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Abstract: Objectives: Against common belief, mandibular condyle fractures are not that rare, with
morbidity rates ranging from 19 to 52%, depending on actual literature sources. Practitioners try to
improve the surgical techniques applied to obtain the most satisfactory anatomical and functional
effect. The purpose of this study is to identify the relationships that affect bone loss around screws
and plates in mandibular condylar process fractures treated surgically using the Open Reduction and
Internal Fixation (ORIF) technique. Materials and Methods: Our research covered 276 fractures of the
base, low and high neck of the condylar process. Based on CT scans, we studied various parameters,
including bone healing in the fracture area, bone loss in the screws and plates area, change in the
length of the mandibular ramus following osteosynthesis and on the opposite side after 12 months,
as well as deformities of the mandibular head. Results: Using screws and plates is the gold standard
for treating mandibular condylar process fractures. The number of screws used affects the bone loss
ratio around head of the screw. Another factor that impacts the results achieved is the distance from
the plate edge to the lateral pole of the mandibular head. Statistical evaluation indicated that
proximity to the lateral pole is a risk factor for bone resorption at the plate edge. Conclusion: Based
on the collected data, it is possible to predict bone loss, determine the location and selection of plates
and screws, as well as to plan the procedure, achieving the lowest possible loss rates.

Keywords: processus condylaris mandibulae; fracture; surgical treatment; open rigid internal
fixation; osteosynthesis; plate; screw; complication; bone resorption;

1. Introduction

Against common belief, mandibular condyle fractures are not that rare, with morbidity rates
ranging up 52%, depending on actual literature sources [1-3]. There has been a lot of debate over the
years about whether surgical or conservative treatment yields better results. Wide-spread access to
computed tomography and higher awareness of complications associated with untreated this kind
of trauma is the reason why more and more hospitals opt for surgical treatment of such injuries.
Proper stability and decreased scarification osteosynthesis save functional results in
temporomandibular joint (TM]) [4]. Some loss of bone dimensions is seen following osteosynthesis
(0.3-1.6 mm) and close treatment (6.9 mm). A factor that is surely related to this, even if only partially,
is the function restoration following osteosynthesis, which ranges from 63 to 90%. This contrasts with
the poor TM]J function restoration ratios achieve with closed treatment (40%). [3]Taking the results of
such studies into consideration, it is warranted to strive for more frequent application of surgical
techniques that decrease bone resorption.

Each medical center tries to improve the surgical techniques applied and obtain the most
satisfactory anatomical and functional effect. There are numerous papers reporting attempts at
establishing best possible access technique, material and shape of plates for osteosynthesis [5-7].

A commonly used fixation material is titanium alloy, which, due to its biological interaction [8,9]
with the living organism, could be removed once bone union is achieved. There are however certain
anatomical difficulties associated with obtaining surgical approach [10] to the condylar process.
These difficulties are primarily associated with the need for re-surgery within the area of the pre-
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existing scar. Such surgery is often associated with a more difficult course of the procedure, including
the presence of synechiae that prevent easy access to the anatomical structures. Surgery carried out
in this anatomical region also requires working in the direct vicinity of the facial nerve and since
scarring reduces visibility and poses additional challenges related to proper identification of
anatomical structures, nerve injury is more frequent. Not to mention the reluctance of patients to
re-surgery when, from their subjective point of view, it is not needed. It seems, however, that titanium
plates and screws remaining inside some patients’ bodies cause complications, as they provoke
resorption of the surrounding bone. The issue is fairly well-known for lag screw fixations [11-13],
while in the case of osteosynthesis the miniplate has not been studied in this anatomical region.

Our maxillofacial surgery department has focused on condylar process fractures for many years,
and we have published many papers focusing on bone loss around the screws used for osteosynthesis
of high fractures. However, we have also noticed a gap in the literature and it is difficult to find
papers focused on on bone loss ocurring after the healing period at osteosynthesis plates used for
treating manidibular condylar fractures.

Therefore, we realized how informative and revealing it can be to study this very issue, and the
results can improve surgical technique and better plan when it will be necessary to take out the
osteosynthesis plate

The purpose of this study is to determine the extent of bone resorption related to fixation
material remaining in the body after surgical treatment of extracapsular fractures of the mandibular
condylar process.

2. Materials and Methods

The retrospective study was authorized by a bioethics committee (corresponding ethical
approvalcode: RNN 227/19/KE). The research material consisted of 220 patients admitted to the
Department of Maxillofacial Surgery, Medical University of Lodz, Poland. Used fixing material
(Figure 1) was titanium grade 5, ACP and XCP, dedicated miniplates and 2.0 mm self-tapping screws
by ChM (www.chm.eu/en/ access date: 8§ May 2024).

A-shaped Condylar Plate X-shaped Condylar Plate
ACP XCP

Figure 1. Open rigid interanal fixationa was performed by condylar dedicated plates: ACP and XCP.

Pathological features of the injury were evaluated in RadiAnt (www.radiantviewer.com,
accessed on 1 October 2022) using computed tomography scans, the modality of choice at the
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Department. A bone window (window level = 300 HU, window width = 1500 HU) was used for the
study. The region of the head of the screw placed in the mini-plate used for osteosynthesis was
examined. The change in the position of the bone border at 12 months was measured in millimeters.
If bone loss was observed with more than one screw, the average defect size was calculated.
Measurements were taken on CT scans both postoperatively and 12 months later. A frontal projection
was used. The measurement was taken from the head of the screw parallel to the screw and extending
to the bone border. Average bone loss was obtained by adding all atrophy around the screws used
for the ORIF of the condylar process fracture and dividing by the number of screws used.

416 WW: 2701

The patient population was made up of individuals with condylar process fractures who were
admitted from the Emergency Unit, transferred from other hospitals and reported to the outpatient
clinic. Patients with fractures of the base of the condylar process, low neck and high neck, according
to Kozakiewicz's classification [14], were selected for the study. Patients who had a condylar process
fracture treated only with screws or conservatively were not considered. Fractures were screened for
bone fragment displacement and joint dislocation. Questionnaires used included questions about the
site of the injury, how it occurred and whether it involved one or both condylar processes. Additional
fractures in the mandible, craniofacial region and whole-body injuries were also registered.

All patients were treated under general anesthesia with nasotracheal intubation (NTI) by a
surgical team at the Department of Maxillofacial Surgery, Medical University of Lodz. In all cases the
fixing material used was grade 5 titanium/ We used ACP and XCP design plates, as well as custom
miniplates with 2.0 mm self-tapping screws by ChM

Using the surgical protocols, delay after the injury and duration of surgical procedure were
noted. The type of surgical approach used was preauricular and retromandibular, the number and
length of screws inserted, as well as the osteosynthesis material used we also recorded. Each of the
patients included in the study had regular follow-up visits and a CT scan after 12 months post-
operationally. Based on the CT scan, consolidation in the fracture area, bone loss in the area of the
screws and plates, change in the length of the mandibular ramus following osteosynthesis and on the
opposite side after 12 months, as well as deformities of the mandibular head were studied.

The research included 276 fractures of the base, low and high neck of the condylar process.

Statistical Analysis

Statistical analysis includes feature distribution evaluation and analysis of regression was
applied for assess the relationship between quantitative variables. The difference was considered
significant if p < 0.05. Statgraphics Centurion XVI (StarPoint Technologies. INC., The Plains, VA,
USA) was used for statistical analysis.
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3. Results

The most common cause of mandibular condyle fracture was assault and falling from a height
equal to the patient’s own height or higher, as well as bicycle or scooter accidents. The amount of
bone resorption in peri-screw bone is independent on injury reason (Table 1).

Table 1. Fracture etiology and bone resorption observed.

Etiology Frequency Resorption
% mm
Bike Accident 10 0.83+0.68!
Car Accident 6 0.00+0.00
Assault 41 0.28+0.42
Fall (Own Body Height) 19 0.19+0.45
Fall (More than Own Body Height) 12 1.14+1.20
Scooter Accident 12 0.50+0.53!

1 Normal distribution.

The average age of the treated patients was 34.5 + 15 years. In this group, 18.8% were female and
81.2% were male.

Greater bone loss (p < 0.05) was observed in bilateral fractures of the mandibular condyle
(0.86+1.00 mm) and in unilateral (0.33+0.49 mm) fractures. However, as there is an accompanying
fracture of the body of the mandible, it seems to have no effect on bone resorption at the condylar
fixation (p = 0.548) contrary to an accompanying zygoma fracture, where higher resorption rates are
reported in cases of condyle osteosynthesis (1.50+00.00 mm; p < 0.05). The presence of an orbital or
maxillary fracture is not related to the resorption at condylar fixation being investigated.

A summary of the collected data is presented below in tables (Tables 2 and 3).

Table 2. Summary statistics.

Parameter Mean + SD Median
Treatment Delay [days] 10+18 6
Surgery Duration [min] 122+29 1201

Number of fixing screw in plate 8.63+1.64 9
Length of screws used [mm] 6.0+1.0 6

! Normal distribution.

Table 3. Resorption values recorded.

Parameter Mean+SD  Median
Maximal Bone Resorption Around Screw Head [mm] 0.6+0.9 0.0
Number of Screw Heads Affected by Resorption 0.8+1.3 0.0
Mean Bone Resorption in Screw Head [mm] 0.4+0.7 0.0
Distance from Upper Plate Rim to Lateral Condyle Pole [mm]  5.9+4.9 5.0
Distance from Upper Plate Rim/Screw To Condyle Top [mm] 15.0+6.2 14.9
Highest Screw Bone Resorption Around Screw Head [mm)] 0.6+1.6 0.0
Bone Resorption at the Upper Plate Rim [mm] 0.6+1.4 0.0

1 Normal distribution.

Using screws and miniplates is the gold standard for treating mandibular condylar process
fractures. The number of screws (Figure 2) used makes a difference in bone loss around the screw
head. The more screws used, the less bone loss around the screw head is seen (p < 0.05).
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Figure 2. Fixations performed using 4 to 17 screws were recorded as part of our research. There is a statistically
significant (p < 0.05) greater bone resorption at the screw heads (in mm) when the plate is fixed with a small

number of screws (correlation coefficient 0.30).

Recorded surgical procedure duration (Figure 3) ranged from 60 to 180 minutes. A moderately
strong relationship between the variables was noted: short osteosynthesis duration (in minutes) led
to greater resorption (in mm) in the screw head area (p < 0.0001, correlation coefficient 0.59).
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Figure 3. The relationship of the amount of bone resorption was noted with the duration of the surgical

procedure.

Effect of the distance from the plate edge to the lateral pole of the mandibular head (in mm) is
presented in Figure 4. The recorded values ranged from those overlapping with the lateral pole
(negative values) to a distance of as much as 20 mm. A statistical evaluation indicated that proximity
to the lateral pole is a risk factor (p < 0.05) for bone resorption at the plate edge (Figure 5).
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Figure 4. The amount of bone resorption observed depends on the distance of the edge of the plate used from
the lateral pole of the mandibular head.

There was no relationship between resorption at the head of the screw and delay in the initiation
of surgical treatment (p = 0.208), the length of the screw used (p = 0.098), the affected/intact ramus
height ratio (p = 0.333). In contrast, a relationship was found between the distance of the plate edge
to the lateral pole of the mandibular head (p <0.001), the distance of the superior screw to the lateral
pole (p < 0.0001), the amount of resorption at the plate (p < 0.001), the percentage of screw length
resorbed (p <0.0001), the height of the ramus 12 months after treatment (p < 0.0001), as well as on the
unaffected side after 12 months (p <0.001), and the average resorption around the heads of the screws
used.

There was no difference in the amount of bone resorption in cases of fixation of different
fractures: basal (0.48+0.69 mm), low-neck (0.00+0.00) and high-neck (1.14+1.31 mm) The amount of
resorption with screws is higher (1.12+1.08 mm) in M-type fractures and lower (0.29+0.45 mm) in P-
type fractures (p <0.01).

It was also noted that when performing ORIF of the mandibular condylar process, bone loss
around the screw heads is affected by approach selection (p < 0.05). The largest loss was recorded
with the preauricular approach, reaching approximately 0.74 mm, while the smallest loss (0.0 mm)
was noted with the extended mandibular and intraoral approaches.

After choosing the approach and repositioning the fracture, the choice of fixing material is
important. During the study, it was noted that the smallest average loss was recorded with XCP-type
plates, reaching approximately 0.33 mm, 0.37 mm with straight plates and ACP plates presenting the
highest loss with approximately 0.44 mm.

Unexpectedly, consolidation turned out to be statistically important. We have noted that in the
absence of consolidation there is no bone loss around the heads of screws used with plates.
Postoperatively, patients had their bite examined. Occlusion obtained has no influence on bone loss
(p = 0.46) On the other hand, it was proven that the greatest bone loss was seen in the patient who
did not achieve stable bite conditions due to a small number of teeth and not using dentures (p <
0.05).

It was also noted that in the absence of osteosynthesis there is less atrophy at the screw heads.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Figure 5. a) Bone loss at the screw heads due to the plate being placed too close to the lateral pole b)Lateral pole
bone loss due to inserting the plate too close.

4. Discussion

As in earlier research [1], it was found that the most common reason for mandibular condyle
fracture among women is falls and assault among men. Moreover, females are at risk due to lower
bone density [15]. Fortunately, these are low-energy injuries and generally women are a minority
among patients treated for mandibular bone fractures. This is confirmed by the matter and clinical
(approx. 80%) presented here.

There are a number of papers that focus on bone loss around screws in treated fractures of the
mandibular head [16,17]. Few papers focus on loss around plates and screws used with plates when
treating a lower mandibular condylar process fracture. Research (Figure 1) shows that the more
screws are used, the less atrophy is seen. It should be noted that the optimal number of screws is 9.
Any further reduction of bone loss is already negligible beyond that, so there is ample evidence in
support of using at least 9 screws in low condylar process fractures.

The low resorptions rates seen with prologed procedures (Figure 3) seem surprising and are
difficult to explain. It is known that longer surgery affects patients and generally constitute a risk
factor [19] and not a success predictor. The authors believe that longer duration of osteosynthesis
may be related to the greater involvement of the surgical team and not simply to the complexity of
the skeletal damage suffered.

It should be noted (Figure 4) that the location of osteosynthesis is related to resorption. Based
on our findings, factors that induce resorption are not limited to insertion of a plate on the articular
surface or covering the lateral pole of the mandibular head. Even lower osteosyntheses within the
mandibular neck entail resorption. Only distant placement of the fixation material, more than 14 mm
away from the lateral pole, does not lead to bone resorption at the osteosynthesis site. This is probably
the result not only of irritation of the surrounding tissues with titanium material [19,20] but also the
morphology of the fracture [21], which does not affect the damage to the mandibular head [22-29].

It has been noted that the length of the screws used does not very much affect the amount of
bone loss, so the surgeon should be guided by the stability of fixation, the amount and quality of bone
at the site of the planned screw fixation.The observed relationship of smaller mandibular ramus
heights with higher mean bone loss at the screw heads may be due to the standard available miniplate
sizes and the small bone surface area available for osteosynthesis. Thus, the edge of the plate in
patients with shorter ramus may be located closer to the vulnerable lateral pole. This unfavorable
relationship may also result from combined atrophy at the screws with atrophic remodeling of
mandibular heads [26,28,29]. Surprisingly, there is significant resorption at the osteosynthesis screws
in the case of M fractures, which are characterized by a lack of shortening of the ascending ramus.
The authors are unable to explain this observation.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202505.1643.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 21 May 2025 d0i:10.20944/preprints202505.1643.v1

8 of 10

More severe trauma, technical difficulties caused by lower fragments stability seem to explain
the greater bone resorptions in bilateral condylar fractures. Greater extent of the injury is also
supported by the observed greater resorption when accompanied by a fracture of the zygomatic bone.
This is probably not a homogeneous factor or one not directly related to resorption at the condyle,
since an accompanying fracture of the mandibular body or other parts of the facial skeleton, except
the zygomatic bone, are not related to bone resorption at the osteosynthesis of the mandibular
condyle.

It is surprising that lack of union in a mandibular condylar process fracture results in only a
small amount of bone loss at the heads of the screws. This may be related to the formation of load-
bearing mechanical conditions, which provide stimulus for bone formation at the loaded screws.

It is worth noting that the significance of the presented bone loss is generally not threatening to
the outcome of treatment, as it does not affect the loss of height of the mandibular ramus. The
exceptions here may be the resorption observed at the upper end of the miniplates placed near the
lateral pole of the mandible head. This can result in the involvement of the mandibular head in the
resorptive process, shortening of the ramus and finally malocclusion. A second clinically devastating
case may be patients with significant bone resorption even on the lateral surface of the condylar
process (distant from the mandibular head), as this causes greater plate strain and plate fracture or
pull-out of the fixation material due to exceeding the pull-out force for residual length of screw
fixation (usually only 6 mm in total length).

5. Conclusions

Fractures of the mandible, including condylar processes, are fractures routinely treated at
maxillofacial surgery departments. All current research is aimed at improving the final result
achieved after ORIF of the condylar process. Through the research conducted, it is possible to predict
the steps that cause bone atrophy around both screws and plates in condylar process fractures.
Considering the results of our study, atrophy occurs not only around screws as part of treating
mandibular head fractures, but also around plates used in lower fractures. When treating such
injuries, using two ostetosynthesis plates is known to provide the best mechanical results .

It is worth noting when entering the surgery, choosing a preauricular approach, it is worth to be
tempted to extend retromandibularly, When treating the fracture, an appropriate distance should be
selected - 14 mm below the lateral pole. This is because, as seen in [Figure 4], this can result in bone
loss both around the screw head and at the lateral pole. This will help choose the proper length and
shape of the ORIF plate. Next, that the optimal number of screws is 9, and during the procedure,
supplying lower fractures of the mandibular condylar processes, there is no need to take into account
the length of the screws.

In addition to planning of the procedure itself, it can be predicted that women with zygomatic
arch fractures are at a greater risk of bone atrophy around the screws. Vitamin D and calcium
supplementation may be considered in such cases. This knowledge prevents complications and
allows a procedure that provides the most benefits to the patient.
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