
CLINICAL EXPERIENCE WITH CAPACITIVELY COUPLED ELECTRIC FIELDS 

CLINICAL EXPERIENCE WITH CAPACITIVELY-COUPLED 
ELECTRIC FIELDS 

MACDONALD, M.K.*, BONNEAU,M. J.H.** 
*NORTH SHORE BONE DENSITY CLINIC 

1884 MARINE DRIVE 
WEST VANCOUVER, B.C. 

CANADA V7V 1J6 
**BIOTRONICS RESEARCH CORPORATION 

#1104-3760 ALBERT STREET 
BURNABY, B.C. 

CANADA V5C 5Y8 
Synopsis: We report on our clinical results in treating human patients with capacitively coupled electric fields. 
Treatment time was 8 hours/day.  The pulsed alternating-current fields used as therapy in this study have 
been previously described [1]. These fields are based on the work of Brighton and others [2,3,4,5] and 
theoretically deliver 20 microamperes/square centimeter at the level of the bone.  Targeted problems included 
difficult bone fractures, difficult fusions and loosened hip prostheses [6,7,8].  155 Patients were treated 
between 1986 and 2000. Exclusion from the analysis = less than 2 months of treatment or inadequate 
documentation, regardless of the outcome.  136 patients remained for analysis.  The overall success rate was 
76%.  The raw data is presented.  Treatment time (Rx Time) and age of fracture (# age) is in months. S/F 
indicates success or failure. 
 
A. FRACTURES 
 The fractures were divided thus: 

a) Fresh Fractures = <5 months post-fracture or post-surgery. 
b) Delayed Unions = >5 months post-fracture or post-surgery, <9 post-fracture or post-

surgery. 
c) Nonunions = >9 months post-fracture or post-surgery with no radiological evidence of 

healing over the prior three months. 
 

1. SCAPHOID FRACTURES 
 

  30 scaphoid fractures were treated.  5 were removed from analysis.  Of the fractures available 
for analysis there were 21 that healed with no further therapeutic intervention and 4 that did not heal, for an 
overall success rate of 87.5%.  The average age of the fractures was 8.41 months. 
 

a) Fresh Fractures (10) 
 
ID 217 119 279 193 224 157 181 269 216 287 STATS 
Age 24 21 45 15 29  18 30 58 26 30 29.6 
Sex M M M M M M M M M M 10M 
# Age 0 4 4 0.5 3.5 1 2.5 0.7 1 2 1.9 
Rx 
Time 

4.9 2 2 5 3 5 6 6 3.3 3 4.0 

S/F S S S S S S S S S S 100% 

 
b) Delayed Unions (10) 

 
ID 110 260 226 153 266 180 188 205 261 299 STATS 
Age 49 57 25 28 25 26 56 22 26 49 36.3 
Sex F M M M M M F M M M 9M1F 
# Age 5 5.6 6 7 8 5 5 7 6 5 5.96 
Rx 
Time 

4 5.2 6.7 11.5 7 10.9 2.2 6.8 4 2.3 6.1 

S/F S S S F S F S S S S 80% 
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c) Nonunions (5) 
 
ID 136 184 289.2 252 300 STATS 
Age 18 24 26 20 24 22.4 
Sex F M M M M 4M1F 
# Age 14 84 9.5 9 15 26.3 
Rx Time 6.3 6 5 3.3 7 5.52 
S/F F F S S S 67% 

 
2. TIBIAL FRACTURES 

 
  33 Tibial fractures were treated. 2 were removed from the analysis.  Of the 31 remaining 
fractures there were 28 that healed with no further therapeutic intervention and 3 that did not heal, for an overall 
success rate of 90%. The average age of the fractures was 8.48 months. 
 

a) Fresh Fractures (9) 
 
ID 115 118 134 149 223 227 247 271 204 STATS 
Age 28 79 45 49 34 21 62 30 20 41yrs 
Sex M F M M M M F M F 6M 

3F 
#age 2 2 2 0 4 3 4 3 2 2.4 

mos 
Rx 
Time 

13 4.6 4.1 4.1 2 5.1 4.9 4.1 6.3 5.4 
mos 

S/F S S S S S S S S F 89% 
 

b) Delayed Unions (12) 
 
ID 113 125 148 152 165 166 170 171 195 207 245 256  
Age 37 35 40 22 42 26 35 24 25 35 20 31 31yrs 
Sex M F M M M M M M M M M F 10M 

2F 
#age 7 5 5 6 6 8 6 8 5 5 5 5 5.9 

mos 
Rx 
Time 

5.1 7.1 4.7 11.3 3.3 7.5 4.7 4.9 4.1 6 8.1 5.8 6.0 
mos 

S/F S S S S S S S S S S S S 100
% 

 
c) Nonunions (10) 

 
ID 109 122 154 169 211 212 255 270 289 290  
Age 42 34 35 32 30 43 30 45 46 56 39 
Sex M M M M M M M M M F 9M 

1F 
#age 28 25 13 17 24 10 13 18 10 12 17 

mos 
Rx 
Time 

5.7 7.7 6 2.6 5.5 5 5 24.2 3.6 5 7 

S/F S S S S S S S F S F 80% 
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3.RADIUS/ULNA FRACTURES 
 
  14 radial and ulnar fractures were treated.  None were removed from analysis.  12 healed 
with no further therapeutic intervention and 2 did not heal, for an overall success rate of 86%.  The average age 
of the fractures was 4 months. 
 
  a)Fresh Fractures (11) 
   
ID 104 123 158 178 178A 215 251 268 273 173 210 STATS
AGE 34 20 75 37 37 37 23 46 44 13 43 37yrs 
SEX F M F M M F M M M M M 8M3F 
TARG
ET 

Ulna Rad/ulna Ulna Ulna Ulna Ulna Ulna Radius Radius Radius Ulna  

# Age 3.5 0 3 3 0 1.5 4.5 4 3.5 1 0 2.2mos
Rx Time 3 2.7 3 3.8 17 1.5 3 4 4.8 2.1 6 4.6mos
S/F S S S S F S S S S S F 82% 

 
  b) Nonunions (3) 
 
ID 202 282 213 STATS 
Age 46 32 30 36yrs 
Sex M M M 3M 
Target Rad/ulna Radius Radius  
# Age 9 12 11 10.7mos 
Rx Time 4 3.9 12 6.6mos 
S/F S S S 100% 

 
4) CLAVICLE FRACTURES 

 
  9 clavicle fractures were treated. Two were removed from the analysis.  Of the remaining 
fractures 4 healed with no further therapeutic intervention and 3 did not heal for an overall success rate of  
57%. The average age of the fractures was 22 months. 
 

a) Fresh Fractures (2) 
 
ID 150 258  
Age 49 59 54 
Sex F F 2F 
# Age 3 4 3.5 
Rx Time 5.6 4.4 5 
S/F S S 100% 

 
b) Delayed Unions (3) 

 
ID 127 128 140  
Age 44 26 45 38 
Sex F F F 3F 
# Age 5 5 5 5 
Rx Time 14 3.5 5 7.5 
S/F F S S 67% 

 
c) Nonunions (2) 

 
ID 163 201  
Age 38 29 33.5 
Sex F F 2F 
# Age 10 122 66 
Rx Time 10 3.3 6.7 
S/F F F 0% 



MACDONALD, M.K., BONNEAU, M.J.H. 

 
5) METATARSAL FRACTURES 
 

9 metatarsal fractures were treated with Estim.  1 case was discarded from the analysis.  Of the remaining 8 
available for analysis 7 required no further therapeutic intervention overall success rate of 87.5%. The average 
age of the fractures was 8.6 months. 
 

a) Fresh Fractures (3) 
 
ID 117 126 281 STATS 
Age 41 30 41 37 
Sex F F M 2F1M 
# Age 4 3.5 4 3.8mos 
Rx Time 3 3.3 6.1 4.1mos 
S/F S S S 100% 

 
b) Delayed unions (2) 

 
ID 114 291 STATS 
Age 57 47 52yrs 
Sex F M 1F1M 
# Age 8 6.5 7.3mos 
Rx Time 2.1 4.7 3.4mos 
S/F S S 100% 

 
c) Nonunions (3) 

 
ID 135 229 246 STATS 
Age 62 33 36 44yrs 
Sex F M M 1F2M 
# Age 9 12 22 14mos 
Rx Time 9.1 4.3 4 5.8 
S/F S F S 67% 

 
6) FEMUR FRACTURES 

 
  13 fractured femurs were treated.  3 were discarded from the analysis.  Of the 
remaining 10 fractures  8 required no further therapy for an overall success rate of 80%. The average 
age of the fractures was 32.5 months. 
 

a) Fresh fractures (5) 
 
ID 264 198 206 146 220  
Age 40 48 86 17 68 52yrs 
Sex F M F M F 3F2M 
# Age 1 2.8 4 0 0 1.6mos 
Rx Time 3.3 3 4.3 5 3.1 3.7mos 
S/F S S S S S 100% 

 
b) Delayed Unions (1) 

 
ID 241 STATS 
Age 52 52yrs 
Sex M 1M 
# Age 8.5 8.5 
Rx Time 5 5 
S/F F 0% 
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c)   Nonunions (4) 

 
ID 214 242 242A 192 STATS 
Age 60 41 41 64 51.5 
Sex M M M F 1F3M 
# Age 9 144 144 12 77mos 
Rx Time 5.6 11 11 6.3 8.5mos 
S/F S S F S 75% 

 
 
B. FUSIONS 
 The fusions were divided thus: 

a) Fresh Fusions = <5 months post-surgery. 
b) Delayed Fusions = >5 months post-surgery, <9 post-surgery. 
c) Nonunions = >9 post-surgery with no radiological evidence of healing over the prior three months 

 
 21 fusions were treated.  3 were removed from analysis. Of the 18 fusions available for analysis there 
were 6 that healed with no further therapeutic intervention and 12 that did not heal, for an overall success rate of 
33%. The average age of the fusions was 13 months. 

 
a) Fresh Fusions (4) 

       
ID 197.2 232 160 120 STATS 

Site Ankle Elbow Knee Spine  
Age 39 56 79 46 55 
Sex F F M F 3F1M 

Fusion 
Age 

3 1 4.5 0 2.1 

Rx 
Time 

7.9 3 4.3 8.8 6 

S/F F F S S 50% 

 
d) Delayed Fusions (6) 

 
ID 221 124 137 197 116 187 STATS 
Site Ankle Ankle Ankle Ankle Knee Spine  
Age 55 45 65 37 72 39 52 
Sex M M M F F M 2F4M 
# Age 5 7 8 7 7 7 6.8 
Rx 
Time 

5.5 2 9.3 8 7 6 6.3 

S/F F S S F F S 50% 

 
e) Nonunions (8) 

 
ID 179 190 138 142 162 159 145 296 STATS 
Age 68 72 50 46 56 26 52 21 48.9 
Sex F M M F M M M M 1F7M 
# Age 9 9 83 9 17 23 17 17 23mos 
Rx Time 4.9 3.5 7.1 7 3.6 5.7 6 6 5.5mos 
S/F S F F F F F F F 12.5% 
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C. LOOSENED HIP PROSTHESES (23) 
 
26 loosened hip prostheses were treated.  All were scheduled for revision surgery.  3 were excluded from the 
analysis.  Of the remaining 23, 17 required no further therapeutic intervention for an overall success rate of 74%. 
Minimum follow up (excluding death) was four years. With one exception, the study looked at femoral stem 
component loosening only. The clinical results were good, as seen by an overall average increase of  24 points in 
the Harris hip scores in the first year. An analysis of the results indicates probable failure if pain was present 
soon after surgery or there was no response to the treatment within three months. There was a high failure rate in 
cemented prostheses (67%) and a low failure rate (25%) in the uncemented prostheses.  In the group considered 
successes there was significant clinical improvement within three months, which persisted for at least four years. 
 
D. NONUNIONS (28)  (subgroup) 
 
28 nonunions were treated.  There was an overall success rate of 71.4%. The average age of the fractures was 
31.25 months. 
 
1.  Nonunions Scaphoid (6) 
 
ID 136 184 289.2 252 300 STATS 
Age 18 24 26 20 24 22.4 
Sex F M M M M 4M1F 
# Age 14 84 9.5 9 15 26.3 
Rx Time 6.3 6 5 3.3 7 5.52 
S/F F F S S S 67% 

 
2.  Nonunions Radius/Ulna (3) 
 
ID 202 282 213 STATS 
Age 46 32 30 36yrs 
Sex M M M 3M 
Target Rad/ulna Radius Radius  
# Age 9 12 11 10.7mos 
Rx Time 4 3.9 12 6.6mos 
S/F S S S 100% 

 
3. Nonunions Tibia (10) 
 
ID            
Age 42 34 35 32 30 43 30 45 46 56 39 
Sex M M M M M M M M M M 9M 

1F 
#age 28 25 13 17 24 10 13 18 10 12 17 

mos 
Rx 
Time 

5.7 7.7 6 2.6 5.5 5 5 24.2 3.6 5 7 

S/F S S S S S S S F S F 80% 

 
4.  Nonunions Clavicle (2) 
 
ID 163 201 STATS 
Age 38 29 33.5 
Sex F F 2F 
# Age 10 122 66 
Rx Time 10 3.3 6.7 
S/F F F 0% 
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5.  Nonunions Metatarsals (3) 
 
ID 135 229 246 STATS 
Age 62 33 36 44yrs 
Sex F M M 1F2M 
# Age 9 12 22 14mos 
Rx Time 9.1 4.3 4 5.8 
S/F S F S 67% 

 
6.  Nonunions Femurs (4) 
 
ID 214 242 242A 192 STATS 
Age 60 41 41 64 51.5 
Sex M M M F 1F3M 
# Age 9 144 144 12 77mos 
Rx Time 5.6 11 11 6.3 8.5mos 
S/F S S F S 75% 

 
Conclusions: 
The data reveals that pulsed electrical fields of specific characteristics are beneficial in selected orthopaedic 
problems.  Success in fractures other than clavicle was 86% (76/88).  The average age of the fracture in this 
group was 10.5 months.  In the clavicle the success rate was 57% (4/7). The average age of the fracture in this 
group was 22 months. In the fusions the success rate was 33% (6/18). The average age of the fusion in this group 
was 13 months.   In the painful loosened prostheses the success rate was 74% (17/23).   
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