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Abstract

Background/Objectives: Acupuncture has been used to manage various fractures. The aim
of this study is to evaluate the effectiveness of acupuncture in reducing post-operative pain
and improving function after tibial fracture surgery. Methods: A systematic review and
meta-analysis of randomized controlled trials (RCTs) was conducted to evaluate acupunc-
ture as an intervention for tibial fractures. Eight databases were searched, covering studies
from inception to August 2024. Results: Sixteen RCTs with 1315 patients were analyzed.
Acupuncture, when combined with conventional rehabilitation (CR) or medication, sig-
nificantly improved pain (MD −1.03, 95% CI [−1.44, −0.62]), Hospital for Special Surgery
(HSS) score (MD 13.21, 95% CI [9.16, 17.26]), and range of motion (ROM) of knee joint
(SMD 1.80, 95% CI [0.32, 3.28]) compared to CR or medication alone. It showed significant
effects on effective rate (OR 4.92, 95% CI [2.79, 8.68]; I2 = 0%) and showed a lower incidence
of complications (OR 0.13, 95% CI [0.06, 0.26]). Conclusions: Acupuncture combined
with CR or medication during the rehabilitation period after tibial fracture surgery can
reduce pain, improve knee joint function, increase knee ROM, and decrease post-operative
complications, compared to CR or medication alone.

Keywords: acupuncture; tibial fracture; systematic review; meta-analysis

1. Introduction
Tibial fractures are broadly divided into shaft, distal and proximal fractures [1]. Tibial

shaft fractures account for approximately 37% of all long bone fractures in adults, with
an overall incidence of 17–21 per 100,000 people [2]. They have the highest incidence in
active males aged 10–20 years and are often caused by high-energy trauma such as car
accidents, sports, and falls from heights [3]. Distal tibial fractures are also often caused by
high-energy injury, with a reported annual incidence of 9.1 per 100,000 people [4]. Proximal
tibial fractures occur between the ages of 40 and 60 by high-energy trauma such as car
accidents, with a reported annual incidence of 10 per 100,000 people [5]. Intra-articular
fractures of the proximal tibia are commonly referred to as tibial plateau fractures, which
account for approximately 1% of all fractures [6,7].
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The treatment of tibial fractures is divided into conservative treatment, such as cast or
surgical treatment, depending on the location and type of the fracture. Due to the prolonged
immobilization and high risk of malunion associated with conservative treatment, surgical
treatments like intramedullary nailing are commonly performed [1,4,8,9].

After achieving fracture reduction and stabilization, medication and rehabilitation
therapy are administered for post-operative care, but reducing pain, improving lower limb
function, and shortening the fracture healing time after surgery are challenging [10]. The
analgesics, anti-inflammatory, and anti-edematous drugs used in post-surgical care have
the advantage of fast-acting and long-lasting effects, but they come with many side effects
and require close monitoring [9].

Acupuncture, a traditional therapeutic modality, has been widely applied for the
management of musculoskeletal pain and functional impairment [11–13]. Its mechanisms
are thought to involve modulation of endogenous opioid peptides, serotonin and nore-
pinephrine in the central nervous system, along with improved local blood circulation and
anti-inflammatory effects at the site of injury [14,15]. Experimental studies further suggest
that acupuncture may promote tissue repair and functional recovery by regulating growth
factor expression [16]. Clinically, a previous systematic review has reported that acupunc-
ture reduces post-operative pain and opioid consumption after total knee arthroplasty
(TKA) [17].

Building on the evidence, acupuncture has shown analgesic effects and functional
improvement in patients with tibial fractures [9,18,19]. As it can serve as an alternative
treatment to avoid the adverse effects of typical medication and enhance rehabilitation
outcomes by improving function, acupuncture may represent an important therapeutic
option for tibial fractures. In addition, a recent meta-analysis suggested that acupuncture
can reduce pain after humeral fractures [20]. However, most studies on the effects of
acupuncture on fractures have been composed of case studies and randomized controlled
trials (RCTs), with few meta-analyses, and none specifically focused on tibial fractures.
Accordingly, this study was undertaken to fill this gap by providing the first systematic
review and meta-analysis on acupuncture after tibial fracture surgery, with the aim of
evaluating its clinical effectiveness and safety, thereby offering evidence that complements
and extends previous reviews in related contexts.

2. Materials and Methods
The protocol of this study has been registered in the PROSPERO International prospec-

tive register of systematic reviews (CRD42025578048; registered on 31 January 2025). This
systematic review follows the Preferred Reporting Items for Systematic Reviews and Meta-
Analysis (PRISMA) guidelines (Table S1) [21,22].

2.1. Criteria for Inclusion and Exclusion
2.1.1. Study Types

This study included only randomized controlled trials (RCTs). Studies were included
regardless of their publication language.

2.1.2. Participants

Patients who were treated with acupuncture after tibial fracture surgery were included.
There were no restrictions on sex, age, and the type of procedure used during surgery. We
excluded patients with knee fractures of uncertain location.
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2.1.3. Interventions

Pharmacological treatments, physiotherapy, fumigation, washing and patient educa-
tion are defined as “conventional rehabilitation (CR)”. Physiotherapy included rehabilita-
tion programmes such as PNF training, mobilization of knee joint using continuous passive
motion (CPM), partial weight bearing exercise, and physical exercise. Pharmacological
treatments included various analgesics administered orally or via intravenous injection.
Fumigation and washing are performed by soaking the surgical site in a decoction of
medicinal herbs and then washing it.

For the experimental group, the intervention was acupuncture in addition to the CR
provided to the control group. All types of acupuncture interventions were included in
this review, encompassing both invasive techniques such as manual acupuncture, elec-
troacupuncture, auricular acupuncture, and non-invasive methods such as transcutaneous
electrical acupoint stimulation (TEAS) and laser acupuncture. Warm needling was excluded
from this review as it is an intervention performed in combination with moxibustion, in
order to isolate the effects of acupuncture alone.

For the control group, the intervention was CR. The control group differed from the
experimental group only in that it did not receive acupuncture treatment, and cases where
the control group included acupuncture as intervention were excluded.

2.1.4. Outcomes

For evaluating pain, we used the visual analogue scale (VAS). For evaluating knee
joint functions, Hospital for Special Surgery (HSS) score and the range of motion (ROM) of
knee joint were used. HSS score consists of pain, function, range of motion, muscle strength,
flexion deformity, and instability, and the total score is 100 points. We used the effective
rate, a frequently selected estimating measure. The effective rate was calculated as the ratio
of patients who showed complete or partial improvement and patients who showed no
improvement. Incidence of complications after surgery and adverse events were also used
for our study. Other outcomes were excluded due to their low frequency of use.

2.2. Search Strategy

Cochrane library, PubMed, EMBASE, China National Knowledge Infrastructure
(CNKI), Japan Science and Technology Information Aggregator Electronic (J-stage), Re-
search Information Service System (RISS), Korean Studies Information Service System
(KISS), and Oriental Medicine Advanced Searching Integrated System (OASIS) were
searched for articles. The search was performed by two reviewers (W.C. and H.K.) from
database inception to 31 August 2024. There were no restrictions on language or the year
of publication. The search process was based on three keywords: (1) “tibial fracture”,
(2) “acupuncture”, (3) “randomized controlled trial”. The complete search strategy is
presented in Table S2.

2.3. Article Screening

With predetermined search strategies, two reviewers (W.C. and H.K.) independently
searched the databases. Duplicate records were removed using EndNote (version 21,
Clarivate, Philadelphia, PA, USA). The reviewers independently selected studies by prede-
termined inclusion and exclusion criteria based on a review of the title, abstract, and main
text. JH Cho made the final decision when consensus on the selection process could not
be reached.
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2.4. Data Extraction

Data were extracted from each article through a full-text review by two reviewers
(W.-C.S. and M.-Y.S.). Details of intervention in experimental groups and control groups,
types of outcome measurements, duration of intervention, adverse events, and acupuncture
points were obtained and organized using Microsoft Excel for Microsoft 365 (Microsoft
Corp., Redmond, WA, USA). To identify frequently used acupoints, the frequency of
acupoint usage was analyzed. JH Cho made the final decision when consensus could not
be reached.

2.5. Data Collection and Analysis

Two reviewers (W.-C.S. and M.-Y.S.) reviewed the main text of the selected studies to
confirm studies to include in the analysis. They summarized in a table for information such
as authors, year of publication, sample size, details of intervention in experimental groups
and control groups, outcomes.

We conducted meta-analysis using Cochrane Collaboration software [Review Manager
Version 5.4 for Windows. Copenhagen: The Nordic Cochrane Centre].

Continuous data such as visual analogue scale (VAS), Hospital for Special Surgery
(HSS) score, range of motion (ROM) was expressed in terms of the mean difference (MD)
or standardized mean difference (SMD) with 95% confidence interval (CI) using inverse
variance estimation. Dichotomous data such as effective rate and incidence of complica-
tions after surgery was expressed in terms of the odds ratio (OR) and 95% CI using the
Mantel–Haenszel estimation method. A chi-square test (test with p-value of p < 0.10) and
Higgins I2 statistic were used to analyze the heterogeneity. If I2 is below 50%, fixed effect
model was used in analysis. If I2 is over 50%, random-effects model was used in analyses.
Subgroup analysis was performed to analyze the cause of heterogeneity when significant
heterogeneity was observed. We did not conduct a meta-analysis if meaningful hetero-
geneity could not be explained by subgroup analysis. Finally, a leave-one-out sensitivity
analysis was undertaken to evaluate robustness, sequentially omitting each study and
re-running the meta-analysis at each iteration.

2.6. Methodological Quality Assessment for the Included Studies
2.6.1. Risk of Bias

Two independent researchers (W.C. and W.-S.C.) evaluated the risk of bias of the se-
lected studies using the Cochrane Collaboration tool (risk of bias, ROB). The risk of bias was
assessed in seven domains (random sequence generation, allocation concealment, blinding
of participants and personnel, blinding of outcome assessment, incomplete outcome data,
selective outcome reporting, and other sources of bias) with rated each area as high, low
or unclear. When consensus on the assessment could not be reached, JH Cho made the
final decision.

2.6.2. The Level of Evidence

The level of evidence was analyzed with reference to The Grading of Recommenda-
tions, Assessment, Development and Evaluation (GRADE) [23]. Risk of bias, inconsistency,
indirectness, imprecision, publication bias, large effect, plausible confounding, and dose
response gradient were assessed. Assessments were determined as one of four grades:
high, moderate, low, or very low.



Healthcare 2025, 13, 2883 5 of 17

3. Results
3.1. Description of Studies

A total of 111 studies were retrieved from the online search. We first excluded
10 duplicate studies. The title and abstracts of the remaining studies were further examined,
and 63 studies were eliminated for several reasons: patients who did not have a tibial frac-
ture or who did not undergo surgery after a tibial fracture, interventions that did not meet
the inclusion criteria, animal studies, not in the form of academic papers. After a detailed
review of full text, 22 studies were eliminated for several reasons: not RCTs, acupuncture
treatment in the control group, mixed treatments. Finally, 16 studies [9,18,19,24–36] were
included for our analysis (Figure 1).

Figure 1. Flow diagram of the study selection process.

Quantitative and qualitative analyses were conducted on 16 studies. All patients in
the studies underwent surgery after tibial fracture, and 12 studies included only patients
with tibial plateau fracture. Only four studies [9,29,33,36] presented the type of surgery, the
remainder did not present the type of surgery. The details of fracture type of participants
are summarized in Table S3.

All selected studies used manual acupuncture or TEAS or electroacupuncture com-
bined with the control group treatment, while the control group treated with basic rehabili-
tation or medication or TCM fumigation. A total 12 studies used manual acupuncture; one
study used TEAS and three studies used electroacupuncture as the intervention. The most
commonly used acupoint was GB34, followed by EX-LE5, SP9, ST34, ST37, BL40, EX-LE2,
and SP10. These frequently used acupuncture points are located around the knee joint.
These frequently used acupuncture points are organized in Table 1. Most acupoints were
on the fracture side, but there were also cases where acupoints on the opposite side were
used [19,27,28,33,35].

Among selected studies, five studies used VAS, 7 studies used HSS score, four studies
used ROM of knee joint, seven studies used effective rate as an end point. A total of eight
studies reported incidence of complications after surgery. The details are summarized in
Table 2.
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Table 1. Frequently used acupoints.

Acupuncture Point GB34 EX-LE5 SP9 ST34 ST37 BL40, EX-LE2 SP10

Number of studies used 13 12 11 10 9 8 6

3.2. Risk of Bias Assessment

The assessment of risk of bias is summarized in Figure 2.

 

Figure 2. Assessment of the risk of bias of the included randomized controlled trials [9,18,19,24–36].
Red, yellow, and green circles indicate high, unclear, and low risks of bias, respectively.

3.2.1. Random Sequence Generation

There were eight studies [11,12,18–20,22,23,25] that showed a low risk of bias be-
cause they used a random number table or computer-generated random sequence.
Three studies [21,26,28] used an inappropriate randomization method, while five stud-
ies [9,24,27,29,30] did not present specific descriptions about their randomization sequence.
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Table 2. Summary of randomized controlled trials of acupuncture for tibial fracture.

Author (Year) Gender (M/F) Age Intervention Group Control Group Main Outcomes

Deng (2024) [19] I: 12/18
C: 14/16

I: 48.47 ± 11.36
C: 45.80 ± 14.29

MA (PC6, BL40, EX-LE5, SP10 (Fracture side), GV20, BL17, LR3, Ashi points,
1 time a day within 2 weeks after surgery; both sides SP10, BL17, SP9, GB39, BL11,
3 times a week for 3–4 weeks after surgery; ST36, GB39, BL17, BL25, GB34, BL23,
BL11, 2 times a week for 1–3 month after surgery; 30 min; twirling manipulation,

reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation
(1) VAS

(2) HSS score
(3) Effective rate

Chen (2023) [24] I: 18/12
C: 19/11

I: 38.77 ± 3.55
C: 37.52 ± 3.29

MA (ST37, ST39, SP9, GB34, EX-LE5, BL40, EX-LE2, ST34;
1 time a day for 1 month, 30 min)

+basic rehabilitation
Basic rehabilitation

(1) HSS score
(2) Incidence of complications

after surgery

Wu (2022) [18] I: 13/7
C: 9/9

I: 43.1 ± 9.6
C: 42.5 ± 8.2

TEAS (SP10, GB33, SP9, ST35; 5 times a week for 6 weeks, 30 min, 2 Hz)
+ basic rehabilitation Basic rehabilitation (1) VAS

Quoc (2022) [9] I: 19/11
C: 18/12

I: 37.0 ± 22.1
C: 35.6 ± 18.8

EA (ST36, SP8, SP9, GB34, SP6, SP10; 1 time a day for 7 days; needling duration
for each treatment was not presented)

+Medication (Paracetamol 1 g and Ketorolac 30 mg)

Basic rehabilitation +
Medication (Paracetamol 1 g

and Ketorolac 30 mg)
(1) VAS

Xiao (2022) [26] I: 25/11
C: 23/13

I: 44.25 ± 7.59
C: 45.39 ± 7.21

MA (EX-LE5, BL40, ST34, ST37, EX-LE2, GB34, SP9; from 3 weeks after surgery,
1 time a day for 8 weeks, 30min; technique for receiving de qi)

+ basic rehabilitation

(1) ROM of knee joint
(2) Effective rate

(3) Incidence of complications
after surgery

Fan (2022) [25] I: 29/17
C: 28/18

I: 37.71 ± 8.89
C: 36.98 ± 8.89

MA (GB34, EX-LE2, SP9, EX-LE5, ST37, ST34, Ashi points;
1 time a week for within 8 weeks after surgery, 3 times a week for 9th–16th week

after surgery, 1 time a week for 17th–24th week after surgery, 30min;
technique for receiving de qi)

+ Basic rehabilitation + TCM fumigation and washing
(1 time a day for 24 weeks, 30min)

Basic rehabilitation + TCM
fumigation and washing

(1 time a day for 24 weeks,
30 min)

(1) VAS
(2) HSS score

(3) Effective rate
(4) Incidence of complications

after surgery

Long (2021) [28] I: not presented
C: not presented

I: 44 ± 5
C: 42 ± 5

MA (GB39, BL11, BL17, non-fractured side Zhoufeng point; 1 time a day for
6–8 weeks, 30 min, acupuncture with joint mobilization)

+ basic rehabilitation
Basic rehabilitation (1) ROM of knee joint

(2) Effective rate

Cheng (2021) [27] I: 26/20
C: 23/22

I: 41.83 ± 7.24
C: 41.91 ± 7.32

MA (GV20, fractured side LR3, SP10, both sides PC6; treatment frequency was
not presented within 1 week after surgery; 30 min; twirling manipulation,

reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation (1) VAS

Zhang (2020) [29] I: 25/15
C: 21/19

I: 42.8 ± 11.2
C: 40.5 ± 13.0

MA (ST34, EX-LE5, EX-LE2, SP9, GB34, BL40, ST37; 1 time a day for
30 days to 6 months after surgery, 30 min; technique for receiving de qi,

reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation (1) ROM of knee joint

Wang (2020) [30] I: 20/15
C: 20/15

I: 52.91 ± 11.51
C: 52.87 ± 11.53

MA (EX-LE5, ST34, BL40, GB34, SP9, ST37, EX-LE2; 1 time a day for
3 months, 30 min; reinforcing–reducing manipulation)

+ basic rehabilitation
Basic rehabilitation

(1) HSS score
(2) ROM of knee joint

(3) Effective rate
(4) Incidence of complications

after surgery
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Table 2. Cont.

Author (Year) Gender (M/F) Age Intervention Group Control Group Main Outcomes

Wang (2019) [31] I: 21/29
C: 24/26

I: 42.5 ± 12.6
C: 42.4 ± 12.5

MA (ST34, EX-LE5, ST37, GB34; treatment frequency was not presented,
28 days to 3 months after surgery; 30 min)

+ basic rehabilitation
Basic rehabilitation (1) Incidence of complications

after surgery

Zhang (2018) [32] I: 20/17
C: 19/18

I: 49. 84 ± 2. 94
C: 49. 73 ± 2. 57

MA (ST34, ST37, EX-LE5, BL40, SP9, GB34, EX-LE2; 1 time a day; the total period
of treatment was not presented, 20–30 min;

technique for receiving de qi, reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation (1) Incidence of complications
after surgery

Liu (2018) [34] I: 30/15
C: 29/16

I: 47.9 ± 1.7
C: 46.3 ± 1.5

MA (EX-LE5, ST34, BL40, ST37, EX-LE2, SP9, GB34, treatment frequency was not
presented, the total period of treatment was not presented; 30 min)

+ basic rehabilitation
Basic rehabilitation (1) Incidence of complications

after surgery

Si (2018) [33] I: 38/15
C: 35/17

I: 37.2 ± 5.9
C: 36.8 ± 5.4

EA (SP10, GB34, LI4, LI11, SP6, Ashi points, within 7 days after surgery; ST40,
GB34, BL17, 8 to 28 days after surgery; EX-LE5, both sides BL11, BL18, BL20,

BL23, ST36, 29 to 56 days after surgery; treatment frequency was not presented;
30 min; twirling manipulation,

reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation (1) HSS score
(2) Effective rate

Liu (2017) [35] I: 32/21
C: 21/17

I: 38.11 ± 8.2
C: 36.36 ± 7.14

EA (Fracture side SP10, GB34, LI4, LI11, SP36, Ashi points, within 7 days after
surgery; fractured side GB34, ST40, BL17, 8–28 days after surgery; both sides

BL11, BL18, BL23, BL20, ST36, EX-LE5, ST34, 29–56 days after surgery; treatment
frequency was not presented; 30 min; technique for receiving de qi, twirling

manipulation, reinforcing–reducing manipulation)
+ basic rehabilitation

Basic rehabilitation (1) HSS score
(2) Effective rate

Liu (2015) [36] I: 22/21
C: 23/20

I: 42.3 ± 12.4
C: 41.4 ± 11.8

MA (ST34, EX-LE5, ST37, BL40, EX-LE2, GB34, SP9; treatment frequency was not
presented, the total period of treatment was not presented,

from 20 days after surgery; 30 min)
+ basic rehabilitation

Basic rehabilitation
(1) HSS score

(2) Incidence of complications
after surgery

M: male; F: female; I: intervention group; C: control group; MA: manual acupuncture; EA: electroacupuncture; TEAS: transcutaneous electrical acupoint stimulation; TCM: traditional
Chinese medicine; VAS: visual analogue scale; HSS: Hospital for Special Surgery; ROM: range of motion.
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3.2.2. Allocation Concealment

Only one study [11] adequately carried out allocation using sealed envelope. The
other studies [9,12,18–30] were judged to show unclear risk because they did not present
the method of allocation concealment.

3.2.3. Blinding of Participants and Personnel

Due to the nature of RCTs on acupuncture, all 16 studies were judged to have a high
risk of bias.

3.2.4. Blinding of Outcome Assessment

Only one study [11] reported that evaluators were independent of the intervention and
blinded to the assigned groups. The other studies [9,12,18–30] were judged to show unclear
risk because they did not clarify the specific methods used to prevent detection bias.

3.2.5. Incomplete Outcome Data

One study [11] reported dropouts, but this was judged to be insignificant because the
dropout rates of the groups were very low. The other studies [9,12,18–30] were judged to
show a low risk of bias because there was no missing data.

3.2.6. Selective Reporting

Two studies [26,28] were judged to show a high risk of bias because specific HSS
scores, one of the primary outcomes, were not reported as mean or standard deviation.
Also, one study [25] was judged to show a high risk of bias because the total HSS score and
muscle strength score of HSS were missing. Another study [23] was judged to show a high
risk of bias because the total HSS scores were missing and there were no reports of adverse
events. One study [21] was judged to show unclear risk because it was only VAS-checked
after 7 days of treatment, while other outcomes were checked after 8 weeks of treatment
and there were no reports of adverse events. A total of five studies [11,12,22,27,29] were
judged to show unclear risk because there were no reports of adverse events. The other
studies [9,18–20,24,30] were judged to show a low risk of bias.

3.2.7. Other Bias

One study [23] was judged to show unclear risk because the method of measuring joint
range of motion was not clearly presented. As the total period of acupuncture treatment
was not presented, two studies [26,28] were judged to show unclear risk. Another study [9]
was judged to show unclear risk because needling duration for each treatment was not
presented. Six studies [21,25,27–30] were judged to show unclear risk because treatment
frequency was not presented. The other studies [11,12,18–20,22,24] were judged to show a
low risk of bias.

3.3. Effects of Interventions

The meta-analysis was performed on 16 studies [9,11,12,18–30]. Five outcomes were
analyzed: VAS, HSS score, ROM of knee joint, effective rate, incidence of complications
after surgery. SMD was adopted for the meta-analysis of ROM of knee joint, because
there were differences between studies in the methods used to measure ROM of knee joint.
Because of considerable heterogeneities, a subgroup analysis was conducted for VAS, HSS
score, and ROM of knee joint. No meaningful subgroup analyses that could explain the
considerable heterogeneity in ROM of knee joint were found.
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3.3.1. VAS

In the meta-analysis of five studies [9,11,12,19,21] involving 341 patients, compared
to control group, the acupuncture group showed significant improvement in the VAS
(MD −1.03, 95% CI [−1.44, −0.62]; I2 = 84%; Figure 3), with substantial heterogeneity. The
subgroup analysis was based on duration of treatment prior to evaluation. All duration of
treatment prior to evaluation showed more significant improvement: 0–1 week (MD −1.21,
95% CI [−2.05, −0.36]; I2 = 86%), 6–12 weeks (MD −0.88, 95% CI [−1.33, −0.43]). The
sensitivity analysis (leave-one-out method) revealed MD ranging from 0.85 to 1.19 with no
loss of significance (Table S4).

 

Figure 3. The forest plot of VAS (subgroup analyzed by duration of treatment prior to evaluation).
The green squares represent the mean differences calculated for each study, and the horizontal lines
indicate their 95% confidence intervals. The diamond represents the pooled mean difference with its
95% confidence interval [9,11,12,19,21].

3.3.2. HSS Score

In the meta-analysis of seven studies [19,24,25,30,33,35,36] involving 564 patients,
compared to control group, the acupuncture group showed more significant improvement
in the total HSS score (MD 13.21, 95% CI [9.16, 17.26]; I2 = 94%; Figure 4), with substantial
heterogeneity. The subgroup analysis was based on the types of acupuncture treatments.
All types of acupuncture treatments showed significantly better improvement: manual
acupuncture (MD 10.76, 95% CI [6.97, 14.55]; I2 = 92%), electroacupuncture (MD 19.46,
95% CI [17.36, 21.55]; I2 = 0%). The sensitivity analysis (leave-one-out method) revealed
MD ranging from 12.17 to 14.45 with no loss of significance (Table S5).

3.3.3. ROM of Knee Joint

In the meta-analysis of four studies [26,28–30] involving 368 patients, acupuncture
group showed significantly better improvement in the ROM of knee joint compared to con-
trol group (SMD 1.80, 95% CI [0.32, 3.28]; I2 = 97%; Figure 5), with substantial heterogeneity.
The sensitivity analysis (leave-one-out method) revealed SMD ranging from 1.08 to 2.26
(p = 0.08 to p = 0.008) (Table S6).

3.3.4. Effective Rate

We used seven studies [19,25,26,28,30,33,35] involving 636 patients in a meta-analysis
of the effective rate. The acupuncture group was more effective than the control group
(OR 4.92, 95% CI [2.79, 8.68]; I2 = 0%; Figure 6). The sensitivity analysis (leave-one-out
method) revealed OR ranging from 4.58 to 5.58 with no loss of significance (Table S7).
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Figure 4. The forest plot of HSS score (subgroup analyzed by types of acupuncture). The green
squares represent the mean differences calculated for each study, and the horizontal lines indi-
cate their 95% confidence intervals. The diamond represents the pooled mean difference with its
95% confidence interval [19,24,25,30,33,35,36]. MA: manual acupuncture; EA: electroacupuncture.

Figure 5. The forest plot of ROM of knee joint. The green squares represent the standardized
mean differences calculated for each study, and the horizontal lines indicate their 95% confidence
intervals. The diamond represents the pooled standardized mean difference with its 95% confidence
interval [26,28–30].

Figure 6. The forest plot of effective rate. The blue squares represent the odds ratios calculated for
each study, and the horizontal lines indicate their 95% confidence intervals. The black diamond
represents the pooled odds ratio with its 95% confidence interval [19,25,26,28,30,33,35].

3.3.5. Incidence of Complications After Surgery

We used eight studies [24–26,30–32,34,36] involving 644 patients in a meta-analysis of
incidence of complications after surgery. The acupuncture group showed a significantly
lower risk of complications compared with the control group (OR 0.13, 95% CI [0.06, 0.26];
I2 = 0%; Figure 7). A total of four studies reported specific complications, including arthritis,
venous thrombosis, joint stiffness, malunion and nonunion (Table S8). The sensitivity
analysis (leave-one-out method) revealed OR ranging from 0.11 to 0.14 with no loss of
significance (Table S9).



Healthcare 2025, 13, 2883 12 of 17

Figure 7. The forest plot of incidence of complications after surgery. The blue squares represent
the odds ratios calculated for each study, and the horizontal lines indicate their 95% confidence
intervals. The black diamond represents the pooled odds ratio with its 95% confidence inter-
val [24–26,30–32,34,36].

3.4. Adverse Events After Acupuncture

One study [9] reported mild adverse events, including one case of dizziness, one case
of bleeding at acupuncture site and one case of anorexia after acupuncture.

3.5. The Level of Evidence

The assessment of the quality of evidence is summarized in Table 3. The quality of
evidence for all outcomes was downgraded by one level because all 16 RCTs showed a
high risk of performance bias. VAS and HSS scores, which showed significant improve-
ment, showed considerable heterogeneity, but subgroup analysis showed improvement
in heterogeneity, and the direction of effect was consistent, so the quality of evidence for
inconsistency was downgraded by one level. Although there was improvement in ROM of
knee joint, the quality of evidence for inconsistency was downgraded by two levels due to
considerable heterogeneity not explained by subgroup analysis. There was no evidence
of indirectness, as all studies directly compared interventions. There was no evidence of
imprecision in HSS score, incidence of complications after surgery and effective rate, as the
population size was adequate. In the case of VAS and ROM of the knee joint, the sample
size significantly exceeded the Optimal Information Size (OIS), approaching 400, and the
confidence intervals did not include the null effect; therefore, the grade for imprecision was
not downgraded.

Table 3. Summary of findings for GRADE ratings.

Anticipated Absolute
Effects (95% CI)

Relative Effect
(95% CI)

Number of Participants
(Studies)

Certainty of the Evidence
(GRADE) Rated Down Reasons

VAS MD 1.03 lower
(1.44 lower to 0.62 lower) - 341

(5 RCTs)
⊕⊕##

Low
Risk of bias

Inconsistency

HSS score MD 13.21 higher
(9.16 higher to 17.26 higher) - 564

(7 RCTs)
⊕⊕##

Low
Risk of bias

Inconsistency

ROM of knee joint SMD 1.8 SD higher
(0.32 higher to 3.28 higher) - 368

(4 RCTs)
⊕###

Very low
Risk of bias

Inconsistency

Effective rate 156 more per 1000
(from 121 more to 177 more)

OR 4.92
(2.79 to 8.68)

636
(7 RCTs)

⊕⊕⊕#
Moderate Risk of bias

Incidence of
complications
after surgery

152 fewer per 1000
(from 167 fewer to 126 fewer)

OR 0.13
(0.06 to 0.26)

644
(8 RCTs)

⊕⊕⊕#
Moderate Risk of bias

⊕⊕⊕#: Moderate certainty; ⊕⊕##: Low certainty; ⊕###: Very low certainty. CI: confidence interval; MD:
mean difference; OR: odds ratio; SMD: standardized mean difference; VAS: visual analogue scale; HSS: Hospital
for Special Surgery; ROM: range of motion.
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4. Discussion
Our meta-analysis found that, compared with CR or medication alone, acupuncture

combined with CR or medication reduced pain (VAS), improved function, increased ROM
and reduced post-operative complications. For pain, a meta-analysis of five RCTs reporting
VAS results showed greater pain reduction with acupuncture, and this effect was observed
regardless of treatment duration in subgroup analyses. Similarly, a meta-analysis of seven
RCTs reporting HSS scores demonstrated that acupuncture combined with CR was more
effective than CR alone, with subgroup analyses indicating consistent benefits regardless of
the type of acupuncture. In terms of ROM, four RCTs indicated that acupuncture improved
knee joint mobility, although the high heterogeneity could not be explained by subgroup
analyses. Regarding the effective rate, sevenf RCTs consistently showed that acupuncture
combined with CR was more effective than CR alone, with relatively low heterogeneity.
However, the use of “effective rate” as an outcome is common in Chinese studies but is
not widely recognized internationally, which may affect the validity and comparability of
the results.

After fracture, reduction and stabilization are important, but subsequent management
and rehabilitation are essential. Early mobilization can help reduce complications such as
knee joint stiffness, muscle and bone atrophy, synovial adhesions, and capsular contractions,
and also improves range of motion (ROM) and muscle strength [10,37,38]. Although several
rehabilitation protocols after tibial fracture have been proposed, controversy remains
regarding the most appropriate methods, and there is a growing demand for programmes
that alleviate symptoms and improve joint function [39,40].

Acupuncture has been reported to provide analgesic effects and functional improve-
ment by directly stimulating muscles around the joint, making it a potential adjunctive
rehabilitation option [9,18,19]. For example, one previous systematic review demonstrated
that acupuncture in addition to conventional rehabilitation reduced pain after proximal
humerus fracture [20].

The most commonly used acupuncture point was GB34, followed by EX-LE5, SP9,
ST34, ST37, BL40, EX-LE2, and SP10. These points are mainly located around the knee joint
and are thought to enhance bone healing, reduce pain, and improve function. Evidence from
animal models has shown that electroacupuncture near the surgical site of tibial fracture
and acupuncture near the surgical site of femur fracture, as well as at distal acupoints,
promoted callus formation and bone mineralization during the bone healing process [41,42].
In addition, Li H et al. reported that acupuncture at SP10 alleviated post-operative pain in
elderly patients with intertrochanteric fracture [43], and Lian X et al. demonstrated in an
animal model that electroacupuncture at SP9 restored injured gastrocnemius muscle and
increased growth factor expression, potentially contributing to improved knee and ankle
joint function after tibial fracture [44]. However, because only a limited number of studies
reported side effects, further high-quality trials are needed to confirm the safety profile.

Complications such as compartment syndrome, knee pain, knee stiffness, ankylosis,
deep infection, post-traumatic arthritis, malunion, and nonunion are common concerns after
tibial fracture surgery [45,46]. A meta-analysis of eight RCTs that reported complication
outcomes demonstrated that acupuncture combined with conventional rehabilitation (CR)
was associated with a lower incidence of post-operative complications compared with CR
alone. The spectrum of complications in the acupuncture groups mirrored that in the control
groups, suggesting that these events were not directly caused by acupuncture treatment.
Across trials, acupuncture was generally initiated without a post-operative rest period,
and no severe complications, such as deep infection, were reported. One RCT [9] reported
only mild, self-limiting adverse events (e.g., dizziness, minor bleeding at the needling site,
anorexia), with no serious or life-threatening events. Collectively, these findings suggest
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that acupuncture may have a favourable safety profile as an adjunct after tibial fracture
surgery. Nevertheless, adverse-event reporting was limited and heterogeneous across
studies; well-designed trials with standardized safety monitoring are needed to confirm
these safety findings.

This study has several limitations. First, among the 16 included trials, 15 were con-
ducted in China and one in Vietnam, which may limit generalizability. Second, allocation
concealment and blinding were often poorly reported, which reduces confidence in the
findings. In addition, important details on treatment regimen and outcome assessment
were frequently missing, which further limits the reliability of the evidence. Third, blinding
was not feasible due to the specific nature of acupuncture, introducing a risk of perfor-
mance bias that may have affected the level of the evidence (Table 3). Fourth, only two
trials [33,35] reported bone healing time, and none evaluated long-term functional recov-
ery, which limits the comprehensiveness of the findings. Given the very limited data, a
meta-analysis was not feasible. Finally, between-study heterogeneity was substantial for
several outcomes—particularly ROM (I2 = 97%) and HSS (I2 = 94%), and high for VAS
(I2 = 84%)—which tempers confidence in the precision and generalizability of these esti-
mates. Potential sources include clinical variability (acupoint selection and dosing, timing
relative to surgery, type of conventional rehabilitation, follow-up time points) and method-
ological differences (outcome operationalization/measurement and risk of bias profiles).
Subgroup analysis only partially explained the observed heterogeneity, which weakens
confidence. Leave-one-out sensitivity analyses supported robustness to single-study in-
fluence across outcomes (i.e., pooled effects and significance were largely preserved when
omitting individual trials), but this did not resolve the underlying inconsistency. These
issues should be considered when interpreting the certainty of the evidence.

5. Conclusions
Acupuncture combined with CR or acupuncture combined with medication during

the rehabilitation period after tibial fracture surgery may offer potential benefits in reduc-
ing pain, enhancing knee joint function, increasing ROM, and decreasing post-operative
complications. However, these findings should be interpreted cautiously due to the rela-
tively low methodological quality of the included RCTs, substantial heterogeneity in the
meta-analysis, and the overall low certainty of evidence. This study is the first systematic
review evaluating the effects of acupuncture after tibial fracture surgery. We expect that
our data may serve as a valuable basis for acupuncture research and clinical practice for
various fractures, and more high-quality RCT studies in various countries are needed.
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CPM continuous passive motion
TEAS transcutaneous electrical acupoint stimulation
VAS visual analogue scale
CNKI China National Knowledge Infrastructure
J-stage Japan Science and Technology Information Aggregator Electronic
RISS Research Information Service System
KISS Korean Studies Information Service System
OASIS Oriental Medicine Advanced Searching Integrated System
MD mean difference
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OR odds ratio
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References
1. Lee, J.M.; Lee, E.-J. Effect of Korean medicine treatments in patients with proximal tibia fracture: A retrospective observational

study. J. Korean Med. Rehabil. 2020, 30, 141–149. [CrossRef]
2. Tamburini, L.; Zeng, F.; Neumann, D.; Jackson, C.; Mancini, M.; Block, A.; Patel, S.; Wellington, I.; Stroh, D. A Review of Tibial

Shaft Fracture Fixation Methods. Trauma Care 2023, 3, 202–211. [CrossRef]
3. Bode, G.; Strohm, P.; Südkamp, N.; Hammer, T. Tibial shaft fractures-management and treatment options. A review of the current

literature. Acta Chir. Orthop. Traumatol. Cech. 2012, 79, 499–505. [CrossRef]
4. Ekman, E.; Lehtimäki, K.; Syvänen, J.; Saltychev, M. Comparison between nailing and plating in the treatment of distal tibial

fractures: A meta-analysis. Scand. J. Surg. 2021, 110, 115–122. [CrossRef]
5. Gahr, P.; Kopf, S.; Pauly, S. Current concepts review. Management of proximal tibial fractures. Front. Surg. 2023, 10, 1138274.

[CrossRef]
6. Court-Brown, C.M.; Caesar, B. Epidemiology of adult fractures: A review. Injury 2006, 37, 691–697. [CrossRef]
7. Iliopoulos, E.; Galanis, N. Physiotherapy after tibial plateau fracture fixation: A systematic review of the literature. SAGE Open

Med. 2020, 8, 2050312120965316. [CrossRef]
8. Kröger, I.; Müßig, J.; Brand, A.; Pätzold, R.; Wackerle, H.; Klöpfer-Krämer, I.; Augat, P. Recovery of gait and function during the

first six months after tibial shaft fractures. Gait Posture 2022, 91, 66–72. [CrossRef]
9. Quoc, L.T.; Thanh, H.N.T.; Khanh, T.L.; Trung, D.T. The role of acupuncture in pain and swelling control for postoperative tibial

fracture treatment. Int. J. Surg. Case Rep. 2022, 99, 107600. [CrossRef]
10. Phan, T.M.; Arnold, J.; Solomon, L.B. Rehabilitation for tibial plateau fractures in adults: A scoping review protocol. JBI Database

Syst. Rev. Implement. Rep. 2017, 15, 2437–2444. [CrossRef]

https://doi.org/10.18325/jkmr.2020.30.3.141
https://doi.org/10.3390/traumacare3030019
https://doi.org/10.55095/achot2012/072
https://doi.org/10.1177/1457496920957830
https://doi.org/10.3389/fsurg.2023.1138274
https://doi.org/10.1016/j.injury.2006.04.130
https://doi.org/10.1177/2050312120965316
https://doi.org/10.1016/j.gaitpost.2021.09.199
https://doi.org/10.1016/j.ijscr.2022.107600
https://doi.org/10.11124/JBISRIR-2016-002949


Healthcare 2025, 13, 2883 16 of 17

11. White, A.; Foster, N.E.; Cummings, M.; Barlas, P. Acupuncture treatment for chronic knee pain: A systematic review. Rheumatology
2007, 46, 384–390. [CrossRef]

12. Cox, J.; Varatharajan, S.; Cote, P.; Optima, C. Effectiveness of Acupuncture Therapies to Manage Musculoskeletal Disorders of the
Extremities: A Systematic Review. J. Orthop. Sports Phys. Ther. 2016, 46, 409–429. [CrossRef]

13. Manyanga, T.; Froese, M.; Zarychanski, R.; Abou-Setta, A.; Friesen, C.; Tennenhouse, M.; Shay, B.L. Pain management with
acupuncture in osteoarthritis: A systematic review and meta-analysis. BMC Complement. Altern. Med. 2014, 14, 312. [CrossRef]

14. Lin, J.G.; Kotha, P.; Chen, Y.H. Understandings of acupuncture application and mechanisms. Am. J. Transl. Res. 2022, 14,
1469–1481.

15. Han, J.S. Acupuncture and endorphins. Neurosci. Lett. 2004, 361, 258–261. [CrossRef]
16. Park, S.I.; Sunwoo, Y.Y.; Jung, Y.J.; Chang, W.C.; Park, M.S.; Chung, Y.A.; Maeng, L.S.; Han, Y.M.; Shin, H.S.; Lee, J.; et al.

Therapeutic Effects of Acupuncture Through Enhancement of Functional Angiogenesis and Granulogenesis in Rat Wound
Healing. Evid. Based Complement. Altern. Med. 2012, 2012, 464586. [CrossRef]

17. Tedesco, D.; Gori, D.; Desai, K.R.; Asch, S.; Carroll, I.R.; Curtin, C.; McDonald, K.M.; Fantini, M.P.; Hernandez-Boussard, T. Drug-
free interventions to reduce pain or opioid consumption after total knee arthroplasty: A systematic review and meta-analysis.
JAMA Surg. 2017, 152, e172872. [CrossRef]

18. Wu, Y.; Zhou, J.; Zhu, F.; Zhang, M.; Chen, W. The effects of pain relief on proprioception and muscle strength for tibial plateau
fractures: A randomized controlled trial. Musculoskelet. Sci. Pract. 2022, 62, 102658. [CrossRef]

19. Deng, B.; Zheng, C.-X.; Wu, Y.-R.; Wu, Z.-S.; Chen, J.-Y. Effect of Acupuncture Combined with Rehabilitation Training on Rapid
Rehabilitation After Surgery of Tibial Plateau Fracture. J. Guangzhou Univ. Tradit. Chin. Med. 2024, 41, 129–134.

20. Chang, H.; Lee, H.; Kim, H.; Chung, W.-S. The use of acupuncture in the management of patients with humeral fractures: A
systematic review and meta-analysis. J. Manip. Physiol. Ther. 2021, 44, 146–153. [CrossRef]

21. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E. The PRISMA 2020 statement: An updated guideline for reporting systematic reviews. BMJ 2021, 372, 71. [CrossRef]

22. Moher, D.; Liberati, A.; Tetzlaff, J.; Altman, D.G.; PRISMA Group. Preferred reporting items for systematic reviews and
meta-analyses: The PRISMA statement. Ann. Intern. Med. 2009, 151, 264–269. [CrossRef]

23. Balshem, H.; Helfand, M.; Schünemann, H.J.; Oxman, A.D.; Kunz, R.; Brozek, J.; Vist, G.E.; Falck-Ytter, Y.; Meerpohl, J.; Norris, S.
GRADE guidelines: 3. Rating the quality of evidence. J. Clin. Epidemiol. 2011, 64, 401–406. [CrossRef]

24. Chen, R.; Cai, G.; Lu, T. Exploring the Application of Chinese Medicine Acupuncture Combined with Rehabilitation Training in
Postoperative Patients with Tibial Fractures. China Foreign Med. Treat. 2023, 42, 163–166.

25. Fan, X.; Wang, Y. Clinical Efficacy of TCM Fumigation & Washing Combined with Acupuncture in the Rehabilitation of Patients
Underwent Tibial Fracture Surgery. Res. Treat. Traumas 2022, 34, 205–208.

26. Xiao, J.; Li, J.; Zuo, S. Application of Acupoint Needling Combined with Knee Joint Rehabilitation Training in Patients After
Tibial Plateau Fracture Surgery. Chin. J. Conval. Med. 2022, 31, 387–390.

27. Cheng, X.-F. The Effects of Acupuncture Combined with Rehabilitation Training on Pain Intensity and Functional Recovery after
Tibial Fracture Surgery. J. Pract. Tradit. Chin. Med. 2021, 37, 856–857.

28. Long, H.-B.; Zhnag, S.; Wang, Y. Effect of Acupuncture plus Rehabilitation Training on Joint Mobility and Stress State in Patients
After Tibial Plateau Fracture Surgery. Shanghai J. Acupunct. Moxibustion 2021, 40, 333–337.

29. Zhang, Y.; Dong, H. Effects of Acupuncture on Knee Joint Function of Patients with Fracture of Tibial Plateau after Operation.
West. J. Tradit. Chin. Med. 2020, 33, 127–129.

30. Wang, T. Application of Early Rehabilitation Training Combined with Traditional Chinese Acupuncture in the Recovery of
Postoperative Dysfunction Following Fracture Surgery. Shenzhen J. Integr. Tradit. Chin. West. Med. 2020, 30, 36–37.

31. Wang, J.; Cheng, C. Systematic Evaluation of Acupuncture Combined with Routine Training in Postoperative Rehabilitation of
Tibial Plateau Fracture Patients. Med. Innov. China 2019, 16, 151–154.

32. Zhang, Z.-W.; Li, W. The Effects of Acupuncture and Routine Training on Postoperative Recovery of Tibial Plateau Fracture.
Guangming J. Chin. Med. 2018, 33, 2714–2716.

33. Si, Y.-L.; Zhang, X.-R.; Liu, E. The Effects of Plate Fixation Compression Combined with Staged Acupuncture on Hemorheology
and Serum Phosphorus-Calcium Levels in Patients with Tibial Fractures. Mod. J. Integr. Tradit. Chin. West. Med. 2018, 27,
2835–2838.

34. Liu, Y. Observation of the Effectiveness of Acupuncture Combined with Routine Training in Postoperative Rehabilitation of Tibial
Plateau Fractures. Cardiovasc. Dis. J. Integr. Tradit. Chin. West. Med. 2018, 6, 165.

35. Liu, Z.; Han, G. Effects of steel plate internal fixation compression combined with staging acupuncture on hemorheology and
serum levels of calcium phosphate in treatment of tibial fractures. Hebei Med. J. 2017, 39, 545–550.

36. Liu, G.; Liu, T. Clinical Significance of Acupuncture Combined with Routine Training in Postoperative Rehabilitation of Tibial
Plateau Fractures. Mod. J. Integr. Tradit. Chin. West. Med. 2015, 24, 757–759.

https://doi.org/10.1093/rheumatology/kel413
https://doi.org/10.2519/jospt.2016.6270
https://doi.org/10.1186/1472-6882-14-312
https://doi.org/10.1016/j.neulet.2003.12.019
https://doi.org/10.1155/2012/464586
https://doi.org/10.1001/jamasurg.2017.2872
https://doi.org/10.1016/j.msksp.2022.102658
https://doi.org/10.1016/j.jmpt.2020.09.001
https://doi.org/10.1136/bmj.n71
https://doi.org/10.7326/0003-4819-151-4-200908180-00135
https://doi.org/10.1016/j.jclinepi.2010.07.015


Healthcare 2025, 13, 2883 17 of 17

37. Akeson, W.; Amiel, D.; Abel, M.; Garfin, S.; Woo, S.L. Effects of immobilization on joints. Clin. Orthop. Relat. Res. 1987, 219, 28–37.
[CrossRef]

38. Gursale, A.; Kaware, R.; Mesare, V.; Borse, A.; Tuse, S.; Matin, A.; Dhamdhere, S. Surgical and Functional Outcome of Early
Mobilization in Proximal Tibial Fracture. Asian J. Orthop. Res. 2022, 7, 15–24.

39. McLaughlin, K.H.; Reider, L.M.; Castillo, R.C.; Ficke, J.R.; Levy, J.F. Outpatient physical therapy use following Tibial fractures: A
retrospective commercial claims analysis. Phys. Ther. 2021, 101, pzab034. [CrossRef]

40. Song, M.-Y.; Jo, H.-G.; Sul, J.-U.; Leem, J. Proposal of east-west integrative medicine manual for rehabilitation after knee surgery.
J. Korean Med. Rehabil. 2018, 28, 97–107. [CrossRef]

41. Nakajima, M.; Inoue, M.; Hojo, T.; Inoue, N.; Tanaka, K.; Takatori, R.; Itoi, M. Effect of electroacupuncture on the healing process
of tibia fracture in a rat model: A randomised controlled trial. Acupunct. Med. 2010, 28, 140–143. [CrossRef] [PubMed]

42. Seval, Y.; Emre, K.; Erhan, Y.; Ahmet, K.; Suleyman, G.; Mustafa, O. Effect of acupuncture therapy on fracture healing in rats with
femur fractures. J. Tradit. Chin. Med. 2020, 40, 275–283.

43. Li, H.; Wang, B.; Chen, C. Acupuncture around the greater tuberosity of the femur combined with acupuncture at Xuehai acupoint
alleviates the postoperative pain of elderly patients with intertrochanteric fracture. Am. J. Transl. Res. 2021, 13, 8372. [PubMed]

44. Lian, X.; Chen, S.; Fang, Y.; Wang, S.; Lin, J. Effects of Electroacupuncture at Sanyinjiao and Yinlingquan Acupoints on Muscle
Repair and Expression of Growth Factors in Gastrocnemius Muscle Damaged Rats. Chin. J. Rehabil. Theory Pract. 2015, 21,
1273–1276.

45. Papagelopoulos, P.J.; Partsinevelos, A.A.; Themistocleous, G.S.; Mavrogenis, A.F.; Korres, D.S.; Soucacos, P.N. Complications after
tibia plateau fracture surgery. Injury 2006, 37, 475–484. [CrossRef]

46. Hendrickx, L.A.; Virgin, J.; Van Den Bekerom, M.P.; Doornberg, J.N.; Kerkhoffs, G.M.; Jaarsma, R.L. Complications and subsequent
surgery after intra-medullary nailing for tibial shaft fractures: Review of 8110 patients. Injury 2020, 51, 1647–1654. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1097/00003086-198706000-00006
https://doi.org/10.1093/ptj/pzab034
https://doi.org/10.18325/jkmr.2018.28.1.97
https://doi.org/10.1136/aim.2009.001800
https://www.ncbi.nlm.nih.gov/pubmed/20615854
https://www.ncbi.nlm.nih.gov/pubmed/34377330
https://doi.org/10.1016/j.injury.2005.06.035
https://doi.org/10.1016/j.injury.2020.04.021

	Introduction 
	Materials and Methods 
	Criteria for Inclusion and Exclusion 
	Study Types 
	Participants 
	Interventions 
	Outcomes 

	Search Strategy 
	Article Screening 
	Data Extraction 
	Data Collection and Analysis 
	Methodological Quality Assessment for the Included Studies 
	Risk of Bias 
	The Level of Evidence 


	Results 
	Description of Studies 
	Risk of Bias Assessment 
	Random Sequence Generation 
	Allocation Concealment 
	Blinding of Participants and Personnel 
	Blinding of Outcome Assessment 
	Incomplete Outcome Data 
	Selective Reporting 
	Other Bias 

	Effects of Interventions 
	VAS 
	HSS Score 
	ROM of Knee Joint 
	Effective Rate 
	Incidence of Complications After Surgery 

	Adverse Events After Acupuncture 
	The Level of Evidence 

	Discussion 
	Conclusions 
	References

