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1. THESIS TITLE 
 

The effect of innovative screw angled mini-plates on biomechanical 
 stability of mono-cortical fixation- an in vitro model. 
 

2. PURPOSE 
 
The purpose of this study is to introduce a testing device and a less complex 
scientifically relevant method of investigating the biomechanical behaviour of 
mono-cortical mandibular fragment fixation at different screw angles.  

 
3. AIM 

 
The aim of this investigation is: 
 
• The development and fabrication of a testing device to evaluate 3-

dimensional “in vitro” stability of mini-plate fixation of the mandible 
which emulates clinical relevance. 

 • To determine and quantify the efficacy of biomechanical stability of 
mono-cortical fixation employing mini-plates designed to 
accommodate a screw-placement angle of 90° (control) and design 
innovations featuring screw-placement angles of 45°, 60° and 75° 
respectively. These fixation displacement characteristics will be 
assessed in tension, compression and torque modes of loading. 

• To compare and reflect significant differences in the flexural data 
obtained from the various fixation systems. 

 
 
4. BACKGROUND 

 
Mini-plate fixation of displaced fractures was advocated by Roberts in 1964.1  
During the ensuing decades, mini-plate fixation techniques, without 
intermaxillary fixation, evolved as a consequence of the delineation of the 
intrinsic anatomy and biomechanical principles associated with deformation of 
the mandible in function.2,3 

 
The development and construction of the 3-dimensional testing device should 
simplify technically challenging procedures presently employed for accurate 
assessment of biomechanical stability of mandibular fixation systems. 

 
The efficacy of biomechanical stability of mono-cortical fixation, when 
subjected to tensile, compressive and torsional modes of loading, should 
exhibit similar load displacement characteristics for both the conventional 90°, 
as well as the experimental screw plate designs featuring more acute 
placement angulations. 
The innovative design configurations proposed for evaluation, should be 
clinically relevant. 
 
4.1 ANATOMICAL CONSIDERATIONS 

 
Viable surgical procedures are dependent on a knowledge of the 
anatomy of the angle of the mandible, including the position of the 
inferior alveolar neuro-vasuclar bundle.  Furthermore, cortical bone 

 
 
 



 

plate thickness varies in the retromolar area of the mandible, which is 
important when applying mono-cortical rigid internal plate fixation. 
 
 

            4.1.1   THE NEURO-VASCULAR BUNDLE 
 

Data from anatomical studies indicate that the minimal distance from 
the inferior aspect of the inferior alveolar canal to the inferior border of 
the mandible, is approximately 5,0mm (n=4,9).  The mean distance at 
the second molar has been found to be 8,3mm and 8,9mm for the 
third molar region.4 

 
If cortical penetration (cutting) is performed just medially to the 
external oblique ridge, the vertical distance between the most superior 
aspect of the canal and the cortex will be 6,9mm in the second molar, 
10.9mm in the third molar, and 13,9mm in the most anterior 
symphesis region of the ramus.4 

  
4.1.2 CORTICAL PLATE THICKNESS IN RELATION TO RIGID FIXATION 

IN THE MANDIBULAR ANGLE 
 

The buccal cortical plate is thicker at the external oblique ridge (mean: 
3,0 to 3,5mm) that at 5mm above the inferior border (mean: 2.2 to 
2.5mm) by 0,9 to 1,1mm.4 

 
 4.2 TRANS-BUCCAL/PER-CUTANEOUS SURGICAL APPROACH 

 
A distinct disadvantage of plating in the mandible angle is related to 
the plate placement on the buccal lateral aspect.  This requires a 
trans-buccal approach (an approach through the cheek, skin, muscle 
and periosteum) with the use of a trocar in order to be able to place 
the screws at right angles (90°) to the plates,5 as illustrated in Fig. 1. 

 
FIGURE 1.  Illustration of trans-buccal technique 
 
This in turn results in higher operating cost due to time spent and 
scarring of the facial skin.  This has been estimated to add an 
additional operating time of 21 minutes (SD 11, median 17,5).6 

 

 
 
 



 

Trans-buccal trocar screw placement is required for plates placed 
buccally or inferior to the external oblique ridge.7 Many studies have 
shown the possibility of a number of complications.8  Per-cutaneous 
instrumentation can cause a haematoma, false aneurysms, nerve fall-
out, longer operating time, skin scarring, and furthermore, complicated 
extended operation time in removal of such plating systems. 

 
Two-plate fixation is more time-consuming and the trans-buccal use of 
a trocar, which contributes to extended operation time, resulting in 
longer exposure time of bone to a higher bacterial contamination.  
Loss of a screw during the surgical procedure, introduced through the 
trocar, results again in extended operating time as it might have to be 
retrieved from a tissue plane.   

 
Per-cutaneous instrumentation is also essential when applying the 
mono-cortical strut plate system (used to provide increased strength) 
at the angle of the mandible.9 

 
The angle of the mandible, where the majority or fractures are located, 
demonstrates inferior narrowing and the location of a third molar, as 
an impaction or un-erupted tooth, has a major impact on stabilization 
of a fracture.  Due to the biomechanics of the mandible, these 
fractures are associated with the highest incidence of post-surgical 
complications.10 

 

 
 
4.3  BIOMECHANICAL CONSIDERATIONS 
 

In the past three decades, a variety of studies has contributed to the 
conceptualization of the biomechanical principles dictating mandibular 
behaviour during normal function.  The two-dimensional models 
demonstrate tension at the level of the dentition and compression at 
the lower border of the mandible whereas the 3-dimensional approach 
includes forces of the musculature on the balancing side during 
mastication.11,12  Based on these principles, different methods of plate 
fixation have evolved to solve the problem of displaced fracture 
segments. 
 
Currently, controversy continues unabated about the use of one or two 
mini-plates in mono-cortical plating for the purpose of providing 
adequate support and stability to facilitate effective immediate 
function. 
 
In the conventional plating systems, stability is derived from tightening 
the screw perpendicular to the mini-plate and adjacent bone.  
Anatomical constrains limit intra-oral access for bi-planar placement of 
the plate located on the lateral surface of the external oblique ridge. 
The difficult anatomical access necessitates compensation by drilling 
and screw application at an angle other than the required right angle.  
This practice results in an inevitable acute placement angle of screw, 
screwdriver and screw to bone interface. 
 
Mechanical engineering theory states that, for identical placement 
loads, screws inserted perpendicular to the engagement surface, 

 
 
 



 

should provide twenty percent more resistance to displacement than 
other placement angulations.13 However, viewed from a bio-
mechanical perspective, bi-cortical engaging screws inserted at an 
angle smaller than 90° have a longer surface area of interfacial 
cortical bone contact and this factor may eliminate the theoretical 
disadvantage of screw placement at 60° angulation to the bone 
surface.14  If this principle is applicable, it can be assumed that the 60° 
and the 90° configurations should exhibit similar biomechanical 
characteristics. 
 

 
5. STATEMENT OF THE PROBLEM 
 

The preceding résume of the literature indicates an awareness of the 
factors that influence the prognosis of mandibular fracture fixation.  In 
general, these factors are related to three areas:  

 
(i) Anatomical and surgical constraints 
(ii) Analytical investigations of the biomechanical behaviour of the 

mandible 
(iii) Biomechanical design and location of the fixation system 

 
While the first area has enjoyed extensive investigation, the second 
area which has to do with prediction of functional stability, is subject to 
complicated analytical methodology.  The third area, which concerns 
the design and location of the fixation systems, is extensively but 
inconclusively reviewed.  Very little attention has been given to: 

 
(i) Development of less complicated methods for delineating the 

biomechanical behaviour of the mandible for functional stability 
determination of fracture fixation. 

(ii) Addressing the problem of anatomical positioning of the plating 
system to ensure a minimal invasive surgical technique and 
cost effective operating time. 

(iii) The relationship between biomechanical stability and the 
screw placement angle in mono-cortical fixation. 

 
Since the prognosis of mandibular angle fractures, osteosynthesis 
segments are dependent on post-operative stability of the displaced 
segments. There is a need for detailed consideration of the fixation 
characteristics of acute vector angled screw mini-plate designs. 

 
 
       6. EXPERIMENTAL PROCEDURES 

 
The materials and methods used during this study will be documented 
in sections which are broadly co-incident with the lines of the 
investigation followed. 

 
6.1  COMPILATION OF MANDIBLE SAMPLES 
 

A total of 60 polyurethane synthetic mandible replicas (Synbone, 
Landquart, Switerland) will be used in this study.  These synthetic 

 
 
 



 

replica mandibles simulate the human mandible by demonstrating a 
rigid outer cortex and softer medulla component. 
 
This uniformity allows for more reliable comparison of fixation 
techniques by eliminating the variability normally seen in cadaveric 
and sheep mandibles.  The specimens will be sectioned in the midline 
to produce 120 hemi-mandibles for evaluation.  These samples will be 
divided into four categories with 30 specimens in each category.  The 
different fixation categories consist of: 
 

• Mini-plate with 90° screw placement angle 
• Mini-plate with 75° screw placement angle 
• Mini-plate with 60° screw placement angle 
• Mini-plate with 45° screw placement angle  

 

 
 
FIGURE 2.  Illustration of a design for angled screw placement 
 
These categories will be further subdivided into two different groups, 
each comprising 15 samples for the 3-dimensional fixation stability 
evaluation.  The modes of loading to determine biomechanical 
stability, in the developed test jig for each group, are the following: 

• Tension and compression evaluation 
• Torque evaluation 

 
6.2  FABRICATION OF POSITIONING TEMPLATES 
 

An intact hemi-mandible will be used for the fabrication of the three 
polymethylmethacrylate (PMMA) localization templates required for 
standardised and chronological preparation of the test samples and 
positioning of these samples in the mechanical testing device as 
follows: 
 

• Rigid fixation template 
 

The purpose of this template is for rigid fixation of the proximal 
segment of the test module to the vertical fixation plate of the 
test jig. 
 
Use of the prefabricated PMMA template will standardise and 
correlate the required receptacle holes through the 
coronoid/ramus region and the existing receptacle holes in the 

 
 
 



 

vertical fixation plate.  Furthermore, the location of these 
receptacle holes in the mandible, will align the distal section of 
the test module to the free-rotating crib located on the 
horizontal rotational axis of the load application wheel to be 
employed for torque evaluation. 
 
 

• Mini-plate positioning template 
 

The template for standardised mini-plate localisation on the 
ventral aspect of the external oblique ridge, is designed to 
accommodate two different plate positions in close proximity to 
one another. The upper position will be employed for 
tension/compression evaluation whereas torque will be derived 
from the inferiorly located structure.  This approach is primarily 
a cost saving exercise which is unlikely to compromise 
biomechanical principles.  The template will feature profile 
perforations imprinted to accommodate actual placement of 
the mini-plates for precise localization and screw access hole 
preparation.  In addition, the screw access holes on the 
various mini-plates will have drill guides for accurate angular 
preparation and predetermined depth penetration for the 
fixation screws.  
 

• Segmentation template 
 

The mini-plate position template will be modified to incorporate 
a guide for the introduction of standardized horizontally 
unfavourable osteotomies at the angle of the replica hemi-
mandibles.  The sectioning procedure will be undertaken 
simultaneously with the preparative procedures adopted for 
mini-plate localisation.  The template will feature two 
corresponding and linearly aligned bi-cortical engaging guiding 
trenches, ± 5mm in length located on the upper and lower 
aspects of the template allowing orientation slots to be cut into 
the surface of the synthetic mandibles.  Standardised 
sectioning will be obtained by linear connection of the prepared 
slots after removal of the template and employing a 
reciprocating saw with a blade width of 0,9mm for 
segmentation. 

 
6.3  MINI-PLATE FIXATION PROCEDURES 

 
The osteomised segments will be connected (fixated) by means of the 
experimentally designed and prefabricated titanium six-hole curved 
mono-cortical fixation plates identical in profile (Stryker Leibinger, 
Freiburg, Germany) as illustrated in (Figs. 2 and 3).  

  

 
 
 



 

 
 

FIGURE 3. A designed curved mini-plate illustrating different screw 
angle placements 

 
Identically pitched self-tapping screws, 7mm in length and 2mm in 
diameter, will be employed for fixation.  The different mini-plates will 
be positioned to correspond with the previously prepared screw holes 
on the segments and each screw tightened to predetermined 
standardised interfacial pre-loads using the calibrated torque 
screwdriver (Fig. 4). 
 

 
 
FIGURE 4.  Calibrated torque screwdriver 
 
The completion of preparative procedures on the hemi-mandibles 
necessitates accurate localisation and fixation of each individual test 
specimen in the testing device for 3-dimensional flexural load-
displacement evaluation. 
 
 
 

 
6.4  BIOMECHANICAL INVESTIGATION 

 

 
 
 



 

The 3-dimensional stability testing device that will be used for the 
stability potential evaluation of the fixated test module, involves the 
incorporation of the test jig, as shown in Fig. 5, within the Z010 Zwick 
testing machine (Zwick, Ulm, Germany). 
 

 
 
FIGURE 5.  Photograph of 3-dimensional experimental jig with fixated 
test module 
 

• Tension/Compression evaluation 
 

The jig basically consists of two testing platforms.  The one 
platform features a fixed vertical mounting plate for stabilising 
the experimental model in order to perform load-deflection by 
application of specific load at a standardised predetermined 
distance from the oseotomy site.  The vertical load induced via 
the loadpin as illustrated in Fig. 6 in the Zwick machine, 
facilitates determination of the tensile and compressive 
(cantilever) displacement that occurs within the fixated test 
samples. All measuring will be performed by the same 
operator. 

 

 

 
 
 



 

 
FIGURE 6.  Photograph of loadpin in Zwick machine  

 
Physical displacement of the segments (gapping) will be 
obtained from the load-displacement data.  Gaps between the 
displaced segments will be measured using a filler taper gauge 
at the inferior and superior margins. Vertical displacement will 
be measured at the inferior boarder.  The relationships 
between gap widths and incremental compression/tension 
values will be documented to produce a graphic linear 
regression model. 

 
• Torque Evaluation 

 
The second platform of the test jig consists of a rotating model 
holding device.  This device features a round disc 4cm in 
diameter located on a horizontal rotational axis with a wound 
steel cable having a tensile breaking force of 500 Newton.  
One end of the cable is fixed to the disc and the other end is 
attachable to the loadpin of the Zwick machine.   Specific load 
application by the Zwick machine on the wound cable, induces 
shear deformation on the experimental model.  Torsional  
loads are obtained by value substitution in the following 
formula:15 

   D = F x r 
where  D = Torque (Nm) 

F = Tensile Force (N) 
and  r = radius of disc (mm) 

 
The experimental validity of this formula is dependent on a 
constant radius.  This is achieved and controlled by 
maintaining a constant cable to wheel angle during application 
and relaxing of the load. 

 
In addition, a scale of degrees is secured to the rotating axis of 
the platform to record the degrees of rotation in response to 
tensile loading of the model as shown in Fig. 7.  

  

 
 

 
 
 



 

FIGURE 7.  Device used for measuring the degrees of rotation 
at specific torque applications 

 
During loading, the physical displacement (segment gapping) 
in the horizontal plane, (bucco-lingual, displacement), will be 
linearly measured at the superior boarder, of the test module 
using the mentioned filler taper gauge, as illustrated in Fig. 8.  
The relationships between gap widths and incremental torque 
values will be documented and used to produce a graphic 
linear regression model.16 

 

 
 

FIGURE 8.  Illustration of linear displacement measurement 
methods utilised 

 
 

• Load displacement evaluation 
 

All the load displacement tests will be conducted in the Zwick 
machine.  The experimental jig with the mounted test models 
will be incorporated within the testing machine by means of 
adaptor plates.  The resistance to the applied tensile, 
compressive and shear loads will be regulated.  A progressive 
load up to a maximum of 35 Newton will be applied to simulate 
clinical conditions.  Loading in the system will be 10 times less 
than in normal human clinical conditions.  This is due to 
discrepancies between the elastic modulus of living bone and 
artificial polyurethane.  Therefore 1,0 Newton in the test 
machine is equal to 10 Newtons clinically.16 These loading 
parameters are based on studies of bite force in post operative 
patients.  The assumption made is that meaningful information 
regarding mechanical behaviour should be obtained within the 
0-100 Newton range for incisal edge loading and 0-200 
Newtons range for contra lateral loading.16 

 
The velocity of the cross-head travel of cross head travel will 
be regulated.  Furthermore, a tension-compression load cell 
50N type 8301 will be calibrated and used throughout this 
investigation (Fig. 4).  Before each test, the experimental jig 

Superior gap 

Horizontal Displacement (Buccal/Lingual)   
Torque rotation force related 

Vertical Displacement (Inferior/Superior) 

Tension Compression Force related 

Inferior gap 

 
 
 



 

containing the test model will be secured to the lower base of 
the Zwick machine and calibrated to obtain a zero deflection 
value on the chart recorder. The load displacement 
characteristics will be recorded on the computerised chart 
recorder.  From the known deflection values on the chart 
recorder, it will be possible to derive the stability values of each 
fixation design relative to the magnitude of the applied load. 

 
Before experimental stability determination of the prepared test 
models, five unprepared intact hemi-mandibles will be used as 
controls to define the limitations of the substrate (synthetic 
mandible replicas) and testing jig. 

 
Incremental load displacement testing with zero, five, fifteen, 
twenty five and thirty five Newton will be conducted to 
determine the stability of fixated test samples for two modes of 
load applications, tested as tension/compression and torsion. 

 
Furthermore, the amount of physical displacement of 
segments (gapping) that occurs during the two modes of 
loading, will be obtained. 
 

 
 

7.           RESULTS 
 

The results obtained during the course of the investigation will 
follow an outline similar to that used in presenting the load 
displacement evaluation of the experimental procedures.  A 
summary of computed results and the statistical analysis will 
be presented in tabulated and graphic format. 

 
The tension/compression and torque load displacement results 
obtained from these evaluations will be separately tabulated as 
a load/displacement series of individual group values for each 
of the four different fixation categories.  The average values of 
each categories will each be depicted individually and 
comparatively in graphic illustrations. 

 
The mean and standard deviations will be derived from the 
abovementioned data tables and compared for statistical 
significance within the fixation categories using a one-way 
analysis of variance  (P < 0.05) and tabulated. 

 
 

7.1   TENSION/COMPRESSION DISPLACEMENT RESULTS 
 

The physical linear superior displacement values measured in 
millimetres, will be derived from the load/displacement data 
and tabulated for each fixation category in the test series. 
 
The mean and standard deviations will be derived from the 
tabulated results, compared for statistical significance within 
the fixation categories using one-way ANOVA (p < 0.05) and 
tabulated. 

 
 
 



 

 
The dependence of gap width on cantilever load will be 
graphically demonstrated by means of a simple linear 
regression model for comparative evaluation of the different 
fixation categories. 

   
7.2   TORSIONAL DISPLACEMENT RESULTS 

 
Similarly, the physically linear lateral gap displacement 
expressed in degrees of rotation in response to the applied 
torsional loads, will be tabulated. 

 
The mean and standard deviations, obtained from the 
tabulated results, will be compared for statistical significance 
within the fixation categories using one-way ANOVA (p < 0.05). 
 
The relationship between gap width and torsional loading will 
be graphically illustrated using first-order polynomial best-fit 
curves for comparative evaluation of the different fixation 
categories. 

 
7.3   COMPARATIVE RESULTS 
 

The clinical relevance relating to trans-buccal screw 
application and it’s preferred more cost effective alternative, 
the intra-oral approach, as it applies to screw angle placement, 
will have been researched. 

 
 

8.  OUTCOMES 
 

8.1   BACKGROUND 
 
8.2                  THE PILOT/FEASIBILITY STUDY  

 
Mono-cortical management of mandibular fractures – A new 
plating system (MIMAS).17 

 
Presentations: 
Topic: Minimal – invasive – Mono-cortical – angle -system – 

Load sharing and load bearing forces : IADR Congress 
  Pretoria, September 2004 
 
Presented: 1. Jacobs F.J., Botha S.J.17  (as abstract)  

Facial Trauma Congress 
   University of the Witwatersrand 
   February 2003 
 

2. Jacobs F.J., Botha S.J.17  (as abstract)  
16th International Conference on Oral and 
Maxillofacial Surgery 
Athens, Greece 
May, 200317 
 

 
 
 



 

Innovative developments 
 
Design and manufacture of: 
 

• Biomechanical test jig 
• 60° angulated plates 

 
8.3  ENVISAGED OUTCOMES 
 

It is envisaged that the results of this study should lead to: 
 

             8.4      PhD THESIS   
 

 8.5      PRESENTATION 
 

Angled intra-oral plating system (AIOPS)17th International     
Conference on Oral & Maxillofacial Surgery,Vienna, Austria 
September 2005 

 
              8.6   PUBLICATION 

 
 To be publish and in relevant Scientific Journals 

 
 
         
                                                                                       
9. EXPERIMENTAL MATERIALS                          ZA Rand 
 

• Synthetic mandibles    15,000 
• Manufacturing of jig     
and templates       5,000 
 

9.1  EXPERIMENTAL PROCEDURES 
 

• Human Resources 
Laboratory hours (120 Hrs) 
Instrumentation and Labour 
@ R100 per hour    12,000 
* Software programme       500 
* Printing/Duplication of   
 test results         500 
* Statistical analysis     1,500 

 
9.2  PRESENTATIONS AND PUBLICATIONS 
 

• Presentations         500             
• Publications 
* Thesis      10,000 
* Articles        1,000  

 
Total     ZA-Rand   46,000 
 
 

 

 
 
 



 

10.        Finance.  Stryker-Leibinger Research Fund 
Development fund in Department of MFOSurg, 
University of Pretoria  
            
11. ETHICAL CONSIDERATION 

 
This in vitro study is not ethical- implicated due to Stryker-Leibinger support. 
 

 
12. TIME SCHEDULE 

  
 Experimental procedure and complication of results should require 
 approximately 16 weeks to conclude. 
 
 For preparation and finalisation of thesis, a period of ±2 years is envisaged. 
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Addendum 3: 
Biomechanical In Vitro Test 

 
 
 



 
 
 



 
 
 



 

 

 
 

 

 
 

 

   Addendum 4: 
     The Mandibulator 

 

 

 

 

 

 

 

 
 

 

 

 
 
 



 

THE MANDIBULATOR 

by Heinrich Schieferstein, © 1998-2004  

Introduction 

The successful treatment of maxillofacial fractures requires the exact anatomical reposition 

of the fragments. The fixation has to stand functional loads at a minimum restraint of the 

function. 

Currently, plates and screw of titanium are used. The history of these implants started at the 

end of the 19th century empirically. By now, there are two different approaches: while some 

surgeons propagate massive and rigid plates, other believe in the miniaturisation of plates 

for internal reposition. 

The further development of osteosynthses is based in simple biomechanical experiments 

which are geared towards clinical experiences. For the validation and optimization of the 

state-of-the-art concepts, more expense of theoretical and experimental investigation is 

required. Recent biomechanical experiments need fundamental revisions and consequent 

maturation. 

The masticatory system carries out two main tasks: nutrition and communication. Since 

chewing and speaking are multi-factorial processes, their theoretical and experimental 

simulation require knowledge of Physiology and Biomechanics. Most of the recent models 

are static ones. 

Total joint replacement in the lower extremity is routine for about a half century, therefore the 

knowledge of the in vivo loads is highly sophisticated. Test standards for fatigue and wear 

are given. The fields of cranio-maxillofacial surgery still miss adequate data for implant lay 

out and tests. 

The aim of this study was the development for a tool which may be used for the 

experimental validation of mathematical models and the definition of characteristic load 

situations. Up-to-date product design is increasingly ruled by simulations. Before introducing 

new products to the market, their functional ability has to be proven experimentally.  

 

 

 
 
 



Status Quo 

During the last five to ten decades, many theoretical and experimental approaches have 

been published while the development of surgical implants is done secretly. The origin of the 

data uses for implant lay out or mathematical simulation differ considerably as far as they 

are published. 

Experiments can be distinguished in following groups: in vivo, in vitro. While the in vivo 

investigations are based on animals, the in vitro experiments operate with plastic models or 

cadaveric materials. It suggests itself that all these attempts vary considerably. The influence 

of the geometry and topology of different materials used casts doubt on the comparability of 

resulting stress and strain which finally rule the mechanical meaning. 

Mathematical models of the human masticatory system assume amount and direction of the 

muscular forces. Some models uses measured data regarding dental forces or joint 

geometry. All mathematical models are based on the static equilibrium of the involved 

forces; the models are two or three dimensional; the function of the M. pterygoideus medialis 

is discussed inconsistently. 

Experiments are non-dynamic and use a variety of materials: human plastic or cadaveric 

mandibles, porcine cadaveric mandibles, bovine rips. The loading situation depends on the 

topic, whether a sagittal split, a premolar or incisal fracture. Some experiments deal with the 

deformation of the complete bone, usually strain gauges are applied. 

A new experimental platform is required for realistic loading of mandible with or without 

implants. Human mandibles or plastic models have to be applied in order to reproduce the 

geometry and topology situation faithfully. Primary stability of the compound of bone and 

implant needs static experiments while fatigue tests need cyclic/dynamic performance. 

Mathematical models or diagnostic data provides test parameters. Depending on the 

problem, physiological and pathological situations will be adjusted simplified or complex.  

Mandibulator  

The demands on the experimental bench in brief: versatility, reliability, robustness, easy 

handling and extension. 

Besides static experiments for the validation of mathematical models, dynamic/cyclic 

operation for implants are required. 

The set-up needs an adaptation to various problems regarding joint or dental loads without 

much expense. The measurement of mandibular deformation or fragment deviation needs 

 
 
 



high quality level on one hand, contact free and feasible on the other hand. Handling, 

change and programming should be accessible for non-professional users. 

Hydraulic drives were chosen for load application. The range includes 0 to 1.000 N. Eleven 

of the sixteen drives can be controlled in the range of 0 to 100 mm alternatively. The force 

diversion is realised by stretch free Nylon ropes and frictionless blocks. 

As load sensors, each hydraulic cylinder has a force sensor; the artificial temporo-

mandibular joints have three-component piezo-electric force sensor. A PC is used for both, 

experiment control and data acquisition. The programming is realised in LabVIEW™. The 

digital-analog-converter provides the analog output signal for the hydraulic control units as 

well as the acquisition of 42 parameters. All data is saved to disc for off-line analysis. The 

sampling rate 1 kHz, each force signal has a resolution of 12 bit (by 1.000 N or 100 mm). 

The number of cycles, optional comments is included in the log-file. The fragment shift or 

mandibular deformation is measured using a standard motion analysis system. Up to three 

cameras observe the mandible or fracture localisation. The video data is utilized by motion 

analysis software.  

 

Mandibulator © 1998-2004: Heinrich Schieferstein 

 

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Addendum 5: 
ISI – Plate: White Paper 

 
 
 



Management of Mandible Angle Fractures 
-A different Angle to fixation- 

The Inclined Screw Insertion (ISI) Plate. 
 
 

By Frederick J Jacobs, MChD, FCM (MFOS) SA, BChD (Hons). 
 

Pretoria Academic Hospital, Assoc. Prof University Pretoria. 
 
Fractures of the mandible angle is second most common only to para-
sympheseal fractures of the mandible and often present as an indirect 
fracture associated with a direct fracture in the corpus on the contra lateral 
side . Rigid internal fixation of fractures in the angle is challenging, even in 
the hands of experienced trauma surgeons and is associated with very high 
incidence of post-surgical complications. Superior border mono-cortical 
plating for single simple fractures, where sufficient retro-molar bone is 
available, is the preferred method of treatment. Inferior border gapping 
under compression loading and possible insufficient biomechanical stability 
during contra-lateral loading with torsion forces are unresolved issues. At 
best, even in ideal situations when applying screws in the proximal 2or 3 
plate-holes at the conventional 90 degree angle during superior border 

plating,  requires approach from the 
contra-lateral side when pilot drilling and 
applying screws. This in turn demands 
temporary removal of the inter-maxillary 
fixation - wiring used to establish 
occlusion, alignment and reduction of the 
fracture fragments. Tooth removal in the 
fracture line is required in cases with 
root/crown fracture or where pre-existing 
pathology is evident .Loss of bone 
contact in the retro-molar tooth-socket 
compromises simple superior border 
plating due to lack of bone buttressing of 
fracture segments in the superior aspect. 

 
All rigid internal plating systems applied to the lateral aspect of the Ramus/ 
angle according to the second Schampy ideal osteo-synthesis line (located 
inferior-lateral to the External Oblique ridge) demand trans-cutaneous 
approach in order to conventionally place screws perpendicular (90) to the 
plate surface. Trans-cutaneous use of an introducer can result in 

 
 
 



complications such as haematoma, false aneurysms, nerve fall-out, skin 
scarring, and always results in extended operating- time . 

The ISI mandible angle fracture 
plate is a mono-cortical 2mm. 
trauma plate with plate-holes angled 
at 60degrees for screw application 
from intra oral . Applied as a mono-
planar , mono-plate to the caudal 
aspect of the External Oblique 
Ridge and anterior Ramus this 
bendable 6-hole plate specifically 
allows plating of the lateral aspect 
of the mandible via intra-oral 
approach saving time, is easy to 

apply ,drilling at plate holes with direct vision at an angle dictated by the 
plate holes ensuring a stable result. 
  
 
 
Drilling in quadrant 2 & 3 – where 2 is the angle for drilling pilot holes in 
the ramus section of the ISI-plate and where 3 represents the angle  for 

drilling pilot holes in 
the anterior corpus 
section of the ISI-plate  

 
 
Clinical Quadrant 2 

 
 
 
 
 
 
 

 
 
 



 
 
Screws inserted at 
60o or 45o have a 
larger area of 
contact in the bone 
cortex and provide 
the greatest degree 
of resistance to 
movement. 
 
 
 
 
 

 
 
 
A. The ISI mandible angle fracture plating system. 
 

1. The Trauma Plate. 
2. The holding/ drill-guide instrument. 
 
1. This titanium 6-hole trauma plate -Has 60 degree slanted plate holes 

in an anterior to posterior direction allowing direct view into the plate-
holes for pilot drilling of the bone with a 1,5mm.drill via intra-oral 

technique in-line of 
sight. The profile is 
2.0mm to 
accommodate angled 
plate-holes with the 
ramus (cranial) 3-hole 
and corpus (caudal) 3-
hole sections bridged 
by a mid section at an 
angle of 145 degrees,  

 
 
 

 
 
An angle determined by cadaver studies of the External Oblique ridge  
serves as a universal angle  145 degrees, to exclude template measuring prior 

 
 
 



to placement. This unique plate is bendable although seldom indicated and 
uses standard 2 mm.diameterscrews from the Stryker/Leibinger range. 
(fig.1.) 
 

 
 
 
 

It is known from recent in vitro studies that 
bicortical  intra oral screw placement at 60 
degree angle to the saggital plane does not 

require extra oral trans buccal approach 
(S.Uckan, A. Schwimmer, F. Kummer & 
A. M. Greenberg, B.J. of OMF Surg. 20 

March 2001).
If the same would be true for monocortical 
screw placement changing the screw angle 
design from perpendicular to 60 degrees 

would facilitate intra oral placement.
 

 
 
 
 
 
 
 
 
System Description and Methodology. 
 

 
 
 



 
(A) The six-hole plate. The inclined Screw Insertion (ISI) Mandibular  

 
angle fracture plate (MAFP)-Is a six hole 
trauma plate with a bridging section 
between the cranial 3-holes intended for 
application to the anterior, ramus of the 
mandible and the caudal 3-holes intended 
for application to the ventral, lateral 
aspect of the External Oblique ridge 
 

 (Fig.1) 

 

  

Plate fixation is performed with standard 
2mm. screws according to the Schampy 
ideal line for osteo-synthesis in the angle 
of the mandible.  (Fig. 2) 

  

 

 

The trauma plates for the left and right sides are laser marked and have 
plate-holes at an angle of sixty degrees in the direct line of vision for pilot 
drilling and screw application at this angle. The plate profile is 2mm and the 
edge of the plate holes guide a standard pilot drill of 1,5mm diameter along 
the inner surface, permitting a drill at what you see, during pilot drilling and 
screw insertion. Pilot- drilling (Fig 3) 
 

Why Angled screw placement and not 
conventional perpendicular screw fixation? 

1. Superior biomechanical stability. 

Greater degree of resistance to movement 
demonstrated in laboratory testing for both 
tension compression and torsion loading. 

 

 
 
 



Screw application at 60 degree angle. 
In vitro –poly urethane mandible-
laboratory testing. 

Note the lag effect of angled screw 
crossing the fracture line at 60 &45 
degree insertion (arrow above).Extreme 
biomechanical stability improvement 
demonstrated in graph below; 
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2. Intra-oral surgical technique for fixation of a trauma plate to the lateral 
aspect of the ramus is now possible due to angled screw- application. 
All other conventional perpendicular screw placement systems used mono-
planar in mono-plating of the lateral ramus, require trans-buccal 
instrumentation with related patient complications and longer operating 
time. 
 
3. No Post-operative Inter- maxillary Fixation  (IMF) required- even in 
partial load bearing. 
4. Used in cases with additional mandible fractures to the angle presenting 
either as direct or indirect fractures of the symphesis and/or corpus or 
bilateral angle fractures. 
4.1 Pre-Operative X-ray of Right Angle with left corpus fracture. 

 
 
 



 

 

 

 

 

4.2 Post operative X-Ray with ISI 
mandibular angle plate and two parallel 

plates for left corpus. 

 

 

 

5. Indicated in cases where retro-molar 
region is compromised due to bone loss , 
infected wisdom teeth in fracture line or 

lack of sufficient bone surface for screw placement in the proximal fragment 
when placing a superior border plate. 

6. Cost effective and bio-mechanically stable as a single mono-cortical 
trauma plate. 

7. Can be used in any load sharing mandible angle fracture. 

8. Simple intra-oral surgical technique –no need to temporary remove IMF 
in order to facilitate pilot drilling of the proximal plate holes across the 
occlusion from the contra lateral side.  

9. Minimal plate bending required to conform to the most anterior ramus and 
ventral aspect of the external oblique ridge. 

10. Ease of Application. 

The holding device/drill guide -A instrument for gripping the plate when 
fitting it to the lateral aspect of the ramus prior and after bending. The 
holding device engages the outer profile of the first plate-hole by means of 
four pins –designed and positioned to enable lip clearance of the instrument 
when used. The holding instrument is a positioning aid to hold the plate, and 
may, after bending, serve as a drill-guide for drilling at 60 degrees when 
pilot drilling hole Nr. (2). 

 
 
 



  

Surgical technique. 
 

Using .045mm. ligature 
wire, eyelet wires are made, 
positioned according to the 
patients dentition and 
spaced to optimize the 
reduction stability. An 
incision is made intra-orally 
similar to the buccal soft 
tissue approach to the bone 
for a saggital split 
osteotomy which includes 
anterior ramus stripping and 
limiting sub periosteal 

stripping to just caudal of the external oblique ridge. A curved clamp may be 
applied to the anterior superior aspect of the ramus to assist in soft tissue 
retraction .A firm tissue retractor is used to retract the soft tissue pocket 
buccally- the patients head is rotated to the opposite side. After tooth 
removal and fracture line debridement the fracture segments are reduced and 
stabilized using inter maxillary fixation (IMF) and can be additionally 
fixated using a temporary superior border wire osteo-synthesis. The plate is 
bend with plate benders if required, available on the 2mm. trauma plating 

sets, and held by means of 
the special holding device 
clamped to the first plate-
hole .The ideal plate position 
is the most anterior aspect of 
the ramus ,with the fourth 
plate-hole, of the cranial 
section of the ISI –plate just 
on  the proximal edge of the 
fracture line and the anterior 
bar of the plate just caudally 
of the external Oblique 
ridge. The ISI mandible 

angle fracture plate is available as a universal plate and can accommodate an 
External Oblique angle up to 145 degrees (a template will serve as indication 
for larger angles to use a 160 degree plate). It is also possible to rotate the 
anterior bar with its three plate-holes at the connecting bar in a anticlockwise 
fashion for left angle plates and clockwise for right sided angle plates to fit 

4th hole just 
superior of 
fracture line. 

 
 
 



the distal fragment in this situation the plate would be more superiorly on the 
external oblique ridge. 

The first plate-hole to be pilot 
drilled is the fourth hole from the 
front (the first hole after the 
connecting bar section) drilled 
whilst positioning with the holding 
instrument gripped at the first hole 
–no drill guide assistance is needed 
when running the 1,5mm. pilot-
drill along the inner surface of the 
plate-hole inclined at 60 degrees. 
A standard 2-mm. screw is 
inserted before holding instrument 

removal , this screw is tightened after final plate rotation adjustment is done. 
The sequence of screw placement to follow demands that at least a screw in 
plate-hole position one or two is placed and tightened before placing the lag 
screw in plate hole Nr. 3. this is essential to stabilize the fracture segments 
prior to lagging screw Nr.3 –pilot drilling across the fracture line will give 
an impression of screw length to be placed anything from 10-15mm. length. 
Screw legths of at least 7mm. are placed in other plate-holes with 7-9mm. 
lengths for the ramus- screws 

 

Post-op X-Ray Itra-operative 

Lagscrew – 
10-15 mm 

    

 

 

 
 
 



Case Reports and results: 

Case 1: Bone loss – additional IMF post-op  

 
 
 
 
 
 
 
 
 

 
 

Pre-op X-ray  
 
 
 
 
 
 
 
Case 2:  
 

 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

 

 
 
 



Case 3:  

 
Case 4: 
 

 
 
 
 
 
 
 

 
 
 



Biomechanical Stability Studies; 
 
 Results of a comparative study on the stability of rigid fixation, using 
screws of the same length and amount of torque where all variables were 
standardized except the angle of placement, clearly demonstrated that screw 
angles 60o & 45o rendered superior and significant better stability for both 
compression and torsion forces in a mono-cortical application. 
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Results.  
At the Pretoria Academic hospital 25 cases with mandibular angle fractures 
were successfully treated with the newly developed ISI mandibular angle 
fracture plate .Of this total , 21 were bilateral fractures and 1 a case with 
cortical bone loss and 3 were simple angle fractures . All cases except the 
bone loss case were treated without any IMF in the post operative healing 
period. All the fractures healed without any complications and 12 cases 
treated were older than 10 days post trauma when repaired. 
In a retrospective analysis of 2,609 cases of mandibular fractures treated 
between period January 2000 and May 2004 with teeth involved by Dr. J P 
White , teeth were present in the fracture line in 85% of cases. Mandibular 
fractures occurred more in males (88%) than in females (12%).The most 
common sites of teeth in the fracture line were the angle fractures (64%), 
parasymphysis (26%),corpus (17%) and the symphysis (10%). 
 
Conclusion. 
The ISI Mandibular angle fracture plate renders a fast simple, intra oral 
surgical technique solution to any load sharing angle fracture of the 
mandibula and adds a new dimension to the  Maxillofacial surgeons 
armamentarium for the mono-cortical  management of all angle fractures, 
saving time and complications as no trans-cutaneous technique is employed 
for the lateral application of this plating system. 
 The angled screw application is unique and superior to conventional 
perpendicular screw application and results in screw lagging across the 
fracture line, the use of longer screw lengths with larger area of contact in 
dense compact bone cortex as a mono-cortical system and is a mono- plating 
system applied to the lateral aspect of the angle of the mandibula resulting in 
biomechanical stability for compression and torsion forces superior to any 
mono cortical system available .The surgeons scope for the effective intra-
oral  mono-cortical treatment  of angle fractures is expanded to also include 
bilateral fracture situations . From patient perspective ensures no IMF in the 
post operative healing period , minimal post-operative complications as teeth 
in the fracture line can at all times be removed (even with radiographic 
evidence of chronic low grade infection around impacted wisdom teeth) and 
should the need arise for later removal of the plate the angled screws can 
easily be exposed and in direct line of vision,  through intra-oral approach , 
be removed- as apposed to perpendicular screws on the lateral aspect of the 
ramus. 
 
              
 
 
         

 
 
 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Addendum 6: 
USA Patent Registration 
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