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Introduction 

 Work-related musculoskeletal disorders (MSDs) are 

widespread among construction workers in the United States 

(US) and worldwide. According to the US Bureau of Labor     

Statistics (BLS), construction workers are at significant risk of 

MSDs with nonfatal injury rate of 143.4 (per 10,000 full time 

workers) compared to 112.4 for all other occupations combined

[1]. Among the construction workers, brick/block masons are 

required to regularly lift and maneuver the heavy blocks weighing 

from 6 kg to more than 48 kg to build and repair walls, floors, 

partitions, fireplaces, chimneys and other structures[2]. This 

block lifting task is physically demanding and requires repetitive 

bending, lifting, and twisting in potentially harsh construction   

environments [3-5]. In recent years, non-fatal injury rate of  3.4 

(per 100 full time workers), which was slightly less than non-fatal 

injury rate of 3.7 for all construction workers has been observed 

among the masonry contractors/workers [6-7].  

The leading cause of injury among masonry workers is          

overexertion. In a study by the Center for Construction Research 

and Training (CPWR), masons had the highest incidence rate of  

injuries due to overexertion [8]. Sprains, strains, and tears were  

the most common type of overexertion MSDs with 45.3 per 

10,000 full time workers suffering from back injuries that require 

days away from work [8]. 3.7 for all construction workers has 

been observed among the masonry contractors/workers [6-7].  

The leading cause of injury among masonry workers is         

overexertion. In a study by the Center for Construction Research 

and Training (CPWR), masons had the highest incidence rate of 

injuries due to overexertion [8]. Sprains, strains, and tears were  

the most common type of overexertion MSDs with 45.3 per 

10,000 full time workers suffering from back injuries that require 

days away from work [8]. In addition to the low back MSDs, 

shoulder injuries were also found to be prevalent among the 

masons. A few previous studies have reported that                

approximately 50% of masonry/bricklayers complain of shoulder 

injuries due to repetitive handling of construction bricks/blocks [9

-11]. Several previous studies have already shown that        

physically demanding  tasks  such  as  heavy  lifting,  working  at  

or above shoulder level, and repetitive movements are          

associated with low back pain [12-18] and shoulder pain [19-23].  

Effects of lift-assist device on trunk and shoulder kinematics 

Abstract: 

Background: Repetitive handling of heavy concrete blocks has been associated with the risk of low back 
and shoulder injuries among the masons. Several interventions have been proposed to reduce the risk of 
musculoskeletal disorders among the masons. A new intervention, a lift-assist handle, was tested in this 
study. Objective: The effectiveness of the lift-assist handle in masonry work was assessed using the 
shoulder and low back  kinematics  during  block  lifting/lowering  tasks  performed  at  two  heights. 
Methods: In a laboratory setting, seven male subjects performed with- and without-lift handle assisted 
block lifting tasks at two different heights.  Optical motion capture system and biomechanical modeling 
software were used to record and model each dynamic trial. Effect of lifting height and use of a lift-assist 
handle on range of motion of the shoulder and trunk were tested. Results: The use of lift-assist handle 
significantly reduced trunk motion and increased shoulder motion. Lifting height had a significant effect on 
shoulder kinematics only. When height was increased from 17to 29 inches, the ranges of motion of  
shoulder abduction-adduction and internal rotation significantly increased. Additionally, block lifting/
lowering task duration decreased by 26% when the lift-assist handle was used. Conclusions: While  
potential benefits to lower back health were found with the lift-assist handle, increased shoulder motion 
may increase the risk of shoulder injuries. The findings of this study emphasize the need for an in-depth 
analysis of assistive devices prior to implementation to ensure that there are no unintended                

consequences of their use that could negate their benefit.  

 

Key Words:  Construction block; Lift-assist handle; Shoulder; Trunk; Kinematics  

Suman Kanti Chowdhury,         

Christopher  W. Moore and 

Ashish D. Nimbarte  

 

 

 

Industrial and Management       

Systems Engineering, PO Box 
6070, West Virginia University, 

Morgantown, WV 26506-6107  
 

 

 

 

 

 

Corresponding Author:  

Dr. Ashish D. Nimbarte   

Email: ashish.nimbarte@mail.wvu.edu 

 
© 2015 IJOSH All rights reserved. 



Original Article / IJOSH/ ISSN 2091-0878 

2 

Chaffin and Park (1973) established a relationship between the 

level of peak spinal compression in occupational lifts and low 

back pain incidence[24]. In a cohort study by Latza et al (2000) 

on German construction workers, it was found that lifting heavy 

sandstone building blocks (7–10 kg) for 2 h or more was         

associated with a higher prevalence of low back pain than     

workers who did not engage in such work[13]. In a longitudinal 

study on 571 male construction workers, Strumer et al (1997) 

analyzed the association between job history and low back     

disorders[25]. The authors found that construction workers who 

routinely performed bricks/blocks lifting tasks for more than 10 

years were 2.5 times more likely to have low back MSD than 

other construction workers.  

Several physical factors such as block weight, frequency of    

lifting, and block lifting height, were recognized as the probable 

risk factors for the back and shoulder injuries among masons. 

Van Dieen and Toussaint (1997) found that higher duration of 

lifting activities (30 and 120 min ) and higher lifting frequencies (2 

to 12 min -1) had significantly escalated the peak spinal          

compression force (1500 to 4100 N) and hence increased the 

likelihood of low back injury[26].  In a field study by Luttmann et 

al (1991) awkward posture and lifting height were found to be the 

contributing factors to back and shoulder injury among the      

masons[27]. A forward bent position was observed while working 

on the low wall heights whereas, working at higher wall heights 

(100 – 160 cm) required exertions with arms above the shoulder/ 

head. Anton et al (2005) also found higher upper back and    

shoulder muscle activity for masons while working at  higher wall 

height [28]. They also found that muscle activity of upper        

extremity (forearm flexors and extensors) and back (erector    

spinae) muscles reduced when light weight block (11.8 kg) was 

used compared to standard medium weight block (16.3 kg). On 

contrary, Van Der Molen et al (2008) found insignificant effect of 

block weight ranging from 11 to 16 kg on productivity, duration or 

frequency of tasks [29].  

Some interventions have been suggested by different studies to 

reduce the risk of MSDs among the masons. Lighter-weight 

blocks, adjustable height scaffolding to keep working height    

between 60 to 90 cm, and use of team-lift when handling heavy 

blocks are a few examples [3, 5, 10, 28-30]. One recent          

intervention designed to improve handling of the nominal        

concrete masonry units (CMU) is the use of lift-assist handle/

device. This handle/device may improve the hand-CMU coupling 

and the strength capability of the major joints. While improving 

the coupling and the strength, use of such handle may also affect 

the posture used to perform the lifting task. In this study,         

effectiveness of one such lift-assist handle used in masonry work 

was evaluated. Specifically, the shoulder and low back            

kinematics during block lifting task performed at different heights 

and exposure durations were quantified.  

Methods 

Approach: A lab-based simulation was used to evaluate the 

effect  of  lift-assist   handle  on the  kinematics of  the  trunk  and  

shoulder joints. An optical motion capture system was used to 

record three-dimensional locations of retro-reflective markers 

placed on anatomical landmarks of the participant's body. Joint 

kinematics were computed using the marker data.  

Participants: A convenient sample of seven healthy engineering 

graduate and undergraduate male students was used for data 

collection. The age, height, weight of the participants was 23.5 

(±3.2) years, 172 (±3.7) cm, and 66.2 (±4.6) kg, respectively. 

Potential participants were excluded if they had current or      

previous musculoskeletal complaints or had any physical        

disabilities or conditions that would affect their ability to perform 

the tasks. Additionally, the Physical Activity Readiness        

Questionnaire (PAR-Q, Canadian Society for Exercise         

Physiology) was used to screen potential participants for cardiac 

and other health problems (e.g., dizziness, chest pain, heart 

problems, etc.). 

Optical motion capture system: Vicon motion capture system 

(Vicon Motion Labs, Oxford, UK) was used to capture the body 

motion during simulated lifting tasks. This system consists of 

eight optical cameras (MX-Series) with infrared strobes (Figure 1

(a)) that emit pulses of infrared light at high frequencies. The 

infrared light reflects off of small, round retro-reflective markers 

(Figure 1(b)) and is captured by the cameras in the Vicon       

system.  When multiple cameras capture reflections from the 

markers, the location of the marker in three-dimensional space 

can be determined by the Vicon Nexus software.  

Figure 1. Vicon MX camera with infrared strobe lights; (b) 14mm 

(0.55in) Retro-reflective markers 

 

 

Motion analysis software: Vicon Nexus 1.5.1 (Vicon Motion 

Labs, Oxford, UK) software was used to track the markers     

affixed to the participants (Figure 2(a)) and analyze the marker 

data from the Vicon cameras. The software tracks the location of 

the markers by using raw data from the camera system. A     

three-dimensional representation of the markers is displayed on 

screen throughout the capture (Figure 2(b)). The marker data 

was captured at a rate of 100 frames per second (100 Hz).  

Kinematic computation software: Visual 3D (C-Motion Inc,   

Germantown, MD, USA) software was used for analysis and 

modeling of three-dimensional marker data (Figure 2(c)). By 

capturing a static-posture trial, the software can create a human 

model and apply it to dynamic capture data from .c3d files based 

on the trajectories (locations) of calibration and cluster markers. 

For example, for tracking the location of the trunk, the following 

four markers  are  used in this  research:  one marker on the C7, 

one  
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markers must follow the anatomical landmark on which they 

were placed. Therefore, the participant was instructed to change 

into tight-fitting, spandex shorts and remove their shirt. The 

spandex shorts also helped ensure that the markers were not 

hidden during the capture. Fifty one retro-reflective markers 

were affixed to specific landmarks of the body (Figure 2 (a)) to 

allow accurate modeling of the dynamic trials within Visual 3D.  

Prior to actual data collection, a 5-second static posture trial with 

the participant in the standard anatomical position was captured 

for use in the analysis. Subsequently the participant performed 

the experimental tasks under different conditions of handle, 

height and direction.  

Figure 4: Schematic representation of the block lifting heights. 

 

Data processing: Each experimental trial was processed by 

first labeling each marker with its unique identifier (i.e. RELB for 

right elbow). Gaps in the marker data were filled using the      

built-in gap-filling algorithms in Vicon Nexus and the data were 

exported for further processing.  

The static trial was used to create a model of the participant in 

Visual3D. Each body segment is modeled based on markers on 

the endpoints of the segment as well as additional tracking 

markers on each segment. Each segment is assigned a local 

XYZ coordinate frame that follows the right-hand rule with the    

Z-axis directed proximally along the long axis of the segment 

and the Y-axis directed anteriorly.  The resulting model was   

applied to each dynamic trial to produce a fully-modeled         

representation of the participant performing each task (Figure 2

(c)). In-built functionality of the Visual3D software allowed the 

computation of frame-by-frame, three-dimensional anatomical 

joint angles by calculating Euler rotations between the local   

coordinate frames of the relevant segments. Angle data were 

used to determine the ranges of motion (ROM). 

Statistical analysis: A general linear ANOVA was performed to 

evaluate the effect of handle, lifting height, and lifting direction 

on the motions of trunk and shoulder joints. Handle condition, 

lifting height, and lifting direction were treated as fixed effects 

and subjects as a random factor. The dependent variables were  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

marker on the T10, and two markers on both side of the back.   

The software can then determine frame-by-frame joint angles 

based on outputs from the model.  

Figure 2.  (a) The custom marker set affixed to a participant. The      

marker set was symmetrical right to left. (b) Real-time 3D            

Perspective view in Nexus. (c) kinematic model developed in visual 

3D. 

 

Lift-assist device: The lift-assist device evaluated in this study 

provides a padded handle for the user to grasp. The handle    

attaches to the construction block with two connected vertical 

prongs that fit into holes in the construction block(19 kg).The 

friction between the two prongs and the block provides a secure 

connection (Figure 3).  

Figure 3.  (a) Lift-assist handle (b) Block with the lift-assist handle. 

 

Experimental design: A three-factor replicated block design 

was used in this research. Factor 1, handle condition, was     

treated at two levels: 1) with handle and 2) without handle.      

Factor 2, direction of motion, was treated at two levels: 1) lifting 

and 2) lowering. Factor 3, lifting/lowering height, was treated at 

two levels: 1) 17” and 2) 29”. The heights approximately         

represent second and fourth rows of the blocks when delivered to 

a construction site on a pallet (Figure 4). Human participants 

were treated as blocks. Individual participant performed 24     

experimental trials (2 handle × 2 directions × 2 heights × 3      

repetitions) in random order. A rest period of 45 to 60 seconds 

was provided between the experimental trials to mitigate fatigue. 

Data collection: Upon arrival, the participants were familiarized 

with  the  experimental  setup,  procedures, and  equipment.  In 

order to accurately determine the joint angles, the retro-reflective  
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range of motion (ROM) of flexion-extension, lateral bending, and 

rotation for the trunk joint, and flexion-extension, abduction-

adduction, and rotation of the shoulder joint. In addition to the 

joint ROM the effect of abovementioned independent variables 

was also tested on the block holding duration. This duration was 

defined as the time the participant started from neutral standing 

posture to lift/lower the block until the time participant returned to 

neutral standing posture. Significance level was set to 95%. The 

adequacy of the linear model was confirmed by normal          

probability plots of the residuals between the actual and fitted 

value. Minitab 16 software (Minitab Inc., Pennsylvania, USA) was 

used to perform the statistical analysis.  

Results 

Statistically no difference was found in the joint angles for lifting 

and lowering motions and therefore the data were pooled for the 

analysis. Similarly, no difference was found in the left and right 

side angles  for  shoulder  joint  and  therefore data were also 

pooled for the analysis.  

The lifting tasks required a much higher motion of the trunk in the 

flexion-extension direction (48 – 89º) compared to the lateral 

bending (7 – 23º) and trunk rotation (10 – 23º). A significant main 

effect of handle on the trunk joint motion was observed. Use of 

handle significantly reduced the trunk flexion, lateral bending and 

rotation ROM (All P<0.05) (Figure 5(a), Table I).  

A significant two factor interactions effect (height and handle) 

was observed for shoulder abduction-adduction (Figure 6). For 

the without handle condition no change in shoulder abduction-

adduction was observed with the increase in the height.         

However, for the with handle condition, increase in the height 

increased shoulder abduction-adduction.  

 

 

 

 

 

 

 

 

The average block holding duration, that is, the time the         

participant started from neutral standing posture to lift/lower the 

block until the time participant returned to neutral standing     

posture, was significantly reduced (decreased by 26%) while the 

task was performed using handle: mean duration of 5.44 s for 

using handle compared to 6.83 s for without using handle (Table 

I& Figure 6).   

Figure 5.  ROMs for different height and handle conditions: (a) 

Trunk joint; (b) Shoulder joint. Error bars represent standard errors 

and asterisk (*) indicates a statistically significant difference.  

Figure 6: Mean block holding duration (seconds) for using 

handling tool vs without using handling tool. 

 
 
 
 
 
 
 
 

 

 

 

 

 

 

Height Handle Height×Handle  

        

Height 1 Height 2 p-value With Without p-value p-value 

ROM  

(degrees) 

Mean (SD) 

Trunk flexion-

extension 

68.83

(14.81) 

67.84

(14.99) 
0.327 

60.02  

(12.89) 
76.64    (11.75) <0.001* 0.10 

Trunk lateral      

bending 

14.33  

(6.71) 

13.44 

(5.06) 
0.24 

11.40    

(4.71) 
16.37      (6.02) <0.001* 0.12 

Trunk rotation 16.81 (7.29) 
18.19 

(5.25) 
0.17 

15.00    

(4.93) 
20.01      (6.68) <0.001* 0.10 

Shoulder flexion-

extension 

91.03

(15.15) 

90.68

(15.31) 
0.172 

94.20  

(13.92) 
87.51    (14.99) <0.001* 0.10 

Shoulder abduction

-adduction 
29.94 (8.43) 

33.35

(12.03) 
0.003* 

36.29  

(11.38) 
27.00      (6.97) <0.001* <0.001* 

Shoulder rotation 
44.96

(19.54) 

53.04

(24.16) 
<0.001* 

60.89  

(21.97) 
37.12    (15.18) <0.001* 0.61 

Block holding duration(Sec) 

Mean(SD) 
6.16   (1.61) 

6.11   

(1.37) 
0.78 

5.44      

(0.93) 
6.83        (1.62) <0.001* 0.463 

Table I  Results of statistical analysis. Asterisk (*) denotes statistical significance.  
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the other hand, if the increased risk is insignificant, the benefit to 

productivity may make implementation worthwhile. However, the 

increase in productivity may increase the work throughout the 

day, potentially increasing the cumulative strain and having an 

overall negative effect. These findings emphasize the need for 

an in-depth, multi-faceted analysis prior to implementation of 

assistive devices. Ideally, on-site collection of electromyography 

data, posture/motion data, and subjective ratings of discomfort 

along with subsequent biomechanical modeling to evaluate joint 

strain and cost-benefit analysis should be performed to make an 

informed decision on use of assistive devices.  

This study had several limitations. First, the participants were 

male students enrolled at West Virginia University. None of the 

participants had any experience working with construction block, 

and were likely less physically active than experienced           

construction workers. Therefore, the lifting technique and      

physical characteristics of the participants may not be            

representative of the target population. Additionally, this         

research was performed in a laboratory, which is not              

representative of the environment in which this type of work is 

usually performed. Environmental factors such as temperature 

and walking surface as well as effects of fatigue could result in 

substantially different postures compared to the laboratory     

environment. Finally, only two lifting heights were used in this 

research and all lifting was done from ground level. At real work 

sites, the origin and destination positions of the block will be 

much more variable. While it seems likely that effect of the     

handle could remain consistent irrelevant of height, our limitation 

to only two lifting heights does not allow this conclusion to be 

made. 

Conclusion 

This research suggests that this lifting device could be beneficial 

in terms of productivity and lower back health. On the other 

hand, use of the handle resulted in shoulder flexion angles of 

greater than 90° while they remained below 90° with use of the 

handle, suggesting more time working above shoulder height, a 

risk factor for shoulder musculoskeletal disorders, when the   

handle is used. The findings of our research emphasize the 

need for in-depth analysis of assistive devices, including the one 

in this research, before implementing their use to ensure that 

they serve their intended purpose and have no unintended     

consequences that could negate their intended benefit. 
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