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Low-intensity pulsed ultrasonography versus
electrical stimulation for fracture healing: 
a systematic review and network meta-analysis

Background: To best inform evidence-based patient care, it is often desirable to com-
pare competing therapies. We performed a network meta-analysis to indirectly compare
low intensity pulsed ultrasonography (LIPUS) with electrical stimulation (ESTIM) for
fracture healing.

Methods: We searched the reference lists of recent reviews evaluating LIPUS and
ESTIM that included studies published up to 2011 from 4 electronic databases. We
updated the searches of all electronic databases up to April 2012. Eligible trials were
those that included patients with a fresh fracture or an existing delayed union or
nonunion who were randomized to LIPUS or ESTIM as well as a control group. Two
pairs of reviewers, independently and in duplicate, screened titles and abstracts,
reviewed the full text of potentially eligible articles, extracted data and assessed study
quality. We used standard and network meta-analytic techniques to synthesize the data.

Results: Of the 27 eligible trials, 15 provided data for our analyses. In patients with a
fresh fracture, there was a suggested benefit of LIPUS at 6 months (risk ratio [RR] 1.17,
95% confidence interval [CI] 0.97–1.41). In patients with an existing nonunion or
delayed union, ESTIM had a suggested benefit over standard care on union rates at
3 months (RR 2.05, 95% CI 0.99–4.24). We found very low-quality evidence suggesting a
potential benefit of LIPUS versus ESTIM in improving union rates at 6 months (RR
0.76, 95% CI 0.58–1.01) in fresh fracture populations.

Conclusion: To support our findings direct comparative trials with safeguards against
bias assessing outcomes important to patients, such as functional recovery, are required.

Contexte : Pour mieux orienter les soins fondés sur des données probantes, il est sou-
vent souhaitable de comparer des traitements entre eux. Nous avons procédé à une
méta-analyse réseau pour comparer indirectement l’effet des ultrasons pulsés de faible
intensité (UPFI) et de l’électrostimulation (ÉS) sur la guérison des fractures. 

Méthodes : Nous avons interrogé les listes bibliographiques de revues récentes ayant
évalué les UPFI et l’ÉS, en incluant des études publiées jusqu'en 2011 à partir de 4 bases
de données électroniques. Nous avons actualisé les interrogations de toutes les bases de
données électroniques jusqu’à avril 2012. Les essais admissibles étaient ceux qui inclu-
aient des patients victimes d’une fracture récente ou présentant un retard de soudure ou
une non soudure de fracture ayant été assignés aléatoirement aux UPFI ou à l’ÉS ou à un
groupe témoin. Deux paires d’examinateurs ont passé en revue indépendamment et en
duplicata les titres, les résumés et les textes complets des articles potentiellement admis -
sibles. Ils en ont extrait les données et ont évalué la qualité des études. Nous avons utilisé
des techniques de méta-analyse standard et réseau pour synthétiser les données.

Résultats : Parmi les 27 essais admissibles, 15 ont fourni des données pour notre analyse.
Chez les patients présentant une fracture récente, les UPFI auraient produit un avantage à
6 mois (risque relatif [RR] 1,17, intervalle de confiance [IC] de 95 % 0,97–1,41). Chez les
patients qui présentaient un problème de non soudure ou de retard de soudure osseuse et
par rapport aux soins classiques, l’ÉS aurait conféré un avantage sur les taux de soudure
osseuse à 3 mois (RR 2,05, IC de 95 % 0,99–4,24), et nous avons noté des preuves de très
faible qualité selon lesquelles les UPFI conféreraient un avantage potentiel par rapport à
l’ÉS pour ce qui est d’améliorer les taux de soudure osseuse à 6 mois (RR 0,76, IC de 95 %
0,58–1,01) chez les populations dont les fractures étaient récentes.

Conclusion : Pour confirmer nos conclusions, il faudra procéder à des essais compara-
tifs directs en veillant à écarter tout biais lors de l’évaluation des paramètres importants
liés aux patients, tels que le rétablissement fonctionnel.
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REVUE

F ractures are associated with considerable socioeco-
nomic burden1 and may be associated with delayed
union and nonunion.2 Delayed union and nonunion

can result in loss of function and significant pain and are
associated with increased treatment costs and reduced
quality of life.2 Factors contributing to delayed union and
nonunion include fracture characteristics (e.g., fracture dis-
placement, severity of injury to the soft tissue envelope,
infection at the fracture site), iatrogenic factors (e.g., medi -
cations, such as anticoagulants, steroids, anti-inflammatory
drugs, radiotherapy) and patient characteristics (e.g., vita-
min deficiencies, smoking habits).3

The standard care for delayed union and nonunion
include nonsurgical (e.g., cast immobilization) and surgical
treatment (e.g., external fixation, plating, internal intra -
medullary nail fixation). Adjunct interventions, such as
bone stimulators, are commonly used to facilitate fracture
healing. A 2008 survey of 450 Canadian trauma surgeons
(79% response rate) showed that 45% of surgeons used
bone growth stimulators as part of their treatment strat -
egies for managing fractures.4 Of these, an equal number
used low-intensity pulsed ultrasonography (LIPUS) and
electrical stimulators (ESTIM).

The US Food and Drug Administration approved LIPUS
in 1994 for accelerating fresh fracture healing and in 2000 for
the treatment of existing nonunions.5 The technique is non-
invasive, and its waves induce micromechanical stress in the
fracture site, stimulating molecular and cellular responses
involved in fracture healing.6,7 Previous systematic reviews
evaluating the effectiveness of LIPUS have suggested a mod-
erate effect on surrogate end points (e.g., reducing time to
radiographic union), but inconsistent effects on measures of
direct importance to patients, such as return to function.8–11

The use of ESTIM is another noninvasive technique
marketed for improving fracture healing. It is believed to
affect many cellular pathways, including growth factor
synthesis, cytokine production, proteoglycan and collagen,
which ultimately stimulate pathways that enhance fracture
healing.12–14 Previous systematic reviews evaluating ESTIM
for healing existing nonunions concluded that the current
evidence is inconsistent — neither showing a significant
impact nor confidently rejecting the therapeutic effect of
ESTIM.3,15

There have been no comparative studies evaluating
LIPUS versus ESTIM for fracture healing. Although the
clinical effectiveness for both LIPUS and ESTIM is incon-
sistent, use of these modalities remains high. In 2012, sales
of bone stimulators in the United States were approxi-
mately $700 million annually, with a projected growth of
6% per year.16

To best inform evidence-based patient care, it is often
desirable to compare competing therapies. Network meta-
analysis techniques are powerful approaches that allow for
indirect comparison of interventions that have not been
directly compared.17,18 The main purpose of this study was

to systematically review the LIPUS and ESTIM literature
and perform a network meta-analysis of these 2 treatments
for accelerating fracture healing in both fresh fracture and
nonunion populations.

METHODS

Eligibility criteria

All published randomized controlled trials (RCTs) enrol -
ling patients with a fresh fracture or an existing delayed
union or nonunion who were randomly assigned to
LIPUS or ESTIM as well as a control group were eligible
for inclusion in our review and meta-analysis.

Information sources and search

We identified relevant RCTs in any language by examining
2 recent Cochrane systematic reviews evaluating the effect -
iveness of LIPUS and the effectiveness of ESTIM in frac-
ture healing.3,11 Authors of the LIPUS and ESTIM reviews
searched (to November 2011 and April 2011, re spectively)
the Cochrane Bone, Joint and Muscle Trauma Group Spe-
cialized Register, the Cochrane Central Register of Con-
trolled Trials, Medline, Embase, trial registers and refer-
ence lists of all eligible articles. We updated these searches
to April 2012 to identify additional trials. The medical sub-
ject headings used to capture the trials are listed in the
Appendix, available at canjsurg.ca.

Study selection

One team consisting of 2 reviewers (S.E., S.B.) screened,
independently and in duplicate, titles and abstracts of
identified citations. All citations flagged by either reviewer
as potentially eligible in the title and abstract screening
were reviewed in full text. The same reviewers independ -
ently applied the eligibility criteria to the full text of po -
ten tial ly eligible studies. Using the guidelines proposed by
Landis and Koch19 for assessing interrater agreement for
categorical data, we measured agreement for the full text
review stage.

Data collection process and data items

Two pairs of reviewers (S.E. and S.B., and S.E. and B.M.)
extracted data, independently and in duplicate, from each
eligible study. The data extracted included patient charac-
teristics, intervention and control device details, union
rates, and frequency and timing of outcomes. Reviewers
resolved disagreements by discussion, and arbitrators
(J.W.B. and M.B.) adjudicated unresolved disagreements.
We made contact with 1 author directly, as the union rates
were not reported in the published study,20 and the author
provided this data.
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Risk of bias in individual studies

Two pairs of reviewers (S.E. and S.B., and S.E. and B.M.)
assessed risk of bias using a modified Cochrane risk of bias
instrument.21 Reviewers used modified response options of
“definitely yes,” “probably yes,” “probably no” and “definitely
no” for each risk of bias component, with “definitely yes” and
“probably yes” ultimately assigned low risk of bias and “def -
initely no” and “probably no” assigned high risk of bias.
Reviewers resolved disagreements by discussion, and arbitra-
tors (J.W.B. and M.B.) adjudicated unresolved disagreements.

Summary measures

We completed pooled analyses for every common time
point. To compare and pool data across trials for outcomes
that measured fracture healing, we calculated risk ratios
(RRs) and the associated 95% confidence intervals (CIs).

Synthesis of results

We completed standard meta-analyses to compare LIPUS
with the control arm and ESTIM with the control arm.
We excluded trials that reported zero events if they were
the only trials reporting a given time point, as they would
not produce a summary effect and the use of correction
factors would provide no additional meaningful data. This
resulted in the exclusion of 1 trial from the analysis, as it
reported zero events at the end of 4 years.22

The author we contacted for unpublished data provided
data for patients with unions (bridging at all 4 cortices by

radiographic imaging), possible unions (bridging at 3 cor-
tices) and nonunion (bridging at ≤ 2 cortices). For the pur-
poses of our analyses of dichotomous outcomes, we merged
possible union and nonunion into 1 category (nonunion)
after consulting with an orthopedic surgeon in our research
team in order to be conservative with respect to our treat-
ment effect estimates.

For our network meta-analysis, we used a frequentist
approach.17 A network meta-analysis was performed only if
2 conditions were satisfied: 1) the common comparator
(control arm) in both trials evaluating LIPUS and trials
evaluating ESTIM were considered similar to conduct an
indirect comparison of the 2 bone stimulation therapies,
and 2) the standard meta-analysis of each bone stimulation
therapy versus standard care showed either significant
bene fit, or the point estimates of the bone stimulation ther-
apies were in opposite directions (e.g., 1 suggesting poten-
tial benefit and the other suggesting potential harm).

We used a random-effects approach for our meta-
 analyses.23,24 We examined heterogeneity using a χ2 test and
I2 and Tau2 statistics.25,26 We interpreted heterogeneity
using the guidelines proposed by the Cochrane Handbook.27

We generated the following a priori hypothesis to explain
variability between studies: studies with greater risk of bias
will have larger effects than studies with lower risk of bias.
This subgroup analysis was completed only on a risk of
bias component × component basis if there was consider-
able variability within the risk of bias component. On con-
sulting with a methodologist, we performed subgroup
analyses only when there were at least 5 studies to avoid
high risk of spurious subgroup findings.
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Additional articles from April 23, 2012, literature 
search update: Medline (n = 42), Embase (n = 43), 
Central (n = 9) 

Total articles after removal of 27 duplicates: n = 67 

Selected for full text 
review: n = 4 

Excluded due to not meeting 
inclusion criteria: n = 2 

Other sources: n = 25 
 Eligible trials from ESTIM and 
LIPUS Cochrane reviews: 
n = 23 

 Identified by authors: n = 2 

Trials eligible for network 
meta-analysis: n = 15 

• LIPUS: n = 7 
• ESTIM: n = 8 

Eligible trials: n = 27 
• LIPUS: n = 12 
• ESTIM: n = 15 

Fig. 1. Study eligibility. ESTIM = electrical stimulation; LIPUS = low-intensity pulsed ultrasonography.
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REVIEW

We intended to assess publication bias by visually
observing asymmetry of the funnel plot for each outcome.
As a rule of thumb,28 one should only perform tests for fun-
nel plot asymmetry when there are at least 10 studies in -
cluded in the meta-analysis. We were underpowered to as -
sess publication bias.

We performed all standard meta-analyses using
RevMan software version 5.1.2 and the Canadian Agency
for Drugs and Technology in Health indirect comparison
software, and we used Microsoft Excel 2011 for our net-
work meta-analyses.

Confidence in estimates

Reviewers (S.E., S.B.), independently and in duplicate,
evaluated the quality of the evidence for relevant out-
comes analyzed in the network meta-analysis using the
Grading of Recommendations Assessment, Development
and Evaluation (GRADE) system.29,30

RESULTS

Study selection

Twelve eligible trials were captured in the LIPUS
Cochrane review,11 and 11 in the ESTIM Cochrane
review.3 From our search update, we identified an addi-
tional 67 potentially eligible studies; we retrieved 4 of
them in full text, and 2 of these were eligible for our
review (Fig. 1). We also knew of 2 recent trials that were
published after our updated search.20,31 Thus, 27 trials were
included in our review: 12 evaluating LIPUS32–42 and 15
evaluating ESTIM.20,31,43–55 There was perfect agreement
between reviewers in the full text review stage.

Study characteristics

Table 1 describes the trials included in our review. Eight
trials evaluating LIPUS (7 fresh fracture and 1 nonunion
populations),32–34,37–39,41 and 7 trials evaluating ESTIM
(3 fresh fracture and 5 nonunion populations),43,44,49,52–54

reported union rates as one of their outcomes and were
used in the network meta-analyses.

Risk of bias within studies

Fig. 2 and Table 2 present the risk of bias within included
studies.

Effect of LIPUS on rate of fracture union

In patients with a fresh fracture, very low-quality evidence
showed that LIPUS, when compared with standard care,
had no significant effects on improving rates of healing at
3 months (RR 1.01, 95% CI 0.90–1.13; Fig. 3A), 6 months

(RR 1.17, 95% CI 0.97–1.41; Fig. 3B) or 12 months (RR
1.06, 95% CI 0.85–1.31; Fig. 3C).
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Adie et al.43 

Barker et al.44 

Beck et al.45 

Betti et al.46 

Borsalino et al.47 

Emami et al.32 

Eyres et al.48 

Faldini et al.49 

Handolin et al.33 

Handolin et al.34 

Hanneman et al.20 

Heckman et al.35 

Kristiansen et al.36 

Leung et al.37 

Lubbert et al.38 

Mammi et al.50 

Mayr et al.39 

Poli et al.51 

Ricardo 22 

Rue et al.40 

Scott et al.52 

Sharrard 53 

Shi et al.31 

Simonis et al.54 

Strauss et al.41 

Wahlström 55 

Yadav et al.42 

Fig. 2. Risk of bias within included studies; (+) denotes low risk
of bias; (–) denotes high risk of bias.



REVUE

Effect of ESTIM on rate of fracture union

In patients with a fresh fracture, very low-quality evi-
dence showed no significant effects in union rates
between ESTIM and standard care at 3 months (RR
1.23, 95% CI 0.91–1.66; Fig. 4), 6 months (RR 0.89,

95% CI 0.72–1.09; Fig. 5) or 12 months (RR 1.00, 95%
CI 0.88–1.14; Fig. 6).

In patients with an existing nonunion or delayed union,
very low-quality evidence showed that ESTIM, when com-
pared with standard care, had a suggested nonsignificant
benefit on union rates at 3 months (RR 2.05, 95% CI  

E112      J can chir, Vol. 57, No 3, juin 2014                                                                                                                  

Table 2. Risk of bias within included studies 

Trial 
Concealment 
of allocation 

Blinding of 
patients 

Blinding of 
health care 
providers 

Blinding of data 
collectors 

Blinding of 
outcome 
assessors 

Blinding of 
data analysts 

Incomplete 
outcome 

data, total % Other bias 

LIPUS trials         

Heckman et al.35 De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 31% Study funded by Exogen 
Inc., which produces 
ultrasonography devices 

Kristiansen 
et al.36 

De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 28% None identi!ed 

Emami et al.32* De!nitely yes De!nitely yes Probably no De!nitely yes De!nitely yes Probably no 3% None identi!ed 

Strauss et al.41* Probably no De!nitely no Probably no Probably no Probably no Probably no NR None identi!ed 

Mayr et al.39* Probably no De!nitely no Probably no Probably no De!nitely yes Probably no 0% None identi!ed 

Leung et al.37* De!nitely no Probably no Probably no Probably no Probably yes Probably no 0% None identi!ed 

Rue et al.40 De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 0% 40 participants originally 
enrolled, but on 26 tibial 
fractures were analyzed 

Handolin et al.33* De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 5% None identi!ed 

Handolin et al.34* De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 0% (3 mo) 
 47% (18 mo) 

None identi!ed 

Ricardo22* Probably yes Probably yes De!nitely yes Probably yes Probably yes Probably no 0% None identi!ed 

Lubbert et al.38* De!nitely yes De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 16% None identi!ed 

Yadav et al.42 Probably no De!nitely yes Probably yes Probably yes Probably yes Probably no NR None identi!ed 
ESTIM trials         

Barker et al.44* Probably no De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 6% Evidence that control 
group may have been 
exposed to some active 
EM-S !elds 

Wahlström55 Probably no De!nitely no De!nitely no De!nitely no De!nitely no Probably no 6% None evident 

Poli et al.51 Probably no De!nitely no De!nitely no De!nitely no De!nitely no Probably no 0% None evident 

Borsalino et al.47 Probably no De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 3% None evident 

Sharrard53* Probably yes De!nitely yes De!nitely yes De!nitely yes De!nitely yes De!nitely 
no 

12% Younger patients in 
active group with less 
comminution 

Mammi et al.50 Probably no De!nitely yes De!nitely yes Probably yes De!nitely yes Probably no 7% None evident 

Scott et al.52* De!nitely yes De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 9% None evident 

Eyres et al.48 Probably no De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 0% Multiple limbs analyzed 
in individually 
randomized patients 

Betti et al.46 Probably no De!nitely yes Probably no Probably no Probably no Probably no 16% Most outcomes only 
report on subset of 
compliant patients 

Simonis et al.54* De!nitely yes De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 0% More smokers in control 
group (81% to 44%) 

Beck et al.45 De!nitely yes De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 14% None evident 

Faldini et al.49* Probably no De!nitely yes De!nitely yes Probably yes Probably yes Probably no 16% Most outcomes only 
report on a subset of 
compliant patients 

Adie et al.43* De!nitely yes De!nitely yes De!nitely yes De!nitely yes De!nitely yes Probably no 16% No intention to treat 
analysis 

Hanneman 
et al.20* 

Probably yes Probably yes De!nitely yes Probably yes Probably yes Probably no 4% None evident 

Shi et al.31* De!nitely yes Probably yes De!nitely yes De!nitely yes De!nitely yes Probably no 9% None evident 

ESTIM = electrical stimulation; LIPUS = low intensity pulsed ultrasonography; NR = not reported. 
*Analyzed quantitatively in the indirect comparison analysis. 
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0.99–4.24; Fig. 4) but no significant effect at 6 months (RR
1.47, 95% CI 0.85–2.54; Fig. 5) or 12 months (RR 0.89,
95% CI 0.57–1.38; Fig. 6).

Network meta-analysis of LIPUS and ESTIM on
fresh fracture union rates

Results from the network meta-analysis showed that in
patients with a fresh fracture, there was a potential non-
significant benefit with LIPUS at 6 months (RR 0.76,
95% CI 0.58–1.01).

Confidence in estimates

Using the GRADE system, we rated the confidence in our
estimates for the network meta-analysis to be very low
(Table 3).

DISCUSSION

Summary of findings

We found that neither LIPUS nor ESTIM (compared
with standard care) were effective in improving union
rates at 3, 6 or 12 months in fresh fracture populations.
However, the estimates suggest a potential but nonsignifi-
cant benefit of LIPUS at 6 months. In patients with a
delayed union or nonunion, ESTIM showed a borderline
significant effect in improving union rates (compared with
standard care) at 3 months, but not at 6 or 12 months.
Data were not available to compare LIPUS with standard
care in nonunion populations.

Our network meta-analysis suggested a potential but
nonsignificant benefit with an average of 24% greater union
rate using LIPUS at 6 months in fresh fracture populations.
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A. 3 months       

 LIPUS Control Weight, 
% 

Risk ratio 
M-H, Random, 95% CI Year 

Risk ratio 
M-H, Random, 95% CI Study Events Total Events Total 

Handolin et al.33 13 14 9 12 9.1 1.24 (0.87–1.77) 2005 

 

Handolin et al.34 8 11 9 11 5.8 0.89 (0.56–1.40) 2005 
Lubbert et al.38 47 47 44 44 85.1 1.00 (0.96–1.04) 2008 

        
Total (95% CI)  72  67 100.0 1.01 (0.90, 1.13)  

     26  86 stneve latoT

Heterogeneity: τ2 = 0.00; χ2
2
 = 2.33 (p = 0.31); I2 = 14% 0.01           0.1             1              10            100 

Test for overall effect: Z = 0.22; p = 0.83 Favours control                                   Favours LIPUS

 
 

 
 

B. 6 months       

 LIPUS Control Weight, 
% 

Risk ratio 
M-H, Random, 95% CI Year 

Risk ratio 
M-H, Random, 95% CI Study Events Total Events Total 

Emami et al.32 15 15 15 17 81.0 1.13 (0.92–1.38) 1999 

 

Strauss et al.41 10 10 7 10 19.0 1.40 (0.92–2.14) 1999 
        

Total (95% CI)  25  27 100.0 1.17 (0.97, 1.41)  
     22  52 stneve latoT

Heterogeneity: τ2 = 0.00; χ2
1
 = 0.99 (p = 0.32); I2 = 0% 0.01           0.1             1              10            100 

Test for overall effect: Z = 1.69; p = 0.09 Favours control                                   Favours LIPUS

 

C. 12 months       

 LIPUS Control Weight, 
% 

Risk ratio 
M-H, Random, 95% CI Year 

Risk ratio 
M-H, Random, 95% CI Study Events Total Events Total 

Mayr et al.39 15 15 15 15 67.9 1.00 (0.88–1.13) 2000 
Leung et al.37 15 16 11 14 32.1 1.19 (0.88–1.61) 2004 

        
Total (95% CI)  31  29 100.0 1.06 (0.85, 1.31)  

     62  03 stneve latoT

Heterogeneity: τ2 = 0.01; χ2
1
 = 1.98 (p = 0.16); I2 = 50% 0.01           0.1             1              10            100 

Test for overall effect: Z = 0.52; p = 0.60 Favours control                                   Favours LIPUS

 
Fig. 3. Fracture union rates in low intensity pulsed ultrasound (LIPUS) versus control for fresh fractures at 3, 6 and 12 months; (A) 3
months; (B) 6 months; (C) 12 months; events refer to those who had a fracture union. CI = confidence interval.
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3 months 
 ESTIM Control Weight, 

% 
Risk ratio 

M-H, Random, 95% CI Year 
Risk ratio 

M-H, Random, 95% CI Study Events Total Events Total 

     erutcarf hserF

 

Faldini et al.49 15 16 10 16 41.1 1.50 (1.01–2.24) 2010 
Adie et al.43 12 52 11 59 13.7 1.24 (0.60–2.56) 2011 
Hanneman et al.20 13 22 15 24 31.4 0.95 (0.59–1.51) 2012 
Subtotal (95% CI)  90  99 86.1 1.23 (0.91–1.66)  
Total events 40  36     

Heterogeneity: τ2 = 0.01; χ2
2
 = 2.23 (p = 0.33); I2 = 10% 

Test for overall effect: Z = 1.35; p = 0.18 
     

     noinu deyaled ro noinunoN
Barker et al.44 2 9 1 8 1.6 1.78 (0.20–16.10) 1984 
Sharrard53 5 20 1 25 1.8 6.25 (0.79–49.28) 1990 
Shi et al.31 12 31 6 27 10.5 1.74 (0.76–4.01) 2012 
Subtotal (95% CI)  60  60 13.9 2.05 (0.99–4.24)  
Total events 19       8     

Heterogeneity: τ2 = 0.00; χ2
2
 = 1.33 (p = 0.51); I2 = 0% 

Test for overall effect: Z = 1.93; p = 0.05 
        
Total (95% CI)  150  159 100.0 1.32 (1.00–1.74)  

     44  95 stneve latoT

Heterogeneity: τ2 = 0.01; χ2
5
 = 5.25 (p = 0.39); I2 = 5% 0.01           0.1             1              10            100 

Test for overall effect: Z = 1.98; p = 0.05 Favours control                                    Favours ESTIM

Test for subgroup differences: χ2
1 = 1.61 (p = 0.20); I2 = 37.9% 

Fig. 4. Fracture union rates in electrical stimulation (ESTIM) versus control for fresh fracture and nonunion populations at 3 months;
events refer to those who had a fracture union. CI = confidence interval.

6 months 
 ESTIM Control Weight, 

% 
Risk ratio 

M-H, Random, 95% CI Year 
Risk ratio 

M-H, Random, 95% CI Study Events Total Events Total 

     erutcarf hserF

 

Adie et al.43 29 44 35 49 24.1 0.92 (0.70–1.22) 2011 
Hanneman et al.20 16 22 18 21 23.3 0.85 (0.62–1.16) 2012 
Subtotal (95% CI)  66  70 47.4 0.89 (0.72–1.09)  
Total events 45  53     

Heterogeneity: τ2 = 0.00; χ2
1
 = 0.16 (p = 0.69); I2 = 0% 

Test for overall effect: Z = 1.12; p = 0.26 
     

     noinu deyaled ro noinunoN
Barker et al.44 5 9 6 8 13.4 0.74 (0.36–1.50) 1984 
Scott and King52 6 10 0 11 1.6 14.18 (0.90–223.54) 1994 
Shi et al.31 24 31 13 27 19.9 1.61 (1.04–2.48) 2012 
Simonis et al.54 16 18 8 16 17.8 1.78 (1.06–2.98) 2003 
Subtotal (95% CI)  68  62 52.6 1.47 (0.85–2.54)  
Total events 51     27     

Heterogeneity: τ2 = 0.17; χ2
3
 = 7.49 (p = 0.06); I2 = 60% 

Test for overall effect: Z = 1.37; p = 0.17 
        
Total (95% CI)  134  132 100.0 1.15 (0.81–1.65)  

     08  69 stneve latoT

Heterogeneity: τ2 = 0.12; χ2
5
 = 16.47 (p = 0.006); I2 = 70% 0.01           0.1             1              10            100 

Test for overall effect: Z = 0.77; p = 0.44 Favours control                                    Favours ESTIM

Test for subgroup differences: χ2
1 = 2.79 (p = 0.09); I2 = 64.2% 

 

Fig. 5. Fracture union rates in electrical stimulation (ESTIM) versus control for fresh fracture and nonunion populations at 6 months;
events refer to those who had a fracture union. CI = confidence interval.
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The wide CIs around the estimates of effect suggest con -
siderable uncertainty about relative effects.

Our findings are consistent with those of 2 recent
Cochrane reviews that showed no significant difference
over standard care for either LIPUS or ESTIM in
improving union rates.3,11 Our review adds 4 additional
 trials and, to our knowledge, presents the first network
analysis to indirectly compare LIPUS and ESTIM for
fracture healing.

The strengths of our study include a comprehensive and
transparent search strategy, independent and duplicate eli-
gibility assessment and data extraction, use of standard
meta-analytic techniques to assess the effectiveness of
LIPUS and ESTIM separately in both fresh fracture and
nonunion populations, and use of network meta-analysis
approaches to obtain our estimates of the improvement in

union rates for the comparison between the 2 bone stimu-
lation devices in fresh fracture populations.

Network meta-analysis has been gaining considerable
attention for its ability to evaluate interventions that have
never been directly compared.56 However, it is important to be
cautious of the inferences made from network meta- analyses.
A recent article in the Journal of American Medical Association
provides guidance for readers to assess the strength of infer-
ences and credibility of a network meta-analysis.57 A critical
appraisal of our study using these guidelines is presented in
Table 4. Based on these criteria, our review addresses a sensi-
ble clinical question for the network meta-analysis and
includes all relevant studies. However, we were limited in our
comparisons, and given the lack of direct comparisons, we
were unable to verify whether the results would have been
consistent between direct and indirect comparisons.
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12 months       

 ESTIM Control Weight, 
% 

Risk ratio 
M-H, Random, 95% CI Year 

Risk ratio 
M-H, Random, 95% CI Study Events Total Events Total 

     erutcarf hserF

 

Hanneman et al.20 21 22 20 21 91.6 1.00 (0.88–1.14) 2012 
Subtotal (95% CI)  22  21 91.6 1.00 (0.88–1.14)  
Total events 21  20     
Heterogeneity: Not applicable 
Test for overall effect: Z = 0.03; p = 0.97 

     
     noinu deyaled ro noinunoN

Barker et al.44 7 9 7 8 8.4 0.89 (0.57–1.38) 1984 
Subtotal (95% CI)  9  8 8.4 0.89 (0.57–1.38)  
Total events 7       7     
Heterogeneity: Not applicable 
Test for overall effect: Z = 0.53; p = 0.60 

        
Total (95% CI)  31  29 100.0 0.99 (0.87–1.13)  

     72  82 stneve latoT

Heterogeneity: τ2 = 0.00; χ2
1
 = 0.37 (p = 0.54); I2 = 0% 0.01           0.1             1              10            100 

Test for overall effect: Z = 0.12; p = 0.90 Favours control                                    Favours ESTIM

Test for subgroup differences: χ2
1 = 0.27 (p = 0.61); I2 = 0% 

 

 

Fig. 6. Fracture union rates in electrical stimulation (ESTIM) versus control for fresh fracture and nonunion populations at 12 months;
events refer to those who had a fracture union. CI = confidence interval.

Table 3. GRADE evidence pro�le: LIPUS versus ESTIM for improvement in union rates in patients with fresh fractures 

Quality assessment Summary of �ndings 

Participants 
(studies) 
follow-up Risk of bias Inconsistency 

      
Indirectness Imprecision 

Publication 
bias 

Overall quality 
of evidence 

No. of 
patients 

Risk ratio 
(95% CI)  

Risk difference 
(95% CI)  

91 (4 RCTs) 
 

Serious due to 
lack of reporting 
allocation con-
cealment and 
blinding of per-
sonnel 

Undetected Indirect 
comparison 

Serious due 
to less than 
optimal 
population 
size 

Undetected Very low due to 
risk of bias, in-
directness and 
imprecision 

66 ESTIM; 
25 LIPUS 

0.76  
(0.58 to 1.01) 

–0.25  
(–0.47 to 0.03) 

CI = con�dence interval; ESTIM = electrical stimulation; GRADE = Grading of Recommendations Assessment, Development and Evaluation;  LIPUS = low intensity pulsed 
ultrasonography; RCT = randomized controlled trial.  
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Limitations

Our study has limitations. First, for our pooled network
meta-analysis, we used fracture union rates as our outcome.
This is a surrogate for functional recovery and improve-
ments in union rates may not necessarily translate to com-
mensurate improvements in function.58 Only 5  trials evaluat-
ing LIPUS32,34,37,38,40 and no trials evaluating ESTIM reported
functional outcomes. Second, fracture union rates may fail to
take into account faster healing if the difference in fracture
healing appears between reported time points. We had lim-
ited data to pool estimates of time to fracture healing in our
network meta-analysis. Previous reviews evaluating the
effectiveness of LIPUS that assessed time to radiographic
fracture healing have shown a significant benefit.11 The
1 trial that evaluated the effectiveness of ESTIM on time to
fracture healing showed no difference in time to fracture
healing between ESTIM and standard care.20 Thus, it is pos-
sible that there is a difference in fracture healing time
between LIPUS and ESTIM for fresh fracture populations;
if a difference exists, it may be between 3 and 6 months.
Third, although we intended to compare LIPUS and
ESTIM in patients with an existing nonunion or delayed
union, we were able to perform a network meta-analysis
only for fresh fracture populations owing to the lack of avail-
able data for nonunion populations. This stresses the im -
port ance of evaluating the effectiveness of LIPUS in patients

with delayed unions or nonunions on union rates, given that
current recommendations support its use for this population
albeit with no evidence from RCTs. The 1 trial that evalu-
ated the effect of LIPUS on time to fracture healing in
nonunion populations was different than typical nonunion
populations, as the study included a surgical treatment
designed to address nonunions but also administered ultra-
sonography to increase bone graft uptake.22 Fourth, we ana-
lyzed only studies that provided union rates in our standard
and network meta-analyses. We were unable to analyze
other eligible studies that did not provide the outcome data.
Thus, this may be introducing a potential bias, as there is a
possibility that there could be differences between trials that
reported and did not report the outcome of interest. Fifth,
the confidence in our estimates was very low, as we rated
down for risk of bias, imprecision and indirectness using the
GRADE system for rating quality of evidence per out-
come.59 Finally, our findings provide inferences on the com-
parative effectiveness of LIPUS and ESTIM that, to our
knowledge, have never been directly evaluated in clinical
 trials. A head-to-head comparison would provide more cred -
ibility to our findings.57 However, as bone stimulator trials
typically rely on manufacturers to supply both treatment and
sham devices, this would involve agreement between indus-
try competitors to collaborate and require investigators to
implement comprehensive strategies to minimize any bias
that may be introduced as a result.

Table 4. Critical appraisal of the network meta-analysis57 

Appraisal question Response 

A. Are the results of the study valid?  

Did the review explicitly address a sensible clinical 
question? 

The use of LIPUS and ESTIM for fracture healing is equal and high, but there have been no 
comparative studies evaluating their effect on fracture healing. 

Was the search for relevant studies exhaustive? We searched previous Cochrane reviews, the Cochrane Bone, Joint and Muscle Trauma Group 
Specialized Register, the Cochrane Central Register of Controlled Trials, Medline, Embase, trial 
registers and reference lists of articles. 

Were there major biases in the primary studies? 
 

Most studies did not report allocation concealment, some did not report blinding of personnel, and 
none reported blinding of data analysts. 

B. What are the results?  

What was the amount of evidence in the network? 15 trials: 7 evaluating LIPUS and 8 evaluating ESTIM. The total sample size for each comparison was 
less than 200 patients. 

Were the results similar from study to study? Heterogeneity was undetected. 

Were the results consistent in direct and indirect 
comparisons? 

There were no direct comparisons, thus we were unable to measure consistency. 
 

What were the overall treatment effects and their 
uncertainty, and how did the treatments rank? 

No comparisons showed a signi!cant effect. There may be a potential but non-signi!cant bene!t using 
LIPUS at 6 mo for fresh fracture populations. The con!dence intervals around the effects were wide. 

Were the results robust to sensitivity assumptions 
and potential biases? 

We did not complete sensitivity analyses, owing to being underpowered. 

C. How can I apply the results to patient care?  

Were all outcomes important to patients 
considered? 

We compared all comparable outcomes for fracture healing. There were no available data to compare 
outcomes important to patients (e.g., return to work, functional recovery). 

Were all potential treatment options considered? We compared only LIPUS and ESTIM. This makes up 93% of bone stimulators used.4 

Are any postulated subgroup effects credible? We were unable to carry out subgroup analyses owing to being underpowered for each comparison. 

What is the overall quality and what are limitations 
of the evidence? 

The con!dence in our estimates was very low (see Table 3). Limitations: fracture union rate, our 
primary outcome, is a surrogate for functional recovery. Previous reviews evaluating the effectiveness 
of LIPUS that assessed time to fracture healing have shown a signi!cant bene!t; however, we were 
unable to pool estimates of time to fracture healing given that the limited data. 

ESTIM = electrical stimulation; LIPUS = low intensity pulsed ultrasonography. 
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CONCLUSION

The current evidence suggests that there may not be signifi-
cant difference between LIPUS, ESTIM and standard care in
improving union rates. There may, however, be a potential
benefit to using LIPUS at 6 months for fresh fractures and
ESTIM for nonunion populations at 3 months. The evidence
in this area is extremely weak, as patient-reported outcomes
are not reported, sample sizes are very small, and no direct
comparisons of bone stimulation devices exist. Large head-to-
head trials with safeguards against bias that assess outcomes
inportant to patients (e.g., return to function) are required to
confirm or refute the role of bone stimulation devices for frac-
ture healing in either fresh fracture or nonunion populations.
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