
Zhang et al. 
Journal of Orthopaedic Surgery and Research          (2023) 18:513  
https://doi.org/10.1186/s13018-023-03988-y

RESEARCH ARTICLE Open Access

© The Author(s) 2023. Open Access  This article is licensed under a Creative Commons Attribution 4.0 International License, which 
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the 
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or 
other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line 
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory 
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this 
licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/. The Creative Commons Public Domain Dedication waiver (http://​creat​iveco​
mmons.​org/​publi​cdoma​in/​zero/1.​0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.

Journal of Orthopaedic
Surgery and Research

Effects of exercise therapy on disability, 
mobility, and quality of life in the elderly 
with chronic low back pain: a systematic review 
and meta‑analysis of randomized controlled 
trials
Shi‑kun Zhang1, Mei‑ling Gu2, Ting Zhang2, Hong Xu3, Su‑jie Mao4 and Wen‑sheng Zhou5* 

Abstract 

Background  Exercise is an effective treatment in chronic low back pain (CLBP), but there are few studies on CLBP 
in the elderly, and the intervention effect is controversial. We aimed to compare the efficacy of different exercises 
therapy on CLBP, dysfunction, quality of life, and mobility in the elderly.

Methods  We searched Web of Science, MEDLINE, Cochrane Library, Chinese National Knowledge Infrastructure, 
EMBASE, and PubMed from the database inception till December 31, 2022. The publication languages were Chinese 
and English. Randomized controlled trials (RCTs) of exercise intervention in the elderly (≥ 60 years) with CLBP were 
included. Two reviewers independently extracted the data and evaluated them using the Revised Cochrane Risk 
of Bias Tool for Randomized Trials 2 (RoB2). The pooled effect sizes on different aspects of outcome measures were 
calculated.

Results  Sixteen articles (18 RCTs) were included, comprising a total of 989 participants. The quality of included stud‑
ies was relatively high. Meta-analysis results indicated that exercise therapy could improve visual analog scale (VAS) 
(WMD = − 1.75, 95% CI − 2.59, − 0.92, p < 0.05), Oswestry disability index (ODI) (WMD = − 9.42, 95% CI − 15.04, − 3.79, 
p < 0,005), short-form 36-item health survey physical composite summary (SF-36PCS) (WMD = 7.07, 95% CI 1.01, 13.14, 
p < 0.05), short-form 36-item health survey mental composite summary (SF-36MCS) (WMD = 7.88, 95% CI 0.09, 15.67, 
p < 0.05), and timed up and go test (TUG) (WMD = − 0.92, 95% CI − 2.22, 0.38, p < 0.005).

Conclusion  Exercise therapy effectively improved VAS, ODI, and SF-36 indexes in the elderly. Based on the subgroup, 
when designing the exercise therapy regimen, aerobics, strength, and mind–body exercise (≥ 12 weeks, ≥ 3 times/
week, ≥ 60 min) should be considered carefully, to ensure the safety and effectiveness for the rehabilitation of CLBP 
patients. More high-quality trials are needed in future to confirm the effect of exercise on SF-36 and TUG indexes.
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Introduction
Chronic low back pain (CLBP) is the most common 
health problem among the elderly [93] and one of the 
leading causes of dysfunction and disability [78], and pain 
for more than three months is considered chronic low 
back pain [54]. CLBP patients have pain symptoms and 
their daily life and walking ability are affected [1, 29, 67], 
not only causing imbalance and gait disturbance in the 
elderly [48, 66] but also posing challenges to the medi-
cal system, resulting in huge social burden and economic 
costs [84]. The incidence of CLBP increases with age and 
the degree to which CLBP interferes with the elderly cor-
relates positively with age [55]. Compared to young peo-
ple, the elderly have more severe CLBP and poor recovery 
ability [72]. It has been pointed out in studies that the 
elderly are less likely to fully recover from CLBP [70], and 
LBP’s adverse symptoms can only be alleviated through 
clinical treatment and physiotherapy. Clinical treat-
ments such as analgesics, anti-inflammatory drugs [43], 
and physiotherapy including muscle relaxants, spinal 
manipulations, and exercise therapies are available [24]. 
As the population structure in developed and developing 
countries is transitioning toward aging [59], the propor-
tion of the elderly in the population will further increase. 
According to data from the United Nations, the number 
of people over the age of 60  years worldwide will triple 
by 2050 [56]. Therefore, the number of elderly affected 
by CLBP will be over one billion worldwide in the com-
ing decades [92]. Therefore, the problem of CLBP in the 
elderly aged 60 years and above should be addressed.

In addition to clinical therapy and physiotherapy [24], 
exercise therapy is one of the most common therapies 
for CLBP [40]. Both the American College of Physicians 
and European Union scholars have recommended exer-
cise therapy as the primary means of treating CLBP [3, 
11]. The low function of the muscles around the spine is 
an important cause of persistent pain in CLBP patients 
[52], and exercise can increase the strength and flexibility 
of lumbar vertebrae and its surrounding musculoskeletal 
structure and re-establish the control of lumbar verte-
brae stabilizing muscles, in turn improving mobility and 
relieving pain [16, 69, 75]. In addition, exercise plays a 
positive role in all aspects such as improving self-efficacy 
[57], social participation, anxiety, and quality of life [58]. 
Evans et  al. [14] and Tekur et  al. [79] showed that Yoga 
has a significant ameliorative effect on pain and dysfunc-
tion indexes in CLBP patients. Moreover, aquatic exer-
cises [76], aerobic exercises [86], Tai Chi [25], and pilates 
(David [12]) can improve the indexes related to CLBP. 
Similarly, a meta-analysis by some scholars Adamse et al. 
[2, 4, 18, 26] also demonstrated that exercise has a signifi-
cant effect on improving CLBP-related indexes.

Although several studies have proved that exercise can 
improve CLBP, past randomized controlled trial (RCT) 
studies mostly focused on young or middle-aged indi-
viduals [63], and little attention has been paid to CLBP 
in the elderly [23]. Previous meta-analyses of exercise 
intervention in CLBP were not specifically aimed at the 
elderly, and the existing research results are not suitable 
for generalization to the elderly [40]. Other factors (other 
diseases, frequent medications, etc.) in this group can 
also affect the effects of exercises [82]. In a meta-anal-
ysis of the treatment for CLBP by Paeck et  al. [63], 274 
RCTs were included, with patients over 60  years being 
excluded. There are also inconsistencies in the conclu-
sions from previous studies on exercise intervention in 
CLBP in the elderly. Teut et  al. [80] showed that exer-
cise does not reduce the LBP index in the elderly. In the 
meta-analysis by Zhang et al. [92], the effect of exercise 
on CLBP in the middle-aged and elderly was discussed, 
and the elderly group was analyzed separately in the sub-
group analysis without the discussion of the indexes of 
quality of life and mobility.

Due to few existing studies and controversial research 
conclusions, clinicians have no clear evidence-based 
medical basis for exercise interventions in CLBP of the 
elderly, and there remains uncertainty regarding its 
effects. Based on the above considerations, in this study, 
we compared the effects of exercise therapy on disability, 
mobility, and quality of life in the elderly with CLBP. This 
review is expected to provide a better evidence-based 
basis for decision-makers involved in CLBP treatment.

Methods
This meta-analysis involved RCTs and comparisons of 
different exercise modes for improving disability, mobil-
ity, and quality of life in the elderly with CLBP. The pub-
lished protocol (PROSPEROCRD42023427746) was 
implemented according to preferred reporting items for 
systematic reviews and meta-analysis (PRISMA) guide-
lines [36].

Literature search strategy
Following the PRISMA guidelines, the retrieval strategy 
was formulated [64]. Six databases were systematically 
searched, including the Web of Science (WOS), MED-
LINE, Cochrane Library, EMBASE, China National 
Knowledge Internet (CNKI), and PubMed. The retrieval 
period was from the establishment of each database to 
December 31, 2022, and the languages were Chinese and 
English. Search themes included "low back pain," "lum-
bago," "physical activity," "exercise," "training," "senior," 
"old," "elderly," "old aged," "old age," and "randomized 
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controlled trial." To ensure the comprehensiveness of the 
study, the references included in the literature and other 
relevant systematic reviews were searched. The literature 
search was performed independently by two co-authors 
(MLG and XH). In Table 1, the WOS database is shown 
as an example of the specific literature retrieval strategy. 
Other search strategies can be found in Additional file 1.

Eligibility criteria
The inclusion criteria of this study strictly adhered to the 
"PICOS" principle proposed by Cochrane evidence-based 
medicine [64], “P” stands for “participants,” “I” for “inter-
vention,” “C” for “comparisons,” “O” for “outcomes," and 
"S" for "study type."

The specific inclusion criteria were as follows: (1) par-
ticipants–the elderly (≥ 60  years) diagnosed with CLBP 
(≥ 3  months), regardless of the sex; (2) interventions–
the intervention measures of the experimental group 
included exercise therapy, while non-exercise interven-
tions were adopted in the control group; (3) outcomes–
evaluation index including at least one of the following 
indexes: pain index, dysfunction index, quality of life 
index, and mobility index; (4) study type– RCT for exer-
cise intervention in CLBP.

Exclusion criteria were as follows: (1) the age of the 
subject (< 60  years); (2) non-RCT articles; (3) outcome 
indexes of the study did not include the above-mentioned 
criteria.

Data extraction
Data extraction was performed independently by two 
co-authors (MLG and XH). If there was a disagreement 
during the extraction process, it was resolved through 
negotiation or a discussion with a third co-author (WSZ). 
Data extraction mainly included (1) basic information 
about the study, including first author, publication year, 
and nationality; (2) information about included subjects, 
including sex, number, and age of subjects in the experi-
mental and control groups; (3) design of included stud-
ies, such as the exercise mode, intervention measures 
(time, frequency and duration); (4) outcome indexes and 

outcome measurement data, including measured value 
and index data, etc., before and after the experiment.

Outcome indexes
There were four outcome indexes in this study, among 
which the main outcome indexes included (1) pain 
index–visual analog scale (VAS) and (2) dysfunction 
index–Oswestry disability index (ODI). The secondary 
outcome indexes included (3) quality of life indexes–
short-form 36-item health survey physical composite 
summary/ mental composite summary (SF-36 PCS/
MCS) and (4) walking test–timed up and go test (TUG).

Risk of bias
In this study, the Revised Cochrane Collaboration Risk 
of Bias Tool for Randomized Trials (RoB2) was adopted 
to evaluate the quality of included RCT studies [77], and 
there were a total of 5 evaluation indexes; each evaluation 
index was divided into three levels of low risk,” “some 
concerns,” or “high risk.” Quality evaluation was con-
ducted independently by two co-authors (SJM and WSZ) 
through Review Manager, and any disagreement was 
resolved through discussion.

Statistical analysis
In this study, Stata version 15.1 was used for system-
atic reviews and meta-analysis, and Review Manager 
was adopted for assessing the risk of bias in the lit-
erature. The data measured in this study are continu-
ous variables. The outcomes were expressed as the 
weighted mean difference (WMD) to represent the 
effect index. The 95% confidence interval (CI) was cal-
culated. Both p-value and I2 are the levels of statistical 
difference in the between-study heterogeneity test [31]. 
When p < 0.05, the two groups combined for statisti-
cal analysis were considered to show significant dif-
ferences; when p > 0.05, it was considered that the two 
groups combined showed no statistically significant 
difference. In this study, the effect model of heteroge-
neity was determined according to the I2 value of het-
erogeneity in the Cochrane Handbook for Systematic 
Reviews. If there was no or small heterogeneity among 

Table 1  The searching strategy for WOS

Set Search query

#1 TOPIC: “low back pain” or lumbago or “Ache, Low Back” or “Low Backaches” or “CLBP” or “Back Pain, Low” or “Low Back Ache” or “Postural low back 
pain” AND DOCUMENT TYPES “Article” AND LANGUAGE “English” or “Chinese”

#2 TOPIC: “physical activity” or “exercise” or “training” or “physical therapy” AND DOCUMENT TYPES “Article” AND LANGUAGE “English” or “Chinese”

#3 TOPIC: “senior” or “older” or “elderly” or “old aged” or “older age” AND DOCUMENT TYPES “Article” AND LANGUAGE “English” or “Chinese”

#4 #1 AND #2 AND #3
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studies (I2 ≤ 50%, p ≥ 0.1), the fixed-effects model was 
used for pooled analysis. If heterogeneity was obvi-
ous (I2 > 50%, p < 0.1), pooled analyses using the ran-
dom-effects model were performed. When I2 > 50%, 
subgroup analysis was performed for the sources of 
heterogeneity of the main indexes (VAS, ODI), which 
was conducted from four aspects: exercise mode (com-
prehensive exercise, aerobic exercise, mind–body exer-
cise, strength exercise, or stretching exercise), exercise 
cycle (< 12  weeks or ≥ 12  weeks), single exercise time 
(< 60  min or ≥ 60  min), and exercise frequency (1–2 
times/week or ≥ 3 times/week). Sensitivity analysis 
was used to evaluate the stability and reliability of the 
results. Egger’s test was used to analyze the publication 
bias when at least ten trials were included in the meta-
analysis [30].

Results
Search results
A total of 2075 papers were obtained by searching 
five databases and were imported into Endnote X9 for 
document management; 281 duplicate papers were 
excluded. After reading the title and abstract, 1609 
irrelevant papers were excluded. After reading the 
remaining 183 full-text articles, 168 were excluded due 
to factors such as age not meeting the inclusion crite-
ria, lack of relevant indexes, and non-RCTs. One article 
was obtained from the cited references in the included 
literature. Finally, 16 were included for systematic 
reviews and meta-analysis. The literature screening 
process is shown in Fig. 1

Characteristics of included studies
Sixteen papers were included, among which the experi-
mental group described by Teut et  al. [80] was divided 
into Qigong exercise, yoga exercise, and control groups, 
the experiment group of Vincent et  al. [83] was divided 

Fig. 1  The PRISMA flowchart for included RCTs
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into whole-body resistance exercise, stretching exercise 
and control groups. Therefore, 16 papers were finally 
included in this study, including 18 RCTs.

A total of 989 subjects were recruited in this study, 
including 496 in the experimental group and 493 in 
the control group. The subjects included males and 
females, aged ≥ 60  years. The intervention cycle was for 
4–21 weeks (mostly concentrated around 12 weeks); fre-
quency: 1–7 times/week, and duration of each interven-
tion time: 25–90  min (mostly around 60  min). Among 
the 18 included studies, VAS, ODI, TUG, and SF-36 were 
taken as the outcome indexed in 12, 9, 3, and 5 studies, 
respectively. Among the included studies, the compre-
hensive exercise program was adopted in the experimen-
tal group of 3 studies; the strength exercise program was 
taken in the experimental group of 3 studies; the program 
of traditional physical and mental exercise was adopted 
in 2 studies; aerobic exercise program was taken in 5 
studies, and stretch exercise program was adopted in 3 
studies. No exercise intervention was adopted in the con-
trol group. Specific literature characteristics are shown in 
Table 2.

Risk of bias in included studies
Among 16 included papers, 7 mentioned that the over-
all assessment was carried out at "high risk;" 7 had “some 
concerns,” and 2 were at “low risk”. In the included lit-
erature, 10 were assessed as having low risk in the ran-
domization process, while 6 showed some concerns. For 
deviations from intended interventions, 4 had some con-
cerns and 2 were rated as high risk. In terms of missing 
outcome data, all studies were classified as high risk. For 
the measurement of the outcome, 6 were at low risk and 
6 were at high risk. The selection of the reported result 
showed that 16 studies had some concerns (Figs. 2, 3).

Effects of exercise on VAS measurements of perceived 
CLBP
A total of 11 articles (12 studies) provided data on the 
effects of exercise therapy on the VAS index in the elderly 
with CLBP. There was a total of 651 subjects, including 
328 in the experimental group and 323 in the control 
group. Meta-analysis of the results from these studies 
showed a significant difference in the experimental group 
compared with the control group (WMD = − 1.75, 95% 
CI [− 2.59, − 0.92], p < 0.05). The results of the heteroge-
neity analysis showed that I2 = 93.0% (p < 0.05) (Fig.  4). 
The random-effects model was adopted for the meta-
analysis. Sensitivity analysis results indicated no signifi-
cant effect on the total effect size excluding any single 
study [39, 41] (Fig. 5).

Effects of exercise on ODI of perceived CLBP
In total, 8 articles (9 studies) involving 407 participants 
provided data on the ODI index. There were statistically 
significant associations between the exercise therapy 
with an improvement in ODI scores in the elderly with 
CLBP (WMD = − 9.42, 95% CI [− 15.04, − 3.79], p < 0.05, 
I2 = 98.0%) (Fig. 6). To trace the source of heterogeneity, 
sensitivity analysis was performed to judge the impact of 
each study on the effect size of ODI. As shown in Fig. 7, 
there was little heterogeneity among studies, and study-
by-study exclusion did not greatly affect the effect size 
of ODI, demonstrating that the meta-analysis results are 
relatively stable [39, 41].

Effects of exercise on SF‑36PCS/MCS of perceived LBP
Four articles (5 studies) reported SF-36PCS and SF-
36MCS indexes, including 377 subjects, with 192 in the 
experimental group and 185 in the control group. Meta-
analysis results were as follows (Figs.  8, 9): SF-36PCS: 
(WMD = 7.07, 95% CI [1.01, 13.14], p < 0.05), I2 = 89.8% 
and SF-36MCS: (WMD = 7.88, 95% CI [0.09, 15.67], 
p < 0.05), I2 = 93.7%. This suggests that exercise can allevi-
ate CLBP and improve SF-36PCS and SF-36MCS indexes 
in the elderly in the experimental group compared with 
the control group, with a statistically significant differ-
ence (p < 0.05).

Effects of exercise on TUG measurements of perceived LBP
Only 3 articles (3 studies) provided data on the effects 
of exercise therapy on the TUG index in the elderly 
with CLBP. A total of 115 subjects, including 57 in 
the experimental group and 58 in the control group 
were analyzed. Meta-analysis results were as follows: 
(Fig. 10), (WMD = − 0.92, 95% CI [− 2.22, 0.38], p < 0.05), 
I2 = 85.3%, suggesting that exercise tended to improve 
the TUG index but there was no statistically significant 
difference.

Subgroup analysis for VAS and ODI
To further explore the source of heterogeneity, sub-
group analysis was conducted based on the four follow-
ing aspects: exercise mode, exercise cycle, single exercise 
time, and exercise frequency, and the findings were as 
follows (shown in Tables 3,4):

Subgroup analysis by exercise mode, aerobic exercise 
(WMD = − 3.59, 95% CI [− 6.98, − 0.15]), strength exer-
cise (WMD = − 1.38, 95% CI [− 1.81, − 0.94]), and mind–
body exercise (WMD = − 0.7, 95% CI [− 1.14, − 0.26]) 
were associated with a large reduction in VAS.

Based on the analysis of single exercise time, exercise 
frequency and exercise cycle (both < 60  min single time 
(WMD = − 2.06, 95% CI [− 3.5, − 0.62]) and ≥ 60  min 
(WMD = − 1.21, 95% CI [− 1.65, − 0.76]), exercise 
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frequency (1–2 times/week, WMD = − 0.71, 95% CI 
[− 1.41, − 0.01]) and ≥ 3times/week (WMD = − 1.97, 
95% CI [− 3.0, − 0.93]), ≥ 12  weeks exercise cycle 
(WMD = − 1.95, 95% CI [− 3.09, − 0.81]), and < 12 weeks 
(WMD = − 1.55, 95% CI [− 2.99, − 0.1]) effectively and 
significantly improved the VAS index.

Subgroup analysis by exercise mode suggested that 
only strength exercise (WMD = − 8.21, 95% CI [− 13.98, 
− 2.43]) was associated with a large reduction in ODI. 
From the analysis of single exercise time, exercise fre-
quency (≥ 60  min single time (WMD = − 10.49, 95% CI 
[− 20.91, − 0.07]),  ≥ 3 times/week exercise frequency 
(WMD = − 9.96, 95% CI [− 8.51, − 1.77]) could effec-
tively and significantly improve the ODI index. Exer-
cise cycle (≥ 12  weeks exercise cycle (WMD = − 8.88, 
95% CI [− 17.86, 0.1]), and < 12  weeks exercise cycle 
(WMD = − 10.1, 95% CI [− 23.0, 2.8]) tended to improve 
ODI but there was no statistically significant difference.

Publication bias
Egger’s test was adopted for assessing the publication bias 
in the literature associated with VAS and ODI. The study 
showed that when the intercept crossed the origin of the 
y-coordinate, the risk of publication bias was low. When 
the intercept did not cross the origin of the y-coordinate, 
publication bias existed.

As shown in Figs. 11, 12, the intervention effect of exer-
cise on VAS indicated no publication bias (t = − 0.79, 95% 
CI − 6.72, 3.21, p = 0.45); the intervention effect of exer-
cise on ODI indicated statistically significant publication 
bias (t = − 1.01, 95% CI − 13.21, 5.31, p = 0.594).

Discussion
CLBP has become a global public health problem and 
poses a challenge [44, 60], seriously affecting the daily 
mobility and quality of life of the elderly [67]. However, 

existing exercise therapy interventions for CLBP are not 
suitable for the elderly [17, 40]. Therefore, this study 
aimed to verify the effects of different exercise modes 
on CLBP, dysfunction, quality of life, and mobility in the 
elderly. Based on the results of sixteen eligible articles, 
the present meta-analysis shows that exercise could sig-
nificantly improve VAS, ODI, and SF-36 (SF-36PCS, SF-
36MCS) indexes. However, we did not observe significant 
changes in the TUG index for CLBP in the elderly.

Effects of exercise on the VAS index in elderly
Pain relief is the main index for evaluating the effects of 
treatment for CLBP patients [74]. In previous studies, the 
VAS scale was relatively often used to measure the pain 
symptoms of CLBP. Meta-analysis results in this study 
showed that exercise significantly improved the VAS 
index in the elderly with CLBP (WMD = − 1.75, 95% CI 
[− 2.59, − 0.92], p < 0.05). The meta-analysis of Kang and 
Yu [42] provides support for the results of this study 
(SMD = − 0.86, 95% CI [− 1.09, − 0.64], p < 0.05). The rela-
tively weak strength of the trunk and abdominal muscles 
is an important cause of lumbago [26]. Inefficient muscle 
function around the spine leads to the persistence of pain 
in patients with CLBP[52]. Back muscle stiffness also 
contributes to back pain by reducing the mobility of the 
spine [13]. Strengthening these muscles can significantly 
ameliorate CLBP-related problems [49]. Andersen et  al. 
[6] also point out that increasing muscular volume and 
strength may be an effective treatment strategy for pain 
in the elderly with CLBP. Scientific evidence suggests that 
the endorphins released after exercise play a physiologi-
cal role in pain relief. The theory of endogenetic opioid 
system activation is that the release of hormones in the 
body after exercise can produce an analgesic effect [46]. 
This hormone is derived from the release of endorphins 
in the hypothalamus caused by exercise, which in turn 

Fig. 2  Risk of bias summary
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relieves the response of the body to pain [17]. The study 
of Wong et al. [87] also supports this possible improve-
ment mechanism and exercise can promote the secre-
tion of β-endorphins, regulate the central and peripheral 
nervous system and reduce stress, thus achieving the 
effect of pain inhibition. The beneficial results in alleviat-
ing pain that we have observed lead us to recommend the 
use of exercise therapy (strength, mind–body, and aero-
bic exercise) option for the elderly affected by CLBP.

Effects of exercise on ODI in elderly patients
Dysfunction caused by CLBP in the elderly, such as 
decreased activities of daily living and loss of work-
ing ability, adversely impacts patients [73]. ODI is the 
most commonly used scale for assessing LBP dysfunc-
tion [10, 15]. Meta-analysis results in this study showed 
that exercise significantly improved the ODI index in 
the elderly with CLBP (WMD = − 9.42, 95% CI [− 15.04, 
− 3.79], p < 0.05). The results of this study supported 

Fig. 3  Graph depicting the risk of bias
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the latest findings of Zhang et  al. [92], showing that 
exercise had a significant ameliorative effect on ODI 
(SMD = − 2.07, 95% CI [− 3.19, − 0.96], p < 0.05). In the 
subgroup analysis, both strength and aerobic exercises 
were found to significantly improve ODI in patients 
(≥ 65  years). A systematic review by Chang et  al. [9] 

showed that strength exercise had a significant ame-
liorative effect on ODI for CLBP, especially waist and 
abdominal strength exercises. George et al. [20] put for-
ward a different point of view based on an experiment 
that physical activity did not improve the ODI index in 
elderly patients with CLBP. The researchers believed 

Fig. 4  Meta-analysis of effects of different exercises on VAS measurements. Note: The results of heterogeneity analysis showed that I2 = 93.0%, 
p = 0.000

Fig. 5  Sensitivity analysis of effects of exercise on effect size of VAS
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it may be the relatively low intensity of exercise or 
physical activity making it difficult to produce a good 
exercise effect. Spinal flexibility is an important factor 
affecting daily life activities [7]. In functional activities, 
spinal flexibility may have an impact on posture con-
trol and motor performance [22]. Elderly patients with 
CLBP show decreased muscle strength, stability of the 
back muscle group, and muscle function, all resulting in 

reduced or lost dysfunction [21]. Hodges [32] pointed 
out that in the exercise intervention program for CLBP, 
a neuromuscular function exercise regimen should be 
added, with special emphasis on the exercise of pelvic 
and spinal muscles. Moreover, exercise can improve 
the control and coordination ability of trunk muscles, 
strengthen the stability system of lumbar vertebrae, and 
help restore biomechanical structures of the spine [45, 

Fig. 6  Meta-analysis of effects of different exercises on ODI measurements. Note: The results of heterogeneity analysis showed that I2 = 98.0%, 
p = 0.000

Fig. 7  Sensitivity analysis of effects of exercise on effect size of ODI
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61], which in turn help improve the ability to perform 
physical activities and daily living functions. Improve-
ment of the index of dysfunction also improves activity 
level, social and work participation, and coping strate-
gies, and reduces fear-related beliefs regarding CLBP 
[27, 28], all factors that seem to be clinically significant 
for the elderly with CLBP.

Effects of exercise on SF‑36PCS/MCS in elderly patients
As a concise health questionnaire, SF-36 comprehensively 
summarizes the survival quality of the respondents from 

eight aspects, which can be divided into two parts: PCS 
and MCS [50]. Meta-analysis of this study revealed that 
the improvement in the quality of life index (SF-36PCS, 
SF-36MCS) by exercise in the elderly with CLBP showed 
statistical differences (SF-36PCS (WMD = 7.07, 95% CI 
[1.01, 13.14], p < 0.05), SF-36MCS (WMD = 7.88, 95% 
CI [0.09, 15.67], p < 0.05)). LBP often affects all aspects 
of physical and mental health in patients [35], resulting 
in poor quality of life [47]. Studies of the effect of exer-
cise on the quality of life in elderly patients with CLBP 
are not only few but also have inconsistent conclusions. 

Fig. 8  Meta-analysis of effects of different exercises on SF-36PCS measurements

Fig. 9  Meta-analysis of effects of different exercises on SF-36MCS measurements

Fig. 10  Meta-analysis of effects of different exercises on TUG measurements
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In the experimental study by Teut et al. [81], 3 months of 
qigong or yoga exercise intervention in the experimental 
group showed no ameliorative effect on the quality of life 
in the elderly with CLBP. The experiment of Ozkuk and 
Dilekci [62] suggested that aquatic exercise combined 
with physical therapy has an ameliorative effect on the 
quality of life in the elderly. The researchers believed it to 
be because aquatic exercise is for the whole body, and all 
actions in aquatic exercise affect the center of gravity of 
the body. Noormohammadpour et  al. [61] also showed 

that a core stability exercise is a treatment option that can 
help improve the quality of life in LBP patients. The main 
reason for the improvement in the health and survival 
quality of the elderly may be related to the amelioration 
of pain symptoms. As a subjective feeling, pain seriously 
damages the physical and psychological health of the 
elderly, and reducing pain is conducive to the improve-
ment in subjective well-being and quality of life [68]. 
Exercise may be related to the improvement in mood in 
the elderly. Exercise regulates the level of endorphins in 

Table 3  Subgroup analysis of effects of exercise mode, exercise cycle, exercise frequency, and single exercise time on VAS 
measurements of perceived LBP

Subgroup type Literature comparison 
group (n)

WMD (95%CI) P Heterogeneity Test

I2 p-value

Exercise mode
Comprehensive exercise 2 − 0.7 (− 2.17, 0.76) 0.348 90.9% 0.001

Strength exercise 3 − 1.38 (− 1.81, − 0.94) 0 0 0.545

Mind–body exercise 3 − 0.7 (− 1.14, − 0.26) 0.002 0 0.58

Aerobic exercise 4 − 3.59 (− 6.98, − 0.15) 0.041 97.3% 0

Exercise cycle
 < 12 weeks 5 − 1.55 (− 2.99, − 0.1) 0.036 93.0% 0

 ≥ 12 weeks 7 − 1.95 (− 3.09, − 0.81) 0.001 93.8% 0

Exercise frequency
1–2 times/week 3 − 0.71 (− 1.41, − 0.01) 0.046 35.7% 0.211

 ≥ 3 times 9 − 1.97 (− 3, − 0.93) 0 94.5% 0

Single exercise time
 < 60 min 7 − 2.06 (− 3.5, − 0.62) 0.005 96% 0

 ≥ 60 min 5 − 1.21 (− 1.65, − 0.76) 0 31.7% 0.21

Table 4  Subgroup analysis of effects of exercise mode, exercise cycle, exercise frequency, and single exercise time on ODI 
measurements of perceived LBP

Subgroup type Literature comparison 
group(n)

WMD (95%CI) p Heterogeneity test

I2 p-value

Exercise mode
Strength exercise 5 − 8.21 (− 13.98, − 2.43) 0.005 97.7% 0

Aerobic exercise 3 − 13.85 (− 31.2, 3.51) 0.118 98.7% 0

Stretching exercise 3 − 0.3 (− 9.53, 8.93) 0.949 - -

Exercise cycle
 < 12 weeks 3 − 10.1 (− 23.0, 2.8) 0.125 98.8% 0

 ≥ 12 weeks 6 − 8.88 (− 17.86, 0.1) 1.94 97.9% 0

Exercise frequency
1–2 times/week 2 − 6.87 (− 15.6, 1.85) 0.123 91.8% 0

 ≥ 3times 7 − 9.96 (− 18.15, − 1.77) 0.037 98.2% 0

Single exercise time
 < 60 min 4 − 16.4 (− 38.84, 6.03) 0.152 99.5% 0

 ≥ 60 min 5 − 10.49 (− 20.91, − 0.07) 0.048 98.3% 0
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the human body [34]. This substance is the "happiness 
hormone," which can improve people’s bad moods and 
make them feel happy. It was long proven that exercise 

improves anxiety and depression and relieves stress [8], 
which are common psychological and emotional prob-
lems in the elderly [33]. Moreover, the improvement in 

Fig. 11  Bias analysis of the effect of exercise on VAS

Fig. 12  Bias analysis of the effect of exercise on ODI
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the health and survival quality of the elderly may also be 
related to the amelioration of cognitive function. Cogni-
tion is an ability related to sensory perception and intel-
ligence in the elderly, and exercise improves the ability 
to obtain, perceive, and apply external things by amelio-
rating the level of cognitive function, making the elderly 
relaxed and comfortable in dealing with daily life. This 
may also be an important factor in improving health 
degree and survival quality. An improvement in the test 
results of SF-36 was observed in this study.

Effect of exercise on TUG in elderly patients
The TUG test is a comprehensive ability test mainly used 
to assess the motor function of patients and their risks of 
falling [5, 51]. The meta-analysis results revealed that the 
improvement in mobility index in the elderly with CLBP 
by exercise was statistically insignificant (WMD = − 0.92, 
95% CI [− 2.22, 0.38] p > 0.05). A one-by-one analysis of 
three studies involving TUG suggested the following: 
Young et  al. [90] revealed that after 6  weeks of exercise 
in proprioceptive exercise and Swiss ball exercise groups, 
the TUG test time between the two groups was reduced 
to some extent but there was no statistical difference 
between them (p > 0.05); [19] adopted therapy of core 
stability training combined with physiotherapy in the 
experimental group, and after the 4 weeks, the TUG test 
scores showed a significant improvement in the experi-
mental group compared with the control group (p < 0.05). 
Irandoust et al. [37] showed that after 16 weeks of aquatic 
exercise, there was a significant improvement in the 
experimental group compared with the control group 
(p < 0.05). It was pointed out in previous studies that the 
TUG test mainly evaluates mobility, balance, walking 
ability, and risk of falls in the elderly. In this meta-anal-
ysis, two studies did not show a good ameliorative effect 
and only one study on aquatic exercise demonstrated 
a good effect. The number of studies included in this 
meta-analysis is small, resulting in an insignificant overall 
effect. Therefore, it is recommended to further supple-
ment RCTs to explore the exact effect of exercise on TUG 
in future research.

Although a systematic review and meta-analysis of this 
research topic were conducted in strict accordance with 
the Cochrane Handbook for Systematic Reviews of Inter-
ventions and PRISMA principles [71], there may be some 
limitations and deficiencies. (1) Only English and Chi-
nese literature were included in this study and thus the 
literature may not have been comprehensively included. 
(2) In this study, although the subgroup analysis of exer-
cise modes was conducted, the classification of exercise 
types was not detailed, which may have yielded one-sided 
subgroup analysis results. (3) In this study, both sub-
group and sensitivity analyses of sources of heterogeneity 

were performed but the problem of excessive heteroge-
neity remained unsolved, which should be addressed in 
future by the inclusion of high-quality literature (Addi-
tional file 2 and 3).

Conclusion
The findings of the present meta-analysis have demon-
strated that exercise therapy effectively improves pain, 
dysfunction, and quality of life in people over 60 years of 
age but there is yet no evidence that exercise can improve 
mobility. Based on full consideration of the cause of 
CLBP in the elderly, exercise therapy to improve CLBP 
symptoms in the elderly can focus on aerobic, strength, 
comprehensive, and mind–body exercises based on 
the exercise cycle (≥ 12  weeks), exercise frequency (≥ 3 
times/week), and single exercise time (≥ 60 min). When 
designing the exercise therapy, the researchers should 
consider the aforementioned variables carefully to ensure 
that it would be safe and effective for the rehabilitation 
of CLBP patients. More high-quality trials are needed 
to future confirm the effect of exercise on the SF-36 and 
TUG indexes.

Supplementary Information
The online version contains supplementary material available at https://​doi.​
org/​10.​1186/​s13018-​023-​03988-y.

Additional file 1. Literature search strategy.

Additional file 2. VAS ODI sensitive analysis and publication bias data.

Additional file 3. PRISMA Checklist.

Authors’ contributions
Wen-sheng Zhou contributed to conceptualization, review, and editing. Shi-
kun Zhang contributed to conceptualization, data curation, and writing the 
original draft. Mei-ling Gu and Ting Zhang performed writing original draft. 
Su-jie Mao reviewed and evaluated literature quality. Hong Xu reviewed and 
evaluated literature quality.

Funding
This work was supported by the Project of Humanities and Social Sciences of 
the Ministry of Education in China (21YJC890051 to WSZ); Jiangsu University 
Philosophy and Social Science Research Project (2022SJYB0489 to SKZ); and 
Jiangsu Police Institute Education and Teaching Reform Research Key Project 
(2022A10 to SKZ).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethics approval and consent to participate
Not applicable.

Competing interests
Not applicable.

https://doi.org/10.1186/s13018-023-03988-y
https://doi.org/10.1186/s13018-023-03988-y


Page 16 of 18Zhang et al. Journal of Orthopaedic Surgery and Research          (2023) 18:513 

Author details
1 Department of Police Physical Education, Jiangsu Police Institute, Nanjing, 
Jiangsu Province, China. 2 Nanjing Tian-zheng Primary School, Nanjing, China. 
3 Department of Sport & Health Science, College of Natural Science, Sangm‑
yung University, Seoul, Korea. 4 Graduate School of Nanjing University of Physi‑
cal Education, Nanjing Sport Institute, Nanjing, China. 5 Department of Physical 
Education, Nanjing Xiao-Zhuang University, Nanjing, China. 

Received: 25 February 2023   Accepted: 9 July 2023

References
	1.	 Aagaard P, Suetta C, Caserotti P, Magnusson SP, Kjaer M. Role of the 

nervous system in sarcopenia and muscle atrophy with aging: strength 
training as a countermeasure. Scand J Med Sci Sports. 2010;20(1):49–64. 
https://​doi.​org/​10.​1111/j.​1600-​0838.​2009.​01084.x.

	2.	 Adamse C, Dekker-Van Weering MGH, van Etten-Jamaludin FS, Stuiver 
MM. The effectiveness of exercise-based telemedicine on pain, physical 
activity and quality of life in the treatment of chronic pain: A systematic 
review. J Telemed Telecare. 2018;24(8):511–26. https://​doi.​org/​10.​1177/​
13576​33x17​716576.

	3.	 Airaksinen O, Brox JI, Cedraschi C, Hildebrandt J, Klaber-Moffett J, Kovacs 
F, Mannion AF, Reis S, Staal JB, Ursin H, Zanoli G. European guidelines 
for the management of chronic nonspecific low back pain. Eur Spine J. 
2006;15(2):192–300. https://​doi.​org/​10.​1007/​s00586-​006-​1072-1.

	4.	 Alzahrani H, Mackey M, Stamatakis E, Pinheiro MB, Wicks M, Shirley D. The 
effectiveness of incidental physical activity interventions compared to 
other interventions in the management of people with low back pain: a 
systematic review and meta-analysis of randomised controlled trials. Phys 
Ther Sport. 2019;36:34–42. https://​doi.​org/​10.​1016/j.​ptsp.​2018.​12.​008.

	5.	 Amano S, Nocera JR, Vallabhajosula S, Juncos JL, Gregor RJ, Waddell DE, 
Wolf SL, Hass CJ. The effect of Tai Chi exercise on gait initiation and gait 
performance in persons with Parkinson’s disease. Parkinsonism Related 
Disord. 2013;19(11):955–60. https://​doi.​org/​10.​1016/j.​parkr​eldis.​2013.​06.​
007.

	6.	 Andersen LB, Wedderkopp N, Leboeuf-Yde C. Association between back 
pain and physical fitness in adolescents. Spine. 2006;31(15):1740–4.

	7.	 Bergström G, Aniansson A, Bjelle A, Grimby G, Lundgren-Lindquist B, 
Svanborg A. Functional consequences of joint impairment at age 79. 
Scand J Rehabil Med. 1985;17(4):183–90.

	8.	 Carek PJ, Laibstain SE, Carek SM. Exercise for the treatment of depression 
and anxiety. Int J Psychiatry Med. 2011;41(1):15–28. https://​doi.​org/​10.​
2190/​PM.​41.1.c.

	9.	 Chang W-D, Lin H-Y, Lai P-T. Core strength training for patients with 
chronic low back pain. J Phys Ther Sci. 2015;27(3):619–22.

	10.	 Chiarotto A, Maxwell LJ, Terwee CB, Wells GA, Tugwell P, Ostelo RW. 
Roland-morris disability questionnaire and oswestry disability index: 
which has better measurement properties for measuring physical 
functioning in nonspecific low back pain? Syst Rev Meta-Anal Phys Ther. 
2016;96(10):1620–37. https://​doi.​org/​10.​2522/​ptj.​20150​420.

	11.	 Cress ME, Buchner DM, Prohaska T, Rimmer J, Brown M, Macera C, 
DiPietro L, Chodzko-Zajko W. Best practices for physical activity programs 
and behavior counseling in older adult populations. J Aging Phys Act. 
2005;13:61–74.

	12.	 Cruz-Díaz D, Martínez-Amat A, Osuna-Pérez MC, De la Torre-Cruz MJ, 
Hita-Contreras F. Short-and long-term effects of a six-week clinical Pilates 
program in addition to physical therapy on postmenopausal women 
with chronic low back pain: a randomized controlled trial. Disabil Rehabil. 
2016;38(13):1300–8.

	13.	 Edgecombe TL, Kawchuk GN, Long CR, Pickar JG. The effect of application 
site of spinal manipulative therapy (SMT) on spinal stiffness. Spine J. 
2015;15(6):1332–8.

	14.	 Evans DD, Carter M, Panico R, Kimble L, Morlock JT, Spears MJ. Character‑
istics and predictors of short-term outcomes in individuals self-selecting 
yoga or physical therapy for treatment of chronic low back pain. Pm&R. 
2010;2(11):1006–15. https://​doi.​org/​10.​1016/j.​pmrj.​2010.​07.​006.

	15.	 Fairbank JCT, Pynsent PB. The oswestry disability index. Spine. 
2000;25(22):2940–53.

	16.	 Falla D, Gizzi L, Tschapek M, Erlenwein J, Petzke F. Reduced task-induced 
variations in the distribution of activity across back muscle regions in 
individuals with low back pain. Pain. 2014;155(5):944–53. https://​doi.​org/​
10.​1016/j.​pain.​2014.​01.​027.

	17.	 Fritz N, Gene-Morales J, Saez-Berlanga A, Juesas A, Flandez J, Colado JC. 
Resistance training for chronic low back pain in the elderly: a systematic 
review. J Hum Sport Exer. 2021;16:1506–20.

	18.	 Gao C, Chen G, Yang H, Hua Z, Xu P, Wong M, He C. Relative effective‑
ness of different forms of exercises for treatment of chronic low back 
pain: protocol for a systematic review incorporating Bayesian network 
meta-analysis. BMJ Open. 2019;9(6):1–7. https://​doi.​org/​10.​1136/​bmjop​
en-​2018-​025971.

	19.	 Ge L, Huang H, Yu Q, Li Y, Li X, Li Z, Chen X, Li L, Wang C. Effects of core 
stability training on older women with low back pain: a randomized 
controlled trial. Eur Rev Aging Phys Activity. 2022;19(1):10. https://​doi.​org/​
10.​1186/​s11556-​022-​00289-x.

	20.	 George T, Olga K, Maria M, Paraskevi M, George G. Effect of physical activ‑
ity on functional status in elderly with chronic low back pain. J Yoga Phys 
Therapy. 2014. https://​doi.​org/​10.​4172/​2157-​7595.​10001​71.

	21.	 Ghamkhar L, Kahlaee AH. The effect of trunk muscle fatigue on postural 
control of upright stance: a systematic review. Gait Posture. 2019;72:167–
74. https://​doi.​org/​10.​1016/j.​gaitp​ost.​2019.​06.​010.

	22.	 Granacher U, Lacroix A, Muehlbauer T, Roettger K, Gollhofer A. Effects of 
core instability strength training on trunk muscle strength, spinal mobil‑
ity, dynamic balance and functional mobility in older adults. Gerontology. 
2013;59(2):105–13. https://​doi.​org/​10.​1159/​00034​3152.

	23.	 Grotle M, Brox JI, Veierød MB, Glomsrød B, Lønn JH, Vøllestad NK. Clinical 
course and prognostic factors in acute low back pain: patients consulting 
primary care for the first time. Spine. 2005;30(8):976–82.

	24.	 Haldeman S, Dagenais S. A supermarket approach to the evidence-
informed management of chronic low back pain. Spine J. 2008;8(1):1–7. 
https://​doi.​org/​10.​1016/j.​spinee.​2007.​10.​009.

	25.	 Hall AM, Maher CG, Lam P, Ferreira M, Latimer J. Tai chi exercise for treat‑
ment of pain and disability in people with persistent low back pain: a ran‑
domized controlled trial. Arthritis Care Res (Hoboken). 2011;63(11):1576–
83. https://​doi.​org/​10.​1002/​acr.​20594.

	26.	 Hayden JA, Tulder MWV, Malmivaara AV, Koes Bart W. Meta-analysis: 
exercise therapy for nonspecific low back pain. Ann Intern Med. 
2005;142(9):765–75.

	27.	 Henschke N, Kuijpers T, Rubinstein SM, van Middelkoop M, Ostelo R, 
Verhagen A, Koes BW, van Tulder MW. Injection therapy and denervation 
procedures for chronic low-back pain: a systematic review. Eur Spine J. 
2010;19(9):1425–49. https://​doi.​org/​10.​1007/​s00586-​010-​1411-0.

	28.	 Heymans MW, van Tulder MW, Esmail R, Bombardier C, Koes BW. Back 
schools for nonspecific low-back pain. In: Cochrane Database of System‑
atic Reviews. 2004. https://​doi.​org/​10.​1002/​14651​858.​cd000​261.​pub2.

	29.	 Hicks GE, Sions JM, Velasco TO, Manal TJ. Trunk muscle training aug‑
mented with neuromuscular electrical stimulation appears to improve 
function in older adults with chronic low back pain: a randomized 
preliminary trial. Clin J Pain. 2016;32(10):898–906. https://​doi.​org/​10.​1097/​
AJP.​00000​00000​000348.

	30.	 Higgins JP, Green S. Cochrane handbook for systematic reviews of inter‑
ventions. London: Wiley; 2008.

	31.	 Higgins JPT, Thompson SG, Deeks JJ, Altman DG. Measuring inconsist‑
ency in meta-analyses. BMJ. 2003;327(7414):557–60.

	32.	 Hodges PW. Core stability exercise in chronic low back pain. Orthop Clin 
North Am. 2003;34(2):245–54. https://​doi.​org/​10.​1016/​s0030-​5898(03)​
00003-8.

	33.	 Hoffman MD, Hoffman DR. Does aerobic exercise improve pain percep‑
tion and mood? A review of the evidence related to healthy and chronic 
pain subjects. Curr Pain Headache Rep. 2007;11(2):93–7.

	34.	 Hughes L, Patterson SD. The effect of blood flow restriction exercise on 
exercise-induced hypoalgesia and endogenous opioid and endocannab‑
inoid mechanisms of pain modulation. J Appl Physiol. 2020;128(4):914–
24. https://​doi.​org/​10.​1152/​jappl​physi​ol.​00768.​2019.

	35.	 Husky MM, Ferdous Farin F, Compagnone P, Fermanian C, Kovess-Masfety 
V. Chronic back pain and its association with quality of life in a large 
French population survey. Health Qual Life Outcomes. 2018;16(1):195. 
https://​doi.​org/​10.​1186/​s12955-​018-​1018-4.

	36.	 Hutton B, Salanti G, Caldwell DM, Chaimani A, Schmid CH, Cameron C, 
Ioannidis JP, Straus S, Thorlund K, Jansen JP, Mulrow C, Catala-Lopez F, 

https://doi.org/10.1111/j.1600-0838.2009.01084.x
https://doi.org/10.1177/1357633x17716576
https://doi.org/10.1177/1357633x17716576
https://doi.org/10.1007/s00586-006-1072-1
https://doi.org/10.1016/j.ptsp.2018.12.008
https://doi.org/10.1016/j.parkreldis.2013.06.007
https://doi.org/10.1016/j.parkreldis.2013.06.007
https://doi.org/10.2190/PM.41.1.c
https://doi.org/10.2190/PM.41.1.c
https://doi.org/10.2522/ptj.20150420
https://doi.org/10.1016/j.pmrj.2010.07.006
https://doi.org/10.1016/j.pain.2014.01.027
https://doi.org/10.1016/j.pain.2014.01.027
https://doi.org/10.1136/bmjopen-2018-025971
https://doi.org/10.1136/bmjopen-2018-025971
https://doi.org/10.1186/s11556-022-00289-x
https://doi.org/10.1186/s11556-022-00289-x
https://doi.org/10.4172/2157-7595.1000171
https://doi.org/10.1016/j.gaitpost.2019.06.010
https://doi.org/10.1159/000343152
https://doi.org/10.1016/j.spinee.2007.10.009
https://doi.org/10.1002/acr.20594
https://doi.org/10.1007/s00586-010-1411-0
https://doi.org/10.1002/14651858.cd000261.pub2
https://doi.org/10.1097/AJP.0000000000000348
https://doi.org/10.1097/AJP.0000000000000348
https://doi.org/10.1016/s0030-5898(03)00003-8
https://doi.org/10.1016/s0030-5898(03)00003-8
https://doi.org/10.1152/japplphysiol.00768.2019
https://doi.org/10.1186/s12955-018-1018-4


Page 17 of 18Zhang et al. Journal of Orthopaedic Surgery and Research          (2023) 18:513 	

Gotzsche PC, Dickersin K, Boutron I, Altman DG, Moher D. The PRISMA 
extension statement for reporting of systematic reviews incorporating 
network meta-analyses of health care interventions: checklist and expla‑
nations. Ann Intern Med. 2015;162(11):777–84. https://​doi.​org/​10.​7326/​
M14-​2385.

	37.	 Irandoust K, Taheri M, Shavikloo J. The Effect of water-based aerobic 
training on the dynamic balance and walking speed of obese elderly 
men with low back pain [periodical]. Sleep Hypnosis. 2018;20(3):233–40. 
https://​doi.​org/​10.​5350/​Sleep.​Hypn.​2017.​19.​0155.

	38.	 Jackson JK, Shepherd TR, Kell RT. The influence of periodized resistance 
training on recreationally active males with chronic nonspecific low back 
pain. J Strength Cond Res. 2011;25(1):242–51.

	39.	 Jaime SJ, Maharaj A, Alvarez-Alvarado S, Figueroa A. Impact of low-
intensity resistance and whole-body vibration training on aortic hemody‑
namics and vascular function in postmenopausal women. Hypertens Res. 
2019;42(12):1979–88. https://​doi.​org/​10.​1038/​s41440-​019-​0328-1.

	40.	 Jesus-Moraleida FR, Silva JP, Pereira DS, Domingues Dias JM, Correa Dias 
R, Ferreira ML, Hayden JA, Pereira LSM. Exercise therapy for older adults 
with low-back pain. Cochrane Database Syst Rev. 2016. https://​doi.​org/​
10.​1002/​14651​858.​CD012​140.

	41.	 Jo E-A, Shan-ShanWu P, H.-R. H. J.-J., Park, S.-J., & Cho, K.-I. Effects of 
exergaming in postmenopausal women with high cardiovascular risk: a 
randomized controlled trial. Clin Cardiol. 2020;43(4):363–70. https://​doi.​
org/​10.​1002/​clc.​23324.

	42.	 Kang YJ, Yu HY. Effects of exercise on low back pain: ameta-analysis. 
Sports Sci. 2019;39(2):63–72.

	43.	 Kasai R. Current trends in exercise management for chronic low back 
pain: comparison between strengthening exercise and spinal segmental 
stabilization exercise. J Phys Ther Sci. 2006;18:97–105.

	44.	 Katz RT. Impairment and disability rating in low back pain. Phys Med 
Rehabil Clin N Am. 2001;12(3):681–94. https://​doi.​org/​10.​1016/​s1047-​
9651(18)​30060-3.

	45.	 Kim S-S, Min W-K, Kim J-H, Lee B-H. The effects of VR-based Wii fit yoga 
on physical function in middle-aged female LBP patients. J Phys Ther Sci. 
2014;26:549–52.

	46.	 Koltyn KF. Exercise-induced hypoalgesia and intensity of exercise. Sports 
Med. 2002;32(8):477–87.

	47.	 Kovacs FM, Abraira VC, Zamora J, Real MATGD, Llobera J, Ferna´ndez C, 
Group K-ANP. Correlation between pain, disability, and quality of life in 
patients with common low back pain. Spine. 2004;29(2):206–10.

	48.	 Lee LN, Kim MJ, Hwang WJ. Potential of augmented reality and virtual 
reality technologies to promote wellbeing in older adults. Appl Sci. 
2019;9:3556.

	49.	 Liddle SD, Baxter GD, Gracey JH. Exercise and chronic low back pain: what 
works? Pain. 2004;107(1–2):176–90. https://​doi.​org/​10.​1016/j.​pain.​2003.​
10.​017.

	50.	 Lins L, Carvalho FM. SF-36 total score as a single measure of 
health-related quality of life: Scoping review. SAGE Open Med. 
2016;4:2050312116671725. https://​doi.​org/​10.​1177/​20503​12116​671725.

	51.	 Lopopolo RB, Greco M, Sullivan D, Craik RL, KMangione, K. Effect of thera‑
peutic exercise on gait speed in community-dwelling elderly people: a 
meta-analysis. Phys Therapy Rehabil J. 2006;86(4):520–40.

	52.	 Macedo LG, Maher CG, Latimer J, McAuley JH. Motor control exercise 
for persistent, nonspecific low back pain: a systematic review. Phys Ther. 
2009;89(1):9–25.

	53.	 Madadi-Shad M, Jafarnezhadgero A, Sheikhalizade H, Dionisio VC. Effect 
of a corrective exercise program on gait kinetics and muscle activities in 
older adults with both low back pain and pronated feet: a double-blind, 
randomized controlled trial. Gait Posture. 2020;76:339–45. https://​doi.​org/​
10.​1016/j.​gaitp​ost.​2019.​12.​026.

	54.	 Maher C, Underwood M, Buchbinder R. Non-specific low back pain. The 
Lancet. 2017;389(10070):736–47. https://​doi.​org/​10.​1016/​s0140-​6736(16)​
30970-9.

	55.	 Malfliet AIK, Huysmans E, Coppieters I, Willaert W, Bogaert WV, Rheel E, 
Bilterys T, Wilgen PV, Nijs J. Best evidence rehabilitation for chronic pain 
part 3: low back pain. J Clin Med. 2019;8(7):1063. https://​doi.​org/​10.​3390/​
jcm80​71063.

	56.	 McNicoll G. World population ageing 1950–2050. Popul Dev Rev. 
2002;28(4):814–6.

	57.	 Mercer TH, Crawford C, Gleeson NP, Naish PF. Low-volume exercise reha‑
bilitation improves functional capacity and self-reported functional status 
of dialysis patients. Am J Phys Med Rehabil. 2002;81(3):162–7.

	58.	 Moreno-Peral P, Pino-Postigo A, Conejo-Ceron S, Bellon D, Rodriguez-
Martin B, Martinez-Vizcaino V, Bellon JA. Effectiveness of physical activity 
in primary prevention of anxiety: systematic review and meta-analysis 
of randomized controlled trials. Int J Environ Res Public Health. 2022. 
https://​doi.​org/​10.​3390/​ijerp​h1903​1813.

	59.	 Murray CJL, Barber RM, Foreman KJ, Ozgoren AA, Abd-Allah F, Abera SF, 
Aboyans V, Abraham JP, Abubakar I, Abu-Raddad LJ, Abu-Rmeileh NM, 
Achoki T, Ackerman IN, Ademi Z, Adou AK, Adsuar JC, Afshin A, Agardh EE, 
Alam SS, Vos T. Global, regional, and national disability-adjusted life years 
(DALYs) for 306 diseases and injuries and healthy life expectancy (HALE) 
for 188 countries, 1990–2013: quantifying the epidemiological transition. 
The Lancet. 2015;386(10009):2145–91. https://​doi.​org/​10.​1016/​s0140-​
6736(15)​61340-x.

	60.	 Mutubuki EN, Beljon Y, Maas ET, Huygen F, Ostelo R, van Tulder MW, van 
Dongen JM. The longitudinal relationships between pain severity and 
disability versus health-related quality of life and costs among chronic 
low back pain patients. Qual Life Res. 2020;29(1):275–87. https://​doi.​org/​
10.​1007/​s11136-​019-​02302-w.

	61.	 Noormohammadpour P, Kordi M, Akbari-Fakhrabadi M, Mansournia 
MA, Kordi R. The role of a multi-step core stability exercise program in 
the treatment of nurses with chronic low back pain: a single-blinded 
randomized controlled trial. Asian Spine J. 2018;12(3):490–502. https://​
doi.​org/​10.​4184/​asj.​2018.​12.3.​490.

	62.	 Ozkuk K, Dilekci E The effects of balneotherapy in elderly patients with 
chronic low back pain treated with physical therapy: a pilot study. J 
Istanbul Fac Med 2019;82(4), 186–192. https://​doi.​org/​10.​26650/​iuitfd.​
2019.​0025

	63.	 Paeck T, Ferreira ML, Sun C, Lin CW, Tiedemann A, Maher CG. Are older 
adults missing from low back pain clinical trials? A systematic review 
and meta-analysis. Arthritis Care Res (Hoboken). 2014;66(8):1220–6. 
https://​doi.​org/​10.​1002/​acr.​22261.

	64.	 Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow 
CD, Shamseer L, Tetzlaff JM, Akl EA, Brennan SE, Chou R, Glanville J, 
Grimshaw JM, Hrobjartsson A, Lalu MM, Li T, Loder EW, Mayo-Wilson 
E, McDonald S, Moher D. The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. BMJ. 2021. https://​doi.​org/​
10.​1136/​bmj.​n71.

	65.	 Park S, Park S, Min S, Kim C-J, Jee Y-S. A randomized controlled trial 
investigating the effects of equine simulator riding on low back pain, 
morphological changes, and trunk musculature in elderly women. 
Medicina. 2020;56(11):610. https://​doi.​org/​10.​3390/​medic​ina56​110610.

	66.	 Queiroz BZ, d., Rosa, N. M. d. B., Pereira, D. S., Lopes, R. A., Leopoldino, 
A. A. O., Thomasini, R. L., Felício, D. C., Lustosa, L. P., & Pereira, L. S. M. 
Inflammatory mediators and the risk of falls among older women with 
acute low back pain: data from Back Complaints in the Elders (BACE)—
Brazil. Eur Spine J. 2020;29:549–55.

	67.	 Reid MC, S., C., Williams, & Gill, T. M. Back pain and decline in lower 
extremity physical function among community-dwelling older per‑
sons. J Gerontol Med Sci. 2005;60A(6):793–7.

	68.	 Reyes-Gibby CC, Aday L, Cleeland C. Impact of pain on self-rated health 
in the community-dwelling older adults. Pain. 2002;95(1):75–82.

	69.	 Richardson CA, Jull GA. Muscle control–pain control. What exer‑
cises would you prescribe? Manual Therapy, Posturol Rehabil J. 
1995;1(1):2–10.

	70.	 Rundell SD, Sherman KJ, Heagerty PJ, Mock CN, Jarvik JG. The clinical 
course of pain and function in older adults with a new primary care visit 
for back pain. J Am Geriatr Soc. 2015;63(3):524–30. https://​doi.​org/​10.​
1111/​jgs.​13241.

	71.	 Salameh JP, Bossuyt PM, McGrath TA, Thombs BD, Hyde CJ, Macaskill P, 
Deeks JJ, Leeflang M, Korevaar DA, Whiting P, Takwoingi Y, Reitsma JB, 
Cohen JF, Frank RA, Hunt HA, Hooft L, Rutjes AWS, Willis BH, Gatsonis C, 
Levis B, Moher D, McInnes MDF. Preferred reporting items for systematic 
review and meta-analysis of diagnostic test accuracy studies (PRISMA-
DTA): explanation, elaboration, and checklist. BMJ. 2020;370:m2632. 
https://​doi.​org/​10.​1136/​bmj.​m2632.

	72.	 Scheele J, Luijsterburg PAJ, Bierma-Zeinstra SMA, Koes BW. Course of 
back complaints in older adults: a systematic literature review. Eur J Phys 
Rehabil Med. 2012;48:379–86.

https://doi.org/10.7326/M14-2385
https://doi.org/10.7326/M14-2385
https://doi.org/10.5350/Sleep.Hypn.2017.19.0155
https://doi.org/10.1038/s41440-019-0328-1
https://doi.org/10.1002/14651858.CD012140
https://doi.org/10.1002/14651858.CD012140
https://doi.org/10.1002/clc.23324
https://doi.org/10.1002/clc.23324
https://doi.org/10.1016/s1047-9651(18)30060-3
https://doi.org/10.1016/s1047-9651(18)30060-3
https://doi.org/10.1016/j.pain.2003.10.017
https://doi.org/10.1016/j.pain.2003.10.017
https://doi.org/10.1177/2050312116671725
https://doi.org/10.1016/j.gaitpost.2019.12.026
https://doi.org/10.1016/j.gaitpost.2019.12.026
https://doi.org/10.1016/s0140-6736(16)30970-9
https://doi.org/10.1016/s0140-6736(16)30970-9
https://doi.org/10.3390/jcm8071063
https://doi.org/10.3390/jcm8071063
https://doi.org/10.3390/ijerph19031813
https://doi.org/10.1016/s0140-6736(15)61340-x
https://doi.org/10.1016/s0140-6736(15)61340-x
https://doi.org/10.1007/s11136-019-02302-w
https://doi.org/10.1007/s11136-019-02302-w
https://doi.org/10.4184/asj.2018.12.3.490
https://doi.org/10.4184/asj.2018.12.3.490
https://doi.org/10.26650/iuitfd.2019.0025
https://doi.org/10.26650/iuitfd.2019.0025
https://doi.org/10.1002/acr.22261
https://doi.org/10.1136/bmj.n71
https://doi.org/10.1136/bmj.n71
https://doi.org/10.3390/medicina56110610
https://doi.org/10.1111/jgs.13241
https://doi.org/10.1111/jgs.13241
https://doi.org/10.1136/bmj.m2632


Page 18 of 18Zhang et al. Journal of Orthopaedic Surgery and Research          (2023) 18:513 

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

	73.	 Schofield DJ, Callander EJ, Shrestha RN, Passey ME, Kelly SJ, Percival R. 
Back problems, comorbidities, and their association with wealth. Spine J. 
2015;15(1):34–41. https://​doi.​org/​10.​1016/j.​spinee.​2014.​06.​018.

	74.	 Shi Z, Zhou H, Lu L, Pan B, Wei Z, Yao X, Kang Y, Liu L, Feng S. Aquatic 
exercises in the treatment of low back pain: a systematic review of the 
literature and meta-analysis of eight studies. Am J Phys Med Rehabil. 
2018;97(2):116–22. https://​doi.​org/​10.​1097/​PHM.​00000​00000​000801.

	75.	 Slade SC, Keating JL. Unloaded movement facilitation exercise compared 
to no exercise or alternative therapy on outcomes for people with non‑
specific chronic low back pain: a systematic review. J Manipulative Physiol 
Ther. 2007;30(4):301–11. https://​doi.​org/​10.​1016/j.​jmpt.​2007.​03.​010.

	76.	 So BCL, Ng JKF, Au KCK. A 4-week community aquatic physiotherapy pro‑
gram with Ai Chi or Bad Ragaz Ring Method improves disability and trunk 
muscle endurance in adults with chronic low back pain: a pilot study. J 
Back Musculoskelet Rehabil. 2019;32(5):755–67. https://​doi.​org/​10.​3233/​
bmr-​171059.

	77.	 Sterne JAC, Savović J, Page MJ, Elbers RG, Blencowe NS, Boutron I, Cates 
CJ, Cheng H-Y, Corbett MS, Eldridge SM, Emberson JR, Hernán MA, 
Hopewell S, Hróbjartsson A, Junqueira DR, Jüni P, Kirkham JJ, Lasserson 
T, Li T, Higgins JPT. RoB 2: a revised tool for assessing risk of bias in ran‑
domised trials. BMJ. 2019;366:1.

	78.	 Tagliaferri SD, Miller CT, Owen PJ, Mitchell UH, Brisby H, Fitzgibbon B, 
Masse-Alarie H, Van Oosterwijck J, Belavy DL. Domains of chronic low 
back pain and assessing treatment effectiveness: a clinical perspective. 
Pain Pract. 2020;20(2):211–25. https://​doi.​org/​10.​1111/​papr.​12846.

	79.	 Tekur P, Nagarathna R, Chametcha S, Hankey A, Nagendra HR. A compre‑
hensive yoga programs improves pain, anxiety and depression in chronic 
low back pain patients more than exercise: an RCT. Complement Ther 
Med. 2012;20(3):107–18. https://​doi.​org/​10.​1016/j.​ctim.​2011.​12.​009.

	80.	 Teut M, Knilli J, Daus D, Roll S, Witt CM. Qigong or yoga versus no 
intervention in older adults with chronic low back pain-a randomized 
controlled trial. J Pain. 2016;17(7):796–805. https://​doi.​org/​10.​1016/j.​jpain.​
2016.​03.​003.

	81.	 Teut M, Knilli J, Daus D, Roll S, Witt CM. Qigong or yoga versus no 
intervention in older adults with chronic low back pain-a randomized 
controlled trial. J Pain. 2016;17(7):796–805. https://​doi.​org/​10.​1016/j.​jpain.​
2016.​03.​003.

	82.	 Vadala G, Russo F, De Salvatore S, Cortina G, Albo E, Papalia R, Denaro 
V. Physical activity for the treatment of chronic low back pain in elderly 
patients: a systematic review. J Clin Med. 2020;9(4):1023. https://​doi.​org/​
10.​3390/​jcm90​41023.

	83.	 Vincent HK, George SZ, Seay AN, Vincent KR, Hurley RW. Resistance exer‑
cise, disability, and pain catastrophizing in obese adults with back pain. 
Med Sci Sports Exerc. 2014;46(9):1693–701. https://​doi.​org/​10.​1249/​MSS.​
00000​00000​000294.

	84.	 Vlaeyen JWS, Maher CG, Wiech K, Van Zundert J, Meloto CB, Diatchenko 
L, Battie MC, Goossens M, Koes B, Linton SJ. Low back pain. Nat Rev Dis 
Primers. 2018;4(1):52. https://​doi.​org/​10.​1038/​s41572-​018-​0052-1.

	85.	 Wang X, Qun-bang Z, Fan-fu F, Wei, G. Clinical observation of Baduanjin in 
treating chronic lumbago male patients in the elderly. China J Tradit Chin 
Med Pharmac. 2017;32(10):4753–5.

	86.	 Weiner DK, Perera S, Rudy TE, Glick RM, Shenoy S, Delitto A. Efficacy of 
percutaneous electrical nerve stimulation and therapeutic exercise for 
older adults with chronic low back pain: a randomized controlled trial. 
Pain. 2008;140(2):344–57. https://​doi.​org/​10.​1016/j.​pain.​2008.​09.​005.

	87.	 Wong A, Figueroa A, Sanchez-Gonzalez MA, Son WM, Chernykh O, 
Park SY. Effectiveness of Tai Chi on cardiac autonomic function and 
symptomatology in women with fibromyalgia: a randomized controlled 
trial. J Aging Phys Act. 2018;26(2):214–21. https://​doi.​org/​10.​1123/​japa.​
2017-​0038.

	88.	 Yalfani A, Abedi M, Raeisi Z. Effects of an 8-week virtual reality train‑
ing program on pain, fall risk, and quality of life in elderly women with 
chronic low back pain: double-blind randomized clinical trial. Games 
Health J. 2020;11(2):85–92. https://​doi.​org/​10.​1089/​g4h.​2021.​0175.

	89.	 Yan ZW, Yang Z, Yang J, Chen YF, Zhang XB, Song CL. Tai Chi for spa‑
tiotemporal gait features and dynamic balancing capacity in elderly 
female patients with non-specific low back pain: a six-week randomized 
controlled trial. J Back Musculoskelet Rehabil. 2022;35(6):1311–9. https://​
doi.​org/​10.​3233/​bmr-​210247.

	90.	 Young KJ, Je CW, Hwa ST. Effect of proprioceptive neuromuscular facilita‑
tion integration pattern and swiss ball training on pain and balance in 
elderly patients with chronic back pain. J Phys Ther Sci. 2015;27:3237–40.

	91.	 Yu SH, Sim YH, Kim MH, Bang JH, Son KH, Kim JW, Kim HJ. The effect of 
abdominal drawing-in exercise and myofascial release on pain, flexibility, 
and balance of elderly females. J Phys Ther Sci. 2016;28:2812–5.

	92.	 Zhang SK, Yang Y, Gu ML, Mao SJ, Zhou WS. Effects of low back pain exer‑
cises on pain symptoms and activities of daily living: a systematic review 
and meta-analysis. Percept Mot Skills. 2022;129(1):63–89. https://​doi.​org/​
10.​1177/​00315​12521​10594​07.

	93.	 Zheng FM, Xiao WH, Yang JJ, Liu SF, Zheng YY, Liang WJ, Li Y, Li ZC, 
Zhang SY, Zou YM, Wang YY, Wang CH. Effect of m-health-based core 
stability exercise combined with self-compassion training for patients 
with non-specific chronic low back pain: study protocol for a rand‑
omized controlled trial. Trials. 2022;23(1):265. https://​doi.​org/​10.​1186/​
s13063-​022-​06258-0.

	94.	 Zou XL, Zhao MY, Zhang YM, Ma GD. The effect of water sports on elderly 
patients with chronic non-specific low back pain. Chin J Gerontol. 
2020;40(24):5221–4. https://​doi.​org/​10.​3969/j.​issn.​1005-​9202.​2020.​24.​022.

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

https://doi.org/10.1016/j.spinee.2014.06.018
https://doi.org/10.1097/PHM.0000000000000801
https://doi.org/10.1016/j.jmpt.2007.03.010
https://doi.org/10.3233/bmr-171059
https://doi.org/10.3233/bmr-171059
https://doi.org/10.1111/papr.12846
https://doi.org/10.1016/j.ctim.2011.12.009
https://doi.org/10.1016/j.jpain.2016.03.003
https://doi.org/10.1016/j.jpain.2016.03.003
https://doi.org/10.1016/j.jpain.2016.03.003
https://doi.org/10.1016/j.jpain.2016.03.003
https://doi.org/10.3390/jcm9041023
https://doi.org/10.3390/jcm9041023
https://doi.org/10.1249/MSS.0000000000000294
https://doi.org/10.1249/MSS.0000000000000294
https://doi.org/10.1038/s41572-018-0052-1
https://doi.org/10.1016/j.pain.2008.09.005
https://doi.org/10.1123/japa.2017-0038
https://doi.org/10.1123/japa.2017-0038
https://doi.org/10.1089/g4h.2021.0175
https://doi.org/10.3233/bmr-210247
https://doi.org/10.3233/bmr-210247
https://doi.org/10.1177/00315125211059407
https://doi.org/10.1177/00315125211059407
https://doi.org/10.1186/s13063-022-06258-0
https://doi.org/10.1186/s13063-022-06258-0
https://doi.org/10.3969/j.issn.1005-9202.2020.24.022

	Effects of exercise therapy on disability, mobility, and quality of life in the elderly with chronic low back pain: a systematic review and meta-analysis of randomized controlled trials
	Abstract 
	Background 
	Methods 
	Results 
	Conclusion 

	Introduction
	Methods
	Literature search strategy
	Eligibility criteria
	Data extraction
	Outcome indexes
	Risk of bias
	Statistical analysis

	Results
	Search results
	Characteristics of included studies
	Risk of bias in included studies
	Effects of exercise on VAS measurements of perceived CLBP
	Effects of exercise on ODI of perceived CLBP
	Effects of exercise on SF-36PCSMCS of perceived LBP
	Effects of exercise on TUG measurements of perceived LBP
	Subgroup analysis for VAS and ODI
	Publication bias

	Discussion
	Effects of exercise on the VAS index in elderly
	Effects of exercise on ODI in elderly patients
	Effects of exercise on SF-36PCSMCS in elderly patients
	Effect of exercise on TUG in elderly patients

	Conclusion
	Anchor 31
	References


