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Abstract
Background Clinical application of electric stimulation
and electromagnetic Weld stimulation include the treatment
of delayed union and nonunion. In the literature success
rates up to 90% are reported for the treatment of delayed
union and nonunion with pulsed electromagnetic stimulation. We report our experience with pulsed electromagnetic
stimulation in the treatment of nonunion.
Methods All patients treated with pulsed electromagnetic
stimulation for a nonunion between January 1996 and January 2000 were included.
Results A total of 93 patients were included. One group
was treated for long bone fractures (LBF) (64 patients). The
other group consisted of patients treated for non long bone
fractures (NLBF). We evaluated our Wndings according to
clinical and radiographic criteria. The success rate of our
treatment of a nonunion with pulsed electromagnetic Weld
was 76% for the LBF group and 79% for the NLBF group.
Conclusion Pulsed electromagnetic Weld stimulation of a
nonunion showed to be an eVective treatment in our study.
Keywords Electromagnetic · Field · Nonunion ·
Fractures · Treatment eVectiveness

Champs électromagnétiques pulsés dans le traitement
des pseudarthroses
Résumé
Problème posé L’application clinique de la stimulation
électrique et de la stimulation par champ électromagnétique
correspond au traitement des retards de consolidation et
celui des pseudarthroses. Dans la littérature des succès dans
90 % des cas grâce à ces traitements sont décrits. Nous rapportons notre propre expérience dans le traitement des
pseudarthroses.
Méthodes Tous les patients ainsi traités pour pseudarthrose entre janvier 1996 et janvier 2000 ont été inclus dans
l’étude.
Résultats Au total 93 patients ont été inclus. Un groupe
de 64 patients a été traité pour fracture d’os longs (LBF).
Un autre groupe correspond à des patients ne présentant pas
une fracture d’un os long (NLBF). Nous avons étudié les
paramètres radio-cliniques. Le taux de succès du traitement
des pseudarthroses par application de champ électromagnétique pulsé a été de 76% dans le groupe LBF et de 79%
dans le groupe NLBF.
Conclusion La stimulation par champ électromagnétique
pulse des pseudarthrose s’avère être un traitement eYcace.
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The Wrst successful use of faradic stimulation in the treatment of delayed bone union was reported in the ninetieth
century. For unclear reasons this treatment was neglected
until the Wfties. The early work of Fukada and Yasuda [12]
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in 1957 demonstrated that mechanical loading of a bone
produced electrical potentials in bone tissue. This was followed by a series of fundamental research by Basset and
Becker [2] and Friedenburg and Brighton [10], who demonstrated that osteogenesis could be modulated by bioelectric
potentials. Bassett et al. [3] implanted iridium electrodes on
dog femurs. Through the electrodes a small direct current
was induced and an extensive callus formation occurred
around the cathode. In 1971 it was Friedenburg [11] and his
colleagues who were the Wrst to use this technique in clinical practice. They successfully treated a nonunion of the
medial malleolus with electric stimulation. Since the 1950s
and 1960s, clinical applications of this technique also
include the treatment of delayed union and nonunion. In the
literature success rates up to 90% are reported for the treatment of delayed union and nonunion with pulsed electromagnetic stimulation. There are several observational
studies that demonstrate the positive eVect of electric or
electromagnetic stimulation in the treatment of delayed
unions and nonunions [4, 6–9, 14]. To our knowledge four
double-blind randomized controlled trials of electrical or
electromagnetic stimulation versus placebo have been
reported [1, 15–17].
The purpose of our study is to provide valid clinical evidence of the eVectiveness of pulsed electromagnetic Weld
(PEMF) stimulation in the treatment of nonunions of bone
fractures.

Materials and methods
The study was a retrospective open non-blinded study,
designed to collect information on patients treated with
pulsed electromagnetic Welds in the management of their
nonunions. Patients served as self-controls. Their prePEMF treatment failure was compared to their post-PEMF
results. Self-pairing, as a study design, is valid because the
constancy of the individual patient’s biological mechanisms and other patient-speciWc factors essentially eliminates diVerences between the treatment and the control. It is
scientiWcally valid and medically appropriate to use a
paired design technique to study the therapy eVect in a
medical condition such as nonunion, which has a predictable outcome (e.g., unfavorable in case of no treatment).
All patients treated with pulsed electromagnetic stimulation
between January 1996 and January 2000 were included
irrespective of fracture type or location, length of follow up
or outcome.
Skeletally mature patients with a nonunion diagnosis
were included in the study. A nonunion was diagnosed
when a traumatic fracture had not healed within eight
months since the original injury and there was no evidence
of healing activity for the last three months. Patients were
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excluded in the event of a surgical intervention at the nonunion site within the three months prior to initiation of the
pulsed electromagnetic stimulation. Other exclusion criteria
were non-traumatic fracture, synovial or congenital nonunion, active osteomylitis, fracture gap >10 mm, pregnancy
and pacemaker.
The device we used in our study is a pulsed electromagnetic Weld bone growth stimulator. The signal speciWcations
are shown in Table 1. Two versions of this device were
used in the clinical study. One was termed the Orthopulse®
I, the other was referred to as Orthopulse® II. The data in
Table 1 applies to both devices.
Data were collected from the case report forms (CRF).
These CRFs were designed speciWcally for the study and
reXect those data items that were determined to be most relevant to the outcome determination for the patient treated
with electromagnetic stimulation.
The clinical evaluation includes an assessment of pain
and motion at the fracture site. Pain evaluation was a
patient self reported parameter. A Visual Analog Scale was
used to describe the patients’ pain intensity. Pain was rated
on a scale of 1–5 where 1 represented no pain and 5 represented extreme pain. The treating physician used standard
manual examination techniques to evaluate motion at the
fracture site.
Motion at the fracture site was categorized as follows
none, 1–10 degrees, 11–25 degrees and >25 degrees.
Radiographic evaluation was done by the treating surgeon,
who reviewed the X-rays for evidence of the following
items number of cortices bridged by callus, continuity of
cancellous bone across the fracture site, fracture line presence or absence. The same X-rays were reviewed by an
independent surgeon. The identity of the patient, the treating surgeon and the facility were blinded. Clinical and
radiographic evaluation took place at 3 months prior to
stimulation, at time of stimulation, 6 and 12 weeks after
start of stimulation and 6 months post removal of stimulation.
In our clinical study the endpoint was to establish
eYciency by pre- and post-treatment comparison of physical examinations and radiographic reviews for each patient
in the study. Each investigator conducted the clinical and
radiographic evaluations for his own patients. Additionally,
Table 1 Characteristics pulsed electromagnetic Weld bone growth
stimulator
Pulse amplitude

50 mV

Pulse width

5 s

Burst width

5 ms

Burst refractory period

62 ms

Signal on time

24 h

Repeat repetition rate

15 Hz
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an independent evaluator examined X-rays. Table 2 depicts
the criteria for success or failure in the study.

Statistical methods
Results were presented descriptively by patient population
and for selected sub-populations. Since the sample sizes
decrease slightly at later evaluations, post application visit
data were compared to the bone growth stimulation (BGS)
application visit data pair wise based on the number of
patients completing each evaluation. The percentage of
patients with positive responses (immobilization and presence of fracture line) was compared to baseline using sign
tests. Numerical or ordered categorical data (number of cortices bridged, anterior/posterior (A/P) and medial/lateral
(M/L) continuity, motion and pain scores) were compared
to baseline using Wilcoxon signed rank tests. Due to
smaller sample sizes no statistical comparisons were done
for sub population analyses, however trends may be noted.

injury of these fractures ranged from 8 months to 461 months.
Tibial fractures represented the largest number of single,
long bone locations (28%). The mean duration of treatment with the BGS was 13 weeks (Table 3). The fracture
management at the time of injury was as follows. Internal Wxation was used to manage the fracture for 48% of the
LBF patients and 24% of the NLBF patients. For those
patients who received a bone graft, autograft was the preferred source for both groups. An additional 30% of fractures among the LBF group and 7% among the NLBF
group were managed with external Wxation. A cast or other
form of immobilization was prescribed for 38 and 45% of
the LBF and NLBF patients, respectively (Table 4). Immobilization of the injured extremity at the time of injury was
prescribed for all but 1 patient in the LBF group and 1
patient in the NLBF group. Sixty-two percent of the LBF
group patients and 88% of the NLBF patients did not
require immobilization after treatment with the BGS. The
type of immobilization included cast (81%) for both
Table 3 Fracture characteristics

Results

Total population
(N = 93)

Four hundred and Wfteen patients in more than ten hospitals
in the Netherlands were treated with pulsed electromagnetic Welds for a non-union from January 1996 to January
2000. Ninety-three of the 415 patients met the required criteria: elapsed time since injury, no surgery 3 months before
start of stimulation and suYcient follow up. The average
time of follow-up was 37 weeks (range 29–61 weeks). The
patient age ranged from16 to 83 years with a median age of
38 years. Further screening resulted in a categorization of
the 93 patients into two groups. One group was treated for
long bone fractures (LBF) such as: humerus, ulna/radius,
femur, tibia and Wbula (64 patients). The other group consisted of patients treated for non long bone fractures
(NLBF) such as: scaphoid, clavicular, metatarsal, metacarpal and calcaneus (29 patients). The elapsed time since

Table 2 Criteria for success
and failure

Fracture location

(N)

Humerus

7

Ulna/Radius

3

Femur

8

Tibia

26

Fibula

2

Combination Tib/Fib

18

NLBF

29

Fracture age (months)
Range

8–461

Median

14

Duration of treatment (weeks)
Range

4.9–36.6

Median

12.9

Examination

Success

Failure

Clinical

Pain scale rating of 1 or 2 at the
BGS removal visit

Pain scale rating of 3,4 or 5 at the
BGS removal visit

No motion at the fracture site at the
BGS removal visit

Motion at the fracture site at the
BGS removal visit

Fuzzy appearance on Wlm as evidence
of trabeculae present across the fracture
site at the BGS removal visit

Lack of fuzzy appearance on Wlm as
evidence of trabeculae present across
the fracture site at the BGS removal visit

2 cortices bridged by dense bone at the
BGS removal visit

0–1 cortices bridged by dense bone
at the BGS removal visit

No evidence of the fracture line at the
BGS removal visit

Evidence of the fracture line at the
BGS removal visit

Radiographic
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some degree of movement at the site at the time of BGS
application. This percentage steadily declined throughout
treatment to one patient (2%) post BGS removal
(P < 0.001). There were only 5 NLBF patients (18%) who
presented with some degree of motion at the site at the time
of BGS application. By the post BGS removal evaluation
no patients had motion at the fracture site (P = 0.059)
(Table 5).
Patients within the LBF group presented with a mean
pain score of 2.4 at the time of BGS application. This
dropped signiWcantly by the Wrst post application to 1.7
(P < 0.001) with continued signiWcant decreases through
the visit post BGS removal (mean = 1.3). The amount of
change in pain was most dramatic in the visits immediately
following the BGS application.
NLBF patients showed a similar pattern. At the time of
BGS application the group had a mean pain score of 2.8,
which dropped signiWcantly to 2.0 (P = 0.001) by the Wrst
visit post application. The amount of pain reported continued to be signiWcantly less than at BGS application through
BGS removal (mean = 1.4, P = 0.001), with the largest
change seen at the Wrst post application visit (Table 5).

Table 4 Fracture management prior to BGS treatment
Fracture management prior to BGS treatment

LBF
(N = 64)

NLBF
(N = 29)

Internal Wxation at time of injury (N)

31

7

Bone graft (N)
Allograft

1

2

Auto graft

5

7

External Wxation at time of injury (N)

19

2

Cast or brace immobilization at time
of injury (N)

24

13

Range for length of immobilization (weeks)

2–38

2–56

Median for length of immobilization (weeks)

8

12

groups. Once the BGS was removed, only 22 (38%) of the
LBF patients still had prescribed immobilization. At the
visit post removal of BGS the number of NLBF patients
requiring prescribed immobilization dropped to 3 (13%).
Of these, two patients had a cast and one required the use of
a brace. SigniWcant diVerences in the prescribed immobilization occurred for both LBF and NLBF groups from BGS
application to a visit post BGS-removal (Table 5). Twentyseven of the LBF patients and 15 of the NLBF group had
surgery other than at the time of their original injury but
prior to the installation of the BGS.

Radiographic evaluation
The mean number of cortices bridged showed signiWcant
increases from the BGS application visit to all subsequent
evaluations (P < 0.001) for both the LBF and NLBF groups.
LBF group means increased from 1.0 to 3.2 cortices and
NLBF means increased from 0.3 to 3.2 cortices from BGS
application to post BGS removal (Table 6). The continuity

Clinical evaluation
The characteristics of motion at the fracture site and the
patient’s report of pain were reviewed across time. Of the
LBF group, there were 24 patients (38%) presenting with
Table 5 Clinical evaluationc
BGS application

First visit

LBF
(N = 64)

LBF
(N = 64)

NLBF
(N = 29)

12 week visit
NLBF
(N = 29)

6 months post BGS

LBF
(N = 59)

NLBF
(N = 26)

LBF
(N = 59)

NLBF
(N = 24)

Immobilization N

63

28

64

28

55

25

22

3

P value**

–

–

1.000

1.000

0.500

1.000

<0.001

<0.001

None

40

23

46

27

54

25

56

24

1–10 degrees

17

4

14

1

5

1

1

0

11–25 degrees

4

1

1

1

0

0

0

0

>25 degrees

3

0

1

0

0

0

0

0

Motion at site N

No data

0

1

2

0

0

0

2

0

% motion

38

18

26

7

8

4

2

0

P value*

–

–

0.002

0.083

<0.001

0.257

<0.001

0.059

Mean

2.4

2.8

1.7

2.0

1.4

1.5

1.3

1.4

P value*

–

–

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

Pain score

* Wilcoxon signed rank test: BGS application versus post BGS
** Sign test: BGS application versus post BGS
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Table 6 Radiographic evaluation
BGS application

First visit

12 week visit

6 months post BGS

LBF
(N = 64)

NLBF
(N = 29)

LBF
(N = 64)

NLBF
(N = 29)

LBF
(N = 59)

NLBF
(N = 26)

LBF
(N = 59)

NLBF
(N = 24)

6

1

4

0

Cortices bridged N
0

27

21

11

9

1

14

2

10

3

3

6

0

2

2

16

3

15

10

9

6

8

3

3

2

0

16

4

21

5

9

4

4

3

0

10

1

17

7

28

11

No data

2

3

2

2

3

1

10

4

Mean

1.0

0.3

2.1

1.4

2.7

2.4

3.2

3.2

P value*

–

–

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

Continuity A/P view
None

17

19

5

7

2

1

1

0

Fuzziness

28

4

26

9

12

5

5

1
5

Present

16

2

21

6

15

10

10

Dense

1

1

10

5

27

9

34

14

No data

2

3

2

2

3

1

9

4

Median

Fuzzy

None

fu/pr

Fuzzy

Present

Present

Dense

Dense

P value*

–

–

<0.001

0.001

<0.001

<0.001

<0.001

<0.001

Continuity M/L view
None

18

19

5

8

3

2

1

1

Fuzziness

27

5

29

11

10

7

6

1

Present

14

1

14

2

14

8

10

4

Dense

3

1

14

5

28

8

32

14

No data

2

3

2

3

4

1

10

4

Median

Fuzzy

None

Fuzzy

Fuzzy

Present

Present

Dense

Dense

P value*

–

–

<0.001

0.003

<0.001

<0.001

<0.001

<0.001

Fracture line
Yes N

62

29

58

23

42

17

23

7

P value**

–

–

0.375

0.063

<0.001

0.004

<0.001

<0.001

* Wilcoxon signed rank test: BGS application versus post BGS
** Sign test: BGS application versus post BGS

of cancellous bone across the fracture site was evaluated via
A/P view and M/L view. The A/P X-ray view for both the
LBF and NLBF groups showed signiWcant changes in the
appearance from medians of Fuzzy to Dense over the course
of treatment (P < = 0.001 at all evaluations). The M/L X-ray
view showed similar Wndings for both the LBF and NLBF
groups. Each group showed signiWcant diVerences from the
BGS application at all evaluations (LBF: P < 0.001; NLBF:
P = 0.003 to < 0.001) (Table 6).
For the LBF patients, a fracture line was present in 60 of
the 62 (97%) patients at the time of BGS application. This
line steadily faded over time with only 19 of 50 (38%) of
the X-rays showing fracture lines post BGS removal
(P < 0.001). For the NLBF group, there was similar
improvement, with the initial X-ray showing 100% with a

fracture line reduced to only 30% at the post BGS removal
visit (P < 0.001) (Table 6).
Figure 1 a shows the radiograph of a patient with nonunion of the tibia, this patient was treated with PEMF for
12 weeks. As seen in Fig. 1b this treatment was successful
(Fig. 1). Figure 2 shows a successful treatment of patient
with a nonunion of the radius, the duration of this treatment
was 8 weeks (Fig. 2).
Success/failure
According to our clinical and radiographic criteria (Table 3)
45 patients out of 59 in the LBF group and 19 patients out
of 24 in the NLBF group were treated successfully (success
rates, respectively 76 and 79%).
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Fig. 1 a Nonunion of the tibia. b Consolidated distal tibia after
successful treatment with pemf

Fig. 2 a Nonunion of the radius. b Successful treatment of the
nonunion of the radius

Discussion
Due to our strict inclusion and exclusion criteria only 93
out of 415 patients could be selected for our study. We
would like to emphasize that the patients in the present
study had an established non-union of at least 8 months, not
a delayed union. A diVerence between long bone nonunion
and non long bone nonunion was made to exclude bias by
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fracture location. A possible limitation of our study may be
that it is not randomized. However patients served as selfcontrols with a median non-healing of the fracture of
14 months and it would be very unlikely for these fractures
to heal spontaneously.
Our success rate of 76% for the LBF group and 79% for
the NLBF group corresponds with other reported success
rates of electromagnetic stimulation in the treatment of
delayed union and non-union. In a large review by Gossling
[13], 28 studies of ununited tibial fractures treated with
PEMF were compared with 14 studies of similar fractures
treated with bone graft with or without internal Wxation. The
overall success rate for the surgical treatment of 569
ununited tibial fractures was 82% (range, 70–100%). By
comparison, the overall success rate of PEMF treatment of
1,718 ununited tibial fractures was 81% (range, 13–100%).
Many observational studies have been presented suggesting
the eYcacy of electromagnetic stimulation in the healing of
delayed union and nonunion. Using invasive direct coupling
techniques, rates of union of 70–90% have been reported
[5]. Four randomized controlled trials [1, 15–17] have been
reported comparing results of electric and electromagnetic
stimulation with placebo. These studies reported an aggregate of 118 patients with success rates of 55–89%, all but
one in favor of electric or electromagnetic stimulation. The
one study [1] not in favor of electric or electromagnetic
stimulation described a very small population of 16 patients
with un-united tibial fractures for at least 52 weeks. The
study was double blind and patients were randomly allocated to either active or dummy pulsed electromagnetic
Weld stimulators. Fractures in Wve of the nine patients with
working machines united and fractures in Wve of the seven
patients with dummy machines also united. With the small
number of patients included, we should be careful with the
interpretation of these results. An additional large scale,
randomized, controlled, multicenter study would be useful
in showing the exact beneWt of electric and electromagnetic
Weld exposure on delayed union and nonunion.
In eVect, the presence of a nonunion is a failure of the
treatment regime applied at the time of injury. For the patients
in this study the BGS was an attempt to prevent the need
for further invasive surgery and its attendant risks. Some
have described it as a salvage procedure. Pulsed electromagnetic Weld stimulation of a nonunion showed to be an
eVective treatment in our study and can be an useful tool in
the armentarium of the specialist for treating nonunion.
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