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Summary. The clinical application of the electrical 
stimulation, lasting several weeks, for the callus for
mation is reported in II patients. Bipolar rectangular 
pulse sequences were used for the stimulation at a 
frequency of I Hz and a current intensity of ± 20 ~lamp. 

The electrical stimulation was successfully employ
ed after distraction osteotomies with a KDA-apparatus 
in shortening of the leg provoked by different causes 
or in the treatment of pseudarthroses . 

The realignment of the newly formed callus and 
the osseous consolidation are stimulated and speeded 
up by the bipolar rectangular pulse sequences as it 
is also shown in the light of the roentgenograms of a 
case. 

Zusammenfassung. Bei 11 Patienten wird der klinische , 
mehrwöchige Einsatz der Elektrostimulation mit bi
polaren Rechteckimpulsfolgen mit einer Frequenz von 
I H z und einer Stromstärke von ± 20 ~lamp zur Anre
gung der Kallusbildung beschrieben .. 

Nach Dist raktionsosteotomien mit KDA-Anlagen 
bei bestehender Beinverkürzung verschiedener Genese 
oder bei der Therapie der Pseudarthrose fand dieses 
Verfahren der Elektrostimulation erfolgreich Anwen
dung. 

Die Ausrichtung des neugebildeten Ka llus und 
ossäre Konsolidierung werden durch die bipolaren 
Rechteckimpul sfo lgen, wie auch Röntgenbilder einer 
Kasuis tik zeigen, angeregt und beschleunigt. 

At present there is great interest in the electrical 
stimulation of the callus formation. After basic re
search of the electrical behaviour of the bone and 
the descr iption of the electrical polarization [5, 7, 11, 
20, 22], it was especially Bassett [3] and Cieszynski 

[6] who investigated the transformation, the differen
tion, and the lamellar structural change of the bony 
callus caused by the piezoelectrical potential. Weigert 
et al. [21] explored the growth-, fracture- , and defor
mation-conditioned potential in the bone. Thus, they 
made an essential contribution to a better insight into 
the connections between mechanical deformation and 
polarization . Both in animal experiments and in c1inical 
tests different authors have been concerncd with the 
electrical stimulation of the callus formation to achieve 
a speeding up in the healing of the fracturc or the 
pseudarthrosis [1,4, 12, 17, 19,21 ,23]. 

Direct current [2, IO~ 15, 21] with unsatisfactory 
results [2] , the application of unipolar rectangular 
pulses [9 , 12, 17, 18,23], the employment of medium 
frequency currents [8] or the effect of clectrodynamic 
potentials on the bone [11, 14, 20, 21], all these 
methods are procedures which might favour the healing 
of the bone. Apart from the application of different 
elcctrodes [19, 21], the quest ion of the needed intensity 
of frequency and the intensity of current, respectively, 
ami the duration of action is the decisive one. Landa 
[12] and Romano [17] reported positive results with 
1-5 Hz and 0.5-10 ~amp in [he application 01' uni
polar pulse sequcnces. 

According to Anisimow [ I] , Bauer [2], Romano 
[17J, and others the stimulation by the cathode is 
considered to speed up the healing of the bo ne ueci
sively. 

However, it is also pointed out to the very dis
advantageous osteolysis around the anode. To exclude 
this disadvantageous effect , Hellinger and Berndt l 

developed a stimulator delivering rectangular pulse 
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Table 1. Survey of patients in whom a transeutaneolls electrical st imulat ion was performed 

N o. Name Sex Age Bone Di agnos is 

I. 	 F.W. male 25 femur Infeeted talipes equinus pselldarthrosis with sho rtening o f the 
right leg by 4 cm and Küntsehcr-nailing after fra eture. KDA
application and lenglhening by 3.5 em. Repeated revision of the 
fistula, sequest roto my , and irriga ti o n-suction-dra iildge 

2. WM. female 2 1 tibb D ysp lasia of the right leg wilh aplasia of thc fibula and 
shortening of the leg by 9 em. Lcngthcning osteotomy 0 1' the 
right tibia, KDA-applieation, a lengthening of 8.5 em obtained, 
remova l of the KDA after 36 wecks 

3. M.M. male 62 tibia Talipes varus pselldarthrosis with \, arll s ddormity and a 
, 

s horteni ng of 6em afte r missile Iraeturc. Dist raction o r thc 
pseudarthrosis by me31lS of a KDA, alter ha ving obt'lincd a 
distraction of 3.5 em an autogenous eaneellous bone graft was 
performed. KDA removal a fter 56 wecks 

4. 	 H.E. male 48 femur Seere ting di sloca ted defeetive pseudarthrosis with varus 
defo rmity and a leg shortening of 12 em after aeeident, KDA
applieation and correc tion of the position. After 4 weeks 
deeortieation and autogenous ea neellou s bone graft, AO
plating, a lengthening 01' the leg by 5.5 em. Later o n replating 
after fracture 

5. J.G. male 23 femur 	 High lu xa tio eoxae a fter infant eoxitis with a leg shortening of 
9.5 em. Ostcotomy, KDA-application, and employment of a 
distraetion plate aeeord ing to Soukop-Hoffmann. After having 
obtained a distraetion of 6. 3 em , se rewing was p'~rformed and 
a n autogenolls eaneellous bone graft used 

6. 	 P.W male 21 tibia Osteomyelitis, lalipes cquinlls pscudarthrosis and Cru s varum 
ct reeurvatum with a leg sh o rtening of Jü em a fler distraetion, 
autogenous eanecllous bone graf!, and AO-plaling after fra e
ture, fibula pro libia ope ration , multi-stage eo rrec ting osreo
tomy and KDA-ap plieation, di s traction 01' 9.5 em 

7. H.J. female 38 tibia Infccled ta lipes equinlls psclIdarthrosis after a plated fractUl·e. 
Remova l of the plate , applicalion 01' an cxlcrnnl pin fixation 

8. 	 M.J. male 24 tibia Condition afte r po liom ye liti s with a leg shortcn ing of 6.5 em. 
Distraction osteo tol1lY and KDA-appli cation . After 8 weeks 
plating of the distraclion and autogenous caneellous bone graft 

9. 	 L.D. male 36 femur Pos t-thromb o tic osteomve lit is after AO-plating of a lenf!thening 
os tcotomy (Wagner-dislraetor) with a leg shonening 10 em , 
psc udarthrosis, D C P-plating and autogenous ca ncellous bone 
graft. Alter rCJ1loval o f the plate because of instability a 5-week 
KDA-application, therea fter replating, autogenous caneellous 
bone gruft 

10 S.W. male 54 tib ia 	 Oligotrophie tibia defcet pseud a rthros is after missile fracture 
with a leg sho rtening of 5em. K D A-appliearion twiee 311tO
genous eaneellous bone gra ft. Art r KDA-rc!11ova l (after 7 
montbs) fibula pro tibia o peration and au togeno us eanccllous 
bone graft. A eorrection of the shortening by 3e!11 was ob tained 

ll. R.W male 26 femur 	 Infee ted oligotrophie radiogen ie su pracondylar defectivc 
pseudarthrosis with a leg shortening of 9cm. Alltogenous 
fibula transplantation and autogenous cance llo us bone graft 
after a 48-wcck applieation of a KD!\ and a leg lcngthcning 01' 
8 em had been o btai ned . Application of an exte rna l pin fix at ion 
aeeording to Hoffma nn-Vidal fo r a 4-weck period 

ES = eleetriea I st imula tio n; KDA = eompression-distraetion-a pparatus 



Sta rt of ES Dura- Resull Co mplicati o n J.l. amp Dura tion 
after applica tion of under ES of the 
tio n of the the ES ES till 
fixa tion In osseo us 

weeks consoli 
dationl 
wecks 

14 weeks 13 Positive. Distinct callus realignment and Reimplantation ±20 13 
osseous cOl1solidation can be roentgeno of the electrodes 
graphically identified 

12 wecks 24 Positive. Callus realignment. Osseous COI1 Electrodes ± 20 24 
solidatio l1 can be roentgenographically twice reimplanted 
identified 

6 weeks 3 1 Positive. Callus reahgnment. Advaneed Electrodes ±20 52 
osseous consolidation can be roentgeno twice reimplanted 
graphically identified 

". 

37 weeks 9 Positive. Beginning realignm ent of tbe callus. The infection ± 20 80 
An osscous consolidation is beginning under persists 
the trealment with ES 

16 weeks 20 Positive. A distinct increa se in the realignment Reimplantation ±20 36 
of the callus and an osseo us consolidation ca n of the electrodes 
be roentgenographically identified 

23 weeks 18 Positive . Well-structured bone structure with 
realignment of the trabeeulae can be roentgeno 
graphiea lIy identifi ed 

lnfection 
eaused by the wire 

±20 26 

Immediate!y !5 Positi ve . Osseous consolid a tion ean be roent
genographically identified 

No eomplications ±20 15 

8 weeks 16 Pos itive. Beginning realignment of the eallus No eomplicatio ns ±20 26 
and osseo us consolidation 

40 weeks 22 Negative. An osseous consolidation cannot be Repeated ±20 
roe ntgenographically identified reimplantation s 

of the e1ectrodes 

19 weeks 48 	 Positive. Callus realignment and osseous can- No complications ± 20 
solidati o n can be roentgenographicall y identi 
fi ed 

35 weeks 52 Positive . Distinet realignment of the callus Reimplantation ± 20 
can be roentgen ographically identified of the elec trodes 

48 
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fig . 1. Wiring diagram for the stimulator 

sequences of 1 Hz, a pulse ratio of 1 : 1, and a variable 
current inlensity (F ig. 1) for clinical purpo es (197"4:""' 
F irst clinical results and experiences are reported in 
this paper. 

Methods 

Proximally and distally to the area of the osteotomy or pseud
arthrosis one K 'I-cortical screw in each ca se was implanted 
a s electrode distant from the plate. The e1ectrodes were at 
least displaced to tbe AO-plate at an angle of 90°. The AO
plmes were not insulated. The stimulation was also performed 
in cxternal fixation (Hoffmann-Vidal-fixation) according to 
Jörgenscn [9] or after thc application of a KDA (compression
distraction-apparatus). Tbe cnds of the c1cctrode wires Iying 
at the cortical screw were silver-plated. Thc wires of the elec
trodes (wcre conducted through the skin) were percutaneously 
instaJled and connected to a portabl e battcry-operatcd s timula
tor (9 V). The first model of this stimulator had a size of 
11 cm x 6cm x 7 cm. It was carried about with the patient in 
a leather-bag. There was a permanent stimulation over aperiod 
of several weeks (Table 1) with bipolar rectangular pulse 
sequences of 1 Hz, a pulse ratio of I' 1 and an intcnsity 
of curren! of 40 )l3mp (± 20 1l3111p. Fig.2) After healing of 
the wound the patients werc discharged from the hospital. 
The function of the s timulators and the placing of the elec
trodes were regularly checked in the outpatient care. For 
controlling, the course and the formation of callus roentgeno
grams were obtained regularly. 

CURRENT 
[/,-A] 

20 

o 
TIME (s] 

- ZO 

0,5 ·1 1,5 Z 

Fig.2. Bipolar type of current 

Results 

Up until now the treatment has been terminated in 
11 patients in whom the electrical stimulation was 
applied according to the above-mentioned method. 
Table 1 gives a summarizing survey of the results 
which were positive in all but one cases. 

In the following, the application of the elcctrical 
stimulation is reviewed in a case report. The case of 
patient 5 (Table 1) is compared to that of patient 
Je.F. in whom no electrical stimulation_was applied 
during the entire treatment. 

Patient 5, 1. G.: male, 23 years old 
Diagnosis: Shortening,9f the right femur by 9.5cm in 
a high Luxatio coxae after an infant coxitis. 

Therefore, a distraction osteotomy in the right 
femur, an application ora KD A (compression-distrac
tion-apparatus), and a distraction plate according to 
Soukop-Hoffmann were pcrformed. After obtaining a 
lengthening of 6.3 cm by distraction, the plate was 
screwed, the autogenous cancellous bone graft per
formed, and the electrodes in:;talled. The electrical 
stimulation has been performed for 20 weeks without 
any interruption (Fig.3). Thirty-six weeks after the 
beginning of the stimulation partial weigh t-bearing of 
the leg was achieved, and full weight-bearing was 
possible in the 49th week of treatment (Fig.4). This 
corresponds to the 65th week after the application of 
the KDA. 

Patient le.F.: male, 22 years old 

Diagnosis: Post-traumatic coxarthrosis with a short

ening of the left leg by 5.5 cm after the patient had 

an accident in 1967. 


After performing a distraction osteotomy in the 
left femur and applying a distraction plate according 
to Soukop-Hoffmann and a KD A, there was a distrac
ti on up to the full length for a 7-week period. After 
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3 4 5 

another 4 weeks there was the KD A-removal, the 
screwing of the distraction plate, and the performing 
of an autogenous cancellous bone graft (F ig. 5). 

A beginning osseous consolidation can be identified 
roentgenologically not ti ll the 36th week after the dis
traction has been te rminated. The patient is allowed 
to do a partial weight-bearing with 10 kg after the 
X-ray contral in the 48th week (F ig. 6). -

Discussion 

For obtaining a quick and good healing of fractures 
and pseudarthroses the internal of external fixation 
is an indispensable method. 

Up until now it has been proved in many ca ses 
[1,2,5 , 9,10, 17, 18, 21] that the electrical stimulation 
has a stimulating effect on the callus formation, thus 
promoting the tendency of healing. The electrical 
tim ulation , however , is no substitute for a fragment 

s tabilization [23]. Jörgensen has pointed out [9] that 
an essential shortening of the duration ofthe treatment 
is possible by mea ns of the electrical stimulation. 

Fig.3. Nine weeks after th e beginniog 
of the bipo lar clcctr ica l stimul a tion a 
rocntgcnologicall y distincti ve regul ar 
callus formati on a lso nea r to the pl ate 
can be id entified. The bone structures 
are realigned 

Fig.4. Forty-nine weeks afte r the 
beginning of the stimula ti on an osse ou s 
conso lidati on ca n be identifi ed. Full 
wcight-bcming is poss ibl e. A regular 
Fealigned ca llus formati on is universal
Iy shown in the area of the previous 
region o f di strac ti on 

Fig.5. Seven wecks after screw ing the 
d istraction plate and performing an 
aut ogenou s ca nce ll ous bone graft there 
is a roentgenologically still no t re
a ligned and partially c10udy stru ct ure 
of the spongiosa . No callus formation 
can be perceived 

F ig . 6. Th e piClure 0 1' a "stress protec
tion" ga p, especially in the rcgion of 
clistraction, ca ll be roentgcno logic;JJl y 
iclentifi ecl und er th e pl a tc in the 48th 
week . ear the plate th e callus shows 
an irrcgular Llc nsity. th e ca llu s structure 
is no t realigncd. Distant from the plate 
there is an cx uberant callus reacti on 

6 

We bel ieved the applic.ation of a bipolar pulse 
current to be especially suitable since no osteolysis, 
as described by Bauer et al. [2] a nd Friedenberg et al. 
[7], can be identified in the bone among the anode 
caused among others by a permanent change in the 
poles. The effect can be seen from the very good 
realignment of the newly formed caUus as the radio
graphs of the cases given in Table 1 revealed. Some 
authors [4, 12, 13, 18] agreed with the conception 
that the effect of a pulse current is principally superior 
to the effect of a direct current. It can be stated, how
ever, that there are still questions concerning the fre
quency to be employed, the optimal pulse dura ti on , 
and the current intensity. Brighton et al. [5] hold the 
opinion that no pulsed current produced a better 
callus formation than a permanent direct current of 
20~.Lamp. The authors, however, refer to a unipolar 
pulsed current. 

We preferred abipolar rectangular pulsed current 
and observed no clinically disadvantageous effects 
under a permanent stimulation at a frequ ency of I H z 
and a current intensity of ± 20 Ilamp . Several authors 
[9 , 12,17, 18,21 ,23] could gain favourable clinica l and 
animal-experimental experiences with these mentioned 
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frequencies and, however, unipolar pulse amplitudes. 
Considering the theoretical reflections, the experimen
ta l findings and the published c1inica l results, we have 
no doubts about the efficiency of the different methods 
of the electrical stimulation. We believe the bipolar 
rectangular pulses of our system to be especially effec
tive since their effect is proportional to the area under 
a pulse. 

We did not find any disadvantage in the trans
cutaneous application, the stimulator, however , has 
been essentially scaled down in the mean time because 
of its unwieldiness for the patient2 

l 'or the present, we da not intend to di scuss the 
implantation of the system since this depends on 
reflectiol1s in connection with the duration of it~ appli 
cation. 
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