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significantly favoured PemF or LIPuS bone growth stimu-
lation only in non-operatively treated fractures or fractures 
of the upper limb. Furthermore, we found significant results 
that suggest that the use of PemF or LIPuS in acute dia-
physeal fractures may accelerate the time to clinical union.
Conclusions Current evidence from randomized trials is 
insufficient to conclude a benefit of PemF or LIPuS bone 
growth stimulation in reducing the incidence of nonunions 
when used for treatment in acute fractures. However, our 
systematic review and meta-analysis suggest that PemF or 
LIPuS can be beneficial in the treatment of acute fractures 
regarding time to radiological and clinical union. PemF 
and LIPuS significantly shorten time to radiological union 
for acute fractures undergoing non-operative treatment and 
acute fractures of the upper limb. Furthermore, PemF or 
LIPuS bone growth stimulation accelerates the time to 
clinical union for acute diaphyseal fractures.

Keywords Low-intensity pulsed ultrasound · Pulsed 
electromagnetic fields · Fractures · Healing · Nonunion

Introduction

Although many patient-related and surgeon-related factors 
can influence time to resumption of activities after an upper 
or lower extremity fracture, prolonged healing time may 
have severe socio-economic consequences, especially in 
the working age population [1, 2].

The two most common forms of electrophysical bone 
growth stimulation, pulsed electromagnetic fields (PemF) 
and low-intensity pulsed ultrasound (LIPuS) bone growth 
stimulation, have been proposed to accelerate bone heal-
ing and reduce the incidence of disabling complications 
such as delayed union or nonunion and therefore lowering 

Abstract 
Introduction The aim of this systematic review and meta-
analysis was to evaluate the best currently available evi-
dence from randomized controlled trials comparing pulsed 
electromagnetic fields (PemF) or low-intensity pulsed 
ultrasound (LIPuS) bone growth stimulation with placebo 
for acute fractures.
Materials and methods We performed a systematic lit-
erature search of the medical literature from 1980 to 2013 
for randomized clinical trials concerning acute fractures in 
adults treated with PemF or LIPuS. Two reviewers inde-
pendently determined the strength of the included stud-
ies by assessing the risk of bias according to the criteria 
in the Cochrane Handbook for Systematic reviews of 
Interventions.
Results Seven hundred and thirty-seven patients from 13 
trials were included. Pooled results from 13 trials reporting 
proportion of nonunion showed no significant difference 
between PemF or LIPuS and control. With regard to time 
to radiological union, we found heterogeneous results that 
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financial costs by minimizing time off work and reducing 
the time of immobility [3, 4].

Since 1980 several trials have been conducted to test 
whether LIPuS and PemF can be used to promote heal-
ing in acute fractures [3, 4]. Clinical outcomes, however, 
were mixed [3, 4]. We therefore conducted this system-
atic review and performed meta-analyses when sufficient 
dichotomous or continuous data were available to evalu-
ate the best currently available evidence from randomized 
controlled trials comparing PemF or LIPuS bone growth 
stimulation with placebo for healing of acute fractures.

Materials and methods

This systematic review and meta-analysis is reported fol-
lowing the guidelines of the PrISmA statement [5].

Study selection criteria

Types of studies, participants and interventions included

All clinical trials with a random allocation of participants 
over at least one treatment group and one control group, 
concerning acute fractures in adult patients treated with 
PemF or LIPuS bone growth stimulation were considered 
in the present review. Trials including children, patients 
with congenital deformities and degenerative conditions 
and trials that focused on the treatment of delayed union 
(4 weeks to 6 months after a fracture) or nonunion (more 
than 6 months after a fracture) were excluded from the 
analysis.

Types of outcome measures

The primary outcome measure of this review was time to 
complete radiological fracture healing (union), which had 
to be clearly defined. The secondary outcome measures 
of this review were time to full clinical healing, based on 
validated function scoring systems or derivates of this (e.g. 
time until full resumption of work or time until full weight 
bearing in lower extremity fractures) and number of non-
unions. Nonunion was defined as failure of the fracture to 
unite more than 6 months after injury.

Search methods for identification of studies

We performed a systematic search of three major data-
bases: emBASe (OvidSP 1980 through October 30 2013), 
meDLINe (Pubmed 1966 through October 30 2013) and 
the Cochrane Central register of Controlled Trials (CeN-
TrAL) (The Cochrane Library issue 9 of 12 September 
2013). Search terms were “pulsed electromagnetic fields”, 

“PemF”, “low-intensity pulsed ultrasound”, “LIPuS” and 
“fracture”. No language restrictions were applied. Addi-
tionally, we screened the reference lists of all selected 
articles from the database search and additional relevant 
reviews and meta-analyses in order to find suitable studies 
for this review. researchers in the field were contacted to 
inquire about any additional unpublished trials or trials in 
progress.

Data collection and analysis

Selection of studies

Full-text analysis of all eligible articles was performed by 
two reviewers separately (PFWH and JPmS) in order to 
independently assess whether all inclusion criteria were 
met. Disagreement between the reviewers was resolved by 
means of discussion. If necessary, a third reviewer with a 
degree in study methodology and clinical epidemiology 
was consulted for arbitration if no consensus could be 
reached (mP).

Strength of the evidence

Two reviewers (PFWH and JPmS) independently assessed 
the risk of bias in the included studies according to the 
methods in the Cochrane Handbook for Systematic 
reviews of Interventions [6]. The following components 
of the risk of bias tool were assessed: sequence genera-
tion (selection bias), allocation concealment (selection 
bias); blinding (performance bias), incomplete outcome 
data (attrition bias), selective outcome reporting (reporting 
bias) and other biases (including description of the study 
protocol with sample size calculation, source of funding 
and other problems not covered elsewhere in the table). 
All items were judged as having a low, unclear or high 
risk of bias. We used Cohen’s Kappa to estimate agree-
ment between the two reviewers concerning assessment 
of risk of bias. We interpreted kappa values using the Lan-
dis and Koch criteria: values of 0.01–0.20 indicate slight 
agreement, 0.21–0.40 fair agreement, 0.41–0.60 moder-
ate agreement, 0.61–0.80 substantial agreement and >0.80 
indicates almost perfect agreement [7]. Finally, any disa-
greement between the two reviewers was resolved through 
discussion.

Data collection

Two reviewers (PFWH and JPmS) independently extracted 
data from all eligible studies. Disagreement was resolved 
as mentioned above. For dichotomous outcomes, events 
from totals were extracted. For continuous outcomes, 
means and standard deviations were calculated. If means 



1095Arch Orthop Trauma Surg (2014) 134:1093–1106 

1 3

and confidence intervals (CIs) were reported instead, stand-
ard deviations were calculated from these values. Incom-
plete data (e.g. means without standard deviations) were 
excluded from analysis, after contacting the authors for 
eventually previously unreported data.

Data pooling and analysis

A statistical meta-analysis was performed with review 
manager 5.2.

For both treatment arms in all studies, mean differences 
and 95 % confidence intervals (CI) were calculated for 
comparable continuous outcomes using a random effects 
model. For our primary outcome measure, time to complete 
radiological fracture healing and our secondary outcome 
measure, time until full clinical healing, values from all 
studies were expressed in days. For our dichotomous out-
come, number of nonunions, risk ratios (rrs) and 95 % 
CIs using a fixed effects model were calculated. Heteroge-
neity between studies was tested using both the χ2 test (sig-
nificance defined as p < 0.10) and the I2 tests (substantial 
heterogeneity defined as values >50 %) [8].

Subgroup‑analysis

The included trials are characterized by extensive clini-
cal diversity. Fractures of the upper limb or metaphyseal 
fractures may be expected to heal more quickly than lower 
limb fractures or diaphyseal fractures. To minimize this 
heterogeneity, the following post hoc subgroup-analyses 
were performed: type of treatment (operatively or non-
operatively treated fractures); the site of fractures (upper or 
lower limb); the type of fractures (metaphyseal or diaphy-
seal fractures).

Results

Literature search

The search resulted in 655 potentially eligible studies 
(LIPuS 508, PemF 147). After screening the titles and 
abstracts to see whether the inclusion criteria were met, 
37 studies remained (LIPuS 29, PemF 8). removal of all 
duplicate articles resulted in 16 studies (LIPuS 13, PemF 
3) which were identified for full-text assessment of eligi-
bility. After excluding one trial that applied high-intensity 
ultrasound, one study that used the dataset from an already 
included study and one retrospective cohort study, 737 
patients from 13 trials were included [9–21] (Fig. 1). 355 
participants were treated with LIPuS (n = 209) or PemF 
(n = 146) bone growth stimulation, 382 participants were 
treated with a placebo device.

Description of included studies

The study characteristics are summarized in Table 1.

Outcome measure reporting

reported outcomes of included studies are summarized 
in Table 2. eleven of the 13 studies evaluated fracture 
healing, assessed by radiological examination [9–16, 
19–21]. Ten studies assessed fracture healing on stand-
ard anterior posterior (AP) and lateral radiographs [9–11, 
13–16, 19–21]. One study used CT scans for assess-
ment of fracture healing [12]. In four studies, union was 
defined as trabecular bridging of 3 out of 4 cortices [9, 
11, 13, 20]. In two studies, union was defined as bridg-
ing of 4 out of 4 cortices [10, 21]. The study using CT 
for assessment of fracture healing defined union as tra-
becular bridging of more than 50 % of the surface of 
the fracture and healing of 1 cortex [12]. Three studies 
investigating lateral malleolar fractures defined union as 
fading of the fracture line on AP and lateral radiographs 
[14–16]. In one study investigating femoral neck frac-
tures, union was defined as trabecular bridging of 70 % 
of the fracture surface [19]. Primary outcome parameter 
time to complete radiological union could be established 
in eight studies [9–13, 15, 16, 21].

Two studies evaluated the number of necessary surgical 
revisions to establish fracture union after initial non-opera-
tive [17] or operative [20] fracture treatment.

Six studies evaluated time to clinical fracture healing [9, 
11, 13, 17, 18, 21]. Healing in these studies was defined 
as presence of a stable fracture with no pain on manual 
stress or full weight bearing. Three of the 13 studies evalu-
ated functional outcome [14, 20, 21]. One study evaluated 
health status [20] and two evaluated pain [17, 19]. resump-
tion of previous activities was outcome parameter of one 
study [17]. Two studies evaluated related adverse events 
[11, 17] and three studies evaluated bone mineral density 
measured with dual-energy X-ray absorptiometry (DeXA) 
scan [13, 14, 16]. One study evaluated plasma bone-spe-
cific alkaline phosphatase [13].

risk of bias and methodological quality in included studies

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

Inter‑rater agreement for risk of bias assessments

The overall inter-rater agreement was high (0.803). The 
agreement was substantial for the domains allocation of 
concealment (0.713), blinding of outcome assessment 
(0.714) and incomplete outcome data (0.717). For the 
domains random sequence generation (0.855) and other 
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Fig. 1  Flow of trials through review

Table 1  Characteristics of included randomized controlled trials

references year Intervention Fracture  
location

Total number  
of patients  
(n)

Active  
treatment 
(n)

Placebo  
treatment  
(n)

Operatively 
treated  
fractures

Follow-up 
(months)

Follow-up 
completed 
(%)

Adie et al. [20] 2011 PemF Tibia 259 129 130 yes 12 84

emami et al. [11] 1999 LIPuS Tibia 32 15 17 yes 12 100

Faldini et al. [19] 2010 PemF Femoral neck 77 37 40 yes 24 84

Handolin et al. [16] 2005 LIPuS Lat malleolus 30 15 15 yes 3 100

Handolin et al. [15] 2005 LIPuS Lat malleolus 22 11 11 yes 3 100

Handolin et al. [14] 2005 LIPuS Lat malleolus 16 8 8 yes 18 100

Hannemann et al. [21] 2012 PemF Scaphoid 53 24 29 No 12 77

Heckman et al. [9] 1994 LIPuS Tibia 97 48 49 No 12 87

Kristiansen et al. [10] 1997 LIPuS radius 85 40 45 No 4 72

Leung et al. [13] 2004 LIPuS Tibia 30 16 14 yes 12 100

Lubbert et al. [17] 2008 LIPuS Clavicle 120 61 59 No 2 84

mayr et al. [12] 2000 LIPuS Scaphoid 30 15 15 No 3 100

rue et al. [18] 2004 LIPuS Tibia 26 14 12 yes unclear 100
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bias (0.877), the agreement was almost perfect. There was 
no disagreement for selective reporting. Only the agree-
ment for blinding of participants and personnel was moder-
ate (0.469) (Table 3).

Primary outcome

Time to radiological union

eight studies compared PemF or LIPuS with regard to 
time to radiological union [9–13, 15, 16, 21]. The data were 
pooled with substantial heterogeneity between treatment 
groups (I2 = 98 %). There were no significant differences 
in time to radiological union between PemF or LIPuS 
and placebo [mean difference (mD) = −13.32, 95 % 
CI = −32.71 to 6.06, p = 0.18] (Fig. 3a). Four studies 
comparing PemF or LIPuS to placebo with regard to time 
to radiological union included only non-operatively treated 
fractures [9, 10, 12, 21]. After pooling the data, we found 
heterogeneous results that significantly favoured PemF 
or LIPuS treatment in non-operatively treated fractures 
(mD = −26.65, 95 % CI = −50.38 to −2.91, p = 0.03, 
I2 = 98 %) (Fig. 3b).

Time to radiological union upper and lower limb

Three studies compared PemF or LIPuS with placebo in 
fractures of the upper limb with regard to time to radiologi-
cal union [10, 12, 21]. Heterogeneous results (I2 = 69 %) 
showed a significant difference in time to radiological 

union in favour of PemF or LIPuS compared to placebo 
(mD = −20.23, 95 % CI −32.68 to −7.77, p = 0.001) 
(Fig. 4a).

Five studies compared LIPuS and placebo in fractures 
of the lower limb with regard to time to radiological union 
[9, 11, 13, 15, 16]. The heterogeneous result (I2 = 99 %) 
did not significantly differ between LIPuS or placebo. 
(mD = −14.49, 95 % CI −55.96 to 26.97, p = 0.49) 
(Fig. 4b).

Time to radiological union diaphyseal and metaphyseal 
fractures

After dividing the studies into two groups, diaphyseal 
fractures [9, 11, 13] and metaphyseal fractures [10, 12, 
15, 16, 21], we found no significant differences in time to 
radiological union between PemF or LIPuS and placebo 
regarding diaphyseal (mD = −29.43, 95 % CI −88.99 
to 31.14, p = 0.34, I2 = 99 %) or metaphyseal fractures 
(mD = −4.66, 95 % CI −22.78 to 13.45, p = 0.61, 
I2 = 93 %) (Fig. 5a, b).

Secondary outcomes

Time to clinical union

Six studies compared PemF or LIPuS to placebo with 
regard to time to clinical union [9, 11, 13, 17, 18, 21]. 
After pooling the data, no significant differences were 
found between groups (mD = −13.01, 95 % CI = −26.92 

Table 2  reported outcomes of selected studies

(1) Adie et al. [20], (2) emami et al. [11], (3) Faldini et al. [19], (4) Handolin et al. [16], (5) Handolin et al. [15], (6) Handolin et al. [14], (7) 
Hannemann et al. [21], (8) Heckman et al. [9], (9) Kristiansen et al. [10], (10) Leung et al. [13], (11) Lubbert et al. [17], (12) mayr et al. [12], 
(13) rue et al. [18]
a refers to procedures to promote union
b Determined with plain X-ray or (multidetector) CT scan
c measured with dual-energy X-ray absorptiometry (DeXA) scan
d Bone-specific alkaline phosphatase

Outcome 1 2 3 4 5 6 7 8 9 10 11 12 13

Number of surgical revisionsa x x

radiographic fracture healingb x x x x x x x x x x x

Clinical fracture healing x x x x x x

Functional outcome x x x

Health status x

VAS scores x x

Painkiller use x

resumption of previous activities x

Adverse events x x

Bone mineral densityc x x x

Plasma BALPd x
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to 0.89, p = 0.07, I2 = 96 %) (Fig. 6a). When analysing 
non-operatively and operatively treated fractures separately 
we found no significant differences in non-operatively 
treated fractures (mD = −9.65, 95 % CI = −33.85 to 
14.55, p = 0.43, I2 = 97 %) or in operatively treated frac-
tures (mD = −15.50, 95 % CI −39.25 to 8.25, p = 0.20, 
I2 = 94 %) (Fig. 6b, c).

Time to clinical union upper and lower limb

Two studies compared PemF or LIPuS with placebo in 
fractures of the upper limb with regard to time to clini-
cal union [17, 21]. No significant differences were found 
between the groups (mD = −0.14, 95 % CI = −5.61 to 
5.34, p = 0.96, I2 = 0 %) (Fig. 7a). When analysing four 
studies comparing PemF or LIPuS with placebo in frac-
tures of the lower limb with regard to time to clinical union, 
heterogeneous results that significantly favoured PemF or 
LIPuS were found (mD = −18.73, 95 % CI −36.25 to 
−1.21, p = 0.04, I2 = 97 %) (Fig. 7b) [9, 11, 13, 18].

Time to clinical union diaphyseal and metaphyseal 
fractures

Four studies compared PemF or LIPuS with placebo in 
diaphyseal fractures with regard to time to clinical union; 
heterogeneous results that significantly favoured PemF or 
LIPuS were found (mD = −18.27, 95 % CI −34.59 to 
−1.95, p = 0.03, I2 = 97 %) (Fig. 8a) [9, 11, 13, 18]. No 
significant differences were found regarding metaphyseal 
fractures (mD = 1.31, 95 % CI −11.45 to 14.08, p = 0.84, 
I2 = 0 %) (Fig. 8b).

Number of nonunions

With regard to the number of nonunions, data from all 13 
studies could be pooled [9–21]. Analysis revealed no sig-
nificant differences between LIPuS or PemF (28 events of 
nonunion in 355 patients) and placebo (35 events of non-
union in 382 patients) with regard to the number of non-
unions in each group (risk ratio = 0.95, 95 % CI = 0.59 
to 1.54, p = 0.84, I2 = 19 %) (Fig. 9a). When analysing 
non-operatively and operatively treated fractures sepa-
rately, we found no significant differences in both groups 

Fig. 2  risk of bias summary: review authors’ judgements about each 
risk of bias item for each included study

Table 3  Inter-rater agreement for risk of bias assessments

Assessment κ p Interpretation

Overall risk of bias 0.803 p < 0.001 Almost perfect agree-
ment

random sequence 0.855 p = 0.001 Almost perfect agree-
ment

Allocation of conceal-
ment

0.713 p = 0.005 Substantial agreement

Blinding participants 0.469 p = 0.485 moderate agreement

Blinding outcome 0.714 p = 0.118 Substantial agreement

Incomplete outcome 
data

0.717 p = 0.004 Substantial agreement

Selective reporting 0.99 Perfect agreement

Other bias 0.877 p < 0.001 Almost perfect agree-
ment
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Fig. 3  a Time until radiological union (PemF/LIPuS vs. placebo); b time until radiological union non-operatively treated fractures 
(PemF/LIPuS vs. placebo)

Fig. 4  a Time until radiological union upper limb (PemF/LIPuS vs. placebo); b time until radiological union lower limb (PemF/LIPuS vs. 
placebo)
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(non-operatively treated fractures: mD = 1.18, 95 % 
CI = 0.38 to 3.70, p = 0.77, I2 = 0 %; operatively treated 
fractures: mD = 0.91, 95 % CI = 0.53 to 1.54, p = 0.72, 
I2 = 51 %) (Fig. 9b, c).

Number of nonunions upper and lower limb

Data from all 13 studies could be divided into fractures of 
the upper limb [10, 12, 17, 21] or lower limb [9, 11, 13–16, 
18–20]. Comparing PemF or LIPuS with placebo with 
regard to the number of nonunions, no significant differ-
ences in the upper limb (risk ratio = 1.18, 95 % CI = 0.38 
to 3.70, p = 0.77, I2 = 0 %) or in the lower limb (risk 
ratio = 0.91, 95 % CI 0.53 to 1.54, p = 0.72, I2 = 51 %) 
were found (Fig. 10a, b).

Number of nonunions in diaphyseal and metaphyseal 
fractures

When subdividing studies comparing PemF or LIPuS 
with placebo in acute diaphyseal fractures [9, 11, 13, 17, 
20] (risk ratio = 1.17, 95 % CI = 0.70 to 1.95, p = 0.56, 
I2 = 0 %) and acute metaphyseal fractures, respec-
tively [10, 12, 14–16, 19, 21] (risk ratio = 0.32, 95 % 
CI = 0.07 to 1.43, p = 0.13, I2 = 13 %), no significant 
differences were found with regard to number of nonun-
ions (Fig. 11a, b).

Discussion

Key findings

This systematic review suggests that current evidence from 
randomized trials is insufficient to conclude a benefit of 
LIPuS or PemF bone growth stimulation in reducing the 
incidence of nonunions when used for treatment in acute 
fractures. With regard to time to radiological union, we 
found heterogeneous but significant results that suggest that 
the use of PemF or LIPuS in acute fractures may be ben-
eficial, however, only in non-operatively treated fractures. 
The use of bone growth stimulation can accelerate the time 
to radiological union by approximately 27 days. Further-
more, treatment with PemF or LIPuS may be effective in 
the upper limb, to shorten the time to radiological union 
with 20 days. Concerning time to clinical union, current 
evidence suggest that the use of LIPuS can be beneficial, 
especially in acute diaphyseal fractures, by reducing the 
time to clinical union by approximately 18 days.

Strengths and limitations

The findings of our study are strengthened by the broad lit-
erature search and valid methodological assessment of all 
included trials. Furthermore, we contacted several authors 
to provide previously unreported data, necessary for 

Fig. 5  a Time until radiological union diaphyseal fracture (PemF/LIPuS vs. placebo); b time until radiological union metaphyseal fracture 
(PemF/LIPuS vs. placebo)
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pooling of comparable outcome measurements [13, 17, 21]. 
Still, some of the included trials had methodological limita-
tions such as small population samples, per protocol analy-
sis and inadequate concealment of treatment allocation.

Pooled data for outcome parameter time to radiological 
union showed substantial heterogeneity (I2 = 97 %). We 
consider the variability in criteria for radiological union to 
be the main factor for variation in outcome generating sub-
stantial heterogeneity. In four studies, union was defined as 
trabecular bridging of 3 out of 4 cortices [9, 11, 13, 20]. 
In two studies, union was defined as bridging of 4 out of 
4 cortices [10, 21]. Three studies defined union as fading 
of the fracture line on the radiographs [14–16] and in one 
study union was defined as trabecular bridging of 70 % 
of the fracture surface [19]. Therefore, conclusions drawn 
from this heterogeneous outcome must be interpreted with 
caution. For outcome parameter time to clinical union, 

serious heterogeneity (I2 = 94 %) is also considered to be 
caused by variability in criteria for clinical union. The stud-
ies investigating lower extremity fractures mainly used the 
criterion full weight bearing as indicator for clinical heal-
ing [9, 11, 13, 18], while the study by Hannemann et al. 
[21] investigating upper extremity fractures used pain at 
manipulation of the fracture site, range of motion and grip 
strength as criteria for determining clinical union.

Only three trials reported on the effects of PemF in 
acute fractures [19–21]. This raises the question of publica-
tion bias. One study reported significantly faster healing in 
the active group treated with PemF [19]. However, because 
of the low amount of publications, significant heterogene-
ity according to the outcome parameters and the lack of 
detailed description of the electromagnetic intervention in 
one study [20], the potential effects of PemF cannot be 
clarified significantly.

Fig. 6  a Time until clinical union (PemF/LIPuS vs. placebo); b time until clinical union non-operatively treated fractures (PemF/LIPuS vs. 
placebo); c time until clinical union operatively treated fractures (PemF/LIPuS vs. placebo)
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Previous research

The interest in applying physical forces for accelerated bone 
healing dates back to the 1950s when several animal studies 
investigated the effect of high-intensity ultrasound on callus 

formation and reported adverse effects [22]. After adjustment 
of the signal intensity, results from several trials reporting 
faster callus formation in fractures caused international inter-
est in the use of low-intensity pulsed ultrasound (LIPuS) as 
a potential method to accelerate bone healing [23, 24].

Fig. 7  a Time until clinical union upper limb (PemF/LIPuS vs. placebo); b time until clinical union lower limb fractures (PemF/LIPuS vs. 
placebo)

Fig. 8  a Time until clinical union diaphyseal fractures (PemF/LIPuS vs. placebo); b time until clinical union metaphyseal fractures 
(PemF/LIPuS vs. placebo)



1103Arch Orthop Trauma Surg (2014) 134:1093–1106 

1 3

The first double-blind study concerning PemF in tibia 
delayed unions showed a significantly increased heal-
ing rate in the intervention group compared to the control 

group [25]. Several randomized clinical trials have inves-
tigated the effectiveness of LIPuS and PemF therapy to 
treat delayed unions and nonunions and concluded that 

Fig. 9  a Number of nonunions at 6 months (PemF/LIPuS vs. placebo); b number of nonunions at 6 months non-operatively treated fractures 
(PemF/LIPuS vs. placebo); c number of nonunions at 6 months operatively treated fractures (PemF/LIPuS vs. placebo)
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long-bone healing up to 87 % could be achieved when 
using LIPuS or PemF for delayed unions or nonunions 
[26–28].

Since 1980 several trials have been conducted to test 
whether LIPuS and PemF can be used to promote healing 
in acute fractures [3, 4].

Two previous systematic reviews investigating the use 
of LIPuS or PemF in acute fractures were inconclusive 
about the clinical relevance of LIPuS and PemF [3, 4]. A 
possible explanation may be the limited number of studies 
included and the large heterogeneity in outcome measures. 
Since then a substantial number of new studies have been 
published including a systematic review and meta-analysis 
in 2012 [17, 19–21, 29]. The authors of this review selected 
23 studies that used LIPuS on a variety of bone injuries, 
including fresh fractures, malunions or nonunions in all 
types of bones. They were able to pool the fresh fractures 
and concluded that LIPuS stimulates the radiographic bone 
healing in fresh fractures. However, they did not consider 
the type of fracture (metaphyseal or diaphyseal fractures) 

or the site of fractures (upper or lower limb) for the meta-
analysis. Therefore, we believe that our review and meta-
analysis currently provides the best available evidence to 
support clinical decision-making by adding methodological 
quality, performing a subgroup-analysis and incorporating 
recently published data [30].

recommendations for future research

Further studies on the acceleration of fracture healing 
using PemF and LIPuS should take into account the need 
for large clinical trials using an intention-to-treat analysis, 
proper blinding and adequate concealment of treatment 
allocation. Although union is a continuous process of bone 
reconstruction and there is no commonly accepted cut-off 
point for union of fractures, a valid and uniform measuring 
method to define radiological union for various fractures 
should be considered in future trials [31, 32]. This may help 
in reducing substantial heterogeneity in outcome param-
eters as stated above. Since the widespread use of PemF 

Fig. 10  a Number of nonunions at 6 months upper limb (PemF/LIPuS vs. placebo); b number of nonunions at 6 months lower limb 
(PemF/LIPuS vs. placebo)
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and LIPuS bone growth stimulation in orthopaedics has its 
impact on total healthcare costs, cost-effectiveness and cost-
utility analyses should also be part of future trials [33].

Conclusions

Based on trials with substantial methodological quality, this 
study suggests that bone growth stimulation with PemF 
or LIPuS decreases healing time to radiological union for 
acute fractures undergoing non-operative treatment and 
fractures of the upper limb. LIPuS bone growth stimulation 
can be beneficial in the treatment of acute diaphyseal frac-
tures to accelerate the time to clinical union. Concerning 
the overall rate of nonunions in acute fractures, current evi-
dence from randomized trials has not demonstrated suffi-
cient advantage to warrant routine use of PemF or LIPuS.
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