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Nice knots assistance in comminuted et

and displaced clavicle fractures reduce
intraoperative blood and shorten operation
time with a satisfactory postoperative clinical
outcome

Chao Li'", Weiwei Cao'", Jinlei Dong?, Lianxin Li?, Lin Li*, Huailin Kou®" and Fanxiao Liu?"

Abstract

Background This study aims to evaluate the efficacy and clinical outcomes of Nice knot-assisted fixation in the man-
agement of comminuted and displaced clavicle fractures.

Methods A systematic search was conducted across multiple electronic databases, including PubMed, Embase,
Cochrane Library, China Biology Medicine (CBM) database, CNKI, Wanfang, and VIP database, to identify studies
comparing Nice knot-assisted fixation with traditional surgical treatment for displaced midshaft clavicle fractures.
The primary outcomes assessed included fracture healing times, hospitalization days, complications, and functional
outcomes. Secondary outcomes such as intraoperative blood loss, operative time, incision length, and fluoroscopy
time were also evaluated. Data were analyzed using random-effects models, and summary statistics including Mean
Difference (MD), risk ratios (RRs) and theirs'95% confidence intervals (Cls) were calculated.

Results Screening of the literature yielded a total of 11 studies meeting the inclusion criteria, involving 754 patients.
Meta-analysis of the pooled data demonstrated a significant advantage of Nice knot-assisted fixation over tradi-
tional surgical treatment in terms of operative time (MD=-11.53,95% Cl:-18.16 to -4.91, p=0.0006) and blood loss
(MD=-14.19, 95% Cl: -20.93 to -7.45, p=0.00001). Additionally, Nice knot-assisted fixation was associated with reduced
fracture healing time (MD=-0.63, 95% Cl:-1.12 t0 -0.14, p=0.01) rather than hospitalization days (MD=-0.47, 95%
Cl:-1.14t0 0.21, p=0.18) and complications (RR=0.48, 95% Cl: 0.23 to 1.01, p=0.05) compared to traditional surgical
treatment. Moreover, nice knot-assisted fixation was associated with increased constant-murley score and Neer score,
and reduced visual analogue scale (VAS) score compared to traditional surgical treatment.

Conclusion This study highlights that Nice knot assistance offers advantages in reducing intraoperative blood loss,
shortening operation time, and achieving favorable postoperative outcomes.

Keywords Clavicle fractures, Nice knot, Fixation, Meta-analysis, Clinical outcomes, Surgical technique

*Chao Li and Weiwei Cao contributed equally in the planning, construction
and writing of the manuscript as the first author.

*Correspondence:

Huailin Kou

15866623279@163.com

Fanxiao Liu

woshi631@126.com; liufanxiao@sdfmu.edu.cn

Full list of author information is available at the end of the article

©The Author(s) 2024. Open Access This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0
International License, which permits any non-commercial use, sharing, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and indicate if

you modified the licensed material. You do not have permission under this licence to share adapted material derived from this article or
parts of it. The images or other third party material in this article are included in the article’s Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in the article’s Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To
view a copy of this licence, visit http://creativecommons.org/licenses/by-nc-nd/4.0/.


http://creativecommons.org/licenses/by-nc-nd/4.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12891-024-08012-w&domain=pdf
http://orcid.org/0000-0002-1412-849X

Li et al. BMC Musculoskeletal Disorders (2024) 25:896

Introduction

Clavicle fractures are a common orthopedic injury,
accounting for approximately 5-10% of all fractures [1].
While many clavicle fractures can be managed conserva-
tively, surgical intervention is often necessary for com-
plex or displaced fractures to promote optimal healing
and restore function. However, despite advancements in
surgical techniques, challenges such as nonunion, refrac-
ture, and infection continue to complicate the manage-
ment of clavicle fractures, particularly those involving
comminution or displacement [2].

Comminuted midshaft clavicle fractures present a par-
ticularly challenging clinical scenario, often requiring
precise reduction and stable fixation to prevent compli-
cations and promote optimal healing. Traditional treat-
ment methods, including open reduction and internal
fixation with plates and screws, have shown variable
outcomes and are associated with risks such as hard-
ware failure and infection. Management strategies for
such fractures have evolved over the years, with a focus
on achieving stable fixation while minimizing soft tissue
disruption and promoting early mobilization. Among the
various techniques employed, the Nice knot has emerged
as a promising adjunctive approach, offering advantages
in both reduction and fixation [3].

The Nice knot is a modification of the traditional
square knot used in surgical suturing [4]. The Nice knot
technique involves the use of doubled sutures to cre-
ate a secure and stable construct [5, 6], aiding in frac-
ture reduction and maintaining alignment during plate
fixation [7]. The development of the Nice knot repre-
sents a significant advancement in surgical techniques
for clavicle fracture fixation [8, 9]. Several recent stud-
ies have investigated the clinical outcomes of employing
Nice knots as a supportive measure in the treatment of
midshaft clavicle fractures, particularly in cases of com-
minution and displacement. By doubling the suture
material, the Nice knot enhances knot security and sta-
bility, providing a reliable method for fracture reduction
and fixation [7].

The application of the Nice knot in clavicle fracture
fixation offers several advantages over traditional tech-
niques. Its enhanced frictional grip reduces the risk of
knot failure and suture slippage, improving the stability
of the fixation construct. This is particularly important
in the treatment of comminuted fractures, where achiev-
ing and maintaining reduction can be challenging. In
addition to its clinical benefits, the Nice knot also offers
biomechanical advantages in fracture reduction and fixa-
tion [7]. By creating multiple friction points, the Nice
knot enhances stability and resistance to displacement,
promoting optimal healing. Several recent studies have
investigated the clinical outcomes of Nice knot-assisted
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fixation in the treatment of comminuted midshaft clavi-
cle fractures. On the contrary, the Nice knot technique
can be technically demanding and may extend surgi-
cal time. It has a steep learning curve, with risks of knot
slippage and limited long-term evidence compared to
other methods. Additionally, it may not be suitable for all
patients, especially those with specific anatomical varia-
tions or underlying conditions.

There is limited evidence on its long-term benefits
compared to traditional methods. While some stud-
ies have reported favorable outcomes with Nice knot-
assisted fixation, such as improved fracture reduction
and stability, there is a need for a comprehensive evalua-
tion of its clinical effectiveness. Wu et al. (2021) [10] eval-
uated the use of doubled-suture Nice knot augmented
plate fixation and reported favorable outcomes in terms
of fracture reduction and stability. Similarly, Hong et al.
(2021) [11] compared Nice knots with traditional meth-
ods as an auxiliary reduction-fixation technique and
found advantages in achieving and maintaining anatomi-
cal reduction.

This meta-analysis aims to fill this gap by system-
atically assessing the clinical outcomes of the Nice knot
technique versus traditional fixation methods. By syn-
thesizing data from multiple studies, it seeks to provide
a robust evaluation of the Nice knot’s efficacy and offer
insights into its overall impact on clavicle fracture man-
agement. This comprehensive approach will help clarify
the advantages and drawbacks of the Nice knot technique
and inform clinical practice guidelines.

Materials and methods

This study adhered to the Preferred Reporting Items
for a Systematic Review and Meta-analysis (PRISMA)
guidelines [12]. Since this study involved the analy-
sis of existing literature and did not directly involve
human participants or animals, ethical approval was not
required. All data were extracted from publicly avail-
able sources, and patient confidentiality was maintained
throughout the study.

Literature search

A comprehensive search was conducted across multi-
ple electronic databases, including PubMed, Embase,
Cochrane Library, China Biology Medicine (CBM) data-
base, CNKI, Wanfang, and VIP database, to identify rel-
evant studies examining the efficacy of Nice knot-assisted
fixation for displaced midshaft clavicle fractures. The
search strategy included combinations of keywords such as
“Nice knot’; “surgical methods” or “surgery’; and “clavicle
fracture” Throughout the identification process, there were
no limitations based on language. The last search update
occurred on May 31, 2024. Two separate investigators,
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referred to as investigator A and investigator B, indepen-
dently and without knowledge of each other’s assessments,
conducted the preliminary screening and evaluation of
the studies retrieved according to the predefined criteria.
The titles and abstracts of the papers were examined, and
those that did not fit the scope of the research were dis-
carded. The remaining articles then underwent an exhaus-
tive evaluation. Furthermore, reference lists from relevant
articles, including reviews, meta-analyses, and studies that
met inclusion criteria, were manually inspected by two
separate investigators to locate any additional studies that
might have been missed in the initial database search [13].
The manual examination of references was performed fol-
lowing the above screening process.

Inclusion criteria

Studies were included if they met the following criteria:
(1) clinical studies evaluating the use of Nice knot-assisted
fixation for displaced midshaft clavicle fractures compared
to traditional methods, (2) included randomized controlled
trials (RCTs) or observational studies comparing surgical
treatment with Nice knot-assisted fixation to traditional
surgical treatment, and (3) reported outcomes related to
fracture healing, cosmetic results, intraoperative param-
eters, or postoperative complications. When overlapping
datasets were encountered across various publications,
preference was given to the study either providing the most
thorough data or having the latest publication date.

Exclusion criteria

Studies were excluded if they were duplicates, conference
abstracts, letters, editorials, or non-peer-reviewed arti-
cles. Study that did not provide the necessary data in the
control group was also excluded.

Data extraction

Two independent reviewers extracted relevant data from
the included studies, including study characteristics (e.g.,
author, publication year), patient demographics (age,
sex), intervention details, follow-up, inclusion period,
outcome measures, and effect estimates. Any discrepan-
cies were resolved through discussion or consultation
with a third reviewer.

Quality assessment

The evaluation of the quality of non-randomized tri-
als is crucial in order to assess the validity and reliabil-
ity of the study findings. The methodological quality was
performed by using MINORS scale [14], commonly
used in non-randomized controlled trials, with a total
of 12 items. 0—2 points for each item, with a total score
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of 24 points. 0 indicates that it has not been reported;
1 indicates that it has been reported but the informa-
tion is insufficient; A score of 2 indicates that it has been
reported and provided sufficient information. Studies
with low methodological quality were considered for
sensitivity analysis or subgroup analysis to assess their
impact on the overall results.

Publication bias

Potential publication bias was assessed using funnel plots
and statistical tests, such as Egger’s test, where appropri-
ate. Sensitivity analyses were conducted to evaluate the
robustness of the results and assess the impact of publi-
cation bias on the overall findings.

Statistical analysis

Statistical analyses were performed using appropriate
software packages, such as RevMan software version
5.0. A two-tailed P-value<0.05 was considered statisti-
cally significant. Quantitative synthesis of the extracted
data was performed using appropriate statistical methods
including Mean Difference (MD), risk ratios (RRs) and
theirs’ 95% confidence intervals (Cls) [15]. Meta-analytic
techniques, such as random-effects models, were used to
estimate summary effect sizes and their corresponding
95% confidence intervals. Heterogeneity among the stud-
ies was assessed through statistical methods (Cochran’s
Q test, I’statistic) [16—18]. Where relevant, subgroup
analyses or meta-regression were employed to investigate
potential sources of variability [19]. Meta-regressions
involving variations in study time, size of patient popu-
lations, inclusion period, MINORS scores, and surgical
techniques were performed to explore the source of the
high heterogeneity. Sensitivity analysis was performed by
excluding studies one by one [15].

Results

Study inclusion and exclusion

The electronic database search yielded a total of 1911 records,
with an additional 8 studies identified through the manual
examination of reference lists from relevant articles. Out of
the combined 1919 records, 1864 were excluded due to dupli-
cation or lack of relevance based on their titles and abstracts.
This filtering process left 34 articles, of which 17 were deemed
irrelevant, five lacked a control group [4, 20-23], and one
was classified as an experimental study [7], resulting in their
exclusion. Ultimately, after thorough evaluation, 11 studies
[8, 10, 11, 24—31] encompassing 754 patients were selected as
suitable for quantitative analysis. The detailed inclusion pro-
cedure and exclusion rationale are illustrated in Fig. 1.
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Search results and included participants

The included studies, published between 2019 and
2023, had sample sizes ranging from 36 to 100. In total,
11 studies [8, 10, 11, 24—31] were analyzed to assess the
effectiveness and clinical outcomes of Nice knot-assisted
fixation compared to traditional surgical techniques in
managing comminuted and displaced clavicle fractures.
Various types of studies were included.

According to the MINORS score, 4 (36.4%) [8, 11,
25, 30], 2 (18.2%) [10, 27], 3 (27.3%) [24, 26, 29], and 2
(18.2%) [28, 31] studies scored 15, 13, 12, and 11, respec-
tively. The MINORS score for these studies averaged 12.5,
ranging from 11 to 15. The scores of each included study
are presented in Table 1. Detailed methodological char-
acteristics, procedural features, and demographic data of
the participants in the selected studies are presented in
Table 1.

Operative time and blood loss

We synthesized results from 11 [8, 10, 11, 24-31] and
8 [8, 25-31] studies, encompassing 754 and 535 cases,
respectively, to compare operative time and blood loss
between Nice knot-assisted and traditional methods for
treating comminuted clavicle fractures. Our pooled anal-
ysis indicated that Nice knot-assisted fixation reduced
operation time (pooled MD=-11.53, 95% CI: -18.16 to
-4.91) and decreased intraoperative blood loss (pooled
MD=-14.19, 95% CI: -20.93 to -7.45) compared to con-
ventional methods, as illustrated in Fig. 2. However, the 2
statistic for heterogeneity was 97%, indicating significant
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variability among the included studies. Meta-regressions
involving variations in study time, size of patient popu-
lations, inclusion period, MINORS scores, and surgi-
cal techniques were performed to explore the source of
the high heterogeneity, which indicated that the size of
patient population may the source of high heterogene-
ity (the I? statistic deceased to 0.001% when the size of
patient population is set at 80). Sensitivity analysis, per-
formed by excluding studies one by one, confirmed this
trend consistently.

Incision length and fluoroscopy time

Only two studies [25, 28] examined outcomes related to
incision length and fluoroscopy time. Our analysis sug-
gested that Nice knots assistance reduced fluoroscopy
time but did not significantly affect incision length. The
heterogeneity was high, with an I* statistic of 97%, reflect-
ing substantial variability among the studies. Sensitivity
analysis by excluding studies one by one, supported a
consistent trend. Meta-regressions were not performed
due to the limited records of studies.

Hospitalization days

Pooling data from 4 studies [8, 25, 28, 31], involving a
total of 246 cases, we evaluated the length of hospital
stays comparing Nice knots to traditional surgical meth-
ods for comminuted clavicle fractures. The pooled analy-
sis showed no significant difference in hospitalization
duration (pooled MD=-0.47, 95% CI: -1.14 to 0.21), as
depicted in Fig. 3. The I* statistic for heterogeneity was

Articles identified in
medical databases
(n=1911)

Additional articles identified
through references of articles
(n=8)

|

\4

Articles included on
titles and abstracts
(n=1919)

Articles excluded through
titles and abstracts
(n=1864)

v

A4

Full-text articles assessed
for eligibility
(n=34)

Reasons for exclusion:
-Irrelevant studies (n=17)
-Without control group (n=5)
- Experimental article (n= 1)

A4

[ Included ][ Eligibility ] [ Screening ] [Identification]

Articles fulfilled the
eligibility criteria
(meta-analysis)
(n=11)

Fig. 1 Flow diagram of the literature search and selection process
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Nice Knot Control

r r Mean D Total Mean D Total Weigh
1.1.1 Operative time (min)
Cao, et al. 2022 49.25 12.6 49 5821 827 47  9.8%
Chen, et al. 2020 66.45 7.24 22 73.24 10.97 25 9.6%
Cheng, et al. 2023 64.59 2.73 34 69.74 3.28 32 10.1%
Hong, et al. 2021 786 19 52 944 299 49  83%
Hu, et al. 2021 451 3.8 38 60 7.3 37  10.0%
Huang, et al. 2019 48.3 6.92 25 562 8.04 25  9.8%
Lin, et al. 2022 60.3 15.9 18 632 107 21 8.7%
Peng, et al. 2021 38 64 50 67.5 5.7 50 10.1%
Tian, et al. 2023 54.7 10.8 28 654 229 34  87%
Wu, et al. 2020 60.3 23.9 26 791 269 56 7.8%
Xu, et al. 2023 80.5 14.9 12 846 264 24 72%
Subtotal (95% ClI) 354 400 100.0%

Heterogeneity: Tau? = 112.24; Chi? = 314.03, df = 10 (P < 0.00001); I> = 97%
Test for overall effect: Z = 3.41 (P = 0.0006)

1.1.2 Blood loss (mL)

Cao, et al. 2022 3028 915 49 5821 1637 47 12.0%
Chen, et al. 2020 2073 563 22 3544 852 25 12.4%
Cheng, etal. 2023 2856 268 34 3328 271 32 129%
Hu, et al. 2021 556 7.7 38 84 76 37 126%
Huang, etal. 2019  98.46 497 25 102.82 442 25 12.8%
Lin, et al. 2022 569 57 18 632 641 21 125%
Peng, et al. 2021 458 7 50 652 138 50 12.4%
Tian, et al. 2023 306 103 28 483 55 34 124%
Subtotal (95% CI) 264 271 100.0%

Heterogeneity: Tau? = 90.91; Chi? = 265.70, df = 7 (P < 0.00001); I? = 97%
Test for overall effect: Z =4.13 (P < 0.0001)

1.1.3 Incision length (cm)

Cao, et al. 2022 1.82 0.42 49 8.05 214 47  50.1%
Tian, et al. 2023 83 18 28 8.6 1.7 34 49.9%
Subtotal (95% CI) 77 81 100.0%

Heterogeneity: Tau? = 17.43; Chi? = 116.54, df = 1 (P < 0.00001); I = 99%
Test for overall effect: Z=1.10 (P = 0.27)

1.1.4 Fluoroscopy time (s)

Hu, et al. 2021 85 13 38 14 28 37 100.0%
Subtotal (95% CI) 38 37 100.0%
Heterogeneity: Not applicable

Test for overall effect: Z = 10.86 (P < 0.00001)
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1V, Random, 95% CI IV, Random, 95% CI
-8.96 [-13.21, -4.71]
-6.79 [-12.05, -1.53] I
-5.15[-6.61, -3.69] -
-15.80 [-25.64, -5.96] S —
-14.90 [-17.54, -12.26] —
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-5.50 [-6.49, -4.51]
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Favours [Nice Knot] Favours [Control]

Fig. 2 Forest plots of the pooled results when assessing the indicators of interest including operative time, blood loss, incision length,

and fluoroscopy time

87%, indicating considerable heterogeneity. Sensitivity
analysis, performed by systematically omitting studies
one by one, consistently confirmed this finding.

Fracture healing time

Results from ten studies [8, 10, 11, 24, 26-31], involving
672 cases, were pooled to evaluate fracture healing time
in Nice knots versus traditional methods for comminuted
clavicle fractures. Our analysis revealed that Nice knot-
assisted fixation shortened the fracture healing period
(pooled MD =-0.63, 95% CI: -1.12 to -0.14), as shown in
Fig. 3. The I* statistic was 88%, suggesting significant het-
erogeneity among the included studies. Sensitivity analy-
sis corroborated a consistent trend. Meta-regressions
involving variations in study time, size of patient popu-
lations, inclusion period, MINORS scores, and surgical
techniques, were performed to explore the source of the

high heterogeneity, which indicated that surgical tech-
niques may the source of high heterogeneity (the I* sta-
tistic deceased to 0.001%). Sensitivity analysis, performed
by excluding studies one by one, confirmed this trend
consistently.

Complications

By aggregating data from ten studies [8, 10, 11, 24-29,
31], involving 707 cases, we assessed complication rates
between Nice knots and traditional surgical approaches
for treating comminuted clavicle fractures. The pooled
analysis indicated no significant difference in compli-
cation rates (pooled RR=0.48, 95% CI: 0.23 to 1.01), as
depicted in Fig. 4. The I? statistic was 0.001%, suggesting
negligible heterogeneity. Sensitivity analysis, performed
by excluding studies one by one, confirmed a consistent
trend across the studies.
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Nice Knot Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Random, 95% CI 1V, Random, 95% CI

1.2.1 Hospitalization days (d)

Cao, et al. 2022 7.14 1.62 49 964 1.84 47 25.5% -1.43 [-1.88, -0.98] -

Hu, et al. 2021 52 19 38 63 26 37 255% -0.06 [-0.51, 0.39] -

Huang, et al. 2019 9.27 0.51 25 9.55 1.59 25 24.1% -0.23[-0.79, 0.32] e

Tian, et al. 2023 94 27 28 9.7 23 34 24.9% -0.12[-0.62, 0.38] —

Subtotal (95% CI) 140 143 100.0% -0.47 [1.14, 0.21] —l—

Heterogeneity: Tau? = 0.42; Chi? = 23.20, df = 3 (P < 0.0001); 1> = 87%

Test for overall effect: Z = 1.35 (P = 0.18)

1.2.2 Fracture healing time (week)

Cao, et al. 2022 11.08 1.79 49 1495 1.68 47  10.2% 2.21[-2.72,-1.70] ¥

Chen, et al. 2020 13.91 1.74 22 14.08 1.78 25  9.9% -0.09 [-0.67, 0.48] - T

Cheng, et al. 2023 12.81 0.36 34 12.96 0.35 32 10.3% -0.42[-0.91, 0.07] I

Hong, et al. 2021 13.14 3.72 21 1443 2.98 20 9.7% -0.37 [-0.99, 0.24] - = 1

Hu, et al. 2021 36 1.2 38 4 16 37 10.4% -0.28 [-0.74, 0.17] -

Huang, et al. 2019 12.57 1.22 25 12.64 0.58 25 10.0% -0.07 [-0.63, 0.48] - T

Lin, et al. 2022 141 33 18 134 21 21 9.6% 0.25[-0.38, 0.88] -

Peng, et al. 2021 13 0.8 50 146 1.2 50 10.4% -1.56 [-2.01, -1.11] -

Wu, et al. 2020 12 13 26 14 1.8 56 10.2% -1.19 [-1.69, -0.69] -

Xu, et al. 2023 1314 1.7 12 13.56 2 24 9.3% -0.22[-0.91, 0.48] - 1

Subtotal (95% ClI) 295 337 100.0%  -0.63 [-1.12, -0.14] ——

Heterogeneity: Tau? = 0.56; Chi? = 76.47, df = 9 (P < 0.00001); I* = 88% ) , , )

Test for overall effect: Z = 2.50 (P = 0.01) 2 A 0 1 2

Favours [Nice Knot] Favours [Control]

Fig. 3 Forest plots of the pooled results when assessing the indicators of interest including complications

Nice Knot Control

Study or Subgroup Events Total Events Total Weight M-H, Random, 95% CI

1.3.1 Complications

Cao, et al. 2022 2 49 5 47  21.6%
Cheng, et al. 2023 1 34 2 32 9.9%
Hong, et al. 2021 3 52 5 49 28.8%
Hu, et al. 2021 0 38 2 37 6.1%
Huang, et al. 2019 0 25 0 25

Lin, et al. 2022 0 18 1 21 5.5%
Peng, et al. 2021 0 50 2 50 6.0%
Tian, et al. 2023 0 28 0 34

Wu, et al. 2020 2 26 5 56 22.1%
Xu, et al. 2023 0 12 0 24
Subtotal (95% CI) 332 375 100.0%
Total events 8 22

Heterogeneity: Tau? = 0.00; Chi? = 1.37, df =6 (P = 0.97); I? = 0%
Test for overall effect: Z = 1.93 (P = 0.05)

Risk Ratio Risk Ratio
M-H, Random, 95% CI

0.38[0.08, 1.88] N
0.47 [0.04, 4.94] -
0.57 [0.14, 2.24] -
0.19[0.01, 3.93]

Not estimable
0.39[0.02, 8.93]
0.20 [0.01, 4.06]

Not estimable
0.86 [0.18, 4.15] -

Not estimable ‘
0.48 [0.23, 1.01]

0.002 0.1 1 10 500

Favours [Nice Knot] Favours [Control]

Fig. 4 Forest plots of the pooled results when assessing the indicators of interest including hospitalization days and fracture healing time

Functional outcomes and pain score

We combined results from six studies [8, 10, 24—26, 31]
and six others [8, 10, 11, 25, 26, 30] encompassing 334
and 396 cases respectively, to evaluate the Constant-
Murley and VAS scores when comparing Nice knots with
traditional surgical methods for comminuted clavicle
fractures. The pooled analysis demonstrated that Nice
knot-assisted fixation improved the Constant-Murley
score (pooled MD=0.97, 95% CI: 0.38 to 1.57) and
reduced VAS scores (pooled MD =-0.45, 95% CI: -0.57 to
-0.32), as shown in Fig. 5. The I? statistic exceeded 50%,
indicating substantial heterogeneity. Sensitivity analysis
consistently supported these findings. However, a small

improvement of constant score (0.97 point) could not
represent clinical significance.

Aggregated data from three studies [8, 29, 30] and
three more [10, 11, 27], involving 222 and 22 cases,
were used to evaluate Neer score and DASH in Nice
knots versus traditional methods. The pooled analysis
suggested that Nice knot-assisted fixation enhanced the
Neer score (pooled MD=0.55, 95% CI: 0.08 to 1.02)
but did not significantly impact DASH scores (pooled
MD=0.18, 95% CI: -0.32 to 0.67), as shown in Fig. 5.
The I? statistic was 0.001%, indicating minimal hetero-
geneity. Sensitivity analysis, performed by excluding
studies one by one, revealed a consistent trend. Only
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Nice Knot Control Mean Difference Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, Fixed. 95% CI 1V, Fixed. 95% CI

1.4.1 Constant-murley score

Cheng, et al. 2023 83.58 5.96 34 73.53 6.16 32  4.2% 10.05[7.12, 12.98] ’

Hu, et al. 2021 96.7 2 38 9% 2.1 37 413% 0.70[-0.23, 1.63] T

Huang, et al. 2019 926 5.78 25 93.1 559 25 3.6% -0.50[-3.65,265] ¢

Tian, et al. 2023 938 24 28 932 1.8 34 30.8% 0.60[-0.48, 1.68] -

Wu, et al. 2020 964 35 26 9% 3.5 56 13.4% 0.40[-1.23, 2.03] -

Xu, et al. 2023 818 35 12 811 3 24 6.6% 0.70[-1.62, 3.02]

Subtotal (95% Cl) 163 208 100.0%  0.97 [0.38, 1.57] -

Heterogeneity: Chiz = 39.10, df = 5 (P < 0.00001); I> = 87%
Test for overall effect: Z = 3.20 (P = 0.001)

1.4.2 VAS
Chen, et al. 2020 295 121 22 288 136 25 28%
Cheng, et al. 2023 176 039 34 248 036 32 46.9%
Hong, et al. 2021 026 045 23 035 049 20 19.2%
Hu, et al. 2021 14 12 38 16 1 37 62%
Tian, et al. 2023 34 04 28 37 07 34 19.9%
Wu, et al. 2020 31 12 26 35 12 56  4.9%
Subtotal (95% Cl) 171 204 100.0%

Heterogeneity: Chiz = 18.81, df = 5 (P = 0.002); I = 73%
Test for overall effect: Z = 7.04 (P < 0.00001)

1.4.3 Neer score

Chen, et al. 2020 94.55 3 22 94.55 3 25 7.5%
Hu, et al. 2021 96.7 0.79 38 9% 2.1 37 42.6%
Peng, et al. 2021 932 17 50 927 17 50 49.9%
Subtotal (95% CI) 110 112 100.0%

Heterogeneity: Chi? = 0.58, df =2 (P = 0.75); I> = 0%
Test for overall effect: Z = 2.28 (P = 0.02)

1.4.4 DASH

Hong, et al. 2021 55 1.79 23 561 1.93 20 19.5%
Lin, et al. 2022 0.89 21 18 0.83 1.51 21 17.9%
Wu, et al. 2020 35 1.2 26 32 1.6 56 62.6%
Subtotal (95% CI) 67 97 100.0%

Heterogeneity: Chi? = 0.44, df = 2 (P = 0.80); I? = 0%
Test for overall effect: Z=0.70 (P = 0.48)

1.4.5 UCLA
Lin, et al. 2022 342 28 18 332 23 21 100.0%
Subtotal (95% CI) 18 21 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z=1.21 (P = 0.23)

1.4.6 ASES
Hu, et al. 2021 96.2 2 38 9% 1.8 37 100.0%
Subtotal (95% Cl) 38 37 100.0%

Heterogeneity: Not applicable
Test for overall effect: Z = 0.46 (P = 0.65)

0.07 [-0.66, 0.80] I
-0.72[-0.90, -0.54] L

-0.09 [-0.37, 0.19] =
-0.20 [-0.70, 0.30] T
-0.30 [-0.58, -0.02] —

-0.40 [-0.96, 0.16] -
-0.45 [-0.57, -0.32] ¢

0.00 [-1.72, 1.72]
0.70 [-0.02, 1.42] -
0.50 [-0.17, 1.17] T
0.55 [0.08, 1.02] -
-0.11 [-1.23, 1.01] —
0.06 [-1.11, 1.23] N
0.30 [-0.32, 0.92] —
0.18 [-0.32, 0.67] N

1.00 [-0.63, 2.63] .
1.00 [-0.63, 2.63] —

0.20 [-0.66, 1.06]
0.20 [-0.66, 1.06]

1 1 1 !
T T T T

-2 -1 0 1 2
Favours [Nice Knot] Favours [Control]

Fig. 5 Forest plots of the pooled results when assessing the indicators of interest including Constant-murley score, neer score, UCLA, VAS, DASH,

and ASES

one study reported outcomes related to UCLA [27] and
ASES [8] score, requiring cautious interpretation of
these results. The results involving functional outcomes
and pain score indicated that both nice knots and tradi-
tional surgical methods have satisfactory outcome for
the treatment of comminuted clavicle fractures.

Publication bias

Egger’s test results revealed no publication bias when evalu-
ating key indicators such as operative time, blood loss, hos-
pitalization duration, fracture healing time, complications,
functional outcomes, and pain scores in the comparison of
Nice knots versus traditional surgical methods for comminuted
clavicle fractures, as presented in supplementary Figs. 1-4.
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Discussion

This meta-analysis comprehensively evaluates the clini-
cal outcomes of Nice knot augmented plate fixation com-
pared to traditional surgical method in the treatment of
comminuted midshaft clavicle fractures. By synthesiz-
ing evidence from 11 studies, we aim to provide valuable
insights into the efficacy and safety of Nice knot aug-
mentation as an auxiliary technique for clavicle fracture
management.

One of the key findings of our meta-analysis is the
potential reduction in surgical time associated with Nice
knot augmented plate fixation compared to traditional
single plate fixation. The studies included consistently
reported shorter surgical durations in the Nice knot
group, suggesting that the use of Nice knots may facili-
tate a more efficient surgical procedure. The simplified
knot tying technique and enhanced stability provided by
Nice knots likely contribute to the reduction in surgical
time by streamlining the fixation process and minimizing
the need for intraoperative adjustments [20].

Our meta-analysis also suggests a possible decrease in
intraoperative blood loss with Nice knot augmented plate
fixation relative to traditional single plate fixation. This
finding indicates that Nice knot augmentation may help
to mitigate the risk of excessive bleeding during surgery.
The improved control of soft tissue tension and more
secure fixation achieved with Nice knots likely contribute
to the reduction in intraoperative blood loss by minimiz-
ing tissue trauma and vascular injury. Consequently, the
use of Nice knots may enhance surgical safety and reduce
the need for intraoperative blood transfusions. Indeed,
whether the 20 g reduction in blood loss observed with
the Nice knot technique impacts the need for blood
transfusions is worth considering. While blood trans-
fusion is typically unnecessary for simple clavicle frac-
tures, it may be required in cases with multiple injuries,
such as rib fractures or intrathoracic hemorrhage, where
minimizing bleeding through clavicular internal fixation
becomes crucial. Unfortunately, there is currently no
data comparing intraoperative blood transfusion volumes
between these two methods.

The analysis of incision length between the two fixation
methods shows promising results favoring Nice knot aug-
mented plate fixation [21, 22]. Several studies included
in our meta-analysis reported shorter incision lengths
in the Nice knot group compared to the traditional sin-
gle plate group. This finding suggests that the use of Nice
knots may allow for smaller incisions while achieving
comparable or superior fracture reduction and fixation.
The reduced incision length associated with Nice knot
augmentation may lead to improved cosmesis, decreased
risk of wound complications, and faster postoperative
recovery. Our analysis by pooling only two studies [25,
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28] suggested that Nice knots assistance reduced fluoros-
copy time but did not significantly affect incision length.
Moreover, Nice knot could help to reduce soft tissue dis-
section, and protect the blood supply of fracture block
vies by avoiding stripping in the fracture, which could
obtain better results.

Our meta-analysis indicates a potential reduction in
the length of hospital stay with Nice knot augmented
plate fixation compared to traditional single plate fixation
[8, 25, 28, 31]. The included studies consistently reported
shorter hospital stays in the Nice knot group, suggesting
that patients undergoing Nice knot augmentation may
experience expedited postoperative recovery and dis-
charge. The shorter hospital stay associated with Nice
knot augmentation may lead to cost savings, improved
patient satisfaction, and decreased risk of hospital-
acquired infections.

Evaluation of postoperative complications is crucial
for assessing the safety and efficacy of surgical inter-
ventions [8, 10, 11, 24-29, 31]. Our meta-analysis
suggests a comparable incidence of postoperative com-
plications, such as implant failure, infection, and mal-
union, in patients treated with Nice knot augmented
plate fixation compared to traditional single plate fixa-
tion. The improved biomechanical stability offered by
Nice knots may reduce the risk of implant-related com-
plications, while the enhanced soft tissue preservation
and reduced surgical trauma associated with Nice knot
augmentation may lower the likelihood of wound com-
plications and infection. However, it is important to
acknowledge that the incidence of postoperative com-
plications can be influenced by various factors, includ-
ing patient characteristics, surgical technique, and
follow-up duration.

Prompt and effective fracture healing is essential for
achieving optimal patient outcomes. Our meta-analysis
indicates comparable or shorter time to fracture heal-
ing in patients treated with Nice knot augmented plate
fixation compared to traditional single plate fixation. The
enhanced biomechanical stability provided by Nice knots
may promote more rapid callus formation and bone
remodeling, facilitating expedited fracture healing [7].
Additionally, the reduced incidence of implant-related
complications associated with Nice knot augmentation
may contribute to accelerated fracture union. It is obvi-
ous that Nice knots also offer potential financial benefits
over implants, even though this is not explored in our
analysis.

Evaluation of postoperative functional outcomes is
essential for assessing the success of surgical interven-
tions in restoring patient mobility and quality of life.
Our meta-analysis suggests favorable postoperative
functional scores in patients treated with Nice knot
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augmented plate fixation compared to traditional sin-
gle plate fixation. The improved biomechanical stabil-
ity provided by Nice knots likely contributes to better
fracture reduction and alignment, leading to enhanced
functional recovery. However, results should be inter-
preted with caution, as a small improvement of 0.97
points in the Constant score may not be clinically sig-
nificant. We prefer to believe that both the Nice knot
and traditional surgical methods show satisfactory
outcomes for treating comminuted clavicle fractures,
as evidenced by functional outcomes and pain scores.

Despite the valuable insights provided by this meta-
analysis, several limitations should be acknowledged.
First, the included studies exhibit notable heteroge-
neity in terms of patient populations, surgical tech-
niques, and outcome measures. This variability could
affect the overall reliability and generalizability of
our findings. Second, there is variability in the qual-
ity of evidence across the included studies, which
could introduce potential bias into the meta-analysis
results. Additionally, the retrospective nature of many
of the studies included in our analysis may impact the
robustness of the findings. Retrospective studies are
often limited by incomplete data and inherent biases
in data collection. The lack of standardized proto-
cols for Nice knot augmentation among the studies
further complicates the interpretation of results, as
differences in techniques and procedural details may
influence outcomes. Moreover, the relatively limited
number of studies available for inclusion could restrict
the statistical power and precision of our findings.
High heterogeneity among the studies, as indicated
by our analysis, may obscure true effects and affect
the conclusions drawn from the meta-analysis. Lastly,
publication bias is a concern, as studies with positive
or significant results are more likely to be published
compared to those with negative or inconclusive
results. This bias may skew the results and affect the
overall validity of the meta-analysis. These limita-
tions highlight the need for future research to address
these issues, including conducting well-designed, pro-
spective studies with standardized protocols to better
assess and validate the findings. Based on the obvi-
ous advantages of Nice knots, the efficacy and safety
of Nice knot augmentation is as an auxiliary tech-
nique for clavicle fracture management. Thus, future
research should focus on standardized protocols for
the Nice knot technique and longer follow-up periods
study need to evaluate long-term outcomes.
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Conclusion

This study provides compelling evidence supporting
that Nice knot assistance offers advantages in reducing
intraoperative blood loss, shortening operation time,
and achieving favorable postoperative outcomes.
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