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Introduction 

It has been reported in the literature that Ti6Al7Nb screws can 
seize in Ti6Al7NB locked-plate fixation plates in vivo.1 As a 
consequence, head stripping can occur upon explantation of the 
constructs, thus causing further complications. One of the 
reasons cited in the literature for the occurrence of cold-welding 
has been the failure to use torque-limiting screwdrivers when 
final screw seating is performed.2 Another is the misalignment 
and cross-threading of locking head screws such as those used in 
Less Invasive Stabilization System (LISS) plate fixation 
constructs.2 It has also been reported (anecdotally) that internal 
fixation of LISS constructs longer than 1 year can result in 
galling or “cold welding” of the locking head screws to the 
fixation plate. To date, there have been very few studies reported 
in the literature of attempts to understand the mechanism by 
which this galling occurs on biomedical titanium alloys or 
devices in vivo, or the conditions required to reproduce this 
phenomenon in vivo. To better understand the parameters that 
lead to seizing by galling or other phenomena in these 
constructs, the phenomena must first be reproduced in vitro. The 
objective of this preliminary study was to determine if it is 
possible to reproduce the galling of the locking head screws to 
the LISS plate in the laboratory under near physiological 
conditions (i.e. at 37° C in simulated body fluid) at different 
torque values for up to 12 month exposures, as well as to see if 
there is any correlation of the galling with the electrochemical 
behavior of the constructs over time.   

Methods and Materials 
 To accomplish this, a femoral locking fixation plate was 
sectioned to provide 12 separate plate-screw constructs. A total 
of three torque values were used for seating the 5 mm diameter 
locking head screws into each plate construct: 3Nm, 4Nm and 
5Nm, where 4 Nm was the manufacturer’s recommended torque 
setting. Each screw was inserted using a NIST calibrated torque 
wrench. Each of these constructs was then contained within an 
electrochemical cell containing fetal bovine serum (FBS) 
solution, capped and maintained at 37° C for up to 12 months. 
At weekly intervals, each cell was uncapped, and a non-invasive 
electrochemical impedance spectroscopy (EIS) measurement 
was made of the construct. At the conclusion of the 
measurement, an aliquot of the solution was removed for 
visualization of any degradation or denaturation by 
polyacrylamide gel electrophoresis (PAGE). Fresh FBS solution 
was added to replace any minimal volume lost due to 
evaporation during the EIS measurement. At 3 month intervals, 
a screw was removed from the construct test cell using a NIST 
calibrated torque wrench. The measured torque values for the 
removal of the screws for each torque seating was recorded. 
Most recently, another identical set of experiments has been 
undertaken, where Hanks Balanced Salt Solution (HBSS)  is 
being used instead of FBS (Table II). These most recent results 
will be discussed in addition to the findings of the previous 
study.  

Results 
After 42 weeks exposure (9.5 months)  and 53 weeks exposure, 
4 of the 6 constructs seized, where the screw was not removable 
with the torque wrench without causing stripping of the screw 
heads. Removal torque values for other constructs over the past 
12 months indicate an overall increasing trend as compared to 
the installation torque values. Table 1 lists the installation and 
removal torque values for the various constructs measured. 
Table II lists the removal torques of the constructs currently 
being exposed to HBSS. Figure 1 is a confocal microscopy 

image of an explanted LISS construct that had seized upon 
explantation; clearly, a significant amount of protein is present 
on both the screw and plate threads, which is very similar to 
what has been observed in vitro on constructs exposed to FBS 
previously. The abundant amount of protein present on both the 
screw and plate threaded interfaces and the absence of any 
evidence of galling of the Ti6Al7Nb constructs suggests that 
adhesion forces of the protein deposits at the screw-plate 
interface may be significant in the causation of the observed 
seizing of the constructs in vitro.  

Conclusions 
 This study has demonstrated the ability to reproduce seizing of 
locking screws in LISS locking plate system, and seizing of 
screws occurred for all 3 installation torque values (at different 
times). EIS data suggests that the combination of time and Rp 
values may be an indicator of potential seizing; confocal 
microscopy of plate threads and screws (3 & 5 N·m, 42 weeks) 
indicate significant amount of protein present on plate threads of 
seized constructs; and  investigation by SEM does not indicate 
that galling/cold welding has occurred on either the screw or 
plate threads. 
 
Table I.  Installation and removal torque values of locking head 
screws in an LISS plate immersed in FBS as a function of 
exposure time. 
 

 
Cell # 

 
Inst. Torque 

(Nm) 

 
Removal 
Torque 
(Nm) 

 
Change in 

Torque 
(%) 

 
Exposure 

Time 
(weeks) 

Seizure of 
Screw 
(Y/N) 

1 2.99 3.24 8.36 14 N 
2 3.02 2.60 -13.91 28 N 
3 3.04 >8.40 >176.32 42 Y 
4 2.98 36.3 111.81 53 N 
5 4.99 5.55 11.22 14 N 
6 5.01 5.75 14.77 28 N 
7 5.00 >11.85 >137.00 42 Y 
8 5.00 >76.4 >1420 53 Y 
9 4.01 4.09 2.00 14 N 

10 4.02 3.37 -16.17 28 N 
11 4.02 4.11 2.24 42 N 
12 4.04 >85.2 >2001 53 Y 

 
 

Table II. Installation and removal torque values of locking head 
screws in an LISS plate immersed in HBSS as a function of 
exposure time.  

 
Cell 

# 

Inst. 
Torque 
(Nm) 

Removal 
Torque 
(Nm) 

Change 
in Torque 

(%) 

Exposure 
Time 

(weeks) 

Seizure 
of Screw 

(Y/N) 
1 3.01 0 -100 13.00 N 
2 5 6.46 29.20 13.00 N 
3 4.02 5.33 32.58 13.00 N  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 
1.  Confocal microscopy image of an explanted LISS contruct 
that had seized, showing the deposited protein material on the 
threads of the LISS plate.  
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