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Abstract. Drywall sheets are heavy and bulky. Depending on the thickness 
and size of the sheets, they can weigh between 55 and 200 pounds. Therefore, 
workers who constantly lift drywall sheets may be exposed to high risks for 
overexertion and fall injuries. The objective of this study was to quantitatively 
evaluate the kinematic stressors associated with lifting drywall sheets so that 
injury control strategies could be recommended. Twenty-eight construction 
workers (mean age = 35 ± 9 years) with at least 6 months of drywall­
installation experience (mean experience = 9 ± 7 years) participated in this 
study. Each subject perfonned a lift of a 4-foot by 8-foot drywall sheet, 
weighing approximately 55 pounds using one of four lifting methods: ( 1) 
vertical lift of the drywall, (2) horizontal lift of drywall with both hands 
positioned on the top of the drywall. (3) horizontal lift of drywall with both 
hands positioned on the bottom of the drywall, and (4) horizontal lift of 
drywall with one hand positioned on the top and one positioned on the bottom 
The study was completely randomized with lifting methods randomly assigned 
to each subject. Workers' kinematic variables were quantified using a video­
based motion analysis system (PEAK MOTUS™ ). Kinematic variables 
included left and right elbow flexion, left and right amvshoulder forward 
flexion, trunk flexion, left and right knee flexion. and left and right ankle 
dorsiflexion. Velocity and acceleration for each body part was also examined. 
lbese variables were used to examine workers' postures associated with each 
drywall lifting method. Analyses of variance (ANOV A) showed that the 
effects of different lifting methods were significant on all variables (p < .05) 
except for the left ankle dorsiflexion. The results of these analyses indicated 
that lifting methods 1 and 2 generated significantly less overexertion and fall 
hazards. An ongoing analysis is currently underway to examine kinetic 
variables (i.e., ground reaction forces). The findings from these quantitative 
studies will provide further understanding and focus for future research efforts 
on drywall-lifting, which can lead to the development of effective overexertion 
and fall injury prevention and intervention strategies. 

1. Introduction 

In Washington state, the composite incidence rate of musculoskeletal injury for 
the drywall industry (between 1992 and 1994) was 23.6 per 100 full-time workers, 
which was the highest of all industries [ 1 ]. According to the Bureau of Labor Statistics 
[2], the estimated traumatic-injury incidence rates for drywall installers were 7.7 and 5.4 
per 100 workers for 1992 and 1993, respectively [3]. These rates were higher than 
those for all construction workers combined (5.2 for 1992 and 4.9 for 1993). In a 
focus-group study, drywall installation was considered to be one of the two most 
difficult carpentry specialties [4]. A recent study of injury characteristics of drywall 
installers indicated thaf drywall installers were at high risk for fall and overexertion 
injuries. Nearly half of the injured drywall installers suffered sprains, strains, and tears, 
mostly to the back. About one third of the trunk injuries occurred while lifting solid 
building materials, mainly drywall (5]. 
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Little research has been conducted to quantitatively evaluate kinematic stresses 
associated with drywall lifting. Lifting massive and bulky drywall sheets is a task that 
increases the risk of overexertion and fall injuries during drywall installation. A typical 
drywall sheet weighs between 55 and 200 pounds and is 4 feet wide and 8 to 16 feet 
long. Since these sheets have no handholds and are Jess than l inch thick (ranging from 
3/8 to 5/8 inches), it is not easy for workers to grasp them efficiently and adequately 
support the heavy weight. Therefore, lifting drywall sheets exposes workers to potential 
injuries [6] . Drywall lifting tasks require considerable muscle force and may force 
workers to adopt awkward working postures. The high musculoskeletal load imposed 
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on workers may result not only in muscle fatigue, or over a longer time period, in 
musculoskeletal trauma disorders and chronic muscle pain [7], but it may also cause 
workers to suddenly lose their balance, which may potentially induce slip/fall injuries [8] . 
Therefore, the objective of this study was to quantitatively evaluate the kinematic 
stressors associated with lifting drywall sheets so that injury control strategies could be 
recommended. 

2. Method 

Subjects. Twenty-eight construction workers (mean age= 35 ± 9 years) with at 
least 6 months of drywall-installation experience (mean experience = 9 ± 7 years) 
participated in this study. Written informed consent was obtained from each subject 
after the objective and procedures of the study were explained. Subjects were 
compensated for their participation and given the option of withdrawing from the study 
at any time. All subjects underwent a medical screening by a physician (a licensed MD). 
Subjects with the following medical histories and/or conditions were excluded from the 
project: pregnancy; uncontrolled hypertension; history of dizziness; tremor; vestibular, 
neurological, or cardiopulmonary disorders; hernias; and chronic back pain. 

Tasks. Each subject performed four lifts of a 4-foot by 8-foot drywall sheet, 
which weighed approximately 55 pounds, using one of the four lifting methods (Figures 
1-4): (l) vertical lift of the drywall; (2) horizontal lift of drywall with both hands 
positioned on the top of the drywall; (3) horizontal lift of drywall with both hands 
positioned on the bottom of the drywall; and (4) horizontal lift of drywall with one hand 
positioned on the top and one positioned on the bottom. 

A simulated drywall-lifting workstation was built in the human factors laboratory 
(as shown in Figures 1-4). The subject initially stood upright and motionless with his 
hands on the posterior portion of his hips. After 10 seconds, a voice command was 
given to direct the subject to reach and lift a piece of drywall sheet which had been 
placed on a specially designed rack in front of the subject. Each subject lifted the 
drywall sheet, in a posture according to one of four assigned methods and statically held 
the drywall for five seconds. Then, with a voice command, the subject was asked to 
place the drywall sheet back onto the rack and bring his torso back to an upright 
position. The subject stayed in this upright position for an additional 15 seconds. 

Apparatus. The kinematic measurements were collected using a video-graphic 
motion measurement system (Peak™ Performance Technologies Inc., Englewood, CO). 
Twenty-two markers were placed on the subjects' anatomical landmarks (Table I). The 
use of the reflective markers in conjunction with PEAK MOTUS™ allowed researchers 
to collect automatically digitized three-dimensional spatial movement parameters for 
each subject. 

Dependent measures. Kinematic variables included left and right elbow flexion, 
left and right arm/shoulder forward flexion , trunk flexion , left and right knee flexion, and 
left and right ankle dorsiflexion. Velocity and acceleration of each body part (i .e., elbow, 
shoulder, trunk, knee, and ankle) were also measured. The joint angles were defined 
from the position of the 22 reflective markers (Table 2). Previous lifting-related studies 
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indicated that increases in these variables (i.e., joint angle, velocity, and acceleration) are 
significantly associated with an increased risk for occupationally related back and upper­
extremity injuries [9, 10, 11,12]. 

Experimental design and data analysis. The fourth lift of each method was 
selected to be analyzed. This study was a completely randomized design with lifting 
methods randomly assigned to each subject. Data collected on the kinematic parameters 
were analyzed by analyses of variance (ANOV A) with pair-wise contrasts. 

Figure I: Vertical lift Figure 2: Horizontal lift with both hands on top 

Figure 3: Horizontal lift with both hands Figure 4: Horizontal lift with both hands alternate 
on bottom 

3. Results 

Analyses of variance (Al'IJ"OV A) showed that the effects of different lifting 
methods were significant on all mean angular displacement variables (p < .05) except for 
the left ankle dorsiflexion. Table 3 presents the averages of mean angular displacement 
values for the four drywall lifting methods. The pair-wise contrast comparisons of the 
means indicated that methods 3 and 4 produced greater ranges of motion for different 
body segments than methods l and 2, except for the elbow. 

ANOV A also showed that the effects of different lifting methods were significant 
on all median angular velocity (p < .05) except for the left elbow flexion. Table 4 
presents the averages of median anglllar velocity values for the four lifting methods. The 
pair-wise contrasts indicated that methods 3 and 4 produced greater velocity of motion 
for different body segments than methods l and 2, except for the elbow. 

Additionally, ANOVA showed that the effects of different lifting methods were 
significant on the knee, ankle, and right shoulder flexion acceleration (p < .05). Table 5 
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reveals the averages of median angular acceleration values for the four lifting methods. 
The pair-wise contrasts indicate that methods 3 and 4 produced greater acceleration of 
motion for several body segments (knee, ankle, and shoulder) than methods l and 2. 

Table 1: Anatomical landmarks for reflective marker placement 

Marker Anatomical Position Marker Number 

Right fifth MTP Base of the 5th metatarsal of the right foot 

Right heel Right calcaneus 2 

Right ankle Lateral malleolus of the right ankle 3 

Right knee Head of the fibula at the right knee 4 

Right hip Right upper femoral condyle 5 

Right ASIS Right anterior superior iliac spines 6 

Left ASIS Left anterior superior iliac spines 7 

Back Lumbar3 8 

Left hip Left upper femoral condyle 9 

Left knee Head of the fibula at the left knee JO 

Left ankle Lateral malleolus of the left ankle 11 

Left heel Left calcaneus 12 

Left fifth MTP Base of the 5th metatarsal of the left foot 13 

Right wrist Radial styloid at the right wrist 14 

Right elbow Lateral epicondyle of the right elbow 15 

Right shoulder Right acromion 16 

Left shoulder Left acromion 17 

Left elbow Lateral epicondyle of the left elbow 18 

Left wrist Radial styloid at the left elbow 19 

Neck Occipital bone 20 

Right temple Right temple 21 

Left temple Left temple 22 

4. Discussion 

Results of this study suggest that vertical lift of a drywall sheet (method 1) and 
horizontal lift of a drywall sheet with both hands positioned on the top of the 
drywall (method 2) appeared to cause less overexertion hazards, and these methods 
currently are recommended as better lifting practices to reduce overall overexertion 
hazards. However, these two methods, in tum, create greater localized stresses on the 
elbow region. In the previous study [5], the results showed that only a limited number 
of the male population were estimated to have sufficient shoulder strength to perform 
lifting methods 3 and 4, respectively. with a 100-lb sheet. Also, lifting methods I and 2 
created greater elbow stresses on the workers' elbows and only about 60-70% of the 
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adult males in the population would have enough elbow strength to lift a 100 lb sheet 
[5]. Findings of this previous study associated overall overexertion hazards with drywall 
lifting using heavier sheets. The current study extended these findings to associate 
overexertion hazards with lighter drywall sheets, when tested under laboratory 
conditions using the simulated drywall-lifting workstation. 

Variables 

Left Elbow Flexion 

Right Elbow Flexion 

Left Knee Flexion 

Right Knee Flexion 

Trunk Flexion (L5/S I) 

Left Ankle Dorsiflexion 

Table 2: Dermition of the joint angles 

Definition 
Calculate anatomical ISO-degree angle between left wrist (Pl), left elbow 
(V), and left shoulder (P2), from the Pl-V segment to the V-P2 segment. 

Calculate anatomical ISO-degree angle between right wrist (Pl), right elbow 
{V), and right shoulder (P2), from the Pl-V segment to the V-P2 segment. 

Calculate anatomical I SO-degree angle between left hip (PI), left knee (V), 
and left ankle (P2), from the Pl-V segment to the V-P2 segment. 

Calculate anatomical I SO-degree angle between right hip (PI), right knee 
(V), and right ankle (P2), from the Pl-V segment to the V-P2 segment. 

Calculate vector angle between Y axis (Pl), back (L5/Sl) (V), and neck 
(P2), from the Pl-V segment to the V-P2 segment. 

Calculate anatomical 90-<legree angle between left toe (Al), left heel (A2), 
left knee (Bl), left ankle (B2), from the Al-A2/B2 segment to the Bl-A2/B2 
segment. 

Right Ankle Dorsiflexion Calculate anatomical 90-<legree angle between right toe (Al), right heel 
(A2), right shoulder (B 1), right ankle (B2), from the Al-A2/B2 segment to 
the Bl-A2/B2 segment. 

Left Shoulder Forward 
Hexion 

Right Shoulder Forward 
Hexion 

Calculate anatomical I SO-degree angle between left hip (PI), left shoulder 
(V), and left elbow (P2), from the PI-V segment to the V-P2 segment. 

Calculate anatomical !SO-degree angle between right hip (Pl), right 
shoulder (V), and right elbow (P2), from the Pl-V se~nt to the V-P2 
se nt. 

Table 3: Averages of mean ane!!lar values for the four lifting methods 

left right left right IJUllk left ankle right ankle left right 
elbow elbow lcncc lcnee fle:<ioo dorsiflcx.ioo dorsiflcxioo shoulder shoulder 
flcxioo flcxioo fle:<ion fle:<ioo forward forward 

flcxion flexion 

Method I 84.87 79.59 4.67 6.03 12.57 6.35 5.0S 140.46 137.19 

Method 2 115.77 115.33 6.60 7.32 6.82 3.13 4.62 126.28 127.47 

Method 3 4 1.07 43.03 36.51 37.20 32.21 18.21 10.83 154.81 156.15 

Method 4 34.84 81.63 30.22 28.91 23.58 11.12 9.29 155.30 97.64 
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Table 4: Averages of median angular veloci!I values for the four lifting methods 

left right left right ttunk left ankle right ankle left right 
elbow elbow knee knee flexioo dorsiflcxion dorsiflexion shoulder shoulder 
flex.ion flexion flexion flexioo fo<Ward foJWard 

flexioo flexion 

Method 1 4.13 3.97 1.27 1.42 1.75 .89 .80 2.98 2.86 

Method 2 3.29 3.30 1.65 1.33 2.07 .92 .79 2.86 3.44 

Method 3 4.72 4.97 17.88 20.21 10.35 5.23 5.97 7.46 6.25 

Method 4 4.55 5.65 9.98 8.05 5.59 3.36 2.21 5.07 4.59 

Table 5: Averages of median an~lar acceleration values for the four lifting methods 

left right left right trunk left anl:lc right ankle left right 
elbow elbow knee knee flex.ioo dor.;iflexioo dor.;iflexioo shoulder shoulder 
flexioo flexioo flcxioo flexioo forward forward 

flexioo flex.ion 

Method 1 49.62 53.36 22.68 27.05 30.08 10.78 11.62 38.53 34.36 

Method 2 46.02 55 .46 34.14 26.43 33.83 15.68 12.56 39.82 47.90 

Method 3 65.15 63.46 55.88 57.09 34.32 24.29 27.31 38.47 30.70 

Method 4 64.72 71.% 67.44 59.65 41.79 24.25 20.64 44.45 45.11 

To lift drywall using method 2 requires a considerable amount of gripping force 
in the hand and sufficient strength capability in the shoulders and anns. To perform 
gripping forces adequately, enough grip force must be supplied to prevent slips and loss 
of the object tangential to the surfaces. In contrast, extreme grip forces may cause 
musculoskeletal injuries (13). The other three lifting methods reduced their gripping 
forces against the drywall sheet's weight by using coupling forces (i.e., feeding forces) 
between the hands and the drywall sheets (i.e., coefficient of friction multiplied by the 
drywall sheet's weight). However, these three lifting methods (1, 3, and 4) produced a 
higher overexertion potential because of a greater muscle strength requirement [14). 
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During heavy lifting tasks such as lifting drywall sheets, it is evident that the 
highest compressive forces on the vertebral column are in the lowest five lumbar 
vertebrae and sacrum (15, 16). Degenerative vertebrae discs in the vertebral column are 
the usual cause of back injuries [ 15). In this study, a marker was placed on the L5/S 1 
for evaluation. The results indicated that a significantly greater amount of kinematic 
stresses were placed on this back region for method 3 than for the other three methods. 
According to the conclusions of previous studies (9, 10, 11 , 12), these kinematic stresses 
are strongly correlated with low back disorder as this study suggested. The results from 
this study echoed the findings that the back is the most frequently injured body part 
among drywall installers (14). 

Previously, researchers used electromyographic responses to evaluate muscle 
activation for projecting kinematic hazards (17, 18, 19). This study evaluated the 
kinematic hazards by using a direct measure of the pertinent variables through the PEAK 
MOTUS software package to analyze the motion. Findings from this study allowed the 
researchers to determine better work practices for reducing overexertion injuries in 
drywall lifting. Kinetic data (ground forces) will need to be assessed to categorically 
evaluate other biomechanical stresses associated with drywall lifting for reducing both 
overexertion and fall injuries. Ground reaction force data and kinematic data will be 
further combined in an inverse dynamic solution to calculate muscle and joint forces and 
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moments. The findings from these quantitative studies will provide further 
understanding and focus for future research efforts on drywall-lifting, which can lead to 
the development of effective overexertion and fall injury prevention and intervention 
strategies. 
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