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Abstract

Background: Present work was aimed to gather accessible evidence on the eradication rates and related postopera-
tive complications of antibiotic-loaded calcium sulfate (CS) as an implant in the treatment of chronic osteomyelitis
(COM).

Methods: Databases including PubMed, EMBASE, Medline, Ovid and Cochrane library were searched from their dates
of initiation until November 2021. Two independent authors scrutinized the relevant studies based on the effective-
ness of radical debridement combined with antibiotic-loaded CS for COM; data extraction and quality assessment of
the Methodological Index for Non-Randomized Studies (MINORS) criteria were also performed by the authors. In addi-
tion, clinical efficacy mainly depended on the evaluation of eradication rates and complications, and all the extracted
data are pooled and analyzed by STATA 16.0.

Results: A total of 16 studies with 917 patients (920 locations) were recruited, with an overall eradication rate of 92%.
Moreover, the overall reoperation rate, overall refracture rate, overall delayed wound healing rate, and the rate of asep-
tic wound leakage were 9.0%, 2.0%, 20.0%, and 12.0%, respectively. Moreover, the choice of tobramycin-loaded CS or
vancomycin combined with gentamicin-loaded CS did not affect the eradication rate, and the incidence of postop-
erative complications in COM patients (all P > 0.05). The general quality of the included studies was fair.

Conclusions: Our meta-analysis indicated that the overall eradication rate of COM treated with antibiotic-loaded CS
was 92%. Delayed healing is the most common postoperative complication. The choice of tobramycin-loaded CS or
vancomycin combined with gentamicin-loaded CS did not affect the eradication rate and the incidence of postopera-
tive complications in COM patients.
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Introduction and long-standing infection of bone tissue, which lasting
Chronic osteomyelitis (COM) is defined as a significant more than several months or even years and involved in
any bone including periosteum, bone marrow and sur-
- - , - rounding tissue. Most infections occur after trauma,
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incidence has apparently increased [3, 4]. In 2004, nearly
600,000 artificial joint replacements and 2 million inter-
nal fixation of fracture caused more than 110,000 infec-
tions finally in the USA [5]. According to related research
estimation, the treatment of implant-related COM will
cost $1.62 billion by 2020 in US hospitals, and impose a
substantial financial burden on patients and society [6].
Furthermore, infected chronic diabetic foot ulcers may
lead to diabetic foot osteomyelitis, which will increase
the mortality and risk of amputation [7, 8]. The recurrent
and persistent infection is a challenging condition for
both the physician and the patient.

The mainstays of COM treatment are radical debride-
ment, then supplemented with targeted antimicrobial
therapy (local and/or systemic) for long time. A recent
study suggested that the combination of antibiotics
and surgery seems to be more effective than any single
method [9]; despite these measures, infection recurred in
20% patients [10]. Due to the vascular injury in infected
bone, it is difficult to achieve effective local antibiotic
concentration by oral or intravenous antibiotic treatment
under local ischemia; and the limited biofilm penetra-
tion makes the treatment of COM more difficult [1, 11,
12]. Therefore, the focus of antibiotic therapy is to use the
local drug delivery system to avoid the potential toxicity
caused by systemic administration, while providing a sus-
tained high concentration at the infection site [13]. It is
very important for the long-term treatment of osteomy-
elitis, especially for the relief of symptoms [14].

Calcium sulfate (CS) is a kind of biodegradable material
with low immunoreactivity, easy reabsorption and good
tolerance, which has been proved to be effective and safe
as an antibiotic carrier in the past two decades [15-18].
CS is as effective as polymethyl methacrylate (PMMA)
as an antibiotic carrier in bone infections [19]. However,
Chang et al. [20] compared the efficacy of debridement
plus CS combined with tobramycin and simple debride-
ment, the results showed that the curative effect was not
obvious, and the success rate of bone osteomyelitis was
80% and 60%, respectively. In terms of complications,
several experiments indicated that CS products have
transient cytotoxicity, leading to inflammation, within the
first 60 days after implantation, CS causes inflammation
in the surrounding tissue. After 60 days, the inflamma-
tion in the affected bone subsided, but the inflammation
in the surrounding soft tissue did not subside, and the
problem of surgical wound healing followed [21]. Due to
the inconsistency on the properties of CS materials and
surgical procedures, aseptic wound leakage and re-frac-
ture have gradually got increasing attention, which may
become the causes of reoperation or infection recurrence
[22]. Jiang et al. [23] found that the incidence of aseptic
wound leakage after antibiotic-loaded CS implantation
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treated COM was very high. Therefore, in this review, we
comprehensively evaluate the efficacy and complications
of CS loaded with multiple antibiotics in the treatment of
COM (including delayed healing, reoperation, refracture
and aseptic wound leakage). Another controversial issue
is the efficacy of different antibiotic-loaded CS. The most
common antibiotics used with CS are tobramycin and
vancomycin, the former effectively reduces the chance
of prosthetic infection and prevents biofilm formation
and colonization of bacteria such as Methicillin-resistant
Staphylococcus aureus [24]; the latter combined with
gentamicin can cover a broad spectrum of both gram-
positive and gram-negative bacteria [25]. At present,
a variety of products have been sold in the market [26],
and a number of clinical studies have been conducted;
but it is still unclear whether there are differences in the
efficacy and complications of different antibiotics in the
treatment of COM.

The major purpose of this meta-analysis was to investi-
gate the eradication rates and local complications of anti-
biotic-loaded CS in treating COM patients. Second, we
explored difference of curative effect and related postop-
erative complications between two antibiotic regimens.
To provide reference for orthopedic surgeons using anti-
biotic-loaded CS in the treatment of COM.

Material and methods

This study was presented in accordance with the
PRISMA (Preferred Reporting Items for Meta-Analyses
and Systematic Reviews) [27]. The PRISMA checklist is
in the additional file, and the flow diagram of literature
screening process is shown in Fig. 1. Ethical approval was
not required.

Search strategy

Online databases were used to identify eligible stud-
ies, we searched all articles in PubMed, EMBASE, Med-
line, Ovid and Cochrane Library up to November 2021.
We also performed a supplementary search in the Ovid
database to avoid missing articles. In addition, a manual
search of references and similar documents of identi-
fied articles was also performed to determine potential
relevance. Medical subject heading (MeSH) and Embase
Tree tool (EMTREE) were used to guide the choice of
appropriate search terms in all databases. We performed
a search using the strategy (“osteomyelitis” OR “osteitis”
OR “bone infection” OR “osteoarticular infection”) AND
(“calcium sulfate” OR “calcium sulphate”). The last search
was performed on November 15, 2021.

Eligibility criteria
The study selection criteria were established in accord-
ance with the PICOS strategy (Patients, Intervention,
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Fig. 1 PRISMA flow diagram of the study selection process

Comparison, Outcomes, Study design): population—
Patients with COM who underwent radical debridement
and antibiotic-loaded CS; intervention—Operation with
antibiotic-loaded calcium sulfate(including tobramy-
cin, vancomycin and gentamicin); comparison—none;
outcomes—Eradication rate and complications of fail-
ure, including reoperation, refracture, and delayed heal-
ing; study design—consecutive case—control studies
or case series. Several eligibility criteria were applied
in the present study. Only case series and consecu-
tive case—control studies regarding the clinical applica-
tion of antibiotic-loaded CS in the treatment of COM
were eligible for inclusion, case reports, review articles,
meta-analysis, animal researches, or unpublished stud-
ies were excluded. Articles written in a language other
than English or German were excluded. Publication,
studies involving patients with COM due to any causa-
tive mechanism except diabetic ulcer were eligible for
inclusion. In order to be included, each eligible report
had to contain at least one of the outcomes of interest.
The main outcome of interest was eradication rates of
infection, but studies that described postoperative local

complications (wound-healing problems, aseptic wound
leakage, etc.) were also eligible for inclusion. Patient
selection was not restricted by age, gender, or other per-
sonal characteristics.

Data collection

All the identified studies were selected according to
the title and abstract by two independent authors
(XW.S. and YP.W.). Extracted data were performed by
2 other authors independently (NH.N. and MJ.L.) and
they screened articles with potential relevance through
overall assessment based on the inclusion and exclu-
sion criteria. The extracted data was summarized into a
table, divided into three parts: (1) specific information
of eligibility studies, including the authors’ names, year
of publication, region of research, and study design;
(2) basic information of each case, including age, total
number of cases and gender, follow-ups, treatment,
bacterial culture and application of antibiotics; (3) post-
operative condition of each patient including failure,
refracture, reoperation, delayed wound healing, local
complications and other adverse events. For studies
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with incomplete or unclear data, we attempted to con-
tact the authors for details. If any disagreement existed,
a third reviewer participated and reached consensus.

Quality assessment

The Methodological Index for Non-Randomized Studies
(MINORS) criteria was used to evaluate the quality of the
included studies independently by two authors, which
was established to assess the quality of comparative and
noncomparative studies [28]. The highest score is 24 for
comparative studies and 16 for noncomparative studies.
Specific rating criteria are as follows: in noncompara-
tive studies, scores of 0—4 showed to very low quality,
5-7 showed to low quality, 8—12 showed to fair quality,
and > 13 showed to high quality; in comparative studies,
scores of 0—6 showed to very low quality, 7-10 showed
to low quality, 11-15 showed to fair quality, and>16
showed to high quality.

Statistical analysis

Stata 16.0 was used to pool the all results of the included
studies were for the meta-analysis. A chi-squared-based
Q statistical test was used to estimate the statistical het-
erogeneity. The degree of heterogeneity for each included
study was quantified using the I* statistic. When P>0.1
and/or I*<50%, the heterogeneity was evaluated to be
low, and a fixed-effects model was used for the meta-
analysis. Otherwise, a random-effects model was used.
We calculated the postoperative eradication rates and
incidences of complications in COM patients, as well as
its 95% confidence interval (CI) for each study. Further,
the pooled rates were calculated and publication bias was
evaluated with a funnel plot. All results are presented in
the form of forest plots and tables, and P<0.05 was con-
sidered statistically significant.

Results

Search results

Initially, 816 articles were identified by searching, and
two authors selected 162 studies by reading the title and
abstract. Finally, through scrutinizing the full text and
performing a manual search, a total of 16 articles con-
forming to requirements were included in our study. The
implants used in one study [25] were self-configured.
After careful research and discussion, we decided to
include this study because it had a large sample size and
a long follow-up period, which provided specific infor-
mation on the configuration of antibiotics-loaded CS. In
addition, there were two studies [29, 30] from the same
medical center at different times, but after careful com-
parison with the inclusive information of patients, we
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found that duplicate patients were not included, so we
considered including these studies. We also contacted
the author for more detailed patient information for
comparison.

Study characteristics

All the included 16 studies were published between
2002 and 2021 [15, 23, 25, 29-41]. Of the included
studies, three consecutive case—control studies were
retrospective in nature; the remaining were case series,
including 2 prospective studies and 11 retrospective
studies. Of the 16 publications, 7 were from China, 2
were from USA, 2 was from UK, and Germany, France,
Spain, Italy, and Egypt each account for one case. The
implants used in these studies included vancomy-
cin, gentamicin-impregnated CS and tobramycin-
impregnated CS. After the antibiotics-loaded CS was
implanted, different surgical methods were performed
according to the situation, including external fixation,
skin or muscle flap transplantation, and skin graft-
ing. Moreover, all the COM patients met the diag-
nostic criteria: obvious local symptoms, changes in
imaging examination, and elevated inflammatory mark-
ers. Table 1 lists the COM patients’ characteristics in
this meta-analysi s.

Quality assessment

The data were extracted and evaluated independently
by two authors from the included studies. For 8 non-
comparative studies, the results showed that average
MINORS score was 8.5 (range from 6 to 13), suggesting
fair quality. The remaining two comparative studies had
scores of 14 and 15, both suggesting fair quality. Over-
all, the methodological quality of the included studies
was moderate (Table 2).

Rates of infectious eradication and complications

Our analysis showed that the infectious eradication rate
among 717 patients (720 locations) receiving antibiotic-
loaded calcium sulfate implantation was 92% reported
by 16 studies (95% CI 0.89-0.95; P=0.07), a random-
effects model was used due to the low level of hetero-
geneity (I>=36.57%) (Fig. 2). A fixed effects model was
used due to no heterogeneity (I*=23.96%), and the
refracture rate was 2% in 9 studies (95% CI 0.00-0.04;
P=0.23) (Fig. 3). A random-effects model was used
due to the low level of heterogeneity (I =46.51%), and
the reoperation rate was 9% reported by 15 studies
that enrolled 827 cases4 (95% CI 0.05-0.13; P=0.02)
(Fig. 4). A random-effects model was used due to
the high level of heterogeneity (I>=81.63%), and the
delayed healing rate was 20% reported by 14 studies
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Study ES (95% CI) (Random)
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Andreacchio 2019 ——— 1.00(0.74,1.00) 266
Ferguson 2014 — 0.91(0.86,0.94) 14.67
McKee 2002 —-0-— 0.92(0.74,099) 4.30
Gitelis 2002 —¢ 1.00 (0.54,1.00) 1.47
Qin 2020 —+—%~ 0.82(0.65,093) 5.89
Ferrando 2017 —%— 092(0.64,1.00) 284
Badie 2019 —_ 0.77 (0.58,0.90) 5.50
Jiang 2020 —++ 0.85(0.69, 0.95) 6.01
Zhou 2020 —— 0.88(0.75,0.96) 7.06
Qin 2018 —;—+ 0.97 (0.85,1.00) 6.14
Gauland 2011 -+ 094(091,096) 16.71
Gramlich 2017 —_— 0.85(0.76,092) 1098
Ruan 2021 ——%- 094(081,099) 6.14
Sun 2017 ———4 1.00 (0.74,1.00) 2.66
Zhao 2020 g - 0.80(0.44,097) 228
Random Overall (1*2 = 36.57%, p = 0.07) O 0.92(0.89, 0.95) 100.00
Fixed Overall { 093(0.91,094)

[ T T T T

-5 0 5 1 15
Fig. 2 The overall eradication rate in COM patients with antibiotic-loaded calcium sulfate

that enrolled 815 cases (95% CI 0.13-0.29; P=0.001)
(Fig. 5). A random-effects model was used due to the
high level of heterogeneity (I*=92.91%), and the inci-
dence of aseptic mouth leakage was 12% reported by
14 studies that enrolled 794 cases (95% CI 0.03-0.25;
P=0.001) (Fig. 6).

Among the 16 articles we included, we excluded
one study that did not specify the location of COM
[25]. The tibia was the most commonly affected part
of COM and was detected in 46.73% of patients with
COM (279/597). The second and third most common
locations of COM were femur (139/597, 23.28%) and
calcaneum (74/597, 12.40%), respectively. The remain-
ing locations of COM included humerus (21/597,
3.52%), radius (12/597, 2.01%), pelvis (7/597,1.17%),
fibula (7/597, 1.17%), ankle (6/597, 1.01%), hip joint
(5/597, 0.84%), ulna (5/597, 0.84%), knee (4/597,
0.67%), talus (3/597, 0.50%), clavicle, forefoot, and
fourth metatarsal each account for one case (1/597,
0.17%). A several COM patients had two involved loca-
tions [33, 37].

Effects and complications of subgroup

In order to further explore the difference between the
two kinds of antibiotics in the treatment of COM, the
eradication rate and complications were summarized.
However, the results showed that the eradication rates of
tobramycin-loaded CS group and vancomycin combined
with gentamicin-loaded CS group were 92% (95% CI
0.88-0.95; P=0.9) and 90% (95% CI 0.86—0.94; P=0.03),
respectively, and there was no significant difference
(P=0.96). In terms of the incidence of complications,
the reoperation rates of tobramycin-loaded CS and van-
comycin combined with gentamicin-loaded CS were 7%
(95% CI 0.04-0.10; P=0.3) and 11% (95% CI 0.86—0.94;
P=0.03), the aseptic wound leakage rates were 24%
(95% CI 0.11-0.38; P=0.06) and 26% (95% CI 0.05-0.46;
P=0.001), the bone fracture rates were 5% (95% CI
0.02-0.08; P=0.5) and 5% (95% CI 0.01-0.09%; P=0.9),
the incidence of delayed healing rates were 34% (95%
CI 0.14-0.28; P=0.001) and 17% (95% CI 0.13-0.55;
P=0.001), respectively. The results showed no significant
difference (all P>0.05) (Table 3).
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%
Weight
Study ES (85% CI) (Random)
Andreacchio 2019 *> 0.00 (0.00,0.26) 2.99
Ferguson 2014 —0— 0.05(0.02,0.09) 234381
McKee 2002 . - 0.12(0.03,.0.31) 7.70
Gitelis 2002 L 0.00(0.00.0.46) 2.13
Qin 2020 - 0.06 (0.01.0.20) 9.79
Badie 20192 ¢ 0.02 (0.00.0.17) 9.02
Jiang 2020 0-—— 0.00 (0.00,0.10) 10.04
Zhou 2020 ﬁ_ 0.00(0.00.0.08) 1223
Ruan 2021 - 0.06 (0.01.0.18) 1029
Random Overall (1'2 = 14.93%, p=0.21) Q 0.02 (0.01,0.05) 100.00
Fixed Overall O 0.02 (0.01. 0.05)
T T T T T
-2 0 2 4 8
Fig. 3 The overall refracture rate in COM patients with antibiotic-loaded calcium sulfate

Publication bias

A funnel chart would reflect whether there was publica-
tion bias in this study, and the symmetry of the funnel
chart meant that there was no publication bias (Fig. 7).
Furthermore, the symmetry test of the above graph
showed that P=0.882 > 0.05, which meant that the funnel
graph was symmetrical. Therefore, it can be judged that
there was no publication bias in current study.

Sensitivity analysis

We eliminated each included study one by one, and sum-
marized and analyzed the remaining studies to assess
whether the individual study had an impact on the results
of the meta-analysis. None of the studies had an excessive
impact on the results of the meta-analysis, indicating that
the results of the remaining studies were stable and reli-
able (Fig. 8).

Discussion

CS was discovered in 1970 until it was used clinically
in the past two decades, and achieved good results in
Europe [15]. However, no research reported the specific
efficacy of CS antibiotic delivery system in the treatment
of patients with COM. In the current study, 16 studies
published from 2000 to 2021 were included, with a total

of 717 patients (720 locations) with COM. To the best of
our knowledge, this was the first study to investigate the
eradication rate in patients with COM, and we concluded
that the overall rate of eradication in COM patients
was 92%. The eradication rate was also similar to those
reported for treatment with antibiotic-loaded PMMA
beads in the literature, which showed 60% and 100% in
between [42, 43].

The successful eradication of COM remains a chal-
lenge for clinicians. Except for a study on chronic jaw
osteomyelitis that did not specify the use of antibiotics
[1], the treatment regimen in all 15 studies involving the
antibiotics-loaded CS included implantation after radical
debridement followed by adjuvant systemic administra-
tion of antibiotics. Statistically, the tibia is the most com-
mon site for COM to occur [44], This is similar to our
summary study. Of the 597 patients with COM included,
nearly half were tibial osteomyelitis, because of its poor
blood supply (especially inferior third of tibia), higher
risk of injuries, and of course, the inappropriate surgical
managements. Unfortunately, even standard treatment
protocols have been strictly implemented, the recur-
rent rate of chronic tibial osteomyelitis remains as high
as 20-30% [45]. Although we included 279 patients with
tibial osteomyelitis, the recurrence of infection in each
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%
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Study ES (95% CI) (Random)
Humm 2014 ~— 0.05(0.00,0.24) 522
|}
Andreacchio 2019 L A 0.00 (0.00,0.26) 3.45
Ferguson 2014 —— 0.07 (0.04, 0.11) 14.30
|}
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Jiang 2020 - - 0.18 (0.07,0.35) 7.14
|}
Zhou 2020 - 0.19 (0.08,0.33) 8.17
Qin 2018 —» 0.11(0.03,027) 7.26
Gauland 2011 - 0.06 (0.04, 0.09) 15.63
I
Ruan 2021 : - 0.23(0.10,0.40) 7.26
Sun 2017 - : 0.00 (0.00,0.26) 3.45
Zhao 2020 ; - 0.20 (0.03, 0.56) 2.99
Random Overall (12 = 46.51%, p = 0.02) <> 0.09 (0.05, 0.13) 100.00
Fixed Overall i 0.07 (0.05, 0.09)
|}
l
T T : T T T T
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Fig. 4 The overall reoperation rate in COM patients with antibiotic-loaded calcium sulfate

study was unable to determine whether it was on tibial or
not, therefore made it difficult to calculate the recurrence
rate of tibial osteomyelitis.

While infection elimination had shown encourag-
ing results, associated local complications were also of
concern. Delayed wound healing was the most frequent
complication in our study, with a relatively high inci-
dence of 20%. Bibbo et al. [46] reported that the delayed
healing rate of calcium sulfate loaded with vancomycin
in the treatment of calcaneal fractures was 15%, which
was similar to our summary results. Kallala et al. [47]
reported that aseptic wound leakage is a common com-
plication of degradation of CS after implantation, which
is related to the composition of CS itself, with an inci-
dence of 4.2%, this incidence was variant with each indi-
vidual, mainly depending on the size of implanted CS
and the abundance of soft tissues coverage. Romano et al.
[48] found that the leakage rate of aseptic wound was as
high as 27%, while our total leakage rate of aseptic wound
was 12%. This may be explained that some of the stud-
ies we included used different treatment methods after

implantation of CS according to different conditions of
patients, such as muscle flap coverage [39] or external
fixation [29]. On the other hand, it may also be attrib-
uted to the fact that synthetic CS contains no impurities
compared with mined and refined CS. At present, there
is no reliable large-sample comparative study to confirm
the side effects of calcium sulfate-induced leakage of ster-
ile wounds. In addition to the wound leakage, local CS
implantation may also bring other complications, such
as heterotopic ossification [47] and even hypercalcemia
[49]. Therefore we also pooled the refracture rate and the
reoperation rate, which are 2% and 9%, respectively.
Antibiotic-loaded CS delivery system had been put into
clinical application in the past 20 years, loaded with sev-
eral of the most common antibiotics which made into a
variety of products, such as vancomycin, gentamicin and
tobramycin. However, the efficacy of calcium sulfate-
loaded antibiotics in the treatment of COM is not clear.
In an in vitro experiment, vancomycin and tobramycin
impregnated materials had similar germicidal properties
and elution efficiency [15]. A systematic review shows
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Qin 2020 : < 0.39(0.23,0.58) 7.69
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Jiang 2020 - - 0.32(0.17,0.51) 7.75
Zhou 2020 : - 0.30(0.17,0.46) 8.16
Qin 2018 —_— 0.06 (0.01,0.19) 7.80
Gauland 2011 —— E 0.07 (0.05,0.11) 9.89
Ruan 2021 —0—;— 0.09(0.02,0.23) 7.80
Sun 2017 - % 0.17(0.02,0.43) 543
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Fig. 5 The overall rate of delayed healing in COM patients with antibiotic-loaded calcium sulfate

that there may be no significant difference between CS
and other products except for degradation time [50].
The same was true for our subgroup results, we found
that there was no significant difference in eradication
rate between tobramycin loaded and vancomycin loaded
with gentamicin calcium sulfate. However, there was no
significant difference in the incidence of complications,
including delayed healing rate, aseptic wound leakage
rate, bone fracture rate and reoperation rate. That might

be explained by different risk factors and patient individ-
ual variations.

Our study has some limitations. First, the sample size
is not big enough and the summary of patient popula-
tion characteristics is incomplete, which may hinder the
interpretation of research results. Therefore, the results
should be interpreted cautiously, and more patients
should be enrolled in future studies to draw more precise
conclusions. Second, we did not analyze the risk factors
of infection relapse and complications because of most

Table 3 Summary of complications and efficacy outcomes in the included studies

Tobramycin (95% Cl) Vancomycin and gentamicin (95%  Sig

ql) (significant

difference)
Eradication rate 0.92 (0.88,0.95) 0.90 (0.86, 0.94) 0373
Reoperation rate 0.07 (0.04,0.10) 0.11 (0.06, 0.15) 0.497
Refracture rate 0.05 (0.02,0.08) 0.05 (0.01,0.09) 0.800
Delayed healing rate 0.34(0.13,0.55) 0.17 (0.10, 0.25) 0327
Rate of aseptic wound leakage 0.24(0.11,0.38) 0.26 (0.05,0.46) 0.857
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Fig. 6 The overall rate of aseptic wound leakage in COM patients with antibiotic-loaded calcium sulfate

Funnel plot with pseudo 95% confidence limits

o
7\
7N
/
s |® N
/ L \
’ \
A | / [ \
’ \
/ \
/ \
/ 9 \
—~ / oo |®® \
7 ’ o \
w oA /- p \
Q / ) \
@ / \
’ \
/ \
/ \
/ P e \
™ / \
: / ° \
/ N
/ \
/ \
/ \
’ \
< °
T T T T T
0 5 1 15 2
ES

Fig. 7 Funnel plot for assessing publication bias

included studies’ retrospective design. To better identify
potential risk factors, a good comparison of these anti-
biotics-loaded materials requires large-scale prospective
clinical trials, especially multi-center joint studies; cru-
cially, the potential risk of aseptic wound leakage after
local CS implantation should be fully considered when

patients receive this treatment. Future studies may focus
on the risk factors of local complication and infection
relapse following local CS implantation, as well as the
efficacy of other substitute materials. Third, we all know
that the release time and concentration of such antibiotic
sustained-release systems are critical to the treatment of
COM, but the studies we included lack a detailed descrip-
tion of the pharmacokinetics, which is not conducive to
further compare the efficacy of several types of antibiot-
ics. We should pay more attention to the clinical research
on the species and drug resistance of COM bacteria in
the future [51]. Fourth, the studies included different
sites of infection (femur, tibia, humerus, radius, ulna, pel-
vis, and even calcaneus) and four types of Cierny-Mader
staging. Therefore, our research inevitably lacks an in-
depth discussion of a single type and location of COM.
More detailed data is useful for evaluation of the efficacy
of antibiotic CS on different parts of COM in future.

Conclusion

In conclusion, this meta-analysis revealed that the
eradication rate of implantation of antibiotic-loaded
CS in the treatment of COM was as high as 92%, and
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Fig. 8 The results of sensitivity analysis
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the incidence of complications including delayed heal-
ing rate, aseptic wound leakage rate, refracture rate and
reoperation rate were relatively low. Although there is
no significant difference in efficacy and complications
between the two antibiotic-loaded CS regimens in the
treatment of COM. The clinical efficacy of antibiotic-
loaded CS in the treatment of COM needs to be con-
firmed by further study.
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