9)

Male

54.4 (2.8)

113.3 (4.0)

77.1 (3.1)

69.3 (1.4)

106.3 (4.0)

44.6 (2.4)
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Figure 3: Diagram of workstation measurement locations.
Once the workstation was set up, participants were instrumented for kinematic motion tracking, followed
by the normalization procedures. The two-hour office task protocol started immediately after the
completion of the baseline VAS. The VAS tracked discomfort development on a 100 mm scale in 13 body
parts: neck, left and right shoulders, left and right upper back, left and right lower back, left and right
buttocks, left and right upper legs, and left and right lower legs (Figure 4). A VAS rating of 0 indicated
“No Pain” and a VAS rating of 100 indicated “Wort Pain Imaginable”. Discomfort measurements were
obtained at baseline (0 minutes), during each transition of office work tasks (at 15, 35, 55, 75, 95 minutes),
and at the end of the exposure session (115 minutes). A total of seven perceived discomfort measures were
taken during each experimental session.

Figure 4: 13-point body regions evaluated using the visual analog scale (VAS).
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Each of the three office tasks was completed twice in a randomized order (3 tasks * 2 = 6 blocks in total).
Each block was fifteen-minutes in duration, which was followed by a five-minute washout before the next
task started. Participants remained in their respective condition posture during the break and were asked
to rate discomfort on the VAS during this time. The same protocol was repeated over three days (minimum
24 hours in between) for the three workstation configurations.
There were two additional tasks evaluated upon completion of the two-hour protocol in Movably:
Flamingo trials (Figure 6) and the exit questionnaire. A static trial in the Flamingo posture (one leg raised
and resting on Movably seat while standing) was collected for one minute for each side. This trial was
repeated twice on each side, for a total of four trials. During the Flamingo trials, participants responded to
an exit questionnaire aimed at assessing their typical working behavior and feedback on the experience
with the chair.

Figure 5: Workstation conditions tested in this study.

Figure 6: The Flamingo posture was collected after the Movably session ended.
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Data Analysis
Motion Data
Accelerometers:
Raw voltage data obtained from all accelerometers were imported into a custom Matlab program (The
Mathworks Inc., Natick, MA). Voltage data were padded (Howarth and Callaghan, 2009; Smith, 1989)
and then smoothed using a dual-pass second-order low-pass Butterworth filter with an effective cutoff
frequency of 1 Hz. Data collected from pre-collection calibration trials (i.e., all accelerometer channels
exposed +1 g and -1 g) were used to calibrate each accelerometer channel. From the calibrated signals,
voltage data were converted to angular measures (degrees) using standard four-quadrant trigonometric
equations. Angular definitions of each spinal joint are described in Table 3. All flexion-extension angles
were normalized to the respective angles derived during the upright standing calibration trial. As such, the
reported spine and pelvis angles represented an angular deviation from an upright standing posture. The
lumbar spine angles were then normalized to their percentage of maximum flexion angle.
Table 3: Definition of spine and pelvis angles derived from accelerometer data
Joint/Segment
Cervical Spine
Thoracic Spine
Lumbar Spine
Pelvis

Angular Definition
Relative angle between the head and C7 accelerometer.
Relative angle between the C7 and L1 accelerometer.
Relative angle between the L1 and S1 accelerometer
Angle derived from the S1 accelerometer.

Markers:
Raw marker position data were padded and then smoothed using a dual-pass fourth-order low-pass
Butterworth filter with an effective 1 Hz cutoff frequency. Data acquired from the upright standing
calibration trial were used to construct segment-fixed local coordinate systems for the trunk, pelvis, thighs,
and shanks using the respective anatomical segment endpoints. Given the obstructed line-of-sight to the
pelvis cluster during the sedentary exposure (i.e., due to the participant’s close interface with the seatback
and seat pan), a novel three-dimensional accelerometer-based pelvis was developed and determined based
on angular deviations measured with the S1 accelerometer and a three-dimensional vector rotation
approach (Zehr et al., 2021). Euler angles of the trunk and thighs (with respect to the global coordinate
system) and hips and knees (between respective segments) were calculated, and all angles represent
angular deviations from the posture exhibited during the upright standing calibration trial.
Normalized kinematic data were used to calculate the averages in each block and amplitude probability
distribution function of the entire sedentary exposure (APDF). APDF collapses all the data into a
distribution that allows for the percent of time spent in a posture to be determined (i.e. 10 th percentile is
the postures that were assumed for 10% of the time). It was determined a priori that the 10, 50, and 90th
percentiles of the APDFs would be analyzed as these are standard measurement points spanning the
spectrum of exposure and they would be separately evaluated since differences between each level were
expected. Specifically for the Movably dataset, two of the three-minute sitting and standing periods in
each block (six minutes of sitting and six minutes of standing of the 15 minutes block total) were used for
calculating kinematic outputs (i.e., Movably Sit and Movably Stand). For Flamingo trials, only the middle
30 seconds of the one-minute trial was used to obtain a stable response and calculate the averages. To
compare Flamingo trials to other standing trials, the averages from the first block of traditional standing
and Movably standing were used.
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Productivity Measures
Productivity was assessed for each task block within a workstation configuration session. Typing
productivity was evaluated by determining the accuracy (the percentage of words correctly typed) and
adjusted words per minute, which is effectively a combined measure of work volume and accuracy.
Similarly, the productivity of the data entry task was evaluated based on the accuracy (percentage of
correct entries) and adjusted data entry score (the volume of entries adjusted for entry errors). Lastly,
reading comprehension was evaluated by the percentage of correctly selected answers.
Discomfort Rating
To assess the development of discomfort, the baseline values were removed from all subsequent ratings.
Statistical Analysis
All statistical analyses were performed using R (R Core Team, 2019) and the RStudio software (Version
1.1.463, RStudio Inc., Boston, MA). The parametric model assumptions were tested using Levene’s test,
followed by Mauchly’s sphericity test. When the assumption of sphericity was violated, corrected p-values
from the Greenhouse-Geisser correction were used. For motion data averages and discomfort ratings, fourway mixed ANOVAs with within-factors (repeated measures) of Time (6 levels) and Condition (4 levels)
and between-factors of Sex (2 levels) and Pain Status (2 levels) were used for the main analysis (p < 0.05).
To evaluate the effect of tasks on motion data, all subjects were collapsed into one group, and two-way
mixed ANOVAs with within-factor of Condition and Task (3 levels) were performed (p < 0.05). For
APDF data, Flamingo comparison data, and productivity measures, three-way mixed ANOVAs with
within-factor of Condition and between-factors of Sex and Pain Status were used (p < 0.05). Two types
of post-hoc analyses were performed depending on the outcome of the main analysis: Dunnett’s test and
pairwise comparisons with Bonferroni corrections.

DISCUSSION OF RESULTS
Differences in postures between Movably and traditional workstation
Interaction effects containing Workstation configuration (condition) were found for the average pelvis tilt
angle and normalized lumbar angle (Figure 7). There was an interaction effect of Condition x Time for
the pelvis tilt angle (p < 0.001), where the angle fluctuated over time for the Movably sitting condition
only. There was a trend-towards-significant change towards less posterior pelvis tilt from 15 minutes to
75 minutes (p = 0.082). At 75 minutes, Movably standing posture was different from traditional standing
and both traditional and Movably sitting postures (p < 0.05). For the lumbar angle, there was an interaction
effect of Sex x Pain x Condition x Time (p = 0.031); however, the post-hoc analysis revealed that this
interaction was driven mainly by Condition x Time. There was a significant change towards less flexion
in the normalized lumbar angle from 15 minutes to 75 minutes (p = 0.034). At this point, both Movably
sitting and standing postures were different from traditional standing and sitting postures (p < 0.01). Both
the pelvis tilt and lumbar angles returned to the initial values by the end of the sedentary exposure. Two
questions can be answered from these results: 1) the standing posture adopted in Movably is different
from traditional standing at a workstation throughout the sedentary exposure and 2) the sitting
posture adopted in Movably is not different from that of the traditional workstation; however, the
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range in which the posture varies over time is greater with Movably compared to the traditional
workstation.
When the data for the sedentary exposures were collapsed over time using APDF, all three probability
magnitudes showed a significant effect of Condition for both pelvis tilt and lumbar angles (p < 0.001)
(Figure 8). For pelvis tilt, Movably standing was not different from traditional sitting or traditional
standing, but different from Movably sitting (p < 0.01). The pelvis was more anteriorly tilted in traditional
standing posture compared to Movably standing and sitting and traditional sitting postures (p < 0.001). At
50th and 90th percentile, the pelvis was more posteriorly tilted in Movably standing compared to traditional
standing (p < 0.01). The differences in 10th, 50th and 90th reflect the movements occurring during standing
in Movably. Ten percent of the time (10th percentile) the user adopts a neutral pelvic tilt, similar to
traditional standing. However, in traditional standing, the majority of the time is spent with the pelvis
anteriorly tilted, and in Movably, it is the opposite. This is likely attributed to participants taking
advantage of Movably support and leaning against the backrest resulting in posterior pelvis rotation
and a reduction of lumbar extension.
For the lumbar angle, standing postures differed from sitting postures whether it was Movably or
traditional workstation (p < 0.05). At each level of probability magnitude, Movably sitting resulted in
greater posterior pelvic tilt and lumbar flexion compared to the traditional sitting condition; however, this
difference (< 2.5° pelvic tilt and < 8.5% lumbar normalized angle) was not significant. For the thoracic
angle, there was no significant result containing the effect of Condition. Lastly, there was no significant
interaction or main effect for pelvis obliquity (lateral flexion) and cervical angles (p > 0.05). These results
taken together showed that Movably standing is an intermediate posture between traditional sitting
and standing, while Movably sitting resembles traditional sitting. The Movably condition affected
the proximal upper body kinematics (i.e., segments that are closest to the seat interface) and did not
affect the distal upper body kinematics.

Figure 7: Average pelvis tilt (left) and lumbar (right) angles over time between four conditions. Standing
conditions are in green and sitting conditions are in orange. Solid lines represent the traditional conditions
and dotted lines represent Movably conditions. Significant post-hoc analysis over time (compared to 15
min) within a condition is denoted with asterisks (p < 0.05). Significant post-hoc analysis between
conditions (within a time frame) is denoted with letters (p < 0.05).
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Figure 8: Pelvis tilt (left) and lumbar (right) angles at 10th, 50th, and 90th percentile between four
conditions. Significant post-hoc analysis between conditions is denoted with asterisks (p < 0.05).

Differences in postures between Flamingo posture and level surface standing
There was a significant main effect of Condition for the pelvis tilt (p < 0.001), lumbar (p < 0.001), and
thoracic (p = 0.004) angles when comparing the Flamingo standing posture with traditional and Movably
level standing conditions (Figure 9). The exit survey confirmed that a relatively even distribution of mass
between the left and right sides was achieved as the participants self-reported that 57.8% (SD 8.75) and
42.2% (SD 8.75) of their mass was born by the straight and bent legs, respectively. Since the Flamingo
posture assumed with left and right side had a similar kinematic response, the post-hoc analysis was
performed without Flamingo Left (Flamingo with left leg raised). For the pelvis tilt angle, all standing
conditions were different from each other (all p < 0.01), where the traditional standing condition resulted
in 5.43° (SD 11.26) of pelvis anterior tilt, Movably level standing resulted in 6.35° (SD 4.34) posterior
tilt, and Flamingo standing resulted in the further posterior tilt of 14.18° (SD 10.01). Similarly, all standing
conditions were different from each other for the normalized lumbar angle ((all p < 0.05). The lumbar
angle was 16.38% extension (SD 28.95) in traditional standing, 14.80% flexion (SD 10.87) in Movably
level standing, and 29.31% flexion (SD 23.98) in Flamingo standing. Overall, approximately half of the
participants felt that Flamingo was more supportive than traditional sitting (9/16 gave a score of >3) while
only three participants thought otherwise (3/16 gave a score of <3), with a score of 3 being neutral. These
results answered the question that Flamingo standing is different from other level standing conditions.
However, they also suggest that even though Flamingo is a “standing” posture, the kinematics
resembled more that of sitting (i.e., more posterior pelvis tilt and lumbar flexion). For the thoracic angle,
the difference was only seen between Movably and Flamingo standing postures, where an increased
flexion was seen in Flamingo standing (p = 0.003). There was no significant interaction or main effect for
the pelvis obliquity (p > 0.05), which indicated that during a short trial, lower limb asymmetry assumed
in the Flamingo posture does not result in left and right pelvis asymmetry.
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Figure 9: Average pelvis tilt (left top), pelvis obliquity (right top), and lumbar (left bottom), and thoracic
(right bottom) angles for the three standing conditions (Flamingo Left omitted from post-hoc analyses).
Significant post-hoc analysis between conditions is denoted with asterisks (p < 0.05).

Differences in postures between Flamingo posture and sitting
There was a significant interaction effect of Condition x Sex for the lumbar (p = 0.035) angle when
comparing the Flamingo standing posture with traditional and Movably sitting conditions (Figure 10).
Post-hoc analysis comparing conditions for each sex revealed that only within males, the traditional sitting
showed greater lumbar flexion compared to the Flamingo lumbar angle. There was a main effect of Sex
for the pelvis tilt (p = 0.025), where females tended to have greater posterior pelvis tilt compared to males.
This effect was driven mainly by the differences shown in the Movably condition (Movably sitting and
Flamingo), indicating the possibility that the Movably seat interface (e.g., seat pan or backrest) has a
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different effect on each sex. Overall, the results reinforced the findings above (i.e., Flamingo vs. level
standing conditions) that the Flamingo posture is closer to the sitting posture, and specifically,
Flamingo was not different from Movably sitting.

Figure 10: Average pelvis tilt (left) and lumbar (right) angles for the Flamingo and two sitting conditions
(Flamingo Left omitted from post-hoc analyses). Significant main effect and post-hoc analysis are denoted
with asterisks (p < 0.05).

Task performance
There was no significant effect of Condition on task-specific kinematics or task performance, except for
the adjusted data entry score (Figure 11). There was an interaction effect of Sex x Pain Status x Condition
(p = 0.031), in which the female PDs scored significantly less compared to the female NPDs in the
traditional standing condition (p = 0.036). These results answer two questions: 1) the type of task does not
affect kinematics and 2) the workstation type does not affect task productivity. These findings indicate
that Movably does not alter productivity over two hours of office work.
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Figure 11: The adjusted data entry score for females (left) and males (right). PDs are in light grey and
NPDs are in dark grey. Significant post-hoc analysis between pain status groups is denoted with asterisks
(p < 0.05).

Discomfort development
Only low back and lower leg showed significance containing the effect of Condition. There were
significant interaction effects of Pain Status x Condition (p = 0.001) and Pain Status x Time (p = 0.038)
for low back discomfort development (Figure 12). Post-hoc analyses comparing conditions within each
pain group showed that there was significantly less discomfort with Movably and traditional sitting in PDs
compared to the traditional standing condition (p < 0.01), indicating that Movably reduced the
discomfort level for the individuals who tend to develop transient low back pain in standing. Most
notably, 100% of PDs in traditional standing can be classified as NPDs in Movably (i.e., all PDs
responded with less than 10 mm of low back discomfort throughout the two-hour sedentary exposure in
Movably). The interaction between the pain status and time was expected since the selection of pain
groups was based on the discomfort score.
For lower legs, there were significant interaction effects of Condition x Time (p = 0.034) and Sex x Pain
x Time (p = 0.010) (Figure 13). Post-hoc analyses comparing conditions at 15 and 115 minutes showed
that at the start, there was no difference between conditions but by the end of the sedentary exposure, the
traditional standing condition had significantly higher discomfort compared to Movably and traditional
siting condition (p < 0.01) (Figure 13). The movement and postures between sitting and standing in
Movably removed the leg pain associated with traditional standing.
These results from low back and lower leg discomfort suggest that Movably is similar to that of
traditional sitting (i.e., similar comfort to the comparator chair) even though individuals stood for
50% of the sedentary exposure. Another region of the body that showed the significance of Time was
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the buttocks (p = 0.008), where the increase in discomfort became significant at the very end at 115
minutes (p = 0.049) with Movably having the least change in discomfort over the two hours.

Figure 12: Low back discomfort score over time for NPDs (left) and PDs (right). Each line represents
different conditions. Significant post-hoc analysis between conditions is denoted with asterisks (p < 0.05).

Figure 13: Lower leg (left) and buttocks (right) discomfort score over time. Significant post-hoc analysis
between conditions (for lower legs) and over time (for buttocks) is denoted with asterisks (p < 0.05).

Exit survey summary
Overall, the subjective responses to Movably chair were favorable. None of the chair features elicited
strong feedback that would require any major design changes (i.e., none of the average responses or
averages crossed the threshold of 3, “Neither agree nor disagree”). Participants rated 7.44 out of 10 (SD
1.41) for their likelihood of recommending this chair to a friend or colleague. When asked for the overall
impression, 13 out of 16 participants indicated positive traits, while 3 out of 16 participants gave both
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positive and critical feedback. Some features to be desired are: armrest (6 participants), better/bigger
footrest (2 participants), headrest (2 participants), better lumbar support, higher backrest, different seat
pan orientation, better prompt, and ability to change the desk location. When asked specifically about the
relative location of the chair and desk, 3 out of 16 participants wished that they could move the desk
position with respect to the Movably chair between sitting and standing. The use of the backrest
specifically when standing was not documented in the survey; however, it should be noted that all
participants chose to use the backrest when standing (Figure 14) with no instructions to adopt this posture,
which corresponds with the kinematic and discomfort response.

Figure 14: An example of a participant starting with an upright standing posture and quickly adopting the
“lean” standing posture within 15 minutes.

CONCLUSIONS
Overall, Movably facilitated a wide range of postures during two-hour sedentary exposures, including the
intermediate posture between sitting and standing. The level standing posture in Movably was a true
“intermediate” posture in which the pelvis and lumbar angles fell in between traditional sitting and
standing. A previous study examining the postures in between sitting and standing (i.e., hybrid sit-stand)
indicated that a change in normalized lumbar spine angle by 17% is necessary to show a statistical
difference from a sitting lumbar angle (Noguchi et al., 2019). Movably standing was able to achieve a
24.4% change in normalized lumbar angle from traditional sitting (Female: 13.74%; Male: 35.08%),
suggesting that Movably standing can achieve the magnitude of posture change that is considered
meaningful. The secondary standing posture, Flamingo, was also different from both traditional and
Movably standing postures, demonstrating a wide range of standing postures that are possible to assume
in Movably (Figure 15). It should be noted that each Flamingo trial was collected for one minute only.
Therefore, even though there was no adverse pelvis obliquity observed during this short duration, longterm consequences in terms of postures and discomfort are yet to be examined. The sitting posture in
Movably was comparable to the posture in the competitor chair. There was a significant reduction in the
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lower legs and low back discomfort among PDs with Movably compared to traditional standing, which
supports the claim that Movably may be a sound solution for encouraging movement for those who are
intolerant to standing. Productivity was not impacted with the use of Movably; however, since there was
a decrease in data entry productivity among female PDs, an office solution, such as Movably, that can
achieve a reduction in low back discomfort, can encourage movement, and would not interfere with
productivity is appropriate based on current evidence. While standing both movement and posture, through
the use of the backrest in standing, were altered resulting in discomfort decreases when using Movably.

Figure 15: Average posture magnitudes for the conditions compared within this study. Note that Movably
fills the postures between traditional sitting and standing.
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APPENDIX A: Movably set up instruction
1. Explain the function and safety features of Movably.
2. Start with standing workstation setup without Movably. Stand in front of the workstation with
elbows at 90 degrees and palms facing down. Raise/lower the sit-stand desk to the height that just
touches the palm (6-7cm will be added to this height later to account for Movably's platform
height). Adjust the monitor height so that the top of the screen is at the participant's eye level and
centered. Record where their heels are located with respect to the desk.
3. Next, sit on Movably and raise/lower the seat pan so that the participant's knee angle is 90 degrees.
Adjust footrest if necessary to have their ankle angle at 90 degrees and the ball of their feet resting
on it.
4. Slide Movably into the workstation and align the back of the padded platform with the recorded
heel location. Raise the desk height by 6-7 cm.
5. Sit, stand, and complete transitions with Movably at the workstation to confirm that desk height
and location still work. Ask participants to try using the backrest when standing. Get in the
flamingo position to ensure that the weight between straight and bent legs is distributed well
(aiming for 50-50 or slightly less on the bent leg). Make minor adjustments to the location of
Movably if the workstation is too close/far. If the desk is in the way of posture transition (i.e.,
thighs too close to the desk), lower the seat height by ~1-2 cm.
Other things to note:
 Both feet on the ground when standing: for standardization (prohibit footrest use when standing)
 Remind that the backrest can be used when standing
 No leaning on the desk during tasks and transitions
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APPENDIX B: EMG Pilot Results
Delivered on October 8, 2021
The following results were collected on the first of 16 subjects (female; 25 years old; height = 1.63m
( 5’4”); mass = 65 kg (143lb)). The muscle activation of the trunk flexors and extensors were monitored
in the three workstation conditions (Figure B16) for 2 hours collected in the following order:
a) Day 1 – Sitting (Embody)
b) Day 2 – Standing
c) Day 3 – i) Movably sit-stand (3 minutes in each posture) for 2 hours
ii) Flamingo for 4 minutes (1 minute standing on each leg repeated twice)
a) Day 1 – Sitting

b) Day 2 – Standing

c) Day 3 – Movably sit-stand

Movably flamingo

Figure B16: Three workstation conditions
The muscle activity from three muscle groups (Figure 2) were collected for two hours:
i) Thoracic erector spinae (TES)
ii) Lumbar erector spinae (LES)
iii) Rectus abdominis (RA)
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Figure B17: Electrode placement sites.
The muscle activation magnitudes were expressed as the percentage of maximum voluntary contraction
(%MVC), the equivalent of scaling to the maximum effort that a muscle can produce. For all conditions,
an average and amplitude probability distribution function (APDF) were calculated for the two-hour
exposure. APDF shows the range and distribution of muscular efforts. The EMG magnitude was evaluated
for static (P = 0.1; 10th percentile), median (P = 0.5; 50th percentile), and peak (P = 0.9; 90th percentile)
muscular efforts. The acceptable risk threshold for muscle overload is < 2-5% MVC, 10-14% MVC, and
75% MVC, respectively for these muscular effort criterion. Additionally, for the sit-stand condition, sit
and stand postures were separated and averages and APDF were calculated for each posture. Only the
average was calculated for the Flamingo posture since it was a short time exposure.
The average EMG showed that the Movably condition fell in between sitting and standing for TES, had
similar levels as sitting and standing for LES, and was lower than both sitting and standing for RA (Figure
3). The average magnitudes were low for all conditions (< 10%MVC), as expected and is commonly
reported for low-demand office work scenarios. A higher magnitude of average TES was seen with
standing compared to sitting; however, with Movably, standing TES was lower than that of sitting and the
static value was below the risk threshold of 2-5% MVC (Figure 4), most likely a result of using the
backrest. The TES peak value in Movably standing is also lower compared to Movably sitting, despite
having higher static and median magnitudes (Figure 4), which suggests that the use of backrest may be
able to reduce the higher activation levels that are seemingly required for maintaining upright standing
posture. The level of average LES in Movably was slightly higher than sitting and standing (< 1.5% MVC)
but this difference was within the standard deviation of data variability over the two-hour exposure
(Figure 5). It should be noted that the subject did not develop any low back discomfort (0/10 on the Visual
Analog Scale) after two hours of exposure to Movably. Therefore, the difference can be considered
negligible, and all conditions had APDF values below their respective thresholds. The most notable
difference in Movably compared to traditional sitting and standing was the RA activity (Figure 6). The
average and all levels of muscular efforts showed lower RA magnitude in Movably compared to sitting
or standing. In particular, the static muscular effort with Movably was lower than the threshold (< 1%
MVC), whereas traditional sitting had a value greater than the threshold (> 5% MVC).
The Flamingo posture appears to follow that of Movably sitting, as opposed to Movably standing based
on the magnitude of average muscle activity (Figure 3). Similar to the Movably combined results, the
Flamingo posture fell in between sitting and standing for TES and lower than both sitting and standing for
RA. The magnitude of LES was higher than all of the other conditions, which may not be favorable if this
posture was maintained for a long period of time.
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Summary:
For the pilot subject, Movably appears to be performing within the range of traditional chair sitting
and unsupported standing with magnitudes in between sitting and standing muscle activities. The
lumbar muscle activity (LES) does not appear to differ from sitting nor standing (slightly higher than the
two isolated traditional postures) even though the pilot subject did not develop any low back discomfort.
The muscle activity of the Flamingo posture was closer to Movably sitting, as opposed to standing.
Within the limitations of being a single subject response, Movably showed results that are expected of a
protocol with 50/50 sit-stand postures without any noticeable adverse effects or marked differences.

TES

LES

RA

Figure B18: Average (+/- 1SD) muscle activity of thoracic erector spinae (TES), lumbar erector spinae
(LES), and rectus abdominis (RA) across three workstation conditions and in the Flamingo posture.
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Figure B19: TES activities at static (10th percentile), median (50th), and peak (90th).

Figure B20: LES activities at static (10th percentile), median (50th), and peak (90th).
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Figure B21: RA activities at static (10th percentile), median (50th), and peak (90th).
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