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Evaluating the efficacy of pulsed
electromagnetic field stimulation

in spinal fusion and tibial fracture healing
A meta-analysis

OBJECTIVE To assess the role of pulsed electromagnetic field stimulation on
spinal fusion and tibial fracture using meta-analysis approach. METHOD A
meta-analysis study during July and August 2024 was performed. The study
search strategy was performed in Embase, PubMed, and Scopus. To assess
the quality of the articles, the Newcastle-Ottawa Scale and the Modified
Jadad Scale were used. Data from the study were presented as counts and
percentages (n [%]). We evaluated publication bias using Egger’s test and a
funnel plot. Heterogeneity of the data was assessed using the I statistic. The
primary results of the study were analyzed using the Mantel-Haenszel test,
presented with odds ratio (OR) and a 95% confidence interval (Cl). RESULTS
Nineteen articles were included in this study, consisting of 13 articles on the
impact of pulsed electromagnetic field stimulation on spinal fusion and 6
articles on the impact of pulsed electromagnetic field stimulation on tibial
fractures. Our results revealed that the use of pulsed electromagnetic field
stimulation significantly enhanced spinal fusion healing. In contrast, no signifi-
cantimprovement was observed regarding the use of pulsed electromagnetic
field stimulation in tibial fracture healing. In the subgroup analysis by article
quality, our study found that moderate-quality articles showed an impact of
pulsed electromagnetic field stimulation on spinal fusion and tibial fracture
healing, while high-quality articles did not. CONCLUSIONS This study confirms
that the use of pulsed electromagnetic field stimulation has a crucial impact
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on spinal fusion and tibial fracture healing.

Bone healing involves intricate physiological mecha-
nisms and is the main goal of treating fractures, surgical
osteotomies, and spinal fusion procedures.’ This complex
bone-healing process is usually associated with imperfect
healing or even failure. Failed bone healing usually requires
further interventions to be carried out.? These secondary
interventions may impose increased pain and functional
limitations on patients. Besides being invasive and costly
for patients, these secondary procedures have also been
reported to cause severe morbidity in many cases. In con-
trast, the socioeconomic burden of complications arising
from failed bone healing is enormous and includes not
only the costs of the treatment itself but also lost wages,
lowered productivity, and delay of getting back to work.?

Pulsed electromagnetic field stimulation has emerged
as a popular adjunct therapy for promoting bone healing
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across various conditions.* Basic science study showed
that pulsed electromagnetic field stimulation can en-
hance bone healing by activating the calcium-calmodulin
system. Several impacts have been associated with this
procedure, including the upregulation of transforming
growth factor-p3, bone morphogenetic proteins, and other
cytokines.” However, clinical evidence supporting the use of
pulsed electromagnetic field stimulation for bone healing
remains inconclusive. Different supplementary therapies,
including biological agents and electrical stimulation, have
been recommended to promote spinal fusion.” Pulsed
electromagnetic field stimulation is believed to increase
fusion rates both directly and indirectly by enhancing bone
morphogenetic proteins. As a result, it can stimulate the
formation of new bone and its remodeling.? Furthermore,
the use of pulsed electromagnetic field stimulation has
been approved by the Food and Drug Administration (FDA).?
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Following Dwyer’s early reportin 1974 from his clinical trial
concerning the use of pulsed electromagnetic field stimu-
lation for spinal fusion and long bone fracture healing,”
several studies have examined this modality on clinical and
or radiologic outcomes.?’'-? However, these trials have pro-
duced inconclusive results. To assist clinicians in assessing
the best effectiveness, there is a need for an evaluation of
pulsed electromagnetic field stimulation on spinal fusion
and tibial fracture healing. Therefore, the aim of this study
was to assess the efficacy of pulsed electromagnetic field
stimulation in spinal fusion and tibial fracture healing using
a meta-analysis approach.

MATERIAL AND METHOD

Design

This meta-analysis study was conducted between July and
August 2024. The meta-analysis was performed by collecting
data from databases to determine the effect estimate of the role
of pulsed electromagnetic field stimulation in spinal fusion and
tibial fracture healing. The protocol used in this meta-analysis study
followed the Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) checklist,?® and the study protocol has also
been registered at Prospero under number 576234.

Eligibility criteria

The inclusion criteria for this study encompassed articles with
randomized controlled trial (RCT) designs and observational studies
that specifically assessed the impact of pulsed electromagnetic field
stimulation on spinal fusion and tibial fracture healing. Addition-
ally, articles had to have complete data necessary for calculating
cumulative effect estimates. Conversely, the exclusion criteria for
this meta-analysis study included articles that were irrelevant
based on their title and or abstract, as well as articles categorized
as reviews or commentaries. Furthermore, articles of poor quality
were also excluded from this study. In our present study, we as-
sessed the quality of the articles using the Newcastle-Ottawa Scale
for non-RCT articles or the Modified Jadad Scale for RCT articles.

Quality assessment

The tools used to assess the quality of articles in this meta-
analysis study were the Newcastle-Ottawa Scale for non-RCT
articles,’® and the Modified Jadad Scale for RCT articles.’” The
Newcastle-Ottawa Scale evaluates several components such as
selection, comparability, and exposure.** Meanwhile, the Modified
Jadad Scale assesses aspects such as randomization, blinding,
withdrawals/dropouts, eligibility criteria, adverse events, and sta-
tistical analysis.’’ The Newcastle-Ottawa Scale has a scoring range
from 0 to 9. The interpretation of the Newcastle-Ottawa Scale is as
follows: Scores ranging from 0 to 3 represent low quality, scores
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from 4 to 6 signify moderate quality, and scores between 7 and
9 indicate high quality.** Additionally, the Modified Jadad Scale
has a scoring range from 0 to 8. The interpretation of the Modified
Jadad Scale is as follows: Scores of 0-3 indicate low quality, 4-6
indicate moderate quality, and 7-8 indicate high quality.’’ The
quality assessment of the articles in this meta-analysis study was
conducted by FF.

Search strategy

The source databases for the search strategy in this meta-
analysis study included PubMed, Embase, and Scopus. The article
search was conducted up to July 25, 2024. Only articles published
in English were deemed eligible for inclusion in this meta-analysis
study. The key words used in our article search were “pulsed electro-
magnetic field stimulation”and “spinal fusion”and “tibial fracture”.
These key words are consistent with medical subject headings. In
addition to database searches, we also conducted article searches
from the references of related articles.

Data extraction

To conduct a comprehensive evaluation of the role of pulsed
electromagnetic field stimulation in spinal fusion and tibial fracture
healing, we extracted data from each article, including the primary
author, year of publishing, country in which the study was carried
out, study design, age of participants, and sample size of cases
and controls. The data extraction procedure was carried out by FF.

Covariates

The predictor variable in this study was the use of pulsed
electromagnetic field stimulation. Meanwhile, we defined spinal
fusion and tibial fracture healing as the outcome variables. Tibial
fracture healing was defined as the union of the fracture evaluated
clinically and radiologically. On the other hand, we defined fusion
success as the presence of bridging trabeculae, no pseudoarthrosis
line, absence of correlatable pain, consolidation of the bone graft,
and no failure of instrumentation. In addition, we also performed
a subgroup analysis based on the quality of the articles, which
were categorized into high-quality and moderate-quality articles.

Statistical analysis

In this meta-analysis study, we presented data on the union
rate of tibial fracture patients and the fusion success rate in spinal
fusion patients as percentages n (%). To determine whether our
data had potential publication bias, we conducted data analysis
using Egger’s test and Funnel Plot. We determined that an Egger’s
p-value less than 0.05 and or an asymmetric Funnel Plot indicated
potential publication bias. Furthermore, if publication bias was
detected, the effect estimate calculation was adjusted using the
Trim and Fill method.*> Moreover, we evaluated data heterogeneity
in this study using | squared and p-heterogeneity statistics. If het-
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erogeneity was present, data were analyzed with a random effects
model; if no heterogeneity was observed, a fixed effects model
was applied.* The impact of the role of pulsed electromagnetic
field stimulation in spinal fusion and tibial fracture healing in this
study was evaluated using the Mantel-Haenszel test. A p-value
lower than 0.05 signified a significant effect. The effect estimate was
presented as an odds ratio (OR) with a 95% confidence interval (Cl)
in a Forest Plot.>* All analyses in this study were conducted using
Review Manager version 5.4 (RevMan; Cochrane; UK).

RESULTS

Article selection

In the initial article search process for this study, we
identified 23,404 articles from the database and 28 articles
from the references list of related articles. From this number,
we excluded 23,357 articles due to irrelevant titles and or
abstracts. Additionally, we excluded 16 articles because of
duplication. Subsequently, we included 59 articles for full-
text evaluation. Of these, 18 articles were omitted due to
missing data and 22 articles were excluded because they
were reviews. Finally, we determined that 19 articles were
eligible to be included in our study.?’’-? Table 1 provides
a summary of the baseline characteristics of the articles

Table 1. Baseline characteristics of studies included in our analysis.
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included in our study, and figure 1 illustrates the article
selection process in our study.

[ Identification of studies via databases and registers ]

_5 Records identified from Records removed before
ﬁ PubMed, Scopus, and screening:
_é Embase: »  Duplicate records (n=16)
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A 4

Studies included in
review (n=19)

Figure 1. A flowchart of article selection in our study.

Study Country Design Age (years) Sample size Case Outcomes Quality assessment
Sharrad? UK RCT 34718 45 Tibial fracture  Union incidence Moderate
Marks'® us RCT 40.6+8.3 61 Spinal fusion Fusion success Moderate
Barker? UK RCT =18 16 Tibial fracture  Union incidence Moderate
Coric® us Retrospective 54.9+12.9 309 Spinal fusion Fusion success Moderate
Simonis? UK RCT 32.0£16.0 34 Tibial fracture  Union incidence Moderate
Cheaney’? us Retrospective 57.5+13.9 36 Spinal fusion Union incidence High
Andersen’’ Denmark RCT 68.9 (59-80) 95 Spinal fusion Fusion success High
Foley’ us RCT 18-75 240 Spinal fusion Fusion success High
Shi” China RCT 41.1+£14.5 58 Tibial fracture Union rate High
Adie? Australia RCT 38.5+12.3 204 Tibial fracture Union rate High
Goodwin'# us RCT 45.0+15.3 179 Spinal fusion Fusion success Moderate
Mooney?! Canada RCT 37.9+14.2 117 Spinal fusion Fusion success High
Kane’s us RCT NA 59 Spinal fusion Fusion success Moderate
Kucharzyk'” us RCT 54.1+£12.8 130 Spinal fusion Fusion success Moderate
Meril? us RCT 39.3+15.1 225 Spinal fusion Fusion success Moderate
Scott?® UK RCT NA 21 Tibial fracture Union rate Moderate
Jenis™ us RCT NA 61 Spinal fusion Fusion success Moderate
Linovitz'® us RCT 57.2+17.6 201 Spinal fusion Fusion success Moderate
Rogozinski? us RCT 41.5+14.7 94 Spinal fusion Fusion success Moderate

RCT: Randomized controlled trial, UK: United Kingdom, US: United States, NA: Not available
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The impact of pulsed electromagnetic
field stimulation in spinal fusion

We collected data from 13 articles to assess the effect
of pulsed electromagnetic field stimulation on spinal fu-
sion.#7"-22 OQur data showed that the use of pulsed electro-
magnetic field stimulation had a positive impact on fusion
success, with an OR of 2.63 compared to patients not receiv-
ing pulsed electromagnetic field stimulation (OR: 2.63; 95%
Cl: 2.06, 3.36; Egger’s p-value: 0.1501; I*: 44%; p<0.0001)
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(fig. 2A). In the subgroup analysis, data from high-quality
articles indicated that the use of pulsed electromagnetic
field stimulation had no significant impact on spinal fusion
(OR: 1.63; 95% Cl: 0.58-4.60; Egger’s p-value: 0.4887; |*:
75%; p=0.3600) (fig. 2B). In contrast, data from moderate-
quality articles showed that pulsed electromagnetic field
stimulation was associated with a 3.23-fold increase in
the likelihood of fusion success compared to the control
(OR:3.23;95% Cl: 2.38-4.38; Egger’s p-value: 0.1117; 1 0%;
p<0.0001) (fig. 2C).
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Figure 2. Forest plot of the impact of pulsed electromagnetic field stimulation on spinal fusion outcomes. (A) All studies (OR: 2.63; 95% Cl: 2.06-3.36;
Egger’s p: 0.1501; I’ 44%; p<0.0001). (B) High-quality studies (OR: 1.63; 95% Cl: 0.58-4.60; Egger’s p: 0.4887; I*: 75%; p=0.3600). (C) Moderate-quality
studies (OR: 3.23; 95% Cl: 2.38-4.38; Egger’s p: 0.1117; I*: 0%; p<0.0001). OD: Odds ratio, 95% Cl: 95% confidence interval.
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The impact of pulsed electromagnetic
field stimulation in tibial fracture

To assess the impact of pulsed electromagnetic field
stimulation on tibial fractures, we analyzed data obtained
from 6 articles.??-2 Our study found that the use of pulsed
electromagnetic field stimulation had no significantimpact
on tibial fracture healing (OR: 2.69; 95% Cl: 0.96, 7.54; Egger’s
p-value: 0.0850; I*: 58%; p=0.0600) (fig. 3A). In the subgroup
analysis, findings from high-quality studies revealed that
pulsed electromagnetic field stimulation had no notable
impact on tibial fracture healing (OR: 1.17;95% Cl: 0.71-1.92;
Egger’s p-value: Not available [NAJ; I*: 31%; p=0.5400) (fig.
3B). Conversely, results from moderate-quality studies in-
dicated that pulsed electromagnetic field stimulation was
linked to a 6.22-fold increase in fracture healing likelihood
compared to the control (OR: 6.22;95% Cl: 2.12-18.23; Eg-
ger's p-value: 0.9595; I*: 32%; p=0.0009) (fig. 3C).
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Heterogeneity among studies
and potential publication bias

Our evaluation using I” statistics found that the spinal
fusion variable had an I? of 44%. Therefore, the impact of
pulsed electromagnetic field stimulation on spinal fusion
was assessed using a fixed effects model. In the subgroup
analysis, data from high-quality articles showed the pres-
ence of heterogeneity (I*: 75%), and therefore, the data
were analyzed using a random-effects model. In contrast,
data from moderate-quality articles indicated no hetero-
geneity (I*: 0%), and thus, the data were analyzed using
a fixed-effects model. Meanwhile, we found that the I?
for the tibial fracture variable was 58%. Thus, a random
effects model was used to evaluate the impact of pulsed
electromagnetic field stimulation on tibial fractures. In the
subgroup analysis, data from both high-quality articles (1%
31%) and moderate-quality articles (I*: 32%) indicated no
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Figure 3. Forest plot illustrating the effects of pulsed electromagnetic field stimulation on tibial fracture healing. (A) All studies (OR: 2.69; 95% Cl:
0.96-7.54; Egger’s p: 0.0850; I”: 58%; p=0.0600). (B) High-quality studies (OR: 1.17; 95% Cl: 0.71-1.92; Egger’s p: NA; I*: 31%; p=0.5400). (C) Moderate-
quality studies (OR: 6.22; 95% Cl: 2.12-18.23; Egger’s p: 0.9595; I*: 32%; p=0.0009). OD: Odds ratio, 95% Cl: 95% confidence interval, NA: Not available.
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significant heterogeneity, and therefore, the data were
analyzed using a fixed-effects model. Additionally, regarding
potential publication bias, our analysis using the Egger test
found that neither variable, spinal fusion nor tibial fracture,
exhibited potential publication bias (p>0.05) (tab. 2).

DISCUSSION

Our study found that spinal fusion patients who received
pulsed electromagnetic field stimulation had an impact on
achieving fusion success with an OR of 2.63 compared to
patients who did not receive pulsed electromagnetic field
stimulation. However, conversely, we could not demonstrate
the role of pulsed electromagnetic field stimulation in tibial
fracture healing. Furthermore, in the subgroup analysis
based on article quality, our study revealed consistent
results. Data from moderate-quality articles indicated an
impact of pulsed electromagnetic field stimulation on the
healing of spinal fusion and tibial fractures. In contrast, data
from high-quality articles did not demonstrate a significant
impact of pulsed electromagnetic field stimulation. This
difference in results indicated a varied impact of this pulsed
electromagnetic field stimulation modality depending on
the type of bone injury. To the best of our knowledge, no
meta-analysis had simultaneously evaluated the role of
pulsed electromagnetic field stimulation in both spinal
fusion and tibial fractures. Therefore, we could not make a
direct head-to-head comparison. Nevertheless, the role of
pulsed electromagnetic field stimulation in various types
of fractures had been reported in previous meta-analyses.
Prior meta-analyses reported on the role of pulsed elec-
tromagnetic field stimulation in long bone fractures.>**
Their studies combined all data from long bone fractures
to assess the effectiveness of pulsed electromagnetic field
stimulation.>** This approach introduced a high potential
for bias, as we reported that the effectiveness of pulsed
electromagnetic field stimulation varied by fracture type.
Therefore, our results, which evaluated specific types of
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fractures, provided new insights into the role of pulsed
electromagnetic field stimulation in fracture management.
Furthermore, although previous meta-analysis had reported
on the impact of pulsed electromagnetic field stimulation
on spinal fusion, they had combined data from humans and
animal subjects.** This could have introduced potential bias
due to differences between animal models and humans.
Our study involved only human samples, and therefore,
provided more precise results compared to previous studies.

The theoretical basis explaining the results of this study
is not yet fully known. However, some literature may serve as
areference for why pulsed electromagnetic field stimulation
impacts spinal fusion healing. It is well-known that bone
growth and remodeling occur in response to mechanical
stress. On the other hand, electrical stimulation can mimic
or enhance these stress signals.*” This will facilitate bone
formation and healing during spinal fusion.?® Additionally,
the piezoelectric effect shows that bone can generate elec-
trical charges in response to mechanical stress. Therefore,
electrical stimulation might enhance this natural process.
As a result, it will promote osteoblast activity and acceler-
ate spinal fusion.?” Moreover, other theories suggest that
electrical stimulation may modulate the inflammatory
response and reduce inflammation. Consequently, this will
create a more supportive environment for bone healing
during spinal fusion.”

Several theories may explain the impact of pulsed elec-
tromagnetic field stimulation on tibial fracture healing, as
observed in our study. First, the modulation of membrane
receptors might play a role, as pulsed electromagnetic
field stimulation exposure increases the presence of A2A
and A3 receptors on synoviocytes, chondrocytes, and
osteoblasts, which elevates intracellular cAMP levels and
reduces NF-kf activation, thereby decreasing inflammation
and promoting bone and cartilage regeneration.?’ Second,
pulsed electromagnetic field stimulation likely activates
osteoinductive and angiogenesis pathways, stimulating
the production of growth factors like bone morphogenetic

Table 2. A summary of analysis regarding the role of pulsed electromagnetic field stimulation on tibial fracture and spinal fusion.

Covariates Case/total NS Model OR 95% Cl p Egger I-squared (%) P

Spinal fusion 1,426/1,807 13 Fixed 2.63 2.06;3.36 0.1501 44 <0.0001
High-quality study 364/488 4 Random 1.63 0.58; 4.60 0.4887 75 0.3600
Moderate-quality study 1,062/1,319 9 Fixed 3.23 2.38;4.38 0.1117 0 <0.0001
Tibial fracture 151/378 6 Random 2.69 0.96; 7.54 0.0850 58 0.0600
High-quality study 105/262 2 Fixed 117 0.71;1.92 NA 31 0.5400
Moderate-quality study 46/116 4 Fixed 6.22 2.12;18.23 0.9595 32 0.0009

NS: Number of studies, OR: Odds ratio, 95% Cl: 95% confidence interval, NA: Not available
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proteins (BMPs) and transforming growth factor beta 1
(TGF-B1), which are essential for osteoprogenitor cell re-
cruitment and bone healing.?’ Third, the alteration of the
extracellular matrix could contribute to the study results,
as pulsed electromagnetic field stimulation influences the
synthesis of cell matrix proteins, crucial for bone tissue re-
pair and mineralization.?” Fourth, pulsed electromagnetic
field stimulation may affect ion channels and intracellular
signaling, enhancing the production of growth factors
and cell matrix proteins, thereby supporting the healing
process.*’ Lastly, pulsed electromagnetic field stimulation
has been shown to enhance callus formation, an early
stage of bone healing, with experimental studies in rats
demonstrating significant increases in callus formation
after two and five weeks of pulsed electromagnetic field
stimulation compared to controls.*

Several clinical implications arose from this study. First,
the study supported the benefit of using pulsed electro-
magnetic field stimulation postoperatively as an adjunctive
therapy to enhance radiographically defined fusion suc-
cess rates and tibial fracture healing. Given the challenges
associated with spinal fusion healing,? this study offered
hope for improved spinal fusion outcomes. Second, the
study was conducted with the aim of benefiting the medi-
cal field, particularly in orthopedic surgery. Therefore, the
results of this study helped ensure the positive impact of
pulsed electromagnetic field stimulation in the future.
The use of pulsed electromagnetic field stimulation was
expected to become one of the modalities in orthopedic
surgery to achieve better spinal fusion success and tibial
fracture healing. Third, although many factors contributed
to the success of bone fusion and tibial fracture healing,
the study hoped that in the future, the use of pulsed elec-
tromagnetic field stimulation would have a significant
impact. Fourth, while this study had important implications
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for clinical practice concerning fusion success outcomes
and tibial fracture healing, further research considering
various confounding factors was needed to establish the
effectiveness of pulsed electromagnetic field stimulation
on pain, functional outcomes, and quality of life.

However, there were several limitations in this study.
First, the success of fusion and fracture healing were the
only focuses of our study. We did not include other data
such as functional status, complications, and patient satis-
faction because these data were not always reported by the
individual articles. Second, although the fusion and union
rate were consistently used to measure the effectiveness of
pulsed electromagnetic field stimulation, the assessment
of fusion and union was performed using differentimaging
modalities in each article. This factor likely introduced po-
tential bias. Third, another limitation reported in this study
was the inclusion of several articles with observational de-
signs.Thus, the incorporation of different study designs also
implied a risk of bias. Fourth, most of the studies included
in this meta-analysis were conducted in the United States
(US) and United Kingdom (UK). Therefore, special attention
was needed when generalizing the findings of our study.
Fifth, the included articles had populations with varying
ages. This also introduced potential confounding factors,
considering that age is one of the factors contributing to
fracture healing.”

In conclusion, this study found evidence supporting the
use of pulsed electromagnetic field stimulation postopera-
tively as an adjunctive therapy for spinal fusion and tibial
fracture. Compared to placebo controls or no stimulation,
patients who received pulsed electromagnetic field stimu-
lation postoperatively exhibited significantly higher rates
of fusion and union success. Nevertheless, comprehensive
evidence requires further studies that consider functional
status, pain scales, quality of life, and potential side effects.

MEPIAHYH

A&l10AOYNON TNG ATTOTEAEGUATIKOTNTAG TNG S1€yEPONG MAAUIKOU NAEKTPOMAYVNTIKOU TTESiov
oTn omovSulodeaia Kal 0TV EMOVAWON KATAYHMATOG KVAUNG: Mia peta-availuon
F. FADHIL," J.K. FAJAR?
'Department of Emergency, RSI Aisyiyah, Malang, ?Center of Medical Research, Deka Institute, Malang, lIvbovnoia

Apxeia EAAnVIKriG latpikric 2025, 42(6):771-779

ZKOMNOX Ektipnon tou poAou tng S1€yepong Tou TAAUIKOU NAEKTpopayvnTIkoU mediov otn ormoviulodeaia Kal oTo

KATAYMA TNG KVAUNG, XPNOLUOTIOIWVTAG TTPooéyylon peta-avaluong. YAIKO-MEO®OAOZX EKTTovAONKE HLa LEAETN META-

avdaAuong tov loVALo Kal Tov AUYouoTo Tou 2024. H otpatnyikn avalntnong tng HEAETNG SievepynOnke ota Embase,

PubMed kat Scopus. MNa tnv a§loAdynon tng molotntag twv dpBpwv xpnotpomottnke n kKAipaka Newcastle-Ottawa

kat N Modified Jadad Scale. Ta deSopéva anmd tn HEAETN TTAPOUCIACTNKAV WG HETPIOELG KAl TTOCOOTA (N [%]). ASloNo-
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YACOQUE TNV TTPOoKATAANYWN Snuooisuong Xxpnotpomolwvtag Tn Sokiun Egger kat pia ypa@ikn mapdotaon SloxXETEV-
ongG. H etepoyévela twv Sedopévwy a&loAoynOnke XxpNOILOTIOIWVTAG TN OTATIOTIKN I2. Ta mpwTtevovTa anmoteAécpata
NG MEAETNG avaAuBOnkav xpnotpormolwvtag tn dokipaocia Mantel-Haenszel, mou mapouvoidotnke pe odds ratio (OR)
Kal Stdotnua epmotoolvng 95% (Cl). AMOTEAEZMATA upumepAeOnkav 19 apBpa og autr Tn PEAETN, ATTOTEAOU-
Meva amd 13 dpbpa oxeTIKA UE TNV eMidpacn TNG S1Eyepong MAAMIKOU NAEKTPOMAYVNTIKOU TTESIOL 0TN OTTOVOUAIKNA
ouvtnén Kal 6 ApOpa avaoplikd e TNV eMidpacn TNG S1€yepong MAAMIKOU NAEKTPOMAYVNTIKOU TTESIOU OTA KATAYMA-
TA TNG KVAMNG. Ta amoteAéopata amokdaAuvpav Tl n xprnon SiEyepong maApIkoU NAEKTPOPAYVNTIKOU Tediov evioxuoe
ONMAVTIKA TNV emMoVAwoN TNG omovOuAodeaiag. AvtiBeta, Sev mapatneriOnke onpavtikni BeAtiwon 6oov agopd otn
XPrion MoAULKAG S1Eyepong NAEKTPOUAYVNTIKOU TTESIOL O0TNV EMOUVAWGCN TWV KATAYHATWY TNG KVAUNG. TNV avaiuon
LTTOOUASAG AVA TTOLOTNTA AVTIKEIUEVOU SlamoTwOnKe 611 Ta Apbpa pétplag molotntag €édetav emidpaon tng Siéyep-
oNG TOU TTAALIKOU NAEKTPOUAYVNTIKOU TTESiou 0Tn oTTovOUAOSECIa Kal 0TNV EMOVAWON TOU KATAYMATOG TNG KVAMNG,
eV Ta ApBpa vPYnAng motdtntag oxl. TYMIEPAIMATA EmpBeBaiwvetal OtTL n Xprion MOAMIKNAG S1EyEpOoNG NAEKTPO-
HayvnTikoU Tediou €xel KPIOIPO avTiKTUTIO 0T OTTOVOUAOSETIA KAl GTNV EMOUAWGCN TWV KATAYUATWY TNG KVAMNG.

F. FADHIL and J.K. FAJAR

Né&erg evupeTnpiou: Aléyepon MAAMIKOU NAEKTpOopayvNTIKoU Tiediov, Kdtayua kvrung Ootod, Zmovdulodeaia

References

. BIGHAM-SADEGH A, ORYAN A. Basic concepts regarding frac-
ture healing and the current options and future directions
in managing bone fractures. Int Wound J 2015, 12:238-247

2. EINHORN TA, GERSTENFELD LC. Fracture healing: Mechanisms

and interventions. Nat Rev Rheumatol 2015, 11:45-54

3. BELETEY, BELAY GJ, DUGOT, GASHAW M. Assessment of function-

al limitation and associated factors in adults with following
lower limb fractures, Gondar, Ethiopia in 2020: Prospective
cross-sectional study. Orthop Res Rev 2021, 13:35-45

4. DI BARTOLOMEO M, CAVANI F, PELLACANI A, GRANDE A, SALVATORI

R, CHIARINI L ET AL. Pulsed electro-magnetic field (PEMF) ef-
fect on bone healing in animal models: A review of its effica-
cy related to different type of damage. Biology (Basel) 2022,
11:402

5. ALEEM IS, ALEEM |, EVANIEW N, BUSSE JW, YASZEMSKI M, AGARWAL

AET AL. Efficacy of electrical stimulators for bone healing: A
meta-analysis of randomized sham-controlled trials. Sci Rep
2016,6:31724

6. CALIOGNA L, MEDETTI M, BINA V, BRANCATO AM, CASTELLI A, JAN-

NELLI E ET AL. Pulsed electromagnetic fields in bone healing:
Molecular pathways and clinical applications. Int J Mol Sci
2021, 22:7403

7. PARK P, LAU D, BRODT ED, DETTORI JR. Electrical stimulation to

enhance spinal fusion: A systematic review. Evid Based Spine
CareJ 2014, 5:87-94

8. CORIC D, BULLARD DE, PATEL VV, RYABY JT, ATKINSON BL, HE D ET

AL. Pulsed electromagnetic field stimulation may improve
fusion rates in cervical arthrodesis in high-risk populations.
Bone Joint Res 2018, 7:124-130

9. WALDORFF El, ZHANG N, RYABY JT. Pulsed electromagnetic field

10.

11.

applications: A corporate perspective. J Orthop Translat 2017,
9:60-68

DWYER AF, WICKHAM GG. Direct current stimulation in spinal
fusion. Med J Aust 1974, 1:73-75

ANDERSEN T, CHRISTENSEN FB, EGUND N, ERNST C, FRUENSGAARD

20.

S, @STERGAARD J ET AL. The effect of electrical stimulation on
lumbar spinal fusion in older patients: A randomized, con-
trolled, multi-center trial — Part 2: Fusion rates. Spine (Phila
Pa 1976) 2009, 34:2248-2253

. CHEANEY B 2nd, EL HASHEMI M, OBAYASHI J, THAN KD. Combined

magnetic field results in higher fusion rates than pulsed elec-
tromagnetic field bone stimulation after thoracolumbar fu-
sion surgery. J Clin Neurosci 2020, 74:115-119

. FOLEY KT, MROZ TE, ARNOLD PM, CHANDLER HC Jr, DIXON RA, GIRA-

SOLE GJET AL. Randomized, prospective, and controlled clini-
cal trial of pulsed electromagnetic field stimulation for cervi-
cal fusion. Spine J 2008, 8:436-442

. GOODWIN CB, BRIGHTON CT, GUYER RD, JOHNSON JR, LIGHT KI, YUAN

HA. A double-blind study of capacitively coupled electrical
stimulation as an adjunct to lumbar spinal fusions. Spine (Ph-
ila Pa 1976) 1999, 24:1349-1356

. JENIS LG, AN HS, STEIN R, YOUNG B. Prospective comparison of

the effect of direct current electrical stimulation and pulsed
electromagnetic fields on instrumented posterolateral lum-
bar arthrodesis. J Spinal Disord 2000, 13:290-296

. KANEWJ. Direct current electrical bone growth stimulation for

spinal fusion. Spine (Phila Pa 1976) 1988, 13:363-365

. KUCHARZYK DW. A controlled prospective outcome study of

implantable electrical stimulation with spinal instrumenta-
tion in a high-risk spinal fusion population. Spine (Phila Pa
1976) 1999, 24:465-468

. LINOVITZ RJ, PATHRIA M, BERNHARDT M, GREEN D, LAW MD, McGUIRE

RA ET AL. Combined magnetic fields accelerate and increase
spine fusion: A double-blind, randomized, placebo-controlled
study. Spine (Phila Pa 1976) 2002, 27:1383-1389

. MARKS RA. Spine fusion for discogenic low back pain: Out-

comes in patients treated with or without pulsed electro-
magnetic field stimulation. Adv Ther 2000, 17:57-67

MERIL AJ. Direct current stimulation of allograft in anterior
and posterior lumbar interbody fusions. Spine (Phila Pa 1976)



ELECTRICAL STIMULATION IN SPINAL FUSION AND TIBIAL FRACTURE

21.

22.

23.

24.

25.

26.

27.

28.

20.

30.

31.

32.

1994, 19:2393-2398

MOONEY V. A randomized double-blind prospective study of
the efficacy of pulsed electromagnetic fields for interbody
lumbar fusions. Spine (Phila Pa 1976) 1990, 15:708-712
ROGOZINSKI A, ROGOZINSKI C. Efficacy of implanted bone growth
stimulation in instrumented lumbosacral spinal fusion. Spine
(Phila Pa 1976) 1996, 21:2479-2483

ADIE S, HARRIS IA, NAYLOR JM, RAE H, DAO A, YONG S ET AL. Pulsed
electromagnetic field stimulation for acute tibial shaft frac-
tures: A multicenter, double-blind, randomized trial. J Bone
Joint Surg Am 2011, 93:1569-1576

BARKER AT, DIXON RA, SHARRARD WJ, SUTCLIFFE ML. Pulsed mag-
netic field therapy for tibial non-union. Interim results of a
double-blind trial. Lancet 1984, i:994-996

SCOTT G, KING JB. A prospective, double-blind trial of electri-
cal capacitive coupling in the treatment of non-union of long
bones. J Bone Joint Surg Am 1994, 76:820-826

SHARRARD WJ. A double-blind trial of pulsed electromagnetic
fields for delayed union of tibial fractures. J Bone Joint Surg Br
1990, 72:347-355

SHI HF, XIONG J, CHEN YX, WANG JF, QIU XS, WANG YH ET AL. Early
application of pulsed electromagnetic field in the treatment
of postoperative delayed union of long-bone fractures: A
prospective randomized controlled study. BMC Musculoskel-
et Disord 2013, 14:35

SIMONIS RB, PARNELL EJ, RAY PS, PEACOCK JL. Electrical treatment
of tibial non-union: A prospective, randomised, double-blind
trial. Injury 2003, 34:357-362

PAGE MJ, McKENZIE JE, BOSSUYT PM, BOUTRON I, HOFFMANN TC,
MULROW CD ET AL. The PRISMA 2020 statement: An updat-
ed guideline for reporting systematic reviews. Syst Rev 2021,
10:89

STANG A. Critical evaluation of the Newcastle-Ottawa scale
for the assessment of the quality of nonrandomized studies
in meta-analyses. Eur J Epidemiol 2010, 25:603-605
MOHSINA S, GURUSHANKARI B, NIRANJAN R, SURESHKUMAR S,
SREENATH GS, KATE V. Assessment of the quality of randomized
controlled trials in surgery using Jadad score: Where do we
stand? J Postgrad Med 2022, 68:207-212

FAJAR JK. Approaches for identifying and managing publica-
tion bias in meta-analysis. Deka in Medicine 2024, 1:e865

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43

779

RUPPART. Meta-analysis: How to quantify and explain hetero-
geneity? Eur J Cardiovasc Nurs 2020, 19:646-652

KUSS O, GROMANN C. An exact test for meta-analysis with bi-
nary endpoints. Methods Inf Med 2007, 46:662-668

EBRAHIM S, MOLLON B, BANCE S, BUSSE JW, BHANDARI M. Low-in-
tensity pulsed ultrasonography versus electrical stimulation
for fracture healing: A systematic review and network meta-
analysis. Can J Surg 2014, 57:E105-E118

COTTRILLE, PENNINGTON Z, AHMED AK, LUBELSKI D, GOODWIN ML,
PERDOMO-PANTOJA A ET AL. The effect of electrical stimulation
therapies on spinal fusion: A cross-disciplinary systematic re-
view and meta-analysis of the preclinical and clinical data. J
Neurosurg Spine 2019, 32:106-126

CARTER A, POPOWSKI K, CHENG K, GREENBAUM A, LIGLER FS, MOATTI
A.Enhancement of bone regeneration through the converse
piezoelectric effect, a novel approach for applying mechani-
cal stimulation. Bioelectricity 2021, 3:255-271

ZHANGY, JIANGY, ZOU D, YUAN B, KE HZ, LIW. Therapeutics for en-
hancement of spinal fusion: A mini review. J Orthop Translat
2021, 31:73-79

YANG C, JIJ,LVY, LI Z, LUO D. Application of piezoelectric mate-
rial and devices in bone regeneration. Nanomaterials (Basel)
2022, 12:4386

LEPPIK L, OLIVEIRA KMC, BHAVSAR MB, BARKER JH. Electrical stim-
ulation in bone tissue engineering treatments. Eur J Trauma
Emerg Surg 2020, 46:231-244

CARUSO G, MASSARI L, LENTINI'S, SETTI' S, GAMBUTI E, SARACCO A.
Pulsed electromagnetic field stimulation in bone healing and
joint preservation: A narrative review of the literature. Appl
Sci 2024, 14:1789

ANWAR R, HIDAJAT NN, TIKSNADI B, RASYID HN. Pulsed electromag-
netic field stimulation on closed tibial rats fracture enhances
callus formation based on radiographic measurement. Indo-
nesian Journal of Orthopaedics 2012, 40:11-18

. CLARK D, NAKAMURA M, MICLAU T, MARCUCIO R. Effects of aging

on fracture healing. Curr Osteoporos Rep 2017, 15:601-608

Corresponding author:

F.Fadhil, Department of Emergency, RSI Aisyiyah, Malang, In-
donesia
e-mail: fadhil95@gmail.com



