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The efficacy of exercise prescription D
in patients with osteoporotic fractures:
a systematic review and meta-analysis
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Abstract

Background Patients with osteoporotic fractures will further lose bone mineral density and the incidence of
refractures will be greatly increased, which is one of the leading causes of death and disability in the elderly. Exercise
prescription is effective in enhancing bone strength in patients with osteoporosis, but its effects on patients with
osteoporotic fractures have not been systematically reviewed. The purpose of this study is to retrospectively analyze
the effect of exercise prescription on bone mineral density in patients with osteoporotic fractures, so as to provide a
basis for clinicians to provide postoperative guidance for fracture patients.

Method We searched online databases for published studies on exercise prescription for people with osteoporotic
fractures up to September 2024. We included 11 randomized controlled trials that reported the effect of exercise
prescription on bone mineral density in people with osteoporotic fractures, and four of these studies reported the
effect of exercise prescription on the incidence of refracture in people with osteoporotic fractures. We analysed
changes in bone mineral density and incidence of refractures using a fixed-effect model, and meta-regression
analyses were performed for subgroups.

Results Of the 701 articles reviewed, we included 11 randomized controlled trials in the meta-analysis. A total of
1101 samples were pooled, including 357 males and 744 females. This study found that exercise prescription was
effective in increasing bone mineral density in patients with osteoporotic fractures (MD: 0.07; 95%Cl: 0.06 to 0.09),
reducing the incidence of refracture by about 3.67 times (OR: 3.67; 95%Cl: 1.74 to 7.72). Both whole-body exercise
(MD: 0.09; 95% Cl: 0.06 to 0.11) and local exercise of the affected limb (MD: 0.06; 95%Cl: 0.04 to 0.09) can effectively
improve the patient’s bone mineral density, and more than 1 year of exercise may be better (MD: 0.10; 95%Cl: 0.07 to
0.14).

Conclusion Reasonable exercise prescription can effectively improve bone mineral density and reduce the incidence
of refracture in patients with osteoporotic fractures.
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Background

Osteoporosis is manifested by osteopenia, destruction of
bone microstructure and decreased bone strength. Frac-
tures can occur with little or no obvious external forces,
including the vertebral body, hip, distal radius and proxi-
mal humerus, constituting an Osteoporotic fracture, a
global clinical and public health problem. After frac-
ture, bone loss accelerates due to limited mobility. While
fractures damage the bone tissue, the fracture healing
process will also lead to further loss of bone mass, result-
ing in a significantly higher probability of refracture [1].
After an osteoporotic fracture, the probability of recur-
rence within one to two years is approximately 20%, and
the risk rate is approximately 2.7 times that of the nor-
mal population [2-3], while the probability of recurrence
of vertebral fracture after six years is as high as 51.35%
[4], and approximately one-third of patients die within
12 months of hip fracture [5]. Therefore, it is particularly
important to explore ways to prevent further bone loss
after fracture in patients with osteoporosis, to avoid the
occurrence of refracture. Exercise training is considered
the only strategy that can improve all modifiable fracture
risk factors (bone strength, fall risk, fall impact) because
of its effectiveness in increasing muscle strength, main-
taining overall balance and coordination, improving over-
all functional performance, and increasing bone strength
[6-7]. In the past, researchers tended to focus more on
the impact of drugs on osteoporosis [8—11]. Now, an
increasing number of studies are turning their atten-
tion to the relationship between osteoporosis patients
and exercise training, but there is still a lack of convinc-
ing evidence-based studies on postoperative exercise for
patients with osteoporotic fractures, and there is still
controversy about whether patients with osteoporotic
fractures can improve bone strength and reverse bone
loss through exercise training. As an important indica-
tor of bone strength, bone mineral density is one of the
important indicators to help clinicians diagnose osteopo-
rosis and predict the risk of osteoporotic fractures.

The aim of this systematic review and meta-analysis
was to synthesize data from randomized controlled clini-
cal trials on rehabilitation training in people with osteo-
porotic fractures and to quantify the effect of exercise on
bone mineral density levels in people with osteoporotic
fractures.

Methods

The study was registered in the PROSPERO Interna-
tional prospective register of systematic reviews(CRD:
42024590872), and all procedures followed the Preferred

Reporting Items for Systematic Reviews and Meta-analy-
ses (PRISMA) guidelines [12].

Search strategy

We conducted a comprehensive search of published ran-
domised controlled studies in online databases without
time and language restrictions. The databases searched
in this study included PubMed, Web of Science, Medline,
and the Chinese databases CNKI, Wanfang Med Online,
and CQVIP. The search terms involved were: “osteopo-
rotic fracture’, “exercise’, “sports”, “bone density” The spe-
cific search strategy takes PubMed as an example(Fig. 1).
In the “ARTICLE TYPE” column, select “Randomized
Controlled Trial” and “Clinical Trial”

Inclusion criteria

In this study, we only took in randomized controlled tri-
als. The participants were patients who had experienced
osteoporotic fractures and had received proper treat-
ment. There were no limits regarding where the fracture
happened or how the exercise intervention was carried
out, which could be either a full-body exercise or a local
exercise focusing on the muscles near the fracture area.

Exclusion criteria

Trials that only looked into how exercise affected osteo-
porosis patients without the presence of fractures were
not part of this study.

Outcome measures

The primary outcome measure was the change of bone
mineral density before and after the exercise interven-
tion, and DEXA was used as the measurement method
for bone mineral density. We performed subgroup anal-
yses according to the duration of the intervention (3
months, 6 months, 12 months), the type of intervention
(whole-body exercise, partial exercise), and the fracture
site (vertebral body, hip). The secondary data measure
recorded was the incidence of refracture.

Data extraction and analysis

After the duplicate literature was removed by Endnote
X8 literature management software, the preliminary
screening was completed by 2 investigators according to
the title and abstract of the article, and then the full text
of the screened article was downloaded and read, and the
literature was further screened according to the exclusion
criteria. If the information is incomplete, try to contact
the author for supplementation. In the final included lit-
erature, relevant data were extracted and cross-checked
by 2 investigators. If there is a disagreement between
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#1 Osteoporotic fracture [All Fields]
#2 exercise [All Fields]

#3 sports [All Fields]

#4 #2 OR #3

#5 bone density [All Fields]

#6 #1 AND #4 AND #5

("osteoporotic fractures"[MeSH Terms] OR ("osteoporotic"[All Fields] AND "fractures"[All Fields]) OR
Fields] OR ("osteoporotic"[All Fields] AND "fracture"[All Fields]) OR
"osteoporotic fracture"[All Fields]) AND ("exercise"[MeSH Terms] OR "exercise"[All Fields] OR
"exercises"[All Fields] OR "exercise therapy"[MeSH Terms] OR ("exercise"[All Fields] AND "therapy"[All
Fields]) OR "exercise therapy"[All Fields] OR "exercising"[All Fields] OR "exercise s"[All Fields] OR
"exercised"[All Fields] OR "exerciser"[All Fields] OR "exercisers"[All Fields] OR ("sport s"[All Fields] OR
"sports"[MeSH Terms] OR "sports"[All Fields] OR "sport"[All Fields] OR "sporting"[All Fields])) AND ("bone

"osteoporotic fractures"[All

density"[MeSH Terms] OR ("bone"[All Fields] AND "density"[All Fields]) OR "bone density"[All Fields])

Fig. 1 Search strategy for the effect of exercise prescription on bone mineral density in patients with osteoporotic fractures

the opinions of the 2 investigators, the 3rd investigator
is requested to discuss and negotiate together and reach
a unified opinion. The extracted information included:
(1) descriptive statistics (first author’s name, publication
date, sample size); (2) Interventions and final outcomes;
(3) Key information used to assess risk of bias.

Assessment of bias

We assessed the risk of bias using a modified version of
the Cochrane Collaboration risk of bias tool addressing
5 criteria. Funnel plots were used to evaluate publication
bias. If there was significant heterogeneity between the
literatures, we analysed whether the removal of the more
heterogeneous literature would affect the direction of the
overall outcome by sensitivity analysis. The results of the
bias assessment were cross-checked by 2 investigators.

Statistical analysis

Review Manager 5.3 software was used for data analy-
sis and forest plotting. For dichotomous variable (risk of
refracture), odds ratios (OR) and 95% confidence inter-
vals were used as efficacy analysis statistics. For continu-
ous variables, the mean difference (MD) and the 95% CI
confidence interval were selected as efficacy statistics
due to the same unit of measurement (g/cm?). When the
heterogeneity was low (I><50%, P>0.10), the fixed-effect
model was selected, and when the heterogeneity was high
(I2>50%, P<0.10), the random-effect model was selected.
If heterogeneity is too high or the cause cannot be identi-
fied, descriptive analysis will be chosen.

Results

Literature selection and characteristics

A total of 701 articles (PubMed 53, Web of Science 101,
Medline 155, CNKI 158, CQVIP 153, Wanfang Med
Online 81) were screened, 260 duplicate articles were
deleted, 387 articles were excluded by reading titles and
abstracts, 43 articles were excluded after reading the
remaining 54 articles in full, and finally, 11 articles were
included in the meta-analysis ( Fig. 2; Table 1).

All of the 11 studies were randomized controlled stud-
ies and included a total of 1101 patients with osteopo-
rotic fractures, including 357 males and 744 females. Six
of the studies looked at patients with vertebral fractures,
four studies with hip fractures, and one study included
patients with vertebral fractures, hip fractures, and wrist
fractures. The exercises involved include lumbar back
muscle exercises, lower limb muscle function exercises,
sports gymnastics, five-animal boxing, and eight trigrams
boxing. Four of these studies reported on the incidence of
refractures.

Data synthesis and meta-analysis

Comprehensive inclusion of 11 studies. Due to the small
heterogeneity (I*: 37%), a fixed-effect model was adopted
for meta-analysis. The results showed that under the
premise of effective medical intervention, patients who
received regular functional exercise had a higher bone
mineral density level than those who only received medi-
cal intervention without regular exercise (MD: 0.07; 95%
CIL: 0.06 to 0.09; 1% 37%, 11 studies) (Fig. 3). Compared
with the control group, whole-body exercises such as
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309 of records identified through
database searching in English(53 from
Pubmed, 155 from medline, 101 from
Web of science)

392 of records identified through
the database in Chinese(158 from
CNKI, 153 from CQVIP, 81 from
Wanfang Database)

!

‘441 of records after duplicates removed ]

[441 of records screened ’—.{ 387 of records excluded

41 of full-text articles excluded,
13 Wrong outcomes

12 Wrong patient population

7 Wrong intervention

6 Retrospective study

‘ 54 of full-text articles assessed for eligibility ’_, 4 Low quality

‘ 11 of studies included in quantitative synthesis (meta-analysis) ’

Fig. 2 Flow diagram of the systematic review of the effect of exercise prescription on bone mineral density in patients with osteoporotic fractures

Table 1 Characteristics of 11 studies included in the meta-analysis of the efficacy of exercise prescription in patients with osteoporotic

fractures
Source Disease Observation Control groups Duration, mo Intervention outcomes
groups
Male Female Male Female
Deng et al, 2018 [13] Vert 31 45 33 43 6 Local Movement BMD, Refracture
Ding et al,2020 [14] Hp 0 57 0 56 12 Local Movement BMD, Refracture
Huang et al,2018 [15] Vert 17 13 18 12 6 General Movement BMD, Refracture
Lu et al, 2007 [16] Hp 1 19 12 18 6 General Movement BMD
Ma,2020 [17] Vert 12 38 M 39 6 General Movement BMD
Pan et al,2023 [18] Vert 35 25 33 27 6 General Movement BMD, Refracture
Pei et al,2023 [19] Vert 0 49 0 49 6 Local Movement BMD
Wang et al,2012 [20] Vert, Hp, Wrt 24 40 25 35 12 Local Movement BMD
Wang et al,2020 [21] Vert 10 20 12 18 0.75 Local Movement BMD
Yu et al, 2023 [22] Hp 0 47 0 47 3 Local Movement BMD
Zhu et al., 2023 [23] Hp 37 23 36 24 3 Local Movement BMD

“Vert"means vertebaral fracture; “Hp"means hip fracture; “Wrt” means wrist fracture. "BMD” means bone mineral density

gymnastic exercises (MD: 0.09; 95% CI: 0.06 to 0.11; I*
32%, 4 studies) may be more conducive to the improve-
ment of postoperative bone mineral density in patients
with osteoporotic fractures than functional exercises tar-
geting local muscles (MD: 0.06; 95% CI: 0.04 to 0.09; I*
43%, 7 studies) (Fig. 4). After regular and effective exer-
cise, vertebral fracture patients can increase their bone
mineral density by an average of 0.06 g/cm2 (MD: 0.06;
95% CI: 0.03 to 0.09; I%: 43%, 6 studies), while hip frac-
ture patients can increase their bone mineral density

by an average of 0.08 g/cm2 (MD: 0.08; 95% CI: 0.05 to
0.11; 1% 37.5%, 4 studies). (Fig. 5) In terms of duration,
long-term exercise for more than one year can result in
more significant improvements in bone mineral density
levels (MD: 0.10; 95% CI: 0.07 to 0.14; I*: 0%, 2 studies)
(Fig. 6). Three studies applied traditional Chinese fit-
ness exercises such as five-animal boxing and eight tri-
grams boxing to the postoperative rehabilitation exercise
of patients with osteoporotic fractures. Compared with
the control group, the average bone mineral density
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Exercise Control Mean Difference Mean Difference
Studyor Subaroup  Mean  SD Total Mean  SD Total Weight IV, Fixed. 95% CI IV. Fixed. 95% Cl
Deng etal 2018 06613 01466 76 0.6468 01763 76 7.9% 0.01[0.04,0.07] —
Ding etal 2020 074 014 57 063 012 56  91% 0.11[0.06,0.16]
Huang etal 2018 067 036 30 068 015 30  1.1% -0.01[0.15 0.13]
Lu etal 2007 0677 0093 30 0591 0097 30 91% 0.09[0.04,0.13]
Ma 2020 085 009 50 076 012 50 12.2% 0.09([0.05 0.13] I
Pan et al 2023 093 008 60 084 011 60 17.8% 0.09([0.06,0.12] —
Pei et al 2023 075 009 49 07 01 49 149% 0.05([0.01,0.09] —
Wang etal 2012 089 014 64 079 013 60 9.3% 0.10(0.05 0.15]
Wang etal 2020 0795 0098 30 0746 0103 30  81% 0.05[0.00,0.10]
Yu etal 2023 0775 029 47 0794 03 47 1.5% -0.02(-0.14,0.10]
Zhu etal 2023 093 012 60 087 015 60 8.9% 0.06([0.01,0.11]
Total (95% CI) 553 548 100.0% 0.07 [0.06, 0.09] *
Heterogeneity: Chi*= 16.50, df= 10 (P = 0.09); *= 39% 1z ) ) o 0z

Test for overall effect: Z=9.69 (P < 0.00001)

Favours [experimental] Favours [control]

Fig. 3 The effect of exercise prescription on bone mineral density in patients with osteoporotic fractures

Control
Mean SD Total Weight

Experimental

Study or Subgrou| Mean SD _Total

Mean Difference
IV, Random, 95% CI

Mean Difference
IV, Random, 95% CI

1.1.1 Local exercise

Deng etal 2018 06613 0.1466 76 0.6468 01763 76 91%
Ding etal 2020 0.74 014 57 0.63 012 56 9.1%
Peietal 2023 0.75 0.09 49 0.7 0.1 49 91%
Wang etal 2012 0.89 0.14 64 0.79 013 60 91%
Wang etal 2020 0.795 0.098 30 0746 0103 30 91%
Yuetal 2023 0.822 03 47 794 0.3 47 91%
Zhu etal 2023 0.93 012 60 0.87 015 60 9.1%
Subtotal (95% CI) 383 378 63.6%

Test for overall effect: Z=2.25 (P = 0.02)

1.1.2 Full body exercise

Huang etal 2018 0.67 0.36 30 0.68 0.15 30 91%
Luetal 2007 0.677 0.093 30 0591 0097 300 91%
Ma 2020 0.85 0.09 50 0.76 012 50 91%
Panetal 2023 0.93 0.08 60 0.84 011 60 9.1%
Subtotal (95% CI) 170 170  36.4%

Heterogeneity: Tau*= 0.00; Chi*=1.90, df= 3 (P = 0.59), F= 0%
Testfor overall effect: Z=7.39 (P < 0.00001)

Total (95% CI) 553 548 100.0%

Heterogeneity: Tau®= 10050.94, Chi*= 161947933.88, df=10 (P < 0.00001), F=100%

Test for overall effect: Z=2.38 (P = 0.02)
Test for subaroun differences: Chi*= 5.08. df=1 (P =0.02). F=80.3%

-793.18 [-793.30,-793.06] ¢

-113.26 [-211.85, -14.66] ¢
Heterogeneity: Tau®= 17714.18; Chi*= 160359856.04, df= 6 (P < 0.00001); F=100%

0.01 [-0.04, 0.07]
0.11 [0.06, 0.16]
0.05 [0.01,0.09]
0.10[0.05,0.15]
0.05 [-0.00, 0.10]

0.06 [0.01,0.11]

-0.01 [0.15, 0.13]
0.09[0.04,0.13]
0.09[0.05,0.13]
0.09[0.06,0.12)
0.09 [0.06, 0.11]

-72.05[-131.29,-12.80] ¢

.01 -005 0 005 01
Favours [experimental] Favours [control]

Fig. 4 Subgroup analysis to evaluate the effects of whole-body and local exercise on bone density in patients with osteoporotic fractures

of patients increased by 0.09 g/cm2 (MD: 0.09; 95% CI:
0.06 to 0.11; I?: 0%, 3 studies), while modern exercise
forms such as progressive resistance exercise, lumbar
back muscle exercise, and lower limb functional exercise
increased the average bone mineral density of patients
by 0.07 g/cm2 (MD: 0.07; 95% CI: 0.05 to 0.08; I*: 38%, 8
studies), but there was no statistical difference between
the two (Fig. 7). Four studies reported the impact of exer-
cise on the risk of refracture in patients with osteoporotic
fractures. Patients who did not exercise had a 3.67 times
higher incidence of refracture within three years after
fracture than those who exercised regularly (OR: 3.67;
95% CI: 1.74 to 7.72; 12: 25%, 4 studies) (Fig. 8).

Risk of bias and validity test
The “risk of bias assessment” tool in the Cochrane Evalu-
ation Manual was used (Fig. 9). Eleven literatures had a

low risk of bias. Among them, one literature had no high-
risk items and was of high quality. Ten literatures had
a high risk of bias in blinding. Considering that in such
studies, the treatment measures of whether to exercise or
not are significantly different, it is difficult to implement
double-blind operations. The next risk of bias comes from
the blinding of outcome detection, which may lead to
detection bias. However, the test results are mainly com-
pleted by DEXA testing instruments with little human
participation, which can effectively avoid the occurrence
of detection bias. Generally speaking, the quality of the
literatures in this study is high and trustworthy.

A funnel plot (Fig. 10) was used to preliminarily judge
whether there is publication bias for all evaluated out-
come indicators. As can be seen from the funnel plot, it
is basically symmetrical about the zero line position, and
most of the points included in the study are in the upper
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Exercise Control

Study or Subgroup Mean SD Total Mean SD Total Weight
1.2.1 Vertebral fracture

Dengetal 2018 0.6613 0.1466 76 0.6468 01763 76 11.0%
Huang etal 2018 0.67 0.36 30 0.68 0.15 30 20%
Ma 2020 0.85 0.09 50 0.76 012 50 147%
Panetal 2023 0.93 0.08 60 0.84 0.1 60 18.3%
Peietal 2023 0.75 0.09 49 0.7 0.1 49 16.6%
Wang etal 2020 0.795 0.098 30 0.746 103 30 0.0%
Subtotal (95% CI) 295 295 62.5%

Heterogeneity: Tau*=0.00; Chi*=8.81,df=5(P=012); F= 43%
Test for overall effect: Z= 4.04 (P < 0.0001)

1.2.2 Hip frecture

Ding etal 2020 09 0.15 57 0.79 013 56 10.9%
Luetal 2007 0.677 0.093 30 0591 0.097 30 121%
Yuetal 2023 0.822 0.3 47 0.794 03 47 26%
Zhu etal 2023 0.93 012 60 0.87 0.15 60 11.9%
Subtotal (95% Cl) 194 193 37.5%

Heterogeneity: Tau*=0.00; Chi*=2.70,df=3 (P=0.44); F=0%
Test for overall effect: Z=5.75 (P < 0.00001)

Total (95% Cl) 489 488 100.0%
Heterogeneity: Tau®*=0.00; Chi*=12.31,df =9 (P =0.20); F= 27%

Test for overall effect: Z=6.81 (P < 0.00001)

Test for subaroun differences: Chi*=0.94. df=1(P=033). F=0%
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Mean Difference Mean Difference
IV, Random, 95% CI IV, Random, 95% CI

0.01 [-0.04, 0.07] —
-0.01 [-0.15,0.13]
0.09 [0.05,0.13]
0.09 [0.06, 0.12]
0.05 [0.01, 0.09]

0.05 [-36.81, 36.91] ¢
0.06 [0.03, 0.09]

0.11 [0.06, 0.16]
0.09 [0.04, 0.13]
0.03 [-0.09, 0.15]
0.06 [0.01, 0.11]
0.08 [0.05, 0.11]

0.07 [0.05, 0.09]

0.2 01 0 . 0.2
Favours [experimental] Favours [control]

o ol 0l

o
-

Fig. 5 Subgroup analysis to evaluate the effect of exercise on bone mineral density in patients with osteoporotic vertebral fractures and osteoporotic

hip fractures

Exercise Control Mean Difference Mean Difference
Study or Subgrou Mean SD Total Mean SD Total Weight IV, Random, 95% CI IV, Random, 95% CI
1.3.1 3mon
Yuetal 2023 0.846 0.31 47 0824 0.31 47 25% 0.02[0.10,0.15]
Zhu etal 2023 0.93 012 60 0.87 015 60  8.8% 0.06 [0.01,0.11] -
Subtotal (95% Cl) 107 107 11.4% 0.06 [0.01, 0.10] ~exlEe
Heterogeneity: Tau®*= 0.00; Chi*=0.31, df=1 (P=0.58); F=0%
Testfor overall effect: Z=2.38 (P =0.02)
1.3.2 6mon
Deng etal 2018 0.6613 0.1466 76 0.6468 01763 76 8.4% 0.01 [-0.04, 0.07] ———
Ding et al 2020 0.65 012 57 0.63 011 56 9.8% 0.02 [-0.02, 0.086] o
Huang etal 2018 0.67 0.36 30 0.68 015 30 21%  -0.01[015,013]
Lu etal 2007 0677 0.093 30 0591 0097 30 89% 0.09[0.04,0.13] —
Ma 2020 0.85 0.09 50 0.76 012 50 10.0% 0.09[0.05,0.13] -
Panetal 2023 0.93 0.08 60 0.84 011 60 11.3% 0.09[0.06,0.12) —
Peietal 2023 0.75 0.09 49 0.7 0.1 49 10.7% 0.05[0.01, 0.09] —
Wang etal 2012 08 013 64 0.79 012 60  9.6% 0.01 [-0.03, 0.05] =
Subtotal (95% Cl) 416 411 70.8% 0.05[0.02, 0.08] -
Heterogeneity: Tau®= 0.00; Chi*=18.19, df=7 (P=0.01); F=62%
Test for overall effect. Z=3.77 (P =0.0002)
1.3.3 12mon
Ding et al 2020 0.74 014 57 0.63 012 56 8.9% 0.11 [0.06, 0.186] —_—
Wang etal 2012 0.89 014 64 0.79 013 60  9.0% 0.10[0.05,0.15)
Subtotal (95% Cl) 121 116 17.9% 0.10 [0.07, 0.14] -
Heterogeneity: Tau®= 0.00; Chi*=0.08, df=1 {P=0.77); F=0%
Test for overall effect: Z= 6.09 (P < 0.00001)
Total (95% Cl) 644 634 100.0% 0.06 [0.04, 0.08] -
Heterogeneity: Tau?= 0.00; Chi*= 25.72, df= 11 (P = 0.007); F= 57% 0 2 _0=1 . 0=1 U=2

Test for overall effect: Z=5.46 (P < 0.00001)
Test for subaroun differences: Chi*=6.51. df= 2 (P = 0.04). F=69.3%

Favours [experimental] Favours [control]

Fig. 6 Subgroup analysis evaluates the impact of different exercise time spans on bone mineral density in patients with osteoporotic fractures

part of the funnel, indicating that the precision of the
study is acceptable. The scatter points are roughly sym-
metrically distributed on both sides of the equivalence
line, suggesting that the existence of publication bias can
be preliminarily excluded in this study.

Sensitivity analysis

This study conducts a sensitivity analysis aiming to deter-
mine whether the results of the meta-analysis are stable
and whether they are highly sensitive to specific studies
or study characteristics. The method of excluding a single
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Exercise Control Mean Difference Mean Difference

Study or Subgrou Mean SD Total Mean SD Total Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
1.4.1TCM
Huang etal 2018 0.67 0.36 30 0.68 015 30 1.1% -0.01[0.15,013]
Ma 2020 0.85 0.09 50 0.76 012 50 12.2% 0.09[0.050.13] —
Panetal 2023 0.93 0.08 60 0.84 0.11 60 17.8% 0.09[0.06,0.12] —_—
Subtotal (95% CI) 140 140 31.1% 0.09[0.06,0.11] A
Heterogeneity: Chi*=1.90, df=2 (P=0.39); F=0%
Test for overall effect. Z=6.51 (P =< 0.00001)
1.4.2 MM
Dengetal 2018 0.6613 0.1466 76 06468 01763 76 7.9% 0.01 [-0.04, 0.07) e -
Ding etal 2020 0.74 0.14 57 0.63 012 56 91% 0.11[0.06, 0.16)
Lu etal 2007 0.677 0.083 30 0591 0.097 30 91% 0.09[0.04,013)
Peietal 2023 0.75 0.09 49 0.7 0.1 49 14.9% 0.05[0.01,0.09 —_——
Wang etal 2012 0.89 0.14 64 0.79 013 60 9.3% 0.10[0.05 0.15)
Wang et al 2020 0.795 0.098 30 0746 0103 30 8.1% 0.05[-0.00,0.10
Yuetal 2023 0.822 0.3 47 0.794 0.3 47 1.4% 0.03[-0.08,0.15]
Zhu etal 2023 0.93 012 60 0.87 0.15 60 8.9% 0.06[0.01,011)
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Fig. 8 The effect of exercise prescription on the incidence of recurrent fractures in patients with osteoporotic fractures

study one by one is adopted for sensitivity analysis. After
excluding one study each time, the combined effect size
is recalculated. It is found that excluding any one study
does not significantly change the overall combined effect
size, indicating that the results of this meta-analysis are
relatively robust.

Discussion

This study shows that regular exercise and functional
training are helpful for improving the bone mineral den-
sity [24] level of patients with osteoporotic fractures.
These forms of exercise can effectively improve bone
quality, avoid bone quality loss after fractures, and reduce
the incidence of refractures. However, osteoporotic frac-
tures often limit the activity ability of patients, result-
ing in further loss of bone quality. Previous studies have
focused on the impact of exercise on patients with osteo-
porosis [25]. This study targets the patient population
with osteoporotic fractures. Studying and analyzing the

impact of exercise on the bone mineral density level of
patients with osteoporotic fractures has certain innova-
tion and can also provide certain theoretical support for
formulating postoperative rehabilitation training strate-
gies for patients with osteoporotic fractures in the future.

In this study, different types of intervention meth-
ods were categorised and subgroup analysis was con-
ducted. We first analyzed the impact of local exercise
and whole-body exercise on bone mineral density. The
results showed that both are helpful for increasing bone
mineral density. Some studies have shown that the mag-
nitude of bone load force increases with the increase of
exercise intensity [26]. Moderate to high-intensity exer-
cise training can effectively enhance bone load force and
bone mineral density. However, the exercise plan should
not only include weight-bearing endurance and resis-
tance activities aimed at maintaining bone mass but also
activities aimed at improving balance and preventing
falls. Local functional exercise can enhance the strength
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of local bones in a targeted manner and help the rapid
increase of local bone load force. But whole-body exer-
cise is more helpful in improving body balance and pre-
venting falls and improving the overall exercise state of
patients. Therefore, when formulating a training plan,
we need to comprehensively consider the patient’s own
characteristics and formulate an exercise prescription
suitable for the patient. From the results, compared with
patients with spinal fractures, exercise therapy is more
helpful in improving bone mineral density for patients
with hip fractures. This may be because the stress on the

Page 8 of 11

hip during exercise is generally greater than that on the
spine. This indicates that when we formulate an exercise
prescription, the intensity of exercise and the load force
of bones are important factors that we need to consider.
Existing experiments have proved that there is a “thresh-
old” for mechanical stimulation of cell responses. Only
when the mechanical stimulation is greater than this
threshold can the cells change. Exceeding the upper
limit will lead to completely different or even nega-
tive responses [27]. Subsequently, when we conducted a
pooled analysis of the bone mineral density of patients
with different intervention periods, we found that the
bone mineral density of patients who exercised regularly
for more than one year (MD: 0.1 g/cm?) had a greater
improvement compared to patients who exercised for
3 months (MD: 0.06 g/cm?) and 6 months (MD: 0.05 g/
cm?). This suggests that long-term regular exercise is
helpful for improving the bone mineral density of fracture
patients. Cultivating good and long-term exercise habits
can help improve bone quality. A part of the researchers
look for exercise therapy programs in traditional Chinese
fitness methods, such as the Five Animal Exercises and
Baduanjin. In this study, we conducted subgroup analy-
sis on the intervention plans of traditional Chinese mar-
tial arts and modern common exercise modes and found
that both can effectively improve bone quality. This also
provides a new idea for the diversity of exercise prescrip-
tions. Traditional Chinese fitness methods can be used as
a systemic aerobic exercise, which can effectively restore
the body’s coordination ability after fractures, improve
balance, strengthen the body, and improve the quality
of life. It provides a new direction for the application of
traditional Chinese medicine in the treatment of osteo-
porotic fractures.

This study found that after an osteoporotic fracture
occurs, providing exercise training can effectively reduce
the incidence of refractures after fractures. The results
of a large-sample 10-year retrospective study in Austra-
lia showed that 38.2% of osteoporotic fracture patients
required readmission for treatment due to refractures
[28]. Among the 11 research reports included in our
study, four reports statistically analyzed the incidence
of refractures after osteoporotic fractures. After pooled
analysis, it was found that after a fracture, timely and
systematically providing exercise therapy intervention
reduced the incidence of refractures after three years
by 3.67 times compared to patients who did not receive
exercise therapy. This may be related to multiple factors
such as the increase in bone mineral density after patients
receive exercise therapy and the reduction in fall risk due
to the improvement of physical coordination ability.

One of the advantages of our study is the comprehen-
sive data collection strategy, which provides a high sam-
ple size and relatively high research credibility. Secondly,
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Fig. 10 Publication bias testing of different outcome measures

the literature we included are all randomized controlled
trials, which can effectively reduce selection bias and
improve the reliability of evidence. Thirdly, adopting the
Cochrane method to reduce bias and combining risk
factors and outcome sensitivity analysis enhances the
validity and reliability of the study. Fourthly, setting the
observation population as patients with osteoporotic
fractures and studying the impact of postoperative exer-
cise on their bone mineral density provides good theoret-
ical support for the health management plan of patients
with osteoporotic fractures after receiving medical treat-
ment. Fifthly, we also conducted subgroup analysis to
determine the impact of different intervention exercise
programs and different intervention durations on bone
mineral density, providing a direction for subsequent
research on postoperative health management of patients
with osteoporotic fractures.

This study also has some limitations. Firstly, there are
differences in the treatment plans for osteoporotic frac-
tures. In this study, there is no strict limitation on the
treatment methods for fractures. For example, percuta-
neous kyphoplasty (PKP) or pedicle screw internal fixa-
tion technology are both methods for treating fractures,
but they may have different degrees of impact on the
subsequent exercise of patients. There are also certain
differences in measurement results and the determina-
tion of efficacy criteria, which may cause certain biases
to the outcome indicators. Secondly, the included studies
were all conducted in China. No high-quality random-
ized controlled trial studies on patients with osteopo-
rotic fractures conducted in other countries were found.
The possibility of nationality and geographical biases

cannot be excluded. Thirdly, there is a lack of long-term
follow-up research data. The longest follow-up period is
one year. The research results can only prove that exer-
cise training is helpful in improving bone mineral den-
sity in the medium and long term, and further research
is still needed in terms of long-term efficacy. Fourthly,
the included studies have methodological flaws. Due to
the significant differences in intervention methods, the
implementation of blinding cannot be achieved. The lit-
erature quality is insufficient, and there is a greater pos-
sibility of potential implementation biases, which may
ultimately affect the reliability of the research results.
Fifthly, this study only used bone mineral density as the
observational index for the improvement of bone quality
in patients with osteoporotic fractures. In the future, we
can further introduce other observational indexes such as
biochemical markers of bone turnover (BTMs) [29, 30] to
further evaluate the impact of exercise on the changes in
bone quality of patients.

We hope this study can provide important informa-
tion for clinicians and offer the highest level of evi-
dence-based support for the postoperative bone health
management of fracture patients. The harm of refracture
should draw the attention of every orthopedic doctor,
rehabilitation doctor and fracture patient. At present, a
systematic post-fracture exercise rehabilitation strategy
has not yet been formed. Therefore, we still need further
research to form an effective consensus on post-fracture
exercise rehabilitation, with the aim of minimizing the
incidence of refractures after fractures and enhancing the
bone health of fracture patients.
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In conclusion, regular and appropriate exercise can
effectively improve the bone mineral density of patients
with osteoporotic fractures and reduce the incidence of
refractures. In the rehabilitation process of patients with
osteoporotic fractures, we should focus on exercise’s pos-
itive impact on fracture healing and enhance the signifi-
cance of sports rehabilitation.

Support and competing interests

This review is funded by the science and technology
project of Suzhou Health Commission (project num-
ber: DZXY]J202307). All authors of this review solemnly
declare that there is no situation that may be regarded as
a competing interest in the research, writing and publica-
tion process of this review. The authors have not received
financial support, consulting fees, remuneration, gifts or
other forms of benefits from commercial entities, indus-
try organizations or other interest groups related to the
subject of this review. In terms of academics, there is no
competing relationship between the authors and other
research institutions or scholars that may affect the
objectivity and independence of this review. Nor have
they participated in any projects or activities that may
interfere with the research direction and conclusion
of this review, ensuring that the content of this review
is completely based on scientific evidence and fair and
objective analysis.

Acknowledgements
Not applicable.

Author contributions

M.Y. and PZ. wrote the main manuscript text, screened articles, extracted
data from literature independently and prepared figures together.Y.L. and
Y.C. audited and merged the extracted literature data. When there were
discrepancies, they discussed and negotiated to jointly determine the final
result. They formulated the research plan and audited the scientific nature of
the research process.All authors reviewed the manuscript.

Funding
This study was funded by Suzhou Municipal Health Commission, with the
grant number DZXYJ202307.

Data availability
No datasets were generated or analysed during the current study.

Declarations

Ethics approval and consent to participate
Ethics approval was obtained from the Ethics Committee, Suzhou Municipal
Hospital (approval number: K-2024-125-K01).

Consent for publication
Not applicable.

Competing interests
The authors declare no competing interests.

Author details

'Department of Orthopedics, The First People’s Hospital of Taicang,
Taicang Affiliated Hospital of Soochow University, Suzhou,

Jiangsu 215400, China

(2025) 20:250

Page 10 of 11

“Orthopedics and Sports Medicine Center, The Affiliated Suzhou Hospital
of Nanjing Medical University, Suzhou, Jiangsu 215008, China
*Department of Traditional Chinese Medicine, Community Health Service
Center of Science-Education New Town, Taicang, Suzhou, Jiangsu
215400, China

Received: 7 November 2024 / Accepted: 21 February 2025
Published online: 07 March 2025

References

1. DaiJ, Shang FL, Ge XQ, et al. Research progress on related factors of second-
ary hip fracture[J]. Chin J Osteoporos. 2017,23(5):676-82.

2. Guo SY, Gui HQ, Peng XJ. Study on the influence of health education
on osteoporotic fractures on secondary fractures{J]. Nurs Pract Res.
2016;13(5):53-4.

3. Johansson H, Siggeirsdéttir K, Harvey NG, et al. Imminent risk of fracture after
fracture[J]. Osteoporos Int. 2017;28(3):775-80.

4. MaX, Xia H,Wang J, et al. Re-fracture and correlated risk factors in patients
with osteoporotic vertebral fractures [J1. ) Bone Min Metab. 2019;37(4):722-8.

5. Vincent G, Adachi JD, Schemitsch E, et al. Postfracture survival in a
population-based study of adults aged > 66 year: a call to action at hospital
discharge. JBMR Plus. 2024;8(5):ziae002. Published 2024 Apr 9.

6. Daly RM, Dalla Via J, Duckham RL, Fraser SF, Helge EW. Exercise for the preven-
tion of osteoporosis in postmenopausal women: an evidence-based guide to
the optimal prescription. Braz J Phys Ther. 2019;23(2):170-80.

7. Migliorini F, Giorgino R, Hildebrand F, et al. Fragility fractures: risk factors and
management in the elderly. Med (Kaunas). 2021;57(10):1119.

8. Migliorini F, Colarossi G, Eschweiler J, Oliva F, Driessen A, Maffulli N. Anti-
resorptive treatments for corticosteroid-induced osteoporosis: a bayesian
network meta-analysis. Br Med Bull. 2022;143(1):46-56.

9. ContiV,Russomanno G, Corbi G, et al. A polymorphism at the translation start
site of the vitamin D receptor gene is associated with the response to anti-
osteoporotic therapy in postmenopausal women from Southern Italy. Int J
Mol Sci. 2015;16(3):5452-66.

10. Migliorini F, Maffulli N, Colarossi G, Eschweiler J, Tingart M, Betsch M. Effect of
drugs on bone mineral density in postmenopausal osteoporosis: a bayesian
network meta-analysis. J Orthop Surg Res. 2021;16(1):533.

11. Migliorini F, Colarossi G, Baroncini A, Eschweiler J, Tingart M, Maffulli N.
Pharmacological management of postmenopausal osteoporosis: a level | evi-
dence Based - Expert opinion. Expert Rev Clin Pharmacol. 2021;14(1):105-19.

12. Moher D, Liberati A, Tetzlaff J, Altman DG, Group P, PRISMA Group. Preferred
reporting items for systematic reviews and Meta-analyses: the PRISMA state-
ment. PLoS Med. 2009;6(7):e1000097.

13. Deng D, Lian Z, CuiW, Liang H, Xiao L, Yao G. Function of low back muscle
exercise: preventive effect of refracture analysis of postoperative vertebral
fractures. Funktion von Ubungen fiir die untere Riickenmuskulatur: Préven-
tiver effekt einer refrakturanalyse postoperativer wirbelkorperfrakturen.
Orthopade. 2019;48(4):337-42.

14. Ding Y, Li YP. The effect of the combination of nutrition, exercise and sunbath-
ing on the rehabilitation and bone mineral density of elderly female patients
with osteoporotic hip fractures[J]. Chin Foreign Med Res. 2020;18(25):170-2.

15. Huang DQ, Liu WN. Clinical study on early recovery of patients with osteo-
porotic vertebral body fracture treated with Five-animal Exercise[J]. Chin
Foreign Med Res. 2018;16(21):7-9.

16. LuWB, HuYS,WuY, et al. The study of perioperative kinesiotherapy effect on
senile osteoporosis intertrochanteric fracture patients[J]. Chin J Rehabilita-
tion Med. 2007;22(7):612-4.

17. Ma H.The effect of acupoint application combined with improved
Wuginxi on lumbar spine bone mineral density, pain degree and qual-
ity of life in patients with osteoporotic vertebral fractures[J]. Int J Nurs.
2020;39(21):3936-9.

18. PanYQ, Ma MH, Zhang RX, et al. Curative effects of traditional Chinese medi-
cine paste combined with Baduanjin in treatment of osteoporotic vertebral
compression fracture after PVP[J]. J Pharm Pract Service. 2023;41(7):437-42.

19. Pei XJ, Huang YL. Therapeutic effect of early functional exercise combined
with alendronate sodium for patients with postmenopausal osteoporotic
vertebral compression fractures after percutaneous kyphoplasty[J]. Maternal
Child Health Care China. 2023;38(17):3176-80.

20. Wang LP, Deng YH. Effect of natural triple therapy oil rehabilitation of senile
osteoporosis fractures[J]. Mod Clin Nurs. 2012;11(6):54-5.



Yu et al. Journal of Orthopaedic Surgery and Research

22.

23.

24.

25.

26.

Wang L, Chen K. Effect of Bugan Yishen Decoction combined with progres-
sive function exercise of low back muscles on pain and bone density in
patients with osteoporotic vertebral compression fractures[J]. Chin J Med
Guide. 2020;,22(11):753-7.

Yu LJ, Chen F.The effect of the combination of nutrition, exercise and
sunbathing on the rehabilitation and bone mineral density of elderly

female patients with osteoporotic hip fractures[J]. Heilongjiang Med Pharm.
2023;46(3):150-2.

Zhu J, Dong Y. The effect of progressive resistance training on bone

mineral density and pain score in elderly patients with osteoporotic Perihip
fractures[J]. Chin J Gerontol. 2023;43(4):855-8.

Katzman WB, Huang MH, Lane NE, Ensrud KE, Kado DM. Kyphosis and decline
in physical function over 15 years in older communitydwelling women: the
study of osteoporotic fractures. JGerontol Biol. 2013;SciMedSci68:976-8.
Varahra A, Rodrigues IB, MacDermid JC, Bryant D, Birmingham T. Exercise to
improve functional outcomes in persons with osteoporosis: a systematic
review and meta-analysis. Osteoporos Int. 2018;29(2):265-86.

Kohrt WM, Bloomfield SA, Little KD, Nelson ME, Yingling VR. American college
of sports medicine. American college of sports medicine.Position stand:
physical activity and bone health. Med Sci Sports Exerc. 2004;36(11):1985-96.

(2025) 20:250

27.

28.

29.

30.

Page 11 of 11

Zhao CH, Li SC, Sun P, et al. Research progress on the effect of mechani-

cal stimulation of exercise on bone quality[J]. Chin J Osteoporos.
2018;24(6):820-5.

Briggs AM, Sun W, Miller LJ, et al. Hospitalisations, admission costs and
re-fracture risk related to osteoporosis in Western Australia are substantial:a
10-year review[J].Aust N. Z J Public Health. 2015;39(6):557-62.

Migliorini F, Maffulli N, Spiezia F, Peretti GM, Tingart M, Giorgino R. Potential
of biomarkers during Pharmacological therapy setting for postmenopausal
osteoporosis: a systematic review. J Orthop Surg Res. 2021;16(1):351.
Migliorini F, Maffulli N, Spiezia F, Tingart M, Maria PG, Riccardo G. Biomarkers
as therapy monitoring for postmenopausal osteoporosis: a systematic review.
J Orthop Surg Res. 2021;16(1):318.

Publisher’s note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.



	﻿The efficacy of exercise prescription in patients with osteoporotic fractures: a systematic review and meta-analysis
	﻿Abstract
	﻿Background
	﻿Methods
	﻿Search strategy
	﻿Inclusion criteria
	﻿Exclusion criteria
	﻿Outcome measures
	﻿Data extraction and analysis
	﻿Assessment of bias
	﻿Statistical analysis

	﻿Results
	﻿Literature selection and characteristics
	﻿Data synthesis and meta-analysis
	﻿Risk of bias and validity test
	﻿Sensitivity analysis

	﻿Discussion
	﻿Support and competing interests
	﻿References


