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Treatment of Comminuted Mandibular 
Fractures by Closed Reduction 

RICHARD A. FINN, DDS* 

Few topics concerning the management of mandibu- 
lar fractures are as controversial as the treatment of 
comminuted mandibular fractures. A comminuted frac- 
ture represents a bone that has been splintered or 
crushed,’ pulverized,’ or broken into several pieces,” 
giving rise to many small fragments.“ Thus, for pur- 
poses of this discussion, comminution is defined as the 
presence of multiple fracture lines resulting in many 
small pieces within the same area of the mandible (ie, 
angle, body, ramus, symphysis). Analysis of reports 
involving the number of fractures per mandible demon- 
strate remarkable consistency, with a range of 1.3 to 
1.8 fractures per patient.5 These are obviously not com- 
minuted. 

Although there has been a rebirth of interest in trau- 
matology as indicated by the plethora of articles in the 
past 15 years, the incidence of mandibular comminu- 
tion is still difficult to ascertain. Recent reports on 
large numbers of mandibular fracture patients (approx- 
imately 4,000) have failed to mention either explicitly 
or implicitly the number or incidence of comminuted 
mandibular fractures.6-x Other reports imply the pres- 
ence of comminution, but careful review of the data 
is equivocal with respect to mandibular comminution, 
other than use of the term.9,‘0 The spectrum from rela- 
tively simple fractures9 to avulsion” seems to be cate- 
gorized as comminution. However, many large epide- 
miologic studies”-17 of mandibular fracture patients 
(approximately 10,800) either do not include or do not 
mention a category of mandibular comminution. 

The incidence of mandibular comminution can be 
carefully and tediously extracted from large series of 
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mandibular fracture patients. Zacharaides et al” dis- 
cussed the difficulty in achieving normal occlusion in 
six cases of mandibular comminution treated by rigid 
internal fixation. These six cases of comminution in 
223 patients represented a 2.7% incidence. In a well- 
designed prospective study covering 1 year, James et 
alI9 discussed 15 of 253 patients (6%) with cornminu- 
tion. Kearns et al” and Peled et alzl reported an inci- 
dence of comminution similar to that described by 
James et al: 6.2% and 6.5%, respectively. A survey of 
mandible fractures at selected army installations over 
a l-year period indicated 97 comminuted fractures of 
the mandible in 523 patients, an 18.5% incidence.22 
Reports from urban trauma centers have cited an inci- 
dence of mandibular comminution ranging from 18.6% 
to 60%.29-25 

The incidence of mandibular comminution is diffi- 
cult to determine. In essence, each article written about 
generic mandibular fractures has to be carefully dis- 
sected and then evaluated with respect to the presence 
or absence of comminution. This usually represents a 
small subset of cases taken from a larger retrospective 
case series. Many times this subset of patients devel- 
oped their mandibular comminution from gunshot 
wounds. 

Two recent reports have looked exclusively at com- 
minuted mandibular fractures without gunshot wounds 
as the primary causative agent. Coniglio and Norante 
reviewed their results with open reduction and internal 
fixation (ORIF) in six motor vehicle accident patients, 
in four of which he additionally used a Kirschner wire 
and maxillomandibular fixation (MMF) in four. Two 
of six developed soft tissue infections, but all six even- 
tually had a bony union. Smith and Johnson” managed 
15 consecutive patients with mandibular comminution 
(at least two free segments of bone) by using the A0 
stainless steel reconstruction system. Three of the 15 
patients developed complications. 

This article reviews the historic management of 
comminuted mandibular fractures in light of the sparse 
information about this fracture pattern. The prototypi- 
cal war injury that results in mandibular comminution 
provides the starting point. An anecdotal retrospective 
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case series treated by closed reduction is reviewed. 
Finally, the management of an individual patient by an 
individual surgeon is discussed. Variables to consider 
relate to patient, fracture, and doctor factors. 

Historical Considerations 

Since the introduction of firearms in Europe during 
the 14th century, the prototypical con-minuted mandib- 
ular fracture has resulted from low-velocity gunshot 
wounds.28 This generally creates a penetrating wound 
with minimal avulsion and with the tissues being 
crushed and forced apart. Although significant avulsion 
of bone and soft tissue may occur, this type of perforat- 
ing and avulsing wound is unique and is not discussed 
in the context of comminuted fractures. 

Wound management and debridement of the maxil- 
lofacial area were found to be quite different from 
other less vascular areas of the body as early as the 
Crimean War ( 1854-55).29 MacLeodz9 in 1862 ob- 
served that gunshot wounds to the face resulting in 
fractures did not require removal of small fragments 
that were almost detached. He suggested that the large 
supply of blood in the area enabled small pieces of 
bone to heal in a way that would be fatal to similarly 
displaced portions of bone in other locations. Mac- 
Leod’s observations were prophetic to maxillofacial 
surgeons for the next 100 years. 

The American Expeditionary Forces in Europe dur- 
ing World War I sustained approximately 8,000 maxil- 
lofacial injuries from missiles, with over 3,000 proving 
to be fatal.” Trench warfare resulted in low-velocity 
maxillofacial injuries of almost epidemic proportions. 
Converse” described the circumstances and types of 
wounds encountered during the first World War, em- 
phasizing the incredibly common maxillofacial injury. 
Ivy?2 reported on perhaps the largest series of commi- 
nuted mandibular fractures resulting from trench war- 
fare. He discussed the cumulative experiences of the 
American Expeditionary Forces in managing approxi- 
mately 1,125 gunshot fractures of the mandible. Most 
of these were cornminuted with and without avulsion. 
Surprisingly, only 123 patients, or 1 l%, required bone 
grafting at some point. Ivy concluded: “The almost 
universal preservation of a good occlusal relationship 
in these cases, and the exceptionally large percentage 
of good functional results in cases cured without bone 
grafting are principally due to the efficient and pain- 
staking work of the dental officers.“12 

Open reduction of these compound and comminuted 
fractures was strongly discouraged because experience 
had demonstrated that these maneuvers inevitably were 
associated with infection and necrosis.“” Treatment 
principles centered around conservation of tissue, and 
early fixation and immobilization. It was believed that 

delayed fixation was the major determinant for delayed 
healing and facial deformity. 

Fixation methods used during this time were modi- 
fications and adaptations of older techniques. The 
capped splints of Hullihen, the open splint of Gunning 
(1866), interdental splints of Bean and Gunning, and 
Gilmer’s interlocking plane (1887) were innovatively 
used.” Combined with these techniques were a variety 
of bandages, caps, and external devices. In essence, 
the face, usually containing a comminuted mandible, 
was bandaged together. A cardinal principle in fracture 
management was forevermore elucidated at this time; 
occlusion is the key to fracture reduction and stabiliza- 
tion. Thus, interdental wiring was refined and immobi- 
lization greatly simplified. The results obtained, how- 
ever, were not significantly influenced by the different 
techniques, but the application of sound principles and 
attention to detail by the surgeons were of utmost im- 
portance.‘0,3’ 

During World War II, the number of cornminuted 
mandibular fractures was only a fraction of that man- 
aged during World War I.” The applicability of various 
interdental wiring techniques, band and wire splints, 
and Gunning-type splints was reviewed by Kazan- 

.iian”4,“5 in 1942, based on his experience during the 
first world war, but still considered contemporary and 
quite effective in the 1940s. The essence of mandibular 
comminution was pointed out by Kazanjian”’ as being 
“ . . . multiple lines of fracture which radiate in many 
directions. The mobility of the parts is greater, and 
there is little or no tendency for the segments to inter- 
lock rigidly.” In treating mandibular comminution in 
the 1940s Kazanjian recommended modalities that 
were fast, efficient, and simple, and could be accom- 
plished on the second or third day postinjury. He also 
suggested that “. . . strong, simple appliances are the 
best.““’ Kazanjian suggested early fixation of frag- 
ments to be one of the most important means of con- 
trolling infection and preventing complications. 

External skeletal-pin fixation devices (Roger Ander- 
son) were ingeniously adapted for use in maxillofacial 
injuries during the second world war.?’ Combining ex- 
ternal fixation with MMF was a popular combination 
in dentate patients. This greatly decreased the rate of 
pin loosening.‘6 Although external pin fixation was 
highly controversial, the fundamental concept was bio- 
logically sound, and subsequently it underwent sig- 
nificant modifications with respect to compatible bio- 
materials and lightening of the apparatus.77 

Perhaps the most definitive prospective study of 
maxillofacial war injuries (cornminuted mandible frac- 
tures) was performed by a group of Navy oral and 
maxillofacial surgeons.‘” Although the number of max- 
illofacial injuries during the Vietnam conflict has been 
estimated at 30,000 to 45,000, the long-term maxillo- 
facial casualty study followed 197 patients with man- 
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dibular injuries through early, intermediate, and long- 
term care. Twenty-three patients had comminuted 
mandibular fractures, and another 44 patients had com- 
minution with partial avulsion not requiring bone 
grafts. Thus, 67 patients were longitudinally followed 
for mandibular comminution. Closed cornminuted 
fractures were treated by closed reduction (62%). If 
overlying lacerations were present, very conservative 
open reductions (38%) were performed, with the re- 
duction of only a limited number of larger fragments 
to positively assist the healing process. Interdental wir- 
ing, MMF, splints, circumferential wiring, and external 
fixators were used to provide passive stability of bone 
fragments, and not as active reduction devices. The 
admonition regarding ORIF of these comminuted frac- 
tures was emphasized: “Extensive open reduction of 
comminuted fractures by multiple direct wiring or plat- 
ing resulted in devitalization of bone fragments as a 
result of soft tissue stripping . . . .“.13 Aggressive or 
inappropriate open reductions were used infrequently 
once the merit of conservative reduction combined 
with stable fixation became fully understood. The aver- 
age length of MMF was 52 days, with a range of 19 
to 168 days. 

The overall wound infection rate in these commi- 
nuted mandibular fractures was 30%. The locale where 
the infection was diagnosed was the continental United 
States in 76% of the cases, and generally this occurred 
2 to 3 weeks after the injury. The need for secondary 
reduction occurred in 9% of the patients. Facial asym- 
metry was usually the impetus of early secondary re- 
ductions. 

It has been estimated that 10% to 15% of all war 
wounds involve the maxillofacial complex.“” The four 
major wars involving the United States in this century 
have provided the oral and maxillofacial surgeon with 
unprecedented experience in the management of com- 
minuted mandibular fractures. Contemporary military 
conflicts have once again demonstrated the usefulness 
of closed reduction.“8,“9 Shuker”8,“9 reported on some 
249 patients with comminuted mandibular fracture 
managed by closed reduction and circumferential wir- 
ing. He concluded: “The procedure is simple, the in- 
struments and materials are readily available, operating 
time is short, recovery is uneventful, and the results 
are satisfactory.” Our heritage and legacy managing 
this fracture pattern are as obvious as the harsh memo- 
ries of war that provided us with this medical lesson. 

Personal Experience 

PATIENTS AND METHODS 

To obtain further information on the subject, those 
comminuted mandibular fractures (multiple fracture 
lines resulting in many small pieces) that the author 
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was directly associated with and managed by closed 
reduction techniques were reviewed. These cases were 
treated in the residency program at John Peter Smith 
Hospital in Ft. Worth, Texas, Parkland Memorial Hos- 
pital in Dallas, Texas, and the Dallas Veterans Admin- 
istration Medical Center between 1977 and 1993. A 
total of 22 patients with sufficient documentation for 
review were included. Data obtained from the records 
included demographics, mechanism and site of injury, 
treatment regimen, and treatment outcome. Treatment 
options included closed reduction with external fixa- 
tion (CREF) with MMF, lingual splints, circumferen- 
tial skeletal fixation, and external fixators. Treatment 
outcome variables included infection, clinical evidence 
of fracture healing, occlusal alterations, and facial sym- 
metry. 

RESULTS 

Eighteen (82%) of the 22 patients were young men 
with a mean age of 28.2 years (range, 16 to 52 years). 
Mechanisms of injury included 10 low-velocity gun- 
shot (not shotgun) wounds (45%), 5 motor vehicle ac- 
cidents (22.7%), 5 aggravated assaults (22.7%), 1 horse 
kick (4.5%), and 1 bull goring (4.5%). Anatomically 
the comminuted fractures were located in the ramus 
(27%), angle (18%), body (36%), and symphysis 
(18%). Some overlap between sites was common. 
Wound debridement (23%) was infrequent, and the use 
of drains (9%) was rare. 

Erich-type arch bars were applied to the stable denti- 
tion, unstable or unsalvageable teeth were extracted, 
and MMF was established in all cases. The six commi- 
nuted fractures of the mandibular ramus were treated 
by CREF using MMF. Two of the angle fractures were 
managed by MMF alone; the two gunshot wounds re- 
sulting in angle fractures were treated by external fixa- 
tors. Three mandibular body fractures resulting from 
gunshot wounds were treated with external fixators, 
two aggravated assault fractures received MMF, and 
three other fractures were reduced and stabilized with 
MMF, lingual splints, and circumferential mandibular 
wiring. One comminuted symphyseal fracture was 
managed with MMF, another with MMF combined 
with a lingual splint, and two additional symphyseal 
fractures were managed with external fixators. All 
seven cases treated with extraskeletal pin fixation had 
various lengths of MMF with elastics or wires to facili- 
tate maximal interdigitation of the remaining dentition. 

All comminuted ramal fractures healed uneventfully 
after a mean MMF period of 6.2 weeks. One patient 
had lateral flaring of the inferior border that was clini- 
cally discernible, but no malocclusions were noted. 
Both of the angle fractures managed by MMF (mean, 
6.3 weeks) healed without infection, malocclusion, or 
facial asymmetry. One angle comminution resulting 
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from a gunshot wound and managed by external fixa- 
tion developed a wound infection that required incision 
and drainage, sequestrectomy, and intravenous antibi- 
otics. This patient in whom the fixator was in place 65 
days, had a normal occlusion and facial symmetry. The 
other patient with a comminuted angle fracture and 
extraskeletal pin fixation healed uneventfully, with the 
apparatus in place 48 days. 

Of the eight patients with mandibular body commi- 
nution, two developed minor dentoalveolar infections 
associated with teeth, two failed to maintain their pre- 
established occlusion, and one had a lateral flaring of 
the mandibular body that was clinically noticeable. In 
the four symphyseal fractures, two had uncomplicated 
healing, one became infected, requiring incision, drain- 
age, sequestrectomy, and intravenous antibiotics; and 
the fourth case developed an end-to-end class III mal- 
occlusion. 

In summary, of the 22 patients treated, 4 developed 
infections (18%), 3 had malocclusions (13.6%), and 2 
had clinically discernible facial asymmetries (9%). 

Discussion 

There is a general assumption among surgeons that 
the more information (data) accrued about what we do 
(treatment process) and the results obtained with the 
technique (outcome), the more it will enhance our 
chances of improving whatever it is we are doing for 
our patients. Unfortunately, the information (data) 
published regarding mandibular fractures many times 
fails to mention the presence or absence of comminu- 
tion6-’ Other very large series of patients”.” do not 
describe any comminution, and some studies demon- 
strate a broad spectrum of occurrence, ranging from 
1%40 to 60%.*’ Well-designed outcome studies for sim- 
ple mandibular fractures are generally unavailable and 
are nonexistent for cornminuted mandibular fractures. 

The wisdom associated with the tautology-one can 
only measure what one is measuring-seems applica- 
ble to the management of mandibular fractures in gen- 
eral ‘9,4’-43 and to comminuted mandibular fractures 
specifically.27,30”9 Contemporary information about 
comminuted mandibular fractures usually represents a 
small subset of patients taken from reports representing 
philosophies of treatment of heterogenous groups of 
patients. Such information provides fertile ground for 
much debate, sometimes with great fervor. The most 
problematic aspect of reports of treatment philosophy 
is that they do not assess individual aspects of the 
patients or their treatment but give a global impression 
of what can generally be achieved with a particular 
approach or philosophy. Recent discussions of such 
philosophies of treatment for simple, noncomminuted 
mandibular fracture by rigid internal fixation (RIF) 
have reviewed the pros and cons of large rigid plates44 
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versus mini-dynamic compression plates,“* an in- 
traora14’ versus an extraoral approach,15 interfragmen- 
tary compression4’ versus noncompression,47 use of 
tapped versus self-threading screws4* drains versus no 
drains, early4’ versus delayed treatment, and generous 
broad subperiosteal exposure4’ versus limited subperi- 
osteal exposure.4’ It is obvious that many details re- 
garding RIF of simple mandibular fractures are contro- 
versial and poorly understood. Thus, the controversy 
relative to the management of the most complicated 
mandibular fracture, the fracture comminuted, is 
multiplied manyfold by our lack of hard data. 

The individual patient with a comminuted mandibu- 
lar fracture ultimately is treated by an individual sur- 
geon. At that point, the decision tree relative to treat- 
ment includes at least three important variables: patient 
factors, fracture factors, and doctor factors. The most 
significant patient factor related to problems with heal- 
ing of mandibular fracture is the frequency of alcohol 
abuse.5 Eid et a149 demonstrated higher complication 
rates in alcoholics with poor oral hygiene and sug- 
gested that open reduction was overtreatment for many 
of these mandibular fractures. Furthermore, Eid et al 
recommended the simplest fixation methods with a 
minimal amount of surgery for the “problem patient.” 
Cannel and Boyd” lamented the slow rate of bony 
healing in vagrant alcoholics in spite of prolonged hos- 
pitalization. They also concluded that alcoholics had 
poor tissue tolerance to infections and recommended 
that open reductions be avoided. They theorized that 
osteoporosis, osteomalacia, vitamin deficiencies, and 
impaired local blood supply secondary to hepatic fatty 
emboli may all be operational in the alcoholic patient. 
Adele et a15’ demonstrated alcohol abuse and patient 
age to be the two most important patient factors re- 
sulting in delayed union of mandibular body fractures. 
Passeri et a152 reviewed the rate of complications in 
intravenous drug abusers (30%), nonintravenous drug 
abusers (19%), and alcoholics (15.5%). Patients in 
Passeri’s study who did not abuse substances had only 
a 6% complication rate. 

Another patient factor that has a powerful influence 
on fracture healing is cooperation and compliance. 
Adele et al” identified removal of MMF by noncompli- 
ant patients to be the most influential treatment variable 
resulting in delayed healing. Marciani et a15” demon- 
strated a 60% noncompliance rate in 25 trauma cases. 
These authors were alarmed at this incidence. They 
noted that the important clinical characteristics that 
would positively affect patient compliance were the 
care setting, the practitioner-patient relationship, and 
the therapeutic regimen. The nature and quality of the 
doctor-patient relationship can significantly impact on 
cooperation and compliance.54 Daniels55 and Sackett’” 
noted that age, race, sex, socioeconomic status, and 
educational level did not correlate with compliance.55~5h 
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It may indeed be difficult to identify the noncompliant 
individual. 

In reviewing his experience with poorly compliant 
patients, Ellis*’ suggested extremely rigid fixation (A0 
technique) to “take the patient’s cooperation out of 
the formula for success.” Thaller17 was also quick to 
indict his patient population as being mobile and indi- 
gent and suggested that this directly related to his com- 
plication rate. James et ali9 reported on 253 patients 
with 422 mandibular fractures who were indigent, not 
very cooperative, and sporadically came in for follow- 
up. Although James et al assumed the complication 
rate may be high in this group because of willful mis- 
conduct, 60% of the patients were treated with CREF 
by MMF, and only 1.5% developed a postoperative 
infection. Maloney et al57 also reviewed a large series 
of mandibular fracture patients (n = 131) who were 
indigent and inconsistently complied with antibiotics 
and follow-up, but found that this resulted in only a 
0.6% infection rate in 161 fractures treated by closed 
or open reduction. Olson et alI6 reported 935 fractures 
in 580 patients, only six demonstrating noncompliance 
(1%). Thus, many patient factors can contribute to mis- 
adventures in the management of a comminuted man- 
dibular fracture. The ability to prospectively determine 
what factors in which patients will deleteriously affect 
outcome is not possible. 

Nicoll,” in 1964, referred to the so-called personal- 
ity of a fracture. Determinants of poor outcome results 
were the degree and severity of the initial displace- 
ment, the amount of comminution, damage to the soft 
tissue envelope, and the presence of infection. Soft 
tissue damage tended to parallel the degree of damage 
to bone, and comminuted fractures were associated 
with severe impairment of the associated soft tissue 
on which fracture healing was dependent. 

Rhinelanders’ observed centrifugal blood flow (end- 
osteum to periosteum) in long bones, and other investi- 
gators6’z6’ confirmed this pattern in the human mandi- 
ble. When the medullary (endosteal) blood supply to 
the mandible is interrupted (experimentally, trauma, 
orthognathic surgery), centripetal circulation ensues 
within certain limitations.62-69 This mechanism is 
clearly at risk in the event of significant soft tissue 
injury. Further surgical perturbations through the ele- 
vation of significant soft tissue flaps would have to be 
carefully considered in this less than optimal “bio- 
logic” environment. 

Subperiosteal exposure of the lateral and medial ra- 
mus, angle, and posterior body of the mandible in a 
quantitative experimental monkey model of sagittal 
split ramus osteotomy caused drastic reductions in 
blood flow to the soft tissues and bone.@@ These re- 
ductions were sufficient to cause bony devitalization. 
Be1166,67Z69 has repeatedly demonstrated that periosteal 
reattachment or revascularization takes days to weeks 

rather than hours. This low-flow state is so dramatic 
and prolonged that avascular necrosis may result.65,68 
Superficial osteonecrosis, as evidenced by empty lacu- 
nae subjacent to elevated mucoperiosteal flaps, has 
been repeatedly demonstrated by Bell’s work.66,67,69 
This superficial osteonecrosis is limited to the outer 
cortical bone and osteotomy (fracture) site but was 
evident for 10 to 14 days in all studies. Any relation- 
ship between the superficial osteonecrosis secondary 
to mucoperiosteal flap elevation and hardware (RIF) 
loosening is currently unknown. A possible disadvan- 
tage of primary bone healing in this situation, unlike 
callus healing, is the failure to progress in an ischemic 
environment.70 

One can only assume that the endosteal vascular 
response associated with the significant traumatic 
event necessary to create a cornminuted mandible 
would be similar to or worse than the “clean osteot- 
omy” in the animal models used. The vulnerability 
of the cortical blood flow and angiogenesis when the 
periosteum has been circumferentially elevated high- 
lights the importance of extraosseous blood flow dur- 
ing the early phases of healing. The clinical outcome 
for cornminuted mandibular fractures may well be in- 
dependent of the fixation device chosen, but rather 
reflects the degree of devascularization and the estab- 
lishment of an optional biologic environment to en- 
hance, and not hurt, revascularization. 

Recent reports on simple angle fractures have dem- 
onstrated unacceptably high complication rates (29% 
to 40%).42,4” Vascular insult secondary to elevation of 
mucoperiosteal flaps was discussed as a causative fac- 
tor. In a more recent article on management of angle 
fractures using noncompression miniplates, Ellis and 
Walker” once again reported unacceptable rates of in- 
fection (28%) and suggested that surgical disruption 
of the blood supply secondary to periosteal stripping 
“ . . . may be the most important factor.” In an earlier 
study,25 which contained 31 comminuted mandibular 
angle fractures (one or more free segments larger than 
1 cm’) treated with the A0 reconstruction system, a 
7.5% complication rate was noted. In the discussion 
section, the importance of vascularity was noted: “It 
is probable that immobilization of the major fracture 
segments is as important, or perhaps more so, then 
preserving the full soft-tissue pedicles to the frag- 
ments.” Although no dogma relative to CREF for 
treatment of comminuted mandibular fractures is pro- 
moted in this article, it is apparent that important issues 
about “fracture factors” are sometimes embraced and 
at other times disregarded. Such is the nature of clinical 
research. 

Another factor that may impact on outcome is the 
severity of the fracture. Cooter and David7’ in 1989 
described the alphanumeric system of computer-based 
coding for fracture severity. Edwards et al” recently 
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reported on 324 patients with mandibular fractures who 
were coded for fracture severity and monitored for 
complications. All fractures were treated by the 
Champy technique, and the results indicated that com- 
plications with miniplate fixation increase as the sever- 
ity of fracture increases. The correlation was strongly 
positive (0.96). This objective and reproducible system 
of fracture classification has taken us from intuition 
to a standardized assessment of fracture severity and 
outcome. Comminuted mandibular fractures were the 
most severe and thus were associated with the highest 
complication rate. This system has identified a critical 
factor that may allow us to identify patients at a greater 
risk of developing complications. 

Although there are important patient factors and 
fracture factors in the individual case of a comminuted 
mandibular fracture, the experience of the surgeon also 
varies tremendously and perhaps represents the most 
important single element in successful management. 
One may judge experience by the quality and duration 
of training and the number of cases performed annu- 
ally. Trauma surgery is delivered by a spectrum of 
surgeons, ranging from the infrequent operator (private 
practitioner) to the almost pure subspecialist in urban 
trauma centers (academic). 

There was a 289% increase (2,189 vs 6,331) in the 
number of oral and maxillofacial surgeons (OMFS) 
practicing between 1970 and 1991 .74 The manpower 
study of 198775 indicated that the average OMFS man- 
aged 20.9 mandibular fractures per year in 1974 and 
17.2 in 1984. A survey of 70 OMFSs in 199276 demon- 
strated that all forms of trauma accounted for only 10% 
of their practices. In 1988, a survey of the American 
Association of Oral and Maxillofacial Surgeons 
(AAOMS) members77 regarding trauma management 
demonstrated that bone plating and compression plat- 
ing were seldom (56%) or never (69.7%) used. The 
paucity of comminuted mandibular fractures in the 
general population, the ever-increasing number of 
OMFSs, and the diminutive caseload annually that is 
seldom or never managed by RIF could limit the expe- 
rience of most operators. 

The technically demanding nature of RIF was de- 
scribed by Schilli4* in 1977: “Rigid fixation of mandib- 
ular bone fragments is extremely difficult.” Schilli 
went on: “The fragments must be exactly reduced, and 
the plate must be adapted exactly. This can be quite 
tedious and requires great precision.” Dodson et a17’ 
similarly discussed the technically demanding nature 
of RIF and the associated “learning curve” previously 
experienced by others.79,s0 The University of Califor- 
nia, San Francisco, group7* reported a complication 
rate of 37% during the first 6 months of using RIF and 
a 10% complication rate during the next 9 months. 
They concluded that most complications were directly 
attributable to failure in technique. Theriot et al79 had 
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a marked reduction in infection rate with RIF as time 
progressed and attributed this to experience and better 
technique. Frost et ala” reported a 47% plate removal 
in their series and indicated technical errors to be the 
culprit. Iizuka et al” reviewed their experience in 214 
patients with RIF and concluded that erroneous tech- 
niques were used in almost all cases that became in- 
fected. Keams et a12” demonstrated a downward, but 
not statistically significant, trend in complications with 
RIF as experience increased. They concluded that tech- 
nical errors are an important source of complications. 
Complications in the management of these simple frac- 
tures (noncomminuted) are strongly related to tech- 
niques and operator skill. How much and how often 
this technique needs to be used to minimize complica- 
tions is unknown, but all authors indicate a strong rela- 
tionship between volume and outcome. 

To eliminate patient and fracture factors, Assael” 
evaluated plate application in a teaching laboratory 
using a mandibular fracture model. The iatrogenic 
complications and failures were 32% for body/sym- 
physis fractures that were plated and 61% for lag 
screws in the symphysis. These experienced surgeons 
could produce stable fixation only 71% of the time in 
the angle area on a dry, hand-held specimen. Assael 
concluded that the application of RIF for simple man- 
dibular fractures resulted in a high rate of doctor-in- 
duced complications. Haug and Schwimmer’” recently 
reviewed 27 patients with 32 fibrous unions of the 
mandible. Eleven patients were managed by RIF. Ten 
of the 11 managed by RIF (91%) failed to meet any 
of the A0 or Champy guidelines. These were distinctly 
doctor errors. 

In the Hartford, Connecticut, area the average 
OMFS performs six ORIFs of mandible fractures per 
year.82 Whether the individual surgeon can be effica- 
cious in obtaining the desired results with RIF in com- 
minuted mandibular fractures with this annual case 
load is certainly questionable. One would have to as- 
sume that years may pass between the treatment of one 
comminuted fracture and the next. A recent reviewa of 
RIF in angle fractures contained the following state- 
ment: “However, poorly applied rigid internal fixation 
will likely produce the highest rate of nonunion. Peri- 
osteal stripping, bacterial contamination, and plates 
and screws that do not produce stable osteosynthesis 
result in massive, acute infection and nonunion.” The 
applicability of RIF in comminuted fractures, with 
their biologic tenuousness and sporadic encounter, is 
questionable solely on the basis of technical expertise. 

Bone growth, fracture healing, and bone remodeling 
are incredibly complex processes modulated by sys- 
temic hormones, local growth factors, and local frac- 
ture factors. More than 18 factorss5 have been identified 
as being integral to bone homeostasis, and these factors 
must be part of any equation that purports to explain 
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how different mechanical systems (open, closed, rigid, 
nonrigid) affect bone healing. 

Comminuted mandibular fractures represent the 
most infrequent and most complicated of all fracture 
patterns. When the individual OMFS is confronted 
with a comminuted mandibular fracture, three fac- 
tors-the patient, the fracture, and the doctor’s exper- 
tise-ultimately determine treatment alternatives. The 
first steps in the management of any jaw fracture are 
the application of arch bars; establishment of the prein- 
jury occlusion, facial symmetry, balance and form; and 
application of MMF. With comminuted mandibular 
fractures, perhaps these should also be the last steps 
in many instances. 
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