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A wide range of orthopedic implants is 
available for fixing long bone fractures in companion 
animals and many of them showed good results as long 
as they are correctly applied and follow mechanical 
and biological principles for decision making and 
approach (ANDRIANOV et al., 2007). Among them, 
interlocking nails (INs)stand out for being applied to 
the neutral axis of the bone and having great resistance 

to flexion, torsion, and compression loads (DUELAND 
et al., 1996; WHEELER et al., 2004; GATINEAU et 
al., 2010). Due to their minimally invasive potential, 
they also present an advantage from a biological point 
of view (DÉJARDIN, 2019). However, a certain 
percentage of implant failures are reported, being 
especially related to the interface between the locking 
screws and the nail after implants being subjected to 
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ABSTRACT: The interlocking nail represents an excellent option as a surgical approach to treat fractures in long bones in veterinary 
medicine. However, failures were reported mainly due to a slack present in the interface of the rod with the screws. The present study tested 
and mechanically compare axial compression loads of two novel models of stable angle interlocking nails with threaded holes. Among the two 
models, one was uniplanar and the other was multiplanar with orthogonally arranged distal holes. Twenty-one specimens made of polylactic 
acid were used for the implantation of interlocking nail´s rods, divided into three groups: conventional interlocking nail (G1), novel interlocking 
nail with a stable angle with holes arranged in a single plane (G2), and novel interlocking nail with a stable angle in two planes, with the 
penultimate hole at 90 degrees from the others (G3). Biomechanical tests were performed using axial, cyclic, and destructive compression load 
for comparison between them. All the specimens showed plastic deformation in the screws after destructive tests, in both proximal and distal 
sides, being highly intense in G1. G2 and G3 of the stable angle rods supported higher loads than G1 in all tests performed (P<0.05). The novel 
stems did not differ statistically from each other (P>0.05). The initial hypothesis that the novel models would provide increased stability was 
confirmed; however, no differences were demonstrated between them. The screw locking system on the rods allowed high resistance values in 
the tests performed, proving to be effective and potentially applicable in real clinical situations.
Key words: orthopaedics, intramedullary implant, surgery, fracture, osteosynthesis.

RESUMO: A haste intramedular bloqueada representa excelente opção para abordagem cirúrgica de fraturas em ossos longos na medicina 
veterinária. Todavia, falhas decorrentes principalmente de “folga” presente na interface da haste com os parafusos foram relatadas. 
O presente estudo teve como objetivo testar e comparar mecanicamente, por cargas de compressão axial, dois novos modelos de haste 
intramedular bloqueada de ângulo estável com orifícios roscados, sendo uma delas uniplanar e outra multiplanar com orifícios distais 
dispostos ortogonalmente. Vinte e um corpos de prova confeccionados em ácido polilático (PLA) foram utilizados para implantação das 
hastes intramedulares bloqueadas, divididos em três grupos: Haste bloqueada convencional (G1); haste bloqueada nova de ângulo estável 
com orifícios dispostos em único plano (G2); haste bloqueada nova de ângulo estável em dois planos, com o penúltimo orifício em 90 graus 
dos demais (G3). Utilizou-se ensaios biomecânicos por carga de compressão axial, cíclicos e destrutivos, para comparação entre eles. Todos 
mostraram deformação plástica nos parafusos após testes destrutivos, tanto proximais como distais, sendo mais intensa no grupo 1. Os grupos 
2 e 3 das hastes de ângulo estável suportaram cargas superiores em relação ao G1 em todos os testes realizados (P<0.05). As hastes novas não 
diferiram estatisticamente entre si (P>0,05). A hipótese inicial de que os novos modelos proporcionariam maior estabilidade foi confirmada, 
entretanto não foi demonstrada diferenças entre eles. O sistema de bloqueio roscado dos parafusos nas hastes permitiu valores elevados de 
resistência nos testes realizados, mostrando-se efetivo e, potencialmente aplicável em situações clínicas reais.
Palavras-chave: ortopedia, implante intramedular, cirurgia, fratura, osteossíntese.
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torsion, compression, and flexion loads (WHEELER, 
2004). A significant part of the complications has been 
attributed to the“gap” existing in the interfaceand; 
therefore, novel models have been developed and 
tested. In this study, anIN system with screw threading 
into the nail body was developed, which can be 
considered as anangle-stable IN. 

This system used two novel types of nails 
with 8mm diameter and 175mm length, one being 
uniplanar and the other multiplanar, orthogonal. 
Synthetic specimens were made of polylactic acid 
(PLA)to simulate the appendicular bone of a large 
dog, using the femur, tibia, and humerus as examples. 
A 25mm gap was used as a standard for all specimens 
(Figure 1). Each group consisted of 7 specimens 
and three models of nails were used, all measuring 
8 x 175mm, made of 316L steel, and with a total of 
four holes which allowed the passage of screws of 
3.5mm external diameter, with two holes being in the 
proximal segment and two in the distal segment. In 
group 1 (G1), a conventional nail model was used, 
without locking the nail holes. Group 2 (G2) consisted 
of an angle-stable IN threaded into its holes in only 
one plane (uniplanar IN). Group 3 (G3), consisted of 
nails with the same characteristics as G2, but with 
their penultimate hole placed at 90 degrees to the 
other holes at a distance of 5.5 mm from the distal 
hole (Figure 2).

Specific instruments, consisting of a nail 
guide, a drill ruler, drill guides, a depth gauge, and 
a tightening wrench were used when assembling the 
implants. The implantation of the IN followed the 
same sequence in all specimens, starting with the 
perforation of the first proximal hole and moving 
towards the last distal one. In G3, the divergent screw 
was fixed last, using an adapter that allowed rotation 
of the ruler by 90 degrees, as well as its fixation. 

One specimen from each group was initially 
subjected to destructive tests and the maximum 
load was expressed in Newton (N), being identified 
during plastic deformation, and used individually 
as a reference for determining a load. The initially 
stipulated value was 3000 N, equivalent to 300 kg 
of load, greatly extrapolating the load supported by 
the implant in a dog. Subsequently, 1000 N of the 
maximum load was established for the cyclic tests, 
equivalent to 100 kg of load applied to the implant. If 
we consider a dog weighing 50 kg, a load equivalent 
to 15 kg is applied on the thoracic limb and 10 kg 
is applied on the pelvic limb; therefore, the value 
used in the cyclic tests was approximately 10 times 
higher than the supported weight. The cyclic test was 
performed with a total of 100 samples per specimen 

to simulate the steps that would be taken by a dog, 
with the load varying from 100 to 1000 N load and 
a speed of 1 Hertz, equivalent to 1 second, using the 
INSTRON 8872 machine. After cycling, another 
compressive test was performed, using the EMIC DL 
10000universal testing machine, until failure to obtain 
the maximum load values supported individually by 
the specimens. The test was stopped immediately 
when the specimen showed any plastic deformity, 
whether of the PLA material, nail, or screw.  The 
methodology was essentially based on biomechanical 
tests with IN performed by DEJÁRDIN (2006; 2009; 
2014; and 2019); in addition to authors, such as 
DUELAND (1996), SUBER (2002), APER (2003), 
REEMS et al. (2006), DALMOLIN (2013), and 
MACEDO (2017).

All statistical procedures were performed 
using SPSS software version 20.0 for Windows. 
The normality of data distribution was assessed by 
the Shapiro-Wilk test, and a normal distribution was 

Figure 1 - Illustrative image of three-dimensionally printed 
bone substitute models with predetermined holes 
for the passage of screws. (A) illustrates the 
proximal model that mimicks the proximal bone 
fragment (groups 1, 2, and 3). (B) represents 
the distal bone fragment in groups 1 and 2. (C) 
mimics the distal bone fragment used in group 3. 
Holes are positioned at 90-degree angles to each 
other. All models have a square base for easily 
attaching them to universal testing machines.
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reported for the dependent variable. In the descriptive 
analysis, minimum, maximum, mean, standard 
deviation, and median values were used as measures 
of central tendency. In the inferential analysis, 
associations between quantitative variables were 
made using the paired t-test.

Axial compression tests revealed higher 
averages in G2 (250246.1667 ± 157955,74362 N/
mm) and G3 (249022.3333 ± 7720.24988 N/mm) 
than in G1 (183519.5000 ± 13030.42002), with 
G1 being significantly different from the others 
(P=0.01). Compression tests after cyclic tests 
revealed an average of 272628.8333 ± 19362.38220 
N/mm in G2, 237383.6667 ± 324229.095551 N/
mm in G3 and 220175.8333 ± 23264.27881 N/mm 
in G1. There were no statistical differences in the 
models with novel nails (G2, P=0.07; G3, P=0.47), 
as shown in table 1.

The specimens were radiographed after 
destructive compressive tests.The radiographs 
revealed plastic deformation in the screws of all 
groups;however, it was reportedd to be highly intense 
in G1. Plastic deformation was also observed in the 
nails, being highly intense in G2, as well as in G1, as 
shown in figure 3. All implants resisted the applied 
cycles in all groups without showing failures of the 
specimens during the tests. 

The nails used in all groups were 8 mm thick 
and the hole in the specimens measured 10 mm. These 
measurements were standardized to allow the use of 
an implant with the correct thickness in the medullary 
canal, where angle-stable nails occupy at least 70–
80% (DÉJARDIN et al., 2019) and Ins occupy at least 

80–90% of the intramedullary canal. In this study, all 
implants occupied 80% of the canal. The space inside 
the medullary canal that is not occupied by the nail 
allows it to dislocate when implants are subjected to 
compression forces (DÉJARDIN et al., 2009). This 
dislocation is inhibited by the locking screws, and the 
smaller the space occupied by the nail, the greater the 
load applied to the screws (APER et al, 2003). The 
fact that 80% of the canal was occupied in all groups 
allowed us to homogeneously determine the total 
load supported by the screws until the screws showed 
plastic deformation.  

It is suggested that the absence of rigid 
interaction between the nail and the screw reduces 
the resistance of the IN to plastic deformation 
(DÉJARDIN et al., 2006). In the present study, the 
conventional nail group supported a load of less 
than 6000N, being the lowest among the groups, 
while both angle-stable nail groups supported high 
loads before showing signs of plastic deformation 
in the screws, resisting approximately 7500 N in 
the uniplanar angle-stable group and 8000 N in 
the multiplanar angle-stable group. This resistance 
in both groups may be due to the great rigidity 
between the screw and the nails, as they feature 
a threaded  interlocking  mechanism(REEMS et 
al, 2006; MACEDO et al., 2017).  Furthermore, 
according to DÉJARDIN et al (2006), angle-stable 
nails allowed greater mechanical resistance when 
implants are subjected to axial compression loads. 
We observed this in the groups with novel nails in 
addition to an increase in resistance to deformation 
and great stability in G3, which may be due to the 
different arrangements of screws. Similar values 
were obtained in the compression tests after cyclic 
tests in all groups. Thus, we hypothesized that the 
cyclic test did not cause significant damage to the 
screws and that the threaded interlocking system 
was functionalin groups of angle-stable nails. 
Therefore, we suggested that the cycles applied 
to the specimens of both groups were not able to 
promote deformation in the implants to the point of 
reducing their resistance.  

INs have a “gap” between the screws and 
the nail, which allows greater dislocation between 
them (DURALL et al., 2003). When these implants 
are subjected to compressive loads, deformation in the 
screw thread pitch occurs more intensely compared to 
stable-angle models (GOETT et al., 2007; DÉJARDIN 
et al., 2013). Therefore, it is suggested that the 
deformation promoted changes in the specimens, 
allowing them to be better accommodated. It is 
known that stiffness is characterized by the resistance 

Figure 2 - Illustrative image of the angle-stable nails used in 
the study, measuring 175 mm in total length and 
8 mm in diameter. (A) illustrating the uniplanar 
nail with proximal and distal holes of 3.5 mm 
in diameter separated by 11 mm distance. (B) 
Orthogonal nails developed for the study, with the 
penultimate hole at 90 degrees to the others and 
located closer to the distal hole, 5.5 mm away.
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ofthe body to deformation after a force is applied 
(DALMOLIN et al., 2013). We also suggested that 
the stiffness reported in the novel nail model after 
the cyclical test was greater due to the more marked 
deformation of the specimens than in the other groups. 
This was already expected due to the absence of rigid 
interaction between the nail and the screw (SUBER et 
al., 2002; TING et al., 2009).

It is inferred that the use of screws with 
rigid interaction with the nail improved its mechanical 
behavior in the compression tests, with the absence of 
interlocking in the implants reducing its resistance to 
plastic deformation. Although, the multiplanar nail 
group showed mechanical resistance slightly superior 
to the other groups, further studies are needed to 
confirm the proposed theory. 

Figure 3 - Image showing models used as specimens after the 
destructive compressive test. (A) Conventional Interlocking 
ail Model. (B) Orthogonal nail with a stable angle. (C) 
Uniplanar angle-stablenail. Plastic deformation due to 
flexion was observed in all screws being highly intense 
in screws of the conventional locking nail model. Plastic 
deformity was also observed in the nails with decreased 
intensity in the orthogonal nail model.

 

Table 1 - Inferential analysis of pre- and post-intervention compression tests on the 3 types of nails tested (N=6). 
 

Variables            ------------------------------------------------------------Average (SD)----------------------------------------------- P-value* 

 
Pre-intervention test Post-intervention test 

 
Conventional 183519.50 220175.83 

0.01 
(G1) (13030.42002) (23264.27881) 
Uniplanar 250246.17 272628.83 

0.07 
(G2) (15795.74362) (19361.38220) 
Multiplanar 249022.33 237383.67 

0.47 (G3) (7720.24988) (32429.09551) 

 
SD, standard deviation. 
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