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Summary 
Background Clinical and experimental work has shown that 

externally applied low-intensity pulsed ultrasound accelerates bone healing in fresh fractures. 

The goal of this study is to assess the effect of low-intensity ultrasound on bone healing 

following osteotomy. The process of bone healing in osteotomies follows that observed 

during normal fracture healing. 

Methods In a double-blinded trial, 97 adults (52 females and 38 males) who had undergone 

an osteotomy of the lower extremity were randomly allocated an active- or placebo 

ultrasound device. The device was used daily for a 20 minute external application over the 

femoral, tibial or fibular osteotomy site for a period of 20 weeks. Every two weeks patient 

progress was assesed by both clinical and radiological examination. Radiographs were 

evaluated by an independent radiologist, blinded to treatment type. The follow-up lasted 

18 months. 

Findings Forty-six patients (75 bones) were treated with an active ultrasound device and 

44 patients (78 bones) with a placebo device and were eligible for analysis. In the 

metaphyseal osteotomies the mean time to radiological consolidation was 16 weeks in the 

active group and 21 weeks in the placebo group (95% CI for differences 14-24). The 

radiological consolidation time for diaphyseal osteotomies (fibula) was 24 weeks in the 

active group and 38 weeks in the placebo group (95% CI for differences 20-45). A nonunion, 

which was treated operatively, occurred in four cases in the placebo group and in none in 

the active group. No other prognostic variables were found. 

Interpretation Low-intensity ultrasound can accelerate bone healing in osteotomies and 

reduce the occurence of delayed union or nonunion. Patients with a fracture or osteotomy, 

who are at high risk of developing nonunion can benefit from the adjunctive use of low 

intensity ultrasound. 



Introduction 
In 95% of fractures bone healing occurs without any problem. 

Although relatively few patients develop delayed union or nonunion the personal tragedy 

for the patient and the cost to society for a patient with a long lasting nonunion is enormous.1 

Operative treatment with or without bone grafting is standard. Noninvasive techniques, 

including electrostimulation, Shockwave therapy and low-intensity ultrasound treatment, 

have also been developed to treat this problem. 

Presently, ultrasound is used at high intensities (1-300 W/cm2) for therapeutic purposes 

and at a lower intensity (<50mW/cm2) for diagnostic purposes. There is growing evidence 

of the positive effect of low-intensity (30mW/ cm2), high-frequency (1.5 MHz) pulsed 

ultrasound on fracture healing. In 1983 the first experimental work on the positive effects 

of this specific low-intensity ultrasound signal on bone healing was published.2 Animal studies 

show increased callus tissue formation2 and acceleration of bone healing.3 Ultrasound also 

causes an increase in the mechanical strength and torsional rigidity of the callus tissue.345 

Scintigraphic studies have demonstrated improvement in bone healing in lower leg fractures 

in rabbits treated with ultrasound.6 One of the mechanisms proposed to support the 

stimulatory effect of low-intensity ultrasound is that stimulation is based on electrical potentials 

(piëzo-electricity) and not heat production.2 Micro-mechanical pressure on bone by low-

intensity ultrasound, influences the physiology and healing of bone,7 associated with an 

increase of endogenous prostaglandin (PGE2) production.8 

Heekman et al9 demonstrated a 38% reduction in time to fracture healingin a prospective, 

randomised, double-blinded, placebo-controlled clinical trial, in which fresh tibial diaphyseal 

fractures, conservatively treated by plaster immobilisation, were stimulated by ultrasound. 

In an identically designed clinical trial of distal metaphyseal radius fractures, the use of low-

intensity ultrasound accelerated bone healing and resulted in less loss of fracture reduction.10 

The same stimulatory effect is seen in a controlled study of low-intensity ultrasound in human 

scaphoid fractures.11 

The goal of this study was to evaluate the effect of low-intensity ultrasound on bone healing 

in osteotomies of the lower extremity. This model was chosen because of the ready availability 

of a study group who would undergo standard surgical technique with standardized 

treatment management. The trial reflects two types of bone healing: direct or primary 

bone healing in the femur and tibia and indirect or secondary bone healing in the fibula. 

Due to the rigid fixation in the closing wedge osteotomies primary bone healing is achieved. 

The secondary bone healing in the fibula is due to displacement of the fracture fragments 

and subsequent instability of the fibula. The gap left by the osteotomy heals by normal 

bone healing processes with visible external callus formation. 
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Our hypothesis is that low intensity ultrasound shortens the time taken to achieve bone 

healing and decreases the chance of the development of nonunion both in primary and 

secondary bone healing, with and without osteosynthesis. Possible negative acting factors 

on bone healing, such as smoking habits, medication and concomitant diseases were 

recorded. 

Patients and Methods 
Participants 
A prospective, randomised, placebo-controlled, double-blinded study 

was started at the Academic Medical Center, Amsterdam in 1996 and Hilversum Hospital in 

1998 after approval from the hospital ethics and radiation committees. All patients, who 

underwent an osteotomy of the lower extremity, were asked to give informed consent. 

Exclusion criteria followed the recommendation of the F.D.A. for the use of the Sonic 

Accelerated Fracture Healing System (SAFHS®) device and included: no informed consent, 

open wounds or skin lesions, thrombophlebitis, children with open epiphyses and patients 

with a pacemaker. In addition, local reasons for exclusion were the patient's inability to adhere 

to the protocol in travelling to the hospital for examination, inadequate or late delivery of the 

study device and if the patient was uncooperative. Secondary exclusion criteria were: 

discontinuation of the use of the device and failure to treat the fibula osteotomy site. 

Methods 
All osteotomies were performed according to standard A.O. (Arbeitsgemeinschaft für 

Osteosynthesefragen) operative techniques.12"1 In every case a closed wedge osteotomy 

was performed and the fixation with A.O. plate and screws was done using a compression 

device. The fibula was osteotomized without fixation. At enrollment, the patient sex, age, 

medication use, concomitant disease, smoking habits, andside of the osteotomy site were 

recorded. 

Exogen™ (Smith and Nephew division, Memphis, Tennessee, USA) provided the SAFHS® 

device for patients to use daily at home for 20 minutes. The device produced a 200 ms 

burst of 1.5 MHz acoustic sine waves that repeated at a modulation frequency of 1 kHz 

and provided a peak pressure of 0.3 Pa (30 mW/cm2) to the tissue. The patient applied the 

transducer module and coupling gel to the skin surface at the site of the osteotomy. The 

device controlled the 20 minute treatment period. 

Randomization was done by an independent statistician using a block randomisation of 

ten devices. The patient, treating physician and local employees of Exogen™ were unaware 
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whether the device was active or a placebo. Instruction on how to use the SAFHS® device 

at the osteotomy site was given to every patient. The treatment was started within the first 

two weeks following surgery. Follow-up treatment was in accordance with protocol: no 

weightbearing and crutches for the first six weeks and, thereafter, progressive weightbearing 

for a further six weeks. A plaster cast was not normally necessary, but if a cast was used an 

attachment fixture for the device was incorporated into it. Ultrasound or placebo treatment 

was continued until 20 weeks after the operation. The patient was seen at the outpatient 

department for clinical and radiological examination every two weeks until 20 weeks 

postoperatively. Further outpatient examination was at weeks 24, 33 and 52. In some 

cases extra examinations were considered necessary to monitor the patient clinical status. 

Final follow-up was at 85 weeks. However this follow-up was extended for one more year 

if nonunion was present. 

An independent radiologist, who was blinded as to patient status, evaluated the radiographs 

using preset criteria of fracture healing. Union was determined to have been reached, when 

radiographs in anterior-posterior and lateral dimensions demonstrated that there was bone 

bridging in at least 3 of 4 cortices. The features of endosteal healing such as osteolysis, 

disappearance of the osteotomy line, sclerotic density of the spongeous bone and complete 

continuance of trabeculae were also noted. If normal radiological healing was progressing 

and clinical healing (no pain and normal weight bearing) had been achieved but radiological 

consolidation had not, the midpoint between the date of the radiograph showing 

consolidation and the prior date with no consolidation was taken as date of bone 

consolidation. The device code was broken after the last follow-up and radiological 

determination of consolidation. To determine interobserver variation a second examination 

by the radiologist reviewed 10 cases selected randomly. 

Statistical analysis 
The Kruskal Wallis ANOVA and stratification analysis were used as applicable. Data were 

analysed using SPSS 10-0 software (SPSS, Chicago, Illinois, USA). Probability for entry was 

set at 0.05 and probability for removal 0.10. A one sided P-value was chosen at start of the 

study. A power analysis revealed a sample size of 75 subjects in each group. It was based 

on a standardized difference of 0.5. 

Results 
Between April 1996 and September 2000, 109 patients with an 

osteotomy of the lower extremity were enrolled. The total number of osteotomies performed 

in this period was 132. A complete follow up of 90 patients was available for analysis (Fig. 1). 

9 9 



Figure 1: Trial profile 109 patients with 
osteotomy 

considered for trial 

12 excluded 

97 randomised 
(167 bones) 

46 assigned placebo US 
(83 bones) 

2 excluded from analysis 
(5 bones) 

44 analysed to 
primary endpoint 

(78 bones) 

51 assigned active US 
(84 bones) 

5 excluded from analysis 
(9 bones) 

46 analysed to 
primary endpoint 

(75 bones) 

There were 52 female and 38 male patients with an average age of 49 years (range 24 -

84 years). The location of operative procedures included 6 intertrochanteric osteotomies, 

71 high tibial osteotomies and 13 supracondylar varisation osteotomies of the femur. The 

total number of osteotomies included in this stury was 153. Table 1 shows the demographics 

of both groups. 

Table 2 demonstrates the acceleration of radiological consolidation. A time reduction of 

24% in metaphyseal osteotomies (p=0.34) and 37% in diaphyseal osteotomies (p=0.004) 

was achieved. Overall the reduction in time to radiological consolidation was 32% in favour 

of the group treated by ultrasound (p<0.001). In the 10 cases randomly selected to tes 

intraobserver differences, the second radiological opinion on consolidation showed no 

difference in determination of radiological consolidation. 

Three patients (5 osteotomies) were put in a plaster cast for additional fixation, decided at 

the osteotomy operation; one from the placebo group and two from the active group. The 

time to radiological consolidation was 11 weeks in the patients with an active device and 

plaster and 16 weeks in the patient with a placebo device. No significant influence of 

plaster fixation on the results of ultrasound treatment could be established. Complications 

following operative treatment included two wound infections that required operative 

drainage (both placebo), one case of screw loosening, which needed reoperation (placebo), 
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Table 1 : Baseline characteristics of osteotomies 

Osteotomies 

Active US 

75 

Placebo US 

78 

Age 
20-30 
30-40 
40-50 
50-60 
>60 

Sex 
female 
male 

Osteotomy localisation 
proximal femur 
distal femur 
tibia 
fibula 

Smoking 
Yes 
No 
Unknown 

2 
19 
22 
16 
16 

46 
29 

3 
8 

35 
29 

26 
28 
21 

( 3%) 
(25%) 
(29%) 
(21%) 
(21%) 

(61%) 
(39%) 

( 4%) 
(11%) 
(47%) 
(38%) 

(35%) 
(37%) 
(28%) 

12 (15%) 
5 ( 6%) 

25 (32%) 
27 (35%) 
9 (12%) 

39 (50%) 
39 (50%) 

3 ( 4%) 
5 ( 6%) 

36 (46%) 
34 (44%) 

18 (23%) 
42 (54%) 
18 (23%) 

two partial nerve lesions (both placebo) and one deep venous thrombosis (active). The 

division of perioperative complications over the two groups was not statistically significant. 

The development of a symptomatic nonunion of the osteotomy, which was treated 

operatively, occurred four times. These four nonunions were in the placebo treated patients. 

There were no significant differences between the groups in terms of age, sex, osteotomy 

type, concomitant diseases, medication, smoking habits (Table 3). No side effects were 

reported by any of the patients. 

Table 2: Results of radiological consolidation of the osteotomy 

Active US Placebo US 

Osteotomy type weeks 

metaphyseal 
femur 
tibia 

diaphyseal (fibula) 
total 

16 
14 
17 
24 
19 

weeks 

21 
24 
20 
38 
28 

(95% CI) 

0.034 (14.23- 24.16) 
0.019 (10.23-32.92) 
0.19 (14.52- 23.89) 
0.004 (19.56-44.88) 
0.001 (16.99-32.23) 
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Table 3: Baseline comparison of patients according to treatment group 

Patient Characteristics 

(Active/Placebo) 

< 4 0 (21/17) 
> 4 0 (54/61) 

sex 
female (46/39) 
male (29/39) 

osteotomy type 
femur OT (11/8) 
tibia OT (35/36) 
fibula OT (29/34) 

side 
right (29/42) 
left (46/36) 

concomitant disease 
none (72/70) 
DM (0/5) 
Sickle cell anemia (1/0) 
Cardiovascular (0/1) 
Poliomyelitis (2/2) 

medication 
none (37/50) 
NSAID's (12/10) 
Anticoagulantia (2/2) 
Calcium blockers (2/0) 
Unknown (21/16) 

smoking 
yes (28/42) 
no (24/18) 
unknown (23/18) 

complications 
none (69/68) 
screw tighter (0/1) 
wound infection (0/2) 
plaster (4/0) 
nerve injury (0/3) 
DVT (2/0) 
nonunion (0/4) 

Active US (75) 

Consolidation 
weeks 

17 
20 

18 
21 

14 
17 
24 

19 
20 

19 

-
11 
-
29 (-

21 
16 
8 
11 
20 

16 
20 
22 

19 

-
-
11 

-
30 ( 

(95% CI) 
P 

(14-20) 
(17-23) 

0.14 

(15-20) 
(17-26) 

0.14 

(10-18) 
(15-19) 
(20-29) 
0.001 

(15-22) 
(17-23) 

0.68 

(17-21) 

-
-

111-169) 
0.26 

(18-25) 
(13-18) 
(-17-33) 
( -2 -24) 
(15-25) 

0.17 

(13-19) 
(16-24) 
(17-27) 

0.12 

(17-22) 

(5-17) 

-148 -208) 

0.07 

Placebo US (78) 

Consolidation 
weeks 

27 
29 

28 
28 

24 
20 
38 

30 
26 

28 
28 

-
24 
40 

28 
29 
20 

-
31 

29 
25 
30 

26 
21 
11 

-
36 

-
64 

(95% CI) 
P 

(19-34) 
(24-35) 

0.66 

(23-34) 
(23-34) 

0.97 

(15-33) 
(17-24) 
(30-45) 
<0.0001 

(25-35) 
(20-32) 

0.34 

(24-32) 
(6-49) 

-
-

(40-40) 
0.82 

(23-33) 
(23-36) 

(-82-122) 

-
(18-44) 

0.94 

(24-33) 
(16-35) 
(19-41) 

0.73 

(23-30) 

-
(-27-49) 

-
(29-49) 

-
(23-105) 
<0.001 
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Discussion 
Bone healing in human osteotomies is significantly accelerated by 

32% by low-intensity ultrasound. This study shows that low-intensity ultrasound can enhance 

the bone healing in osteotomies of both metaphyseal and diaphyseal bone and indicate 

that the chance of nonunion development is decreased. The effect of low-intensity 

ultrasound on fracture healing in humans has already been established in two prospective, 

randomised, placebo-controlled, double-blinded studies.510 However, in a study by Emami 

on tibial diaphyseal fractures treated by intramedullary osteosynthesis and additional low-

intensity ultrasound or placebo, no difference in healing time was established.'5 In orderto 

avoid any comments on beta error we calculated that 150 osteotomies are required for a 

power analysis of one sided testing. A one sided P-value was chosen at the start of the 

study because the hypothesis being tested i.e. that adjunctive ultrasound treatment has no 

effect on bone healing, is clearly one sided. In other words, the null hypothesis that placebo 

treatment has no effect on bone healing in osteotomies is not being tested. Furthermore, 

it is important that adjunctive ultrasound treatment has no known side effects and has, in 

the literature, a significant clinical effect in fractures. However, when we did two sided 

testing, the values were still significant (p<0.05). 

Bone healing in osteotomies has the same cellular processes as in fracture healing. Therefore 

the study model can be considered as standardised fracture healing. 

Although radiological consolidation introduces a subjective element in this study, only one 

radiologist used the same criteria when judging the osteotomy is to be healed. In addition 

a randomly selected 10 cases were reviewed seperately at another time. The intraobserver 

variation analysis showed no differences in these cases regarding the moment of radiological 

consolidation. Our data show accelerated healing in osteotomies with fixation (tibia and 

femur) and in non-fixated osteotomies (fibula). Our usual estimates of the average time to 

bone healing are rather aggressive. Clinical bone healing i.e. full weightbearing without 

pain does not necessarily mean a fully healed bone from a radiological perspective. Mild 

osteoarthritic symptoms might disguise the moment of clinical bone healing. The time taken 

to reach consolidation of the fibula osteotomy varies greatly and depends on the operative 

technique employed.16,; The small additional effect of ultrasound in a stable fixed osteotomy, 

which heals quickly anyway, may explain the non-significant result in the tibia osteotomy 

group. In the literature, the distal femoral osteotomy has a relatively high complication rate 

with the development of a delayed or nonunion in about 10% of the cases regardless of 

which operative technique is used.20 This rate is comparable to the present study with four 

osteotomies (3%), which received placebo treatment, resulting in a nonunion, which was 

treated surgically. 
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The pace of secondary bone healing in the fibula is dependent on the amount of 

displacement necessary to correct the deformity. The variation time to bone healing in the 

fibula is caused by the gap between the bony ends of the fibula, which in turn depends on 

the degree of valgus correction. This unstable situation at the site of the fibula osteotomy 

leads to an inconsistent bony consolidation. In all osteotomies in this study, a correction in 

anatomical alignement of less than 1 5 degrees was made. Other factors that can influence 

bone healing are vascularisation, nutritional status and concomitant diseases.18 No significant 

difference in co-factors of bone healing between active and placebo groups could be 

determined. 

Although not significant, there were more smokers in the active group in our study. In this 

study, the negative effect of smoking on bone healing did not diminish the effect of 

ultrasound. On the contrary the effect is reversed by ultrasound in this study. Cook reported 

the same effect of low-intensity ultrasound on patients who have a fracture and are active 

smokers.,s 

In vitro, low-intensity ultrasound increases aggrecan mRNA production and proteoglycan 

synthesis in chondrocyte cultures.21-22 A significant increase in calcium absorption is seen 

when mesenchymal and chondrocyte cultures are stimulated by ultrasound.2324 The 

endochondral ossification of fetal mouse metatarsal rudiments is stimulated in vitro by low-

intensity ultrasound.25 A direct effect of ultrasound on calcifying chondrocytes and/or 

osteoblasts is plausible. Cultured human osteoblastic and endothelial cells stimulated by 

ultrasound show increased platelet-derived growth factor secretion. This is one of the 

mechanisms through which ultrasound can effect bone healing.26 Furthermore, angiogenesis 

is promoted by low-intensity ultrasound.27 

The reduction of time in bone healing in osteotomies will have financially and subjectively 

large consequences both for the individual patient and for society. Cost effectiveness of 

low-intensity ultrasound is in the range of costs savings of 24%.' In the USA proactive use 

of low-intensity ultrasound can save as much as $15000 per case. The additional use of 

low-intensity ultrasound with a fracture or osteotomy is supported by our study in patients 

prone to develop a delayed- or nonunion. 
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