
Fixed angle locking screws do not allow angling of the screw to ensure appropriate 
placement into the bone (left) or to avoid the joint (right). Wagner MA et al. 2009 

COMPLICATIONS SPECIFIC TO LOCKING PLATES 
Randy J. Boudrieau DVM, DACVS, DECVS 

Cummings School of Veterinary Medicine at Tufts University, North Grafton, MA 
 

Key Points 
 Rationale for locking plates: vascularity vs. stability 
 Surgical technical failures: open vs. MIPO techniques 
 Infection, vascular preservation and implant type  
 Limitations of the various veterinary locking plate systems 

 
Application of locking plates requires an understanding not only of the technique of applying 

locking plate fixation, but also of its philosophy; furthermore, not all locked plating systems are 
created equal, and the nuances/differences of the various systems must also be understood, 
including the limitations of each.  The primary rationale for applying locking plates is 
preservation of the biology (vascular supply) to the bone, not an improvement in the mechanics, 
although there are situations in which the latter also is obtained.  The complications that ensue 
usually are a result of: 

 Technical failures (surgeon error) 
 Improper application related to these tenants of locking plate fixation 
 Limitations of the particular/different systems when applying them to specific 

situations in veterinary surgery 
 
Technical Failures 
 All of the systems have some form of locking mechanism of the screw to the plate in 
order to obtain a fixed angle construct of the plate to the bone, and in most cases this fixed angle 
is orthogonal to the surface of the 
plate (exceptions include 
anatomically contoured plates, e.g., 
the Synthes® Vet TPLO plate).  The 
fixed angle locking screw cannot be 
angled to ensure bone purchase; 
therefore, insufficient screw purchase 
is obtained if the plate is not centered 
along the bone.  Similarly, intra-
articular placement may occur with 
screws adjacent to a joint. 
 Screw loosening may occur simply due to insufficient application torque during screw 
insertion.  The latter may occur when using a torque limiter device, as this limiter may prevent 
full seating of the screw, especially in cases where some malalignment is present between the 
screw and screw-hole.  A torque limiter is recommended when power-driving screws, as it 
prevents injury to the bone or the implants should no limitations in torque be present; however, 
the concept of “cold-welding” to prevent over-tightening, and the rationale provided to use the 
torque limiter, is not an issue with stainless steel (SS) implants; therefore, hand-tightening still 
should be performed to ensure full screw seating of the screw within the plate hole.  On the other 
hand, there is complete loss of feedback (“feel”) of screw/bone purchase when tightening a 
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The working length on monocortical screws depends on the thickness 
of the bone cortex.  In normal bone the working length may be 
sufficient (A); however, in thinner cortices the working length of a 
monocortical screw is insufficient (B).  With a long working length, 
the length of anchorage can sufficiently withstand applied torque 
loads (C); with a short working length and an applied torque load, the 
length of anchorage cannot withstand the rotational displacement (D). 
Wagner MA et al. 2009

screw as the feedback obtained is with the screw to the plate, and not with the screw to the bone.  
Therefore, screw purchase into bone may be compromised without any knowledge. 
 
Improper application related to these tenants of locking plate fixation 
 The primary aspect in development of locking plates was with regard to the biology – and 
preservation of the blood supply, both cortical and endosteal.  This concept led to the idea of 
non-contact of the plates to the bone surface (or point contact), and further avoidance of any 
disturbance to the medullary circulation (monocortical fixation). Secondarily, possible 
mechanical advantages were proposed: preservation of both primary and secondary reduction, 
and improved purchase in osteoporotic bone. A multitude of papers have been published with 
regard to the mechanical comparisons between standard and locking plate fixation; despite this, 
the mechanical advantages of the locking plate are not always clear.  Most studies show 
comparable fixation strength, whereas a few others (the minority) have shown biomechanical 
superiority of the locking system over conventional plating.  As such, the current definitive 
recommendations for use of locked plating in humans includes: osteoporotic bone, peri-articular 
and peri-prosthetic fractures 
 The area that has received the most attention for locking plate fixation has been in 
minimally invasive surgical techniques [Minimally Invasive plate Osteosynthesis (MIPO)], 
where locked plating has the advantage of not requiring accurate plate contouring to the bone in 
order to adequately (and more easily/effectively) secure the fixation.  Because of the locked 
construct, and screw-only mode of transfer, the area where a stress-riser will occur is at the 
screw-plate junction [when there is no plate-bone contact]; thus, there is the need to disperse the 
forces throughout the length of the plate (and bone) over at least 3-4 screws in each major bone 
fragment spanning the fracture. The greater stresses on the screw itself also calls for a different 
screw design where the screws are subject to additional shear and bending stresses, as opposed to 
pullout with standard plating techniques.  Furthermore, the larger screw core diameter allows for 
100% increase in shear stress and 200% more bending stress, thus reducing the incidence of 
screw failure under such application techniques. Most manufacturers abide by this principle 
where locking screws are larger (core diameter) than their standard counterparts. 
 The advantages of the locking plate fixation in humans were noted to be in the treatment 
of fractures in osteoporotic bone, and in the improved stability obtained with application of 
monocortical screws in the diaphysis, whereby both the periosteal (under the plate) and the 
medullary blood supply also were preserved, and structural integrity is preserved in that there 
was no loss of bone in the opposite cortex.  These advantages led to the application techniques 
described with the MIPO techniques: where screws lend themselves to more optimal use as 
monocortical fixation (no necessity to select screw length precisely, and no soft-tissue damage or 
irritation with a screw tip protruding from the bone surface).  It must also be recognized, 
however, that overall reduction/fixation can more easily be compromised using MIPO technique.     
 There is, moreover, the recognition 
that bicortical screw anchorage is still 
needed for sufficient mechanical stability in 
situations where thin cortices exist (or in 
osteoporotic bone), or in bones subjected to 
high torsional loads.  In a thin cortex, there 
is an insufficient working length for the 
screw to retain sufficient mechanical 
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If conventional cortex screws are combined with locking screws, the cortex screws 
must be placed first and the plate adapted to the bone surface to ensure interface 
contact at this level (in this example interfragmentary compression is being used 
with the DCP holes).  Note that only in the area of the conventional screws does the 
plate contact the cortex. Wagner MA et al. 2006 

stability.)  In addition, in short bone fragments, where screws are placed closer to each other, 
bicortical anchorage continues to be recommended.  
 The primary advantage of the fixed angle internal fixator technique is preservation of the 
biology whereby postoperative bone necrosis as a result of plate contact is minimized, and in 
turn, infection rates are lowered.  Lack of plate/bone contact and Ti implants were shown 
experimentally to increase the local resistance to infection significantly (factor of 750X in a 
rabbit model) in comparison to SS plates.  The prototype locking implant was the PC-Fix®, 
where a decreased disturbance to the vascular supply and decreased infection were demonstrated.  
In this implant, the minimal contact to the bone, but continued preservation of point contact, and 
continued plate/bone contact (while preserving vascularity), was thought to be additionally 
advantageous to better ensure axial stability.  
 Keeping in mind the principles of biologic fixation and preservation of the blood supply, 
when locking fixation is applied, preservation of the vascular supply is performed by maintaining 
some space between the plate and bone (point contact only, or ensuring a space remains present 
between the plate and bone); therefore, combination techniques of standard and locking screws 
can violate this principle, as standard screws must be placed first to press the plate to the bone – 
the mechanism required for stability.  Subsequent application of locking screws does not increase 
the strength of the fixation unless there is a weakness in the bone purchase (short fragment, thin 
cortex, osteoporosis).  An apparently forgotten technique when applying both methods in the 
same bone fragment is to ensure that areas of locking screws maintain a space between the plate 
and bone (thus preserving the biology 
– and philosophy of application); this 
is done by bending the plate in a 
“wave” form so as to ensure this 
application technique.  Whether 
failure to preserve the vasculature in 
this manner leads to complications of 
delayed healing, or greater infection 
rates, remains to be determined. 
 
Limitations of the different locking plate systems 
 In veterinary surgery, there are a number of locking plate systems in use; a number of 
these systems have been evaluated experimentally (LCP®, SOP™, Fixin, ALPS). Each of these 
systems has a variable ability to follow the philosophy of application so as to best preserve the 
biology while simultaneously providing sufficient mechanical support in animals. The 
importance of preservation of the majority of the vascularity at the bone/plate interface may be 
overstated due to the variable surface contour of the bones, especially in small animals.  It has 
previously been noted that even with standard plate application, the “best” plate/bone contact is 
limited to ~30%.In this scenario, combination techniques may not have adverse effects on the 
biology or healing.  Nevertheless, recognition of the differences in the specific implants and their 
application methods (and better or less preservation of the biology) may dictate their use and the 
complications observed.   
 Not all of these systems behave similarly in terms of their mechanical strength, re: not 
only do they differ when comparing the plates themselves, but also as constructs when 
comparing the effects of the screw/bone and screw/plate interface. Furthermore, their ability to 
preserve the biology and simultaneously provide the requisite mechanical support differ by their 
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very design.  Finally, there are a number of technical details of application that vary between 
each of these systems.  A lack of familiarity with a specific system can lead to a variety of 
technical issues and subsequent problems.   
    
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
  
 
 In all cases with this relatively new technology – and the plethora of new but different 
implants currently manufactured, the specific indications for their use remain to be determined, 
but recognition of the differing mechanical strengths and limitations of the design will help to 
determine the most appropriate indications for their use, and hopefully limit the frequency of 
complications observed.  It is important not to apply all of these systems with the identical 
philosophy, as each has their nuances, which may/may not provide for the same result and 
efficacy when considering both the mechanical stability and biology. 
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