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Staples,, plates and wires: a comparative study 

Introductio n n 
Afterr oncological resection of the mandible, reconstruction using a free vascularized bone 

graftt has become the predominant treatment of choice. The free fibula graft is most commonly 

usedd (1). In order to restore the contour of the mandible it is necessary to make one or more 

osteotomiess in the bone graft, depending on the size of the defect. The use of a reconstruction 

platee as a template alleviates the problem of positioning and fixation between the residual 

bonee segments. These segments are fixed to the reconstruction plate with two screws (2). 

Thee trend in free bone graft surgery is however to avoid large plates in favor of an optimal 

minimumm of fixation material of a much smaller dimension, likeminiplates. 

Inn recent years nickel titanium (NiTi) alloy staples suitable for use in mandibular fracture 

osteosynthesiss have become available. The advantage these staples have over plates lies in 

thee fact that they have only minimal effect on the periostial blood supply. Little dissection is 

necessaryy to place drill holes and the area of contact between fixation material and periostium 

iss minimal. A particular characteristic of the NiTi alloy is the shape memory effect, induced 

byy temperature changes. The staples can be modeled in a cooled state and on warming up, 

regainn their original form, exerting compression. 

Too assess the usefulness of this mode of fixation, the Memory staple was compared with 

twoo other fixation techniques currently in use; stainless steel interosseous wires and 2.0 

titaniumm miniplates. Their relative strength on compression and under torsional stress was 

measuredd usinga fibula model. 

Method d 
Mechanicall testing osteosynthesis techniques in mandibular reconstruction is possible using 

inn vitro models or cadaveric specimens. To avoid the inherent interspecimen variation of 

thesee studies, a model with an approximate geometry of a fibula was carved from a piece of 

beechh dowel to imitate a mandibular reconstruction. This removes questions regarding the 

ostheosynthesiss material model interface. Beech dowel was chosen because it is particularly 

homogenouss and its elasticity modulus is comparable to that of bone (3). Two saw cuts at 

ann angle of 50  were made and a wedge shaped piece of material removed. The cut surfaces 

off the two halves were placed against each other. Fixation occurred in the anterolateral (= 

futuree frontal) aspect and the dorsal (= future occlusal) aspects at an angle of just under 90

inn relation to each other. All the fixation materials were sited in an identical location. 

Interosseouss stainless steel wire and Memory staples were introduced through identically 

situatedd drill holes. 
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Thee following materials were employed in the fixation methods: 

** Amp Memory staples 12 mm wide with a leg length of13and16mm respectively (Amp, 

Villeurbanne,, France). The 16 mm long staple was positioned on the anterolateral aspect 

andd the 13 mm on the dorsal aspect. These lengths ensured that the points of the staples 

weree buried just underneath the surface of the wood. Using a drill gauge, two holes of 2.2 

mmm for each staple were drilled at a distance of 12 mm from each other. The staple was 

positionedd after having been modeled in the cooled state . 

** Interosseous wires of stainless steel 0.5 mm in diameter were used. They were tightened 

too a level where there was no discernible movement between the two parts. 

** Synthes' (Mathys Medical Ltd., Bettlach, Switzerland) Craniofacial 4 hole titanium plates 

0.99 mm thick and 25 mm long, fixed with four 2.0 self-tapping cortical screws of a minimum 

lengthh of 8 mm (Fig. 1). 

Fig.. 1. Three forms of fixation (interosseous 
w i r e ,, Synthes ' m in ip l a tes and A m p 
M e m o r yy staples ), app l ied to the f ibula 
model .. Note that all the fixation materials 
weree sited at an identical location. 

Measurementss were carried out at a temperature of . 

Twoo different types of measurement per fixation method were performed; each of which 

wass repeated five times. During the compression tests forces were exerted on the experimental 

modell using a compression/distraction bench micrometer (Tensometer type"W", Monsanto 

Instrumentss Akron, OH, USA) with a displacement speed of 3.18 mm/min. Compression 

onn the model resulted in distraction at the site of the fixation material (Fig. 2). 

Thee measurements were registered by a line amplifier (Philips PR 9340 (Philips Electronics 

N.V.,, Eindhoven, The Netherlands)) on an XY recorder (Philips PM 8134). All compression 

measurementss were continued until the fixation material broke or extruded through the wood. 

Forr torsion tests the model was so positioned in a jig that the axis of rotation ran through the 

centerr of the contact area between the two halves of the dowel (Fig. 3). 



Staples,, plates and wires: a comparative study 

Fig.. 2. Schematic representation of the compression lest setup. A force is exerted (arrows) along the line 
connectingg both ends of the model. This results in bending in the contact area and thus distraction on the 
fixationn material. 

Fig.. 3. Schematic representation of the torsion test setup. The model was so positioned in a jig that the axis 
off rotation ran through the center of the contact area between the two halves of the dowel. The two halves 
aree rotated inopposingdirections (arrows) 

Thee test was carried out with continuous rotation of Ü.3 degrees per second in a torsion 

benchh developed by the Department of Medical Technical Development at the Academic 

Medicall Center, Amsterdam, The Netherlands. Torsion measurement was carried out to a 

maximumm of 85  (arbitrarily chosen). 

Thee measurements were registered by a line amplifier (Philips PR 9340) on an XY recorder 

(Philipss PM8134). 

Forr mutual comparison of the curves the magnitude of the forces (F4 in Newton) at a 

displacementt of 4 mm was used. 

Forr the torque the value (T35 in Newton.meter) at 35  is taken. 

Ass measures of rigidity (Re) or angular stiffness (As) the displacement (mm) or the rotation 

(degrees)) and their driving agent in N or N.m were computed from the linear part of the 

curvess produced. The manner of the failure of the fixation material in relation to the forces 

exertedd was recorded. The data were analyzed using the statistical program InStat (Graphpad 

Software,, San Diego CA) on a Macintosh Power PC 8500/120 (Apple Computer Inc., 

Cupertino,, CA, USA). 
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Results s 
Compressionn tests 
inn all cases the fixation in the frontal aspect was the first to fail. The stainless steel wires underwent 

aa short period of elastic deformation followed by gradual untwisting. This occurred in the nearly 

horizontall part of the curve (Fig. 4). 

Thee Memory staples deform first in the 

bridgee area followed by bending of the legs 

andd their sliding out of the drill holes. In 

twoo cases the staples fractured in the eye-

shapedd bridge area. The plates showed 

deformationn of the first hole adjacent to 

thee contact area, after which in three cases, 

thee screws broke out of the wood and in 

thee remaining cases the plate fractured.The 

forcee (F4), that can be exerted on the 

fixationn material at a displacement of 4 mm 

togetherr with standard deviations are 

reproducedd in Table 1. 

Thee reliability of the measurementsof the 

interosseouss wire, staples and plates is 

shownn by the Student's t test (P<().0001). 

Thee Tukey-Kramer multi comparison test 

showss a difference between the F of all 

threee osteo-synthesis methods. The biggest 

differencess are between the interosseous 

wiress and the plates (P<0.0001) and 

betweenn the staples and the plates. 

Wee could not demonstrate a difference 

betweenn the rigidity (Re) of the interosseous 

wiress and the staples at a 5% level of sign if i-

cance.. However, there is clear difference 

whenn comparing interosseous wires and 

stapless to the plates (P<0.001). 

aa 9 m m 

Fig.. 4. Compression test force-displacement curves. 
Thee rigidity was deduced f rom the slope of the linear 
por t ionn of the load def lect ion curve. 

Legend:: min ip la tes, M e m o r y staples, 
in terosseouss wi res. D isp lacement in m m , 

exertedd force in Newton (N). 

Tab lee 1 . Results of Compress ion test ing. Mean o l 
thee value of force (F,) in N and Rigidi ly (Re) in N/ 
meter.. Standard deviation in parentheses. 

Fixationn Material F,(sd) ) Rc(sd) ) 

Interosseouss wires 
Memoryy staples 
Miniplates s 

176.4(13.9) ) 
238.4(10.0) ) 
490.2(49.4) ) 

8.3(2.4) ) 
6.9(0.8) ) 

21.4(3.3) ) 
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N.m m 

T o r s i o nn Tes ts 

Thee torsion tests show a virtually identical pattern of f ixation material deformat ion. Staple 

fracturee and screw extrusion d id not occur. The test results are shown in Table 2. 

Initiallyy the staples showed torsion between the legs fo l lowed by deformat ion of the eye 

shapedd br idge area. Here the curve runs 

parallell to the curve formed by the titanium 

platess (Fig. 5). 

Thee interosseous wires untwisted gradually. 

Thee interosseous wi re d id not break or cut 

th roughh the surface of the w o o d . A h igh 

degreee of reproduc ib i l i ty was seen in the 

torsionn tests on all three modes of fixation. 

Thiss is t rue for bo th values of tors ional 

strengthh at 35  of rotat ion (TJ5) and degree 

off r ig id i ty (Rt) (P<0.001). 

Thee torsional strength and angular stiffness 

off the interosseous wires di f fer clearly on 

theTukey-Kramerr mult i comparisons test in 

r e l a t i o nn to b o t h s tap les a n d p la tes 

(P<0.0001).. The value of torsional strength 

off plates at 35  o f ro tat ion is at approx i -

matelyy twice as high as the torsional strength 

off staples. The di f ference in the r igidity of 

stapless and plates is marginal . It is note-

:

'as 'as 
!00 20 30 40 boo 60 /o 80 degree' 

worthyy thai when exert ion of forces on the Fig. 5. Torque-rotation curves. The angular stiffness 
wass deduced from the slope of the linear portion of 
thee load deflection curve. 
Legend: : miniplates, , -Memoryy staples, 

interosseouss wires. Displacement in mm, 
exertedd force in Newton (N). 

staplee fixation was discontinued, the staples 

re turnedd to almost exactly their or ig inal 

posi t ion.. It w o u l d appear that up to 85  of 

rotat ion,, the extent of plastic deformat ion 

incurredd by M e m o r y staples is l im i ted , Table 2. Results ot'Torsion testing. Mean of the value 
off torque (T r) in N.m and angular stiffness (As) in 

unl ikee that of the t i tanium plates. N.m/degree. Standard deviation in parentheses. 

Fixationn Material Tj-(sd) ) As(sd) ) 

Interosseouss wires 
Memory'staples s 
Miniplates s 

1.7(0.2) ) 
3,2(0.3) ) 
7,8(0,9) ) 

0.1(0.1) ) 
0.2(0.0) ) 
0.2(0.5) ) 
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Discussio n n 
Currently,, the fibula is the most commonly used free flap bone graft in mandibular 

reconstruction.. It is long enough for an extensive jaw reconstruction and can be divided 

intoo relatively small segments of up to 2 cm without compromising vascularization (4). 

Thee number of osteotomies and the length of the bone segments have a very definite effect 

onn the degree of difficulty of the fixation method. 

Thee larger the defect of the jaw, the more osteotomies are necessary and the more complex 

thee procedu re becomes. Small changes in the length or angle of the bone segments have a 

directt effect on the position and projection of the chin. 

Fixationn techniques can be divided into rigid and non-rigid forms of fixation. 

Rigidd fixation methods use screws, THORP 4.0, plates, vanous reconstruction plates and 

screwss as well as miniplates. 

AA reconstruction plate can be used as a final fixation and as a template fixed to the remaining 

mandibularr abutments, within which the bone graft is given a contour and to which the 

graftt can be fixed by one or more screws. The use of a reconstruction plate greatly simplifies 

thee procedure. The disadvantage of this procedure however, is the relatively large size of 

platee and screws. A high profile plate can distort the contour of the jaw. This is particularly 

truee of central reconstructions. The fibula segments are sited within the plate, which has 

alreadyy been shaped to the original contour of the jaw. This always results in an ossal 

reconstructionn that is smaller than the original jaw. 'Stress shielding' by the rigid 

reconstructionn plate can sometimes delay consolidation (5). The fixation material may hamper 

thee placement of osseointegrating implants for a dental prosthesis. Secondary positioning 

off implants often necessitates the removal of plate and screws (6, 7, 8). Miniplates may also 

havee this disadvantage. 

Sincee its introduction by Hidalgo in 1989, the use of the miniplate for mandibular 

reconstructionn has proved to be a reliable method (9). These small plates are easily modeled 

andd enable an accurate reconstruction of the contour of the jaw using small segments of 

bone.. Two four-hole plates per osteotomy position are usually necessary also for fixation of 

thee neomandibula to the remaining mandible. The use of small bone segments always carries 

thee risk of devascularization and necrosis due to compression of the segmental periostial 

vesselss (10,11). 

Non-rigidd fixation utilizes interosseous wires, sometimes augmented by Kirschner wire 

fixation.. When more than one osteotomy is necessary, modeling and fixation by wires can 

bee a laborious and difficult procedure. The success of the wiring technique depends more 

onn optimal contact between the bone segments than do the other procedures. However, 
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studiess were not able to demonstrate any difference in the rate of bone healing between the 

rigidd and non rigid fixation methods in mandibular reconstruction (12,13), in contrast with 

interosseouss wire repairof fractures of the edentulous mandible. The reason for thisdifference 

iss probably that a vascularized bone graft has a much richer blood supply than the fractured 

atrophicc edentulous mandible (14). 

Inn recent years an alternative fixation method has become available. This is the nickel 

titaniumm Memory staple (BRI®, BIO Research Innovations, La Seyne, France and Amp*, 

Amp,, France). When an object made of this nickel titanium alloy is cooled below a critical 

temperaturee the metal matrix goes into the so-called martenistic phase. In this condition the 

metall matrix can be manipulated by bending without being damaged. When the object is 

warmedd up, the metal matrix regains its former configuration and the original shape is 

restored.. For medical use the nickel titanium proportion is such thatthe critical temperature 

iss below , and the original crystal formation returns at body temperature. 

BRPandd Amp® Memory staples are supplied with the points bent towards each other and 

ann S-shapedoroval bridge. After cooling to below the critical temperature the legs are 

straightenedd until they are parallel and the S shape or oval straightened out. If proper leg 

lengthh is chosen in order to penetrate both cortices, bicortical pressure will be created on 

reheating.. Comparison of nickel titanium alloys with other titanium or stainless steel alloys 

inn medical usage shows them to have a low elasticity modulus, high tensile strength and a 

highh fatigue strength (15). This results in continuous dynamic compression at the site of the 

osteotomy.. The biocompatability of these nickel containing alloys is comparable with that 

off titanium (16). 

Too date in the field of maxillo facial surgery, Memory staples have been used only in the 

treatmentt of fractures (17,18). 

Inn view of the good reports of Memory staples in these and other bone fixation techniques, 

wee considered their use as a potential method of fixation of fibular osteotomies in mandibular 

reconstruction. . 

Takingg the titanium miniplate method of fixation as one extreme and the cerclage method 

off fixation as the other one, within whose parameters good bone healing is to be expected, 

thee results given by the Memory staples fall somewhere in between.Their ability to withstand 

torsionall stresses is particularly important in central reconstructions and is comparable to 

thatt of the titanium miniplate. Memory staples have the additional advantage of exerting 

dynamicc compression at the site of osteosynthesis. Should external forces cause the fixation 

too become distorted, the use of the staple would cause it to return to its original position. In 

thee same situation, interosseous wire fixation would untwist and loose its stability completely. 
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Fig.. 6. Early postoperative panorex view of a patient fo l lowing segmental mandibular reconstruct ion wi th 
aa f ibula free flap. The two fibular osteotomies were f ixed wi th Memory staples and Synthes 1.5 t i tanium 
miniplates.. At that t ime no custom made staples were available for use in the frontal plane. 

Minip la tess exhibi t plastic de fo rmat ion and thus do not regain their or ig inal shape. This 

causess loss of bone contact result ing in reduced stability and slower consol idat ion. 

Stapless have a number of advantages over the t i tanium miniplates. Time is saved because 

off the reduced number of necessary surgical steps (the dri l l ing of mult iple holes, bending of 

platess and placing of screws all become redundant ) . The per iosteum is only min imal ly 

compromisedd as the staples are small and have only a l imi ted area of bone contact . 

Devascularisationn of the smaller bone segments is unlikely. The bulk of the fixation material 

iss less t h u s r e d u c i n g t he n e e d fo r its r e m o v a l in case of d e n t a l i m p l a n t s . 

AA disadvantage of the staple is its height in the f rontal plane. In f ixations of an angle less 

thann , the staple clearly juts out. The degree to wh ich it juts out is however, l imi ted. At 

ann angle of 50  this corresponds w i th approx imate ly 3 m m wh ich is comparab le to the 

heightt of a reconstruct ion plate and screws. This p rob lem can be overcome by mak ing 

stapless w i th a preformed angle in the bridge area. 

Inn setting up the trials, a model made f rom material independent of the variations found in 

cadaverr material was deliberately chosen. Cadaver material is not homogenous ..md di l lers 

w ide lyy in qual i ty. The geometry of cadaver material also varies, making ident ical and 

comparablee posit ioning ot the osteosynthetic material impossible. 

Itt is feasible to demonstrate the differences in the strength of the various types of osteosynthetic 
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materiall very effectively on a beech dowel model. Its force displacement curves show that 

itt is strong enough to resist the forces exercised upon it. It was only during miniplate 

compressionn tests that the screws were occasionally pulled out of the wood. This was 

accompaniedd by the extreme plastic deformation of the screw holes. This is never observed 

inn vivo. The moment of failure (miniplate fracture, loosening of screws) is much further on 

inn the process than the point at which plastic deformation begins (Fig. 4). 

Noo attempt to obtain absolute values was made, as in practice they are almost impossible 

too apply. The forces that act on a reconstructed mandible are highly variable and difficult to 

quantify.. Our experimental model appeared to deliver values high enough to be relevant 

withh a high degree of reproducibility. 

Ourr results and recent clinical experience (Fig. 6) have shown that the Memory staple has 

aa place as a suitable method of fixation in mandibular reconstruction using a free flap 

vascularizedd fibula bone graft. 
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