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Electrostimulation is suggested to positively in-
fluence bone healing for delayed unions of both 
fractures and osteotomies. This monocentric series 
aims to retrospectively assess the outcome of 
electrostimulation treatment for delayed union after 
traumatic fractures or knee osteotomy. Patients 
treated with electrostimulation for delayed union (no 
bony union on radiographic imaging at 90 days after 
osteotomy or fracture treatment) over an 8-year period 
were screened. The delay of treatment, success rate, 
revision rate and demographic data (age, sex, location 
of fracture, presence of osteosynthesis materials) 
were investigated. A questionnaire assessed objective 
(nicotine abuse, NRS pain assessment, activity levels) 
and subjective (comfort, usability, cost-effectiveness) 
aspects. Electrostimulation delivered radiographic 
healing in 75% of the fracture group and 66% of the 
osteotomy group. No statistical significant difference 
(N=136) in success rate was found for age, sex, 
presence of osteosynthesis material, delay or fracture 
location. Success rate did differ significantly with 
pain, activity level and smoking (p<0.05). Reflective 
questions to patients were answered mostly positively. 
The use of electrostimulation for the delayed union of 
fractures and knee osteotomies delivers high healing 
rates avoiding the burden of surgical reintervention. 
It is generally well received by the patient. No 
difference in success rate was found between sex, age 
or fracture location, nor did the delay of therapy onset 
or presence of osteosynthesis material seem to affect 
the success rate. Smoking had a negative influence on 
the efficacy of bone electrostimulation. 
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INTRODUCTION

An important complication of fracture healing 
includes delayed union, defined in this study as 
inadequate or absent radiographic healing 3 months 
after the injury, with an incidence as high as 5 to 
10% (1). The etiology of poor bone healing is often 
multifactorial and includes both patient-dependent 
as well as external factors (2,3). The impact of a 
delayed union should not be underestimated as it 
can lead to a persistent loss of limb functionality, 
an inability to attain previous professional or 
sporting tasks, as well as have an economic impact 
on social healthcare systems (4).

Currently both invasive and non-invasive 
methods are used as treatment for delayed union. 
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Although often severely invasive, revision surgery 
is considered as the standard of care, involving 
debridement of the non-healing bone, utilization of 
different bone grafts and (repeat) osteosynthesis. 
Other less-invasive treatments such as injections 
with BMP-analogues, PTH-analogues or PRP 
are still poorly investigated and are thought to 
rely on a common mechanism by stimulation of 
either mesenchymal (stem cells) or preosteoblast 
cells to differentiate into osteoblastic cells (5-
9). Low-intensity pulsed ultrasound (LIPUS) or 
extracorporeal shockwave therapy (ESWT) are 
upcoming non-invasive techniques, but scientific 
evidence is scarce, and often of poor quality with 
conflicting results (10-15). 

Electrostimulation is already used by orthopaedic 
surgeons for accelerated bone healing, although its 
usage is not yet widespread (16). The use of electric 
stimulation to promote tissue healing dates back to 
1841, when Reid observed that electric stimulation 
of denervated muscle delayed the onset and 
progression of atrophy (17). Since then, studies have 
shown that due to the intrinsic electromechanical 
properties of the bone, such as the piezo-electric 
structures (predominantly collagen fibrils) and 
streaming potentials, bone healing can arise (18-20). 
The former consist of a mechanical effect of the 
crystal matrix, which when compressed generates a 
negative electric potential. The latter are generated 
when, due to compression, fluids containing 
ions rush through small canaliculi and generate a 
negative electric potential. Rubinacci et al have 
shown in 1988 that these electronegative potentials 
stimulate bone growth, whereas electropositive 
potentials stimulate bone loss (21).

Electric stimulation can be applied in three 
different methods: direct current (DC), capacitive 
coupling (CC) and inductive coupling (IC). DC 
involves local electric stimulation directly into 
the fracture site, which alters cellular activity and 
releases VEGF (22-24). CC generates an electric field 
by opposing skin patches. Bone healing is promoted 
by multiple induced pathways (VGCCs, calmodulin, 
prostaglandin and BMPs) (25-28). IC generates a 
magnetic field, which induces an electric field and 
generates biological responses similar to CC (29,30). 
Both IC and CC can be classified as non-invasive 

and painless. However, since verapamil inhibits CC 
but not IC, different biological pathways for both 
methods probably exist (28). 

Currently the highest level of evidence on this 
topic consists of a meta-analysis including 15 
randomized control trials (RCT); four after spinal 
fusion, five of fresh fractures, five of delayed union 
and one after osteotomy. The majority of these RCTs 
used PEMF/IC (twelve trials), followed by CC 
(two) and DC (one) (31). This meta-analysis showed 
a significant reduction of non-union incidence (RR 
0.65; p<0.01) and pain (VAS -7.67mm; p=0.02). The 
specific definition of non-union was not mentioned 
in the meta-analysis.

The aim of this monocentric retrospective study 
was to present our experience with electrostimulation 
over an 8-year period. The hypothesis was that 
electrostimulation for delayed unions has a positive 
effect on bone healing, greatly decreasing the 
possible need for revision surgery in the future. The 
efficacy in promoting bone healing, the occurrence 
of revision surgery and subjective data such as 
comfort, pain relief and socio-economic views were 
monitored.

MATERIALS AND METHODS

Patients who received IC electrostimulation 
since 2011 over an 8-year period at our department 
were screened. Electrostimulation was applied 
with the use of the commercially available 
Ossatec device (Ossatec Benelux Ltd., Uden, 
The Netherlands) (Fig. 1). Of the initial 294 
patients, 104 patients were excluded due to start 
of electrostimulation therapy before 90 days of 
conservative treatment. Additional 54 patients 
were excluded due to diagnoses not included in this 
study (e.g. shin splints, stress fracture, arthrodesis, 
ACL reconstruction tunnels). Due to missing data 
21 patients were excluded from the questionnaire 
analyses. A total of 136 patients were included in 
the study, 51 patients received electrostimulation 
after a tibial (n=43) or femoral (n=8) osteotomy 
(OT) (all procedures were opening wedge with or 
without graft interposition) and 85 patients had a 
delayed union after a traumatic fracture (FR), of 
which 80% was surgically treated (Table I).



Acta Orthopædica Belgica, Vol. 88 - 3 - 2022

	 ic-type electric stimulation for delayed bone healing	 527

of electrostimulation therapy). Patient reported 
outcomes (PROMs) such as patient comfort (from 
0 to 10, a score of 10 having no complaints during 
usage), surgical intervention, NRS pain score (from 
0 to 10), activity level (from 0 to 10, a score of 
10 having the same level of activity as before the 
fracture/osteotomy) and smoking both before and 
during the course of this study were noted. A study 
specific questionnaire was designed to question the 
current price and reimbursement of this treatment, 
and whether this treatment would be the first choice 
should the situation occur agian (“yes”/”no”/” I 
don’t know”).

The electrostimulation therapy was prescribed 
by the orthopaedic surgeon for a period of 6 weeks 
and was advised to be used at night, resulting in a 
prescribed usage of at least 8 hours a day. Healing 
was confirmed by radiographic union with in- or 
out-hospital radiographic imaging, either X-ray or 
CT.

Statistical methods

The R-program was used for all statistical 
analyses (32). The continuous variables were first 
tested for normality with the Shapiro-Wilk test. In 
case of non-normality the Wilcoxon rank sum test 
was used. Level of significance was set at p = 0.05.

RESULTS

Of the 136 patients evaluated, 93 were male 
(N(FR)=56, N(OT)= 37) and 43 were female (N(FR)=29, 
N(OT)= 14) (Table II). There was no significant 
difference in success between sexes for both the 
total population (p(BP) =0.667) or the two subgroups 
(p(FR) =0.575, p(OT) =1). The median ages were 45 
years (FR; IQR 29-60) and 54 years (OT; IQR 47-
60). No significant difference in success was found 
with age [p(BP)=0.509, p(FR)=0.200, p(OT)=0.911].

The healing rate was 75% with a delay of 188.5 
days (IQR 115-280) and 66% with a delay of 118.5 
days (IQR 95-185.25) for the FR- and OT-group 
respectively. OS was present in 80% and 100% 
respectively (Table II). Separation of tibial (HTO) 
and femoral osteotomies (DFO) showed success 
rates of 70% and 44% respectively. Surgical re-
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FIGURES 
 
 
Figure 1/ The Ossatec electrostimulator 

 
External IC-electrostimulation. Courtesy of Ossatec. 
 
 
 
 
 
 
 
 
 
 
 
 
 
  

Fig. 1. – The Ossatec electrostimulator.

Total Prior Surgery

Clavicula 14 10

Humerus 10 9

Radius 4 4

Ulna 2 1

Carpals 5 3

Femur 23 23

Patella 3 1

Tibia 17 16

Fibula 2 0

Foot 5 1

TOTAL 85 68

Table I. – Demographics of traumatic fractures.

Most affected were long bones and the 
majority was surgically treated.

Data included age, sex, exact location and date 
of fracture, result of treatment and amount of delay 
(number of days between date of fracture and start 
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and success and difference in activity percentage 
before and after electrostimulation (p<0.05) (Fig. 
4).

intervention in our hospital occurred in 13% of our 
patients. No significant differences in success rates 
were found with the presence of OS (p(BP) =1, p(FR) 
=0.721) or the time of delay (p(BP)=0.881, p(FR)=1, 
p(OT)=0.629). There was no significant difference in 
success rates between both populations (p=0.292).

The FR-population was separated in upper 
(42%) and lower limb (58%), or long bone 
fractures (68%) and small bone fractures (32%). 
No significant difference in success rates was 
found for fractures in the upper or lower limb 
(p=0.59) nor for fractures in long or short bones 
(p=0.38). 

Treatment with external electrostimulation was 
generally reported as comfortable, with a median 
comfort score of 80% (IQR 70-90). (Table III)

Only a minority of the patients reported 
nicotine abuse (17%). Pain before treatment was 
of moderate severity, with a median NRS of 4.5 
(IQR 4-5), which decreased to a median NRS of 
3 (IQR 2-4) after treatment. The level of activity 
compared to their normal function before treatment 
was reported with a median of 60% (IQR 50-70) 
and increased after treatment to a median of 80% 
(IQR 70-90).

A significant inverse relationship was found 
between nicotine abuse and success (p<0.05) (Fig. 
2), success and difference in pain levels before and 
after electrostimulation therapy (p<0.05) (Fig. 3), 

Fractures Osteotomies

N 85 51

Age (med – IQR) 45 (29-60) 54
(47-60)

Sex (M) 66% 73%

Succes 75% 66%

Delay (d) 188,5 
(115-280)

118,5
(95-185,25)

OS present 80% 100%

Table II. – Demographics of study population. 

Fractures (n=64)

Patient comfort x/10, median (IQR) 8 (7-9)

Surgical reintervention 13%

Smoking 17%

Pain x/10, median (IQR)
     Before
     After

4.5 (4-5)
3 (2-4)

Activity x/100, median (IQR)
     Before
     After

60 (50-70)
80 (70-90)

Price justified 66%

Reimbursement needed 58%

First choice 77%

Table III. – Questionnaire results. 
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Figure 2/ Significance of smoking habits and success rate for patients with a fracture (FR-
group).  

 
A statistical significant relationship was found stratifying the success rate for smoking habits. 
 
 
 
 
 
 
 
 
 
 
 
  

Yes 
No 

Smoking 

Success 
Yes No 

p=0.03536 

Fig. 2. – Significance of smoking habits and success rate for 
patients with a fracture (FR-group). A statistical significant 

relationship was found stratifying the success rate for 
smoking habits. 

Demographics of the two separate population 
groups. The FR-population has a lower median 
age and is less dominated by males than the OT-
population. The FR-population has a higher treat-
ment delay, but also a higher success rate. In most 
patients, OS material was still present. The electrostimulation therapy was generally perceived as 

comfortable and preferable to other treatment methods. A 
difference in pain and activity before and after the treatment 
was noted.
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non-invasive treatment option for delayed unions 
after fractures or knee osteotomies with success 
rates of respectively 75% and 66%. Although 
femoral osteotomies showed a far lower success 
rate compared to tibial osteotomies, the number 
of these cases was too small to draw significant 
conclusions. These results are in line with the 
current literature: a meta-analysis reported a 61% 
success percentage for delayed unions treated with 
electrostimulation compared to a 30% success 
percentage for the control group (conservative 
treatment according to injury (immobilization/
stress-free movement/…)), although it is important 
to take into consideration this result was not 
found to be statistically significant  and an exact 
definition of delayed union was not mentioned (31). 
Treatment intensity ranged between 8 and 14 hours 
a day and median ages ranged between 35 and 46 
years old, mostly composed by males (70-80%). 
Only one prospective study concerning osteotomies 

A total of 42 patients (66%) answered the 
treatment was worth the equipment price and 77% 
would choose electrostimulation as a treatment 
option for a delayed union (n=49) should this 
situation reoccur. In contrast, only 37 patients (58%) 
approved the statement that this treatment should be 
reimbursed by the government (n=37; 58%).

DISCUSSION

This study evaluated the outcome of IC 
electrostimulation as a non-invasive treatment for 
delayed union in fractures and knee osteotomies. 
Our results show electrostimulation can be 
universally applied to both groups resulting in 
improved radiographic healing rates with significant 
pain reduction, increase in function and without the 
need for surgical (re)intervention. Active smoking 
habits detrimentally affected the success rates.

Our results show that the use of 
electrostimulation (IC) does seem to be a viable, 
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Figure 3/ Significance of pain sensation and success rate for patients with a fracture (FR group).  
 

 
 
A statistical significant relationship was found for the correlation of success and pain sensation. 
 
 
Figure 4/ Significance of level of activity and success rate for patients with a fracture (FR 
group).  

 
 
A statistical significant relationship was found for the correlation of success and level of 
activity. 
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Fig. 3. – Significance of pain sensation and success rate for 
patients with a fracture (FR group).

A statistical significant relationship was found for the 
correlation of success and pain sensation.

Fig. 4. – Significance of level of activity and success rate for 
patients with a fracture (FR group).

A statistical significant relationship was found for the 
correlation of success and level of activity.
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electrostimulation of long bones (38). Compared to 
fractures, successfully treated osteotomy patients 
did show less delay than unsuccessfully treated 
osteotomy patients, but this was not found to be 
statistically significant.  

The use of nicotine on the success rate tested 
significant. It is thus of utmost importance, with 
the additional detrimental effects of active smoking 
habits on bone healing, to prohibit a patient from 
smoking before starting the electrostimulation 
therapy or planning an osteotomy to achieve 
optimal results (39).

Our results showed a significant reduction in 
pain and increase in patient reported activity levels 
after electrostimulation. Although these finding 
are linked with fracture healing, 30% of patients 
with persistent delayed union reported a reduction 
of pain. 

Currently no evidence can confirm pain relief 
of IC electrostimulation for treatment of delayed 
unions. The results of this study seem to indicate 
IC electrostimulation can help for pain relief. This 
is in line with a meta-analysis investigating pain 
relief after CC electrostimulation, although it must 
be noted the physiological changes invoked by 
CC and IC are different and thus the same results 
cannot be guaranteed (40).

A significant limitation of this study is the 
absence of a control group. To correctly analyze 
our results we compared them to the existing 
literature. However, readers should exercise caution 
interpreting the results due to this shortcoming.

Although not all patients experienced benefit 
from the electrostimulation therapy, even patients 
without bone healing would prefer to try this non-
invasive option compared to invasive revision 
surgery (77%).

CONCLUSION 

Our study confirms the results of prior 
publications that electrostimulation has a beneficial 
effect on the healing of delayed unions, whether 
after initial fracture treatment or osteotomies, and 
can thus lower the incidence of revision surgery. 
In addition, our results suggest the therapy can be 
used for all sexes, age groups and fracture locations, 

was included in the meta-analysis and noted a 
44% success percentage for electrostimulation, 
compared to a 16% success percentage for the 
control group. However, electrostimulation was 
randomly applied after tibial osteotomy surgery 
and not after confirmation of delayed union, as is 
the case in this study. This difference in timepoint 
of application could explain the difference in 
success rates (66%) in our population.

The absence of significant differences in success 
rates between age, sex and fracture location suggest 
that electrostimulation can be used universally 
in all age groups, sexes and locations with equal 
positive results. 

An important variable to take into consideration 
is the presence of osteosynthesis material. 
Electrostimulation as treatment for delayed unions 
after surgical treatment cannot be justified if the 
presence of osteosynthesis material has a negative 
impact on the success rate. This would imply that 
the standard of care, namely invasive revision 
surgery with removal of the osteosynthesis material 
and bone grafting, should be performed before the 
application of electrostimulation. As our results 
did not show any interaction between success and 
the presence of osteosynthesis material, we can 
conclude that electrostimulation (IC) can be used 
even when metallic material is still present.

Delayed union can be defined as the absence of 
radiographic progression of healing upon clinical 
examination within an average anticipated time. 
For a given fracture, this healing time varies with 
location and configuration as well as the specific 
bone. If healing is not present after 3 consecutive 
months, the condition is often arbitrarily defined as 
a delayed union. Some authors propose a definition 
of 4 months (33,34), while others propose one of 3 
months (35,36). As more than 90% of patients show 
progressive bone healing 3 months postoperative 
after a tibial open-wedge procedure (37), this 
timepoint was chosen as a cut-off in our study.

Statistical investigation showed that the delay 
of electrostimulation therapy in our study did not 
have a significant impact on the rate of success 
(p(BP) =0.88, p(FR) =1, p(OT) =0.63). These results 
are in concordance with the findings of Shi et 
al. (2013) who evaluated early treatment of 



Acta Orthopædica Belgica, Vol. 88 - 3 - 2022

	 ic-type electric stimulation for delayed bone healing	 531

11. 	Petrisor B, Lisson S, Sprague S. Extracorporeal 
shockwave therapy: A systematic review of its use in 
fracture management. Indian J Orthop. 2009;43(2):161. 

12. 	Zura R, Della Rocca GJ, Mehta S, Harrison A, Brodie 
C, Jones J, et al. Treatment of chronic (>1 year) fracture 
nonunion: Heal rate in a cohort of 767 patients treated 
with low-intensity pulsed ultrasound (LIPUS). Injury. 
2015;46(10):2036-41. 

13. 	Leighton R, Watson JT, Giannoudis P, Papakostidis 
C, Harrison A, Steen RG. Healing of fracture 
nonunions treated with low-intensity pulsed ultrasound 
(LIPUS): A systematic review and meta-analysis. Injury. 
2017;48(7):1339-47. 

14. 	Haffner N, Antonic V, Smolen D, Slezak P, Schaden 
W, Mittermayr R, et al. Extracorporeal shockwave 
therapy (ESWT) ameliorates healing of tibial fracture 
non-union unresponsive to conventional therapy. Injury. 
2016;47(7):1506-13. 

15. 	Alkhawashki HMI. Shock wave therapy of fracture 
nonunion. Vol. 46, Injury. 2015. p. 2248–52. 

16. 	Busse JW, Morton E, Lacchetti C, Guyatt GH, Bhandari 
M. Current management of tibial shaft fractures: a survey 
of 450 Canadian orthopedic trauma surgeons. Acta Orthop. 
2008; 

17. 	Reid J. On relation between muscular contractility and 
nervous system. L Edinb Mon J Med Sci. 1841;1:320-31. 

18. 	Fukada E, Yasuda I. On the Piezoelectric Effect of Bone. 
J Phys Soc Japan. 1957. 

19. 	Anderson JC, Eriksson C. Electrical properties of wet 
collagen. Nature. 1968. 

20. 	Minary-Jolandan M, Yu MF. Nanoscale characterization 
of isolated individual type i collagen fibrils: Polarization 
and piezoelectricity. Nanotechnology. 2009. 

21. 	Rubinacci A, Black J, Brighton CT, Friedenberg ZB. 
Changes in bioelectric potentials on bone associated with 
direct current stimulation of osteogenesis. J Orthop Res. 
1988;6(3):335-45. 

22. 	Bushinsky DA. Metabolic alkalosis decreases bone 
calcium efflux by suppressing osteoclasts and stimulating 
osteoblasts. Am J Physiol. 1996;271(1 Pt 2):F216-22. 

23. 	Lee SM, Seong SC, Lee S, Choi WC, Lee MC. Outcomes 
of the different types of total knee arthroplasty with the 
identical femoral geometry. Knee Surg Relat Res. 2012. 

24. 	Keramaris NC, Calori GM, Nikolaou VS, Schemitsch 
EH, Giannoudis PV. Fracture vascularity and bone 
healing: A systematic review of the role of VEGF. Injury. 
2008;39. 

25. 	Lorich DG, Brighton CT, Gupta R, Corsetti JR, Levine 
SE, Gelb ID, et al. Biochemical pathway mediating the 
response of bone cells to capacitive coupling. Clin Orthop 
Relat Res. 1998;(350):246-56. 

26. 	Brighton CT, Wang W, Seldes R, Zhang G, Pollack SR. 
Signal transduction in electrically stimulated bone cells. J 
Bone Joint Surg Am. 2001;83-A(10):1514-23. 

27. 	Aaron RK, Boyan BD, Ciombor DM, Schwartz Z, 
Simon BJ. Stimulation of growth factor synthesis by 

with positive effects regarding pain sensations and 
levels of activity, but suffers detrimentally from 
active smoking habits.

Abbreviations: BMP (Bone Morphogenetic Protein), 
PTH (Para Thyroid Hormone), PRP (Platelet Rich 
Plasma), TGFbeta (Transforming Growth Factor beta), 
LIPUS (Low-Intensity Pulsed Ultrasound), ESWT 
(Extracoporeal Shock Wave Therapy), DC (Direct 
Current), IC (Inductive Coupling), CC (Capacitive 
Coupling), PEMF (Pulsed Electromagnetic Field), 
VGCC (Voltage Gated Calcium Channel), FR (Fracture), 
OT (Osteotomy), BP (Both Populations), HTO (High 
Tibial Osteotomy), DFO (Distal Femoral Osteotomy)

REFERENCES

1. 	Bhandari M, Guyatt GH, Swiontkowski MF, Tornetta 
P, Srpague S, Schemitsch EH. A lack of consensus in 
the assessment of fracture healing among orthopaedic 
surgeons. J Orthop Trauma. 2002; 

2. 	Zura R, Mehta S, Della Rocca GJ, Steen RG. Biological 
risk factors for nonunion of bone fracture. JBJS Reviews. 
2016. 

3. 	Mills LA, Simpson AHRW. The relative incidence 
of fracture non-union in the Scottish population (5.17 
million): a 5-year epidemiological study. BMJ Open. 
2013;3(2):e002276. 

4. 	Ekegren CL, Edwards ER, de Steiger R, Gabbe BJ. 
Incidence, costs and predictors of non-union, delayed 
union and mal-union following long bone fracture. Int J 
Environ Res Public Health. 2018. 

5. 	Conway JD, Shabtai L, Bauernschub A, Specht SC. 
BMP-7 Versus BMP-2 for the Treatment of Long Bone 
Nonunion. Orthopedics. 2014;37(12):e1049-57. 

6. 	Garrison K, Shemilt I, Donell S, Ryder J, Mugford 
M, Harvey I, et al. Bone morphogenetic protein (BMP) 
for fracture healing in adults. Cochrane Database of 
Systematic Reviews. 2008. 

7. 	Aspenberg P, Genant HK, Johansson T, Nino AJ, See 
K, Krohn K, et al. Teriparatide for acceleration of fracture 
repair in humans: A prospective, randomized, double-blind 
study of 102 postmenopausal women with distal radial 
fractures. J Bone Miner Res. 2010;25(2):404-14. 

8. 	Coppola C, Del Buono A, Maffulli N. Teriparatide 
in Fracture Non-Unions. Transl Med @ UniSa. 
2015;12(8):47-53. 

9. 	Pietrogrande L, Raimondo E. Teriparatide in the 
treatment of non-unions: Scientific and clinical evidences. 
Injury. 2013;44. 

10. 	Mundi R, Petis S, Kaloty R, Shetty V, Bhandari M. 
Low-intensity pulsed ultrasound: Fracture healing. Indian 
J Orthop. 2009;43(2):132-40. 



532	 k. kempenaers, t. claes, n. van beek, s. claes	

Acta Orthopædica Belgica, Vol. 88 - 3 - 2022

35. 	Rodriguez-Buitrago AF, Hope N, Jahangir A. Tibia 
Nonunion. StatPearls. 2020. 

36. 	Yang JS, Otero J, McAndrew CM, Ricci WM, Gardner 
MJ. Can tibial nonunion be predicted at 3 months after 
intramedullary nailing? J Orthop Trauma. 2013. 

37. 	Goshima K, Sawaguchi T, Shigemoto K, Iwai S, 
Nakanishi A, Inoue D, et al. Large opening gaps, unstable 
hinge fractures, and osteotomy line below the safe zone 
cause delayed bone healing after open-wedge high tibial 
osteotomy. Knee Surgery, Sport Traumatol Arthrosc. 2019.

38. 	Shi H, Xiong J, Chen Y, Wang J, Qiu X, Wang Y, 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 
Musculoskelet Disord. 2013. 

39. 	Patel RA, Wilson RF, Patel PA, Palmer RM. The effect 
of smoking on bone healing: A systematic review. Bone 
Joint Res. 2013. 

40. 	Zeng C, li H, Yang T, Deng ZH, Yang Y, Zhang Y, et al. 
Electrical stimulation for pain relief in knee osteoarthritis: 
Systematic review and network meta-analysis. Osteoarthr 
Cartil. 2015. 

electric and electromagnetic fields. Clin Orthop Relat Res. 
2004;(419):30-7. 

28. 	Wang Z, Clark CC, Brighton CT. Up-regulation of bone 
morphogenetic proteins in cultured murine bone cells 
with use of specific electric fields. J Bone Joint Surg Am. 
2006;88(5):1053-65. 

29. 	Guerkov HH, Lohmann CH, Liu Y, Dean DD, Simon 
BJ, Heckman JD, et al. Pulsed electromagnetic fields 
increase growth factor release by nonunion cells. Clin 
Orthop Relat Res. 2001;(384):265-79. 

30. 	Nagai M, Ota M. Pulsating Electromagnetic Field 
Stimulates mRNA Expression of Bone Morphogenetic 
Protein-2 and -4. J Dent Res. 1994;73(10):1601-5. 

31. 	Aleem IS, Aleem I, Evaniew N, Busse JW, Yaszemski 
M, Agarwal A, et al. Efficacy of Electrical Stimulators 
for Bone Healing: A Meta-Analysis of Randomized Sham-
Controlled Trials. Sci Rep. 2016;6. 

32. 	R Development Core Team R, R Core Team. R: A 
language and environment for statistical computing. R A 
Lang Environ Stat Comput. 2017; 

33. 	Gómez-Barrena E, Rosset P, Lozano D, Stanovici J, 
Ermthaller C, Gerbhard F. Bone fracture healing: Cell 
therapy in delayed unions and nonunions. Bone. 2015. 

34. 	Volpin G, Shtarker H. Management of Delayed Union, 
Non-Union and Mal-Union of Long Bone Fractures. 
European Surgical Orthopaedics and Traumatology. 2014. 


