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Introduction 

Axelson, P. 8 .: Fixation of cancellous bone and physeal fractures in dogs and cats. 
A comparison of the use of self-reinforced biodegradable devices to the use of me
tallic devices and external fixations. Acta vet. scand. 1989, 30, 259-265. - The use 
of self-reinforced biodegradable devices made of Polyglycolide in the cancellous 
bone and physeal fractures of dogs and cats was compared to the use of metallic 
devices and external fixations on similar fractures. T he series consisted of 64 dogs 
and 22 cats divided into 6 comparable groups. The patients in the 2 groups fixed 
with biodegradable devices started to use their operated limbs earlier than in the 
other groups. The same 2 groups also healed clinically (showed no lameness) 
earlier than the other groups. Radiographically there was no statistical difference 
between the 6 groups. 
On the basis of this study it may be concluded that the fixation with self-reinforced 
biodegradable devices is as suitable for the fixation of cancellous bone and physeal 
fractures of dogs and cats as the fixation with metallic devices or external fixation. 
This biodegradable technique has additional benefits allowing the patients to feel 
less pain in their operated limbs and making secondary operations to remove the 
devices unnecessary. 

fracture fixation; resorbable devices; traumatology. 

Despite the great development of the exter
nal and internal techniques to fix fractures 
in small animals during the last 4 decades, 
there are still some disadvantages of these 
methods. 

remove the metallic devices is a great incon
venience when using internal fixation of 
fractures (Brinker et al. 1984, Arnoczky 
1985). Complications of the internal metal
lic fracture fixations are osteoporosis, due to 
too rigid fixation (Toni no et al. 1976, Ake
s on et al. 1976, Paavolainen et al. 1987), the 
loosening of the devices before the fracture 
has healed, and infections around them 
(Cochran l 969, Uthoff & Dubuc 1971 , Sliitis 
et al. 1978). 

The application of external devices will 
sometimes cause secondary proble11'1S with 
the skin and circulatory disturbances (Orm
rod 1966). Joint stiffness, loosening of the 
external splint and infections can appear as 
secondary complications of the external fix
ation (Bjiirck 1952, Carter 1966, Dingwall 
1974). 
The secondary operation often needed to 

The use of most metallic implants to fix 
physeal fractures in dogs will often cause 
premature closure of the growth plate and 
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thus a retarding effect on the growth of the 
bone (Campbell et al. 1959). 
A team led by Rokkanen and Tormii.lii. 
developed a self-reinforced biodegradable 
device for fracture fixation made of polygly
colide (Torma/ii. et al. 1984 and 1986). The 
biodegradable devices were rod-shaped (bio
rods) and produced in different sizes (Biofix 
TM). Their biochemical and physical pro
perties as well as experimental studies in
dicated that they were suitable for fixations 
of cancellous bone ( Vainionpii.ii. 1986 and 
Vainionpii.ii. et al. 1987) and physeal frac
tures (Mii.kelii. et al. 1987). The first clinical 
study with these biorods was made on 44 
fractures of human ankles, type Weber A 
and B (Rokkanen et al. 1985). 
The first clinical veterinary use of these bio
rods was described as case reports of a dog 
and a cat (Axelson et al. l 988a). Cancellous 
bone fractures (Axelson et al. l 988b) and 
physeal fractures (Axelson et al. l 988c) of 
dogs and cats were fixed using the same 
technique. 
This study aims to compare the healing of 
cancellous bone fractures and physeal frac
tures fixed with self-reinforced biodegrad
able devices made of PGA (Biofix TM) to 
the healing of similar fractures fixed with 
external fixation and with traditional metal
lic devices. 

Materials and methods 
The series in this study was divided into 2 
sections, the cancellous bone fractures, sec
tion C = 43 cases (40 dogs and 3 cats) and 
physeal fractures, section P = 43 cases (24 
dogs and 19 cats). these 2 sections were both 
divided into 3 groups, fractures internally 
fixed with biodegradable devices (b, 27 ca
ses), fractures internally fixed with metallic 
devices (i, 34 cases) and fractures fixed with 
external devices (e, 25 cases). The average 
age in section C was 7.7 (5.3-8.5) months 
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and in section P 6,3 (6.1-6.7) months. The 
average weight of the patients in section C 
was 8.1 (5.4-10.3) kg and in section P 7.4 
(5.5-8.4) kg (Table 1). 

Table I. The patients in each group. Average age 
is given in months and average weight in kg. 

Group Dogs Cats Av-Age Av-Weight 

Cb IO 2 5.3 5.4 
Ci 18 I 7.5 8.5 
Ce 12 0 8.5 10.3 
Pb 9 6 6.2 8.4 
Pi 10 5 6.1 8.1 
Pe 5 8 6.7 5.7 

According to the Salter classification of phy
seal fractures in section P, 22 cases were of 
type I, 13 cases of type II, 1 case of type III 
and 7 cases of traction type. All cases fixed 
with biodegradable devices (group Cb and 
Pb) were published earlier in 2 studies of the 
method of fracture fixation with biodegrad
able implants in small animals (Axelson et 
al. l 988b, c). The cases in the other groups 
(Ci, Ce, Pi and Pe) were collected from the 
Small Animal Clinic of the College of Vete
rinary medicine in Uppsala, Sweden. The 
comparable factors of the cases in these 
groups consisted of facts from their clinical 
records and the evaluations of their radio
graphs. The following aspects were listed 
and statistically compared: 

1. When did the patient start to use the 
operated limb? 

2. When did the swelling of the injured 
region disappear? 

3. When did the patient start to use the 
injured limb without lameness? 

4. Was the reduction good, acceptable or 
poor? 

5. How soon after the accident was the 
fracture fixed? 

6. Did any malposition of the fragments 
occur? 
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7. Did the radiographic density decrease 
in the fracture line? 

8. Did callus formation appear on the ra
diographs? 

9. When did the fracture line disappear on 
the radiographs (in the C-groups) or; 
Did the fixed physeal plate show prema
ture closure (in the P-groups)? 

IO. Could any malformation of the frag
ments be seen? 

l l. Could any changes of degenerative joint 
disease (DJD) be seen in the nearby 
joints? 

Statistical evaluations were made on clinical 
and radiographical observations. The groups 
Cb + Pb were tested against Ci + Pi + Ce + 
Pe, and separately Cb against Ci + Ce and 
Pb against Pi + Pe. The Chi-square test was 
used as primary statistical method, which 
was useful as a final test when the variables 
had only two alternatives (p < 0.01 was 
considered significant). Additionally, the test 
of Wilcoxon was used when the classifica
tion of the groups was ordered and Fisher's 
exact test when the question contained the 
direction of the hypothesis (onetailed inter
pretation), e.g. how much sooner a change 
took place in one group compared to an
other. 

Characteristics of the series 
The cases in the groups Cb and Pb consisted 
of ordinary patients with simple cancellous 
bone or physeal fractures from the Depart
ment of Surgery at the College of Veterinary 
Medicine and Small Animal Clinic Mevet 
both in Helsinki, Finland. The biodegrad
able fracture fixation technique was used in 
all suitable fractures in these clinics during 
the autumn 1986 and all the year 198 7. The 
cases in the 4 other groups (Ci, Ce, Pi and 
Pe) consisted of retrospectively collected 
radiographs and clinical records of ordinary 

patients during the years 1982- 1987 in the 
Department of Clinical Radiology and the 
Department of Surgery of the College of Ve
terinary Medicine, Swedish University of 
Agricultural Sciences, U ppsala, Sweden. All 
patients accepted into these series met the 
same requirements. They have simple can
cellous bone fractures (section C) or physeal 
fractures (section P) without infections or 
other complications. The surgical standard 
in these clinics is at the same level. The eva
luation of the clinical lameness was made 
with the same scale in all groups (scale 0-4). 
The estimation of the clinical swelling of the 
operated area was made from the radio
graphs. All radiographs were evaluated by 
the same person. 
The distribution of dogs and cats in the dif
ferent groups was similar within the sec
tions. The groups with cancellous bone frac
tures (section C) had only a few cats while 
45 % of the patients in the groups of physeal 
fractures (section P) were cats (Pb 40 %, Pi 
33.3 %, Pe 61.5 %). The average ages and 
weights of the cases in the different groups 
were so close to each other that these factors 
could not influence the statistical results. 
The differences of the anatomical site of the 
fractures were similar in 5 groups, 6.7 % -
16.7 in the foreleg. Only the group Ci had 
53.0 % of the cancellous bone fractures in 
the foreleg. This fact could have a small but 
not decisive effect on the statistical result 
because this group represented only 22 % of 
the whole material. The distribution of the 
Salter classifications of the physeal fractures 
within the groups of section P had no men
tionable differences. 
Due to these facts the groups were con
sidered comparable. 

Results 
Clinical results 
All cases fixed with biodegradable devices 
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(group Cb and Pb) started to use their ope
rated limbs within the first post-operative 
week while 59 % of the cases fixed with me
tallic devices (group Ci and Pi) did the same. 
The percentage of the cases walking without 
lameness with the 6th postoperative week in 
the group Cb and Pb was 96 and in the 
groups Ci, Ce, Pi and Pe 50. The local swel
ling or edema of the fixed fractures was very 
similar in all groups. 

Radiographical results 
The success of the reductions of the frag
ments in the different techniques was the 
same. 88 % of the cases in the groups Cb and 
Pb showed no malalignment of the fixed 
fragments while the corresponding percent
age in the groups Ci, Ce, Pi and Pe was 91. 
The radiographical closure of the fixed frac
ture line could be seen in 75 % of the bio
degradable groups and in 45 % of the other 
groups within 6 weeks. No definite prema
ture closure of the fixed growth plate was 
estimated from the radiographs in 87 % of 
the cases operated with biodegradable devi
ces while the percentage of the cases fixed 
with other methods was 75. The 
of other complications such as m_alforma
tion, infections or degenerative joint disease 
was very small and similar in all groups. 

Statistical results 
According to the statistical evaluation there 
were only 2 differences between the groups 
fixed with biodegradable devices (Cb and 
Pb) and the other groups (Ci, Ce, Pi and Pe). 
The patients with biodegradable fixation 
showed earlier use of their operated limbs 
compared to the patients fixed with other 
techniques (aspect I). With the Fisher's 
exact test the value p = 0.00009 was obtain
ed. Another difference in the study was in
dicated by the fact that the patients in the 
groups Cb and Pb could walk earlier with-
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out lameness than the patients in the other 
groups (aspect 3). The difference is seen in a 
divided analysis of the section C and P (Wil
coxon 's rank test p < 0.000 I). In no other 
aspects (aspect 2 and 4-11) was there any 
statistical difference between the groups of 
the fixations with biodegradable devices (Cb 
and Pb) and the other groups (Ci, Ce, Pi and 
Pe). Even the radiographical closure of the 
fracture line showed no distinct difference. 

Discussion 
The statistical results of this study showed 
evidently that the patients operated with the 
fixation technique of biodegradable devices 
used their operated legs earlier than the pa
tients in the other groups. That could be due 
to the fact that the bending strength and the 
elastic modulus (Young's modulus) of the 
biorod corresponded better to the properties 
of the .bone than the bending strength and 
elastic modulus of the metallic plate and 
screw ( Vainionpiiii et al. 1987). In compa
rison with the pinning technique this me
thod is more gentle to the bone tissue be
cause the biorods are inserted into a drilled 
channel while the pins forced into the bone 
tissue cause damage to the structure of the 
bone. 
The equal swelling of the operated areas 
showed that there were no differences of the 
damage to the soft tissue in ihe operated 
areas between these fixation methods and 
the biorod caused no more reaction or in
flammation of the surrounding soft tissue 
than the metallic devices did. 
The earlier clinical healing (= no lameness) 
of the fracture when using biorods could 
possibly be explained by the ability of the 
biodegrading implant to shift earlier the nor
mal stress of the bone from the implant back 
to the tissue thus causing- earlier regenera
tion of the bone. This observation has not 
been published earlier but could be of great 
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importance to the treatment of fractures. 
Therefore, this needs further research. The 
external fixation will cause soft tissue and 
joint damage, which will prolong the clinical 
healing of the fracture. 
As there were no statistical differences in 
the exactness of the reduction it cannot be 
more difficult to use biodegradable devices 
instead of metallic devices or applying the 
technique of external fixation. 
No time factor affected the healing results 
because there were no statistical differences 
of the time periods between the accident and 
the operation. 
The biodegradable implants used in this 
study (Biofix TM) had sufficient fixating 
properties compared to metallic devices and 
external fixation devices not to cause any 
differences in the firmness of the fracture fix
ations or in the callus formations around the 
fractures. 
Although clinical healing appeared earlier 
with the method of biodegradable devices 
than the conventional techniques there was 
no difference in radiographic healing (= clo
sure of the fracture line) between these me
thods. This fact shows that the fracture line 
does not have to be calcified to be stable and 
not sore (compare with the growth plate). 
The use of biodegradable devices did not dif
fer statistically from the other techniques in 
their effect on the physeal plate in growing 
dogs and cats. They all caused equal prema
ture closure of the growth plate contrary to a 
preclinic study of four cats with experimen
tal physeal fractures fixed with the same 
device (A xelson et al. I 988c). T he biorods 
used in this study were obviously too thick 
to be broken by the growth power of the 
bone within 3 weeks. Moreover the drill 
hole through the growth line was big enough 
to destroy more than 3 % of the area of the 
physeal plate, which alone would cause pre
mature closure of the growth plate (Make/ii 
et al. 1987). 

When using biodegradable devices no se
condary operation to remove the implants is 
needed, which seems to be the most striking 
advantage of this technique. Unfortunately, 
the patients in the groups fixed with metallic 
devices were collected retrospectively and 
many of them had moved from the area and 
could not be reached. Therefore, the accu
rate details concerning the removals of the 
implants could not be dealt with in this 
study. The modern manuals of orthopedics 
advice most metallic devices used in cancel
lous bone fractures and all metallic devices 
used in physeal fractures to be removed. 
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Sammanfattning 
Fixation av spongiosa ben och fysea/a fraklurer 
hos hund och katt. En jiimfijrelse av resorberbara 
imp/antats anviindning gentemot anviindning av 
metallimplantat och external fixation. 
Anviindningen av resorberbara implantat gjorda 
av polygJykolsyrajiimfOrdes med anviindningen av 
implantat gjorda av metal! samt anviindningen av 
external fixation pA likviirdiga spongiosa ben och 
fyseala frakturer hos hund och katt. De primara 
statistiska viirderingarna gjordes med Chi-square 
test (p < 0.0 I ansAgs relevanta) och avvikande 
resultat bestyrktes med tester av Wilcoxon och 
Fisher. Seriema bestod af 64 hundar och 22 katter 
indelade i 6 jamf6rbara grupper. 
Patienterna i de 2 grupperna som berorde fixatio
ner med resorberbara resultat anvande sina ope
rerade ben tidigare an patienterna i de ovriga 
gruppema. Patientema i de 2 fOrst namnda grup-
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pema var aven tidigare ohalta an de ovriga. Ra
diografiskt kunde ingen statistisk skillnad pftvisas 
mellan de 6 gruppema. 
Resultatet av denna studie var att fixationer av 
spongiosa ben och fyseala frakturer hos hund och 
katt med resorberbara implantat ar lika anvand
bara som fixationer med metallimplantat och ex-

temala fixationer. De storsta fordelama med de 
resorberbara implantaten ar att patientema kan
ner mindre smarta i det opererade benet och att 
fixations-implantaten icke behaver avlagsnas i ett 
extra kirurgiskt ingrepp, som skulle betyda ytter
ligare risker och smarta for patienten och extra 
kostnader for dess agare. 
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