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Abstract
Background: Meat cutters are a working group that engages in awkward postures, repetitive motion, and forceful 
wrist/hand exertion. This study was conducted a) to examine the prevalence of musculoskeletal symptoms among Ira-
nian meat cutters, b) to assess the wrist musculoskeletal disorders risk assessment and hand grip strength. Methods: 
Ninety-five male meat cutters in Iran (≥ 1 year tenure) completed a demographic/occupational questionnaire, the 
Nordic Musculoskeletal Questionnaire (NMQ), and the Boston Carpal Tunnel Syndrome Questionnaire (BCTQ). 
Ergonomic risk was assessed via the ACGIH-TLV® hand activity method, and maximum hand-grip force was 
measured. Results: With 69.5% reporting point prevalence and 70.5% reporting period prevalence of wrist/hand 
musculoskeletal symptoms, the study indicated that meat cutters had a significant prevalence of these symptoms. Most 
participants demonstrated mild to moderate severity in self-reported wrist symptoms while retaining asymptomatic 
functional status. The ACGIH-HAL assessment indicated most participants operated at or above the action level 
(AL), suggesting potential ergonomic risks. Moreover, The ACGIH-HAL ratio had a weak negative association with 
hand grip strength (β = − 0.0071, p = 0.12). Conclusions: These findings highlight the ergonomic challenges associ-
ated with meat-cutting tasks.

1. Introduction

Work-related musculoskeletal disorders (WMSDs) 
encompass a spectrum of arthritic and degenerative 
conditions that cause pain and functional impair-
ment. These disorders are primarily caused or exac-
erbated by occupational activities or by conditions in 
the work environment [1-3]. Several epidemiologi-
cal studies have shown a relationship between ergo-
nomic risk factors in manual work, especially repetitive 

and forceful exertions, and musculoskeletal disorders 
(MSDs) [3-5]. 

Occupational exposure to high physical work-
loads, a prominent factor in MSD development, 
correlates significantly with higher prevalence of 
musculoskeletal disorders in affected populations 
[2, 6]. Meat-processing operations are linked to rec-
ognized ergonomic risk factors, including high work 
pace, strenuous knife use, and excessive grip force 
demands [7-11]. Meat-processing workers perform 
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diverse, physically demanding tasks, such as lifting 
heavy carcasses and performing repetitive, forceful, 
and technically precise movements. These activities 
often involve awkward postures, limited recovery 
time, intensive tool use, and exposure to cold envi-
ronments, all of which contribute to biomechanical 
strain [12]. Such factors significantly contribute to 
occupational health issues, notably MSDs [2, 13-
15]. Kaka et al. [2] reported that low back pain was 
the most common WMSD among butchers. Nu-
merous studies have shown that MSDs related to 
the workplace are complex and have a wide range 
of contributing factors, including those observed 
among meat cutters [5, 16-18].

Multiple occupations require excessive and/or 
sustained muscular exertion, which, when coupled 
with repetitive tasks, may lead to a high incidence 
of work-related wrist disorders [19, 20]. Meat cut-
ters are more likely than other industrial workers to 
develop carpal tunnel syndrome (CTS) and trigger 
finger, which are believed to be induced by the use of 
handheld tools such as knives [21]. Musculoskeletal 
disorders (MSDs) affecting other upper-limb joints, 
such as tendinitis, neck and lower back pain, as well 
as epicondylitis and tenosynovitis, are problematic 
among meat-processing workers [22-26]. Hansson 
et al. identified rapid wrist kinematics and force-
ful exertions as critical contributors to the onset of 
musculoskeletal disorders (MSDs) in meat-cutting 
tasks. These risks are prevalent in both assembly line 
work and individual cutting stations [27, 28]. Ac-
cidents and disorders can be caused by the knife, 
which is the primary and frequently the only tool 
used by meat cutters [26, 29, 30]. The prevalence of 
CTS, a common hand disorder, ranges from 5.8% in 
females to 0.6% in males [31].

In recent years, research has advanced under-
standing of ergonomic risks and interventions in 
the meat-processing industry. Recent findings indi-
cate that repetitive knife tasks, high physical work-
load, and insufficient recovery time remain major 
predictors of upper-limb musculoskeletal disor-
ders in slaughterhouse environments, even after 
ergonomic training and awareness programs [32]. 
Organizational factors such as work rotation, task 
distribution, and production pace have also been 
shown to significantly influence the occurrence of 

these disorders [33]. Intervention studies in meat- 
processing plants have shown that applying ergo-
nomic checkpoint tools, redesigning workstations, 
and adjusting knife-handling tasks can effectively 
reduce physical strain and improve postural align-
ment [32, 34]. Moreover, environmental factors— 
particularly cold exposure—have been found to 
exacerbate discomfort and muscle fatigue, high-
lighting the importance of proper thermal con-
ditions and personal protective equipment [35]. 
Collectively, recent studies emphasize that modern 
ergonomic approaches combining workstation re-
design, participatory ergonomics, and environmen-
tal control are essential for reducing biomechanical 
strain and mitigating long-term musculoskeletal 
risks in meat-processing occupations.

Most studies in the manual meat-cutting sector 
have focused primarily on tool and workstation de-
sign. These investigations have examined the impact 
of knife sharpness on the cutting force required to 
process animal carcasses, ergonomic modifications 
to hand tools and workspaces to minimize musculo-
skeletal strain, and the advantages of mechanization 
for butchers [10, 26]. Although mechanization and 
automation have significantly increased production 
in the poultry industry, knives remain essential for 
tasks such as cutting, trimming, skin or fat removal, 
and processing. Despite efforts to improve knife 
design, these tools still require forceful exertions 
and repetitive motions, which contribute to the de-
velopment of MSDs [36]. In developing countries 
like Iran, occupational health and safety hazards, 
including MSDs, receive relatively little attention. 
Currently, no statistical data are available on injury 
rates, occupational health issues, or other ergonomic 
concerns specific to Iranian butchers.

Only a few studies have investigated the occu-
pational health and safety of butchers [37]. How-
ever, no prior research has specifically examined the 
prevalence of WMSDs or evaluated hand force ex-
ertion among Iranian meat cutters. Hence, the cur-
rent study was undertaken in this sector with the 
following objectives: a) To evaluate the occurrence 
of musculoskeletal disorders (MSDs) in Iranian 
meat-processing industry workers, and b) To as-
sess the risk of wrist musculoskeletal disorders and 
hand grip strength. The results of this study provide 
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a foundational framework for reducing the risk of 
biomechanical overload and for developing and de-
ploying targeted ergonomic interventions in work-
place settings. These actions are aimed at improving 
workers’ well-being and the quality of professional 
life.

2. Methods

2.1. Participants 

This study included 95 right-handed male meat 
cutters with at least one year of experience. The 
mean duration of job experience among participants 
was 15.03 ± 2.78 years. Individuals with pre-existing 
musculoskeletal conditions or prior illnesses affect-
ing the musculoskeletal system were excluded from 
participation. Participants were selected from a 
slaughterhouse in Shiraz using simple random sam-
pling from a random number table. All workers par-
ticipated voluntarily after receiving full disclosure of 
the study’s aims and procedures. Written informed 
consent was obtained from all participants prior to 
the study’s initiation. The study was conducted in 
accordance with the Helsinki Declaration of 1964, 
as revised in 2008 [38].

2.2. Data Gathering

In this research, the required data were collected 
using standard methods/tools as detailed below.

2.2.1. Demographic/Occupational Questionnaire

This questionnaire included questions on age, 
weight, height, job experience, daily working hours, 
marital status, and level of education. Table 1 shows 
the personal profiles of the participants.

2.2.2. Nordic Musculoskeletal Questionnaire (NMQ)

NMQ evaluates the self-reported prevalence of 
musculoskeletal symptoms across various anatomi-
cal regions within the studied demographic [39]. In 
this study, period prevalence (during the 12 months 
preceding the study) and point prevalence of mus-
culoskeletal symptoms across various bodily regions 

Table 1. Personal Profile of the Participants (n = 95.)
Quantitative variable Mean ± SD†

Age (years) 36.62 ± 11.59
BMI* (kg.m-2) 25.65 ± 3.59
Job experience (years) 15.03 ± 2.78
Working time per day 
(hours)

11.14 ± 2.10

Qualitative variable No. (%)
Marital status 
•	 Single
•	 Married

38 (40)
57 (60)

Education level 
•	 Diploma and lower
•	 Associate Diploma and 

higher

86 (90.5)
9 (9.5)

*Body Mass Index.
†Standard Deviation.

among participants were reported. Participants 
completed the questionnaire in their respective work 
environments. The validity and reliability of the Per-
sian version of NMQ were assessed by Choobineh 
et al. (Cronbach’s alpha = 0.691) [40]. 

2.2.3. Boston Carpal Tunnel Syndrome  
Questionnaire (BCTQ)

The BCTQ is a measurement tool specifically de-
signed to assess self-reported symptom severity and 
functional status associated with the disease. Symp-
tom severity is scored on a scale of 11 (no symp-
toms) to 55 (most severe symptoms), and functional 
status is measured on a scale of 8 (normal function) 
to 40 (total functional impairment) [41]. The Per-
sian version of the BCTQ has demonstrated good 
reliability and validity in the study by Rezazadeh 
et al. (Cronbach’s alpha = 0.90) [42].

2.2.4. American Conference of Governmental 
Industrial Hygienists Threshold Limit Value  
(ACGIH-TLV) for Hand Activity Level (HAL)

The ACGIH TLV for hand activity was used 
to assess job risk factors for MSDs of the hand 
and wrist. Hand activity was rated on a scale from 
0 to 10, and the level of effort was measured as 
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exertion’ and 10 indicating ‘extremely strong exer-
tion’. This perceived exertion score was then used to 
derive the NPF value for placement on the ACGIH 
TLV graph.

2.4. Statistical Analysis 

Data were analyzed using the Statistical Pack-
age for Social Sciences 16 (SPSS Inc, Chicago, 
IL, USA). Descriptive statistics (mean, standard 
deviation, number, and percent) and the Spear-
man correlation coefficient were used to analyze 
the collected data. A p-value less than 0.05 was 
considered statistically significant. To test the 
normality of the data, the Kolmogorov-Smirnov, 
Shapiro-Wilk, and Skewness & Kurtosis tests 
were used. A multivariable linear regression 
model was used to assess the association between 
the ACGIH-HAL ratio and maximum hand 
grip strength (measured using a Jamar hand dy-
namometer), while controlling for potential con-
founders including age, body mass index (BMI), 
and daily work hours.

3. Results

3.1. Prevalence of Musculoskeletal Symptoms 

Table 2 presents the point and 12-month period 
prevalence of musculoskeletal symptoms across 
different anatomical regions among the partici-
pants. The highest point and period prevalence 
of musculoskeletal symptoms among the partici-
pants were related to the wrists/hands, reported 
by 66 workers (69.5%) and 67 workers (70.5%), 
respectively.

3.2. Self-Reported Wrist Symptom and 
Functional Status Derived from the P-BCTQ

Table 3 demonstrates self-reported wrist symp-
tom severity and functional status of the meat 
cutters derived from the P-BCTQ. As shown in  
Table 3, the majority of participants fell within the 
mild and moderate severity levels concerning dis-
ease severity. However, regarding functional status, 
most participants were asymptomatic.

normalized peak force (NPF) on a similar scale. 
NPF was assessed using three methods: quantified 
as a percentage of maximal voluntary contraction 
(MVC), self-assessed ratings of perceived exertion 
(RPE), and observational assessments derived 
from the Moore-Garg Strain Index protocol. The 
combination of HAL and NPF was then plot-
ted on a TLV graph to determine the risk level, 
with a TLV of 0.78 and an action limit (AL) of  
0.56 [43].

2.2.5. Jamar Hand Dynamometer

The Jamar hand dynamometer (Sammons Pres-
ton Model: 563213) was used to measure peak grip 
strength. This dynamometer uses precision load cell 
technology, enhancing measurement sensitivity and 
accuracy, even for very low grip strengths. By adher-
ing to the industry-standard Jamar design, research-
ers can easily compare their findings with existing 
standardized normative data.

2.3. Implementation of the Study

In this study, individuals completed  
demographic/occupational, NMQ, and BCTQ 
questionnaires at their workplace. Peak hand grip 
strength was assessed using the Jamar Hand Dy-
namometer. Participants were seated in a stand-
ardized posture with adducted, neutrally rotated 
shoulders, 90° elbow flexion, and neutral anatomi-
cal alignment of the forearms and wrists. They held 
the dynamometer in their hand, with a wrist safety 
strap securing it and gentle support at the base to 
prevent accidental dropping. Grip force was ap-
plied smoothly, avoiding rapid or jerking motions. 
A 0-30° wrist extension was permitted to achieve 
maximal grip. Any wrist position other than exten-
sion or exceeding 30° of extension was noted.

Hand activity levels were assessed using the 
ACGIH-HAL method while workers performed 
their regular job tasks at the workstations. The force 
component (Normalized Peak Force) was deter-
mined using self-assessed ratings of perceived ex-
ertion embedded in the ACGIH-HAL method. 
Workers rated the effort required to perform their 
cutting tasks on a 0-10 scale, with 0 indicating ‘no 
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Table 2. Point and period prevalence of musculoskeletal 
symptoms in different body regions of the participants  
(n = 95).

Body region
Point prevalence

No. (%)
Period prevalence 

No. (%)
Neck 34 (35.8) 36 (37.9)
Shoulders 46 (48.4) 46 (48.4)
Elbows 16 (16.8) 18 (18.9)
Wrists/
hands

66 (69.5) 67 (70.5)

Upper Back 31 (32.6) 32 (33.7)
Lower Back 54 (56.8) 54 (56.8)
Thighs 8 (8.4) 8 (8.4)
Knees 56 (58.9) 56 (58.9)
Ankles/feet 60 (63.2) 61 (64.2)

Table 3. Self-reported wrist symptom and functional status 
of the meat cutters (n = 95).

BCTQ* Subscale No. (%)
Severity level
•	 Asymptotic
•	 Mild
•	 Moderate
•	 Severe
•	 Very severe

19 (20)
40 (42.1)
26 (27.4)
10 (10.5)

-

Functional status level 
•	 Asymptotic
•	 Mild
•	 Moderate
•	 Severe
•	 Very severe

65 (68.4)
28 (29.5)
1 (1.1)
1 (1.1)
-

*Boston Carpal Tunnel Syndrome Questionnaire.

Table 4. Frequency of the subjects in the different action 
levels of the ACGIH-HAL (n = 95).

ACGIH-HAL* action level No. (%)
1.	 (<AL† (0.56))
2.	 (AL to TLV (0.78))
3.	 (>TLV)

46 (48.4)
28 (29.5)
21 (22.1)

* American Conference of Governmental Industrial Hygienists 
Threshold Limit Value.
† Action Level.

3.3. Assessment of Hand Activity Level by 
ACGIH-HAL Technique

As described in the methods section, participants’ 
hand activity was assessed using the ACGIH-HAL 
technique. The final result, the “NPF / (10-HAL)” 
ratio, was then calculated. The mean ± SD of the 
subjects’ ratios was 0.61 ± 0.29.

Finally, this ratio was evaluated based on the ac-
tion levels of “< AL (0.56)”, “AL to TLV (0.78)”, and 
“> TLV”. Table 4 shows the frequency of subjects in 

the different action levels. As indicated, most sub-
jects were in Action Level (AL) 1, followed by AL 2.

3.4. Assessment of the Maximum Hand Grip 
Strength

Mean ± SD of the “maximum hand grip strength” 
of the subjects derived from the Jamar hand dy-
namometer was 423.16 ± 83.51 N.

3.5. Correlation Between the ACGIH-HAL 
Ratio and Maximum Hand Grip Strength 
derived from the Jamar Hand Dynamometer

The multivariable linear regression analysis, ad-
justed for age, BMI, and daily work hours, showed 
an inverse association between the ACGIH-HAL 
ratio and maximum hand grip strength (measured 
with a Jamar Hand Dynamometer) in the study 
population (β = − 0.0071, p = 0.12). The negative 
beta coefficient indicates an inverse relationship. 
This means that for every one-unit increase in hand 
grip strength (measured in newtons), the ACGIH-
HAL ratio tends to decrease by 0.0071 units.

4. Discussion

The present study was conducted among male 
meat cutters in a slaughterhouse. The results showed 
that the participants had an average age of approxi-
mately 37 years and an average of 15 years of work 
experience. Their average BMI was 25.65 kg/m², 
and they worked an average of 13 hours daily. Most 
participants reported MSD symptoms in the hand/
wrist region, followed by the lower limbs, lower back, 
and shoulders. An evaluation of hand activity using 
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to perform daily tasks and diminishes their overall 
quality of life [47]. Addressing pain interference is 
crucial in improving outcomes for individuals expe-
riencing chronic pain.

The trend toward a weak, negative association 
between the ACGIH-HAL ratio and maximum 
handgrip strength (β = − 0.0071, p = 0.12) indi-
cates that workers with higher grip strength may 
be slightly less likely to exceed the ACGIH-HAL 
threshold; however, this association was not statisti-
cally significant, suggesting that handgrip strength 
alone may not be a reliable predictor of compliance 
with ACGIH-HAL guidelines.

The ACGIH-HAL TLV is designed to assess 
the risk of upper extremity MSDs by evaluating 
hand activity and force during occupational tasks. 
Studies have shown that the HAL TLV can be a 
useful tool for identifying jobs with higher risks of 
disorders such as CTS. For instance, according to 
a study, the HAL was an independent predictor of 
CTS, with higher HAL scores associated with in-
creased risk [48]. While hand grip strength reflects 
an individual’s maximum voluntary contraction and 
overall hand function, it does not directly measure 
the repetitive hand activities and force exertions that 
contribute to musculoskeletal strain in occupational 
settings. Physiologically, fatigue can reduce the ca-
pacity to sustain force over time without necessarily 
affecting maximal grip. measured at a single point. 
This means that individuals with high maximal 
strength may still experience strain when perform-
ing repetitive tasks [49]. Therefore, relying solely on 
hand grip strength to assess the risk of exceeding 
ACGIH-HAL thresholds may overlook critical 
factors related to task-specific hand activities.

To create a safer, more comfortable work environ-
ment for butchers, it’s important to focus on their 
ergonomic needs and minimize the risk of inju-
ries, particularly to the wrists and hands. Here are 
thoughtful strategies to consider:

	- Designing an appropriate workstation: 
Workstations should be adjusted to each 
user’s height to minimize wrist strain. This 
adjustment reduces excessive wrist flexion or 
extension, lowering biomechanical load and 
the risk of cumulative strain injuries.

the ACGIH-HAL showed an average hand activity 
level of approximately 0.6, falling within the range 
between the AL and the TLV. Although all partici-
pants worked in the same slaughterhouse, notable 
differences were observed in the ACGIH-HAL ac-
tion levels: 46 workers were below the Action Limit 
(AL), 28 workers operated between AL and TLV, 
and 21 workers exceeded the TLV. The variation 
in HAL action levels among workers is primarily 
explained by differences in workstation tasks (e.g., 
carcass breakdown vs. trimming), required cut-
ting force, tool handling technique, and individual 
anthropometric characteristics. Maximum grip 
strength was approximately 423 Newtons. However, 
participants reported applying a moderate amount 
of force during their work.

Butchers and meat cutters frequently experience 
pain and discomfort in various body parts due to 
WMSDs. Among meat-processing professionals, 
lower back pain is a frequent site of work-related 
musculoskeletal complaints, with prevalence rates 
ranging from 42% to 66.7%. Shoulder, wrist, and 
hand pain are also prevalent, often linked to repeti-
tive and overhead manual tasks [2, 44]. Butchering 
involves repetitive motions, leading to conditions 
such as lateral epicondylitis. Moreover, butchers 
working over 9 hours daily have shown a higher 
prevalence of musculoskeletal issues [45]. The re-
sults obtained in this study are consistent with prior 
research findings. According to the results of the 
BCTQ questionnaire, while most of the butchers 
participating in this study reported experiencing 
mild to moderate symptoms related to wrist issues, 
68 percent remained functionally asymptomatic. A 
number of studies have demonstrated a relationship 
between wrist symptoms and hand function. Wrist 
conditions can adversely affect hand performance. 
In CTS patients, symptoms such as pain, numbness, 
and tingling significantly impair hand function, af-
fecting daily activities like grasping, writing, and 
carrying objects. The severity of symptoms correlates 
with functional limitations in patients’ hand per-
formance [46]. However, a previous study showed 
that pain interference is the strongest predictor of 
self-reported disability in individuals with wrist and 
hand pain. Pain interference is defined as the degree 
to which pain compromises an individual’s capacity 
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aids that make tasks easier. Where feasible, 
integrate powered aids or mechanized ma-
terial handling to reduce repetitive, forceful 
exertions and cycle times [10].

	- Ongoing support: It’s essential to regularly 
check the ergonomic setup of the workplace 
and the well-being of the butchers. By assess-
ing their needs and any potential issues, we 
can find effective solutions together.

4.1. Limitations 

Most assessments of hand activity and symp-
toms in individuals were conducted using subjective 
methods, which are not error-free. This study was 
conducted among right-handed male meat cutters, 
so the findings might not apply to female or left-
hand-dominant individuals. Data were also collected 
from a single slaughterhouse, which might not rep-
resent other settings or meat-processing methods. 
In this study, information on participants’ sports or 
strength training activities and psychosocial factors 
was not collected. These factors may influence per-
ceived exertion ratings and could therefore affect 
the estimation of force within the ACGIH-HAL 
assessment. Future studies should include such vari-
ables to better account for individual differences in 
physical capacity and subjective effort perception. 
In addition, the study’s design limits causal infer-
ences about the relationship between risk factors 
and outcomes.

4.2. Recommendations for Future Studies 

Future studies should include female and left-
handed participants to enhance the generalizability 
of findings. Longitudinal research is recommended 
to establish causal relationships between risk fac-
tors and MSDs. Future research should also assess 
workers’ physical conditioning (e.g., participation 
in sports or strength training) and psychosocial 
factors, as these may influence perceived exertion 
ratings and ergonomic risk assessment outcomes. 
Incorporating objective tools, such as motion analy-
sis and wearable sensors, can provide validation 
for self-reported data. Additionally, interventional 
studies should assess the effectiveness of ergonomic 

	- Ergonomic tools: Ensure that knife and 
hand-tool design is optimized for the in-
dividual user: handles sized to the opera-
tor’s hand, non-slip coatings, angled grips to 
maintain neutral wrist posture, and minimal 
force required. Implement a systematic tool 
maintenance and sharpening program to 
preserve cutting efficiency and prevent in-
creases in required hand force. Regular knife 
sharpening and timely replacement of worn-
out items are essential to maintain optimal 
performance and minimize physical strain on 
workers [32, 50, 51].

	- The workplace temperature must not fall 
below 12 degrees Celsius. Meat cutters who 
perform tasks in cold environments and feel 
cold are more likely to experience bodily dis-
comfort [52, 35].

	- Training in techniques: Offering training 
sessions on how to use tools correctly can 
empower butchers with the skills they need 
to work safely. Learning the right techniques 
can significantly lower the risk of developing 
MSDs.

	- Regular breaks: Although ergonomic de-
sign can partially correct awkward postures, 
implementing proper work–rest schedules 
is essential to further mitigate the effects of 
repetitive motions and sustained exertion. 
Short breaks of 5-10 minutes after every  
30 minutes of continuous work allow soft 
tissues adequate time to recover from micro-
trauma and fatigue. Moreover, each work 
period should not exceed 1.5 hours between 
breaks, and tasks involving knife use should 
be limited to a maximum of 6 hours per day 
to prevent cumulative musculoskeletal strain 
[50, 52].

	- Strengthening exercises: Providing simple 
exercises for the hands and wrists can be ben-
eficial. Strengthening these muscles not only 
helps prevent injuries but also improves grip 
and overall performance.

	- Assistive devices: Using handy tools or de-
vices that lighten the load can greatly reduce 
strain on the wrists and hands. These could be 
anything from holders to specialized cutting 
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5. Conclusion 

This study highlighted the high prevalence of 
MSDs, particularly in the wrist and hand, among 
meat cutters, emphasizing the physically demand-
ing nature of their tasks. The findings demonstrated 
a strong association between hand activity levels 
and perceived exertion, underscoring the ergonomic 
risks inherent in repetitive and forceful hand tasks. 
Although hand grip strength showed a weak cor-
relation with risk levels, the overall results indicated 
the need for targeted ergonomic interventions. Im-
plementing workplace redesigns, improving tool 
ergonomics, and adopting preventive strategies can 
help mitigate these risks. Addressing these occupa-
tional challenges is essential for enhancing employee 
productivity and well-being in the meat processing 
sector. 
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