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A B S T R A C T   

Posture quantification is important for analyzing trunk and upper extremity loading and estimating the risk of 
work-related musculoskeletal disorders. This study introduced an inertial measurement unit sensor-based 
posture-matching (ISPM) method. The ISPM method is the concept that involves observers wearing sensors 
and simulating postures in photos or videos obtained at job sites to assess the postural risks for the trunk and 
upper extremity. We tested the inter-rater reliability of the method in 4 novice observers. For the trunk, 
shoulder/elbow, and wrist joint angle category, weighted kappa scores were 0.89, 0.52, and 0.26, respectively. 
The results of the ISPM method indicated moderate or high inter-rater reliability for trunk flexion, shoulder 
flexion/extension, shoulder abduction/adduction, and elbow flexion. The ISPM method was more reliable than 
conventional observation-based posture assessment tools used for trunk posture analyses. However, the assess
ment of upper extremity angles indicated that the reliability of ISPM was lower than that of conventional 
observation-based posture assessment tools. This was a proof-of-concept study conducted using a few samples. 
Therefore, further testing is necessary to support the findings. 
Relevance to industry: The ISPM method requires a minimal level of training. It uses conventional video recording 
and imposes almost no interruptions to the workers’ performance. The ISPM method showed moderate inter- 
rater reliability for the trunk, shoulder flexion/extension, shoulder abduction/adduction, and elbow flexion 
during the joint angle analysis.   

1. Introduction 

Work-related musculoskeletal disorders (WMSDs) are prevalent in 
various occupations in the United States (CPWR, 2018; Bureau of Labor 
Statistics, 2016; Marcum and Adams, 2017; Smith and Anderson, 2017). 
Between 2006 and 2015, the construction, transportation, utility and 
warehousing, and health care industries reported high rates of WMSDs 
claims, which are determined as compensable claims per 10,000 
full-time equivalent employees (Howard and Adam, 2018). In the 
Washington State, between 1999 and 2013, 72.6% of WMSD compen
sable claims in all industry sectors were related to the back and upper 
extremities (i.e., shoulder, elbow, hand, and wrist) (Marcum and Adams, 
2017). Repetitive motions, heavy lifting, awkward postures, and 
high-force exertions are, independently or combined, factors contrib
uting to WMSDs of the back and upper extremities (Bernard et al., 1997; 
Keyserling et al., 1993). Therefore, posture quantification is important 
for the analysis of trunk and upper extremity loading in order to estimate 
the risk of musculoskeletal disorders. Such analysis is commonly 

performed by observers, such as occupational safety and health spe
cialists, or ergonomists. 

A checklist-type of observation technique is commonly used to assess 
the postural demands of jobs associated with a high prevalence of 
WMSDs (Dempsey et al., 2005; Lowe et al., 2019). The Rapid Upper 
Limb Assessment (RULA) (McAtamney and Corlett, 1993), Strain Index 
(Moore and Garg, 1995; Garg et al., 2017), and Quick Exposure 
Checklist (QEC) (David et al., 2008) are commonly used to assess 
work-related tasks such as postural risk factors for the trunk and upper 
extremities. These tools can be implemented by on-site worker obser
vations or office/laboratory assessments based on photos or video re
cordings obtained at the job site. The Washington State Safety and 
Health Assessment and Research for Prevention (SHARP) program 
developed a conventional posture quantification method, which is a 
posture analysis tool (Bao et al., 2006), to assess the postural risk 
through observation. Using this tool, analysts can estimate joint angles 
by observing work postures on a computer screen. 

The reliability of observational assessment tools is influenced by the 
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rater’s ability to process multiple sources of information simultaneously 
to estimate posture during on-site assessments (Bao et al., 2009). The 
rater’s experience level, camera angle, body part size, and video quality 
affect the reliability of deferred (i.e., post-hoc off-site assessment) 
posture analysis methods using video data collected on-site (Bao et al., 
2009; Lowe et al., 2014; Weir et al., 2011). Parallax errors, which are a 
common cause of individual differences in posture analysis outcomes, 
lead to wrist posture analysis variations among observers that are 
dependent on the photography angle and joint direction to be analyzed 
(Lau and Armstrong, 2011). Parallax errors can occur if the camera (or 
rater) perspective is not perpendicular to the plane of motion of the joint 
of interest (Lowe et al., 2014). 

Because of the individual differences in implementing observation 
methods, direct measurement methods have been considered as alter
natives to observational methods to objectively obtain body movement 
details. Instruments often used by professional ergonomists include an 
electrogoniometer, lumbar motion monitor, inclinometer, and motion 
capture system (Lowe et al., 2019). The optical motion capture system is 
considered as the gold standard motion tracking method (Kim and 
Nussbaum, 2013). Lowe et al. (2019) reported that 35% of ergonomists 
who responded to a survey in 2017 in the United States used this system. 
This was greater than the number of users of non-optical motion capture 
systems, such as the inertial measurement unit (IMU) sensor-based 
motion capture system. However, the optical motion capture system 
cannot be applied in the field or office/laboratory environments because 
it requires the installation of several cameras that surround the worker. 
These installed cameras only capture the sensors in a limited area sur
rounded by the cameras. Moreover, this method cannot be used to assess 
movements behind any obstacles, such as machinery and other objects. 

IMU sensor-based (non-optical) motion capture systems were 
designed to quantify posture and overcome the restrictions of the optical 
motion capture system. IMU sensors worn by workers on designated 
areas of the upper limbs allow ergonomists to quickly assess multiple 
joint angles simultaneously. Quantification of the postural risk using 
inertial sensors has been evaluated as acceptable in terms of validity and 
reliability for field application in some industries, such as recycling and 
dairy farming (Asante et al., 2018; Schall et al., 2015, 2016). However, 
the sensors interfere with personal protective equipment such as the fall 
arrest system worn by workers with occupations that involve a high risk 
of falls (e.g., construction workers), thereby making the use of such 
systems cumbersome or limited for field-based postural risk assess
ments. Magnetometer disturbances due to ferrometallic materials on job 
sites and drifting issues involved with the gyroscope in IMU sensors are 
known to cause joint angle measurement errors that increase over time 
(El-Gohary and McNames, 2012). Magnetometer disturbance issues 
(Roetenberg et al., 2007; Robert-Lachaine et al., 2017, 2020) could be 
problematic when considering implementing IMU-based motion 
tracking systems for real-time postural load assessments at job sites 
because many industries have ferromagnetic materials on-site. 

The current study is the first to introduce a posture-matching method 
as an intermediary solution that combines the benefits of observational 
and direct measurements (i.e., IMU motion capture system); this method 
is called the IMU sensor-based posture-matching (ISPM) method. Using 
this method, observers inspect the site and collect photos or videos 
containing the most common and worst postures. The ISPM method is 
designed to allow a rater in an office/laboratory who is wearing the IMU 
sensors to mimic the observed posture based on the photos or videos 

obtained at the job site. Therefore, workers are not required to wear 
sensors on-site. This technique can be incorporated as a routine tool for 
assessing the risk of WMSDs and implementing interventions to prevent 
injuries (Fig. 1). Dynamic posture analyses are expected to yield motion 
artifacts related to the wearable motion capture system (Bergamini 
et al., 2013). Furthermore, angular velocities also affect joint angle 
estimation errors (Kim and Nussbaum, 2013). According to a systematic 
review of wearable IMU system research articles published between 
2005 and 2018 conducted by Poitras et al. (2019), the validity and 
reliability of the system remain uncertain because of conflicting results. 
They found a low level of accuracy in joint angle calculations in the 
upper extremities, including the shoulder and elbow, with complex 
dynamic motions. This is why the ISPM is designed to enable analyses of 
static postures and minimize motion artifacts when data are collected 
from the motion capture system. Similar to existing ergonomics assess
ment tools such as RULA, QEC, and Strain Index, task assessments are 
usually done in a static fashion. Therefore, the ISPM method is an 
optimal tool for repetitive tasks involving a cycle that can be sampled 
during a short period of time and assessed to determine the postural risk. 
In the case of non-repetitive tasks composed of various sub-tasks, limi
tations arise because posture analyses can be conducted for only part of 
the overall task. 

The objectives of this proof-of-concept study were to test the inter- 
rater reliability of the IMU-based posture-matching method, to pro
vide practical applications for the IMU sensor-based motion tracking 
system, and to identify the risk of WMSDs. 

2. Materials and methods 

2.1. Participants 

Four observers were recruited to test the inter-rater reliability of the 
ISPM method. Three observers had basic experience with ergonomic risk 
assessment using observational methods through academic training and 
one had general experience with health and safety research. However, 
all were novice-level observers without ergonomic posture analysis field 
experience. Participation was voluntary. It was not necessary to obtain 
consent forms from the participants because of the minimal risk of the 
current study. 

2.2. Instruments and experimental design 

Ninety-two sample images including 43 different postures were 
prepared for this proof-of-concept study of the ISPM method. Postures in 
these photos represent those of typical manual material handling; these 
include a combination of neutral positions or deviations from the neutral 
positions of the upper extremities and trunk body segments. A profes
sional ergonomist posed with the prescribed joint angles of the upper 
extremities in the laboratory and photos were taken from 3 different 
camera angles (0◦, 45◦, and 90◦, Fig. 2). The prescribed joint angles were 
verified with a manual goniometer by another professional ergonomist. 

The I2M IMU Motion tracking system (NexGen Ergonomics Inc, 
Pointe Claire, Quebec) was used to automatically track and record joint 
angles. IMU sensors were placed on the rater’s hand, forearm, upper 
arm, and sternum to track and record the joint angles of the dominant 
upper extremity (Fig. 3). Sensors and body segments were aligned using 
an I-pose (also known as N-pose), and subjects maintained a neutral 

Fig. 1. Concept of the inertial sensor-based posture-matching method.  
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posture with their arm by the side and palms faced inward. The ob
servers then mimicked the postures displayed in 92 randomly ordered 
sample images shown on a computer screen. Prior to collecting the data 
used for analyses, each rater conducted one training session using the 
same 92 photos to become familiar with the ISPM method and data 
collection process. The observers used an event marker tool of the I2M 
IMU Motion tracking system that can input binary on (1) and off (0) data 
as well as continuous time and angle output data. When the observers 
decided that a mimicked posture was most similar to the posture in the 
picture, they pressed a button of the marker and the on (1) signal was 
stored. 

The current study compares the reliability of the ISPM method with 
that of conventional observational posture analysis methods. In the 
conventional posture quantification method (SHARP), the rater clicks on 
an appropriate location of the upper extremity and trunk using a mouse 
on the computer screen to identify the positions that more closely 
represent the postures estimated by the rater (Fig. 4). 

Three trained observers (new participants who were different from 
the four observers mentioned previously) analyzed joint angles using the 
conventional posture analysis method and the same 92 posture frames 
analyzed using the ISPM method reliability test. We compared the 
reliability of the ISPM method among novice observers with the reli
ability of the conventional posture method used by trained observers. 

2.3. Data analysis 

TK Motion Manager software (version 1.0.0; NexGen Ergonomics 

Inc, Pointe Claire, Quebec) was used to calibrate the sensors. Human 
Motion Analyzer software (version 2.5.0; NexGen Ergonomics Inc, 
Pointe Claire, Quebec) was used to apply a Kalman filter (NexGen Er
gonomics, 2016), and convert the raw IMU sensor data (sampling rate: 
128 Hz) into joint angle measurements in the local Cartesian coordinate 
system according to International Society of Biomechanics recommen
dations (Wu et al., 2002, 2005). Raw joint angle values from the selected 
data set from each rater were then classified into posture categories 
pre-defined by Bao et al. (2009) as summarized in Table 1 and trans
ferred to categorical variables for the ISPM method reliability tests. 

The inter-rater reliabilities of the ISPM and the conventional posture 
analysis methods were evaluated using Fleiss kappa (κ) and Conger- 
weighted kappa (κw) coefficients. Prior research (Conger, 1980; 
McHugh, 2012; Klein, 2017) indicated that κ and κw were used for sta
tistics among three or more raters (i.e., observers in the current study), 
whereas the reliability of assessment tools between two raters was 
examined using the Cohen kappa and weighted kappa. The weighted 
kappa test is designed to determine the inter-rater reliability using an 
ordinal variable as opposed to the evaluation of nominal variables of the 
simple kappa test. The degree of risk associated with musculoskeletal 
disorders also varies according to the posture category; therefore, the 
weighted kappa test also considers these variations. For example, for 
trunk flexion (Table 1), the incorrect assessment from Bin 3 to Bin 4 is 
more likely to lead observers (e.g., occupational safety and health spe
cialists or ergonomists) and mangers to make an error when planning 
interventions than an incorrect assessment from Bin 2 to Bin 3 (i.e., for 
ordinal variables, a larger bin number represents a higher risk of 

Fig. 2. Camera setup in three different angles.  

Fig. 3. Experimental setup.  
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WMSDs). The kappa statistics were interpreted as follows: values larger 
than 0.8, perfect reliability; 0.61–0.80, excellent reliability; 0.41–0.60, 
moderate reliability; 0.21–0.41, fair reliability; 0.0–0.20, slight reli
ability; and less than 0, no reliability (Landis and Koch, 1977). STATA 
version 15 (StataCorp LP, College Station, TX) was used for statistical 
analyses. 

3. Results 

The results of the inter-rater reliability based on κ and κwstatistics 
testing for the ISPM and conventional posture observation analysis 
methods are summarized in Table 2. The κw inter-rater reliability for the 
ISPM method was 0.52, 0.26, and 0.89 for the shoulder and elbow, wrist, 
and trunk joint angles, respectively. The corresponding κwscores were 
0.68, 0.78, and 0.86 for the conventional posture observation method. 
The current study also calculated the lump sum reliability score of all 
upper extremity angles to compare the reliability score of conventional 
tools that were published in the same lump sum manner (e.g., RULA). 

The results showed that the inter-rater reliability of the ISPM method 
was moderate or higher for most posture variables among the 4 different 
novice observers, especially for trunk flexion/extension, shoulder 
flexion/extension, shoulder abduction/adduction, and elbow flexion. A 
low inter-rater reliability was noted for shoulder rotation, wrist flexion/ 
extension, and wrist ulnar/radial deviation. Shoulder flexion/extension 
and abduction/adduction showed good to excellent inter-rater reli
ability; the reliability scores of the ISPM method for these body segments 
were higher than those from the conventional posture analysis method 
as evaluated by the weighted kappa (Table 2). Kappa statistics for elbow 
flexion analysis by the ISPM method indicated a moderate inter-rater 
reliability. The inter-rater reliability of both shoulder flexion and 
extension was higher for the ISPM method than for the conventional 
posture observation method. The assessment of forearm supination/ 
protonation and wrist flexion/extension using the ISPM method was 
fairly reliable according to the weighted kappa statistics. The ISPM 
method showed slight to no inter-rater reliability for shoulder rotation 
and wrist ulnar/radial deviation among the 4 observers. The reliability 

Fig. 4. Washington State SHARP Program posture analysis method.  

Table 1 
Predefined posture categorization (adapted from Bao et al., 2009).  

Posture parameter Posture category  
Bin 1 Bin 2 Bin 3 Bin 4 Bin 5 

Trunk flexion/extension ˂− 5◦

Extension 
− 5◦–20◦

Neutral 
20◦–60◦

Flexion 
≥60◦

Flexion  
Upper arm flexion/extension ˂− 5◦

Extension 
− 5◦–20◦

Neutral 
20◦–45◦

Flexion 
45◦–90◦

Flexion 
≥90◦

Flexion 
Upper arm abduction/adduction ˂− 5◦

Adduction 
− 5◦–30◦

Neutral 
30◦–60◦

Abduction 
60◦–90◦

Abduction 
≥90◦

Abduction 
Upper arm rotation ˂− 5◦

Outward 
− 5◦–15◦

Neutral 
15◦–45◦

Inward 
≥45◦

Inward  
Elbow flexion ˂− 5◦

Hyperextension 
− 5◦–20◦

Extension 
20◦–60◦

Neutral 
60◦–100◦

Flexion 
≥100◦

Flexion 
Forearm pronation/supination ˂− 45◦

Supination 
− 45◦–45◦

Neutral 
≥45◦

Pronation   
Wrist flexion/extension ˂− 45◦

Extension 
− 45◦ to − 15◦

Extension 
− 15◦–15◦

Neutral 
15◦–45◦

Flexion 
≥45◦

Flexion 
Wrist ulnar/radial deviation ˂− 15◦

Radial 
− 15◦–20◦

Neutral 
≥20◦

Ulnar    
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scores of shoulder rotation and wrist ulnar/radial deviation assessment 
were higher in the event-based posture analysis method than in the ISPM 
method (see Table 2). 

Elbow flexion showed low reliability results with the 45◦ camera 
angle (Fig. 5a); forearm supination/protonation assessments were more 
reliable at 45◦ and 90◦ camera view angles compared to the results at 
0◦ (Fig. 5b). The inter-rater reliability of trunk flexion/extension was 

consistently high across all camera angles (Fig. 5c). For the shoulder 
abduction/adduction assessment, inter-rater reliability was excellent 
based on the weighted kappa statistics estimated in both the frontal (0◦) 
and sagittal views (90◦) (Fig. 5d). The highest level of inter-rater reli
ability for the shoulder was found in the 0◦ angle view for the flexion/ 
extension assessment (Fig. 5e). The ISPM showed very low reliability for 
the shoulder rotation assessment for all camera angles (Fig. 5f). The 
inter-rater reliability showed the greatest variability across camera an
gles for the wrist flexion/extension angle (Fig. 5g). Wrist flexion/ 
extension also showed the highest inter-rater reliability at 45◦, with very 
low inter-rater reliability when the assessment was performed in the 
frontal plane view (Fig. 5g). Wrist ulnar/radial deviation showed the 
highest reliability among the 4 observers for the evaluation performed in 
the sagittal plane (Fig. 5h). 

4. Discussion 

The proposed ISPM method is an ergonomics posture quantification 
technique based on mimicking postures viewed from videos or photos of 
workers taken at the job site. This method does not require the workers 
to be interrupted in order to perform the postural assessment and allows 
for the simultaneous analysis of multiple joint angles in the upper 
extremities. 

The large difference between the Fleiss and weighted kappa (i.e., 
higher weighted kappa than Fleiss kappa) means that the wrong cate
gory is selected more frequently in the lower weighted category, which 
corresponds to smaller trunk or upper extremity joint angles (Table 1). 
Observers need to identify awkward postures with higher joint angle 
deviations. The current study found a higher weighted kappa compared 
with the unweighted kappa statistic value, which suggests that ISPM is 
more reliable when the joint angles are in the high-risk zone for WMSD 

Table 2 
Inter-rater reliability of inertial sensor-based posture matching and event-based 
posture analysis.   

Inertial sensor- 
based posture 
matching 

Conventional 
posture observation 
method 

Body part κ  κw  κ  κw  

Trunk  
Trunk flexion/extension 0.89 0.89 0.86 0.86 

Shoulder and elbow  
Shoulder flexion/extension 0.72 0.79 0.63 0.76  
Shoulder abduction/adduction 0.55 0.70 0.55 0.68  
Shoulder rotation 0.00a 0.11 0.55 0.58  
Elbow flexion 0.49 0.66 0.89 0.92  
Forearm supination/pronation 0.31 0.34 0.44 0.47  
Mean (shoulder and elbow) 0.41 0.52 0.61 0.68 

Wrist  
Wrist flexion/extension 0.19 0.28 0.50 0.55  
Wrist ulnar/radial deviation 0.21 0.24 1.00b 1.00b  

Mean (wrist) 0.20 0.26 0.75 0.78 
Mean (upper extremity)c 0.35 0.45 0.65 0.71 

Note: Bold texts represent the lump sum reliability score of a group of body 
regions compared to the reliability score of conventional tools. aMethodological 
problem estimating κ due to potential sensor errors. bToo few rating categories. 
cLump sum reliability score of the shoulder, elbow, and wrist joint angles. 

Fig. 5. Comparison of inter-rater reliability statistics for upper extremities and trunk joint angles based on the camera angle.  
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development (e.g., higher inter-rater reliability in 45◦–90◦ of shoulder 
flexion than in − 5◦–20◦). The set of 92 test images only contained 
limited range of joint angles. For instance, wrist ulnar/radial deviation 
only ranged from − 10◦ to 30◦ in the photo frames; therefore, only Bin 2 
in Table 1 could be consistently observed by observers or estimated by 
the inertial sensors. 

The inter-rater reliability of the conventional observation-based 
posture assessment tools varied according to the activity being 
analyzed and the training level of the observers participating in the 
studies. The κw of the ISPM method for wrist angles (0.45) was greater 
than the value for hand/wrist posture evaluation in the Strain Index 
(0.34) reported by Spielholz et al. (2008) (Table 3). The inter-rater 
reliability of the trunk posture assessment using the ISPM method was 
greater than that of the RULA, while for the assessment of upper ex
tremity angles, the value (κw 0.45) was lower than that of OCRA in a 
study analyzing cheese processing activities [intraclass correlation co
efficient (ICC), 0.54]. Comparing the κw scores of the ISPM and QEC 
methods indicated that the ISPM is a more reliable tool for trunk posture 
analysis, while the upper extremity score was higher in the QEC 
assessment. Overall, the ISPM upper extremity inter-rater reliability 
scores were lower than those of other conventional observational 
posture analysis methods. However, the ISPM included posture assess
ment for more movements such as shoulder rotation and forearm supi
nation/protonation, which other tools could not assess. 

The ISPM method showed higher reliability scores for the trunk, 
shoulder, elbow, and forearm than for the wrist. Body segment size 
could affect the observers’ visual attention levels when evaluating the 
photo frames. Larger body segments might be easier to observe and 
mimic, while smaller segments (i.e., wrist) require closer inspection and 
careful visual interpretation. For example, a rater would not be required 
to pay as much attention to effectively mimic shoulder movement in 
comparison with forearm protonation and wrist extension. Thus, the 
inter-rater reliability of the ISPM method was higher for larger body 
segments. 

The effect of the camera angle was especially visible in the angles 
between smaller body segments, including wrist flexion/extension. The 
camera angles with a higher inter-rater reliability also varied between 
body segments; when shoulder flexion was analyzed from a frontal view, 

the inter-rater reliability decreased. However, the inter-rater reliability 
of shoulder rotation and elbow flexion was higher in the same plane. To 
achieve optimal reliability and results with the ISPM method, the setup 
of the camera angle should be determined based on an investigation 
determining which part of the body is exposed to the highest risk. 

This study found that observers must take several pictures of 
workers’ problematic postures on the job site, from multiple camera 
viewpoints, for the practical application of the ISPM method, as sug
gested by conventional observational method guidelines (Lowe et al., 
2014). Therefore, the ISPM method can be optimally applicable to a 
repetitive task during which a cycle can be sampled for postural risk 
assessment without interrupting workers. For the application of the 
ISPM method, observers should pay more attention to the mimicking of 
posture angles when they assess jobs require combined/complex body 
segment movements. 

One source of error contributing to the lower reliability of the results 
was the camera angle (Fig. 5), especially for wrist flexion/extension. The 
reliability of the rater’s posture analysis decreased if the postures were 
photographed in a parallel direction to the performed movement. The 
observers did not have a clear perception of wrist and shoulder internal 
and external rotation from the images. Trunk flexion, shoulder abduc
tion and rotation, elbow flexion, and wrist ulnar/radial deviation 
showed worse inter-rater reliability with the ISPM because joint rota
tions are not clearly visible at a 45◦ angle. Sensor errors, such as gyro
scope drift, could contribute to the low reliability. Such an error can be 
minimized using a Kalman filter (Chen et al., 2018). The potential effect 
of drifting on the joint angle estimation was previously observed by 
comparing the joint angles at the beginning and end of a 12–15 min 
period of data collection in the same static neutral posture; drifting was 
found to influence the reliability of shoulder rotation measurements 
(Lee et al., 2019). Chen et al. (2018) tested the IMU system joint angle 
estimation performance using various filters including Kalman, com
plementary, and particle filters. The current study only applied the 
Kalman filter during the joint angle calculation process. Other filter 
types should be tested to determine the extent to which sensor mea
surement errors can be minimized. 

These results are preliminary due to the limited number of subjects 
tested during this proof-of-concept study. The current study was 

Table 3 
Comparison of the inter-rater reliability of posture analysis tools for trunk flexion and upper extremities.  

Assessment tool Activity analyzed Rater training level Body part Inter-rater reliability statistics Reference 

ISPM Manual material handling Novice Trunk κ (0.89)  Present study 
κw (0.89)  

Shoulder, elbow, forearm κ (0.41)  
κw (0.52)  

Wrist κ (0.20)  
κw (0.26)  

Conventional posture observation Manual material handling Expert Trunk κ (0.86)  Present study 
κw (0.86)  

Shoulder, elbow, forearm κ (0.61)  
κw (0.68)  

Wrist κ (0.75)  
κw (0.78)  

Strain Index Manufacturing, health care Novice/Expert Wrista κw (0.34)  Spielholz et al. (2008) 
ICC (0.66) Stevens et al. (2004) 

RULA Computer use Novice/Expert Trunk (incl. neck/legs) ICC (0.76)c Dockrell et al. (2012) 
Shoulder, elbow, and wristb ICC (0.61)c 

PATH Hospital workers Expert Trunk κ (0.53)  Park et al. (2009) 
Upper extremities κ (0.52)  

OCRA Cheese manufacturing Expert Upper extremitiesd ICC (0.54) Paulsen et al. (2015) 
QEC Fifty-one work tasks Expert Trunk κw (0.70)  Oliv et al. (2019) 

Shoulder, elbow, forearm κw (0.74)  

Note: Bold texts represent a greater than moderate level of reliability. aHand/wrist posture. bWrist/arm posture, muscle use, and force. cAverage value of two trial tests. 
dAwkward posture/movement results. 
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conducted with novice observers only; further research using expert 
observers is needed to verify the reliability difference according to the 
experience level. The 92 posture frames utilized in the current study 
only included a limited range of movement (e.g., trunk flexion between 
0◦ and 30◦). Thus, future studies should include more varied postures 
with a wide range of movement in order to reflect the task demands of 
workers exposed to a high risk of WMSDs. 

5. Conclusions 

Conventional observational ergonomic assessment tools usually 
require a significant amount of rater training and experience, which 
poses a huge barrier for their broad implementation and industry 
adoption. In this study, we introduced an IMU-based posture matching 
method, an alternative approach to improve the reliability of conven
tional observation-based posture analysis methods. The ISPM method is 
a tool that combines the benefits of observational and direct posture 
analysis tools. It is designed to be used after a minimal level of training 
even by novice observers. The proposed posture-matching method uti
lizing the IMU system is a post-hoc ergonomics posture quantification 
method that industry practitioners can perform in controlled environ
ments without ferrometallic materials based on videos or photos of 
worker activity recorded on the job site. The outcomes of the ISPM 
method showed good inter-rater reliability in regards to trunk, shoulder 
flexion/extension, shoulder abduction/adduction, and elbow flexion. 
The outcomes for the other joints were not reliable among the different 
novice observers. The ISPM method was more reliable than conven
tional observation-based posture assessment tools used for trunk posture 
analyses. However, the assessment of upper extremity angles indicated 
that the reliability of ISPM was lower than that of conventional 
observation-based posture assessment tools. 
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