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Abstract 

Background Poor working postures in morning care operations contribute significantly to work-related mus-
cle fatigue and low back pain among ICU (Intensive Care Unit, ICU) nurses. However,there are few field studies 
on the relationship between Poor working postures and work-related muscle fatigue, low back pain among ICU 
nurses.

Objective This study aims to assess the frequency and degree of posture hazards associated with poor working 
postures during morning care operations of ICU nurses.

Methods Two ICUs in a Grade-A tertiary hospital in Hunan Province were randomly selected for the field study 
in May–June 2021 research. The image data of the participating nurses’ morning care work postures were collected 
by observation method and image recording method, and the postural hazard level was assessed by the two-person 
interpretation method of the work posture analysis system. The mean and standard deviation, frequency and per-
centage were used for the basic statistical description, and the general linear model multivariate Hotelling’s T2 test 
was used to calculate the Hotelling’s T2 and F statistics to explore the pattern of change in the postural hazard score 
curves.

Results A total of 45 nurses were observed during morning care operations, resulting in 47.8 h of video data 
and 34,428 effective static operation posture pictures. Among these pictures, 21,166 (61.5%) depicted poor working 
postures. Nurses spent up to 7 min and 30 s maintaining a challenging posture during oral care, with the highest 
postural hazard score (M = 2.2, SD = 0.3) observed during defecation care. Each patient requires a total of 25–30 min 
of oral care per day.The Hotelling’s T2 test indicated that the change curve of the postural hazard score in each step 
revealed the largest second-order F value, F = 52.931, P < 0.001.

Discussion ICU nurses frequently adopt poor working postures during morning care operations. Further research 
should focus on optimizing safe working postures to prevent or minimise detrimental occupational hazards resulting 
from poor working postures.Research on occupational low back pain among ICU nurses can help them work more 
efficiently, and thereby improving their nursing level.
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Introduction
Poor working posture is an important pathogenic mecha-
nism of nurses’ low back work-related muscle fatigue and 
occupational low back pain [1]. Studies have shown that 
muscle fatigue caused by daily tasks at the workplace 
usually has a high frequency of fatigue, short rest time, 
and local muscles cannot be fully rested [2]. On the one 
hand, it will cause nurses to have negative emotions and 
reduce the accuracy, efficiency, and stability of nurses’ 
work, leading to a decline in the quality of care. These fac-
tors will threaten the lives of patients to a certain extent 
[3]. On the other hand, muscle damage caused by mus-
cle fatigue will gradually accumulate and cause chronic, 
long-term, or even permanent damage, such as chronic 
non-specific low back pain [4]. Therefore, preventing or 
reducing the occurrence of bad working postures during 
the operation of ICU nurses is an important strategy to 
prevent ICU nurses from recurrent muscle fatigue in the 
lower back and prevent chronic non-specific low back 
pain caused by long-term repeated muscle fatigue.

Unfortunately, poor working posture frequently occurs 
during ICU nursing operations, such as morning nursing 
[5]. Morning nursing is one of the important parts of ICU 
nurses’ daily work. Morning nursing includes multiple 
tasks, including bed unit preparation, cleaning, skin care, 
defecation assistance, turning and back percussion for 
auxiliary sputum expulsion, and more. Due to the criti-
cal condition of ICU patients and their heavy depend-
ence on nursing care for daily activities, nurses often 
adopt poor working postures in their lower back while 
completing these nursing tasks [5]. Anecdotal observa-
tions conducted by our research team have confirmed 
the common occurrence of poor working postures such 
as manual lifting of patients, frequent bending, twist-
ing, and sideways reaching in clinical settings. On aver-
age, nurses assist patients in turning over 6.9 times per 
shift, with 27.5% of nurses needing to assist in turning 
over more than 11 times per shift. Furthermore, 40% of 
clinical nurses manually move patients more than 5 times 
per shift, and over 60% of nurses frequently need to bend 
down or twist sideways to pick up objects while on duty 
[6–10]. However, existing interventions for ICU nurses’ 
low back work-related muscle fatigue mainly focus on 
self-assessment questionnaires related to protective 
knowledge and behaviors, as well as post-event manage-
ment after the onset of symptoms. There is a lack of in-
depth discussions on reducing poor working postures 
at the source [11–16].Therefore, this study intends to 

conduct field observation research focusing on morning 
nursing during ICU daily operations. By dynamically col-
lecting image data of ICU nurses during morning nursing 
operations, the study aims to evaluate and understand 
the frequency of poor operating postures and the degree 
of posture hazards during the operations. The findings 
may provide a basis for nursing care and offer a scientific 
reference for managers to develop a safer occupational 
working postures during morning care and a prevention 
system for nurses’ occupational low back pain.

Methods
Study design
This study is a single-center field research utilizing a ran-
domized design to select the research sites.

Sample and setting
This study was conducted at a tertiary comprehensive 
medical institution which has seven ICUs in Changsha, 
Hunan Province, China. These seven ICUs are Central 
ICU, Respiratory ICU, Thoracic Surgery ICU, Neurology 
ICU, Neurosurgery ICU, Cardiology ICU, and Emergency 
ICU. The number of nurses in these ICUs is as follows: 
Central ICU, 47; Respiratory ICU, 52; Thoracic Surgery 
ICU, 48; Neurology ICU, 52; Neurosurgery ICU, 53; Car-
diology ICU, 49; and Emergency ICU, 61. Due to the high 
patient turnover and unpredictability in the Emergency 
ICU, it was excluded from the field study selection. After 
assessing the basic conditions of each ICU on-site and 
analyzing preliminary interview results, it was found that 
the ICUs in this institution have implemented standard-
ized management practices. The nursing management 
models across ICUs are similar, with patients typically 
being critically ill, having multiple tubes, and requiring 
full assistance for daily care. Additionally, lower back 
pain among nurses is common across units. Therefore, 
after group discussion, two ICUs were randomly selected 
from the remaining six to be included in this phase of 
the field study.To ensure an unbiased selection process, 
a random sampling method was utilized. Each ICU was 
assigned a unique identifier, which was then entered into 
a random number generator. Two ICUs(Central ICU 
and Neurosurgery ICU) selected by the generator were 
chosen for the study, designated as Field A and Field B 
respectively,ensuring equal representation and accu-
rate reflection of the hospital’s ICU population.In total, 
there are 45 nurses in Field A and Field B combined. The 
researchers conducted in-depth field observations in 
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Field A and Field B for one month each, involving a total 
of 45 (22 in Field A and 23 in Field B) ICU nurses dur-
ing the morning care procedures.Prior to the commence-
ment of on-site observations, the researchers informed 
the participants about the research objectives, signifi-
cance, observation methods, as well as the rights and 
obligations of the participants.

All nurses volunteered to participate and sign informed 
consent forms. The participating nurses were chosen as 
the subjects of observation, and data on their working 
postures during morning nursing operations were col-
lected and recorded.

The inclusion criteria were as follows: ①ICU-employed 
nurses; ②voluntary participation in the study. The exclu-
sion criteria were: ①ICU work experience less than 
1  year; ② no prior experience as a participating nurse; 
③nurses undergoing further education or specialized 
training.

Data collection methods and instruments
In November and December 2021, researchers(JW Lu; 
SE Yuan; Z Cheng) entered Field A and Field B as observ-
ers to conduct field observations. The observation was 
conducted by trained researchers (JW Lu; SE Yuan) who 
intermittently recorded the nurses during their morning 
nursing tasks in both Field A and Field B. The recording 
process involved capturing video footage of the nurses’ 
postures and movements while they performed routine 
duties. Each nurse was observed intermittently through-
out their morning nursing tasks. The exact number of 
observations per nurse varied depending on the specific 
tasks and shifts, but each nurse was observed multiple 
times during the study period.These recordings were 
then analyzed by converting the video into frames, which 
were assessed using the OWAS (Ovako Working Posture 
Analysis System) coding system.

Initially, access to these fields was facilitated by intro-
ductions from the head nurses of each department. 
Researchers engaged in conversations with various per-
sonnel (doctors, nurses, nursing assistants), integrated 
into the departmental environment, and established 
basic relationships. Subsequently, they conducted 
descriptive observations to understand the overall situa-
tion in the fields. Next, the researchers employed focused 
observation and video recording methods to observe and 
document the working postures and levels of lower back 
fatigue among healthcare professionals during morning 
nursing operations.

Objective measurement of working postures
Smartphone cameras were used to record video data of 
the subjects performing morning nursing tasks. To facili-
tate data analysis, we (JW Lu; SE Yuan)organized the 

morning nursing process according to the specific steps 
outlined in the “Fundamentals of Nursing” (6th edi-
tion) textbook [17]. The descriptions of each step are as 
follows:
① Check: means checking patient information; ② 

Assess: includes greeting, assessing patient’s condition, 
and explaining the purpose of nursing operation; ③ Oral 
care; ④ Facial care; ⑤ Bowel care; ⑥ Replace drainage 
bags; ⑦ Placement: and patient communication, under-
standing the patient’s comfort, asking about the patient’s 
needs, and organizing the bed unit.

Video data processing
The Swift Video Converter Windows software, devel-
oped by Shanghai Hudun Technology Co., Ltd., was used 
for video processing. The Windows version of the Swift 
Video Converter was employed to extract static posture 
data by frame capturing. The “Add File—Image Capture” 
function was selected to save screenshots of the same 
subject performing the same step in a single folder. These 
screenshots were stored on the lead researcher’s (SE 
Yuan)password-protected computer.

Static image analysis of working posture
The Ovako Working Posture Analyzing System (OWAS) 
was used in this study to objectively assess working pos-
tures [18]. This tool was developed by a Finnish scholar 
in 1977 to evaluate workloads during the maintenance 
of smelting furnaces. Its intra-group test–retest reli-
ability ranged from 0.655 to 0.962, inter-rater reliability 
ranged from 0.655 to 0.934, Cronbach’s α coefficient was 
0.87, and split-half reliability coefficient was 0.89, indicat-
ing good reliability and validity [19, 20]. OWAS catego-
rizes action categories (AC) into four levels: AC1, AC2, 
AC3, and AC4. The classification criteria for each level 
are as follows: AC1 = normal posture, no action needed; 
AC2 = slight posture hazard, improvement meas-
ures needed in the near future; AC3 = significant pos-
ture hazard, improvement measures needed promptly; 
AC4 = severe posture hazard, immediate improvement 
measures needed [21]. Since research on nursing-related 
muscular fatigue in the waist and back is still in its early 
stages in China, there are currently no standardized safe 
work regulations. Therefore, in this study, the OWAS 
analysis system concept was adopted, with AC1 classified 
as a normal posture and AC2 and above as hazardous 
postures, i.e., poor working postures.In both Field A and 
Field B, using smartphones with the participants’ con-
sent, intermittent recordings were randomly made of 45 
observed individuals performing morning nursing tasks. 
After converting the videos into frames, a total of 34,428 
valid static posture images were obtained. The OWAS 
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coding system was used for manual interpretation and 
double-checked by two individuals(JW Lu;HH Wang).

Based on the OWAS assessment results, four observa-
tional indicators were calculated: the rate of poor pos-
ture, the rate of AC3 posture, the rate of AC4 posture, 
and the posture hazard score. The rate of poor posture 
refers to the ratio of the number of static posture images 
rated as AC2 or higher by OWAS to the total number of 
images during the observation period. The rate of AC3 
posture refers to the ratio of the number of AC3 posture 
images to the total number of images during the observa-
tion period. The rate of AC4 posture refers to the ratio 
of the number of AC4 posture images to the total num-
ber of images during the observation period. The posture 
hazard score refers to the mean of the sum of OWAS 
scores for all working posture images divided by the total 
number of images during the observation period. Previ-
ous studies have demonstrated that for the reliability of 
OWAS analysis results to reach 95%, at least 100 action 
images need to be observed [22,  23]. Therefore, in this 
study, image data were extracted by frame capturing at 
a rate of 1 image per 5  s during video analysis. Manual 
judgment of the posture hazard level was conducted, and 
the accuracy of image interpretation was verified by two 
reviewers(JW Lu; JL Li). In case of any disputes, a third 
party, namely the research team leader(SE Yuan), was 
consulted for evaluation. In morning care operations, 
smartphone cameras were used to record video data 
of the subjects performing morning nursing tasks for 
60 min.

Data analyses
For continuous data, statistical analysis was performed 
using SPSS version 26.0 on historical data. The Shap-
iro–Wilk test was used to analyze whether the data fol-
lowed a normal distribution. For normally distributed 
data, descriptive statistics such as mean and standard 
deviation were used. For non-normally distributed data, 
median and interquartile range were used for descrip-
tion. Categorical data were described using frequencies 
and percentages. The general linear model with multivar-
iate Hotelling’s T2 test was used to examine whether the 
posture hazard scores changed with the duration of work 
time. Hotelling’s T2 and F statistics were calculated, and 
the patterns of curve changes were investigated.

Results
These observations resulted in approximately 10,000 
words of field notes, and a total of 47.8  h of video data 
were obtained.

Basic information of the study participants
A total of 45 participating nurses were observed in the 
two fields. The comparison of age, Length of ICU service, 
professional title, education level, and Body Mass Index ( 
BMI) values among the groups showed P-values greater 
than 0.05, indicating no statistically significant differ-
ences between the groups. Detailed information can be 
found in Table 1.

Table 1 General Information of the 45 Study Participants

SD Standard deviation, BMI Body Mass Index, M Average of data

Instrument Field A Field B Total

n % M SD n % M SD n % M SD

Age, years 34 4.0 32 3.7 33 3.9

Length of ICU service,years 12 4.9 10 3.4 11 4.3

Professional Title

 Nurse 0 0.0 1 4.3 1 2.2

 Senior Nurse 7 31.8 8 34.8 15 33.3

 Supervisor Nurse 15 68.2 14 60.9 29 64.4

Education Level

 College degree 0 0.0 1 4.3 1 2.2

 Bachelor’s degree 21 95.5 18 78.3 39 86.7

 Graduate degree 1 4.5 4 17.4 5 11.1

BMI

 < 18.5 4 18.2 1 4.3 5 11.1

 18.5 ~ 23.9 14 18.2 21 91.3 35 77.8

 24 ~ 27.9 2 9.1 0 0.0 2 4.4

 ≥ 28 2 9.1 1 4.3 3 6.7
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Adverse posture operation rate
The results revealed that out of the total images, 21,166 
(61.5%) were classified as adverse posture images. Nota-
bly, the AC4 level images accounted for a significant pro-
portion of 16.9% (5,824 images) (Table 2).

During on-site observations, it was found that when 
nurses operated the bedside ventilator screen, they 
adopted a posture with one foot bearing weight, leaning 
forward 45°, and twisting to the left (Fig. 1a). When com-
municating with patients, nurses needed to shift their 
center of gravity to the right, twist their body 15° to the 

right, and lean forward 25° (Fig.  1b). This posture was 
repeated more than 20 times during a 4-hour shift, with 
varying durations, with the longest duration being 2 min-
utes and 45 seconds. During oral care procedures, nurses 
needed to lean their upper body forward 40°, and the 
procedure took 7 minutes and 30 seconds to complete 
(Fig. 1c). When organizing items such as drainage bags, 
restraints, and wires under the bed, nurse 1 assumed a 
squatting position (Fig. 1d), while nurse 2 bent over at a 
90° angle (Fig. 1e).

Table 2 Results of postural interpretation of morning care operations

AC Action categories

Operation name Operation steps OWAS Interpretation Results(n, %)

AC1 AC2 AC3 AC4

n % n % n % n %

morning care Check 498 72.4 98 14.2 6 0.9 86 12.5

Assess 860 43.0 632 31.6 74 3.7 434 21.7

Oral Care 4386 39.0 3590 31.9 908 8.1 2356 21.0

Facial care 1516 37.2 1432 35.1 418 10.3 708 17.4

Fecal care 1834 32.9 1826 32.8 1004 18 906 16.3

Replace drainage bags 2222 31.2 3408 47.9 680 9.6 808 11.4

Placement 1946 52.1 1032 27.6 234 6.3 526 14.1

Subtotal 13,262 38.5 12,018 34.9 3324 9.7 5824 16.9

Fig. 1 On-site observations of the working postures of the participating nurses
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Working posture hazard scores
The results of the working posture hazard scores for the 
45 nurses indicated that Step 5, fecal management, had 
the highest score, followed by Step 2, oral care. There 
were significant differences in the posture hazard scores 
among different steps (P < 0.001) (Table 3).

Comparison of working posture hazard scores at different 
time points
To further analyze the dynamic changes in working pos-
ture hazard scores at different time points, a multivari-
ate Hotelling’s T2 test using a general linear model was 
conducted in this study. Hotelling’s T2 and F statistics 
were calculated. The results showed that the difference is 
statistically significant (P < 0.05). Therefore, it can be con-
cluded that there are differences in posture hazard scores 
at different time points during the morning care activities. 

Univariate tests of within-subject effects (Greenhouse–
Geisser) also revealed a significance level of P < 0.001, 
consistent with the multivariate results. Further investi-
gation of the patterns of change in posture hazard scores 
for each step revealed that the second-order F value was 
the highest, with F = 52.931 and P < 0.001. Thus, it can 
be inferred that a linear relationship better fits the pat-
tern of posture hazard score changes, and there were 
no significant differences between groups (F = 1.636, 
P = 0.208). The profile plot indicated that the peak point 
was observed during Step 5 (fecal management) (Fig. 2).

Independent samples t-test was conducted to com-
pare the working posture hazard scores between the 
two field sites. The results showed no significant differ-
ence between the groups (M = 2.0, SD = 0.6 vs M = 1.9, 
SD = 0.5, t = 1.213, P = 0.226) (Table 4).

Discussion
Our study involved on-site observations of ICU nurs-
ing practices in two field sites, aiming to understand the 
working posture characteristics of ICU nurses during 
morning care. We found that adverse working postures 
were frequent during ICU nurses’ morning care tasks, 
which is similar to the findings by Çınar-Medeni Ö et al. 
[24].They often had to maintain difficult positions for 
extended periods of time, especially during oral care pro-
cedures. Overall, the hazard scores for working postures 
were relatively high during morning care tasks, and there 
were differences in the hazard scores at different time 
points, showing a gradual upward trend. The highest 
score was observed during assisting patients with defeca-
tion, reaching its peak. This finding is consistent with the 

Table 3 Operating posture hazards score

SD Standard deviation

Operation steps morning care

Mean SD

Check 1.5 0.5

Assess 2.0 0.7

Oral Care 2.0 0.5

Facial care 2.0 0.5

Fecal care 2.2 0.3

Replace drainage bags 2.0 0.2

Placement 1.8 0.3

Fig. 2 Profile Plot of Working Posture Hazard Scores during Morning Care Activities
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results of a study by Cargnin et al. [25] In our study, there 
was no significant difference in the occurrence of adverse 
working postures during morning care tasks between 
the two ICU settings, which could be partly attributed 
to a small sample sizes in either groups and standardized 
management practices in ICUs.

During oral care procedures, ICU nurses had to main-
tain challenging positions for a relatively long time. It 
was observed that due to the absence of family members, 
nurses needed to communicate and establish cooperation 
with patients before performing the procedure. During 
communication, nurses adopted positions that involved 
shifting their body weight to the left or right, rotating 
their upper body and limbs, and leaning forward. Sub-
sequently, during oral care procedures, some patients 
had orally inserted endotracheal tubes, while others had 
severe oral infections with blood clots, scabs, sputum, or 
purulent secretions that needed to be removed. Nurses 
had to pay close attention to the effectiveness of clean-
ing, while also preventing the risk of aspiration or chok-
ing caused by mouthwash solution entering the airway. 
They also needed to prevent oral mucosal injuries result-
ing from the procedure. As a result, nurses were highly 
focused and completely unaware that they had been in a 
static forward-bent hazardous posture for an extended 
period of time, neglecting their own well-being. Nurses 
frequently bent their upper bodies forward at angles 
ranging from 25° to 90°. This was particularly evident 
during procedures such as oral care and when organiz-
ing items under the bed. Significant twisting of the body 
was observed when nurses interacted with patients or 
operated bedside equipment. For instance, nurses often 
twisted their bodies 15° to the right while communicat-
ing with patients and 45° to the left when handling the 
ventilator screen.Nurses had to reach out frequently, 
which combined with bending and twisting, exacer-
bated their poor posture. This was notable during tasks 
that required accessing equipment or supplies located at 

different heights and positions around the patient bed.
Nurses often have to sustain poor working postures for 
extended periods.A study about operating room nurses 
of five major hospitals located in Istanbul,Turkey,showed 
that majority of the participants had occupational low 
back pain and it was associated with coercive movements 
during surgery [26].

Some scholars have used the Opensim platform to 
build multi-rigid-body musculoskeletal models and sim-
ulate the muscle force distribution of the lumbar muscle 
group under different static postures and motion condi-
tions [27–29]. The study found that in a static forward-
bent posture, when the forward bending angle exceeded 
40°, the erector spinae muscles played a major role, 
and at the maximum forward bending angle (70°), the 
force provided by the erector spinae muscles exceeded 
1200N. As the axial rotation of the torso increased from 
0° to 45°, the force provided by each muscle group also 
increased. Some scholars found that when the rotation 
angle reached 45°, the force provided by the external 
oblique muscles was 330N, and the erector spinae mus-
cles approached 250N [27–29]. It can be seen that ICU 
nurses need to exert a significant amount of force from 
their erector spinae muscles to maintain balance when 
maintaining a static forward-bent posture during oral 
care procedures for an extended period of time. However, 
the current basic nursing procedures in China do not 
mention how to reduce the force exerted on the lumbar 
back muscles by the operators, and effective measures to 
protect the lumbar back muscles are not implemented in 
clinical practice [17]. Chinese guidelines strongly recom-
mend evaluating the relevant regulations on safe patient 
handling in hospitals and departments, conducting regu-
lar training on the principles of ergonomics, and evalu-
ating the effectiveness of the training to enhance nurses’ 
awareness and ability to protect against low back pain 
[17]. Therefore, it is recommended to further explore the 
lumbar muscle loading and interventions during oral care 

Table 4 Comparison of field A and B posture hazard scores

SD Standard deviation

Operation steps Field A Field B t P

Mean SD Mean SD

Check 1.5 0.6 1.5 0.5 -0.200 0.842

Assess 2.0 0.8 2.0 0.6 0.353 0.726

Oral Care 2.1 0.6 1.9 0.5 1.105 0.276

Facial care 2.0 0.3 2.0 0.3 0.516 0.610

Fecal care 2.3 0.6 2.1 0.2 1.624 0.116

Replace drainage bags 2.1 0.3 2.0 0.2 0.440 0.662

Placement 1.8 0.4 1.8 0.3 -0.181 0.858
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procedures of ICU nurses in future research, develop 
healthy workflow processes, and strengthen nurses’ 
knowledge training on preventing adverse working pos-
tures. If it is necessary to maintain a challenging posture 
for a long time without affecting patient care and treat-
ment, appropriate changes in body position and posture 
should be made to alleviate fatigue in the lumbar back 
muscles.

This study found that the highest hazard score for 
working postures was observed when ICU nurses assisted 
patients with defecation. Currently, when performing 
defecation care for bedridden patients in clinical practice, 
it is common to assist the patient by placing a bedpan 
under their buttocks. During this procedure, two nurses 
stand on either side of the bed and use arm strength in 
a forward-bent posture of 90° to lift the patient’s but-
tocks while quickly placing the bedpan underneath. After 
defecation, the nurses need to lift the buttocks again 
to remove the bedpan and assist with cleaning the but-
tocks. If the bedpan or patient’s clothing is soiled, they 
also need to assist with changing the bedding. Therefore, 
our research found that ICU nurses have a high hazard 
score for adverse working postures when performing def-
ecation care. In fact, during this procedure, nurses not 
only adopt adverse working postures but also need to 
exert force to lift the patient’s buttocks. The “Guidelines 
for the Prevention of Work-related Low Back Pain” in the 
Netherlands explicitly states that lifting devices should be 
used as the first choice when the load exceeds 25 kg [30]. 
In 2003, the UK Health and Safety Executive Guidelines 
recommended the use of mechanical aids by healthcare 
personnel when moving patients [28]. However, lifting 
devices have not been widely implemented in hospitals. 
Therefore, future research should focus on optimizing 
healthy workflow processes, and hospital administrators 
should help alleviate the load on ICU nurses during their 
work processes by improving the available equipment.

In addition, exploring the potential impact of factors 
such as nurses’ experience, workload, and equipment 
availability on the adoption of poor postures is of crucial 
importance for comprehensively solving this problem 
[26]. More experienced nurses may be able to adopt cor-
rect postures more effectively due to improved skills and 
familiarity with operational procedures. Less experienced 
nurses may be more prone to poor postures because they 
may not have fully mastered the correct techniques. High 
workloads may force nurses to adopt poor postures under 
time pressure to increase efficiency. In such cases, reduc-
ing the workload or improving task distribution can help 
reduce the occurrence of adverse postures. Insufficient 
or poorly designed equipment may lead to poor postures 
as nurses are forced to adopt uncomfortable positions to 

perform their tasks. Improving the availability and design 
of ergonomic equipment is essential [31, 32].

By considering these factors, more comprehensive sup-
port can be provided to nurses, thereby achieving more 
effective intervention measures and ultimately improving 
working conditions and the quality of patient care.

Strengths and limitations of the study
Strengths: 1. We observed the nursing operation processes 
of 45 nurses on a large scale and in all aspects, collected a 
large amount of photo and video evidence, and studied the 
hazards of poor postures during nurses’ care operations 
through the analysis system. 2.The complete parts of the 
filming were selected for the result analysis instead of the 
videos of all operations of morning care during the entire 
shift to ensure that the nursing operation process of each 
observed subject was reasonably evaluated.

Limitations: 1. Single-center study: The research was 
conducted in only two ICUs of a single hospital, which 
may limit the generalizability of the findings. 2.Lack of 
longitudinal data: The study was cross-sectional, captur-
ing the nurses’ postures at a single point in time. Longi-
tudinal data could provide insights into the patterns and 
progression of poor postures over time. 3.Absence of 
outcome measures: The study did not assess the direct 
impact of the observed poor postures on the nurses’ 
physical health, such as the prevalence of musculoskeletal 
disorders or work-related injuries. 4.Potential observer 
bias: The presence of researchers observing the nurses’ 
work may have influenced their natural postures and 
behaviors to some extent. 5.Future research could employ 
qualitative designs to hear the voices of ICU nurses and 
get deeper insights into their occupational experiences 
including working postures and the impact of these on 
their health.

Conclusion

1. The study highlights the high prevalence of poor 
working postures among ICU nurses during morn-
ing care operations, which puts them at significant 
risk of work-related musculoskeletal disorders.ICU 
nurses spend most of their time in poor working pos-
ture during morning nursing operations. When per-
forming oral care, nurses needed to maintain difficult 
posture for a longer period of time. The highest pos-
tural hazard score was observed when performing 
fecal care. It is recommended that the next step is to 
conduct a study on optimizing the health workflow 
of morning care around reducing the occurrence of 
poor working posture.
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2. The findings can inform the development of ergo-
nomic interventions and the optimization of nurs-
ing workflows to reduce the physical demands and 
posture-related hazards faced by ICU nurses.Imple-
menting ergonomic improvements in the ICU set-
ting faces several challenges.  Financial constraints 
can hinder the upgrading of equipment and com-
prehensive training due to substantial costs. Seeking 
external funding through grants or partnerships and 
demonstrating long-term cost savings from reduced 
injury rates can justify initial investments.  Resist-
ance to change among healthcare staff accustomed 
to existing methods can be mitigated by involving 
nurses in decision-making and providing clear com-
munication and hands-on training. Logistical issues, 
such as significant changes to the ICU layout, can be 
addressed by planning phased implementations and 
consulting ergonomic experts for seamless workflow 
integration.

3. Future research should consider a multi-center, lon-
gitudinal design to better understand the broader 
trends and consequences of poor working postures in 
this population.

4. Interventions should also focus on promoting aware-
ness, training, and the implementation of ergonomic 
principles to empower nurses to adopt safer work 
practices.Lack of awareness about the importance 
of ergonomics can be tackled through awareness 
campaigns and educational sessions, highlighting its 
impact on nurse health and patient care.  Address-
ing these barriers with targeted strategies can create 
a safer, more efficient working environment for ICU 
nurses, leading to improved patient care outcomes.

Supplementary Information
The online version contains supplementary material available at https:// doi. 
org/ 10. 1186/ s12912- 024- 02417-7.

Supplementary Material 1.

Authors’ contributions
Junwei Lu and Su’e Yuan: Conceived and designed the experiments; Analyzed 
and interpreted the data; Contributed reagents, materials, analysis tools or 
data. Wrote the paper. Jieli Li and Zhi Cheng: Conceived and designed the 
experiments; Performed the experiments; Analyzed and interpreted the data; 
Contributed reagents, materials, analysis tools or data. Honghong Wang: 
Conceived and designed the experiments; Contributed reagents, materials, 
analysis tools or data.

Funding
This study was supported by the Foundation of Science,Technology, and 
Health Combination Project of Science ane Technology of Hunan Province 
(grant no. 2022JJ70166).

Data availability
The datasets used and/or analysed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
The Medical Research Ethics Committee of Xiangya Hospital of Central South 
University approved the study pro tocol (no. 202109003). Confirm that all 
methods are executed according to relevant guidelines. Informed consent 
was obtained from all subjects and/or their legal guardian(s).

Consent for publication
This study confirms that informed consent has been obtained from all sub-
jects and/or their legal guardians for the publication of identification informa-
tion/images in online open access publications.

Competing interests
The authors declare no competing interests.

Author details
1 Department of Neurosurgery, Zhongnan Hospital of Wuhan University, 
Wuhan, China. 2 Xiangya School of Nursing, Central South University, Chang-
sha, China. 3 Teaching and Research Section of Clinical Nursing, Xiangya 
Hospital of Central South University, Changsha, China. 

Received: 15 September 2023   Accepted: 8 October 2024

References
 1. Brusini A. Low back pain among nurses in Italy: a review. Lombalgia tra gli 

infermieri in Italia: revisione della letteratura. Giornale italiano di medicina 
del lavoro ed ergonomia. 2021;43(4):369–72.

 2. Expert Group of Spinal Cord Professional Committee of China Society of 
Rehabilitation Medicine. Expert consensus on acute/chronic nonspe-
cific low back pain in China. Chinese Journal of Spine and Spinal Cord. 
2016;12:1134–8. https:// doi. org/ 10. 3969/j. issn. 1004- 406X. 2016. 12. 16.

 3. Kasa AS, Workineh Y, Ayalew E, Temesgen WA. Low back pain among 
nurses working in clinical settings of Africa: systematic review and meta-
analysis of 19 years of studies. BMC Musculoskelet Disord. 2020;21(1):310. 
https:// doi. org/ 10. 1186/ s12891- 020- 03341-y.

 4. Cargnin, Z. A., Schneider, D. G., Vargas, M. A. O., & Machado, R. R. 
(2019). Non-specific low back pain and its relation to the nursing work 
process. Dor lombar inespecífica e sua relação com o processo de 
trabalho de enfermagem. Revista latino-americana de enfermagem, 27, 
e3172.https:// doi. org/ 10. 1590/ 1518- 8345. 2915. 3172.

 5. Du, S. Z, Hu, Y., Jin, K. Z., Zhou, Y. F., Xing, W. J., Zhu Z., ... & Zhang, H. (2021). 
Clinical practice guideline of Chinese nurseff occupational low back pain 
prevention and care. Journal of nurses training, (13), 1227–1236. https:// 
doi. org/ 10. 16821/j. cnki. hsjx. 2021. 13. 019.

 6. Zeng JQ, Yuan Q, Tian LY, Wang LQ, Gao HM, Su YN, Li YL. Occupational 
low back pain in nurses: the influencing factors. J Nurs Sci. 2020;03:60–3. 
https:// doi. org/ 10. 3870/j. issn. 1001- 4152. 2020. 03. 060.

 7. Li H, Yuan SE, Wang YJ, Chen XW. Research progress of occupational low 
back pain among nurses caused by patient repositioning. Chin J Nurs. 
2016;09:1113–8. https:// doi. org/ 10. 3761/j. issn. 0254- 1769. 2016. 09. 021.

 8. Yuan S, Wang H, Zhou J. Prevalence and risk factors of low back and 
pelvic pain in women with rectus abdominis diastasis: a multicenter 
retrospective cohort study. The Korean journal of pain. 2022;35(1):86–96. 
https:// doi. org/ 10. 3344/ kjp. 2022. 35.1. 86.

 9. Li YX, Yuan SE, Jiang JQ, Li H, Wang YJ. Systematic review and meta-
analysis of effects of acupuncture on pain and function in non-specific 
low back pain. Acupuncture in medicine : journal of the British Medical 
Acupuncture Society. 2020;38(4):235–43. https:// doi. org/ 10. 1136/ acupm 
ed- 2017- 011622.

https://doi.org/10.1186/s12912-024-02417-7
https://doi.org/10.1186/s12912-024-02417-7
https://doi.org/10.3969/j.issn.1004-406X.2016.12.16
https://doi.org/10.1186/s12891-020-03341-y
https://doi.org/10.1590/1518-8345.2915.3172
https://doi.org/10.16821/j.cnki.hsjx.2021.13.019
https://doi.org/10.16821/j.cnki.hsjx.2021.13.019
https://doi.org/10.3870/j.issn.1001-4152.2020.03.060
https://doi.org/10.3761/j.issn.0254-1769.2016.09.021
https://doi.org/10.3344/kjp.2022.35.1.86
https://doi.org/10.1136/acupmed-2017-011622
https://doi.org/10.1136/acupmed-2017-011622


Page 10 of 10Lu et al. BMC Nursing          (2024) 23:755 

 10. Li Y, Li S, Jiang J, Yuan S. Effects of yoga on patients with chronic nonspe-
cific neck pain: A PRISMA systematic review and meta-analysis. Medicine. 
2019;98(8): e14649. https:// doi. org/ 10. 1097/ MD. 00000 00000 014649.

 11. Bai YN, Xing SY, Zhang HQ. The current status and influencing factors of 
occupational low back pain of ICU nurses in 3 general hospitals. Industrial 
health and occupational diseases. 2020;03:203–5. https:// doi. org/ 10. 
13692/j. cnki. gywsy zyb. 2020. 03. 008.

 12. Mo, C. M., Xing, J. H., & Xu, H. (2019). Comparison of the effects of 
waistband protection and lumbar muscle exercise on nurses withoc-
cupatinal low back pain. Industrial health and occupational diseases, (03), 
175–177+181. https:// doi. org/ 10. 13692/j. cnki. gywsy zyb. 2019. 03. 005.

 13. Clark S, Horton R. Low back pain: a major global challenge. Lancet 
(London, England). 2018;391(10137):2302. https:// doi. org/ 10. 1016/ S0140- 
6736(18) 30725-6.

 14. Wang XL, Ren JQ, Liu J. The status and influencing factors of low back 
pain of 909 nurses in three tertiary grade A hospitals. Chinese Nursing 
Management. 2016;01:61–4. https:// doi. org/ 10. 3969/j. issn. 1672- 1756. 
2016. 01. 17.

 15. Saravanan A, Bajaj P, Mathews HL, Tell D, Starkweather A, Janusek L. Social 
Support Is Inversely Associated With Sleep Disturbance, Inflammation, 
and Pain Severity in Chronic Low Back Pain. Nurs Res. 2021;70(6):425–32. 
https:// doi. org/ 10. 1097/ NNR. 00000 00000 000543.

 16. Kim K, Ramesh D, Perry M, Bernier KM, Young EE, Walsh S, Starkweather A. 
Effects of Physical Activity on Neurophysiological and Gene Expression 
Profiles in Chronic Back Pain: Study Protocol. Nurs Res. 2020;69(1):74–81. 
https:// doi. org/ 10. 1097/ NNR. 00000 00000 000400.

 17. Li XH, Shang SM. Basic nursing [M]. 7th edition. Beijing: People’s Health 
Publishing House; 2022. p. 96–97.

 18. Karhu O, Kansi P, Kuorinka I. Correcting working postures in industry: A 
practical method for analysis. Appl Ergon. 1977;8(4):199–201. https:// doi. 
org/ 10. 1016/ 0003- 6870(77) 90164-8.

 19. Liu F, Jia N, Sun JZ, Sun JZ, Zhang X, Wang SJ, Wang ZX, Ling RJ. Reliability 
and validity of BRIEF and OWAS in assessment of occupational musculo-
skeletal diseases of medical staff. Chinese journal of industrial medicine. 
2020;33(1):4–7. https:// doi. org/ 10. 13631/j. cnki. zggyyx. 2020. 01. 001.

 20. Lins C, Fudickar S, Hein A. OWAS inter-rater reliability. Appl Ergon. 2021;93: 
103357. https:// doi. org/ 10. 1016/j. apergo. 2021. 103357.

 21. Zuo HL, Yi CN, Li KW, Tan JL, Tang SP, Tang F, Zheng YF. An Analysis of the 
Musculoskeletal Disorders of the Workers in Manual Demolition Based on 
OWAS. Chinese journal of ergonomics. 2021;27(3):23–6. https:// doi. org/ 
10. 13837/j. issn. 1006- 8309. 2021. 03. 0005.

 22. Brandl C, Mertens A, Schlick CM. Effect of sampling interval on the reli-
ability of ergonomic analysis using the Ovako working posture analysing 
system (OWAS). Int J Ind Ergon. 2017;57:68–73. https:// doi. org/ 10. 1016/j. 
ergon. 2016. 11. 013.

 23. Kee D. An empirical comparison of OWAS, RULA and REBA based on 
self-reported discomfort. International journal of occupational safety and 
ergonomics : JOSE. 2020;26(2):285–95. https:// doi. org/ 10. 1080/ 10803 548. 
2019. 17109 33.

 24. Çınar-Medeni Ö, Elbasan B, Duzgun I. Low back pain prevalence in health-
care professionals and identification of factors affecting low back pain. J 
Back Musculoskelet Rehabil. 2017;30(3):451–9. https:// doi. org/ 10. 3233/ 
BMR- 160571.

 25. Cargnin, Z. A., Schneider, D. G., Vargas, M. A. O., & Machado, R. R. 
(2019). Non-specific low back pain and its relation to the nursing work 
process. Dor lombar inespecífica e sua relação com o processo de 
trabalho de enfermagem. Revista latino-americana de enfermagem, 27, 
e3172.https:// doi. org/ 10. 1590/ 1518- 8345. 2915. 3172.

 26. Cavdar I, Karaman A, Ozhanli Y, Ozbas A. Low Back Pain in Operating 
Room Nurses and Its Associated Factors. Pak J Med Sci. 2020;36(6):1291–
6. https:// doi. org/ 10. 12669/ pjms. 36.6. 2836.

 27. Zhan XT, Chen Q, Li ZY. OpenSim-Based biomechanical analysis of lum-
bar musculoskeletal system under forward flexion. Journal of medical 
biomechanics. 2019;34(1):27–34. https:// doi. org/ 10. 16156/j. 1004- 7220. 
2019. 01. 005.

 28. Nakagawa, H., Mori, K., Takahashi, K., Yamashiro, K., Ogura, Y., & Goto, 
A. (2017). The motion analysis of transferring from bed to wheelchair 
conducted in the nursing field with focusing on the body pressure distri-
bution. In Digital Human Modeling. Applications in Health, Safety, Ergo-
nomics, and Risk Management: Ergonomics and Design: 8th International 
Conference, DHM 2017, Held as Part of HCI International 2017, Vancouver, 

BC, Canada, July 9–14, 2017, Proceedings, Part I 8 (pp. 141–159). Springer 
International Publishing.https:// doi. org/ 10. 1007/ 978-3- 319- 58463-8_ 13.

 29. Lee SJ, Faucett J, Gillen M, Krause N. Musculoskeletal pain among critical-
care nurses by availability and use of patient lifting equipment: an analy-
sis of cross-sectional survey data. Int J Nurs Stud. 2013;50(12):1648–57. 
https:// doi. org/ 10. 1016/j. ijnur stu. 2013. 03. 010.

 30. Kuijer PP, Verbeek JH, Visser B, Elders LA, Van Roden N, Van den Wit-
tenboer ME, Lebbink M, Burdorf A, Hulshof CT. An Evidence-Based 
Multidisciplinary Practice Guideline to Reduce the Workload due to 
Lifting for Preventing Work-Related Low Back Pain. Annals of occupa-
tional and environmental medicine. 2014;26:16. https:// doi. org/ 10. 1186/ 
2052- 4374- 26- 16.

 31. Brusini A. Low back pain among nurses in Italy: a review Lombalgia tra 
gli infermieri in Italia: revisione della letteratura. G Ital Med Lav Ergon. 
2021;43(4):369–72.

 32. Ayane D, Takele A, Feleke Z, Mesfin T, Mohammed S, Dido A. Low Back 
Pain and Its Risk Factors Among Nurses Working in East Bale, Bale, and 
West Arsi Zone Government Hospitals, Oromia Region, South East Ethio-
pia, 2021 -Multicenter Cross-Sectional Study. J Pain Res. 2023;16:3005–
3017. Published 2023 Aug 31.https:// doi. org/ 10. 2147/ JPR. S4108 03.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub-
lished maps and institutional affiliations.

https://doi.org/10.1097/MD.0000000000014649
https://doi.org/10.13692/j.cnki.gywsyzyb.2020.03.008
https://doi.org/10.13692/j.cnki.gywsyzyb.2020.03.008
https://doi.org/10.13692/j.cnki.gywsyzyb.2019.03.005
https://doi.org/10.1016/S0140-6736(18)30725-6
https://doi.org/10.1016/S0140-6736(18)30725-6
https://doi.org/10.3969/j.issn.1672-1756.2016.01.17
https://doi.org/10.3969/j.issn.1672-1756.2016.01.17
https://doi.org/10.1097/NNR.0000000000000543
https://doi.org/10.1097/NNR.0000000000000400
https://doi.org/10.1016/0003-6870(77)90164-8
https://doi.org/10.1016/0003-6870(77)90164-8
https://doi.org/10.13631/j.cnki.zggyyx.2020.01.001
https://doi.org/10.1016/j.apergo.2021.103357
https://doi.org/10.13837/j.issn.1006-8309.2021.03.0005
https://doi.org/10.13837/j.issn.1006-8309.2021.03.0005
https://doi.org/10.1016/j.ergon.2016.11.013
https://doi.org/10.1016/j.ergon.2016.11.013
https://doi.org/10.1080/10803548.2019.1710933
https://doi.org/10.1080/10803548.2019.1710933
https://doi.org/10.3233/BMR-160571
https://doi.org/10.3233/BMR-160571
https://doi.org/10.1590/1518-8345.2915.3172
https://doi.org/10.12669/pjms.36.6.2836
https://doi.org/10.16156/j.1004-7220.2019.01.005
https://doi.org/10.16156/j.1004-7220.2019.01.005
https://doi.org/10.1007/978-3-319-58463-8_13
https://doi.org/10.1016/j.ijnurstu.2013.03.010
https://doi.org/10.1186/2052-4374-26-16
https://doi.org/10.1186/2052-4374-26-16
https://doi.org/10.2147/JPR.S410803

	Analysis of poor work postures during morning care operations of intensive care unit nurses: a field research
	Abstract 
	Background 
	Objective 
	Methods 
	Results 
	Discussion 

	Introduction
	Methods
	Study design
	Sample and setting
	Data collection methods and instruments
	Objective measurement of working postures
	Video data processing
	Static image analysis of working posture

	Data analyses

	Results
	Basic information of the study participants
	Adverse posture operation rate
	Working posture hazard scores
	Comparison of working posture hazard scores at different time points

	Discussion
	Strengths and limitations of the study

	Conclusion
	References


