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Abstract.
BACKGROUND: Many non-drug interventions for decreasing non-specific chronic low back pain (NSCLBP) in nurses have
been extensively studied, but the most effective approach is still unclear.
OBJECTIVE: This systematic review and network meta-analysis evaluated the efficacies of 12 non-drug interventions in reducing
NSCLBP in nurses.
METHODS: PubMed, ScienceDirect, Web of Science, Cochrane, EMBASE, CINAHL, Medline, WANFANG, VIP, China
Knowledge Integrated, and SinoMed were searched from their establishment to July 2019. Randomized controlled trials (RCTs)
comparing non-drug interventions for NSCLBP in nurses were included and analyzed using Stata v15 statistical software.
RESULTS: A total of 31 RCTs (n = 7116) and 12 non-drug interventions were included. The first three results with the highest
surface areas under the curve ranking area (SUCRAs) were low back exercise plus healthy education, single low back exercise,
and yoga (SUCRAs: 79.4%, 76.2%, and 75.1%, respectively). In addition, single yoga was inferior to protective equipment
(standardized mean difference [SMD] = 3.88, 95% confidence interval [CI]: 0.92 to 6.84) and multidisciplinary intervention
(SMD = −4.06, 95% CI: −7.33 to −0.78).
CONCLUSIONS: Low back exercise plus health education may be the best approach to reduce NSCLBP in nurses. Considering
the heterogeneity, our findings need to be confirmed in future multicenter large sample RCTs in different countries.
Keywords: Non-drug intervention, non-specific chronic low back pain, nurses, systematic review, network meta-analysis

1. Introduction
Non-specific chronic low back pain (NSCLBP) is
characterized by muscle stiffness, tension, or pain lo-
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calized between the gluteal folds and the costal margin,
with or without referred leg pain, without a specific
somatic origin, and lasting more than 12 weeks [1].
With the development and application of diagnostic
and therapeutic technologies and growing aging populations in many countries, the number of critically ill
patients treated by nurses has increased, creating an environment where many physical, chemical, ergonomic,
and other harmful factors coexist [2,3]. NSCLBP in
nurses is a major health problem with an increasing
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incidence worldwide. The incidence in this population
is reported to be 60.98%–72% [4–6] and has resulted in
frequent nursing staff resignations and absences due to
ill health [7,8]. NSCLBP in nurses can lead to significantly reduced quality of life [9] and is detrimental to
the development of the nursing team and patient safety.
NSCLBP in nurses has similarities with low back
pain of the general population, but also has certain particularities. Firstly, the reasons for NSCLBP among
nurses differ somewhat from groups in other occupations; the working environment involves a heavy workload and high technical requirements, especially for
nurses working in emergency wards and intensive care
units. NSCLBP in nurses is often caused by specific occupational reasons such as assisting patients turn over,
performing catheterization, or introducing a central venous catheter (CVC) [10]. Secondly, some non-drug
interventions are specifically aimed at nurses, such as
ergonomics training, unstable shoes, and assistive tools
for transferring patients [11]. Better management and
treatment of NSCLBP for nurses is important, particularly as drug treatments can cause gastrointestinal and
cardiovascular system damage, and there is currently
no effective surgcal treatment [1].
Many studies have shown that NSCLBP can be relieved by many types of non-drug interventions, such as
yoga, low back exercise, physical exercise, multidisciplinary intervention, cognitive behavioral therapy, and
health education [12–14]. However, the optimal choice
is still unclear, which raises some challenges for nurses
to manage NSCLBP with non-drug interventions. Due
to the complications of broad non-drug interventions
and the lack of head-to-head randomized controlled trials (RCTs), it is impossible to identify the most effective intervention in nurses with NSCLBP using traditional meta-analysis methods. To our knowledge, no
network meta-analysis has compared the effects of 12
non-drug interventions on nurses with NSCLBP.
Considering this existing research gap, a systematic
review of the literature and a network meta-analysis by
direct and indirect comparison were conducted. The aim
of this review was to compare the effects of 12 non-drug
interventions for NSCLBP in nurses, so as to provide a
scientific basis for nurses to choose more appropriate
non-drug interventions for NSCLBP.
2. Data and methods
2.1. Data sources and searches
PubMed, ScienceDirect, Web of Science, Cochrane
Library, EMBASE, CINAHL, Medline, WANFANG,

VIP Database, China Knowledge Integrated Database,
and SinoMed were searched. The retrieval time spanned
from database establishment to July 2019. Key search
terms included “nurse/nurses/nursing*/clinical nurse/
personnel, nursing/nursing personnel/registered nurses/
nurse, registered/nurses, registered/registered nurse”
AND “low back pain /lower back pain/back pain/ nonspecific low back pain/*low back pain/low * pain/Back
Pain, Low/Back Pains, Low/Low Back Pains/Pain, Low
Back/Pains, Low Back/Lower Back Pain/Back Pain,
Lower/Back Pains, Lower/Lower Back Pains/Pain,
Lower Back/Pains, Lower Back” AND “randomized
controlled*/*controlled.” The search strategy combined
medical subject headings (MeSH) and free words with
“AND,” “OR” the two logical operators. Studies were
retrieved by computer and manual retrieval methods,
and the search languages were Chinese and English.
2.2. Inclusion and exclusion criteria
Inclusion criteria: (i) RCTs, (ii) Chinese or English
language, (iii) nurses are the subject, clear inclusion
criteria, (iv) reports the diagnostic criteria for NSCLBP,
and (v) published in a peer-reviewed journal. Exclusion
criteria: (i) unable to obtain the full text of the document; (ii) incomplete information, unclear, or in error;
(iii) repeatedly published literature; (iv) non-RCT, or
(v) drug intervention measures.
2.3. Study selection and data extraction
Two researchers independently screened the literature according to the inclusion and exclusion criteria,
extracted the data, and then evaluated study quality. In
case of disagreement, further discussion was performed
with a third reviewer to reach a mutual agreement. The
extracted information included the first author, publication date, country, intervention, follow-up time, and
outcome measurement. The data were extracted and
cross-checked by the two researchers.
2.4. Quality assessment
The Cochrane Collaboration tool [15] for RCT assessment was used by the two researchers to assess the
risk of bias among the included studies. Disagreements
between the reviewers were resolved through consensus or arbitration by a third-party researcher. This tool
covered random sequence generation, allocation concealment, blinding of participants and personnel, blinding of outcome assessment, incomplete outcome data,
selective outcome reporting, and other sources of bias.
Each item was classified as having either a high, low,
or unclear risk of bias.
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Fig. 1. Literature selection process and results.

2.5. Interventions and outcome measurement
To facilitate network meta-analysis, non-drug interventions were divided into 12 types, excluding traditional Chinese medicine and western medicine, of
which “none” was not included in the intervention measures. For statistical analysis, they were coded as follows:
A. Physical exercise: including stretching exercises
and isokinetic exercises.
B. Physical exercise plus health education.
C. Health education: including ergonomics and mechanics knowledge training, consulting, and handling skills training.
D. Multidisciplinary intervention: the combination
of health, education, physical exercise, and psychological intervention.
E. Manipulation treatment: including massage,
acupuncture, and foot reflexology.
F. Manipulation treatment plus physical exercise.
G. None: including maintaining one’s lifestyle, simple lifestyle guide, and blank contrast.
H. Yoga.

I. Protective equipment: wearing orthopedic shoes
and waist guards.
J. Low back exercise: including low back gymnastics, core stability training exercises, self-made
low back gymnastics, and household low back
gymnastics.
K. Low back exercise plus health education.
L. Self-management.
M. Self-management plus health education.
The main outcome was pain score measured by
the numerical rating scale (NRS), visual analog scale
(VAS), and facial expression pain scale (EPS). Secondary outcomes included back dysfunction, frequency
of NSCLBP episodes, preventive behavior scores, and
fear avoidance beliefs.
2.6. Data synthesis and analysis
Stata 15 (Stata Statistical Software, Release 15, College Station, TX, USA) was used for network metaanalyses. The standardized mean difference (SMD) and
95% confidence interval (CI) were used to assess the effect. The random effects model was used for estimation,
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Table 1
Basic information used for the sample plots

First author, year

Country
Y1

Jie Yao, 2018
Xuebing Huang, 2018
Boqing Wang, 2016
Suzhai Tian, 2014
Jingjing Ji, 2019
Xiaojuan Guo, 2016
Weiwei Li, 2017
Lishi Yin, 2014
Ke Ma, 2016
Yu Wang, 2016
Shenghua Hu, 2014
Chaomei Mo, 2019
Yingxia Wen, 2016
Leila Ghadyani, 2016
Pardis
Noormohammadpour,
2018

China
China
China
China
China
China
China
China
China
China
China
China
China
Iran
Iran

Hiroyuki Oka, 2018

Japan

Maryam Movahedi,
2017
Thomas Ewert, 2009
Eva Horneij, 2001
Mehdi Pakbaz, 2019
Leila Ghadyani, 2017
Huei-Mein Chen,
2014
Edgar R Vieira, 2015
Melinda Járomi, 2017

Iran

Jaana Helena Suni,
2018
Naser Sharafkhani,
2015
Stéphane Armand,
2014
Jamie Gannon, 2019
Lone Donbaek Jensen,
2006
Nitin J Patil, 2018
Melinda Jaromi, 2018

Finland

Germany
Sweden
Iran
Iran
Taiwan
USA
Hungary

Iran

Year
Y2

31.21 ± 2.25 30.24 ± 2.54
31.21 ± 2.26 30.24 ± 2.55
32 ± 3.52
26.2 ± 2.18
28.65 ± 3.17
27.00 ± 1.4
28.00 ± 2.42
32.45 ± 3.67 33.25 ± 4.24
–
–
–
–
32.1 ± 4.2
31.4 ± 9.0
32.6 ± 11.5
34.5 ± 12.8
28.4 ± 3.5
27.96 ± 4.06
29.4 ± 3.4
29.1 ± 3.4
35.52 ± 8.96 35.38 ± 8.74
–
–

Y3
–
–
–
–

Sample size
(n1/n2/n3)

–
–
–
–
33.2 ± 11.3
–
–
–
–

44/44/11/11/17/17/55/52/20/20/40/40/25/25/20/20/38/38/18/19/19
30/30/35/35/40/40/66/70/-

M
M
J
K
H
H
H
G
K
E
J
I
C
D

C
C
G
C
G
G
G
J
C
A
G
J
D
C

–
–
–
–
–
F
–
–
–
–

6M
7M
2M
6M
3M
3M
2M
6W
12M
1W
3W
6M
6M
3M

2 7 10 11
2 7 10 11
2 8
2
2 3
2 3 7
2 8
2 7 8
9 13 15

10/10/-

H

G

–

8W

2 3 7

G

C

B

6W

4 18

E

G

–

4W

22

D
A
A
D
A

A
L
G
C
G

–
G
–
–
–

12M
12M
2M
6M
6M

4 7
2 13
2 3
2 3 16
2 17

10/10/I
G
–
67/70/C
E
–
N1:35/n2:40/ I1:B / I3:C/
–
n3:31/n4:42 I2:A I4:G

1.5M
3M

2 9
2 5

12M

2 4 7

43.3 ± 7.5

41.3 ± 6.4

–

35.1

35.5

35.5

37.0 ± 9.6

36.5 ± 11.5

–

1548/1430/
1799
25/25/-

37.9 ± 11.6
43
38.9 ± 8.1
–
30.67 ± 4.45

41.1 ± 10.8
45
38.1 ± 8.2
–
44.7 ± 8.88

–
44
–
–
–

92/91/16/17/28
32/32/66/70/11/13/-

34 ± 6
31 ± 5
41.7
41.1
Y1:45.1 ± 6.2/ Y3:46.4 ± 6.4/
Y2:47.2 ± 7.4 Y4:46.7 ± 7.2

Intervention(I) FollowOutcome
I1
I2 I3
up
measurement

–
–
–

–
–

2 13
8 13
1 8
13
2 3 16

–

–

–

48/50/-

D

G

–

3M

16

Switzerland

44.5 ± 7.9

46.8 ± 8.8

–

19/16/-

I

G

–

6W

2 3

USA
Denmark

53.3 ± 13.6
44.0 ± 8.5

62.4 ± 12.9
44.6 ± 9.8

–
44.6 ± 8.4

31/31/61/53/49

D
C

C
L

–
G

2M
12M

6 3
6

India
Hungary

31.45 ± 3.47
32.3 ± 8.15

32.75 ± 3.71
31.5 ± 8.25

–
–

44/44/56/55-

H
C

A
E

–
–

6W
6W

14
2

Note: 1 faces pain scale, FPS; 2 verbal rating scale, VAS; 3 Roland Morris Disability Questionnaire, RMDQ; 4 fear avoidance beliefs, FAB;
5 the thickness of the muscle; 6 numerical rating scale, NRS; 7 SF-36 questionnaire; 8 Japanese Orthopaedic Association, JOA scores; 9
Oswestry disability index, ODI; 10 self-rating depression scale, SDS; 11 self-rating anxiety scale, SAS; 12 feeling of fatigue; 13 frequency of low
back pain; 14 World Health Organization Quality of Life-brief questionnaire, WHOQOL-BREF; 15 Job satisfaction; 16 preventive behavior score;
17 self-efficacy; 18 occurrence rate. A: Physical exercise; B: Physical exercise plus health education; C: Health education; D: Multidisciplinary
intervention; E: Manipulation treatment; F: Manipulation treatment plus physical exercise; G: None; H: Yoga; I: Protective equipment; J: Low
back exercise; K: Low back exercise plus health education; L: Self-management; M: Self-management plus health education.

and an evidence network graph of the comparison of
different treatment measures was drawn. A comparisonadjusted funnel plot was utilized to test the small-study
effect, including publication bias. If the network formed
a closed loop, used inconsistency factors, and 95% CI

was used to evaluate the consistency of the closed-loop,
the 95% CI contained 0 for more optimal consistency.
If the network was not a closed loop, the node split
method was used to evaluate network consistency.
If the difference between direct and indirect com-
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parisons was not significant (P > 0.05), the consistency model was used. If there was inconsistency, a network meta-analysis was performed after excluding the
disagreeing factors. We obtained the surface under the
curve ranking area (SUCRA) (cumulative probability)
and generated a ladder diagram. SUCRA was used to
predict the efficacy ranking of each intervention. The
source of heterogeneity was investigated by subgroup
and sensitivity analyses. Publication bias was assessed
by funnel plot. Review Manager 5.3 software was used
to assess the risk of bias in the included literature.

3. Results
3.1. Included studies
In total, 1701 studies were retrieved, of which 881
duplicates were removed. There were 774 articles that
were excluded after reading the title, abstract, and main
text, and 15 documents were removed after quality assessment, leaving 31 studies that were included. Figure 1 displays the process of the filtering strategy.
3.2. Characteristics of the included studies
We included 31 RCTs, of which 4 were three-arm
trials and 1 was a four-arm trial. A total of 7116
nurses were included. There were 13 studies from
China [12,16–27], 6 from Iran [13,14,28–31], 2 from
the USA [32,33], and 2 from Hungary [34,35]. One
study originated from each of the following countries:
Japan [35], Germany [36], Sweden [37], Taiwan [38],
Finland [39], Switzerland [40], Denmark [41], and India [42]. The basic information used for the sample
plots is shown in Table 1.
A decrease in NSCLBP intensity in nurses after
12 non-drug interventions was reported in 22 studies.
Figure 2 shows the network plots detailing the treatment comparisons for 12 non-drug interventions for
NSCLBP; the network diagram shows that the inclusion
of physical exercise and health education was more frequent. The risk of bias of the included studies is shown
in Fig. 3.
3.3. Network meta-analysis results
The SMDs and 95% CIs of 12 non-drug interventions for NSCLBP are reported in Table 2. The interventions with the greatest SUCRAs were low back exercise
plus healthy education, low back exercise, and yoga
(SUCRA: 79.4%, 76.2%, and 75.1%, respectively). Figure 4 shows the cumulative probability.

Fig. 2. Network map for the comparison of different interventions.
The size of the node corresponds to the number of individual studies
on the interventions. The directly compared interventions are linked
with a line, the thickness of which corresponds to the number of studies that assessed the comparison. A: Physical exercise; B: Physical
exercise plus health education; C: Health education; D: Multidisciplinary intervention; E: Manipulation treatment; F: Manipulation
treatment plus physical exercise; G: None; H: Yoga; I: Protective
equipment; J: Low back exercise; K: Low back exercise plus health
education; L: Self-management; M: Self-management plus health
education.

Fig. 3. Risk of inclusion bias.

3.4. Systematic review results
Three studies [28,30,33] reported that a more optimal
effect on lumbar dysfunction was obtained with multidisciplinary intervention rather than simple health education. Two studies [14,19] reported that yoga decreased
lumbar and back dysfunction. Two studies [32,40] reported that protective equipment decreased dysfunction of the small of the back, and only one study [13]
reported that physical exercise improved function of
the back dysfunction. Three articles [28,30,31] reported
that health education improved the nurse NSCLBP

2.46
(−1.89,6.81)
5.56
(1.48,9.64)
0.86
(−2.72,4.43)
4.74
(0.85,8.63)
1.01
(−2.55,4.57)
1.18
(−2.42,4.78)

−0.26
(−3.86,3.34)
0.68
(−3.16,4.53)
0.64
(−2.93,4.21)
0.33
(−3.23,3.90)
−0.58
(−3.07,1.91)

−1.10
(−5.10,2.89)
1.36
(−1.72,4.43)
4.46
(0.80,8.12)
−0.25
(−3.34,2.85)
3.63
(0.18,7.09)
−0.09
(−3.17,2.98)
0.08
(−3.91,4.06)

−1.36
(−5.35,2.62)
−0.42
(−2.72,1.88)
−0.46
(−2.26,1.33)
−0.77
(−3.85,2.31)
−4.31
(−7.25,−1.37)

1.10
(−2.89,5.10)
L

L:
Selfmanagement

−2.72
(−7.07,1.63)
−1.78
(−4.65,1.10)
−1.82
(−4.31,0.68)
−2.13
(−5.66,1.41)
0.41
(−3.11,3.93)

3.11
(−0.95,7.16)
−1.60
(−5.15,1.94)
2.28
(−1.58,6.14)
−1.45
(−4.98,2.08)
−1.28
(−5.62,3.07)

K:
Low back
exercise plus
health education
−1.36
(−4.43,1.72)
−2.46
(−6.81,1.89)
K

−5.82
(−9.90,−1.75)
−4.88
(−8.38,−1.38)
−4.92
(−8.12,−1.73)
−5.23
(−8.42,−2.04)
5.55
(1.98,9.12)

−1.12
(−4.69,2.45)
−0.17
(−3.07,2.72)
−0.22
(−2.73,2.30)
−0.52
(−3.04,1.99)
0.40
(−3.15,3.95)

3.88
(0.92,6.84)
0.15
(−2.36,2.66)
0.32
(−3.25,3.89)

0.25
(−2.85,3.34)
−0.86
(−4.43,2.72)
1.60
(−1.94,5.15)
4.71
(1.50,7.91)
I

−4.46
(−8.12,−0.80)
−5.56
(−9.64,−1.48)
−3.11
(−7.16,0.95)
J
−4.71
(−7.91,−1.50)
−0.83
(−3.36,1.70)
−4.55
(−6.54,−2.56)
−4.38
(−8.46,−0.31)

I:
Protective
equipment

J:
Low back
exercise

−5.00
(−8.89,−1.11)
−4.06
(−7.33,−0.78)
−4.10
(−7.04,−1.15)
−4.40
(−7.35,−1.46)
1.24
(−1.83,4.32)

−3.73
(−5.30,−2.16)
−3.56
(−7.44,0.33)

−3.63
(−7.09,−0.18)
−4.74
(−8.63,−0.85)
−2.28
(−6.14,1.58)
0.83
(−1.70,3.36)
−3.88
(−6.84,−0.92)
H

H:
Yoga

−1.27
(−4.83,2.29)
−0.33
(−3.21,2.55)
−0.37
(−2.86,2.13)
−0.68
(−3.17,1.82)
−0.75
(−3.29,1.78)

0.17
(−3.38,3.73)

0.09
(−2.98,3.17)
−1.01
(−4.57,2.55)
1.45
(−2.08,4.98)
4.55
(2.56,6.54)
−0.15
(−2.66,2.36)
3.73
(2.16,5.30)
G

G:
None

−1.44
(−3.99,1.11)
−0.50
(−4.33,3.34)
−0.54
(−4.10,3.02)
−0.85
(−4.40,2.71)
0.69
(−1.85,3.23)

F:
Manipulation
treatment plus
physical exercise
−0.08
(−4.06,3.91)
−1.18
(−4.78,2.42)
1.28
(−3.07,5.62)
4.38
(0.31,8.46)
−0.32
(−3.89,3.25)
3.56
(−0.33,7.44)
−0.17
(−3.73,3.38)
F

0.94
(−2.89,4.78)
0.90
(−2.66,4.46)
0.59
(−2.96,4.15)
6.82
(2.36,11.28)

E

1.36
(−2.62,5.35)
0.26
(−3.34,3.86)
2.72
(−1.63,7.07)
5.82
(1.75,9.90)
1.12
(−2.45,4.69)
5.00
(1.11,8.89)
1.27
(−2.29,4.83)
1.44
(−1.11,3.99)

E:
Manipulation
treatment

−0.04
(−1.48,1.39)
−0.35
(−3.23,2.53)
−0.26
(−3.13,2.62)

−0.94
(−4.78,2.89)
D

0.42
(−1.88,2.72)
−0.68
(−4.53,3.16)
1.78
(−1.10,4.65)
4.88
(1.38,8.38)
0.17
(−2.72,3.07)
4.06
(0.78,7.33)
0.33
(−2.55,3.21)
0.50
(−3.34,4.33)

D:
Multidisciplinary
intervention

−0.31
(−2.81,2.19)
−0.21
(−2.71,2.28)

−0.90
(−4.46,2.66)
0.04
(−1.39,1.48)
C

0.46
(−1.33,2.26)
−0.64
(−4.21,2.93)
1.82
(−0.68,4.31)
4.92
(1.73,8.12)
0.22
(−2.30,2.73)
4.10
(1.15,7.04)
0.37
(−2.13,2.86)
0.54
(−3.02,4.10)

C:
Health
education

0.09
(−2.40,2.59)

−0.59
(−4.15,2.96)
0.35
(−2.53,3.23)
0.31
(−2.19,2.81)
B

B:
Physical exercise
plus health
education
0.77
(−2.31,3.85)
−0.33
(−3.90,3.23)
2.13
(−1.41,5.66)
5.23
(2.04,8.42)
0.52
(−1.99,3.04)
4.40
(1.46,7.35)
0.68
(−1.82,3.17)
0.85
(−2.71,4.40)

−6.82
(−11.28,−2.36)
0.26
(−2.62,3.13)
0.21
(−2.28,2.71)
−0.09
(−2.59,2.40)
A

4.31
(1.37,7.25)
0.58
(−1.91,3.07)
−0.41
(−3.93,3.11)
−5.55
(−9.12,−1.98)
−0.40
(−3.95,3.15)
−1.24
(−4.32,1.83)
0.75
(−1.78,3.29)
−0.69
(−3.23,1.85)

A:
Physical exercise

Note: SMD (95% CI) for the column intervention versus the row intervention are shown above the diagonal. Note: The outcome was pain score. SMD > 0 and 95% CI not including 0 indicates
that the row interventions are significantly worse than the column interventions; 95% CI including 0 indicates that the difference is not statistically significant. SMD < 0 and 95% CI not including
0 indicates that the row method is significantly better than the column method.

B: Physical exercise
plus health education
A: Physical exercise

F: Manipulation
treatment plus
physical exercise
E: Manipulation
treatment
D: Multidisciplinary
intervention
C: Health education

G: None

I: Protective
equipment
H: Yoga

K: Low back exercise
plus health education
J: Low back exercise

M: Self-management
plus health education
L: Self-management

M:
Self-management
plus health
education
M

Table 2
League tables showing 12 non-drug interventions for NSCLBP
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prevention behavior score, and there were five P values < 0.001 in various studies [23–25,27,37] Waist
exercises, stretching exercises, and isokinetic muscle
strength training exercise frequency can effectively reduce NSCLBP attacks in nurses [35,36,39]. It has been
reported that physical exercise plus counseling or multidisciplinary intervention can reduce the fear avoidance
belief of nurses regarding NSCLBP. There was only
one report in English describing [43] how manipulative
treatment relieved fatigue in nurses with NSCLBP, and
one article [42] reporting that yoga effectively improved
the quality of life for nurses with NSCLBP compared
with physical exercise.
3.5. Heterogeneity test
When we combined all the included studies, the pain
score of the intervention group was significantly lower
than that of the control group (SMD = −0.97, 95% CI:
−1.38 to −0.56, I 2 = 94.5%); the results are shown in
Fig. 5. We then performed subgroup analyses by country, type of intervention, and duration of follow-up to
explore the source of heterogeneity. We found that heterogeneity decreased in the subgroup analysis of type of
intervention and duration of follow-up, suggesting that
the source of heterogeneity may be these two factors
(Figs S1–S3). Sensitivity analysis results revealed that
after excluding any study, the combined effect size did
not change significantly, indicating that the results are
relatively robust (Fig. 6). The adjusted funnel plot did
not show substantial asymmetry, indicating no evidence
of publication bias. The comparison-adjusted funnel
plot is shown in Fig. S4.

4. Discussion
Given the high prevalence of NSCLBP in nurses,
there is an urgent need to determine the efficacies of
non-drug interventions. The rank probability showed
that low back exercises plus health education was most
likely to be ranked first (SUCRA: 79.4%), the second
was single low back exercise (SUCRA: 76.2%), and the
third was yoga (SUCRA:75.1%). Based on our network
meta-analyses, low back exercises plus health education was the most effective intervention for NSCLBP
management in nurses, followed by single low back
exercise intervention and yoga.
Our results show that low back exercises plus health
education may be the best intervention measures to
decrease NSCLBP among nurses; a recent systematic
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review yielded similar results [44]. Huang et al. [45]
also noted that exercises or exercises combined with
education can prevent NSCLBP. The advantage of our
research is the inclusion of a large number of interventions described in Chinese studies. This idea is supported by the cumulative probability showing that low
back exercise plus health education have the highest
probability of being the most optimal intervention to
decrease nurse NSCLBP. There are several potential
mechanisms that may underlie this effect. From the perspective of the causes of NSCLBP in nurses, it may be
related to biomechanical imbalances [46]. For example,
the process of turning a patient or assisting them to
turn may require excessive and simultaneous bending
and turning, subjecting the lumbar spine to shearing
forces. This could induce intervertebral disc degeneration, which in turn leads to NSCLBP [47]. Health education for nurses such as mechanics, ergonomics, and
reasonable posture training can effectively reduce their
awkward postures and improve nurses’ knowledge of
NSCLBP [48]. Secondly, from a physical point of view,
some nursing operations including catheterization or
introducing a CVC may damage the core muscles that
maintain spine stability (including the rectus abdominis,
abdominal obliques, back muscles, and other muscle
groups). The waist muscles in particular are prone to
fatigue, which will decrease the strength of the waist
and weaken the stability of the core muscles to cause
pain over time [49,50]. Low back exercises use isotonic
and isometric muscle contraction to restore the strength
of the synergistic muscle groups and biomechanically
balance the lumbar spine by enhancing the strength of
the low back muscles, thereby improving or restoring
the lumbar spine stability and reducing pain [51]. In
addition, low back exercises can effectively train the
muscles and decrease fatigue, increase abdominal muscle endurance, and expand the range of waist activities, thereby reducing the degree of NSCLBP [22]. Low
back exercise is different and more targeted than physical exercise that is mostly stretching exercises, running,
walking, and other body movements [38]. Health education stresses the advantages of low back exercises
and nursing manipulation techniques used at work, thus
increasing nurse compliance, which has synergistic effect with low back exercises and yields a greater pain
improvement effect.
This study also confirmed that yoga may also be
an important non-drug intervention to decrease nurse
NSCLBP (SUCRA:75.1%), similar to the results of
Feilong Zhu et al. [52]. There may be two reasons for
this. First, from a physiological perspective, yoga can
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Fig. 4. Cumulative probability of decreasing NSCLBP in nurses with 12 non-drug interventions. Ranking indicates the probability of being the
most optimal treatment, the second best, the third best, and so on, among the 12 non-drug interventions.A: Physical exercise; B: Physical exercise
plus health education; C: Health education; D: Multidisciplinary intervention; E: Manipulation treatment; F: Manipulation treatment plus physical
exercise; G: None; H: Yoga; I: Protective equipment; J: Low back exercise; K: Low back exercise plus health education; L: Self-management; M:
Self-management plus health education.

Fig. 5. Forest plot of comparison: non-drug interventions versus control.
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Fig. 6. Sensitivity analysis.

enhance muscle strength, low back stability, and spinal
flexibility, thereby reducing NSCLBP [53]. This view
was described in previous studies [54,55]. Secondly,
NSCLBP in nurses has a certain relationship with psychological factors such as anxiety and depression [56].
In addition to reducing low back muscle tension, yoga
also combines posture, breathing, and meditation. Practicing yoga can reduce thalamic gamma-aminobutyric
acid levels, thereby reducing anxiety and depression
and possibly pain [57].
Our systematic review determined that physical exercise can reduce NSCLBP frequency, and it can reduce fear avoidance belief when combined with health
education. Appropriate physical interventions such as
isokinetic muscle strength exercises and stretching exercises can reduce NSCLBP frequency in nurses. This
may be due to static load-bearing areas with poor blood
circulation in nurses, resulting in an excess of free radicals that causes cellular dysfunction and muscle fatigue. Long periods of muscle fatigue increase the risk
of low back pain [7], whereas targeted physical exercise moves muscles, promotes blood circulation, and reduces NSCLBP frequency. Physical training and health
education can reduce fear avoidance beliefs that may
be related to fear of movement due to the cognitivebehavioral model regarding sports. A positive experience can reduce fear avoidance [58] and reinforce the
concept that appropriate physical exercise is not dangerous and will not cause additional pain. Health education

can provide nurses with positive experiences of sports
that can change fear avoidance beliefs
We found that most non-drug interventions effectively relieved NSCLBP in nurses, as reported in a previous study [59]. However, clearly defined outcomes,
standardized interventions, and the use of international
research tools would enable other investigators to categorize their research and summaries. There are fewer
additional outcome indicators for studies, so they could
not be incorporated into this meta-analysis. Thus, fear
avoidance beliefs regarding NSCLBP and lumbar dysfunction in nurses may be a future research direction.
There are several limitations to this study. First, the
network meta-analyses were based on a single time
point, which may be considered as a shortcoming due
to varying follow-up periods. Second, some non-drug
interventions were classified in this study, which may
weaken the effect of a specific intervention. Third, there
are large sample size differences in the literature, and
because the results may be biased to some extent, we
recommend further investigation to verify the conclusions. Although we performed subgroup and sensitivity
analyses, there was still heterogeneity in some pooled
analyses. The subgroup analysis results show that the
sources of heterogeneity may include type of intervention and follow-up time, so the conclusion needs to
be confirmed in future multicenter, large-sample, highquality RCTs in different countries. Some interventions
in this study have also been applied in the general population, but due to professional and research direction
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issues, we only focused on nurses with back pain. We
will continue to pay close attention to studies on the
effects of non-drug interventions in other different occupational groups with low back pain and update our
results

5. Conclusion
Our network meta-analysis provides support for the
effectiveness of low back exercise plus healthy education for NSCLBP in nurses. The results of our study can
provide some reference for the treatment of NSCLBP
in this population. We recommend large higher-quality
RCTs to validate our results.
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