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Current views on the treatment of condylar fractures
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ABSTRACT
The aim of this review was to present and discuss current 
views on the treatment of condylar fractures (CFs). The authors 
addressed the following issues: the etiology, epidemiology and 
mechanisms of CFs; strategies and methods for the treatment 
of CFs. Moreover, the choice of surgical approach for the open 
treatment of CFs as well as techniques and materials used for 
fixation of CF are discussed.
The PubMed database was used to search for relevant articles 
published between 2000 and 2018. The analysis referred to both 
original and review papers (including meta-analyses) that con-
cerned adult patients. There are still differences in opinions 

among researchers regarding the choice of appropriate treat-
ment – closed or open. There is no consensus among open treat-
ment supporters in choosing the right surgical approach. The 
important question is which material to choose for osteosyn-
thesis of the condylar fracture.
Recent studies show satisfactory results in terms of stability of 
condylar osteosynthesis with the use of 3D plates. Further dis-
cussion is required on the choice of material for fixation of the 
condylar fracture and, in particular, on the possibility of using 
resorbable materials.
Keywords: condylar fractures; etiology; mechanism; treat-
ment methods.

ABSTRAKT
Celem niniejszego przeglądu piśmiennictwa było przedstawie-
nie i omówienie obecnych poglądów na temat leczenia złamań 
wyrostka kłykciowego żuchwy. Autorzy omówili etiologię, epi-
demiologię, mechanizmy, jak również zasady i metody leczenia 
złamań wyrostka kłykciowego żuchwy. Ponadto przedstawiono 
zagadnienie wyboru dostępu chirurgicznego oraz technik i mate-
riałów do otwartej osteosyntezy złamań wyrostka kłykciowego 
żuchwy. Do wyszukiwania odpowiednich artykułów opubli-
kowanych w okresie 2000–2018 r. wykorzystano bazę PubMed. 
Analiza obejmowała zarówno prace oryginalne, jak i poglądowe 
(w tym metaanalizy) dotyczące dorosłych pacjentów.
Wciąż istnieją różnice w opiniach badaczy co do wyboru odpo-
wiedniego leczenia chirurgicznego – zamkniętego czy otwartego.  

 
Wśród zwolenników leczenia otwartego nie ma jednomyślności 
co do wyboru właściwego dostępu chirurgicznego. Istotnym 
pytaniem jest, jakie materiały wybrać do osteosyntezy złamań 
wyrostka kłykciowego żuchwy.
Ostatnie badania wykazują zadowalające wyniki stabilności 
osteosyntezy złamań wyrostka kłykciowego żuchwy za pomocą 
płytek 3D. W przyszłości konieczna jest dalsza dyskusja nad 
wyborem rodzaju materiału do osteosyntezy złamań wyrostka 
kłykciowego żuchwy, a w szczególności na temat możliwości 
zastosowania materiałów wchłanialnych.
Słowa kluczowe: złamania wyrostka kłykciowego żuchwy; 
etiologia; mechanizm; metody leczenia.

INTRODUCTION

Studies on the method of treatment of condylar fractures (CFs) 
are still timely and important. Despite many articles published 
in this area there are many controversies about how to treat 
these fractures [1, 2, 3, 4, 5].

The aim of this review was to present and discuss the cur-
rent views on the treatment of CFs. The following issues are 
addressed in this review: the etiology, epidemiology and mech-
anisms of CFs; the strategies and methods for the treatment 

of CFs. Moreover, the choice of surgical approach for the open 
treatment of CFs as well as techniques and materials used for 
fixation of CF are discussed.

SURVEY METHODOLOGY

The PubMed database was used to search for relevant arti-
cles published between 2000 and 2018. The following search 
terms were used: “Mandibular condylar fractures”, “Mandibular 
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different criteria. We cannot definitely state which classifica-
tion is the most useful. Now some of them probably have only 
a historical importance: Wassmund, MacLennan, Rowe and 
Killey, Dingman and Natvig. Nowadays one of the most com-
monly used classification of CFs is that one described by Spiessl 
and Schroll [26]. These authors divide the CFs into 6 types:

ȇȇ type I – condylar neck fracture without deviation/dis-
placement,

ȇȇ type II – low condylar neck fracture with deviation/dis-
placement,

ȇȇ type III – high condylar neck fracture with deviation/
displacement; subtypes according to direction of deviation/
displacement: type IIIa (ventral), type IIIb (medial), type IIIc 
(lateral), type IIId (dorsal),

ȇȇ type IV – low condylar fracture with dislocation,
ȇȇ type V – high condylar fracture with dislocation,
ȇȇ type VI – intracapsular fracture of condylar head.

Neff et al. modified above classification system by discrimi-
nating type V and type VI into other types of condylar head 
fractures [30]:

ȇȇ type A – displacement of the medial condylar head pole 
with preservation of the vertical dimension,

ȇȇ type B – displacement involving the lateral parts of the 
condyle with loss of vertical dimension,

ȇȇ type C – dislocation of the entire condylar head; this type 
is identical to type V by Spiessl and Schroll classification.

In 2002 Hlawitschka and Eckelt extended this classification 
by adding Type M – comminuted fracture with loss of vertical 
dimension and contraction without restraint [31].

Lindahl proposed own classification based on criteria men-
tioned below [27]:

1. Fracture level:
1a. Condylar head.
1b. Condylar neck.
1c. Subcondylar.
2. Deviation and displacement:
2a. Deviation with medial overlapping.
2b. Deviation with lateral overlapping.
2c. Displacement without overlapping.
2d. Undisplaced fissural fracture without deviation.
3. Relation between condylar head and fossa:
3a. No dislocation.
3b. Slight dislocation.
3c. Moderate dislocation.
3d. Complete dislocation.
4. Condylar head fractures:
4a. Horizontal.
4b. Vertical.
4c. Impacted fracture.
Ellis et al. proposed own simple classification system of 

CFs including [29]:
ȇȇ condylar head fracture,
ȇȇ condylar neck fracture,
ȇȇ condylar base fracture,

In 2005 Loukota et al. suggested new classification of CFs 
and divided fractures into the following 3 types [32]:

condylar process”, ”Mandibular trauma”, “Mandibular con-
dyle fracture treatment”. The analysis included both original 
and review papers (including meta-analyses) that concerned 
adult patients. Case reports and conference proceedings were 
excluded from the analysis.

ETIOLOGY AND EPIDEMIOLOGY OF CONDYLAR 
FRACTURES 

The most important causes of CFs are traumas received as 
a result of beatings, falls, traffic accidents and injuries asso-
ciated with sports [6, 7, 8, 9, 10]. The hierarchy of these causes 
varies depending on the geographical region. In Germany, Eng-
land, and Denmark CFs are mostly a consequence of injuries 
sustained in traffic accidents, while in France, the US, and 
Poland they are mainly caused by beatings [8, 9, 11, 12, 13, 14]. 
It is believed that the increase in the frequency of CFs is due 
to the increasing number of traffic accidents and injuries sus-
tained during the performance of certain sports [12, 15, 16, 17], 
but it may also be associated with the ever-greater precision 
of diagnostic radiology, especially in multislice computed 
tomography [18].

Scientific reports show that the CFs is approx. 4 times more 
common in men than in women [7, 12, 14]. According to Marker 
et al., these proportions are smaller; 66% vs 34%, respec-
tively [11]. In turn, Wong [19] indicates 8 times and Al Ahmed 
et al. 11 times higher incidence of CFs in men [20]. According 
to some authors CFs occur most often in people between 20–30 
years of age [13, 16, 20]. Research by Marker et al. shows that 
the age group of 20–40 years represents 48–59% of all CFs [11]. 
Ellis et al., in turn, indicates that CFs in men occur most often 
between 20–30 years of age, while among women in the 4th 
decade of life. They also argue that the most common cause of 
this type of fracture in men are beatings, while CFs in women 
are mostly a result of falls [21]. 

Reports vary significantly in their estimation of CF inci-
dence against other mandibular fractures. Oikarinen et al. 
indicate that fractures of this region constitute approx. 60% 
of all mandibular fractures [22], while Li et al. estimate this 
proportion to be approx. 3 times smaller [23]. The prevalent 
opinion in the literature is that CFs constitute approx. 25–35% 
of mandibular fractures [8, 13, 22, 24]. There is no doubt that 
this high incidence is the main cause of intense interest in CFs 
among researchers. 

CLASSIFICATION OF CONDYLAR FRACTURES

Various classification systems have been proposed in the 
field of CFs. An ideal classification should take anatomical 
aspects of fracture and also should be clinically useful and 
support surgeon in making adequate decision about treat-
ment method. During ages many various classifications have 
been described [25, 26, 27, 28, 29, 30, 31, 32, 33, 34]. Different 
classification systems of CFs proposed by many authors used 
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conservative treatment involves passive (painkillers, soft 
diet, functional therapy) or active procedures (flexible trac-
tions, braces, functional therapy) [35, 36, 37]. Surgical treat-
ment includes the open fracture reduction and stable osteo-
synthesis, followed by functional therapy [38, 39, 40].

There is an ongoing discussion aimed to determine the most 
effective treatment of CFs and specialists apply and propose 
different criteria for choosing the best method of treatment. 
Factors taken into account include the patient’s age, location of 
the fracture gap, the range of displacement of bone fragments, 
the degree of motion abnormalities of the jaw, the severity 
of occlusal disorders, individual experience of the surgeon, 
and the patient’s decision. However, an objective comparison 
of these criteria, and in particular the results of treatments 
based on these criteria, is very complicated. The difficulty is 
caused by the adoption of different CF classifications by vari-
ous authors. However, regardless of the type of fracture and 
accepted therapeutic strategy, treatment of patients with CFs 
should have the following goals: 

1.	 Restoration of the correct shape of the mandible and 
its activities (movements in horizontal, frontal, and sagittal 
planes).

2.	 The prevention of acute and chronic pain.
3.	 Restoration of the pre-injury occlusal conditions.
4.	 Prevention of ankylosis of the temporomandibular joint.
The supporters of conservative treatment propose 2 differ-

ent tactics. The first group of researchers believe that the early 
initiation of functional therapy is most crucial in the conserva-
tive treatment of CFs, involving the early implementation of 
mandible exercises [41]. In contrast, other authors advocate 
starting with the intermaxillary fixation (IMF) using splints 
or bicortical screws, with the functional treatment started 
only after their removal [36]. There is no agreement on the 
duration of the fixation, and the differences of opinion are 
quite significant. Some authors argue that the IMF should con-
tinue until resolution of pain, and therefore for no more than 
a few days [42]. According to others, the optimal duration is 
2 weeks [1]. There are also some who recommend IMF for 5 or 
even 6 weeks [36, 43], arguing that such action will facilitate 
the adjustment of bone fragments under the control of occlu-
sion and create the right conditions for osteosynthesis and 
contribute to the improvement in the well-being of the patient. 
Quite a different view on this issue is presented by Palmieri et 
al. who associate motion abnormalities of the mandible directly 
with the duration of IMF, not recommending this procedure 
in the conservative treatment of CFs [44].

The supporters of conservative treatment in CFs believe it 
is sufficiently effective and at the same time allows to avoid 
the complications associated with surgery performed under 
general anaesthesia, such as postoperative scar, poor fracture 
fixation, fracture of the stabilizing plate, loosening of screws, 
infection and paralysis of the facial nerve. It is emphasized, 
however, that non-surgical treatment requires constant and 
long-term monitoring of the patient, which inevitably requires 
the time-consuming involvement of a physician and requires 
good cooperation from the patient [45].

1.	 Diacapitular fracture through the head of the condyle; 
the line of the fracture starts in the auricular part of the head 
and may extend outside the capsule fracture of the condylar 
neck; the line of the fracture starts above line “A” (the perpen-
dicular line that extends through the semilunar incision to the 
tangent of the mandibular ramus) in the lateral view for more 
than half of its lengths.

2.	 Fracture of the condylar neck; the line of the fracture 
starts above line A (the perpendicular line that extends through 
the semilunar incision to the tangent of the mandibular ramus) 
in the lateral view for more than half of its lengths.

3.	 Fracture of the condylar base; the line of the fracture 
runs behind the mandibular foramen and for more than half 
of its length below line “A”.

Despite the fact that there is a great number of classifica-
tion systems of CFs none of them become a gold standard. This 
topic is still discussed and authors did not desist to seek out 
a decisive consensus [33, 34].

MECHANISMS OF CONDYLAR FRACTURES

CFs occur most often on the basis of the indirect mechanism. 
According to Lindahl, there are 3 basic types of interactions, 
which result in CFs [27]:

1.	 The first type consists in the action of kinetic energy 
transferred from the moving object to the fixed mandible. This 
mechanism is characteristic for punches or blows with a blunt 
instrument in the area of the body of the mandible. Most fre-
quently, it results in the fractures of the mandibular body at 
the site of force application (direct trauma) and CFs on the 
opposite side (indirect trauma).

2.	 Type 2 is associated with the operation of the kinetic 
energy of a person hitting a resting object. This pathomecha-
nism of CFs is usually a result of tripping and falling, or during 
physical exercise, when the area of the chin hits a hard surface. 
Most frequently, fracture occurs at the site of force applica-
tion, i.e. in the area of the chin, accompanied by bilateral CFs 
in an indirect mechanism.

3.	 Type 3 defines the mechanism of injury resulting from the 
forces acting in opposite directions. An example of this is the 
head-on collision of vehicles, a consequence of which is a severe 
impact of the driver’s or passenger’s chin into the dashboard. 
The result is both bilateral mandibular fracture and bilateral CF, 
which may be accompanied by the fracture of the mandibular 
fossa of the temporomandibular joint, fracture of the exter-
nal auditory canal, and even fracture of the skull base with 
the middle cranial fossa penetration by the fractured condyle.

STRATEGIES AND METHODS FOR 
THE TREATMENT OF CONDYLAR FRACTURES

Methods of CFs treatment are the most controversial among 
all facial fractures. There are 2 major therapeutic strategies: 
conservative (closed) and surgical (open) [1, 2, 3, 4, 5]. The 
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such as flexible tractions, screws, or splints [44, 46, 55, 56]. 
Many authors recommend the use of functional orthodontic 
appliances, usually referred to as activators [54, 55, 57, 58]. 
These devices include Andresen-Häupl activator, Klammt acti-
vator, myofunctional activator, bionator, monoblock and the 
Frankl regulator. These appliances are designed in the con-
structive occlusion intended for an individual patient. Their 
effects include the stimulation of muscles, restoration of the 
normal function of the ligaments of the temporomandibular 
joint, stimulation of bone remodeling in the fractured condylar 
process, prevention of the shortening of the mandibular branch 
by offloading the fracture area, prevention of the restricted 
mandible mobility, ensuring the correct occlusion, as well as 
ensuring comfort for the patient. The most frequently recom-
mended duration of functional treatment is 2–3 months. How-
ever, some do recommend longer treatment, 4–6 months, 6–12 
months, and even over a year [44, 46, 55, 57, 59].

The divergence of views on the selection and efficacy of opti-
mal treatment of CFs has prompted investigators to conduct 
prospective randomized research. Unfortunately, the results 
of these studies, though generally indicating that surgery is 
more effective, are quite ambiguous.

Eckelt et al., based on the results of the first prospective 
randomized study comparing the 2 main treatment strategies, 
argue that a more favorable anatomical position of bone frag-
ments is obtained significantly more frequently in patients 
treated with surgery [1]. That group of patients experiences sig-
nificantly improved mobility and significantly lower mandible 
pain, as shown on the analog pain scale. Eckelt et al. conclude 
that both closed and open treatment give acceptable results, 
but surgical procedures (regardless of method of fixation) 
give better subjective and objective functional characteristics. 
Similar results were obtained by Singh et al., confirming the 
advantage of surgical treatment [60]. However, they consider 
open and closed strategies to be equally effective with regard 
to the occlusion after treatment.

Schneider et al., in turn, indicate that patients with frac-
tures with displacements in the range 10–45 degrees, and 
patients with CFs accompanied by the ramus shortening by 
2 mm or more, should be treated with surgery regardless of 
the location of fracture. They also argue that open treatment 
is particularly justified in bilateral CFs [61]. Both Eckelt et al. 
and Schneider et al. consider the shortening of the ramus of 
the mandible by about 2 millimeters and more to be one of 
the main criteria for selecting the open method of treating 
CF. However, Kommers et al., in their measurements of the 
mandibular branch in panoramic radiographs of patients with 
unilateral CF, observed that 34% had a shorter ramus of the 
mandible on the non-fractured side. Therefore, they recom-
mend extreme caution when qualifying a patient for surgery 
and discourage the use of this criterion as an absolute indica-
tion for surgical intervention [62].

Danda et al., based on the results of a prospective rand-
omized research, and comparative analysis applied for maxi-
mum jaw opening, protrusive and lateral movements, and pain 
in the area of the temporomandibular joint, argue that there 

The proponents of surgical treatment of CFs express the 
belief that the condition for the effective functional treatment 
is the correct fracture reduction and stable fixation of frac-
ture [36]. Open treatment helps to avoid inconveniences or com-
plications related to IMF, such as the need of liquid diet, weight 
loss, risk of respiratory problems, insufficient oral hygiene, 
discomfort associated with the inability of mandibular open-
ing, dysfunction of the temporomandibular joint, especially 
the ankylosis of temporomandibular joint [46, 47]. Analyzing 
the effectiveness of treatment of CFs in their own material, 
Kotrashetti et al. conclude that the open method allowed bet-
ter results both in the clinical picture as well as in imaging 
tests [4]. The supporters of the open method also argue that 
the use of a proper surgical technique eliminates the risk of 
significant complications associated with surgery, including 
the damage to the facial nerve [14].

Some authors believe that conservative and surgical treat-
ment of CFs do not differ significantly in terms of effective-
ness [5, 48, 49]. In a study by Leiser et al. on patients treated 
conservatively and surgically for the low fracture of the con-
dylar base, both strategies had similar effectiveness in terms 
of results and related complications [49]. Similar conclusions 
were formulated by Sforza et al. after verifying the efficacy of 
CFs treatment with a 3D mandibular mobility analyzer [48]. 
The confirmation of these observations can also be found in 
the work of Liu et al., a meta-analysis of randomized studies 
on the choice of treatment strategy in unilateral CF with dis-
placement [5]. On the other hand, Bruckmoser and Undt, after 
reviewing a number of references dealing with CFs, expressed 
a belief that conservative treatment gives better results in chil-
dren, while surgical therapy seems more favorable in adults [50]. 
Those authors also recommend conducting a prospective, multi-
center randomized study to determine from which age it is 
advisable to use the surgical treatment of CFs.

Functional therapy is an undisputed step in treating patients 
with CFs, both in the context of conservative and surgical 
treatment [1, 43, 51]. Its key premise is ensuring the biological 
adaptation of the condylar process [52]. Stimulation of muscles 
(especially pterygoid muscles) and increasing the periosteal 
activity during functional therapy are most crucial here, as they 
lead to the stimulation of bone formation and allow the recon-
struction of the newly formed bone. This in turn determines 
the final shape of the reconstructed condylar process [52, 53]. 
Functional therapy is the foundation of the passive phase of 
the closed treatment, although it is also advised even after 
the removal of IMF in the active phase or as a continuation of 
surgical treatment [1, 43, 51]. The literature emphasizes that 
all forms of this therapy are justified, starting from the sim-
plest exercises recommended by the surgeon, such as open-
ing of the jaws in front of a mirror, chewing gum on the non-
fractured side, lateral movements, protrusive movements, or 
closing mouths aiming at maximum occlusion. These exercises 
can be performed by the patient or in a professional manual 
therapy carried out by a physiotherapist. These may be either 
active or passive exercises [44, 45, 54]. Besides the exercises, 
many authors recommend the use of functional instruments 
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the use of the endoscopic-assisted intraoral approach requires 
expensive instrumentation, not always available in every center 
offering treatment of CFs [80]. Besides, some authors empha-
size that it can only be applied in the cases of low subcondylar 
fractures with slight displacement [36]. It also seems that it 
should not be used in the treatment of fractures with medial 
displacement [81].

TECHNIQUES AND MATERIALS USED FOR 
THE FIXATION OF CONDYLAR FRACTURE

Among the many controversies associated with the treatment 
of CFs, special attention should be paid to the choice of the 
proper method of fracture fixation. For decades views have 
been changing as to how to immobilize the fragments of the 
mandible, starting with the surgical suture (Perthes), through 
the Kirschner wire (Stephenson and Graham) or “anchor screws” 
(Krenkel) and “lag screws” (Eckelt and Gerber), to miniplate 
osteosynthesis (Koberg and Momma). Currently, the most pop-
ular materials used in condylar base and neck osteosynthesis 
are screwed miniplates. In cases of head CFs the most popular 
are titanium compression screws.

Almost all standard plates dedicated to base and neck CFs 
osteosynthesis are made from 1 mm thick titanium alloys. The 
holes in these plates have 2.0 mm diameter for adequate screws. 
There is a great number of various standard 2.0 plates for stabi-
lizing of CFs – for example 4 holes plates, 6 holes plates, straight 
plates, L-plates, X-plates, Y-plates, plates with different kind of 
bar (6 to 17 mm), rigid plates, semi-rigid plates. Screws dedi-
cated to plates can be both self-tapping and self-drilling and 
they are produced in great variety of length (4 to 23 mm). Some 
manufacturers provide beside standard plates and standard 
screws also locking plates and locking screws. Locking plates 
are also made from titanium but they are thicker (1.2 to 1.5 mm) 
than standard plates. Some authors decided to compare stand-
ard (non-locking) plates and screws with locking plates and 
screws [82, 83, 84, 85]. Glória et al. in their meta-analysis in 
the field of locking and non-locking plates and screws argue 
that although a better bite force result with the locking plates, 
there is still no sufficient evidence to support this informa-
tion safely [85]. Wusiman et al. claim that mandible fractures 
treated with 2.0 mm locking miniplates and standard 2.0 mm 
miniplates present similar short-term complication rates [83].

In cases of condylar head fractures there is inappropriate 
to use plates for osteosynthesis. In such small and gentle intra-
capsular space bulky materials induced postoperative scarring 
of the capsule and ligaments, thus limiting the movement of 
disc and condylar head [86, 87, 88, 89].

Anatomical restoration of condylar head with preservation 
of disc and condylar mobility and biomechanical stability are 
a prerequisite for successful outcome. This goal can be achieved 
by using 2 or 3 titanium compression screws. These screws are 
1.5 mm to 1.8 mm diameter and 9–20 mm length. These kinds 
of screws ensure high load resistance, high retention and low 
trauma to head and periarticular soft tissues [89, 90, 91, 92].

are no clinically relevant differences between the groups of 
patients with CFs treated conservatively (including the step of 
therapy involving the use of IMF) and surgically [2]. Neverthe-
less, they emphasize that a better fixation of bone fragments (as 
seen in radiographs) is achieved in surgically treated patients. 
Finally, Park et al., after reviewing the literature, express the 
conviction that the surgical treatment of CFs should be chosen 

“as often as possible” [63].
As noted by Kommers et al., literature lacks comparisons 

between the quality of life of patients with CFs after surgery 
and those treated with conservative methods. The results of 
such analysis would be useful not only for the general knowl-
edge. They could be useful in choosing the appropriate thera-
peutic strategy, at least for some patients [62].

THE CHOICE OF SURGICAL APPROACH FOR 
THE OPEN TREATMENT OF CONDYLAR FRACTURES

In surgical treatment for CFs, the most problematic is the selec-
tion of the most favorable surgical approach, because none 
of the known and currently used methods gives a complete 
access to all types of fractures. For this reason, the literature 
provides many descriptions of techniques that allow optimal 
access to the fracture site and to efficiently perform a surgical 
intervention [64, 65, 66, 67, 68, 69, 70, 71, 72]. These include the 
following approaches: preauricular (Blair), temporo-auricular 
(Rasse), retroauricular (Bockenheimer and Axhausen), transp-
arotid (Ellis et al.), retromandibular (Hinds and Girotti), low 
submandibular (Perthes), perimandibular (Eckelt), subman-
dibular (Risdon), high perimandibular (modified Risdon–Stras-
bourg), and endoscopic-assisted intraoral approach (Mokros 
and Erle). The most important criterion for the selection of 
the appropriate surgical approach seems to be the location of 
the fracture gap. Therefore, it is believed that the treatment 
of fractures of the condylar base (subcondylar) and the con-
dylar neck should apply the retromandibular, transparotid, 
submandibular in various modifications, perimandibular in 
various modifications, and the endoscopic-assisted intraoral 
approach [67, 68, 69, 70, 72]. However, in cases of intraarticular 
(head) fractures, more appropriate are preauricular, anteau-
ricular, and temporo-auricular approaches [64, 65, 71]. Some 
authors introduce additional rules for the selection of appropri-
ate surgical approach; e.g. the direction of the displacement of 
fractures, as mentioned by Mohan et al. who use preauricular 
approach in patients with fractures with the medial displace-
ment, while the retromandibular approach in patients with 
lateral displacement [73].

The use of the extraoral approaches to the condylar access is 
associated with the risk of damage to the facial skin and a scar. 
According to most authors, these complications can be avoided 
by using the endoscopic-assisted intraoral approach [74, 75, 
76]. However, Choi and Lee report the emergence of the tran-
sient paralysis of the facial nerve in a patient treated with this 
method [77]. Similar results are presented by Arcuri et al. [78] 
and Domanski et al. [79]. Regardless of dubious effectiveness, 
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2D plates is reported, for example, by Sadhwani and Anchlia, 
who argue that the use of 3D plates results in correct 3-dimen-
sional stability of the fracture and enhances the resistance 
to undesirable forces [119]. They also report that better sta-
bilization of bone fragments with the 3-dimensional plates 
reduces the number of infectious complications in the post-
operative period. Similar benefits of 3D plates are mentioned 
by Hakim et al. [109].

Meyer et al. show the results of treatment of CFs using TCP, 
indicating that none of them was broken the 6-month period of 
postoperative control [120]. They do admit, however, that 6.6% 
of the surveyed patients experienced secondary displacement 
of bone fragments. Yet they do not associate that complica-
tion with the plate’s faults, but emphasize the poor quality of 
bones and the presence of additional fracture gaps. They also 
emphasize the effect of their own mistakes related to the lack 
of experience in applying TCPs.

In their study on the use of Delta plates in the treatment 
of CFs, Lauer et al. [106] reported that during the annual fol-
low-up of 19 patients they did not observe any fracture of the 
plates, which significantly contrasts with the results of Choi 
et al. [121], Seemann et al. [122] and Schön et al. [123] who broke 
other types of plates in 3–12% of cases. Although Lauer et al. 
did observe the loosening of screws stabilizing the Delta plate, 
it did not affect fracture healing in any case.

Haim et al. conducted experimental studies in which they 
compared the stability of fixation using the 2 plates technique 
(Delta plate and Delta locking plate) [107]. It turned out that 
all 3 techniques of fixation met the requirements of stable and 
functional osteosynthesis, with Delta locking plate showing 
the highest primary stability and the lowest susceptibility 
to the loosening of screws.

Another notable works verifying the value of the materials 
used for stable osteosynthesis in the treatment of CFs include 
the research by Aquilina et al., demonstrating the efficacy of the 
1.5 mm X-shaped plate 1.5 [124], and the report by de Jesus et al., 
highlighting the effectiveness of the use of the 7-hole Lambda 
plate in cases where it was possible to use only one plate [125].

Traditionally, titanium plates and screws have several dis-
advantages, particularly in the growing patients. Following 
that some authors try to use for CFs osteosynthesis resorbable 
sheets and pins [126, 127, 128, 129].

Resorbable fixation for maxillofacial fractures has not gained 
widespread acceptance because of technical difficulties with 
the materials and concern about inflammatory reactions dur-
ing their resorption. However resorbable fixation materials 
can be useful to fix fractures of the condylar neck. McLeod 
and Van Gijn presented patients in whom ultrasound-activated 
resorbable sheets and pins were used to fix condylar frac-
tures in which the fracture pattern did not permit the use of 
stable metal fixation, or the age of the patient precluded the 
use of metal fixation. They observed no perioperative com-
plications and no problems related to the stability of the fixa-
tion. Only slight disadvantages were minor swelling relating 
to the resorption of the material in one case did not require 
any management [129].

Many authors recommend the fixation of condylar base and 
neck fractures with a single plate with minimum 4 screws (at 
least 2 screws on each side of the fracture), positioned vertically 
along the rear edge of the neck of the condylar process [93, 94, 
95]. Other researchers believe, however, that the use of a single 
plate technique is often followed by complications such as the 
fracture of the plate or loosening of screws, which leads to the 
secondary displacement of the fracture [43, 96, 97].

According to many authors, the application of the 2 plates for 
condylar base and neck fractures fixation gives better results 
by increasing the stability of fixation [96, 98, 99, 100, 101]. The 
first plate is mounted along the posterior margin of the con-
dylar process (similar to the single plate technique), respon-
sible for maintaining the proper (anatomical) orientation of 
the condylar process, and thus the correct height of the ramus. 
The second plate is placed somewhat obliquely below the semi-
lunar incision to effectively counteract the forces of chewing, 
particularly the tensile strength in the sagittal plane (in the 
case of the single plate technique, this force can cause the dis-
placement of bone fragments). This plate may be fastened with 
2 screws, one on each side of the fracture. Parascandolo et al. 
argue that the additional advantage of the 2 plates technique is 
a statistically significant reduction in the gap between the bone 
fragments, which in turn significantly improves the primary 
stability of the fracture [102]. Similar results are presented by 
Kang [103]. On the other hand, the use of at least 2 plates and 
6 screws and their correct positioning on a really small area 
remains a major technical challenge. To avoid operational diffi-
culties, attempts have been made to place plates one above the 
other. In the absence of the desired results, this approach has 
not gained popularity and has eventually been forsaken [104].

It is well known that the higher the location of the fracture 
gap, the more difficult it is to access it intraoperatively, reduce 
it and properly fixate, which in turn significantly affects the 
functional stability of fixation after surgery. According to the 
observations by Pilling et al., the biomechanical stability of 
fixation seems to be particularly important in the treatment of 
condylar fractures [105]. However, the execution of functionally 
stable fixation in such a difficult anatomic area is not easy. In 
order to avoid such difficulties, manufacturers launched plates 
with smaller dimensions to facilitate their positioning and make 
it possible to use only 2 screws in the proximal bone fragment. 
At the same time, it was important to place a plate along the 
line of ideal osteosynthesis. This resulted in the emergence 
of the so-called 3D plates, which include a trapezoid condyle 
plate (TCP), Delta plate, Rhombic 3D condylar fracture plate, 
Strut plate, Lambda plate, Trapezoidal plate, and the A-shape 
condylar plate. Due to the shape and positioning of these plates, 
functionally stable fixation of CFs can now be achieved only 
with one plate. Almost all of these plates are produced with 
2 different kinds. Compression (standard) 3D plates which 
are stabilized with compression screws and locking 3D plates 
which are stabilized with locking screws.

The literature presents results in both experimental and 
clinical studies using 3D plates [97, 106, 107, 108, 109, 110, 111, 
112, 113, 114, 115, 116, 117, 118]. Their advantage over conventional 
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Also Kim et al. argue that using biodegradable plates is a sta-
ble and reliable method for the management of mandibular 
subcondylar fractures and eliminates the need for secondary 
surgery for plate removal [128].

CONCLUSIONS

There are still differences in opinions among researchers 
regarding the choice of appropriate treatment – closed or open. 
There is no consensus among open treatment supporters in 
the context of choosing the right surgical approach. Important 
question is which material to choose for fixation of condylar 
fracture. The recent studies show satisfactory results in terms 
of stability of condylar base and neck osteosynthesis with the 
use of 3D condylar plates. When seeking an optimal technique 
of condylar osteosynthesis, one should take into considera-
tion not only the biomechanical aspects, but also the effects 
of implants on organism, in particular on cellular, humoral 
and vascular mechanisms responsible for the inflammatory 
response [130]. In the future, further discussion is required 
on the choice of the type of material for fixation of condy-
lar fracture and, in particular, on the possibility of using new 
resorbable materials. With the development of virtual surgical 
planning techniques as well as the increasing use of individual 
implants, it is possible to use these methods in the future for 
surgical treatment of condylar fractures.

REFERENCES

1.	 Eckelt U, Schneider M, Erasmus F, Gerlach KL, Kuhlisch E, Loukota R, et al. 
Open versus closed treatment of fractures of the mandibular condylar 
process – a prospective randomized multi-centre study. J Craniomaxil-
lofac Surg 2006;34(5):306-14. doi: 10.1016/j.jcms.2006.03.003.

2.	 Danda AK, Muthusekhar MR, Narayanan V, Baig MF, Siddareddi A. Open 
versus closed treatment of unilateral subcondylar and condylar neck 
fractures: a prospective, randomized clinical study. J Oral Maxillofac 
Surg 2010;68(6):1238-41. doi: 10.1016/j.joms.2009.09.042.

3.	 Chrcanovic BR. Open versus closed reduction: diacapitular fractures of 
the mandibular condyle. Oral Maxillofac Surg 2012;16(3):257-65. doi: 
10.1007/s10006-012-0337-6.

4.	 Kotrashetti SM, Lingaraj JB, Khurana V. A comparative study of closed ver-
sus open reduction and internal fixation (using retromandibular approach) 
in the management of subcondylar fracture. Oral Surg Oral Med Oral 
Pathol Oral Radiol 2013;115(4):7-11. doi: 10.1016/j.oooo.2011.10.027.

5.	 Liu Y, Bai N, Song G, Zhang X, Hu J, Zhu S, et al. Open versus closed treat-
ment of unilateral moderately displaced mandibular condylar frac-
tures: a meta-analysis of randomized controlled trials. Oral Surg Oral 
Med Oral Pathol Oral Radiol 2013;116(2):169-73. doi: 10.1016/j.oooo. 
2013.02.023.

6.	 Sakr K, Farag IA, Zeitoun IM. Review of 509 mandibular fractures treated 
at the University Hospital, Alexandria, Egypt. Br J Oral Maxillofac Surg 
2006;44(2):107-11. doi: 10.1016/j.bjoms.2005.03.014.

7.	 Zachariades N, Mezitis M, Mourouzis C, Papadakis D, Spanou A. Fractures 
of the mandibular condyle: a review of 466 cases. Literature review, reflec-
tions on treatment and proposals. J Craniomaxillofac Surg 2006;34(7):421-
32. doi: 10.1016/j.jcms.2006.07.854.

8.	 Rocton S, Chaine A, Ernenwein D, Bertolus C, Rigolet A, Bertrand JC, et al. 
Mandibular fractures: epidemiology, therapeutic management, and compli-
cations in a series of 563 cases. Rev Stomatol Chir Maxillofac 2007;108(1):3-
10. doi: 10.1016/j.stomax.2006.11.001.



Pomeranian J Life Sci 2018;64(4)	 21

Current views on the treatment of condylar fractures

53.	 Mugnier A, Bordais P, Marchand J. Mandibular neo-condyle after sub-
capital fracture. Rev Stomatol Chir Maxillofac 1974;75(7):1007-12.

54.	 Silvestri A, Lattanzi A, Mantuano MT. A protocol for the treatment of man-
dibular condylar fractures. Minerva Stomatol 2004;53:403-15.

55.	 Landes CA, Lipphardt R. Prospective evaluation of a pragmatic treat-
ment rationale: open reduction and internal fixation of displaced and 
dislocated condyle and condylar head fractures and closed reduction of 
non-displaced, non-dislocated fractures. Part I: condyle and subcondylar 
fractures. Int J Oral Maxillofac Surg 2005;34(8):859-70. doi: 10.1016/j.
ijom.2005.04.021.

56.	 Gibbons AJ, Khattak O. Self-drilling intermaxillary fixation screws 
in the closed treatment of a condylar fracture. J Oral Maxillofac Surg 
2007;65(2):357. doi: 10.1016/j.joms.2006.10.004.

57.	 Hlawitschka M, Eckelt U. Assessment of patients treated for intracapsular 
fractures of the mandibular condyle by closed techniques. J Oral Maxil-
lofac Surg 2002;60(7):784-91.

58.	 Landes CA, Lipphardt R. Prospective evaluation of a pragmatic treat-
ment rationale: open reduction and internal fixation of displaced and 
dislocated condyle and condylar head fractures and closed reduction of 
non-displaced, non-dislocated fractures. Part II: high condylar and con-
dylar head fractures. Int J Oral Maxillofac Surg 2006;35(2):115-26. doi: 
10.1016/j.ijom.2005.04.009.

59.	 Hlawitschka M, Loukota R, Eckelt U. Functional and radiological results 
of open and closed treatment of intracapsular (diacapitular) condylar 
fractures of the mandible. Int J Oral Maxillofac Surg 2005;34(6):597-604. 
doi: 10.1016/j.ijom.2005.02.004.

60.	 Singh V, Bhagol A, Goel M, Kumar I, Verma A. Outcomes of open versus 
closed treatment of mandibular subcondylar fractures: a prospective 
randomized study. J Oral Maxillofacial Surg 2010;68(6):1304-9. doi: 
10.1016/j.joms.2010.01.001.

61.	 Schneider M, Erasmus F, Gerlach KL, Kuhlisch E, Loukota RA, Rasse M, 
et al. Open reduction and internal fixation versus closed treatment and 
mandibulomaxillary fixation of fractures of the mandibular condylar pro-
cess: a randomized, prospective, multicenter study with special evalua-
tion of fracture level. J Oral Maxillofacial Surg 2008;66(12):2537-44. doi: 
10.1016/j.joms.2008.06.107.

62.	 Kommers S, Moghimi M, van de Ven L, Forouzanfar T. Is radiological 
shortening of the ramus a reliable guide to operative management of 
unilateral fractures of the mandibular condyle? Br J Oral Maxillofac Surg 
2014;52(6):491-5. doi: 10.1016/j.bjoms.2014.04.008.

63.	 Park SS, Lee KC, Kim SK. Overview of mandibular condyle fracture. Arch 
Plast Surg 2012;39(4):281-3. doi: 10.5999/aps.2012.39.4.281.

64.	 Blair VP. Surgery and diseases of the mouth and jaws. St. Louis: Mosby; 
1912. 

65.	 Bockenheimer P. Eine neue methode zur freilegung der kiefergelenke 
ohne sichtbare narben und ohne verletzung des nervus facialis. Zentralbl 
Chir 1920;47:1560-79. 

66.	 Perthes G. Über frakturen und luxationsfrakturen des kieferköpfchens 
und ihre operative behandlung. Arch Klin Chir 1924;133:418-33. 

67.	 Risdon F. Ankylosis of the temporomaxillary joint. J Am Dent Assoc (1922) 
1934;21:1933-7.

68.	 Hinds EC, Girotti WJ. Vertical subcondylar osteotomy: a reappraisal. Oral 
Surg Oral Med Oral Pathol 1967;24(2):164-70.

69.	 Eckelt U. Tension bolt osteosynthesis for fractures of the mandibular 
condyle. Dtsch Z Mund Kiefer Gesichtschir 1991;15(1):51-7.

70.	 Ellis E 3rd, Dean J. Rigid fixation of mandibular condyle fractures. Oral 
Surg Oral Med Oral Pathol 1993;76(1):6-15. 

71.	 Rasse M. Diakapituläre fracturen der mandibula. Eine neue operations-
methode und erste ergebnisse. Stomatologie 1993;90:413-28.

72.	 Mokros S, Erle A. Die transorale miniplattenosteosynthese von gelenk-
fortsatzfrakturen optimierung der operativen methode. Fortschr Kiefer 
Gesichtschirur 1996;41:136-8.

73.	 Mohan AP, Jeevan Kumar KA, Venkatesh V, Pavan Kumar B, Patil K. Com-
parison of preauricular approach versus retromandibular approach in 
management of condylar fractures. J Maxillofac Oral Surg 2012;11(4):435-
41. doi: 10.1007/s12663-012-0350-1.

74.	 Schoen R, Fakler O, Metzger MC, Weyer N, Schmelzeisen R. Preliminary 
functional results of endoscope-assisted transoral treatment of dis-
placed bilateral condylar mandible fractures. Int J Oral Maxillofac Surg 
2008;37(2):111-6.

mandibular joint fractures. Mund Kiefer Gesichtschir 2002;6(4):241-8. 
doi: 10.1007/s10006-002-0396-1.

32.	 Loukota RA, Eckelt U, De Bont L, Rasse M. Subclassification of frac-
tures of the condylar process of the mandible. Br J Oral Maxillofac Surg 
2005;43(1):72-3. doi: 10.1016/j.bjoms.2004.08.018.

33.	 Neff A, Cornelius CP, Rasse M, Torre DD, Audigé L. The comprehensive 
AOCMF classification system: condylar process fractures – level 3 tuto-
rial. Craniomaxillofac Trauma Reconstr 2014;7:44-58. doi: 10.1055/s-
0034-1389559.

34.	 Kozakiewicz A. Classification proposal for fractures of the processus 
condylaris mandibulae. Clin Oral Investig 2018. doi: 10.1007/s00784-
018-2459-1.

35.	 Reddy NV, Reddy PB, Rajan R, Ganti S, Jhawar DK, Potturi A, et al. Analysis 
of patterns and treatment strategies for mandibular condyle fractures: 
review of 175 condyle fractures with review of literature. J Maxillofac 
Oral Surg 2013;12(3):315-20. doi: 10.1007/s12663-012-0428-9.

36.	 Hackenberg B, Lee C, Caterson EJ. Management of subcondylar mandible 
fractures in the adult patient. J Craniofac Surg 2014;25(1):166-71. doi: 
10.1097/SCS.0000000000000498.

37.	 Niezen ET, Stuive I, Post WJ, Bos RR, Dijkstra PU. Recovery of mouth-
opening after closed treatment of a fracture of the mandibular condyle: 
a longitudinal study. Br J Oral Maxillofac Surg 2015;53(2):170-5. doi: 
10.1016/j.bjoms.2014.11.007.

38.	 Derfoufi L, Delaval C, Goudot P, Yachouh J. Complications of condylar frac-
ture osteosynthesis. J Craniofac Surg 2011;22(4):1448-51. doi: 10.1097/
SCS.0b013e31821d1814.

39.	 Vesnaver A, Ahčan U, Rozman J. Evaluation of surgical treatment in man-
dibular condyle fractures. J Craniomaxillofac Surg 2012;40(8):647-53. 
doi: 10.1016/j.jcms.2011.10.029.

40.	 Colletti G, Battista VM, Allevi F, Giovanditto F, Rabbiosi D, Biglioli 
F. Extraoral approach to mandibular condylar fractures: our experi-
ence with 100 cases. J Craniomaxillofac Surg 2014;42(5):186-94. doi: 
10.1016/j.jcms.2013.08.005.

41.	 Lemiere E, Sicre A, Vereecke F, Brygo A, Nicola J, Ferri J. Our physiotherapy 
treatment of articular fractures of the mandibular condyle. Rev Stomatol 
Chir Maxillofac 2003;104(2):104-6.

42.	 Shi J, Chen Z, Xu B. Causes and treatment of mandibular and condylar frac-
tures in children and adolescents: a review of 104 cases. JAMA Otolaryn-
gol Head Neck Surg 2014;140(3):203-7. doi: 10.1001/jamaoto.2013.6300.

43.	 Sugiura T, Yamamoto K, Murakami K, Sugimura M. A comparative 
evaluation of osteosynthesis with lag screws, miniplates, or Kirschner 
wires for mandibular condylar process fractures. J Oral Maxillofac Surg 
2001;59(10):1161-8. doi: 10.1053/joms.2001.26718.

44.	 Palmieri C, Ellis E 3rd, Throckmorton G. Mandibular motion after closed 
and open treatment of unilateral mandibular condylar process fractures. 
J Oral Maxillofac Surg 1999;57(7):764-75.

45.	 Crivello O. Evaluation of mandibular movement after condylar fracture. 
Rev Stomatol Chir Maxillofac 2002;103(1):22-5.

46.	 Basdra EK, Stellzig A, Komposch G. Functional treatment of condylar frac-
tures in adult patients. Am J Orthod Dentofacial Orthop 1998;113(6):641-6.

47.	 Görgü M, Deren O, Sakman B, Ciliz D, Erdogan B. Prospective compara-
tive study of the range of movement of temporomandibular joints after 
mandibular fractures: rigid or non-rigid fixation. Scand J Plast Reconstr 
Surg Hand Surg 2002;36(6):356-61. 

48.	 Sforza C, Ugolini A, Sozzi D, Galante D, Mapelli A, Bozzetti A. Three-
dimensional mandibular motion after closed and open reduction of uni-
lateral mandibular condylar process fractures. J Craniomaxillofac Surg 
2011;39(4):249-55. doi: 10.1016/j.jcms.2010.06.005.

49.	 Leiser Y, Peled M, Braun R, Abu-El Naaj I. Treatment of low subcondy-
lar fractures – a 5-year retrospective study. Int J Oral Maxillofac Surg 
2013;42(6):716-20. doi: 10.1016/j.ijom.2013.03.006.

50.	 Bruckmoser E, Undt G. Management and outcome of condylar fractures in 
children and adolescents: a review of the literature. Oral Surg Oral Med 
Oral Pathol Oral Radiol 2012;114:86-106. doi: 10.1016/j.oooo.2011.08.003.

51.	 Throckmorton GS, Ellis E 3rd, Hayasaki H. Masticatory motion after sur-
gical or nonsurgical treatment for unilateral fractures of the mandibular 
condylar process. J Oral Maxillofac Surg 2004;62(2):127-38.

52.	 Shen G, Darendeliler MA. The adaptive remodeling of condylar car-
tilage – a transition from chondrogenesis to osteogenesis. J Dent Res 
2005;84(8):691-9. doi: 10.1177/154405910508400802.



22	 ojs.pum.edu.pl/pomjlifesci

Maciej Sikora, Tomasz Olszowski, Dariusz Chlubek

94.	 Haug RH, Assael LA. Outcomes of open versus closed treatment of man-
dibular subcondylar fractures. J Oral Maxillofac Surg 2001;59(4):370-5. 
doi: 10.1053/joms.2001.21868.

95.	 Hyde N, Manisali M, Aghabeigi B, Sneddon K, Newman L. The role of open 
reduction and internal fixation in unilateral fractures of the mandibular 
condyle: a prospective study. Br J Oral Maxillofac Surg 2002;40(1):19-22. 
doi: 10.1054/bjom.2001.0734.

96.	 Rallis G, Mourouzis C, Ainatzoglou M, Mezitis M, Zachariades N. Plate 
osteosynthesis of condylar fractures: a retrospective study of 45 patients. 
Quintessence Int 2003;34(1):45-9.

97.	 Meyer C, Serhir L, Boutemi P. Experimental evaluation of three osteosyn-
thesis devices used for stabilizing condylar fractures of the mandible. J 
Craniomaxillofac Surg 2006;34(3):173-81. doi: 10.1016/j.jcms.2005.09.005.

98.	 Wagner A, Krach W, Schicho K, Undt G, Ploder O, Ewers R. A 3-dimensional 
finite-element analysis investigating the biomechanical behavior of the 
mandible and plate osteosynthesis in cases of fractures of the condylar 
process. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 2002;94(6):678-
86. doi: 10.1067/moe.2002.126451.

99.	 Asprino L, Consani S, de Moraes M. A comparative biomechanical evalua-
tion of mandibular condyle fracture plating techniques. J Oral Maxillofac 
Surg 2006;64(3):452-6. doi: 10.1016/j.joms.2005.11.017.

100.	Shinohara EH, Martini MZ. ‘Double barrel’ 2.0 mm mini-plates to fix frac-
tures of the neck of the mandibular condyle. Br J Oral Maxillofac Surg 
2006;44(2):166. doi: 10.1016/j.bjoms.2005.04.016.

101.	Tominaga K, Habu M, Khanal A, Mimori Y, Yoshioka I, Fukuda J. Biome-
chanical evaluation of different types of rigid internal fixation techniques 
for subcondylar fractures. J Oral Maxillofac Surg 2006;64(10):1510-6. 
doi: 10.1016/j.joms.2006.03.038.

102.	Parascandolo S, Spinzia A, Parascandolo S, Piombino P, Califano L. Two 
load sharing plates fixation in mandibular condylar fractures: biome-
chanical basis. J Craniomaxillofac Surg 2010;38(5):385-90. doi: 10.1016/j.
jcms.2009.10.014.

103.	Kang DH. Surgical management of a mandible subcondylar fracture. Arch 
Plast Surg 2012;39(4):284-90. doi: 10.5999/aps.2012.39.4.284.

104.	Gealh WC, Costa JV, Ferreira GM, Iwaki Filho L. Comparative study of the 
mechanical resistance of 2 separate plates and 2 overlaid plated used in 
the fixation of the mandibular condyle: an in vitro study. J Oral Maxillofac 
Surg 2009;67(4):738-43. doi: 10.1016/j.joms.2008.06.034.

105.	Pilling E, Eckelt U, Loukota R, Schneider K, Stadlinger B. Comparative evalu-
ation of ten different condylar base fracture osteosynthesis techniques. Br 
J Oral Maxillofac Surg 2010;48(7):527-31. doi: 10.1016/j.bjoms.2009.09.010.

106.	Lauer G, Pradel W, Schneider M, Eckelt U. A new 3-dimensional plate for 
transoral endoscopic-assisted osteosynthesis of condylar neck fractures. 
J Oral Maxillofac Surg 2007;65(5):964-71. doi: 10.1016/j.joms.2006.05.068.

107.	Haim D, Müller A, Leonhardt H, Nowak A, Richter G, Lauer G. Biomechanical 
study of the Delta plate and the TriLock Delta condyle trauma plate. J Oral 
Maxillofac Surg 2011;69(10):2619-25. doi: 10.1016/j.joms.2011.01.002.

108.	Anirudhan A, Khalam SA, Zachariah RK. Evaluation of clinical use of indig-
enously developed delta plate in management of subcondylar fracture. 
Clin Pract 2013;3(2):28. doi: 10.4081/cp.2013.e28.

109.	Hakim SG, Wolf M, Wendlandt R, Kimmerle H, Sieg P, Jacobsen HC. Com-
parative biomechanical study on three miniplates osteosynthesis sys-
tems for stabilisation of low condylar fractures of the mandible. Br J Oral 
Maxillofac Surg 2014;52(4):317-22. doi: 10.1016/j.bjoms.2014.02.002.

110.	Kozakiewicz M, Swiniarski J. “A”’ shape plate for open rigid internal fixation 
of mandible condyle neck fracture. J Craniomaxillofac Surg 2014;42(6):730-
7. doi: 10.1016/j.jcms.2013.11.003.

111.	Cortelazzi R, Altacera M, Turco M, Antonicelli V, De Benedittis M. Devel-
opment and clinical evaluation of MatrixMANDIBLE subcondylar plates 
system (Synthes). Craniomaxillofac Trauma Reconstr 2015;8(2):94-9. 
doi: 10.1055/s-0034-1395382.

112.	Sikora M, Sielski M, Stąpor A, Chlubek D. Use of the Delta plate for surgical 
treatment of patients with condylar fractures. J Craniomaxillofac Surg 
2016;44(7):770-4. doi: 10.1016/j.jcms.2016.04.008.

113.	Liu Y, Wei B, Li Y, Gu D, Yin G, Wang B, et al. The 3-dimensional miniplate 
is more effective than the standard miniplate for the management of 
mandibular fractures: a meta-analysis. Eur J Med Res 2017;22(1):5. doi: 
10.1186/s40001-017-0244-2.

114.	Murakami K, Yamamoto K, Sugiura T, Horita S, Matsusue Y, Kirita T. Com-
puted tomography-based 3-dimensional finite element analyses of various 
types of plates placed for a virtually reduced unilateral condylar fracture 

75.	 Schiel S, Mayer P, Probst F, Otto S, Cornelius CP. Transoral open reduction 
and fixation of mandibular condylar base and neck fractures in children 
and young teenagers – a beneficial treatment option? J Oral Maxillofac 
Surg 2013;71(7):1220-30. doi: 10.1016/j.joms.2013.03.023.

76.	 You HJ, Moon KC, Yoon ES, Lee BI, Park SH. Clinical and radiological out-
comes of transoral endoscope-assisted treatment of mandibular condylar 
fractures. Int J Oral Maxillofac Surg 2016;45(3):284-91. doi: 10.1016/j.
ijom.2015.11.005.

77.	 Choi HJ, Lee YM. Transient total facial nerve paralysis: an unusual 
complication of transoral endoscopic-assisted management of sub-
condylar fracture. J Craniofac Surg 2012;23(3):e268-70. doi: 10.1097/
SCS.0b013e31824e2c4b.

78.	 Arcuri F, Brucoli M, Baragiotta N, Benech R, Ferrero S, Benech A. Analysis 
of complications following endoscopically assisted treatment of mandibu-
lar condylar fractures. J Craniofac Surg 2012;23(3):e196-8. doi: 10.1097/
SCS.0b013e31824de328.

79.	 Domanski MC, Goodman J, Frake P, Chaboki H. Pitfalls in endoscopic 
treatment of mandibular subcondylar fractures. J Craniofac Surg 
2011;22(6):2260-3. doi: 10.1097/SCS.0b013e31823270e3.

80.	 Weiss JP, Sawhney R. Update on mandibular condylar fracture manage-
ment. Curr Opin Otolaryngol Head Neck Surg 2016;24(4):273-8. doi: 
10.1097/MOO.0000000000000272.

81.	 Schön R, Gutwald R, Schramm A, Gellrich NC, Schmelzeisen R. Endoscopy-
assisted open treatment of condylar fractures of the mandible: extraoral 
vs intraoral approach. Int J Oral Maxillofac Surg 2002;31(3):237-43. doi: 
10.1054/ijom.2001.0213.

82.	 Camino Junior R, Moraes RB, Landes C, Luz JGC. Comparison of a 2.0-
mm locking system with conventional 2.0- and 2.4-mm systems in the 
treatment of mandibular fractures: a randomized controlled trial. Oral 
Maxillofac Surg 2017;21(3):327-34. doi: 10.1007/s10006-017-0636-z.

83.	 Wusiman P, Tuerxun J, Yaolidaxi B, Moming A. Locking plate system versus 
standard plate fixation in the management of mandibular fractures: meta-
analysis of randomized controlled trials. J Craniofac Surg 2017;28(6):1456-
61. doi: 10.1097/SCS.0000000000003857.

84.	 Ahuja SA, Galinde J, Asnani U, Mistry YA. Comparative evaluation of clini-
cal outcomes using Delta plates and conventional miniplates for internal 
fixation of mandibular condylar fractures in adults. J Oral Maxillofac Surg 
2018;76(6):1255-66. doi: 10.1016/j.joms.2017.12.018.

85.	 Glória JCR, Fernandes IA, Silveira EMD, Souza GM, Rocha RL, Galvão 
EL, et al. Comparison of bite force with locking plates versus non-lock-
ing plates in the treatment of mandibular fractures: a meta-analy-
sis. Int Arch Otorhinolaryngol 2018;22(2):181-9. doi: 10.1055/s-0037- 
1604056.

86.	 Neff A, Kolk A, Horch HH. Position and mobility of the articular disk 
after surgical management of diacapitular and high condylar disloca-
tion fractures of the temporomandibular joint. Mund Kiefer Gesichtschir 
2000;4(2):111-7. doi: 10.1007/s100060050181.

87.	 Neff A, Kolk A, Neff F, Horch HH. Surgical vs. conservative therapy of 
diacapitular and high condylar fractures with dislocation. A comparison 
between MRI and axiography. Mund Kiefer Gesichtschir 2002;6(2):66-73. 
doi: 10.1007/s10006-001-0345-4.

88.	 Neff A, Kolk A, Meschke F, Deppe H, Horch HH. Small fragment screws 
vs. plate osteosynthesis in condylar head fractures. Mund Kiefer Gesi-
chtschir 2005;9(2):80-8.

89.	 Kolk A, Neff A. Long-term results of ORIF of condylar head fractures of 
the mandible: A prospective 5-year follow-up study of small-fragment 
positional-screw osteosynthesis (SFPSO). J Craniomaxillofac Surg 
2015;43(4):452-61. doi: 10.1016/j.jcms.2015.02.004.

90.	 Neff A, Karoglan M, Schutz K, Kolk A, Horch HH. Torsional stability of 
screw fixations in condylar head traumatology: a comparative biome-
chanical trial. Int J Oral Maxillofac Surg 2005;34:65.

91.	 Neff A, Dingiria F., Karoglan M., Steinhauser E. Retentive values of dif-
ferent screw types in the spongious bone of the condylar head. J Cranio-
maxillofac Surg 2006;34:127.

92.	 Kozakiewicz M. Small-diameter compression screws completely embed-
ded in bone for rigid internal fixation of the condylar head of the man-
dible. Br J Oral Maxillofac Surg 2018;56(1):74-6. doi: 10.1016/j.bjoms. 
2017.04.013.

93.	 Ellis E 3rd, Throckmorton GS, Palmieri C. Open treatment of condylar 
process fractures: assessment of adequacy of repositioning and mainte-
nance of stability. J Oral Maxillofac Surg 2000;58(1):27-34.



Pomeranian J Life Sci 2018;64(4)	 23

Current views on the treatment of condylar fractures

123.	Schön R, Fakler O, Gellrich NC, Schmelzeisen R. Five-year experience with 
the transoral endoscopically assisted treatment of displaced condylar 
manible fractures. Plast Reconstr Surg 2005;116(1):44-50.

124.	Aquilina P, Parr WC, Chamoli U, Wroe S, Clausen P. A biomechanical com-
parison of three 1.5-mm plate and screw configurations and a single 
2.0-mm plate for internal fixation of a mandibular condylar fracture. 
Craniomaxillofac Trauma Reconstr 2014;7(3):218-23. doi: 10.1055/s-
0034-1375172.

125.	de Jesus GP, Vaz LG, Gabrielli MF, Passeri LA, Oliveira TV, Noritomi PY, et 
al. Finite element evaluation of three methods of stable fixation of con-
dyle base fractures. Int J Oral Maxillofac Surg 2014;43(10):1251-6. doi: 
10.1016/j.ijom.2014.07.011.

126.	Singh M, Singh RK, Passi D, Aggarwal M, Kaur G. Management of pediat-
ric mandibular fractures using bioresorbable plating system – Efficacy, 
stability, and clinical outcomes: Our experiences and literature review. 
J Oral Biol Craniofac Res 2016;6(2):101-6. doi: 10.1016/j.jobcr.2015.09.004.

127.	Leno MB, Liu SY, Chen CT, Liao HT. Comparison of functional outcomes and 
patient-reported satisfaction between titanium and absorbable plates and 
screws for fixation of mandibular fractures: A one-year prospective study. 
J Craniomaxillofac Surg 2017;45(5):704-9. doi: 10.1016/j.jcms.2017.01.034.

128.	Kim DY, Sung IY, Cho YC, Park EJ, Son JH. Bioabsorbable plates versus 
metal miniplate systems for use in endoscope-assisted open reduction 
and internal fixation of mandibular subcondylar fractures. J Craniomaxil-
lofac Surg 2018;46(3):413-7. doi: 10.1016/j.jcms.2017.12.026.

129.	McLeod NMH, Van Gijn D. Use of ultrasound-activated resorbable sheets 
and pins in the management of fractures of the condylar neck of the mandi-
ble: a case series. Br J Oral Maxillofac Surg 2018;56(3):182-5. doi: 10.1016/j.
bjoms.2018.01.003.

130.	Sikora M, Goschorska M, Baranowska-Bosiacka I, Chlubek D. In vitro effect 
of 3D plates used for surgical treatment of condylar fractures on prosta-
glandin E2 (PGE2) and thromboxane B2 (TXB2) concentration in THP-1 
macrophages. Int J Mol Sci 2017;18(12):2638. doi: 10.3390/ijms18122638.

of the mandible of a patient. J Oral Maxillofac Surg 2017;75(6):1231-9. doi: 
10.1016/j.joms.2017.02.014.

115.	Wagner F, Strasz M, Traxler H, Schicho K, Seemann R. Evaluation of an 
experimental oblique plate for osteosynthesis of mandibular condyle 
fractures. Oral Surg Oral Med Oral Pathol Oral Radiol 2017;124(6):537-
41. doi: 10.1016/j.oooo.2017.09.004.

116.	de Oliveira JCS, Moura LB, de Menezes JDS, Gabrielli MAC, Pereira Filho 
VA, Hochuli-Vieira E. Three-dimensional strut plate for the treatment 
of mandibular fractures: a systematic review. Int J Oral Maxillofac Surg 
2018;47(3):330-8. doi: 10.1016/j.ijom.2017.08.009. 

117.	de Souza GM, Rodrigues DC, Celegatti Filho TS, Moreira RWF, Falci SGM. 
In-vitro comparison of mechanical resistance between two straight plates 
and a Y-plate for fixation of mandibular condyle fractures. J Craniomaxil-
lofac Surg 2018;46(1):168-72. doi: 10.1016/j.jcms.2017.11.005.

118.	Lechler C, Probst F, Cornelius CP, Smolka W. Open reduction and inter-
nal fixation of mandibular condylar base and neck fractures using 
strut plates. J Oral Maxillofac Surg 2018;76(7):1494-503. doi: 10.1016/j.
joms.2018.01.020.

119.	Sadhwani BS, Anchlia S. Conventional 2.0 mm miniplates versus 3-D 
plates in mandibular fractures. Ann Maxillofac Surg 2013;3(2):154-9. 
doi: 10.4103/2231-0746.119231.

120.	Meyer C, Zink S, Chatelain B, Wilk A. Clinical experience with osteo-
synthesis of subcondylar fractures of the mandible using TCP plates. 
J Craniomaxillofac Surg 2008;36(5):260-8. doi: 10.1016/j.jcms. 
2008.01.002.

121.	Choi BH, Yi CK, Yoo JH. Clinical evaluation of 3 types of plate osteosyn-
thesis for fixation of condylar neck fractures. J Oral Maxillofac Surg 
2001;59(7):734-7.

122.	Seemann R, Frerich B, Müller S, Koenke R, Ploder O, Schicho K, et al. Com-
parison of locking and nonlocking plates in the treatment of mandibular 
condyle fractures. Oral Surg Oral Med Oral Pathol Oral Radiol Endod 
2009;108(3):328-34. doi: 10.1016/j.tripleo.2009.04.026.


