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ABSTRACT

Mandibulo-maxillary fixation (MMF) screws are inserted into the bony base of
both jaws in the process of fracture realignment and immobilisation. The screw heads act as
anchor points to fasten wire loops or rubber bands connecting the mandible to the maxilla.
Traditional interdental chain-linked wiring or arch bar techniques provide the anchorage
by attached cleats, hooks, or eyelets. In comparison to these tooth-borne appliances MMF
screws facilitate and shorten the way to achieve intermaxillary fixation considerably. In
addition, MMF screws help to reduce the hazards of glove perforation and wire stick
injuries. On the downside, MMF screws are attributed with the risk of tooth root damage
and a lack of versatility beyond the pure maintenance of occlusion such as stabilizing loose
teeth or splinting fragments of the alveolar process. The surgical technique of MMF screws
as well as the pros and cons of the clinical application are reviewed. The adequate screw
placement to prevent serious tooth root injuries is still an issue to rethink and modify
conceptual guidelines.

KEYWORDS: Mandibulo-maxillary fixation, cortical bone screws, MMF screw design,

surgical technique, adverse effects, tooth root injuries/types of lesion

BACKGROUND/OBJECTIVES
Intermaxillary (mandibulo-maxillary fixation, MMF) is
regarded as the crucial step in the management of
maxillofacial trauma since it secures the interrelationship
of the occlusal surfaces, which is the absolute essential
step in reduction of fragments in both jaws. Temporary
intraoperative MMF is distinguished from prolonged
MMF maintained for varying time periods postopera-
tively as a conservative modality for fracture treatment.
MMF is employed in orthognathic surgery, and occa-
sionally to induce weight loss in morbid obesity.1–3

Historically, a plethora of techniques has been offered
to join the mandible with the maxilla.

In essence, a more or less complex, mostly metallic
framework was attached to the teeth to provide support
and anchor points for fixation of the jaws with inter-
connecting elastics or wires between the dental arches. In
dentate patients, tooth-borne devices such as chain-
linked interdental wires, wired arch bars, or cast metal
cap splints were used for many decades.

In partially or completely edentulous jaws, indi-
vidual partial or complete dentures or ‘‘gunning’’ type
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splints equipped with hooks were either attached to
residual teeth or circumferentially wired or directly
screwed to the alveolar processes to create an ‘‘occlusal
platform’’ prior to the application of mandibulo-maxil-
lary ligatures.4

Direct transosseous wiring to procure a bone-
borne hold for perialveolar MMF wires is communi-
cated in the literature5–7 but is no longer routinely
used. Nowadays, these traditional techniques are chal-
lenged by cortical bone screws inserted into the alveo-
lar process of the mandible and maxilla, providing
anchor points for MMF linkage with specialized screw
heads.

The increasingly popular usage of conventional
bone screws with the heads kept at 4 to 5 mm above the
mucosa or bone level paved the way for the commercial
manufacturing of explicitly designed self-tapping or
self-drilling MMF screws during recent years. Among
the forerunners of mere single piece MMF screws were
screws used in conjunction with stainless steel wire
hooks or short, two or three hole, segments of mini-
plates (‘‘hanger plates’’). The coupled hooks or the
empty plate holes served as anchors for MMF ligatures
(Fig. 1). An example still of interest is the spino-mental
fixation, where two screws fitted with hooks are posi-
tioned below the anterior nasal spine and shortly above
the mental protuberance to establish MMF in a very
simple manner.8,9

In complete edentulism, contiguous interarch
plates fixed with cortical bone screws can establish
MMF at an adequate vertical bite dimension without
the necessity for interposition of dentures.10

This article outlines the surgical technique and a
rationale for the use of MMF screws with an appraisal of
indications and contraindications as well as inherent
problems and typical complications.

SPECIALIZED MMF SCREWS
Conventional cortical bone screws were modified to
meet the requirements of the MMF-installation proce-
dure (Table 1). In the mandible, the outer cortices of the
lateral alveolar process, the retromolar field and the
mental protuberance consist of hard cancellous bone up
to 6 mm in thickness with a homogenous plane surface.
In contrast the alveolar bone in the anterior mandible
and the entire buccal maxilla is a thin layer of soft spongy
consistency.11 In the latter regions the underlying tooth
root morphology is reflected by the alveolar juga.

The torque necessary to drive self-tapping or self-
drilling MMF screws into bone is of varying amount and
quality, and must be compatible with the material and
the technical design of such a screw as well as by the size
and dimension of the hand held screwdriver it is coupled
to during the insertion. To prevent fractures of the screw
shaft or shearing of the screw head under rotational
stresses MMF screws are milled out of stainless steel or
unalloyed high-grade titanium. Conventional titanium
screws already show a tendency to deform as soon as wire
ligatures are applied and tightened. The shafts of MMF
screws have a pointed tip with a reduced thread diam-
eter. Self-tapping screws are grooved (single, double, or
triple straight or helical flutes) at the tip to provide a
reservoir for bone debris. Self-cutting or self-drilling
screws have a drill-shaped point to penetrate through the
bone with more ease. The screw shafts and the threading
profiles correspond to the miniscrews of osteosynthesis
systems from the different producers.

The basic configuration of the screw heads re-
sembles a capstan or a spool. The design of the screw
heads can differ considerably at the top and the shoulder
portion lying underneath a drum-shaped center piece. A
metal disk with a large diameter (7 to 9 mm) can either
cap the screw head or be located at the base just like a
saucer, while the opposite ends are made up by a small
collarband or an encircling ridge. Some screw head
varieties carry equally sized small flanges at the lower
and upper central cylinder (dual top). The borders of the
screw heads restrain any sliding motion of ligature wires
wound around the central part within their limits.
Moreover, the shoulder of the screw head serves as a
stop during the insertion procedure and should preclude
compression of the surrounding mucosal layer in case of
a transmucous application. The top of the screw head
must be protective toward the overlying buccal soft
tissues and provide a smooth contact zone outruling
erosions and mechanical ulcers of the mucosa during
longterm installation.

In current samples the central part of the screw
head is perforated with one or two channels, i.e., two or
four holes perpendicular to its vertical axis with a
diameter appropriate for passing a ligature wire (up to
gauge 22 or 0.64 mm diameter). The openings of such
ligature holes are conically countersunk to facilitate

Figure 1 ‘‘Hanger plates’’ for mandibulo-maxillary fixation

(MMF). Short plate segments fixed transmucously with

cortical bone screws are used as fasteners for the intermax-

illary wire ligatures. ‘‘Hanger plates’’ were among the fore-

runners of specialized MMF screws.
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threading in the wires. Ligature wires going through the
channels will not slip over the screw head and become
dislodged during the fixation period. More importantly
the wires are elevated over the mucosal plane and thereby
restrained to ride on the incisal edges causing pressure
and potential tooth damage.

Large diameter disks at the shoulder portion of
the screw heads, i.e., lower plateaus, are also meant to
inhibit interferences of the ligatures with teeth. The
plateau serves as a fulcrum and redirects the course of the
ligature wires in front of the tooth line.

MMF screws employ different drive designs, each
requiring a special screwdriver blade. Most common are
cruciform drives. In case ligature holes are present below
the top, the cruciate slots run parallel to the channels to
mark the hole orientation for improved access. Tapered
square socket drives allow for self retention on the screw
driver, permit an increased torque transfer during in-
sertion and are resistant to cam out. Screws with other
drive systems are coupled to the screwdriver blades with
holding or grasping sleeves. Power tools are unsuitable
for the insertion of MMF screws because a torque limiter
would be required to prevent the screw threads from
stripping.

SCREW SITE SELECTION
The anatomical site for the placement of MMF screws is
chosen with respect to a given fracture location, the
dentition, the extent of surgical exposure, the availability
and the quality of bone in the direct proximity of the
fracture line. The anterior vestibular regions as well as
the anterolateral transitional zones (canine and premolar
regions) of both jaws are oftentimes considered ideal,
because these areas are conveniently accessible and
supply an appropriate bone stock clear of tooth roots.

As a matter of principle, the intrabony structures
at potential risk for lesions through a screw insertion are
reexamined based on the radiographic findings at the
onset of the procedure. Panoramic x-rays, axial CT
scans, or volume rendered DVTs (digital volume tomog-
raphy scans/cone beam) are a guideline in bypassing the

tooth roots, the maxillary antrum, the mandibular canal,
or the mental foramen with preciseness.

In the anterior maxilla the piriform rim below
the nasal spine and above the dental apices appears safe
for setting MMF screws. A well fitting counterpart in
the mandible just as secure is the symphyseal and
parasymphyseal area underneath the apices of the in-
cisors and canines. Posteriorly the zygomatico-maxil-
lary crest and the solid oblique line buttressing the
outer mandibular cortex offer structural support for
MMF screws.

The bone plates at midlevel height along the
mandibular body and the lateral surface of the maxillary
base are frequently too thin to rule out a screw pene-
tration into the mandibular canal or into an expansively
pneumatized maxillary sinus.

Screw placement within the confines of the
upper or lower alveolar process is suggested to increase
the hazards of harming the tooth roots (Figs. 2 and 3).
The width of the interdental bony septa converges
towards the alveolar limbus, while the root circum-
ference of the adjacent teeth enlarges. For that reason
the risk of hitting a tooth root raises progressively with
positioning the screws closer to the coronal third of the
roots (Figs. 2 and 4).

Additional risk factors for damage are the dense
approximation of the dental roots in the lower front and
in the dorsal portion of the alveolar quadrants, notably
between the molars. Furthermore the molar roots can be
irregularly oriented in the bucco-lingual direction and
have polygonal axial cross sections.

No attempt should be made to drive MMF screws
into the interradicular spaces of the mandibular or
maxillary molars due to the minute sagittal and vertical
bone dimensions. Moreover the palatine roots of the
upper molars would obviate the horizontal insertion
depth of the screws (Figs. 2B and 3B).

Apart from the bone and tooth root conditions,
the intraoral soft tissue coverage must be acknowledged
as a second criterium for screw placement. Above all, this
becomes important in transmucosal screw applications
for long term periods of immobilization.

Figure 2 Lower half of the roots of permanent teeth exposed through a bone window in (A) left mandibular quadrant and (B)

left maxillary quadrant. Note the width of the interdental bony septae diminishing toward the alveolar limbus and crest.
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Usually the height of the entire upper vestibular
sulcus reaches to the level of all bony areas eligible for
MMF screw insertion. Only a broad and resilient attach-
ment of the upper lip frenulum may present more

difficult access to the piriform rim. The height of the
inferior labial sulcus, however, is diminished from canine
to canine by the paired mentalis and the lower lip
depressor muscles arising from the bony surface at the

Figure 3 Colored CT scans highlighting the (A) mandibular and (B) maxillary tooth roots in axial planes. Note the tripoid

configuration of the maxillary molar roots with the palatal roots at the medial outlet of the lingual roots.

Figure 4 Recommended MMF screw position in the anterior division of the mandible and maxilla. Transparent resin model in

three views—(A) sagittal, (B) frontal, and (C) inferior—to clarify the MMF screw position superior and medial to the upper canine

root tips as well as inferior and medial to the lower canine root tips. Note the combination of a ‘‘Box’’- and ‘‘X’’-wire cerclage

pattern.
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midjugal or midroot level of the lower incisors. This
flexible muscular layer must be pierced angulating the
MMF screw downward onto the mental protuberance.
The inclination of the screw can be maintained to keep
the screw head above the mucosa. Alternatively the
screw may be directed into a horizontal course, which
will bury the screw head into the soft tissue below of the
lower anterior vestibulum.

In the mandibular premolar region, the loose soft
tissue envelope immediately surrounding the mental
foramen must be avoided in the placement of MMF
screws in order not to catch, twist or sever the super-
ficially emerging mental nerve branches or the neuro-
vascular bundle. The mucogingival line and the attached
gingiva immediately adjacent to it give a reliable guid-
ance to the intermediate third of the tooth roots both in
the mandible and the maxilla. The firmly adherent
mucosal layer simplifies the insertion of MMF screws
in as much as protruding soft tissues will not obscure the
drill hole if the contact to the bony surface is lost.

The unprecedented safety technique is surgical
exposure of the bony surface in the fracture territory
prior to screw placement. In this fashion the axes and
density of the tooth roots as well as the width of
interdental spaces can be determined in view of the
alveolar jugal ridges. If the MMF screws are to be used
after the surgical procedure for long-term treatment the
screw placement must anticipate possible soft tissue
submergence after wound closure.

CERCLAGE PATTERNS
The cerclage wires between the mandibular and maxil-
lary MMF screws can be applied in different patterns,
depending on the number and position of the screws.

Temporary MMF is usually achieved with 26 or 24
gauge (� diameter 0.4 or 0.5 mm) prestretched stainless
steel wires ligated around or through the heads of each
screw.

Essentially the wire loops can be put on in a
vertical or a diagonal direction, resulting either in a
straight line parallel order, in a zig zag arrangement or
a combination thereof. Avoid wire loops running over
the unprotected edges of the upper incisors or the
vestibular facet of the upper cuspids, in particular when
longstanding postoperative MMF fixation is employed.

A bilateral block and an additional cross wise
(‘‘X’’) cerclage pattern based on a total of four MMF
screws located on the frontside of the jawbones (Figs. 4
and 5), recommended at the market introduction of
specialized MMF systems (Leibinger, Synthes), did
not anticipate the problem of orthodontically effective
loads on the tooth edges exerted by the pressure of
securely tightened wires. Tightening the wires in an
anterior cerclage pattern may generate a posterior open
bite.12,13 The initial recommendation concentrated on
convenient access and advocated safe MMF screw place-
ment to achieve a highly rigid immobilization.

To overcome the risk of undesirable single tooth
movements resulting in loosening or misalignment ne-
cessitating later correction an acrylic palatal splint
(Fig. 5) can be administered as a stressbreaker. The
splint buttresses in the upper teeth and produces a
mechanical stability, which neutralizes the retruding
forces of the wires. Likewise, the rim of the splinting
plate protects the incisal edges against enamel cracking.
However this requires dental impressions and laboratory
fabrication of an acrylic plate.

The overjet in every Angle class 1 occlusal rela-
tionship will lead to ligatures spanning over the upper

Figure 5 Interference of ‘‘Box’’- and ‘‘X’’-wire cerclages with the edges of the upper incisors in consequence of a ‘‘frontside’’

MMF screw placement. An acrylic splint works as a ‘‘stressbreaker’’ against undesired tooth movement and protects the incisal

edges. (A) Right side, (B) front side, and (C) left side.
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incisal edges, if the screws are positioned anteriorly. A
class II occlusion with mandibular deficiency and a
protrusion of the upper incisors aggravates these issues,
while an Angle class III occlusion reverses the situation
with affect on the lower incisors.

Refinement of the cerclage patterns using a multi-
point anchoring with four, six, or eight MMF screws can
preclude interference between the pathway of wires and
teeth.

A rather simple way of preventing this problem,
however, is to place the MMF screws exclusively on the
lateral side of the jaws and use vertical wire loops
(Fig. 6). Further, the lateral position of the cerclage
wires gives greater control over the posterior occlusion.

Wires connecting MMF screws on the front and
lateral side must avoid the natural curve around the
canines. A linear course of the wires in the transition
between the lateral and the frontal plane must avoid
tooth contact by having the heads of the MMF screws
reach far out into the vestibule beyond a tangent line
intersecting the canine facet at its peak point (Fig. 7). As
a consequence, the lever arm will be elongated, requiring
a longer screw shaft to achieve fixation.

A typical effect of using wire ligatures along
fixation points on the outer surface of the jaws is the
tilting of the maxillary and mandibular fragments, often
referred to as ‘‘bucco-lingual rotation,’’ which results in
occlusal gapping.13 This gapping is confined to the inner
facets of the occlusion and can easily go unnoticed
clinically because the outer tooth cusps are still in
occlusion.

A long distance between fixation points will
increase the moment of force exerted by tigthening the
wire ligatures in contrast to a shorter space of anchoring.
These factors suggest placement of the MMF screws
into the interdental/interroot bone spaces to attain direct
proximity of the anchors within the opposite dentoal-
veolar ridges. This reduces tension and lowers the risk
for rotational bone displacement and malocclusion. An
individualized placement of MMF screws followed by a
well-tailored consecutive ligature arrangement is obvi-
ously advantageous to any standardized screw position or
cerclage protocol, notably with the occurrence of pre-
xisting dental malocclusion or dentofacial deformities.

As a general rule, MMF screws need not be
symmetrically juxtaposed from jaw to jaw, but can be
aligned in a scattered distribution (Fig. 7), just as long as
the overall assembly ensures correct and stable occlusion.

An interesting extension of this technique which
is not possible with conventional intermaxillary fixation
methods is the temporary insertion of MMF screws into
remote non-toothbearing areas such as the zygomatic
body, the retromolar trigone or the coronoid notch
during surgical exposure. Thereby mobile fragments
can be realigned and stabilized through wire traction
prior to plate osteosynthesis (Figs. 16 and 17).

SURGICAL TECHNIQUE
MMF screws can be inserted under either local or
general anesthesia. In essence, a surface local anesthesia,
e.g., by application of a pump-spray or gel, will suffice

Figure 6 Exclusive placement of MMF screws at the lateral sides of the maxilla and mandible precludes interferences of the

pathway of wires and teeth. A set of four MMF screws in the interradicular spaces behind the canines on either side and

vertically running wire loops secures a firm centric occlusion. Jaws from: (A) right side, (B) front side, and (C) left side.
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because only the gingiva and the periosteum are respon-
sible for pain transmission. The sensory feedback from
deeper intraosseous structures, particularly the periodon-
tal ligaments may be valuable for control of the direction
of the screw insertion and a potential need for correction.

Prior to insertion, the oral cavity and the teeth are
cleansed with a tooth brush and rinsed with a desinfec-
tant solution (e.g., Octenidinhydrochlorid/ Phenoxye-
thanol—Octenisept1). Then the surgical site is
prepared. After reference to the radiographic images,
the bone conditions are further evaluated by palpation to
identify the optimal sites for the placement of MMF
screws. Soft tissue conditions, the dentition and the
pretraumatic occlusal relationships are also considered
to choose a cerclage pattern that is compatible with the
individual circumstances.

MMF screws can then be inserted in various ways:

� Through a perforation of the closed mucosa (Figs. 8
and 9) or after an open approach exposing the bone
surface (Figs. 10–16)

� Self-tapping after drilling full thickness pilot holes
throughout all bony layers or after predrilling just the
outer cortex, respectively

� Completely self-drilling (Figs. 8–10)

In a transmucous procedure the soft tissues (gin-
giva, vestibular mucosa) can be punctured with an elec-
trocautery needle, a No.11-blade scalpel or a 1-mm
punch at the insertion point. When the screws are passed

through an excessive amount of moveable mucosa, the
exact entry point into the bone will be uncertain. Reseat-
ing the MMF screw when it has lost contact with the
bony hole concealed by abundant mucosa can be difficult.

Holes for self-tapping MMF screws can be drilled
with a slow-speed hand-piece under copious irrigation
directly through the thin mucoperiosteal layer. The
mucogingival junction is the most appropriate site for
this procedure.

Figure 7 The cerclages will interfere with the facets or edges of the upper canines if the curvature between the lateral side

and the ’’front side’’ is crossed. MMF screw heads reaching far out into the vestibulum may avoid this problem at the expense

of the length of the lever arm. (A) Oblique right side, (B) front side, and (C) left side.

Figure 8 Transmucous insertion of a self-drilling MMF

screw into the interradicular space of the upper central

incisors, next to the small-based maxillary labial frenum.

62 CRANIOMAXILLOFACIAL TRAUMA & RECONSTRUCTION/VOLUME 3, NUMBER 2 2010



The burr is passed through the outer cortex, the
medullary space and optionally into the lingual or palatal
cortices, depending on whether a monocortical or bi-
cortical placement is desired. The burr hole reduces the
force needed for the insertion process.

Self-drilling MMF screws are commonly driven
into the bone by hand without any preparation. The
thickness of the outer cortex determines the insertion
force of the drive tool. Insertion starts with unengaged
turns on the bony surface before the screw tip breaches
the cortical shell and engages. After piercing the outer
cortex, resistance drops abruptly with entry into the
spongy bone, then the screw is pulled into the bone by
rotation resembling a corkscrew.14 If no change in
resistence becomes noticeable, a tangential gliding along
dentin of a tooth root or a complete penetration into a
root is likely and removal and reinsertion of the screw in
a new direction must be considered.14,15

If the thickness of the outer bone cortex exceeds
2.5 to 3 mm, predrilling through at least the outer layer is

recommended. The MMF screws should then be in-
serted with well-balanced and harmonious rotary mo-
tions exerting a moderate amount of power continously.
Vigorous, off-centered driving of the screws will wear
the bone eccentrically and compromise the grip of the
threads.

With bicortically placed MMF screws it is im-
portant that the screw tips fully penetrating the inner
cortical layer and reaching into the lingual or palatal
mucoperiosteum do not become a tangible nuisance for
the patient’s tongue. This is excluded by finger palpation.

The position of the ligature holes in the screw
head is indicated by the cruciform recess of the screw
drive. To make the ligature holes easily accessible it is
better to back out the screw a little into the desired
position than overtightening the screws and risking to
strip the threads.

For a secure grip of the screws, it is not necessary
to insert the screw shaft over the full length until the
shoulder portion of the MMF screw head firmly com-
presses the mucosal layer (Fig. 7). Soft tissue necrosis
around the entry hole by excessive compression should
be avoided. Satisfactory holding power is usually
achieved if at least two-thirds of the screw shaft has
entered the bone, provided there is good quality bone of
substantial thickness. The stability of each individual
screw should always be checked. Although transmucous
MMF screws show resemblance to osseointegrated den-
tal implants, perimucositis and periimplantitis are usu-
ally not an issue during a short period of use. If possible,
the screw heads should not be submerged into moveable
mucosa.

Once a sufficient number of MMF screws have
been inserted, then the occlusal relationships are pre-
cisely adjusted, possibly improving the bony reduction.
The ends of the cerclage wire are passed through the
ligature holes in the screw heads and twisted under a
constant pull with intermediate tugging motions until
the wire loop is straight and fully tightened. If the screw
axes opposite in the jaws are oriented at divergent angles
direct looping of the wires around the screw head
grooves will be possible. A convergent angulation will
cause the ligatures to slip off the screw heads and make it
mandatory to use the milled ligature holes
(Fig. 11C).13,14

More MMF screws can be added at any time to
provide additional anchorage and to reinforce the ri-
gidity of the fixation prior to plate and screw osteosyn-
thesis. To reestablish correct preinjury occlusion, both
condylar heads are comfortably seated into their fossae
manually, distraction of the condylar heads out of the
condular fossa will produce malalignment following the
release of IMF.

Removal of MMF screws after completion of
therapy is simply done by a screwdriver. After a long-
term transmucous placement, the screws can be taken

Figure 9 Self-drilling MMF screws inserted at the level of

mucogingival junction into the mesiodistal interradicular

spaces between the first and second premolar as well as

the first and second molar in the upper left quadrant.

Figure 10 Insertion of a self-drilling MMF screw after

exposure of the bony surface into the bucccal interradicular

space between the first and second premolar in the lower

right quadrant during open reduction of a parasymphyseal

(left) mandibular fracture.
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out without local anesthesia in the clinic. The small
wound which is left closes or granulates spontaneously
within a few days. Screws buried under soft tissue may be
exposed under local anesthesia and removed. Leaving
buried but protruding MMF screws in place, as per-
formed in one early study, is not recommended.16

INDICATIONS AND CONTRAINDICATIONS
MMF screws can provide bone anchors during establish-
ing and maintaining the occlusion in a wide variety of
fracture patterns involving the adult maxilla and man-
dible. The absolute requirement for the use of MMF
screws, however, is the existence of a stable occlusal
platform to keep the occlusion in the preinjuy relation-
ship when wire cerclages are placed across the screw
heads and tigthened for fixation. This holds equally true
for closed and open treatment of fractures. When IMF is
to be employed for long term, an appropriate MMF
screw type should be selected with a broad basal disc that
redirectes wire ligatures or elastics away from the tooth
surfaces (Table 1).

Favorable conditions include simple fractures of
the fully dentate mandible and/or maxilla, since it is easy
to construct a stable mandibulo-maxillary unit by the
insertion of a few MMF screws and wire links (Figs. 11
and 12).

Fractures of the alveolar process can be realigned
and retained in place through bone contacts. The
alveolar process itself may need stabilization by dental
splinting as well (e.g., acid-etch/resin Kevlar, fiber-
glass, or metal lightcuring splints), small plate osteo-
synthesis or both for double reinforcement, especially if
alveolar fragments are freely moveable. Whereas tradi-

Figure 11 Lateral four point MMF during open reduction of a mandibular angle fracture. (A) Frontal overview. (B) Detail right

mandibular body and angle exposed, locking plate fracture fixation. Transbuccal trocar still in situ. (C) Detail left vestibulum.

Convergent angulation of the screws requires to thread wire loops through the ligature holes in the screw heads to prevent

them from slipping off.

Figure 12 Temporary MMF (lateral and frontal) during

open reduction and fixation of a fracture in the anterior

mandibular body. Space limitations for osteosynthesis mate-

rial (i.e., tension band plating) must be considered prior to the

MMF screw insertion.
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tional arch bars serve as anchor points for intermaxil-
lary wire loops and splinting at the same time, MMF
screws do not.

In fractures of the maxillae extending into the
palate either in a sagittal direction (median or para-
median) or in a comminuted pattern the tooth bearing
arches must by prevented from tilting, collapsing, wid-
ening, or flaring. ‘‘Side-to-side’’ stability of the maxillary
arches17 can be achieved in various ways (dental model
casted acrylic palatal splints, transverse intermolar wir-
ing, open or transmucous rigid stabilization of the palatal
vault). It is mandatory to restore the integrity of the
upper jaw prior to the use of MMF screws. Transverse

palatal fractures do not require complementary steps
because splaying of the maxillary occlusal plane may be
prevented reliably via coupling across MMF screws to an
intact or repaired mandible.

Multiple fracture sites within the jaws and the
absence of opposing teeth complicate the reassembly of
bony bases of the mandible and maxilla. The intercon-
nection by MMF screws and wire must be supplemented
by open reduction. If it is possible to rebuild supporting
occlusion with dentures,18 impression material (e.g.,
polyvinyl-silicone, polyether, etc.) (Fig. 15), or pros-
thetic tray material (self-curing, light curing, or thermo-
plastic), partially or completely edentulous fragments can
be captured with the help of MMF screws and held in
their original anatomic position (Fig. 16). It does not
matter if the tooth loss is caused by the trauma or
preexisting atrophy.

Severe bone atrophy as in pencil thin mandibles
and/or in osteopenic and highly pneumatized maxillae
are not suitable for MMF screws, because the remaining
bone will fail to provide a secure purchase for the screws.

In some facial fracture scenarios (i.e., Le Fort II
and III patterns, panfacial fractures, multifragmentation
of the mandible including the condylar processes) a
mandibulo-maxillary unit may be created and locked
together by MMF screws and wire ligatures. This unit
can be manipulated in the comprehensive repair process
as a single element and integrated into the outer facial
frame by auto rotation once the ascending rami and
condyles are stabilized.

In comminuted and defect fractures priorities are
given to anatomic reduction of the existing bone and

Figure 13 Temporary MMF (frontolateral) during open

reduction of a fracture at the Le Fort I level. MMF screws

in the upper jaw were inserted after bone exposure. The

riding of the medial wire cerclage over the incisal edges was

accepted. The endotracheal tube is fastened to an additional

MMF screw in the zygomatic body above the fracture lines.

The application of a full dental arch bar in the mandible had

been hardly possible due to the deep frontal overbite.

Figure 14 Anterior open bite deformity and Le Fort I

fracture (exposed and partially plated). Three point frontal

and lateral MMF with screws and wire loops. Exclusive

frontal MMF most likely had resulted in posterior nonocclu-

sion and bony malalignement.

Figure 15 Triple mandibular fracture: bilateral subcondylar

process fractures resulting in loss of vertical ramus height

and left parasymphysis fracture. Avulsion of all upper inci-

sors. Occlusion reduced and secured with an individualized

pattern of conventional cortical bone screws and cerclages

after immediate replacement of the lost upper incisors with a

ready made block of silicone impression material creating a

supporting platform.
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with bridging hardware of the skeletal gaps. The applic-
ability of MMF screws here is related to the occlusal
matching of the counterparts left in the jaws. Only large
uninterrupted bone portions are suitable for MMF screw
insertion (Figs. 17 and 18).

In dentofacial deformities or in preinjury skeletal
discrepancies with malposition of the teeth, the useful-
ness of MMF screws must be individually evaluated.
Generally speaking, skeletal malocclusion due to pure
anteroposterior or sagittal irregularties (Angle class II
with positive overjet or class III with negative overjet) is
compatible, while vertical abnormalities with a tendency
to open bite are frequently not compatible (Fig. 14).
Localized fragments lacking occlusal contact can be
displaced by attempts to use IMF screws, interfering
with anatomic reduction.

Pathological bone quality must be regarded as a
contraindication to the use of MMF screws. Problems
arise as the purchase of the screws is compromised by
thin cortices, reduced bone density or brittle, fragile bone
as occurring in osteoporosis,19 and congenital or ac-
quired osteopathies.

Injury to unerupted tooth buds and dental follicles
should be avoided. Passing MMF screws through these
structures may cause infection, impingement and rota-
tion of the tooth buds leading to inflammatory resorp-
tion, osteomyelitis, impaction, growth arrest or
retardation, and deficient or abnormal root formation.
Thus MMF screws may be contraindicated in children
with deciduous or early mixed dentition. In the later
stages of mixed dention the anterior alveolar ridges and
their bases become accessible for the insertion of MMF
screws. It may be beneficial to apply spino-mental hooks
adjoined to MMF screws. In the buccal maxillary and
mandibular segments, the replacement of the deciduous
teeth by eruption of permanent teeth will occur at an age
range of 12 to 14 years.

Congenital or acquired bleeding disorders might
lead to persistent oozing from the screw insertion site.
Patient options for long-term use of MMF screws must
be individually evaluated according to the risk of throm-
boembolic complications and the justification for mod-
ifications of the medication.

For open fractures, temporary cessation of oral
anticoagulation is often necessary. If the MMF screws
are kept in place beyond the healing period of the
surgical access site, the reinitiation of anticoagulation
may be delayed. Mandibulo-maxillary fixation post-
operatively is generally contraindicated in epilepsy,
chronic alcohol and substance abuse, obstructive airway
disease, psychiatric disorders, gastric reflux, and ano-
rexia/bulimia.

Figure 17 Model of a comminuted fracture extending over

the right mandibular body and parasymphysis. Occlusion was

secured with MMF screws and wire cerclages. Likewise, in

the preceding figure the position of the ascending ramus can

be maintained with MMF screws and cerclages anchored

outside the dentate alveolar processes.

Figure 16 Intraoperative use of MMF screws for four point interarch fixation in open reduction and plating of a double

mandibular fracture: parasymphyseal basal wedge left and angle right. (A) The lower incisores including the orthodontic arch in

the mandible were lost from trauma. The MMF screws in the mandible were placed after surgical exposure of the fracture sites.

Novel use of MMF screw in the anterior border of the ascending ramus yielding an abutment for control of the posterior

edentulous fragment during osteosynthesis. (B) Detail showing the ligature placement outside the tooth row maintaining the

remote fragment in the reduced position.
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COMMON PROBLEMS
Common problems encountered with MMF screws
relate to the three issues:

� Risk of injurying tooth roots
� Soft tissue burying of screw heads in the anterior

mandibular vestibulum19

� Interference of wire loops with the upper incisor edges
or canine facettes

MMF screws can penetrate dental roots and cause
defects.20,21

Based on the two-dimensional projection in pan-
oramic x-rays or dental films, dental root defects are
classified according to their location, size and prognosis
for survival of the injured tooth (Fig. 19). Fabbroni et
al22 distinguish minor from major contact root injuries
depending on the percentage of the circumference of the
hole left by an MMF screw radiographically visible
adjacent or over the root formation. The threshold value
to separate minor from major lesions amounts to a 50%
overlap between screw hole and the dental root (Fig. 20).
In a retrospective radiographic study on screws used for
monocortical miniplate fixation of mandibular fractures
using Champy’s technique, Driemel et al23 characterize
four types of dental root lesions. Two ‘‘central’’ types
comprise lesions above or in the apical third of the root
(including the neurovascular bundle) presumably includ-
ing a pulp injury. The two ‘‘peripheral’’ types are not
associated with pulp injuries and are located either in the
radicular dentin, cement, or peridontal space

Both studies found that the occurence of major
radiographic lesions was not reliable in predicting clin-
ical sequelae in terms of vitality testing or the necessity
for endodontic treatment, apicetomies or tooth removal.
This was explained by the radiographic assessment
technique (periapical dental films or panoramic radio-

graphs), which cannot reveal the actual depth of pene-
tration or the involvement of the dental pulp chamber
(Fig. 21).

Grooving, scoring, or scratching the surface of
tooth roots peripherally at the cemental lining is re-
ported to have innocuos consequences. Recent histolog-
ical examinations in experimental root lesions induced
with orthodontic mini screws (diameter 1.7 mm) in
beagle dogs demonstrated a nearly complete repair of
the periodontal structures (cementum, periodontal liga-
ments and bone socket) starting 12 weeks after removal
of the screws.24

Figure 19 Sagittal cut through dentate right mandibular

quadrant with schematic markings of the suitable sites for

MMF screws in the subapical region or the interradicular

spaces (green dots) in contrast to the various types of dental

root lesions (red dots). The dental roots are divided into thirds

as a reference for the vertical height (blue parallel lines).

Radiographically the innocuous ‘‘peripheral’’ types of root

lesions are located in or over the dentin or cement and do not

involve the pulp (see first and second molar). The severe

‘‘central’’ types project over the pulp chambers (see first and

second premolar) or the neurovascular entry zone at the

tooth apex suggesting a deleterious hit.

Figure 18 Horsekick injury of the right lower face with extensive soft tissue laceration and complex mandibular body fracture

icluding the alveolar process. (A) Fragments still unreduced, first MMF screws and wires applied. (B) View through the soft

tissue wound. Anatomic bone reduction and occlusion maintained by a few MMF screws in conjunction with interarch and

circumdental wire loops. Right mental nerve traumatically torn off.
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The percentage of tooth root injuries per patient
after MMF screw placement regardless of their severity
and clinical relevance was pointed out to range over
more than 10% (Table 2). This number probably
exceeds the incidence of root damage caused by screws
inserted for plate osteosynthesis; however, the calcula-

tion base differs between the reports and renders
comparisons difficult. Thus Borah and Ashmead25

documented an incidence of 0.47% for root impinge-
ment per screw (13 transfixed teeth per 2340 screws)
subsequent to monocortical or bicortical plate osteo-
synthesis in the facial skeleton, while Driemel et al23

Figure 20 Radiographs showing several types of dental root lesions after MMF screw removal. (A) ‘‘Minor’’ peripheral lesion

along the peripheral dentin in the upper third of the mesial root of the right mandibular first molar. (B) ‘‘Major’’ central lesion in

the middle third of the mesial root of the right mandibular first molar. The image did not clarify possible pulp involvement. CO2

vitality testing was positive. (C) ‘‘Minor’’ peripheral lesion next to the periodontal space in the middle third of the root of the

second right mandibular premolar. (D) ‘‘Major’’ central lesion in the middle third of the root of the first right mandibular premolar.
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Figure 21 Possibilities of postoperative radiographic assessment of MMF screws positions exemplified after four-point

interarch wiring behind the canines for treatment of a Le Fort I fracture. (A) Final intraoperative check of occlusion

subsequent to release of wire cerclages. MMF screws left in situ. (B) Occipito-frontal skull x-ray view (Towne’s) of the Le

Fort I level. The MMF screws overlap with the tooth roots. (C) Panoramic x-ray of second and third quadrants. MMF screws

pairwise in the larger interradicular spaces of the mandible and maxilla. The screw position between the upper first and

second molar was three dimensionally evaluated in cone beam (= digital volume tomography scans). (D) Axial DVT plane of

the second tooth quadrant. The shaft of the MMF screw goes straight through the interradicular space without any root

contact. (E) Coronal DVT plane. The tip of the MMF screw does not reach the palatal cortex. Difficulties in interpretation may

arise from the blurring artifacts caused by stainless steel screw material as in this case. (F) Sagittal DVT plane—at the level

indicated by the diagonal yellow line in D. The distances between the screw shaft and the tooth can be precisely measured in

serial planes
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indicated a percentage of 1.4% per screw (30 out of
2100 screws), but in 8% of their overall patient series
(29 out of 380 patients).

If damage of the mandibular or maxillary tooth
roots by a central pulp involving lesion is identified on
postoperative x-rays after the use of MMF screws
(Figs. 21 and 22) a follow-up period of 4 to 6 months
is good clinical practice. Endodontic treatment is ad-
ministered only if vitality testing (repeated at regular
intervals) remains negative or if the affected tooth
becomes symptomatic, i.e., pulpitis.

Several case reports dating from the late 1990s
and early 2000s focus attention to intraoperative tech-
nical problems during MMF screw insertion such as
bent or fractured screws and shearing of the screw
heads.26,27A rare event is fracture of tooth roots af-
fected by MMF screws engaging so heavily into the
radicular substance that their shafts break. Osteotomies
may be required for removal of the foreign body and
tooth.26

Inadvertent penetration of the MMF screw shaft
or tip into the maxillary sinus does not matter and will
heal spontaneously unless the antral wall is thin and
fragile. The MMF screw will get loose and tilt down-
ward when the wire cerclages are applied and tightened.
A small circle-shaped impaction or lamellar cracking of
the antral wall together with a soft tissue laceration may
result in a vestibular oroantral fistula and if persistant
may require surgical closure.

All three kinds of damage from MMF screws
listed can be controlled when the lateral sides of the
mandibular and maxillary alveolar ridges posterior to the
canines are selected as the sole sites for screw placement.
The risk of hitting the apices of the tooth roots with
deleterious consequences for pulp survival is noticeably
diminished using the interradicular/interdental spaces.

Screw heads covered by soft tissue do not present an
issue anymore since the necessity to place MMF screws
into mobile mucogingival tissue is almost always con-
fined to the anterior vestibulum of the mandible. Finally,
wire loops around MMF screws located in the premolar
and molar region will easily bypass these teeth and
resolve the problem of undesirable interferences with
upper incisors or canines.

DISCUSSION
The insertion of MMF screws is a rapid and elegant
technique to provide abutments for jaw immobilization
with wire or elastic loops and secure occlusal relation-
ships. MMF screws are claimed to improve the safety of
the procedure, since only a few wire ligatures are used as
jaw linking cerclages. Minimizing intraoral manipula-
tion with sharp stainless steel wire tips diminishes the
rate of glove perforations and puncture injuries as risk
factors for blood borne virus transmission (hepatitis B,
hepatitis C, HIV).28 Therefore the application of wires
with blunt ends rounded by laser welding, heavy traction
elastics or orthodontic powerchains around the MMF
screws offers even more effective infection control.13,14

An incidence of glove perforations up to 50% due to wire
stick trauma was reported, when intermaxillary wire
fixation was employed as the single treatment modality
in a series of mandible fractures.29

A lowered incidence of glove perforations using
MMF screws has been confirmed in a pilot clinical
study16 with a 9:1 ratio of glove penetrations in arch
bars compared with no penetrations in MMF screws.

Arthur and Berardo20 are acknowledged to be
among the first to propose the use of conventional
2.0 mm self tapping titanium bone screws directly linked
by wire loops to establish mandibulo-maxillary fixation.
This direct connection over the screw heads was pre-
ceded by 2.0 bone screws equipped with J- or S-shaped
metal hooks serving as indirect attachment points. These
specially designed hooks made of 0.8 mm Cr-Ni steel
wire with a ring bent at their base for passing through
the bone screw were introduced 1981 by Otten8 and are
referred to as ‘‘Otten hooks.’’30–32 In the original tech-
nique the screws were placed submucously at the midline
of the maxilla and mandible next to the anterior nasal
spine and into the mental protuberance, respectively.
The metal hooks protruded into the anterior upper and
lower vestibulum acting as supporting elements for
elastics or wire ligatures to accomplish a spino-mental
fixation. Lately, the ‘‘Otten hooks’’ have found renewed
interest as a form of conservative therapy for mandibular
fractures9 and in particular for the closed treatment of
condylar process fractures. The bone anchored mandi-
bulo-maxillary immobilization with conventional corti-
cal bone screws was showcased in several reports during
the 1990s.16,18,33–38

Figure 22 Immediate postoperative panoromic x-ray with

4 MMF screws left in place after previous use during open

reduction and plate fixation of a double mandible fracture:

parasymphyseal region left in combination with subcondylar

region right. Ironically enough the screws of the superior

border miniplate in the front project onto the root tips of the

lower incisors. The MMF screw in the lower right quadrant

(between second premolar and firstmolar) needs clinical and

radiologic control to rule out damage and confirm the integrity

of the root/pulp.
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Numerous and distinctive advantages over tradi-
tional methods were highlighted:

� The simplicity of technical handling
� The ease and speed of application resulting in abbre-

viated operating times and cost-effectiveness
� A low risk of inadvertent skin punctures with de-

creased risk of transmission of viral pathogens
� High stability of skeletal anchorage for precise re-

alignment of the preinjury occlusion when the denti-
tion is preserved

� Minimal amount of hardware in the oral cavity,
improved comfort for the patient and improved oral
hygiene

� Suitable for application in extensive prosthodontic
restorations with crown and bridgework or full den-
tures

� Compatibility with open reduction and bone plating
osteosynthesis

� Painless and fast removal in the office

Conversely, the problems, risks and complications
of MMF bone screw technique were minimal in these
intial papers and dental root injuries seemed hardly
worth mentioning. The number of patients studied
ranged from two illustrative cases18 over 10,37 13,36

and 23,38 2916 to reach 67 in the reports of a consecutive
series after a 2-year experience.33–35 These small patient
groups treated by experts might contribute to the low
occurence of problems and to overenthusiasm with
neglect of shortcomings.

Except for two reports,36,38 which employed the
screws intraoperatively only prior to open reduction and
plate fixation, the screws were used for MMF in closed
fracture treatment for long-term immobilization. The
number of screws or fixation points (2, 4, 6, and 8), the
diameter (2.0, 2.4, 2.7, and 3.5 mm) and the screw
length (10 to 24 mm) varied widely across the studies
as well as the mono- or bicortical insertion mode. The
preferences for screw placement were two anatomical
orientations at the anterolateral or lateral jaw surfaces:
Conforming to the original description of Arthur and
Berardo,20 the anterolateral surface of the maxilla in the
piriform rim and at the zygomatico-maxillary crest and
the anterolateral mandibular region below the root
apices and between the mental foramina.16,18,33,35,38

The anterolateral screw sites were described as the
distant cranial or caudal alveolar processes away from
the root apices, medial or distal to the canines.34,39

The alternate choice at the lateral surfaces were
the spaces betweeen the first and second premolars in
each quadrant36 or along the entire mucogingival junc-
tion.37 MMF bone fixation in adults with permanent
dention was done in 72 patients by use of four Mitek
Mini anchors placed transmucosally mesial to the canine
tooth roots and bilaterally into the pyriform rims.40 The

Mitek anchors in the opposite jaws were attached with
suture ligatures stretching an intermediate bundle of
heavy orthodontic elastics. If complete upper and lower
dentures are available, the Mitek skeletal MMF anchor
technique can be employed in edentulous jaws. In
primary or mixed dentition a set of four peculiar ‘‘micro-
lugs,’’ each composed of a two-hole segment of a thin
Vitallium mesh and a microscrew of 3 mm length were
applied monocortically mesial to the secondary canine
follicles. For the treatment of pediatric mandibular
fractures a resorbable MMF screw placed in the anterior
zygomatic body in combination with a nonresorbable
circummandibular monofilament suture has also been
used for fast MMF.41

The overall positive response to MMF bone
anchoring techniques fostered the design and manufac-
turing of specially designed or dedicated MMF screws.42–

45 These ‘‘second-generation MMF screws’’46 had pol-
ished and smoothed capstan-style heads with milled
channels for the uptake of the ligature wires to minimize
damage to the labial mucosa and increase the patient’s
comfort. At first the MMF screws were self-tapping and
later on self-drilling.14,47,48 Self-drilling MMF screws are
hand inserted without predrilling and do not need power
equipment. This provides additional safety against con-
tamination by infectious aerosols and blood or saliva
splashes generated during drilling with handpieces28

and avoids thermal necrosis of the bone or the mucosa.
Compared with predrilling of holes self-drilling

MMF screws are presumed to offer an improved tactile
feedback as soon as tooth roots are encountered.46,48

This barely verifiable feature is supposed to permit a
prophylatic screw removal, redirection of the entry path
or repositioning to another site.

Self-drilling MMF screws48 can be applied at the
bedside.49The market launch of the specialized MMF
screws in the late 1990s was followed by journal pub-
lications, technical notes, and short communications,
demonstrating the features of the new equip-
ment.14,42,43,47,48,50 The potential risks were raised by a
succession of clinical studies and case reports (Table 2).
The methodology and the quality of documentation in
these studies barely exceeds an empirical level of evi-
dence, but the data reveal the occurence and frequency of
complications, which must be acknowledged. The de-
tection of tooth injuries must be determined by the
adequacy of assessment in follow up as well as the precise
determination of the relevant lesion (see above for full
description). Only those reports with a rigorous clinical
(vitality testing) and thorogh radiographic protocol de-
scribe significant percentages of root damage per total
number of applied screws, reaching from 0.9% to over
3% up to an alarming 13%.13,19,22,46 A minority of the
injured teeth required endodontic treatment, apicecto-
mies or removal, since the injuries were either peripheral
or did not end inside the pulp chamber.
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Screw loosening was noticed on 6.5% (15 out of
229) of the screws placed in the most recent report.46

Hardware failure is attributable to prolonged periods (2
to 8 weeks) with wire linkage and/ or guiding elastics. It
suggests a compromised stability, if a limited number of
MMF screws are used as anchor points which has to
withstand continuously repeated loading or elastic trac-
tion.27,43,51 Fatigue fractures of the screws have not been
reported.

Soft tissue burying or mucosal overgrowth of
MMF screws (Figs. 23 and 24) is only encountered in
studies with screw placement adjacent to or within the
mobile mucosa.13,19,45 In the ‘‘second generation’’ studies
the screw site selection was based on clinical and radio-
graphic information. About a half of the studies adhered
to the anterolateral and lateral locations previously
described, while others choose alternative sites to rees-
tablish the occlusion and did not limit any anatomical
region (Table 2 and Fig. 25).

The placement of MMF screws in those studies
correlated with utilization of open reduction techni-
ques.13,14,46,51 Open surgery in conjunction with rigid
plate and screw fixation allows immediate removal of
MMF screws from tactically efficient but uncomfortable
sites at completion of surgery; in long-term closed treat-
ment, screw placement has to account for the physcial
comfort of the patient.

Rare incidents were also noticed, namely bone
infection and interdental sequestration,27 root frac-
tures,13 pressure ulcers of the mucosa overlying the screw
heads and cerclages,53 sensory disturbances or deficit in
the innervation of the inferior or mental nerves,45,53

breakage of drill bits,14 deflection or shearing of screw
shafts, fracture of screw heads27 and screw ingestion.46

The clinical studies are supplemented by letters
and replies further elucidating the MMF screw techni-
que45,47,51,54–57 and its adverse sequelae.26 In regard to
the danger to dental root injuries skepticism and caution
against the use of MMF screws was notoriusly prom-
inent.15,21,58,59

From the very beginning the domain for MMF
screw utilization has been seen unanimously in the treat-
ment of so called ‘‘simple’’ (i.e., singular, one line, non-
displaced) fractures in the mandible and maxilla or
both. The indication in closed treatment33,34 has been
expanded with the progressive use of internal fixation
devices. Generally speaking in adults there are no absolute

Figure 23 MMF screw positioned in base of the upper

labial frenum triggering granulation and burying in the mobile

soft tissues.

Figure 24 Excessive granulation tissue reaction around

Otten hooks and elastic loops applied for closed treatment of

a subcondylar fracture on the right. A partial acrylic plate was

placed in the first quadrant to provide a posterior fulcrum

intended for reduction of the condylar fragment. The func-

tional consequence is a circular open bite. The upper central

incisors have been protruded and rotated inward by the

elastic bands ‘‘cutting’’ into the gums and the interdental

spaces thus lifting the teeth forward.

Figure 25 Synopsis of placement sites for specialized

(‘‘second generation’’) MMF screws as described in the

text and listed in Table 2. The MMF screw insertion sites

of the different study groups are superimposed symmetri-

cally on a panoramic display of the upper and lower quad-

rants. For improved visualization the exit zones of the mental

nerve and its branches around the foramen are not spaced in

the scheme. (Color-coded fields—authors: Blue—Otten

19818; Pink—Schneider et al,45 Imazawa et al53; Ma-

genta—Ho et al50; Blue and red—Hoffmann et al13; Blue

and yellow—Maurer et al52; Green—Karlis and Glickman42;

Yellow—Roccia et al19; Gray—Fabbroni et al22; Orange and

gray—Coletti et al46)
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contraindications42,48 for the temporary or postoperative
use of MMF screws, even in alveolar process fractures,
comminution or partial or complete edentulism. When-
ever a satisfactory three-dimensional relationship of the
bony bases and jaws can be restored using dentures or bite
blocks as a platform, MMF screws may anchor fragments
until rigid plate fixation is accomplished.

Unerupted tooth buds in the deciduous or mixed
dentition of pediatric patients are a danger—potential
injury by MMF screws presents a compelling contra-
indication to their use. Comparisons of traditional arch
bars or chain-linked wiring and MMF screws have been
made since the introduction of the latter. Directly
applied arch bars (such as Erich arch bars, used in the
United States), combined wire arch and cold cure acry-
lated Schuchardt-splints (used in Europe) or custom-
made laboratory arch bars are still considered the gold
standard in MMF techniques. Because MMF screws
cannot offer the same properties or functions as arch
bars, the missing features are judged as a deficiency.
Prior to reinforcement with acrylic metal arch bars
provide a contiguous but flexible connection along the
teeth, which was helpful in the spatial reapproximation
of fragments. The interdental metal bar is capable of
bridging edentulous spaces in the mandibular or maxil-
lary arch and of capturing loose teeth, tooth-bearing
alvolar processes, or segmental mandibular or maxillary
fragments. This ‘‘string-like’’ coupling allows for manip-
ulation (sideward/upward/downward bending, torque)
for occlusal readjustment and bone reduction.

In addition to internal plating in the mandible,
arch bars can serve for tension banding and provide an
extra line of resistence to the overall hardware construct.
However, the function of converting tensile into com-
pressive forces can also be efficiently performed by a
superior border osteosynthesis plate.

Arch bars are wired around the tooth necks so
that their hooks lie at or closely below the level of the
vestibular interdental papillae. This hook position re-
duces the magnitude of the eccentric forces, which are
responsible for the tilting of the bone fragments to the

lingual side upon wire or rubber band anchorage. The
placement of MMF screws into the interdental bone
spaces nearby the alveolar crest will have a similar effect
and assist to prevent malocclusion caused by ‘‘bucco-
lingual rotation.’’

The drawbacks of arch bars are the reverse of the
advantages of MMF screws: difficult to handle, asso-
ciated with prolonged operating time, high risk of wire
stick injuries with viral infections, instability (arch bars
come off), pain and discomfort to the patient, com-
promise of oral hygiene,60,61 trauma to periodon-
tium,62,63 inducing demineralization of dental enamel
and caries (Fig. 26), questionable risk for allergic
reactions due to galvanic metal,64 interference in CT
imaging, incompatibilty with MRI and removal pro-
cedure uncomfortable to patients. Some of the techni-
cal shortcomings of arch bars (the danger of tooth
avulsion, crown fractures and the exertion of ortho-
dontic forces leading to tooth extrusion) are related to
the skill and experience of the surgeon. Difficulties will
occur in advanced periodontal disease, where the re-
maining teeth are loose and inappropriate to carry an
arch bar.

Excentric loading of a full mouth metal ceramic or
metal resin implant restoration with arch bars may create
problems. Furthermore, retrusion of the mandible in
conjunction with a deep frontal overbite precludes the
application of a classic arch bar (Fig. 13).

A pragmatic answer to the pros and cons of
cortical bone screws versus arch bars is to accept that
these methods represent two divergent anchorage prin-
ciples, skeletal versus tooth borne, and will coexist with
each other. Both methods have a decade-long history
and the time-honored versions should undergo and
eventually profit from refinements and diversification
in design and application.

In the constant pursuit of improvement, arch bars
(laser cut titanium)65 and button-like tooth-borne appli-
ances (Rapid IMFTM—circumdental flexible nylon straps
providing fixation points)28,59 have been introduced re-
cently. Simultaneously a large body of knowledge on

Figure 26 Neglected oral hygiene and rampant dental caries after long-term use of laboratory made full arch bars over a

4-week period for closed fracture treatment. (A) Arch bar prior to removal. (B) Circular caries around the cervical portion of the

upper central incisors will require restoration with composites or crowns and perhaps root canal treatment.
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miniscrews and miniplates for temporary skeletal anchor-
age in orthodontics has grown.66–71 The analogy to
MMF screws will open up valuable new insights. In
this context the capability of a specialized screw formerly
employed for MMF52 has been preliminarily evaluated
for orthodontic anchorage.72

The indication for prolonged periods of MMF
today is much less than previously. The use of long-term
MMF focuses chiefly on the closed treatment of man-
dibular condylar process (subcondyle, neck, head) frac-
tures. This is usually instituted with guiding elastics,
since mandibulo maxillary immobilization by way of
rigid wire cerclages is considered counterproductive for
rapid restoration of function.73,74 A few studies inves-
tigating the omission of perioperative MMF by arch bars
in favor of manual reduction in the surgical management
(ORIF) of mandibular fractures did not achieve persua-
sive results.75–77

As a routine, internal fixation procedures are still
accompanied by short-term intra- or perioperative rigid
MMF. Temporary as well as prolonged MMF requires
primary stability of the bone screws. Loading by wires
loops or rubber bands is perpendicular (transverse) to the
screw axis and may lead to displacement, migration, or
flexural deformation depending on the screw design,
dimension bone purchase, e.g., mono- or bicortical.
The loading characteristics differ in their patterns, in-
tensity and duration. Intraoperatively under skeletal
muscle relaxtion the loading of MMF screws is deter-
mined by the traction along the wire or elastic exerted by
the surgeon and reaches a steady state when the jaws are
finally closed in occlusion. In prolonged MMF when
training elastics are used, the screw stability has to
tolerate a dynamic range of loading cycles during man-
dibular opening.

So far, no benchmark parameters for MMF screws
have been established to make them match with the
diverse biomechanical conditions of one time and perpe-
tuated transverse pullout. The mechanical performance as
well as the safety profile of MMF screws can certainly be
optimized by adapting their length and diameter to the
specific demands. The incorporation of several screws
into a unit will provide stability against dynamic loading.
Clinical testing of modifications of the screw head design
predicts a shape that does not produce discomfort.

The ideal ‘‘shoulder disc’’ or ‘‘collar’’ of the screw
head should not only avoid soft tissue irritations and
contribute to the patient’s comfort but redirect the wire
cerclages away from tooth interference by redistributing
the vector of the linkage between the jaws. If elastic
guidance becomes necessary, for example, a spacious
collar is certainly valuable in directing the loops into
the vestibulum and keeping them from rubbing against
the tooth edges.

Injuries of the periodontal tissues with mobile
teeth, intra-alveolar root fractures, or dento-alveolar

trauma in addition to fractures of the mandible or
maxilla necessitate tooth splinting besides MMF. Rigid
tooth splinting by way of circumdental wiring is an
integral feature of the traditional arch bars. In dental
traumatology rigid tooth immobilisation has been aban-
doned since the 1980s in favor of adhesive bonding
techniques.78,79 To achieve interdental stabilization,
kevlar, fiberglas, or wire (-mesh) composite splints
have been proposed, because they grant varying degrees
of physiologic micromovements, which promote perio-
dontal healing.80 Thus a combination of adhesive dental
splints and MMF screws appears logical in some frac-
tures.

The use of MMF screws is technique sensitive as
screws go where the surgeon places them,56 that the
more MMF screws are used the more tooth roots will be
at risk for injuries.

None of the MMF studies mentioned above
clearly demonstrates a relationship of the screw place-
ment site and the occurence of serious tooth root
injuries, but the topography with variations in root
morphology and size is the decisive factor in dental
root lesions apart from the screw design and the sur-
geon’s skills. Because the dental root lesions are respon-
sible for the greatest criticism of MMF screws19 a
rationale for a precautionary screw site selection is
preferred (Fig. 27). There is no absolute safety technique
to prevent iatrogenic damage of dental roots, but the
hazard can be diminished. Anatomic danger zones like
the mental foraminen, the neurovascular bundles within
the areas of nerve exit, and the mandibular canal or the
maxillary antral wall are the first constraint for MMF
screw placement.

A second premise is that most interradicular
spaces are more reliably recognized due to the prominent
juga alveolaria than are the root tips, which are usually
hidden under an even bony layer. While the root con-
tours can be readily perceived around the entire maxilla
the molar region of the mandible is less predictable
because of the thick cortical shell of the oblique line.
In other words the width of most tooth roots can be
more likely anticipated than their complete length
(Figs. 2, 4, and 6). This is against the recommendation
to locate MMF screws into subapical or supraapical
positions. From a practical point of view interradicular
screw placement is also preferable, since it will com-
monly result in peripheral root lesions. These are less
detrimental to the tooth than central lesions, which are
more likely induced by screws inserted superior to the
maxillary or inferior to the mandibular dental root
apices.

Placement of MMF screws into the interradicular
spaces of the anterior maxilla turns out to be unfavorable
as the space between the central and lateral incisors and
the lateral incisors and the canines is commonly too
narrow for any of the commercially available screw types.
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An appropriate interradicular space is in the midline
below the anterior nasal spine reaching downward be-
tween the roots of the central incisors. The interradicular
spaces in the anterior mandible prevent MMF screw
insertion because of the dense grouping of the lower
incisors and canines.

In the anterior mandible only the subapical region
or the bony strip of the chin below the supramental fold
can be used for MMF screws, but this area is compro-
mised by the coverage with mobile vestibular soft tissues
leading to a burying of the MMF screws and mucosal
irritation. With the exception of Otten hooks, the
anterior maxilla and mandible should no longer be
considered the first choice site for MMF screw place-
ment. This inference is further supported by the fact that
the anterior placement of wire cerclages predisposes to a
posterior open bite and malocclusion. Critical reasoning
points to the lateral alveolar ridges posterior to the
vertical canine line as the optimal areas for MMF screw
placement. Wire linkage between MMF screws across
this area offers excellent control of occlusion since the
jaws are shut in maximal intercuspation along vertical or
slightly oblique vectors irrespective of the overbite or
overjet condition (Fig. 11). The accessible interradicular
spaces along the lateral sides of the maxilla and mandible
have been defined in terms of safe zones in a recent
article by Poggio et al81 mapping the interradicular

spaces for the placement of orthodontic miniscrews
(Fig. 27).

Based on digital volume tomograms (cone beam)
the mesio-distal and bucco-palatal or bucco-lingual in-
terradicular bony spaces of adult individuals were eval-
uated at increasing vertical levels (2, 5, 8, and 11 mm)
away from the alveolar crest for their capacity to house a
1.2-, 1.5-, and 2.0-mm miniscrew leaving a bony clear-
ance of 1 mm to avoid harming the adjacent periodontal
apparatus. For the insertion of 1.2 mm miniscrews into
the maxilla, the mesiodistal interradicular spaces between
the first molar and second premolar, between the second
and first premolar and between the first premolar and
canine at vertical heights above 5 mm were identified as
safe zones. In the mandible the amount of interradicular
bone available between the first and second molar as well
as between the second and first premolar are labeled as
safe for screw insertion at vertical heights between 2 and
11 mm (for further details see Fig. 27). These vertical
heights correspond to screw application at the level of the
keratinized attached gingiva and the mucogingival junc-
tion. It is disquieting to learn from this paper that screws
with an outer diameter of 2.0 mm are not regarded as safe
for insertion into the lateral interradicular spaces of the
maxilla, but the bony clearance of 1 mm from the screw to
the periodontium is a possibly excessive criterion. In
practice, the surgeon must rely on imaging to yield

Figure 27 MMF screw insertion sites according to current concepts. Along the anterior surface of the mandible and maxilla

the MMF screws are introduced into a sub- or supra-apical position (blue markings). The anterior/frontal surface should be

reserved to MMF screws assembled with hooks (e.g., modified Otten hooks). The interradicular spaces behind the canines

appear as the best choice for MMF screw placement as outlined in the discussion. The results of Poggio et al81 predict the

mesiodistal interradicular spaces along the lateral side of the mandible (lower right quadrant) and maxilla (upper left quadrant)

are color coded to indicate the safety of MMF screw placement with a maximum of 1.2 mm (green squares¼ low risk or ’safe

zones’; gray squares¼ intermediate risk for root damage; red squares: incompatible with 1.2 diameter MMF screws). The

measurements were performed at four incremental distances (2, 5, 8, and 11 mm) away from the alveolar crest. The correlating

values are shown in the first and third quadrant in identical color coding.
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information on the individual configuration of interra-
dicular spaces to predict the minimal risk for MMF
screws.

The future may belong to new varieties of speci-
alized MMF screws, adapted in dimension and design
for a ‘‘best fit’’ within different placement sites.

CONCLUSION
There are two basic modalities for anchoring wires or
elastics to establish MMF after craniofacial trauma:
tooth-borne devices or bone screws acting as skeletal
fixation points. Though each method has received pos-
itive ratings, neither represents a perfect solution for
MMF, and each has problems and drawbacks. MMF
screws are more invasive but a powerful means to achieve
a reliable temporary (intra- or perioperative) MMF in a
time saving and economic manner. It appears pointless
to take a conservatice stance in the debate on MMF
screws, because the technique is familiar and appealing.
Most testers have expressed the intention to continue to
use MMF screws and even the most serious warnings of
dental root lesions will not stop the use in a clinical
routine.

To take full advantage of MMF screws, it is
necessary to determine the biomechanical demands as-
sociated with their use and to reduce the potential
morbidity through design modifications and customized
placement according to the indivdual anatomy of the
patient and perhaps eventually to image-guided preop-
erative planning.
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