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Abstract Due to the increasing popularity o f  unilat- 
eral dynamizable external fixators for treating tibial shaft 
fractures, many  new devices are being introduced onto 
the market.  Especial ly in such half - f rame fixators, the 
choice  o f  any particular device depends above  all on 
the stability o f  its construction.  This study compares  
the b iomechanica l  stability o f  three systems tested in 
axial compress ion,  torsion, and both anterior-posterior 
and medial-lateral bending. In terms of  the nondynamiz-  
ed phase, the A O / A S I F  tubular fixator (as a one-plane, 
double-tube,  unilateral f rame) and the Mart in M o n o -  
Dynaf ix  are, in general,  less stable than the Orthofix 
fixator. After  dynamizat ion,  the A O / A S I F  sys tem be- 
comes  part icularly weak  and offers low resistance es- 
pecially to torque and any force that is perpendicular to 
the plane of  assembly. The other two tested devices 
evinced much more stability; the Orthofix fixator seems 
superior to the Dynafix  due to the different diameter of  its 
screws. 

Introduction 

The objective of  treatment with an external fixator is to 
combine  rapid fracture healing - often under unfavorable 
soft tissue conditions - with optimal wearing comfort.  For  
this reason the minimalist  variant o f  a unilaterally inserted 
monofixator  has lately prevailed. In addition to improved 
wearing comfort,  this has the unique advantage that, after 
differing initial periods of  rigid fixation, adjustment o f  ax- 
ial fixation rigidity is possible at any time during the 
course o f  fracture healing. 

Especially in the choice of  a particular fixation device 
for routine use, certain problems may  arise, as nowadays  
several versions are available. The variations go f rom the 
simple A O / A S I F  tubular fixator to complicated instru- 
ments specially developed for dynamizable use. 

Before making a decision, it is above all the stability o f  
the constructions that must  be taken into account. Al- 
though there is proof  that absolute rigidity of  the external 
fixator is less important for the healing o f  the bone frac- 
ture than was formerly supposed [7, 8], it should be re- 
membered that a unilateral frame per se can offer less re- 
sistance to strain exerted on it than three-dimensional con- 
structions or a closed frame. For even healing of  a fracture 
and to prevent premature loosening of  the screws, there- 
fore the stability of  these single-frame fixators therefore is 
still of  outstanding importance. 

The objective o f  this study was to compare the most  
common  unilateral fixators as to stability behavior, and 
from that to develop recommendat ions for clinical use. 
Due to varying mechanical  requirements in the different 
phases of  treatment, the examinations were carried out 
both with locked and dynamized devices. 

Methods 

Three of the most frequently used dynamizable fixation devices 
were tested: 

1. The AO/ASIF tubular external fixator in the form of a one- 
plane, double-tube, unilateral frame [11] 

2. The Martin Mono-Dynafix (Gebrtider Martin, Tuttlingen, Ger- 
many) 

3. The Orthofix Fixator (Orthofix, S.R.L., Verona, Italy). 
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Experimental design 

The frames were mounted on round beechwood sticks with a di- 
ameter of 34 mm, representing the bones. The proximal end of one 
stick was clamped closely to the screw, rendering movements at 
this end negligible. The basic arrangement of the half-frames was 
kept constant in all models (Fig. 1): the distance between the 
Schanz screws a = a" was 30 ram; the distance between the inner 
screws f was 180 mm; the distance between the inner screws and 
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Fig. 1 Basic arrangement of the external fixators Fig. 3 Half frame with measuring points, showing loading impact 
parallel to the pins. For definition of measuring points, see text 
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sion F2, c torsion Frot 

the fracture line s = s '  was 30 mm, and the free length of the 
screws 1 was 60 mm. 

Since all kinds of forces that occur in practice are basically 
mixed forms of three physically different stresses, three cases of 
loading were taken into consideration (Fig. 2): 

(a) Bending (Fa) - analogous to the impact of the weight of the ex- 
tremity itself in a horizontal position 

(b) Compression (F2) - analogous to the weight in the horizontal 
direction of the extremity (standing). 

(c) Torsion through the effect of the torque (Frot) - analogous to 
the effect of twisting the extremity about its longitudinal axis. 

Because of the asymmetrical  construction of the half  frames, the 
tilting of the fracture gap, the displacement x (measured at mea- 
suring point 1, MP1),  and the torsion (measured at measuring 
point 2, MP2) were basically measured in two arrangements (Figs. 
3, 4): 

1. The loading impact parallel to the arrangement of the frames 
2. The loading impact perpendicular to the frames. 

Measurements 

In all cases the impact of F1 and Frot were kept constant at a dis- 
tance of 40 mm from the most distal screw. The length of the lever 
arm for Fro t w a s  100 ram. 

In all variations mentioned, 2-kg weights were used, causing a 
load of 2 kg × 9.81 m/s 2 = 19.6 N. 

Fig. 4 Half  frame showing loading impact vertical to the pins 

The torque Fro t on the bone axis caused by a weight of 2 kg 
with a lever length of 100 mm is 2 kg × 9.81 m/s 2 x 0.1 m = 1.96 
Nm. Taking the axis of the frame as the basis of rotation, the lever 
is 0.19 m long and the torque is 3.7 Nm on to this axis. 

The vertical displacement x within the fracture gap was taken 
as a measure of the structure' s flexibility/stiffness. It was therefore 
measured parallel to the load impact  F1 at the most  distal bone, 
immediately in front of the inner Steinmann pin (measuring point 
MP1). The twisting was taken through lowering of a 100 m m  
long lever (measuring point MP2), measured from the axis (see 
Fig. 4). 

Since Frot causes displacement within the fracture gap mainly 
when the frames are arranged horizontally, it was measured only 
under a loading impact, perpendicular to the screws. Any other di- 
rection of force shows much less amount of displacement and 
bending. 

All measurements were carried out five times and an average 
value was calculated. The measurement resolution was 0.01 ram; 
the reproducibility lay within the range of _+ 0.1 mm. 

The axial load was applied cyclically through an electronically 
controlled, static dynamic deforming device (Instron Co.) with a 
high resolution (< 0.001 ram) and the elastic hysteresis was mea- 
sured. The slope of the stress-strain curve indicated the elastic- 
ity/rigidity. Loads of up to about 500 N (equivalent to a weight of 
50 kg) were applied. 



Results 

Fixators  locked 

Loading type: FI; measuring point: MP1 (Tables 1, 2) 

Wi th  the c lamp vert ical  ( loading impact  para l le l  to the 
screws),  the d i sp lacement  in all three models  was 0.3 m m  
(cor responding  to a compl iance  of  0.015 mrn/N). In a hor-  
izontal  a r rangement  ( load perpendicu la r  to the screws),  
compress ion  was: A O  fixator  6.3 m m  (0.32 mm/N) ,  
Dynaf ix  6.0 m m  (0.31 mm/N) ,  and Orthofix 2.7 m m  (0.14 
mm/N). 

Loading type: Frot; measuring point: MP1 

The d i sp lacement  of  the most  distal  f ragments  with the 
torque impac t  and with a hor izonta l  c lamp ar rangement  
was 7.6 m m  (0.39 mm/N)  with the A O  fixator  and 7.7 m m  
(0.39 mm/N)  with the Dynaf ix .  S igni f icant ly  (P < 0.001) 
lower  values  were  obta ined  with the Orthof ix  at 3.4 m m  
(0.17 mm/N) .  

Loading type: Frot; measuring point: MP2 

The pure  torsion on measur ing  point  MP2  with a vert ical  
a r rangement  was as fol lows:  A O  fixator  1.72°/2 kg (0.88°/ 
Nm),  with Dynaf ix  1.95°/2 kg  (0.99°/Nm) and with Or- 
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thofix 0.86°/2 kg (0.44°/Nm). In a ver t ical  a r rangement  
the torsion was:  A O  f ixator  8.95°/2 kg (4.38°/Nm), Dy-  
naf ix 8.02°/2 kg (4.09°/Nm) and with Orthof ix  3.67°/2 kg 
(1.87°/Nm). 

Loading type: F 2 (Table 3) 

The shortening with axial  loading impac t  was: A O  fixator  
0.014 mm/N,  Dynaf ix  0.019 ram/N,  and Orthof ix  0.012 
mm/N.  

Fixa tors  dynamized  

Loading type: F1; measuring point: MP1 (Tables 4, 5) 

Compress ion  with the A O  f ixator  was 0.5 m m  (0.025 
mm/N) ,  with the Dynaf ix  0.4 m m  (0.020 mm/N) ,  and with 
the Orthofix unchanged,  and in the nondynamized  state it 
was 0.3 m m  (0.015 ram/N) 

Loading type: Frot; measuring point: MP1 

Measur ing  of  fracture compress ion  under  the torque im- 
pact  Fro t was not  prac t icable  with the A O / A S I F  f ixator  be-  
cause of  its comple te  instabili ty.  The value  with the Dy-  
naf ix was 8.0 m m  (0.14 mm/N)  and with the Orthofix 3.8 
m m  (0.19 ram/N).  

Table 1 Loading impact parallel to the fixator frames when locked 

AO/ASIF Dynafix Orthofix 

Measuring point MP1 0.3 mm 0.3 mm 0.3 mm 
Loading F z 0.015 mm/N 0.015 mm/N 0.015 mm/N 

Measuring point MP2 3.0 mm 3.7 mm 1.8 mm 
Loading Frot 0.88°/Nm 0.99°/Nm 0.44°/Nm 

Table 2 Loading impact perpendicular to the frames when locked 

AO/ASIF Dynafix Orthofix 

MP1 6.3 rnm 6.0 mm 2.7 mm 
Loading F1 0.32 mm/N 0.31 mm/N 0.14 mrn/N 

MP2 8.8 mm 9.5 mm 3.2 mm 
Loading F 1 0.45 mm/N 0.48 mm/N 0.16 mm/N 

MP1 7.6 mm 7.7 mm 3.4 mm 
Loading Fro t 0.39 mm/N 0.39 mm/N 0.17 mm/N 

MP2 15 mm 14 mm 6.4 mm 
Loading F r o t  4.38°/Nm 4.09°/Nm 1.87°/Nm 

Table 3 Loading impact axial with the frames locked 

AO/ASIF Dynafix Orthofix 

Loading/72 0.014 mm/N 0.019 mm/N 0.012 mm/N 

Table 4 Loading impact parallel to the frames when dynamized 

AO/ASIF Dynafix Orthofix 

MP1 0.5 mm 0.4 mm 0.3 mm 
Loading F1 0.025 mm/N 0.020 mrn/N 0.015 mm/N 

MP2 19.5 mm 3.5 mm 1.7 mm 
Loading Fro t 5.70°/Nm 1.0°/Nm 1.50°/Nm 

Table 5 Loading impact perpendicular to the frames when dy- 
namized 

AO/ASIF Dynafix Orthofix 

MP1 13 mm 6.0 mm 2.8 mm 
Loading F1 0.66 mm/N 0.31 mm/N 0.14 mm/N 

MP2 23.0 mm 9.5 mm 3.7 mm 
Loading F1 1.17 mm/N 0.48 mm/N 0.19 mm/N 

MP1 8.0 mm 3.8 mm 
not measureable 

Loading Fro t 0.41 mm/N 0.19 mm/N 

MP2 54 mngN 15 mm/N 7.2 mrrdN 
Loading Frot = 16°/Nm 4.40°/Nm 2.12°/Nm 
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Table 6 Loading impact axial with the frames dynamized 

AO/ASIF Dynafix Orthofix 

Loading F2 Not measureable 0.017 mm/N 0.013 mtrdN 

Loading type: Frot; measuring point: MP2 

The torque at the measuring point was 11 °/2 kg (5.7°/Nm) 
with the AO arrangement, 2.0°/2 kg (1.0°/Nm) with the 
Dynafix, and 0.97°/2 kg (0.50°/Nm) with the Orthofix. 

Loading type: F 2 (Table 6) 

Testing of the axial loading impact in a dynamized state 
was carried out for the sake of completeness. All three 
fixators gave the expected results: the AO clamp slid to- 
gether to the point of fracture compression; the Dynafix 
and Orthofix, after using up the dynamization gap, 
achieved similar values to those in the nondynamized 
state: Dynafix 0.017 mm/N, Orthofix 0.013 mm/N. 

Discussion 

Our results show clear differences in the individual fixa- 
tors' stability behavior, which are demonstrable in both 
the locked and, especially, the dynamized phase. 

In the first phase of "treatment" (not dynamized), the 
differences in measured values between the AO/ASIF ex- 
ternal fixator and Dynafix were minimal. The Orthofix 
clearly showed more stability in this case, particularly in 
regard to a load perpendicular to the screws, and to tor- 
sion as well. In both cases the measured difference was 
more than 50%, while a load with an impact parallel to the 
frame or one that worked axially, was neutralized to an al- 
most equal degree by all three devices. 

In the second phase (dynamized) the differences in sta- 
bility became far more obvious. The AO/ASIF fixator be- 
came almost useless, because of its low resistance to 
torque or to a force appearing normally to the mounting 
plane. The instability was so extreme that some measure- 
ments could not be carried out at all due to the extent of  
displacement. This fixator offers resistance comparable to 
that of other models only to loads acting parallel to the as- 
sembly plane. As to the Orthofix, in this phase of treat- 
ment we confirmed the results of Aro et al. [1]: axial dy- 
namization in our tests had little influence on the rigidity 
of the Orthofix fixator under rotation and under flexion. 
The Dynafix hardly changed its stability behavior com- 
pared to the nondynamized phase. Orthofix proved supe- 
rior to Dynafix in all measurements in this phase as well, 
but the differences wer only minor, and of doubtful clini- 
cal relevance. 

Free transmission of load between the fragments, 
which was decisive for the second phase of treatment, was 
present in all three models. In the case of  the AO/ASIF 

fixator we found the ideal case of dynamization with com- 
plete sintering together of the simulated fracture gap and a 
free flow of force between the fragments under axial load- 
ing. The other two instruments also showed free axial mo- 
bility up to the limit due to construction, after which the 
resistance corresponded to that in a nondynamized state. 

The causes of the instabilities to be found in all ex- 
ternal fixators were different in the individual models. 
In each model a weak point due to construction could 
be identified. In the case of the AO/ASIF fixator it was 
clearly the connection of the adjustable clamp with the 
tubes that was responsible for the great loss in stability af- 
ter dynamization. When the jaws are loosened there is no 
control over the acting torque. This explains the massive 
loss of stability during this phase. 

In the case of the Orthofix, the sliding mechanism be- 
tween the proximal and the distal bar proved to be the 
weak point. After dynamization, an instability - albeit 
slight - occurred in the form of a rotation, something also 
described by Ralston et al. [12]. The values measured by 
us with this model fell off accordingly, after loosening of 
the fastening screw, especially under the effect of the 
torque. The Dynafix has superior guidance at this con- 
necting point, which was reflected in almost unchanging 
measured values in both "treatment" phases. The fact that 
the measured values of Orthofix were nonetheless better 
than those of Dynafix is explained by the diameter of the 
Schanz screws, which are larger by 1 mm, making them 
stiffer by a factor of 73%. This can be deducted from the 
results of Egkher [5] and Chao and Hein [2]. Egkher 
stated that the physical rigidity of a screw is proportional 
of the fourth power of its diameter, a fact that clearly 
proves the importance of this parameter. 

Concerning the clinical use of these fixators, the mea- 
sured differences in stability should entail clear effects on 
the fracture healing, as well as on the incidence of screw 
loosening and screw tract infection. This is demonstrated 
in the results of  numerous clinical and experimental stud- 
ies [3, 6, 9, 15], which have shown that a lack of stability 
is of special importance for the quality of the healing of 
the bone fracture and for the occurring of pin-bone inter- 
face problems. There are, however, various opinions about 
the extent of  stability necessary for optimal fracture heal- 
ing; micromovements in the fracture gap are regarded by 
some authors as advantageous for ideal fracture healing 
[7, 8]. On the other hand, Lewallen et al. [10] and Chao et 
al. [3] achieved optimal healing of bone fractures only un- 
der absolutely rigid fixation, especially in the early phase 
of treatment. However, according to our results, all three 
systems tested seem suitable for use in the nondynamized 
form. Without loosening of the gliding mechanism, no 
clinically relevant differences in stability are to be ex- 
pected between the models. 

After dynamization, a free transfer of load should be 
possible axially, whereas movements on other planes are 
undesirable in this phase [14, 15]. This requirement can- 
not be met by the AO/ASIF fixator, as can be seen from 
our results. Therefore, with fractures that allow early dy- 
namization, this fixator appears of dubious value in clini- 
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cal use. The other two mode l s  tested seem almost  of  equal  
qual i ty  and are def ini te ly  more  sui table for  these frac- 
tures. 

P rob lems  at the p in -bone  interface are among the most  
f requent  compl ica t ions  dur ing t rea tment  with the external  
f ixator  and are also re la ted to the stabil i ty of  the construc-  
tion. Increased pin loosening  is due to increased bone re- 
sorpt ion around the screws,  caused by  decreased  stabil i ty 
[6, 13, 15]. There  are indicat ions,  however ,  that the dy-  
namizat ion  maneuve r  reduces  the r isk of  p in-bone  inter- 
face fai lures in the second phase  o f  t reatment,  due to de- 
creased load  on the sc rew-bone  line [1]. This  goes for the 
ideal  case, when the axial  dynamiza t ion  does not  alter fix- 
at ion r ig idi ty  under  ei ther  torsion or bending,  while  the 
compress ive  load is able to be t ransmit ted  freely through 
the bone ends at the fracture site. Taking into considera-  
t ion our results,  we can therefore deduce  that with the 
A O / A S I F  fixator,  loosening  of  screws should occur  more  
f requent ly  than with  other  models .  

To sum up, we found that the A O / A S I F  f ixator  should 
only be r e c o m m e n d e d  for c l inical  use as a monof ixa to r  in 
cases where  dynamiza t ion  is not  desirable .  It offers suffi- 
cient  s tabi l i ty  only in its nondynamized  form. Wi th  this 
fixator, cycl ica l  axial  loading  in the form of  dynamiza t ion ,  
with all its advantages  for the heal ing of  the fracture [7], 
can only be ach ieved  at the cost  of  mass ive  loss of  stabil-  
i ty in the other  planes  too. The two other models  tested 
are excel lent  ins t ruments  and are a lmost  equal  in qual i ty  
in both phases  of  treatment,  the Orthof ix  f ixator  being 
s l ight ly  superior. This difference is not caused by  the con- 
struction of  the f rames but  by  the different  d iameters  of  
the pins used by  the two systems,  for the screw d iameter  
is the main  de terminant  o f  stability. 
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