
Open or closed repositioning of mandibular
fractures: is there a difference in healing
outcome? A systematic review

Before 1970, most jaw fractures, especially non-displaced
fractures, were treated by conservative means, i.e. by
closed repositioning and intermaxillary fixation (IMF).
Based on a series of animal experiments (mainly using
dogs) the AO group in Switzerland came out with a
concept osteosynthesis (fixation) using open reduction
and various plating systems (1). Through the work of
Champy, this concept was further developed using
miniaturized plating designs applied to fracture sites
where a maximum of shearing or tension stress was
found (2, 3).

Few years later, clinical studies could demonstrate the
effect of this treatment based on a substantial number of
cases (4, 5). In the early 1990s, however, many studies
were published comparing treatment results of closed or
open treatment procedures (6–13, 19, 31). These studies,
generally showing complications when using open pro-
cedures vs closed repositioning procedures, had appar-
ently very little impact on the general use of open
reposition and internal fixation (14–16).

Before considering a comparison between these two
techniques, it might be useful to analyze the cellular
events related to jaw fracture healing. The normal
healing stages progresses from bleeding and formation
of a coagulum between fractured fragments – initially
stemming from the marrow area and later from non-

injured parts of the periosteum. In this regard, a bony/
cartilaginous callus is soon formed which creates stability
between fragments. This callus later remodels so that the
anatomy in the region is regenerated (17). In several
experimental studies, two major factors have been found
to control events related to healing, namely optimal
vascularity in the healing site and absence of a significant
amount of bacteria (18).

Close proximity and absolute immobility between the
fractured fragments, a concept proposed by the AO
group, has been claimed to lead to an accelerated healing
and less risk of infection; however, such a relationship
has not been proven clinically (19).

A recent bone repair study found that controlled
micro movements accelerate bone formation (20). Actu-
ally, this concept is part of the principle of distraction
osteogenesis (21). In open reduction and osteosynthesis,
surgical access to the fracture site is created via an
extraoral or intraoral approach. Thereafter, reposition-
ing is carried out under visual control, and splinting
performed via plates or wires. Due to the raising of a flap
and exposure of the fracture site, a significant amount of
the vascularity to the fracture site is severed. Further-
more, bacteria from the oral cavity or the skin may be
introduced to the wound site and finally foreign bodies
(plates or wire) are placed in the wound healing site.
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Abstract – The clinical outcome of closed vs open reduction and rigid fixation
was compared based on a systematic review of the literature. Ten non-
randomized retrospective studies were found. In six of these ten studies, the
complication rate was significantly increased when open reduction and plating
was performed. In the remaining studies, a slightly elevated (but not significant)
infection rate was found when compared with closed reduction. Altogether, an
infection rate of 5.0% was found in the closed reduction group whereas 10.6%
and 14.6% were found when open reduction was performed using either plates
or wires. Nerve injuries were slightly increased when open reduction was found
(although not significant). With regard to occlusal disturbances, no difference
was found in the open and closed reduction group. Concerning overall
complication problems, six of seven studies showed more problems after open
than closed reduction. In conclusion, this literature review using retrospective
studies has raised doubts regarding the superiority of open reduction and rigid
splinting, compared to closed reduction and intermaxillary splinting. However, a
bias concerning the preferential use of open reduction in case of more
complicated fractures cannot be excluded, which might explain the differences
found between the two procedures. Prospective, randomized clinical trials are
needed to illuminate this problem.



Based on these premises it could be expected that the
infection rate would be elevated.

Over the years, a controversy has existed concerning
the cost–benefit of these two techniques (22).

The proponents of open reduction and internal fixation

claim the following advantages:
1. fast restored occlusal function;
2. optimized reposition; and
3. economic advantages because of less loss at time of
work (23–25).
The proponents of closed repositioning and intermax-

illary splinting claim the following advantages (22):
1. less traumatogenic procedure (22, 36, 37);
2. preserving the vascularity of the trauma site (22, 26);
3. advantages because of shorter hospitalization (8) and
less expenses due to hardware (9, 11, 27);

4. reduced risk of nerve lesions and occlusal dysfunction
(13);

5. usually outpatient service; and
6. less operator sensitive.

However, an analysis of the relevance of these
divergent opinions has so far not been carried out.
Therefore it seemed relevant to search for comparative
studies where the same department has published results
using both the techniques, and ideally, if this is
performed in a randomized approach.

The purpose of the present study was to analyze the
following questions based on the best available evidence:
1. Is there a difference in the infection rate between open
and closed reduction?

2. Is there a difference in nerve lesions?
3. Is there a difference in occlusal problems?

Material and methods

Literature analysis

WINSPEAR, MEDLINE, and COCHRANE databases
were searched for relevant studies. The following key
words were used: jaw fractures, mandibular fractures,
maxillary fractures, open reduction, closed reduction and
randomised studies. The search went from 1980 to 2006.
Condylar fractures were excluded from this study.

Retrieved studies were analyzed if they appeared to
fulfill the approved standards for acceptable randomized

studies. Treatment results were checked (if not per-
formed in the study) using a chi-square test. In case of
2 · 2 tables, a Fisher’s test was used. In both cases, a 5%
probability level (double sided) was selected.

The healing outcome was defined as plus/minus
infection episodes, nerve injuries, occlusal disturbances,
and wound dehiscence. Finally, a compilation of all
healing complications was made (infection, wound
dehiscence, nerve injuries, and occlusal disturbances).

Results

Ten retrospective studies were retrieved where treatment
outcome after open or closed repositioning results were
compared within the same department (Table 1). All
studies were retrospective in nature and no randomized
studies were found. Eight studies had to be eliminated
for the following reasons: too few patients in one or both
groups (24, 28, 34, 35), lack of definition of closed
reduction (29), mixture of plating and wires (27), and
lack of data concerning healing (5, 30).

Infection rate

Six studies showed a significant increase concerning
infection after the open reduction (using plates or wire
fixation) (Table 1) (8–11, 19, 31). In four studies, plates
and wires could be compared and in two studies wires
resulted in more infection than plates (8, 10).

Nerve injuries
In three studies this factor was reported and a 2–3 times
elevated risk was found in the open reduction
group. However, these differences were not significant
(Table 2).

Postoperative occlusal disturbances
In four of five studies occlusal disturbances were slightly
more frequent in the open reduction group whereas one
study showed the opposite (Table 3).

Overall complications
In two of seven studies, the overall number of compli-
cations was significantly higher in cases treated with
open reduction (Table 4).

Table 1. Comparison of postoperative infection rates related to open or closed reduction and type of internal fixation

Author

1 Closed 2 Open + plating 3 Open + wire Probability level

n x % n x % n x % 1 and 2 1 and 3 1 and 2 + 3 2 and 3

Cawood (6), 1985 50 4 8 50 6 12 0.73

Thaller et al. (25), 1990 40 2 5 98 12 12 77 13 17 0.35 0.12 0.18 0.51

Maloney et al. (12), 1991 81 3 3 46 2 4 0.99 0.99

El-Degwi and Mathog (8), 1993 154 11 7 75 16 21 166 16 9 0.004 0.54 0.08 0.02

Stone et al. (10), 1993 155 0 0 80 5 6 49 10 20 0.004 <0.001 0.01 0.03

Terris et al. (9), 1994 37 1 3 112 8 9 39 1 3 0.003 0.99 0.68 0.44

Schmidt et al. (11), 1995 96 3 3 155 25 16 0.002

Ehrenfeld et al. (13), 1996 38 0 0 129 4 4 0.57

Moreno et al. (19), 2000 136 6 4 45 6 13 0.03

Lamphier et al. (31), 2003 341 11 3 253 23 9 0.004
�x=5.0 �x=10.6 �x=14.8
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Discussion

The results reported in Tables 1–4 seem to indicate that
open reduction carries a higher risk of postoperative
complications. However, it must be strongly emphasized
that none of the cited studies had a randomized design.
This might suggest that a more complicated case
(multiple and or severely displaced fractures) was
selected for open reduction. Such a factor was apparently
not controlled in any of the reported studies but one
author suggested such a relation could be present (7). If
such a bias exists, the difference in healing outcome in
relation to open or closed reduction could possibly be
explained. In a previous study (32), a strong relation was
found between complexity of mandibular fractures and
the risk of healing complications. A moderate change in
the complexity of fractures could double the chances of
healing complications (Fig. 1). A previous study found a
relationship between complexity of fractures and healing
complications (33).

In the present analysis, four healing parameters were
analyzed – infection nerve injuries, occlusal dysfunction,
and a combination of all complications. Concerning the
first parameter the increased rate of infection after open
reduction could be explained by the fact that vascular
supply to the cortical bone is severed as the mucoperiostal

flap is elevated, which imply temporary arrest of a very
significant part of the vascular nourishment to this part of
the jaw (26). In addition, further damage will occur to the
vascular supply by the drilling and insertion of screws or
wires. All these factors are known to increase the
likelihood of infection (19). Furthermore, surgical access
to the fracture site will naturally introduce a number of
oral and/or skin bacteria into the wound site.

Table 3. Comparison of postoperative occlusal disturbances related to open or closed reposition and type of internal fixation

Author

1 Closed 2 Open + plating 3 Open + wire Probability level

n x % n x % n x % 1 and 2 1 and 3 1 and 2 + 3 2 and 3

Cawood (6) 50 4 8 50 6 12 0.73 0.73

El-Degwi and Mathog (8) 154 8 5 75 4 5 166 8 5 0.99 0.91 0.88 0.99

Thaller et al. (25) 40 6 15 98 2 2 77 2 3 0.05 0.09 0.003 0.99

Ehrenfeld et al. (13) 38 1 3 129 8 6 0.68

Moreno et al. (19) 136 4 2 45 2 4 0.63

Table 2. Comparison of postoperative nerve disturbances related to open or closed repositioning and type of internal fixation

Author

1 Closed 2 Open + plating 3 Open and wired Probability level

n x % n x % n x % 1 and 2 1 and 3 1 and 2 + 3 2 and 3

Cawood (6) 50 4 8 50 8 16 0.35

El-Degwi and Mathog (8) 154 0 0 75 2 3 166 1 0.6 0.10 0.99 0.28 0.22

Ehrenfeld et al. (13) 38 1 3 129 12 9 0.30

Table 4. Comparison of all postoperative complications: infection, nerve dysfunction, occlusal problems, wound dehiscence,
non-union, malunion, open or closed reposition and types of internal fixation

Author

1 Closed 2 Open + plating 3 Open + wired Probability level

n x % n x % n x % 1 and 2 1 and 3 1 and 2 + 3 2 and 3

Cawood (6) 50 24 48 50 34 68 0.07

El-Degwi and Mathog (8) 154 27 18 75 29 39 166 37 22 0.10 0.99 0.03 0.01

Thaller et al. (25) 40 9 23 98 15 15 77 26 34 0.44 0.29 0.93 0.007

Terris et al. (9) 37 3 8 112 17 15 39 7 18 0.40 0.31 0.37 0.87

Ehrenfeld et al. (13) 38 3 8 129 21 16 0.25

Moreno et al. (19) 136 15 11 45 10 24 0.10

Lamphier et al. (31) 341 31 9 253 74 29 0.0001
�x 17.9 29.4 21.3
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Fig. 1. Relation between complicated jaw fracture score and
the frequency of healing complications [after Edwards et al. 32].
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Nerve complications

The slight increase (although not significant) in nerve
injuries calls for an explanation. The manipulations
related to repositioning are likely to be the same;
however, surgical access to the fracture site can possibly
explain an increased risk of damage to the oral branches
of the trigeminal nerve and/or the facial nerve (ramus
marginalis).

Occlusal complications

The slight increase in occlusal problems registered in the
open reduction scenario is possible related to the fact
that open reductions are not always successful in the
sense that fragments are not repositioned in an anatom-
ically correct position. Furthermore, when rigid plating
is used, an introduced occlusal problem cannot be
corrected by elastic intermaxillary traction.

When the results from seven studies were pooled, it
appeared that there was an overall complication rate of
17.9% in closed procedures, and 29.4% in open proce-
dures using plates, i.e. an almost twofold increase in the
complication rate (Table 4).

In conclusion, the present findings seem to indicate
that open reduction and rigid fixation is a technique-
sensitive procedure, which may elevate the complication
rate in a significant number of cases. A serious drawback
of this study is that all studies were retrospective in their
nature and did not control for confounders such as
severity of displacement, location of fractures, drug
abuse, etc. All these factors may have seriously distorted
the figures. Randomized controlled studies of the effect
of/on open reduction and rigid splinting are needed.
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