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Key Points 

• Implants used in minimally invasive osteosynthesis (MIO) are most often fully load-
bearing implants 

• Angle-stable implants offer technical and biomechanical advantages over 
conventional implantts for MIO 

 
Anatomical reconstruction and interfragmentary compression are seldom pursued when 

using MIO techniques; implants are thus most often fully loaded during weight-bearing. While 
external skeletal fixators (ESFs), interlocking nails (ILN) and conventional bone plates have 
been used successfully for MIO of long bone fractures in dogs and humans, they all have 
limitations. The recently developed locking technology has brought a new category of angle-
stable implants that represent an attractive alternative to conventional implants.  

 

 
Figure 1: Percutaneous insertion of a fixation pin under fluoroscopic guidance (left). Numerous factors can be 
adjusted to obtain the desired level of stiffness (right). 

 
The percutaneous application of the fixation pins, the external location of the connecting 

bars and the minimal disturbance of the fracture site make ESF particularly suited to MIO. 
Construct stiffness can be tailored by adjusting the 1) frame type, 2) number, diameter and 
connecting bar material and 3) diameter, number, distribution and working length of fixation 
pins, etc. The primary biomechanical weakness of ESFs is the fixation pin/bone interface. 
Because of the distance between the connecting bar and the cortex, fixation pins experience high 
bending moments where the ensuing deflection results in high stresses at the pin/bone interface. 
The use of stiffer constructs and increased number of large (up to 20% bone diameter) threaded 
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fixation pins protects the pin/bone interface by decreasing construct deflection and increasing the 
interfacial surface area and friction coefficient. Despite attractive features for MIO, ESF 
limitations, such as interference with soft tissues, more demanding post-operative care and pin 
loosening have limited the universal acceptance of ESFs. As a result, ESFs are often used when 
internal fixation is not desirable. 

 

 
Figure 2: Epiperiosteal insertion of a locking compression plate (LCP) through remote incisions (top). The locking 
technology provides LCP with several technical and biomechnical advantages for minimally invasive application 
(bottom) – (*Kaab, J Orthop Trauma, 2004; ^Ahmad, Injury, 2007) 
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Although locking plates may intuitively be regarded as new generation bone plates, their 
biomechanical properties and principles of application differ greatly from conventional bone 
plates. Because locking plates share many similarities with ESFs, they are often referred to as 
“internal fixators”. Connecting bar and fixation pins are respectively replaced by the locking 
plate and locking screws. Compared to ESFs however, the epiperiosteal location of the plate 
results in a significant decrease in the bending moment on the locking screws. This in turn spares 
the screw/bone interface from excessive stresses. When compared to conventional plates, 
internal fixators have several advantages for use in MIO. Because of the angle-stable screw/plate 
interface, frictional forces between the plate and bone are neither needed nor desired and 
anatomical plate contouring is not required for construct stability. From a biological stand point, 
the position of the plate away from the cortex preserves the periosteal blood supply underneath 
the plate. Although this position may modify the plate loading conditions, a study by Ahmad et 
al. demonstrated that while a distance of 2 mm between the cis-cortex and a 4.5 mm LCP had 
little effect on construct strength, a distance of 5 mm significantly increases the risk of plate 
failure. When an appropriate plate/bone gap width is achieved, the mechanical behavior of 
locking plates is similar to that of bridging conventional plates. Therefore, guidelines used for 
conventional plating can be followed to determine optimal locking plate sizes. 

  

 
Figure 3: Parameters used to describe locking plate constructs: working length (A), Plate Screw Density (B), Plate 
Bone Ratio (C), and Plate Span Ratio (D). 

 
In most current locking plate systems, relative plate/screw orientation is predetermined, 

which may be problematic in the periarticular region or for plate-rod constructs. Several 
strategies, such as the judicious use of monocortical screws, specific anatomical plates (e.g. 
TPLO plates, Synthes) or multiaxial locking plates (e.g. PAX system, Securos) can be used. 
Deliberate changes in screw insertion is not appropriate, as 10 degrees off axis decreases push-
out force and bending load to failure of the 4.5mm LCP system by up to 77% and 69%, 
respectively (Kaab, 2004, J Orthop Trauma). Although specific plate span ratios have been 
recommended depending on the fracture configuration, the use of long plates extending from the 
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proximal to distal metaphyses is often elected (high plate/bone ratio [Figure 1]). Two to three 
locking screws (minimum of three cortices) per fragment usually provide adequate stability. As a 
result, most plate holes are left empty (low screw/hole density). The location of the two 
innermost screws determines the plate working length (PWL). Longer PWLs result in greater 
construct compliance, which may be desirable (elastic fixation in immature bones) or deleterious 
if resulting in excessive interfragmentary strain or plastic deformation of the plate. Longer PWL 
may also provide the plate with a greater fatigue life, although contradictory results in the 
literature do not allow definitive conclusions. The PWL should be tailored to the desired 
construct compliance and strength, taking into consideration multiple factors including healing 
potential, fracture configuration and plate properties.  

As locked intramedullary devices, ILNs theoretically meet both biological and 
mechanical conditions necessary for optimal fracture healing by using limited remote surgical 
approaches while providing adequate construct stability. When the bony column is reconstructed, 
the ILN is along the neutral axis of the bone, and is thereby protected from deleterious bending 
moments. The bony column is however seldom reconstructed when using a minimally invasive 
approach, and although the nail must then withstand trans-fracture forces, the close alignment of 
the ILN with the mechanical axis of fractured bone usually results in lower bending moments 
than that experienced by a corresponding epiperiosteal plate. The cylindrical shape of ILNs 
further enables them to resist bending moments in all directions, while the stiffness and strength 
of conventional and locking bone plates vary greatly with the bending plane. 

Despite many theoretical mechanical advantages, the reliability of current ILN designs in 
assuring fracture repair stability has been challenged. Indeed, acute construct instability, also 
referred to as slack, potentially leading to inter-fragmentary motion and subsequently delayed 
bone healing, has been clinically and experimentally documented. Several experimental studies 
have suggested that the lack of rigid interaction between the nail and its specific locking device 
is responsible for construct slack. To improve the stability of the nail/locking device unit, and 
subsequently that of the repaired bone, an angle-stable ILN (AS-ILN) has been developed at 
Michigan State University. By analogy with external fixators and internal fixators (locking 
plates) this new AS-ILN can be regarded as the first “intramedullary fixator”. It features a self-
centering and self-locking mechanism consisting of a threaded Morse tapered nail hole and a size 
matched threaded conical locking bolt (Figure 4); a mechanism akin to the locking screw heads 
of locking plates. The nail also features an hourglass profile designed to limit damage to the 
medullary blood supply, thus preserving the biological advantages of ILN fixation. From a 
mechanical stand point, this profile also increases construct compliance and therefore promotes 
semi rigid fixation, which in turn enhances bone healing. In vitro studies have shown that 
constructs treated with an AS-ILN prototype sustained significantly less angular deformation 
(AD) in torsion and bending than those treated with comparable standard ILNs. Furthermore, 
while AS-ILN constructs AD occurred without slack, standard ILN constructs sustained up to 9° 
and 19° of bending and torsional acute instability, respectively. A subsequent study 
demonstrated that the AS-ILN provided construct stability regardless of fracture configuration, 
whereas the intrinsic slack of standard ILNs jeopardized construct stability particularly in 
metaphyseal fractures. In an in vivo study of tibial fractures, compared to a size-matched 
standard ILN, the use of AS-ILNs demonstrated shorter healing time and improved callus 
mechanical properties. To date, the AS-ILN has been successfully used in 27 cases to treat a 
variety of femoral, tibial and humeral fractures. Clinical union without complications was 
reached in all cases by 12 weeks. 
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Figure 4: Minimally invasive application of a novel angle-stable interlocking nail (AS-ILN) [top]. The nail design 
and the locking interface between nail and locking bolts provides the AS-ILN with enhanced biomechanical 
properties and make it particularly suited for minimally invasive approach (bottom left). Post-operative radiograph 
after minimally invasive nail osteosynthesis of a gunshot open fracture using the AS-ILN (bottom right).  
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