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Objective: Physical exercise has obvious effects on bone loss, pain relief, and improvement of bone metabolism
indexes in patients with osteoporosis, but currently lacks sufficient evidence. The aim of this systematic review and
meta-analysis was to synthesize and present the best available evidence on the effectiveness and safety of exercises
in the treatment of primary osteoporosis.

Methods: Publications pertaining to the effectiveness of exercise on bone mineral density (BMD), visual analog
scores (VAS), and biochemical markers of bone metabolism in primary osteoporosis (POP) from PubMed, Cochrane
Library, Embase, VIP, CNKI, and Wanfang Database were retrieved from their inception to April 2020.

Results: A total of 20 studies with 1824 participants were included. The results of the meta-analysis revealed that exercise
therapy for lumbar spine and femoral neck BMD is statistically different from conventional therapy (lumbar spine BMD:
SMD = 0.78, 95%Cl: 0.46, 1.10, P < 0.00001, > = 85%; femoral neck BMD (SMD = 0.80, 95%Cl: 0.34, 1.27, P = 0.0007,
I? = 88%), exercise therapy can significantly increase the lumbar spine BMD of patients with OP, especially in lumbar spine2-4
BMD (SMD = 0.47; 95%Cl: 0.20, 0.75; P = 0.0008; P = 69%). Compared with conventional treatment, kinesitherapy also
has significant differences in alleviating the pain of POP patients (SMD = —1.39, 95%Cl: —2.47,—0.31, P = 0.01, P = 97%).
Compared with conventional therapy, kinesitherapy has no significant difference in improving biochemical markers of bone
metabolism such as bone glaprotein (BGP) (SMD = 2.59, 95%CI:0.90, 4.28, P = 0.003, 7 = 98%), Nterminal pro peptide of
type | procollagen (PINP) (SMD = 0.77, 95%Cl: —0.44 to 1.98, P = 0.21, > = 95%), serum phosphorus (SMD = 0.04, 95%
Cl: —0.13, 0.22, P = 0.61, * = 30%), alkaline phosphatase (ALP) (SMD = —0.08, 95%Cl: —0.44, 0.27, P = 0.64,
P = 76%), and serum calcium (SMD = 0.12, 95%Cl: —0.18, 0.43, P = 0.42, P = 63%) in POP patients.

Conclusions: Kinesitherapy significantly improved lumbar spine and femoral neck BMD, and relieve the pain of
patients in the current low-quality evidence. Additional high-quality evidence is required to confirm the effect of exer-
cise therapy on the biochemical markers of bone metabolism in POP patients.

Key words: Bone metabolism; Bone mineral density; Kinesitherapy; Primary osteoporosis

Address for correspondence Haijun He, MD, Department of Orthopaedics, China Academy of Chinese Medical Sciences, Wangjing Hospital,
No. 6 Zhonghuannanlu, Chaoyang District, Beijing, China 100102; Tel: 86-138-1143-6750; Fax: 86-010-84739582; Email: drhjhe@126.com;
Weiheng Chen, PhD, The Third Affiliated Hospital of Beijing University of Chinese Medicine, No. 51 Anwai Xiaoguanjie, Chaoyang District, Beijing,
China 100029; Tel: 86-010-84980281; Fax: 86-010-52075200; Email: drchenweiheng@bucm.edu.cn

“Yan Yan and Biao Tan equally contributed to this work.

Grant Sources: This study was supported by funding for the following topics: National Natural Science Foundation of China (N0.81873322);National
key research and development program (NO.2018YFC1704703).

Disclosure: The authors declare that they have no conflicts of interest.

Received 12 September 2020; accepted 13 April 2021

Orthopaedic Surgery 2021;13:1474-1487 - DOI: 10.1111/0s.13036

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs License, which permits use and distribution in
any medium, provided the original work is properly cited, the use is non-commercial and no modifications or adaptations are made.


https://orcid.org/0000-0002-7539-5268
https://orcid.org/0000-0001-7262-9850
https://orcid.org/0000-0002-1841-7379
https://orcid.org/0000-0002-4892-0725
https://orcid.org/0000-0001-6156-3390
https://orcid.org/0000-0003-0831-1201
https://orcid.org/0000-0001-6954-5701
http://creativecommons.org/licenses/by-nc-nd/4.0/

1475

ORTHOPAEDIC SURGERY
VOLUME 13 « NUMBER 5 « JuLy, 2021

Introduction
Primary Osteoporosis (POP) is a skeletal disorder bone dis-
ease characterized by imbalanced bone metabolism,
decreased bone mass, and increased risk of fractures™. This dis-
ease is more common in postmenopausal women, and the inci-
dence increases with age. Approximately 200 million people
around the world are affected by POP, which contributes to
gradually loss of independence, produce physical pain, and bring
a huge social burden™. The menopause of Western women
generally arrives at around 50 years old, while Asian women
can advance to 42 years old”. With the onset of menopause, the
equilibrium between bone formation and bone resorption is
broken in postmenopausal women due to the estrogen deficient
in the body®’. Therefore, postmenopausal women are at high
risk of developing OP and at a risk for fractures due to rapid
bone loss, which is particularly evident in trabecular bone’.

The treatment of POP mainly includes anti-catabolic
agents, bone formation and dual mechanism drugs, which by
inhibiting bone resorption and reducing bone turnover, effectively
maintenance of bone mineral density (BMD) and achieve better
therapeutic effects, yet osteoporosis cannot be completely cured
with the available drugs®, Drugs including estrogen, calcitonin,
raloxifene and bisphosphonates are often used clinically. For
patients with POP, a lasting 3 to 5 years course of anti-catabolic
treatment is common, and for patients with high-risk osteopo-
rotic fractures, such treatment may take up to 10 years. However,
people are beginning to worry about the adverse effects of long-
term use of these drugs. According to reports, chronic use
of bisphosphonates in patients with POP is responsible for mus-
culoskeletal pain, hypocalcemia and secondary hyperparathyroid-
ism, atypical femoral fractures, nephrotoxicity, and osteonecrosis
of the jaw (ON]J) and severely inhibit bone turnover’ . There-
fore, finding a supplement strategy that with good effect, small
side effects, even without side effects, and long-term use, is critical,
and it has gradually attracted the attention of researchers.

Previous studies have concluded that bone is responsive
to mechanical loading, which acts on the bones through both
uses muscle forces and ground reaction forces'". These forces
increase the density and strength of bone minerals, which may
be one of the main reasons that exercise can improve bone
health. Because these forces have a pro-osteogenic effect and
not have adverse side effects, physical exercise is widely rec-
ommended to prevent OP'®. Study have shown that exercising
during the growth phase can increase peak bone mass, thereby
reducing the risk of fractures in advanced age'’.

Hence, the objective of this systematic review and
meta-analysis was to synthesize and present the best avail-
able evidence on the effectiveness and safety of exercises in
the treatment of primary osteoporosis.

Methods
his study was designed according to the Preferred
Reporting Items for Systematic Reviews and Meta-
Analysis Guidelines'”. The protocol was registered in the
International Prospective Register of Systematic Reviews,
PROSPERO (registration number: CRD42020175396).

A SYSTEMATIC REVIEW AND META- ANALYSIS

Searching Strategies

We performed a literature search on Pubmed, the Cochrane
Library, Embase, the China National Knowledge Infrastructure
(CNKI), Wanfang Database, Chinese Science and Technology
Periodical Database (VIP) from their inceptions to April 2020.
The Medical Subject Headings (MeSH) and non-MeSH used in
the present study included “kinesitherapy”, “exercise”, “physical
exercise”, “athletic sports”, “sport”, and “osteoporosis”, “pri-
mary osteoporosis”, “postmenopausal osteoporosis”, and “ran-
domized controlled trial”, “controlled clinical trial”,
“randomized”, “trial”. variations of different terms were used
for a systematic search. The detailed search strategy for Pubmed
is presented in Appendix A. Similar search combinations were
used for particular databases. The reference lists of all relevant

articles were reviewed to identify potential missed studies.

LLIT3

Inclusion and Exclusion Criteria

Eligible studies will be included if it met the following inclu-
sion criteria: (i) patients with primary osteoporosis (there will
be no restriction on sex, age, or intensity or duration of symp-
toms); (ii) the intervention is only any types of physical exer-
cise or exercise combined with conventional oral medicine
(referring to routine activities that enhance physical health and
improve health); (iii) the control group was conventional oral
drug treatment; (iv) the literature studies included were ran-
domized controlled trials of different types of exercise in the
treatment of primary osteoporosis, whether published or not.
The language was limited to Chinese or English.

Exclusion criteria as follows: non-randomized con-
trolled trials, case series, case reports, animal experiment and
crossover studies were excluded. Reviews were screened to
check for potential additional studies that were not published
as standalone papers.

Selecting Process

The selection process of included articles followed a consensus-
based approach. Yan Yan and Biao Tan reviewed all eligible arti-
cles separately, and the selection of included articles was based on
their consensus. Fanyu Fu was invited for further consultation
when there were divergences. Key design information, basic char-
acteristics of the participants were extracted into a standardized
evidence table. A total of 1612 articles were identified, of these
1008 were excluded due to duplicate data, and 559 were excluded
upon title and abstract. Forty-five articles remained for further
evaluation. Finally 20 articles were included in the present meta-
analysis. The flow chart following PRISMA provided in Fig. 1.

Outcome Measures

Main Outcome Indicators
The main outcome we are interested in was the changes in
BMD and visual analog scores (VAS) in patients with pri-
mary osteoporosis after exercise therapy.

The BMD was an absolute value, which is an impor-
tant indicator of bone strength. It is expressed in grams per
cubic centimeter. In clinical practice, dual-energy X-ray
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Additional records identified
through hand search
(n=6)

y

records after duplicates removed

(n=1008)
963 of records excluded
(Observational studies;
1008 of records N single arm clinical
screened trials,retrospective studies;
non-human studies;cyclic or
combined therapies)
25 of full-text articles excluded
The reasons(number) for
45 of full-text ng’ﬁgg’tﬁ;‘;g( "
articles gs_sg_ssed for —» incomplete data(7)
eligibility wrong intervention(9)

wrong outcomes(5)

'

20 of studies included in
qualitative synthesis
(meta-analysis)

absorptiometry (DEXA) was usually used to measure bone
mineral density. In the clinical practice, since the absolute
values of different BMD testers are different, the T value
used to determine whether the BMD is normal. T was a rela-
tive value, and its normal reference was between —1 and +1.
When its lower than —2.5, it represents an abnormality.

The VAS was used for pain assessment. It is widely
used in clinical practice. The basic method was to use a mov-
ing ruler with a length of about 10 cm. One side is marked
with 10 scales. The two ends are respectively “0” and “10”
points. Zero points means no pain, 10 points Points repre-
sent the most severe pain that is unbearable.

Secondary Outcome Indicators

Secondary outcomes were change in biochemical markers of
bone metabolism (includes bone glaprotein (BGP), N-terminal
pro peptide of type I procollagen (PINP), serum phosphorus,
alkaline phosphatase (ALP), serum calcium and tartrate-
resistant acid phosphatase (TRAP)).

Bone Glaprotein (BGP)
BGP is a specific non-collagen bone matrix protein synthe-
sized and secreted by osteoblasts in the non-proliferative

Fig 1 Study selection flow diagram.

period. It is the main component of non-collagenous protein
in bone tissue. It is composed of 49 amino acids and can
maintain the mineralization rate of bone, and is a function-
ally sensitive marker of osteoblasts. The monoclonal anti-
body RIA assay is usually used to detect BGP. BGP directly
reflects the activity of osteoblasts and bone formation.

N-terminal Pro Peptide of Type I Procollagen (PINP)

The type I collagen gene translates the pre-a peptide chain
in osteoblasts to form procollagen, and its N-terminal and
excess peptide chain are cut off and converted into PINP,
and usually detected by immunoluminescence. It is a specific
and sensitive indicator of bone formation.

Serum Phosphorus

Serum phosphorus refers to the inorganic phosphorus in
human blood, which exists in the form of inorganic phos-
phate, such as Na2HPO4, NaH2PO4, CaHPO4, MgHPO4
and so on. Methods for detecting serum phosphorus include
phosphomolybdic acid method, dye method and enzymatic
method. When serum phosphorus is reduced, bone absorp-
tion can be promoted, otherwise it can promote bone
formation.
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Alkaline Phosphatase (ALP)

ALP is an extracellular enzyme, glycoprotein of osteoblasts.
It mainly hydrolyzes phosphatase during the bone formation
process to provide phosphoric acid for the deposition of
hydroxyapatite. Determination of ALP is by using the phenyl
disodium phosphate colorimetric method. ALP levels have a
linear relationship with the activity of osteoblasts and pre-
osteoblasts, and are considered to be the most accurate
markers of bone formation.

Serum Calcium

Calcium in plasma exists in two forms, ionized calcium and
bound calcium, each accounting for about 50%. Serum cal-
cium levels are related to many important functions of the
human body. Serum total calcium was measured by spectro-
photometry, while serum ionized calcium was measured by
ion-selective electrode method.

Tartrate-Resistant Acid Phosphatase (TRAP)

TRAP is a single isoenzyme encoded by a gene located at
P13.2-13.3 on chromosome 19. Increased TRAP may indi-
cate primary osteoporosis, chronic renal insufficiency, meta-
bolic bone disease, etc; decreased TRAP may indicate
hypoparathyroidism. Enzyme kinetics, electrophoresis, etc.
are usually used to determine TRAP.

Data Extraction and Management

Two researchers used Endnote version X9 (Thomson Corpo-
ration, Stanford, CT, USA) to make a preliminary assessment
of the title and abstract of each document in the database
based on the established criteria for inclusion in the study to
select eligible studies. After a preliminary evaluation, the full
text of the selected literature will be evaluated, and non-
controlled studies will be excluded, no random grouping,
inconsistent evaluation criteria, and similar data. To reach
consensus, any screening differences that occurred during
the screening study will be discussed, and if still not resolved,
a third researcher will be involved. Two researchers indepen-
dently extracted information from the included literature.
The extracted contents included study design, random con-
cealment and blindness, including basic information of the
case, intervention methods, observation indicators and test
results in the treatment group and control group. Extracted
bibliographic data will be populated into a unified data sta-
tistics table. For studies that provide baseline and post-
treatment data, we will estimate the change values by the
method recommended by Cochrane. If data loss occurs while
screening and extracting literature data, first of all, we will
actively look for the cause of the loss, and then contact the
experimental research author by phone, email, etc., to
retrieve the lost data. If it is impossible to retrieve the miss-
ing data, we will extract and analyze only the useful data and
indicate the situation.

A SYSTEMATIC REVIEW AND META- ANALYSIS

Quality Assessment

The scale recommended by the Cochrane Collaboration'®
was used to assess the methodological quality of identified
studies as well as the risk of bias of the individual included.
Two independent researchers evaluated the quality of the lit-
erature based on the Cochrane Collaboration’s bias risk tool.
Details are as follows: random sequence generation, alloca-
tion concealment, blinding of participants and personnel,
blinding of outcome assessment, incomplete outcome data
and selective reporting. The results for each domain will be
divided into three levels: low risk of bias, high risk of bias,
and unclear risk of bias.

Data Synthesis and Statistical Analysis

Data analysis using RevMan version 5.3 (The Cochrane Col-
laboration, London, UK). Continuous outcomes were pooled
to find the standard mean difference (SMD) and were
accompanied by 95% confidence intervals (Cls). Categorical
outcomes were pooled to find relative risks (RRs) and were
accompanied by 95% Cls. I° statistics were used to measure
heterogeneity. The fixed effects model is appropriate when
there is statistical heterogeneity (I°<50%). Otherwise, the
random effects model (I” > 50%) is used and publication bias
is explored through funnel plot analysis.

Results

Study Characteristics

A total of 1612 studies were identified through searches, of
which 1008 records remained after removal of duplicates.
After screening via titles and abstracts, 45 articles remained
for further evaluation. Following further evaluation, 25 arti-
cles were excluded for the following reasons: degree thesis;
incomplete data; wrong intervention; wrong outcomes.
Therefore, a total of 20 clinical trials published between 2003
and 2020 were included in the current meta-analysis.

The original study included, almost all studies from
China with only one from Germany’®, the maximum num-
ber of patients included in a single study was 200, and the
minimum was 30, representing data on 1824 subjects, 925 of
them treated with different exercise. These exercise include
aerobic, Tai Chi, Baduan Jin, Wu Qin Xi, core strength train-
ing, progressive resistance exercise, regular exercise, etc. In
order to facilitate the subgroup analysis, we classified these
exercise methods and divided them into traditional Chinese
health exercises, aerobic exercises, core strength exercises,
squaredance, mountaineering, and aerobics with other exer-
cises. The duration of exercise in each study was different, so
and the intervention period of exercise. Detailed information
of the included studies is summarized in Table 1.

Risk of Bias Assessment

In general, the included studies had a substantial risk of bias.
As shown in Fig. 2, all of the RCTs provide the generation of
random sequences. Seven trials involve allocation conceal-
ment. However, the blind intervention associated with the
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intervention exercises cannot be implemented blindly.

The blinding of outcome assessment of all studies was
unclear. There were no dropouts indicated or explanations

for withdrawal in the 20 studies.

ORTHOPAEDIC SURGERY

VoLuMmE 13 « NUMBER 5 « JuLy, 2021

(seiq uonosjep) Juswssasse awooano jo Buipulg

(seiq @ouewlopad) |puuosiad pue sjuedionued jo Buipulg

(seiq uonoses) uonessuab aouanbas wopuey

(seiq Buiodal) Buiodal aAnos|es

selq Joyo

(seiq uonuye) ejep awodno aja|dwodu|

(selq uoI}09|as) JUBW|EOUOD UOHEIO||Y

®
o | e [ e e e | e | e e e e | e e e e e | e e [ | e | e
0000000 6o oo e e oo oo
SO I N - - - S - S-S - - N -SR-S S R I SO S-Sl S S

2
-
?
-
?

?

?

2@

?

?

Li 2008 | @
Lizot4 | @
Li2018 | @
LiNing Jian2019 | @ | ® | @

Chen2012 | @

Gong 2006 | @
Kuang 2019 | @

Liri2019 | @ | @ | @

Liu 2007 | @

Liuzo11 | @ | 2
ain2017 | @ | @ | @
=
=

Shen 2013 | @

Shen 2014 | @

shi2013 | @

Song 2008 | @

sun2017 | @

Wolfgang Kemmler 2003 . . .

xia02019 | @ | @® | @
zhou2020 | @ | @ | @

zhu2007 | @ | @ | @

Fig 2 Risk of bias summary for each included study.

*9|eos Bojeue |ensia ‘SYA ‘aseleydsoyd proe juelsisal ajeiuel ‘dyyl ‘e-1010e) SIS010auU Jowny ‘e-4N1 ‘aujuneald /auljoulpluid 9 /aAad ‘uade|ooold | adA jo apndad oid
leuiwlal-N ‘dNId ‘snioydsoyd ‘d ‘uonewlojul ou ‘|N ‘uisloide|d auoq ‘dog Q-uninajidiul (9-| ‘dnoid asioiexa ‘93 ‘dnoid |01U0d ‘HY fwniojed ‘e ‘Alsusap |esdulw duoqg ‘gINg ‘eseleydsoyd auieyie ‘d1v
s8nip |elQ g 1B 30
SA S3nIp |eJ0+ T°€ F6°GG 99 Ja|wiwayf
IN IN ang slpuow T ¥oam Jad sawiy Jnod ulw 66-98 Sujuren espo1ex3 '€ F 176G O3 Tv/6G Auewlen Buesjlom
s8nip
%oam Jad sawn |eIQ sA sSnip €0'L F¥T°29 90
IN IN ang syuow T uanes 03 an4 UIWOZT-06  lejo+Bunssulelunop 06'9 ¥ G¢'T9 93 ze/ee eulyo ,¢ e 30 8uon
s3nip |elQ
yoom Jad sswin SA s8nUp |ejo+
IN IN dog ‘ang syuow T BAY 01 da1y] ulw 09-0€ 8510198 100pIN0 TLFTLO 8v/8Y eulyo o B30 NUZ
SOE:9S10I9Xa OLIBWOS|
21oSNW [euIWOPqY
sQg:oaslolaxa 3uiyeiq s3nip |elQ
sAep 221y} saw} Qg :sdn ysnd SA s8nup |elo+
IN IN ang syuow 9 fiens souQ ujwoz:uny Sujuien esioiex3 TZFE€09S ze/9e eulyo o le3enn
Jaqwinu  3uipullg S9W091INQ pouad Kouanbaiy awn 90 'sA 93 (s1eak) a8y (99/93)eziIs  uoiday ERITEIETEN|
no-doig uonRUaNIAU| 9s1019X3 as1019xq s|dwes
sSuonuUaNId|

panuijuo) T 318V1




1480

ORTHOPAEDIC SURGERY
VoLuMmE 13 « NUMBER 5 « JuLy, 2021

A SYSTEMATIC REVIEW AND META- ANALYSIS

Std. Mean Difference
IV, Random, 95% CI

Std. Mean Difference
1V, Random, 95% CI

exercise Control
Study or Subgroup Mean SD Total Mean SD Total Weight
1.2.1 Traditional Chinese Health Exercise
Kuang 2019 1.28 0.35 41 0.57 0.332 41 7.4%
Liu 2011 0.205 0.111 30 0.003 0.108 30 7.1%
Song 2008 0.205 0.125 20 0.003 0.108 20 6.3%
Subtotal (95% CI) 91 91 20.8%

Heterogeneity: Tau? = 0.00; Chi? = 0.71, df = 2 (P = 0.70); I = 0%
Test for overall effect: Z = 10.50 (P < 0.00001)

1.2.2 Aerobic exercise

Li 2008 0.05 0.279 38 0.02 0.236 32 7.8%
Liu 2007 -0.01 0.285 36 -0.07 0.2 32 7.8%
Wolfgang Kemmler 2003 0.011 0.14 59 -0.011 0.129 41 8.2%
Zhou 2020 0.075 0.141 82 0.062 0.136 82 8.6%
Zhu 2007 0.102 0.141 48 0.054 0.118 48 8.2%
Subtotal (95% CI) 263 235 40.6%

Heterogeneity: Tau? = 0.00; Chi? = 1.27, df = 4 (P = 0.87); I = 0%
Test for overall effect: Z = 2.02 (P = 0.04)

1.2.3 Core strength training

Sun 2017 0.048 0.058 22 0.031 0.061 22 7.1%
Subtotal (95% CI) 22 22 7.1%

Heterogeneity: Not applicable
Test for overall effect: Z = 0.93 (P = 0.35)

1.2.5 Squaredance

Qin 2017 0.057 0.06 25 0.007 0.066 25 7.2%
Subtotal (95% CI) 25 25 7.2%

Heterogeneity: Not applicable
Test for overall effect: Z = 2.65 (P = 0.008)

1.2.6 Mountaineering

Gong 2006 0.028 0.088 22 -0.008 0.1253 22 7.1%
Subtotal (95% CI) 22 22 7.1%

Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)

1.2.8 Aerobic exercise+Other exercise

Chen 2012 0.92 1.14 60 0.23 1.08 60 8.4%
LI Ning Jian 2019 0.09 0.072 96 0.03 0.062 96 8.7%
Subtotal (95% CI) 156 156 17.0%

Heterogeneity: Tau? = 0.01; Chi? = 1.28, df = 1 (P = 0.26); I = 22%
Test for overall effect: Z = 5.78 (P < 0.00001)

Total (95% CI) 579 551 100.0%
Heterogeneity: Tau? = 0.30; Chi? = 80.84, df = 12 (P < 0.00001); I* = 85%

Test for overall effect: Z = 4.19 (P < 0.0001)

Test for subgroup differences: Chi? = 76.78, df = 5 (P < 0.00001), I*> = 93.5%

Fig 3 Forest plot of effects of exercises on lumbar spine BMD.

Results of Meta-Analysis

The results of the Meta analysis with six outcome indicators
show a high degree of heterogeneity among the studies (I’
values are all over 70%), In order to explore the possible cau-
ses of heterogeneity, according to some research characteris-
tics (different types of exercise) that may cause
heterogeneity, this study subgroup analyzes the six outcome
indicators of lumbar spine BMD, Femoral Neck BMD, VAS,
BGP, PINP and serum calcium.

Meta-Analysis of Lumbar Spine Bone Mineral

Density (BMD)

Thirteen trials'®?>?%2>26:31:327343538 inyolving 1130 partici-
pants compared effect of exercises with conventional treat-
ment on lumbar spine BMD. The meta-analysis revealed a
significant antiosteoporosis effect on lumbar Spine BMD
(SMD = 0.70; 95%CI: 0.37, 1.02; P < 0.00001) but with high
heterogeneity (I* = 85%), the results of subgroup analysis
show that the same type of exercise group has low heterogene-
ity (Fig. 3), funnel plot of publication bias showed in Fig. 4.
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exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% ClI v, d 95% ClI
3.2.1 Aerobic exercise
Wolfgang Kemmler 2003 0.011 0.14 59 -0.011 0.129 41  15.0% 0.16 [-0.24, 0.56] i3
Zhou 2020 0.075 0.141 82 0.062 0.136 82 17.2% 0.09 [-0.21, 0.40] ™
Subtotal (95% CI) 141 123 32.2% 0.12 [-0.12, 0.36]
Heterogeneity: Tau? = 0.00; Chi? = 0.07, df = 1 (P = 0.79); I = 0%
Test for overall effect: Z = 0.96 (P = 0.34)
3.2.2 Core strength training
Sun 2017 0.048 0.058 22 0.031 0.061 22 10.8% 0.28 [-0.31, 0.87] =
Subtotal (95% CI) 22 22 10.8% 0.28 [-0.31, 0.87] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.93 (P = 0.35)
3.2.3 Traditional Chinese Health Exercise
Shen 2013 0.032 0.027 93 0.012 0.03 95 17.5% 0.70 [0.40, 0.99] -
Subtotal (95% CI) 93 95 17.5% 0.70 [0.40, 0.99] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 4.64 (P < 0.00001)
3.2.4 Squaredance
Qin 2017 0.057 0.06 25 0.007 0.066 25 11.2% 0.78[0.20, 1.36] ==
Subtotal (95% CI) 25 25 11.2% 0.78 [0.20, 1.36] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 2.65 (P = 0.008)
3.2.5 Mountaineering
Gong 2006 0.028 0.088 22 -0.008 0.1253 22 10.8% 0.33 [-0.27, 0.92] =
Subtotal (95% CI) 22 22 10.8% 0.33 [-0.27, 0.92] <>
Heterogeneity: Not applicable
Test for overall effect: Z = 1.08 (P = 0.28)
3.2.6 Aerobic exercise+Other exercise
LI Ning Jian 2019 0.09 0.072 96 0.03 0.062 96 17.5% 0.89[0.59, 1.19] -
Subtotal (95% CI) 96 96 17.5% 0.89 [0.59, 1.19] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 5.87 (P < 0.00001)
Total (95% CI) 399 383 100.0% 0.47 [0.20, 0.75] 3
Heterogeneity: Tau? = 0.09; Chi? = 19.64, df = 6 (P = 0.003); I = 69% _*4 _52 ) 25 jt
Test for overall Effec_t: =335 (P,= 0.0008) Favours [experimental] Favours [control]
Test for subgroup differences: Chi? = 19.57, df = 5 (P = 0.002), I> = 74.5%

Fig 5 Forest plot of effects of exercises on lumbar spine2-4 BMD.

exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, d 95% ClI v, d 95% CI
6.2.1 Aerobic exercise
Li Rui 2019 0.091 0.073 26 0.042 0.085 26 11.0% 0.61 [0.05, 1.17] =
Wolfgang Kemmler 2003 -0.005 0.103 59 -0.013 0.094 41 12.0% 0.08 [-0.32, 0.48] r
Zhou 2020 0.025 0.073 82 0.019 0.086 82  12.4% 0.07 [-0.23, 0.38]
Subtotal (95% CI) 167 149 35.5% 0.19 [-0.10, 0.47]
Heterogeneity: Tau? = 0.02; Chi? = 2.95, df = 2 (P = 0.23); I> = 32%
Test for overall effect: Z = 1.29 (P = 0.20)
6.2.2 Traditional Chinese Health Exercise
Liu 2011 0.246 0.105 30 0.005 0.111 30 10.4% 2.20[1.55, 2.85] -
Song 2008 0.246 0.105 20 0.005 0.111 20 9.5% 2.19[1.39, 2.99] i
Subtotal (95% CI) 50 50 19.9% 2.20 [1.69, 2.70] ¢
Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 0.98); I = 0%
Test for overall effect: Z = 8.54 (P < 0.00001)
6.2.3 Mountaineering
Gong 2006 0.008 0.104 22 0.004 0.092 22 10.8% 0.04 [-0.55, 0.63] T
Subtotal (95% CI) 22 22 10.8% 0.04 [-0.55, 0.63] ®
Heterogeneity: Not applicable
Test for overall effect: Z = 0.13 (P = 0.89)
6.2.4 Squaredance
Qin 2017 0.113 0.056 25 0.015 0.07 25 10.5% 1.52[0.89, 2.16] =4
Subtotal (95% CI) 25 25 10.5% 1.52 [0.89, 2.16] *
Heterogeneity: Not applicable
Test for overall effect: Z = 4.69 (P < 0.00001)
6.2.5 Core strength training
Sun 2017 0.037 0.025 22 0.022 0.024 22 10.7% 0.60 [-0.00, 1.21] [
Subtotal (95% CI) 22 22 10.7% 0.60 [-0.00, 1.21] $
Heterogeneity: Not applicable
Test for overall effect: Z = 1.95 (P = 0.05)
6.2.7 Aerobic exercise+Other exercise
LI Ning Jian 2019 0.08 0.12 96 0.03 0.12 96 12.5% 0.42[0.13, 0.70] ™
Subtotal (95% CI) 96 96 12.5% 0.42 [0.13, 0.70] ]
Heterogeneity: Not applicable
Test for overall effect: Z = 2.84 (P = 0.004)
Total (95% CI) 382 364 100.0% 0.80 [0.34, 1.27] (3
Heterogeneity: Tau? = 0.43; Chi? = 67.96, df = 8 (P < 0.00001); I = 88% _io _?5 5 é 1’0

Test for overall effect: Z = 3.40 (P = 0.0007)

- -5 5 Favours [experimental] Favours [control]
Test for subgroup differences: Chi* = 59.88, df = 5 (P < 0.00001), I’ = 91.6%

Fig 6 Forest plot of effects of exercises on Femoral Neck BMD.
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exercise Control Std. Mean Difference Std. Mean Difference

Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, d 95% CI
7.2.1 Traditional Chinese Health Exercise
Kuang 2019 -4.89 2.934842 41 -4.3 3 41  12.7%  -0.20[-0.63, 0.24] 1
Li 2014 -2.01 1.550452 28 -1.06 1.551 28 12.5% -0.60[-1.14,-0.07] I
Shen 2013 -2.7 1.567897 93 -2 1.455 95 12.8% -0.46[-0.75,-0.17] 1
Song 2008 -2.51 1.480709 20 -1.18 1.035 20 12.3% -1.02[-1.68, -0.36] -
Subtotal (95% CI) 182 184 50.3% -0.50[-0.77,-0.23] |
Heterogeneity: Tau? = 0.02; Chi® = 4.41, df = 3 (P = 0.22); I = 32%
Test for overall effect: Z = 3.59 (P = 0.0003)
7.2.2 Aerobic exercise
Li Rui 2019 -2.83 1.681904 26 -1.32 1.488 26 12.5% -0.94[-1.51, -0.36] -
Subtotal (95% CI) 26 26 12.5% -0.94[-1.51, -0.36] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 3.19 (P = 0.001)
7.2.3 Core strength training
Sun 2017 -3.47 1.14826 22 -2.13 0.824 22 12.3% -1.32[-1.97,-0.66] -
Subtotal (95% CI) 22 22 12.3% -1.32[-1.97, -0.66] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 3.92 (P < 0.0001)
7.2.4 Progressive resistive exercises
Xiao 2019 -2.86 2.628802 34 -2.12 2.081 32 12.6% -0.31[-0.79, 0.18] b
Subtotal (95% CI) 34 32 12.6% -0.31[-0.79, 0.18] [
Heterogeneity: Not applicable
Test for overall effect: Z = 1.24 (P = 0.21)
7.2.7 Aerobic exercise+Other exercise
LI Ning Jian 2019 -5.71 0.408044 96 -3.46 0.281 96 12.3% -6.40[-7.10, -5.69] =
Subtotal (95% CI) 96 96 12.3% -6.40[-7.10, -5.69] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 17.77 (P < 0.00001)
Total (95% CI) 360 360 100.0% -1.39[-2.47,-0.31] ¢

s 2 . i2 -2 1 } } 1
Heterogeneity: Tau® = 2.35; Chi®* = 260.57, df = 7 (P < 0.00001); I> = 97% 30 1o ) ) 20

Test for overall effect: Z = 2.52 (P = 0.01)
Test for subgroup differences: Chi? = 246.27, df = 4 (P < 0.00001), I = 98.4%

Fig 7 Forest plot of effects of exercises on VAS level.

Meta-Analysis of Lumbar Spine2-4 Bone Mineral

Density (BMD)

Seven trials'®**2>262%3738 inyolving 782 participants com-
pared effect of exercises with conventional treatment on
lumbar spine2-4 BMD. The meta-analysis revealed a signifi-
cant antiosteoporosis effect on lumbar spine2-4 BMD
(SMD = 0.47; 95%CI: 0.20, 0.75; P = 0.0008; I* = 69%), The
results of subgroup analysis show that the same type of exer-
cise group has low heterogeneity (Fig. 5).

Favours [experimental] Favours [control]

Meta-Analysis of Femoral Neck Bone Mineral

Density (BMD)

Nine trials'>?%?>2>26:32343738 inyolyving 746 participants
compared effect of exercises with conventional treatment on
femoral neck BMD. The meta-analysis revealed a significant
antiosteoporosis effect on femoral neck BMD (SMD = 0.80,
95%CI: 0.34, 1.27, P = 0.0007) but with high heterogeneity
(I = 88%). It showed low heterogeneity(I* = 24%) after the
sensitivity analysis when three studies were removed***>**,

exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
8.2.1 Traditional Chinese Health Exercise
Shen 2014 0.07 0.228 93 0.07 0.277 95  26.9% 0.00 [-0.29, 0.29]
Song 2008 -2.04 1.26 20 -2.04 1.556 20  26.1% 0.00 [-0.62, 0.62]
Subtotal (95% CI) 115 53.0% 0.00 [-0.26, 0.26]

Heterogeneity: Tau? = 0.00; Chi? = 0.00, df = 1 (P = 1.00); I> = 0%
Test for overall effect: Z = 0.00 (P = 1.00)

8.2.2 Aerobic exercise

Zhu 2007 4.08 0.32 48 0.11 0.292 48  20.2%
Subtotal (95% CI) 48 48 20.2%
Heterogeneity: Not applicable

Test for overall effect: Z = 13.26 (P < 0.00001)

8.2.4 Aerobic exercise+Other exercise

LI Ning Jian 2019 16.88 3.16 96 16.88 3.114 96  26.9%
Subtotal (95% CI) 96 96 26.9%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% CI) 257 259 100.0%

Heterogeneity: Tau? = 2.74; Chi? = 174.19, df = 3 (P < 0.00001); I* = 98%
Test for overall effect: Z = 3.01 (P = 0.003)

Test for subgroup differences: Chi? = 174.19, df = 2 (P < 0.00001), 1> = 98.9%

Fig 8 Forest plot of effects of exercises on BGP level.
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exercise Control
Study or Subgroup Mean SD Total Mean

Std. Mean Difference
SD Total Weight

A SYSTEMATIC REVIEW AND META- ANALYSIS

Std. Mean Difference

IV, Random, 95% CI IV, Random, 95% CI

9.2.1 Progressive resistive exercises

Li Rui 2019 -19.96 25.121 26 -19.99 24.829 26 20.6%
Xiao 2019 -28.05 7.612 34 -24.49 7.885 32 20.8%
Subtotal (95% CI) 60 58
Heterogeneity: Tau? = 0.03; Chi? = 1.49, df = 1 (P = 0.22); I> = 33%

Test for overall effect: Z = 1.07 (P = 0.29)

9.2.2 Squaredance

Qin 2017 8.42 0.764 25 1.1 1.838 25 17.9%
Subtotal (95% CI) 25 25 17.9%

Heterogeneity: Not applicable
Test for overall effect: Z = 8.48 (P < 0.00001)

9.2.3 Traditional Chinese Health Exercise

Li 2014 -22.255 67.116
Subtotal (95% CI) 28 28

Heterogeneity: Not applicable
Test for overall effect: Z = 0.66 (P = 0.51)

9.2.4 Progressive resistive exercises+Aerobic Exercise

Li 2018 -28.74 8.749 15
Subtotal (95% CI) 15 15

Heterogeneity: Not applicable
Test for overall effect: Z = 0.20 (P = 0.84)

Total (95% CI) 128
Heterogeneity: Tau? = 1.77; Chi? = 75.42, df = 4 (P < 0.00001); I* = 95%
Test for overall effect: Z = 1.25 (P = 0.21)

Test for subgroup differences: Chi? = 72.59, df = 3 (P < 0.00001), I> = 95.9%

Fig 9 Forest plot of effects of exercises on PINP level.

41.4%

28 -10.314 66.946 28  20.7%
20.7%

-28.09 8.279 15 20.0%
20.0%

126 100.0%

Std. Mean Difference

0.00 [-0.54, 0.54] +
-0.45 [-0.94, 0.04] =
-0.24 [-0.69, 0.20] 4

5.12 [3.94, 6.30] -

5.12 [3.94, 6.30] L 4
-0.18 [-0.70, 0.35] -
-0.18 [-0.70, 0.35] L

-0.07 [-0.79, 0.64] +
-0.07 [-0.79, 0.64] ¢
0.77 [-0.44, 1.98]
-10 -5 0 5 10

Favours [experimental] Favours [control]

Std. Mean Difference

1V, Fixed. 95% CI IV, Fixed, 95% CI

exercise Control
Study or Subgroup  Mean SD Total Mean SD_Total Weight
Qin 2017 -0.03 0.187 25 0.01 0.208 25  9.5%
Shen 2014 0 0.0723 93 -0.004 0.097 95 36.1%
Shi 2013 0.1 0.2 40 0 0.2 42  15.2%
Song 2008 0.01 0.166 20 0 0.125 20 7.7%
Zhou 2020 -0.28 0.759 82 -0.19 0.907 82 31.4%
Total (95% CI) 260 264 100.0%

Heterogeneity: Chi? = 5.72, df =4 (P = 0.22); I = 30%
Test for overall effect: Z = 0.51 (P = 0.61)

Fig 10 Forest plot of effects of exercises on serum phosphorus level.

The results of subgroup analysis show that the same type of
exercise group has low heterogeneity (Fig. 6).

Meta-Analysis of Visual Analog Scores (VAS)

Eight trials®*>>?>?”?*** inyolving 720 participants com-
pared effect of exercises with conventional treatment on
VAS. The meta-analysis showed a significant reduction in
VAS score (SMD = —1.39; 95%CI: —2.47,—0.31; P = 0.01)
but with high heterogeneity (I> = 97%). It showed low het-
erogeneity (I* = 31%) after the sensitivity analysis when two
studies were removed ***°. The results of subgroup analysis
show that the same type of exercise group has low heteroge-
neity (Fig. 7).

Meta-analysis of Biochemical Markers of Bone
Metabolism

Meta-analysis of Bone Glaprotein (BGP)
Four trials®**®***® involving 516 participants compared
effect of exercises with conventional treatment on BGP. The

-0.20 [-0.75, 0.36]
0.05 [-0.24, 0.33]

0.50 [0.06, 0.94]
0.07 [-0.55, 0.69]
-0.11 [-0.41, 0.20]

0.04[-0.13, 0.22]

s | 4 s
T t

-20 -10 0 10 20
Favours [exercise] Favours [control]

meta-analysis showed that BGP was not significantly
increased (SMD = 2.59, 95%CI: 0.90,4.28, P = 0.003) but
with high heterogeneity (I* = 98%). It showed low heteroge-
neity(I> = 0%) after the sensitivity analysis when one study
was removed’®. The results of subgroup analysis show that
the same type of exercise group has low heterogene-

ity (Fig. 8).

Meta-analysis of N-Terminal Pro Peptide of Type I
Procollagen (PINP)

Five trials®>*"***%* involving 254 participants compared
effect of exercises with conventional treatment on
N-terminal pro peptide of type I procollagen (PINP). The
meta-analysis showed that PINP was not significantly
increased (SMD = 0.77, 95%CI: —0.44,1.98, P = 0.21) but
with high heterogeneity (I* = 95%). It showed low heteroge-
neity (I* = 0%) after the sensitivity analysis when one study
was removed’. The results of subgroup analysis show that
the same type of exercise group has low heterogene-

ity (Fig. 9).
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Meta-analysis of Serum Phosphorus

Five trials'®****?%** involving 524 participants compared
effect of exercises with conventional treatment on serum
phosphorus. The meta-analysis showed that serum phospho-
rus was not significantly increased (SMD = 0.04, 95%CI:
—0.13,0.22, P = 0.61, I* = 30%) (Fig. 10).

Meta-analysis of Alkaline Phosphatase (ALP)

Six trials'2*2¢283%3% inyolving 576 participants compared
effect of exercises with conventional treatment on alkaline
phosphatase (ALP). The meta-analysis showed that ALP was

A SYSTEMATIC REVIEW AND META- ANALYSIS

not significantly increased (SMD —0.08, 95%CI:
—0.44,027, P =0.64) but with high heterogeneity
(* = 76%). 1t showed low heterogeneity([2 = 0%) after the
sensitivity analysis when one study was removed'®. The
results of subgroup analysis show that the same type of exer-
cise group has low heterogeneity (Fig. 11).

Meta-analysis of Serum Calcium

Five trials'®****3%3* involving 524 participants compared
effect of exercises with conventional treatment on serum cal-
cium. The meta-analysis showed that serum calcium was not

exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Random, 95% CI IV, Random, 95% CI
11.2.1 Traditional Chinese Health Exercise
Shen 2014 2.14  10.95 93 -1.02 11.588 95  20.0% 0.28 [-0.01, 0.57] e
Shi 2013 -4.6 5.481 40 -4.2 5.386 42 17.2% -0.07 [-0.51, 0.36] *
Song 2008 -17.31 21.335 20 -11.58 19.615 20 13.5%  -0.27[-0.90, 0.35] r
Subtotal (95% CI) 153 157 50.7% 0.06 [-0.27, 0.38] ’
Heterogeneity: Tau? = 0.04; Chi? = 3.47, df = 2 (P = 0.18); I> = 42%
Test for overall effect: Z = 0.34 (P = 0.74)
11.2.2 Aerobic exercise
Zhou 2020 -18.77 13.773 82 -9.53 13.874 82 19.5% -0.67 [-0.98, -0.35] -
Subtotal (95% CI) 82 82 19.5% -0.67[-0.98, -0.35] ¢
Heterogeneity: Not applicable
Test for overall effect: Z = 4.14 (P < 0.0001)
11.2.3 Squaredance
Qin 2017 2.82 7.281 25 1.52  7.483 25  14.8% 0.17 [-0.38, 0.73] ™
Subtotal (95% CI) 25 25 14.8% 0.17 [-0.38, 0.73] L 2
Heterogeneity: Not applicable
Test for overall effect: Z = 0.61 (P = 0.54)
11.2.5 Progressive resistive exercises+Aerobic Exercise
Li Rui 2019 -8.28 9.759 26 -9.14 9.472 26 15.0% 0.09 [-0.46, 0.63] T
Subtotal (95% CI) 26 26 15.0% 0.09 [-0.46, 0.63] *
Heterogeneity: Not applicable
Test for overall effect: Z = 0.32 (P = 0.75)
Total (95% CI) 286 290 100.0% -0.08 [-0.44,0.27] 4
Heterogeneity: Tau? = 0.14; Chi? = 20.79, df = 5 (P = 0.0009); I = 76% 710 715 5 110

Test for overall effect: Z = 0.46 (P = 0.64)
Test for subaroup differences: Chi? = 13.63, df = 3 (P = 0.003), I> = 78.0%

Fig 11 Forest plot of effects of exercises on ALP level.

Favours [experimental] Favours [control]

exercise Control Std. Mean Difference Std. Mean Difference
Study or Subgroup  Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI
12.2.1 Traditional Chinese Health Exercise
Shen 2014 0.025 0.094 93 0.007 0.082 95  25.7% 0.20 [-0.08, 0.49] o
Shi 2013 0 0.1 40 0 0.1 42 19.9% 0.00 [-0.43, 0.43] *
Song 2008 -0.05 0.151 20 0.02 0.135 20 13.8% -0.48 [-1.11, 0.15] =
Subtotal (95% CI) 157 59.4% -0.00 [-0.35, 0.34] 4

Heterogeneity: Tau? = 0.04; Chi? = 3.85, df = 2 (P = 0.15); I> = 48%
Test for overall effect: Z = 0.03 (P = 0.98)

12.2.2 Aerobic exercise

Zhou 2020 0.39 0.529 82 0.11 0.46 82 24.7%
Subtotal (95% CI) 82 82 24.7%
Heterogeneity: Not applicable

Test for overall effect: Z = 3.53 (P = 0.0004)

12.2.3 Squaredance

Qin 2017 0.02 0.255 25 0.02 0.213 25  15.9%
Subtotal (95% CI) 25 15.9%
Heterogeneity: Not applicable

Test for overall effect: Z = 0.00 (P = 1.00)

Total (95% Cl) 260 264 100.0%

Heterogeneity: Tau? = 0.07; Chi? = 10.95, df = 4 (P = 0.03); I> = 63%
Test for overall effect: Z = 0.80 (P = 0.42)
Test for subgroup differences: Chi? = 6.74, df = 2 (P = 0.03), 1> = 70.3%

Fig 12 Forest plot of effects of exercises on serum calcium level.
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exercise Control
Study or Subgroup Mean SD Total Mean SD Total Weight

Std. Mean Difference
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Std. Mean Difference

IV, Fixed. 95% ClI IV, Fixed, 95% CI

Li2018 -2.05 1.138 15 111 1.22 15 20.9%
Li Rui 2019 -2.01 1.155 26 -1.12 1.206 26 36.7%
Xiao 2019 -2.05 0.742 34 -1.06 0.933 32 42.4%
Total (95% CI) 75 73 100.0%

Heterogeneity: Chi? = 1.36, df =2 (P = 0.51); I>= 0%
Test for overall effect: Z = 5.33 (P < 0.00001)

Fig 13 Forest plot of effects of exercises on TRAP level.

significantly increased (SMD = 0.12, 95%CI: —0.18,0.43,
P = 0.42) but with high heterogeneity (I* = 63%). It showed
low heterogeneity(I> = 0%) after the sensitivity analysis
when two studies were removed'*?®. The results of subgroup
analysis show that the same type of exercise group has low
heterogeneity (Fig. 12).

Meta-analysis of Tartrate-Resistant Acid

Phosphatase (TRAP)

Three trials*>*"** involving 148 participants compared effect
of exercises with conventional treatment on TRAP. The
meta-analysis showed that the TRAP value of the exercise
group was significantly reduced (SMD = —0.93, 95% CI:
—1.27 to 0.59, P < 0.00001, I* = 0%) (Fig. 13).

Discussion

OP is a global health problem that is getting more and

more attention. The population it mainly affects is post-
menopausal women and the elderly. In addition, POP is usu-
ally taken the blame for physical weakness, increased risk of
falls, a large number of illnesses, deaths and decreased qual-
ity of life””. The current treatment for POP can be divided
into two categories: nonpharmacological therapy and phar-
macological treatment, which nonpharmacological therapy
includes keep a healthy diet, prevent falls and regular physi-
cal exercise, pharmacological treatment involves calcium,
vitamin D, and drugs that can activate bone tissue (such as
anti-resorption agents, bone forming agents and Mixtures)*.
A recently updated Endocrine Society Clinical Practice
Guideline also recommends romosozumab as a pharmaco-
logical treatment for POP*'. However, as far as we know,
whether it is calcium or bisphosphonates or selective estro-
gen receptor modulators, including the recently introduced
denosumab, corresponding adverse events have been
reported*”. In addition, exercise as a nonpharmacological
therapy without adverse effects is considered important for
maintaining bone health, people with OP are strongly rec-
ommended to participate in various forms of exercise regu-
larly*’. Several studies have confirmed that exercise can
increase the BMD of the femoral neck and lumbar spine in
elderly patients with OP***,

This review is a relatively comprehensive systematic
review and meta-analysis over the past two years to evaluate
the effects of different types of exercise therapy on BMD of
lumbar spine and femoral neck, VAS scores and biochemical

-0.78 [-1.52, -0.03]
-0.74 [-1.31, -0.18]
-1.16 [-1.69, -0.64]

-0.93 [1.27, -0.59] |
-50 -25 0 25 50
Favours [exercise] Favours [control]

markers of bone metabolism in patients with POP from
RCTs. Compared with some previous systematic reviews that
only focus on whether exercise can improve the function*
or BMD* of patients with POP, this systematic review is
more comprehensive. The most important thing is to add
bone metabolism indicators as one of the outcome indica-
tors. This study involved 20 RCTs that included a total of
1824 subjects with POP. The outcome measure primarily
consisted of BMD, VAS, and biochemical markers of bone
metabolism. The results of the meta-analysis showed that
exercise therapy for lumbar spine and femoral neck BMD is
statistically different from conventional drug therapy, exer-
cise therapy can significantly increase the lumbar spine BMD
of patients with OP, especially in lumbar spine2-4 BMD.
This result is also similar to the previously reported
meta-analysis*’. But, according to the guidelines®, the
changes in bone turnover markers predate BMD, and BMD
should be measured one year after the start of treatment.
However, in the studies we included, there are twelve
RCT?*?1:23722:27-30:323335 that took less than 1 year to mea-
sure BMD, and even three months2®?*3°, Compared with
conventional drug treatment, kinesitherapy also has signifi-
cant differences in alleviating the pain (evaluation index:
VAS score) of POP patients. Although the results of the
meta-analysis show that exercise therapy has a positive effect
on reducing the pain of POP patients, its mechanism of
action needs further research.

However, we failed to find that compared with conven-
tional drug therapy, kinesitherapy has significant difference
in improving biochemical markers of bone metabolism such
as BGP, serum phosphorus, and serum calcium in POP
patients, this may indicate that exercise therapy and conven-
tional drug therapy have little difference in the impact of
POP patients on biochemical markers of bone metabolism.
This conclusion seems to be similar to previous animal
experiments®’, but at the same time we have also seen
reports that exercise is helpful for bone metabolites®’. Due to
the limitation of the outcome indicators of the original study,
the bone resorption markers recommended by the guide-
lines, such as serum C-terminal telopeptide of type 1 collagen
(CTX), were not reported in the original study, so analysis
could not be performed. Only three studies reported on the
tartrate-resistant acid phosphatase (TRAP) index, Although
this marker showed positive significance in the exercise
group, it is still not convincing overall. Therefore, we believe



1486

ORTHOPAEDIC SURGERY
VOLUME 13 « NUMBER 5 « JuLy, 2021

that the existing RCTs do not have much reference to
authoritative guidelines in the design of the scheme, resulting
in some important outcome indicators not being included in
the research scheme.

The results of the subgroup analysis show that differ-
ent types of exercise may be the reason for the higher hetero-
geneity, and the results show that the traditional Chinese
healthy exercise (Tai Chi, Baduan Jin, Wu Qin Xi, etc.) may
be better in improving osteoporosis. But this needs to be
confirmed by higher-quality clinical studies.

A total of 20 RCT's were included in this review, which
showed that kinesitherapy had a favorable effect on improv-
ing BMD and alleviating pain in POP patients. Nevertheless,
the interpretation and generalization of this systematic
review and meta-analysis are subject to some limitations.
According to the Cochrane Collaboration’s tool, low-quality
evidence, which included studies with a high risk of bias,
resulted in a high heterogeneity of the meta-analysis results
and favored the positive effect of exercises on BMD and
VAS in patients with POP. Although most RCTs report the
random sequences generation (only one RCT did not
report), these RCT's lacking detailed descriptions of randomi-
zation, which result in selection bias. The performance bias
was high since the blinding of participants and personnel
was not implemented. Although three trial reported

A SYSTEMATIC REVIEW AND META- ANALYSIS

withdrawal and dropout, an intention-to-treat analysis was
not performed in the data analysis phase for which attrition
bias was inevitable. The results of this meta-analysis show
that different types of exercise therapies significantly
improved lumbar spine and femoral neck BMD, and relieve
the pain of patients in the current low-quality evidence.
Additional high-quality evidence is required to confirm the
effect of exercise therapy on the biochemical markers of bone
metabolism in POP patients. Therefore, more multicenters,
larger samples, long-term, single-blind RCTs are needed to
evaluate the effects of exercise therapy on BMD, VAS and
biochemical markers of bone metabolism in POP patients.
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