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Abstract

Introduction: In China, the proportion of the elderly population is gradually increasing, followed by the increasing
medical demands of elderly patients. Hip fracture is a common fracture in the elderly. The elderly are prone to serious
postoperative complications, resulting in failure to restore normal hip function, which seriously affects patients’ quality of
life and further increases their mortality rate. Thus, hip fracture represents a remarkable public health issue within the
realm of geriatric medical care. Significance: This study systematically evaluated the impact of comprehensive re-
habilitation training, with a focus on balance function, on elderly individuals with hip fractures’ postoperative recovery
and functional outcomes. Result: Results showed a significant difference in BBS scores favoring comprehensive re-
habilitation training based on balance function over conventional intervention. Similarly, AM-PAC scores favored the
balance-focused training. TUTG meta-analysis indicated its adoption in comprehensive rehabilitation training. FIM scores
showed improvement with balance-focused training. Harris score meta-analysis also favored this approach. A funnel plot
analysis revealed potential publication bias, likely due to study heterogeneity and limited publications. Conclusions: In
conclusion, comprehensive rehabilitation training centered around balance function displayed clinical efficacy in en-
hancing postoperative hip joint function in elderly hip fracture patients. This approach improved balance, coordination,
and posture control, facilitating lower limb function recovery and overall prognosis. It holds promise as a valuable
treatment approach.
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from 12% to 17%, with a long-term risk of death close to
30%.> Elderly individuals are prone to serious postoper-
ative complications, resulting in failure to restore normal
hip function, which seriously affects patients’ quality of
life and further increases their mortality rate.® Thus, hip
fracture represents a remarkable public health issue within
the realm of geriatric medical care.

Balance training typically encompasses exercises aimed
at controlling the body’s center of gravity while engaging
in unstable movements or standing on unstable or limited
support surfaces. The primary objective is to evaluate the
impact of both short-term and long-term balance training
interventions on enhancing physical performance and
reducing the risk of falls.” The functional level, motor
coordination, sensory organization, psychological cues,
attention ability and environment of the musculoskeletal
system contribute to gait balance and postural stability.
Alterations in the major systems or environmental factors
have the potential to affect gait balance, postural stability,
and subsequently increase the susceptibility to falls.®

Implementing tailored rehabilitation to address motor
impairments, improve gait balance, and prevent falls is
essential for elderly hip fracture surgery patients. Balance-
focused rehabilitation plays a pivotal role in enhancing
motor function. Numerous studies have examined com-
prehensive balance-based rehabilitation for elderly hip
fracture patients, but their findings vary, with similar study
designs. Additional research is needed. This study sys-
tematically and quantitatively analyzed independent
studies to assess the feasibility of comprehensive balance-
based rehabilitation for elderly hip fracture patients. We
hypothesize that comprehensive balance rehabilitation
training will have a positive impact on the rehabilitation of
elderly patients with hip fractures, including improving
functional mobility, reducing the risk of falls, and ulti-
mately enhancing the quality of life. Through a systematic
and quantitative analysis, we aim to validate this hy-
pothesis and provide a more effective rehabilitation pro-
gram for elderly patients with hip fractures.

Methods

Literature research was conducted in accordance with the
guidelines of Preferred Reporting Items for Systematic
Reviews and Meta-Analysis (PRISMA)’ for systematic
review and meta-analysis.

The Sources and Retrieval Methods of Documents

A comprehensive search was performed independently by
Hai Chang, Chunliang Luan across multiple databases,
including PubMed, EMBASE, ScienceDirect, Cochrane
Library, China National Knowledge Infrastructure
(CNKI), China VIP Database, Wanfang Database, and

China Biomedical Literature Database (CBM). The search
encompassed both Chinese and foreign language journals,
conference papers, degree papers, news articles, and
manual search contents. Additionally, a literature review
was conducted to supplement the search. The search
strategy involved the use of free words and subject words,
with keywords including “balance function”, “compre-
hensive rehabilitation training”, “elderly hip fracture”,
“postoperative recovery”, and “hip joint function”. Quotes
were used to search for exact terms. The search period
spanned from January 2000 to July 2023. The detailed
search strategy was provided in supplemental file.

Literature Inclusion Criteria

(1) Types of study: all clinical randomized controlled
trials, both domestic and international, investi-
gating the effect of comprehensive rehabilitation
training based on balance function in elderly pa-
tients with hip fracture.

Subjects: all patients were definitively diagnosed
as elderly patients with hip fracture, using diag-
nostic criteria referenced from relevant literature.”
Grouping: study group was defined comprehen-
sive rehabilitation training based on balance
function; and control group was that received
routine rehabilitation training.

The following outcome indicators: Berg scale
(BBS) score, activity scale after intervention (AM-
PAC), stand-up-walk timing test (TUTG), func-
tional independence scale (FIM) score, Harris
score and so on.

@)
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4)

Literature Exclusion Standard
0]
2
3)

4)
)

The data report was incomplete, rendering the data
unusable.

Identify duplicate research content and include the
most recent study.

Literature review.

Clinical cases.

Grey literature (i.e., conference articles, editorials).

Quality Evaluation and Data Extraction

Ruolan Liu, and Chen Li independently assessed the
methodological quality of each included study.

(1) The study included bias risk assessment using the
recommended tool from the Cochrane Systematic
Review Manual 5.4.

Literature screening and data extraction: 2 re-
searchers (Hai Chang, and Chunliang Luan)
conducted an independent screening of the
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literature, extracting relevant data and assessing
the quality of the included studies. Discussions or
judgments from a third researcher were used to
resolve discrepancies. A document management
software program called NoteExpress (version
3.20) and an office software program called Excel
(version 14.4.0) were used to extract and manage
data. In cases where data was incomplete within
the literature, efforts were made to contact the
respective authors for supplementation.

The extracted data encompassed the following infor-
mation: (1) basic details such as author, publication date,
and sample size; (2) research methods employed; and (3)
outcome indicators, including BBS score, AM-PAC,
TUTG, FIM score, Harris score, and other relevant
measures.

Statistical Processing

This  meta-analysis was  conducted by the
ReMan5.4 software (Cochrane Collaboration, London,
United Kingdom). Mean Difference (MD) is utilized for
continuous outcomes with the same scale. Otherwise,
Standardized Mean Difference (SMD) was used. The mean
and standard deviation of BBS score, AM-PAC score,
TUTG score, FIM score and Harris score are input into
RevMan5.4 for analysis. An effect index is calculated
based on the weighted mean difference (WMD) along with
95% confidence intervals (CI). Firstly, the x? test is used to
assess the presence of heterogeneity among studies. If P>
.05 and I? < 50%, it indicates that the included studies are
homogeneous, and the modified effect model can be used
for meta-analysis. If P < .05 and I* > 50%, the combination
effect is needed to judge the homogeneity included in the
study, then the random effect model is selected. If P <
.05 and the source of heterogeneity cannot be determined,
meta-analysis will not be conducted and descriptive
analysis will be performed instead. The inverted funnel
plot is generated to assess publication bias in the included
literature. Egger’s test is conducted to evaluate the
asymmetry of the funnel plot. If the P-value of this test is
less than .1, the Trim and Fill method can be applied to
adjust the funnel plot and account for the potential
publication bias.

Results

The Results of Literature Search and the Basic
Characteristics of the Included Studies
Through computer database searches, 2012 articles were

initially retrieved. After eliminating duplicate studies,
435 articles remained. Upon conducting a preliminary

review of the titles and abstracts, 142 articles were iden-
tified as potentially relevant. Exclusion criteria were ap-
plied to remove irrelevant studies, reviews, case reports,
and non-controlled literature, resulting in the inclusion of
75 articles. Subsequently, a thorough examination of the
full texts led to the exclusion of 69 articles due to in-
complete data or lack of primary outcome indicators.
Finally, 6 clinical randomized controlled trials were in-
cluded for analysis, comprising a total sample size of
617 participants. Figure 1 presents the flow chart depicting
the process of literature screening. Table 1 provides an
overview of the essential characteristics captured in the
included literature.

Assessment of the Methodological Quality of the
Included Studies

Of'the 6 studies included in this meta-analysis, all 6 articles
provided comprehensive baseline information regarding
the enrolled patients.”'* Each study described the ob-
servation indicators, research methods, and specific
grouping techniques in detail. Furthermore, all the in-
cluded studies provided explicit descriptions of the blinded
method, including the number of participants involved and
reasons for any missing follow-up or withdrawals. The
literature quality was assessed using the Jadad scale, with a
score of >3 indicating high quality and a score
of <2 indicating low quality. The risk of bias analysis was
presented in Figures 2 and 3.

BBS Score

The meta-analysis of BBS scores was analyzed by meta-
analysis. According to the results of heterogeneity test,
Chi? = 82.55, df = 4, P = <.00001, I> = 95%, so the fixed
effect model was selected for analysis (Figure 4). In the
analysis, the results could be concluded that a statistical
difference was found in the WMD of BBS scores between
patients with comprehensive rehabilitation training based
on balance function and those with conventional inter-
vention. The 95% confidence interval of the weighted
mean difference (WMD) was located to the right of the null
line, indicating a significantly greater effect of compre-
hensive rehabilitation training based on balance function
on the improvement of patients’ BBS scores compared to
conventional intervention.

AM-PAC

The AM-PAC was analyzed by meta-analysis. The
heterogeneity test results indicated no remarkable het-
erogeneity among the included research data, as evi-
denced by Chi* = 3.92, df = 1, P = .05, I = 74%. The
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Figure |. Flow chart of document screening.

random effect model analysis was performed accord-
ingly (Figure 5). The 95% CI was from .09 to .53
(Z = 2.74, P = .006). The data suggested that the
comprehensive rehabilitation training with balance
function was remarkably better than the routine inter-
vention in improving the AM-PAC of patients.

TUTG

The meta-analysis of TUTG was analyzed by meta-
analysis. Based on the heterogeneity test results (Chi* =
133.27, df = 1, P < .00001, I* = 99%), the fixed effect
model was chosen for the analysis (Figure 6). The results
of this analysis suggested that the TUTG of patients with
comprehensive rehabilitation training based on balance
function was remarkably lower compared to patients with
routine intervention.

FIM Score

The meta-analysis of the FIM scores was analyzed by
meta-analysis. The results of the heterogeneity test in-
dicated Chi* = 9.65, df = 1, P = .002, I* = 90%.
Therefore, the fixed effect model was used for the
analysis (Figure 7). The finding revealed that the im-
provement effect of comprehensive rehabilitation
training based on balance function on FIM score of
patients with balance function was remarkably higher
compared to routine intervention.

Harris Score

The Harris score was analyzed by meta-analysis. The
results of heterogeneity test showed that Chi* = 21.86,
df=2, P<.00001, = 91%, so the fixed effect model was
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Table |I. Basic Characteristics of Literature.

Sample Size Intervention Measure
Incorporate R C Outcome  Intervention Is it Blind
Literature Year Group Group R Group C Group Index Time Random! Method
Latham NK® 2014 120 112 Comprehensive Health nutrition | @ 6 months Yes Yes

rehabilitation training  education
based on balance

function
Monticone 2018 26 26 Comprehensive General I ® 3 weeks Yes Yes
M' rehabilitation training  rehabilitation
based on balance training
function
Binder EF'® 2004 46 44  Comprehensive Family sports NO©) 6 months Yes Yes

rehabilitation training
based on balance
function
Huang XS'' 2023 42 42  Comprehensive Routine NO©) 4 weeks Yes —
rehabilitation training  intervention
based on balance
function
Qin AP'? 2019 44 43  Comprehensive Routine ® 6 months Yes —
rehabilitation training  intervention
based on balance
function
Feng Y'8 2022 36 36 Comprehensive Routine NO6) 8 weeks Yes —
rehabilitation training  intervention
based on balance
function

Note: (D) Berg (BBS) Score;@ AM-PAC;3) TUTG;@® FIMScore; Harris Score; The balance training: Systematic rehabilitation functional training was
used to maintain normal lower limb muscle strength and joint range of motion, stabilize hip joint mobility across various ranges, and consequently
enhance hip function. The control group’s rehabilitation measures focused on traditional muscle strength and balance training.

Random sequence generation (selaction bias)

Allocation concealment (selection bias)

Blinding of participants and personnel (performance bias)

Blinding of outcome assessment (detection bias)

Incomplete outcome data (attrition bias)

Selactive reporting (reporting bias)

25% 50% 75%  100%

Other bias

oT
Rr

[ Low risk of bias [CJunciear risk of bias [l High risk of bias

Figure 2. Risk of bias summary.
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Figure 3. Summary of the risk bias assessment of the studies.

selected for analysis (Figure 8). According to the results of
this analysis, it could be considered that the improvement
effect of comprehensive rehabilitation training based on
balance function on Harris score of patients with balance
function was remarkably higher compared to routine
intervention.

Publication Bias Analysis

A funnel plot was constructed using the BBS score, AM-
PAC, TUTG, FIM score, and Harris score as basis, fol-
lowed by conducting a publication bias analysis (Figures
9-13). The majority of the funnel plots (Figures 10—12)
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Experimental Control

Mean Difference

Mean Difference

Test for overall effect: Z = 10.33 (P < 0.00001)

Study or Subgroup Mean SD Total Mean SD Total Weight 1V, Fixed, 95% CI IV, Fi 95% Cl
Binder EF 2004 451 57 46 405 83 44 143%  4.60[1.65,7.55] -]
Feng Y 2022 46.3 5 36 43.06 2.94 36 34.7% 3.24 [1.35, 5.13] =
Huang XS 2023 4639 574 42 3223 431 42 26.4% 14.16[11.99, 16.33) -
Latham NK 2014 444 107 120 414 107 112 16.4% 3.00 [0.24, 5.76] T
Monticone M 2018 153 64 26 169 7.8 26 83% -1.60[-5.48, 2.28) =
Total (95% CI) 270 260 100.0% 5.88 [4.76, 6.99] ’
Heterogeneity: Chi? = 82.55, df = 4 (P < 0.00001); |2 = 95% t t

-50

-25 0 25
Favours [experimental] Favours [control]

Figure 4. Meta-analysis of BBS scores between patients with comprehensive rehabilitation training based on balance function and
those with conventional intervention. Significant statistical difference in BBS scores indicated by the 95% confidence interval of the

WMD located to the right of the null line.

Experimental Control
dy o baro ean D a an al Weigh
Binder EF 2004 633 53 46 56.1 14.1 44 47.6%
Latham NK 2014 613 157 120 586 153 112 524%

Total (95% CI) 166 156 100.0%
Heterogeneity: Tau® = 5.49; Chi*=2.18,df =1 (P =0.14); I’ = 54%
Tesl for overall effect: Z = 2,15 (P = 0.03)

2.70 (-1.29, 6.69]

4.84 [0.44, 9.25]

b

Mean Difference

-50

+
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Favours [control]
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Figure 5. Meta-analysis of the AM-PAC using the random effects model. The results show that comprehensive rehabilitation training
with balance function significantly improves the AM-PAC of patients compared to routine intervention. The 95% CI ranges from
.09 to .53 (Z = 2.74, P = .006). The heterogeneity of the included data is not significant (Chi = 3.92, df = I, P = .05) I? = 74%).

Experimental

Control

Feng Y 2022 1861 3.43 36 21.25 3.25 36  65.3%
Huang XS 2023 38.63 4.39 42 56.71 5.46
Total (95% CI) 78 78 100.0%

Heterogeneity: Chi* = 133.27, df = 1 (P < 0.00001); I* = 99%
Test for overall effect: Z = 12.56 (P < 0.00001)

Mean Difference

-2.64 [-4.18, -1.10]

42 34.7% -18.08 (-20.20, -15.96)

-7.99 [-9.24, -6.75)
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Figure 6. Meta-analysis of TUTG using the fixed effects model. The analysis was based on the results of the heterogeneity test (Chi? =
133.27,df = 1, P <.00001, I* = 99%). The results indicate that patients undergoing comprehensive rehabilitation training with balance
function have significantly lower TUTG compared to patients receiving routine intervention.

Heterogeneity: Chi? = 9.65, df = 1 (P = 0.002); I* = 90%
Test for overall effect: Z = 7.38 (P < 0.00001)

Experimental Control Mean Difference Mean Difference
Study or Subgroup  Mean  SD Total Mean SD Total Weight |V, Fixed, 95% Cl| V. % Cl
Binder EF 2004 545 52 46 624 412 44 87.0% -7.90[-9.83,-5.97)
Monticone M 2018 61.8 93 26 612 9.1 26 13.0% 0.60 [-4.40, 5.60]
Total (95% Cl) 72 70 100.0% -6.79 [-8.60, -4.99] ¢

-50

Favours [experimental]

25 0 25
Favours [control]

50

Figure 7. Meta-analysis of FIM scores using the fixed effects model. The analysis was based on the results of the heterogeneity test,
which showed significant heterogeneity among the included studies (Chi® = 524.35, df = I, P < .00001, I* = 100%). The results
indicate that comprehensive rehabilitation training based on balance function has a significantly higher effect on improving FIM scores

in patients compared to routine intervention.
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Experimental Control

Heterogeneity: Chi? = 21.86, df = 2 (P < 0.0001); I =91%
Test for overall effect: Z = 14.81 (P < 0.00001)

Study or Subgroup _Mean _SD Total Mean SD Total Weight 1V, Fixed, 95% ClI

Mean Difference Mean Difference
1V, Fix 95% ClI
Feng Y 2022 78.14 467 36 7472 3.79 36 249% 3.42[1.46,5.38) "
Huang XS 2023 82,77 3.97 42 746 4.08 42 325% 8.17 [6.45, 9.89] =
Qin AP 2019 82.77 297 44 736 4.08 43 42.6% 9.17 [7.67, 10.67) u
Total (95% Cl) 122 121 100.0% 7.41[6.43, 8.39] L
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Figure 8. Meta-analysis of Harris scores using the fixed effects model. The analysis was based on the results of the heterogeneity test,
which indicated significant heterogeneity among the included studies (Chi® = 21.86, df = 2, P < .00001, I> = 91%).
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Figure 9. Funnel plots and publication bias analysis for BBS
score.
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Figure I 1. Funnel plots and publication bias analysis for TUTG.
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Figure 10. Funnel plots and publication bias analysis for AM-
PAC.

exhibited symmetrical distribution, while a few (Figures 9
and 13) showed asymmetries. Egger’s test was used to
evaluate the asymmetry of the funnel plot (Figures 9 and
13). The results of the Egger test in Figures 9 and 13
showed no publication bias (Egger P = .356; Egger P =
.115). However, due to the limited number of included
publications, Egger test could not be conducted in the
asymmetry of the funnel plots in Figures 10-12. It is
suggested that there may be publication bias in the

Figure 12. Funnel plots and publication bias analysis for FIM
score.

included literature. This bias could potentially be attributed
to study heterogeneity and the limited number of included
publications.

Discussion

In the case of elderly hip fractures, surgical treatment is
primarily employed to improve hip joint deformity and
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Figure 13. Funnel plots and publication bias analysis for Harris
score.

mobility, helping to alleviate pain and discomfort, and
proving beneficial for the majority of patients. However,
the surgical procedures for elderly hip fractures are rela-
tively complex, involving significant difficulty and trauma,
which can adversely affect postoperative recovery.
Therefore, enhancing postoperative rehabilitation inter-
ventions is crucial for improving patient outcomes.

The control group was intervened using conventional
methods, such as strengthening the lower limb muscles,
ankle pump exercises, joint mobility training, and early
weight-bearing exercises from postoperative days 1 to 7.
From weeks 2 to 4 postoperatively, muscle strength,
balance, and proprioception training were intensified.
From weeks 5 to 8 postoperatively, unsupported and un-
assisted training, as well as walking exercises, were re-
inforced.!" Rehabilitation training holds remarkable
potential in addressing exercise-related aspects such as
gait, balance, and strength, as well as non-motor symptoms
and complications, including cardiovascular issues and
osteoporosis, in patients following hip fracture surgeries.
Balance training can reduce the incidence of falls in the
elderly and improve the evidence-based support of balance
function in the elderly.'” Notably, balance function training
plays a crucial role in effectively improving postural in-
stability and abnormal gait patterns observed in post-hip
fracture surgeries patients. The existing body of evidence
supports the beneficial impact of rehabilitation training on
various outcomes in patients after hip fracture surgeries,
including enhanced postural stability, increased gait speed,
and improved aerobic capacity.'®'® Balance training post-
surgery should involve specialized equipment like rocker
boards, instability planes, Biodex trainers, or pool therapy.
It’s recommended to start these exercises under the
guidance of a rehabilitation specialist 2 weeks after sur-
gery. This form of training encompasses various methods
beyond traditional balance boards and beams, including
muscle strength, proprioceptive, aerobic exercises (e.g.,
yoga, Tai Chi, Pilates), cognitive function, and whole-body

vibration balance training.”'* The control group’s reha-
bilitation measures focused on traditional muscle strength
and balance training. In contrast, the balance training
group employed more specialized and diverse methods,
including the use of professional equipment and com-
prehensive rehabilitation training, aiming to more effec-
tively promote patients’ recovery.

This study conducted a meta-analysis of 6 clinical
randomized controlled trials involving 617 samples,
assessing BBS, AM-PAC, TUTG, FIM, and Harris
scores. Patients undergoing comprehensive rehabilita-
tion training with a focus on balance function achieved
higher scores in BBS, AM-PAC, FIM, and Harris
compared to those with routine interventions. Funnel
plots were used to analyze publication bias, indicating
some asymmetry likely due to research heterogeneity
and limited studies. The analysis highlights how com-
prehensive rehabilitation targeting balance function
effectively modulates the sensory, central nervous, and
musculoskeletal systems. This approach promotes bal-
ance and coordination function recovery in patients with
damaged nervous systems through sensory feedback and
central system adjustments.'”-*°

In this study, the study group demonstrated significantly
higher scores in the Berg Balance Scale (BBS) and AM-
PAC. This can be attributed to a comprehensive rehabil-
itation program focusing on balance, which includes
progressive dynamic and static balance training, as well as
balance response training. This training regimen effec-
tively enhances muscle strength, coordination, and overall
balance. In contrast, conventional rehabilitation lacks
specificity and systematic structure, leading to limited
effectiveness in improving balance. The study group also
showed notably higher FIM scores but lower TUTG
scores. The balance-based rehabilitation significantly im-
proves limb motor function and functional independence,
as indicated by the Harris score, which confirms better hip
joint function. This comprehensive approach stimulates
the patient’s nervous system through various training
methods, leading to substantial improvements in hip joint
function.

Incomplete data reports in the literature have been
excluded, and all included literatures were randomized
trials in this study. However, there are some limitations
to the study. First, only 6 studies were included. Sec-
ondly, grey literature was not included, and there may be
publication bias. Finally, only 1 paper'® has explicitly
shown high risk bias of blinding of participants and
personnel. However, because of the obvious differences
between the 2 interventions, it was not possible to
perform blind testing on participants or researchers.
Therefore, the blinding of participants and people in
other trials’'*'* included in this meta-analysis was
judged to be of unclear risk.
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Conclusion

Comprehensive rehabilitation training that focuses on
balance function demonstrates positive outcomes in im-
proving postoperative hip joint function among elderly
patients with hip fractures. It effectively enhances balance,
coordination, and posture control abilities, thereby facil-
itating the recovery of lower limb function and improving
overall prognosis. Overall, it exhibits a favorable clinical
treatment effect. However, certain aspects warrant further
improvement and enrichment within this study. These
aspects include the small sample size, limited coverage,
and incomplete assessment of risk factors. These limita-
tions will be addressed and supplemented in subsequent
follow-up observations and studies.
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