Journal Pre-proof

P Stomatology
Outcomes of functional treatment of condylar mandibular fractures Oral & Maxillofacial
with an articular impact: a retrospective study of 108 children Surgery

Mathilde Malinge M.D., Fanny Grimaud M.D. ,
Jean-Philippe Perrin M.D. , Justine Loin M.D. ,
Marine Anquetil M.D. , Jacques Mercier M.D. ,
Pierre Corre M.D., Ph.D., Hélios Bertin M.D., Ph.D.

Pll:
DOI:
Reference:

To appear in:

Received date:
Accepted date:

S2468-7855(21)00142-7 ]

https://doi.org/10.1016/j.jormas.2021.06.016
JORMAS 1039

Journal of Stomatology oral and Maxillofacial Surgery

4 May 2021
29 June 2021

Please cite this article as: Mathilde Malinge M.D. , Fanny Grimaud M.D. , Jean-Philippe Perrin M.D. ,

Justine Loin M.D. ,

Marine Anquetil M.D., Jacques Mercier M.D., Pierre Corre M.D., Ph.D. ,

Hélios Bertin M.D., Ph.D., Outcomes of functional treatment of condylar mandibular fractures
with an articular impact: a retrospective study of 108 children, Journal of Stomatology oral and
Maxillofacial Surgery (2021), doi: https://doi.org/10.1016/j.jormas.2021.06.016

This is a PDF file of an article that has undergone enhancements after acceptance, such as the addition
of a cover page and metadata, and formatting for readability, but it is not yet the definitive version of
record. This version will undergo additional copyediting, typesetting and review before it is published
in its final form, but we are providing this version to give early visibility of the article. Please note that,
during the production process, errors may be discovered which could affect the content, and all legal
disclaimers that apply to the journal pertain.

(©) 2021 Elsevier Masson SAS. All rights reserved.


https://doi.org/10.1016/j.jormas.2021.06.016
https://doi.org/10.1016/j.jormas.2021.06.016

Journal Pre-proof

TITLE

Outcomes of functional treatment of condylar mandibular fractures with an articular
Impact: a retrospective study of 108 children

AUTHORS NAME AND AFFILIATIONS

Mathilde Malinge® (M.D.)

mathilde.malinge@chu-nantes.fr

Fanny Grimaud® (M.D.)

drfgrimaud@gmail.com

Jean-Philippe Perrin® (M.D.)

jeanphilippe.perrin@chu-nantes.fr

Justine Loin® (M.D.)

justine.loin@chu-nantes.fr

Marine Anquetil® (M.D.)

marine.anquetil@chu-nantes.fr

Jacques Mercier® (M.D.)

jacques.mercier@chu-nantes.fr

Pierre Corre*® (M.D., Ph.D.)

pierre.corre@chu-nantes.fr

Hélios Bertin®*®" (M.D., Ph.D.)
helios.bertin@chu-nantes.fr

Tel: +33 (0)2 40 08 36 79



Journal Pre-proof

Fax: +33 (0)2 40 08 36 68

* Corresponding author

& Service de chirurgie maxillo-faciale et stomatologie, CHU de Nantes, 1 place Alexis
Ricordeau, 44093 Nantes, France

® Chirurgie maxillo-faciale et stomatologie, Clinique Jules Verne, 2-4 route de Paris,
44300 Nantes, France

¢ Regenerative medicine and skeleton (RMeS), Faculté de Chirurgie Dentaire, 1

Place Alexis Ricordeau, 44042 Nantes, France

d Laboratoire des sarcomes osseux et remodelage des tissus calcifies (Phy.Os
UMR1238), faculté de médecine, 1 rue Gaston Veil, 44000 Nantes, France

Abstract

Introduction: The treatment of fractures of the mandibular condylar process remains
controversial, especially in children. The aim of this study was to assess the long-
term clinical and radiographic outcomes of functional treatments for mandibular
condylar fractures with an articular impact.

Materials and Methods: Young patients (< 15 years of age) presenting with either a
unilateral or a bilateral mandibular fracture of the condylar process were included in
this retrospective study. The clinical analysis focused on investigation of joint
amplitudes at 1, 2, 6, 12, and 24 months after the beginning of the treatment, and at
the end of their physical growth for the long-term study. Other clinical parameters
included temporomandibular joint (TMJ) disorders and facial asymmetry.
Photographs of patients and panoramic X-rays were assessed to identify any growth
disorders at the end of the follow-up.

Results: One hundred and eight patients were included in this study, and 33 patients
who were no longer undergoing mandibular growth at the time of the last follow-up
were included in the long-term study. The mean age at the time of the trauma was

9.33 years, and the mean follow-up was 82.2 months. A significant improvement was
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observed in the maximal mouth opening (MMO), diduction, and propulsion in the first
months after the trauma, reaching 44.31 mm (p < 0.0001), 10.50 mm (p=0.0001), and
6.33 mm (p=0.01), respectively, at 6 months. Three patients experienced a clinical
posterior vertical insufficiency, one of which required a surgical procedure, while four
patients exhibited a ramus asymmetry of up to 10 mm, albeit with no clinical

consequences. One case of TMJ ankylosis was noted.

Conclusion: Our study suggests that functional treatment is appropriate for fractures
of the mandibular condyle with an articular impact in children, as it promotes
mandibular growth and good functional recovery. Children have to be followed up,

however, until completion of growth.

Keywords

Mandibular  fracture; mandibular condyle; treatment; growth disorders;

temporomandibular joint disorders

Introduction

Mandibular fractures are the most common type of facial fracture in children [1-4],
and they involve ‘the condylar process in 72 to 80% of cases [3,5,6]. The
temporomandibular joint (TMJ) is often damaged indirectly after an isolated trauma
on the chin symphysis. At the time of diagnosis, patients often suffer from TMJ pain
and dental ~occlusion disorders. Long-term consequences consist of functional
disturbances, with a risk of developing TMJ ankylosis, and facial asymmetry due to

disruption of mandibular growth [7-10].

Management of such fractures has three objectives: 1) maintenance of a normal
articular function, 2) restoration of dental occlusion, and 3) preservation of
mandibular growth [11,12]. Conservative treatments are often preferable in children,
combining blended feeding, maxillomandibular elastic fixation, and physiotherapy
[13—-15]. There is no universal protocol for surgical rehabilitation of the condylar

process [13,16,17]. Some authors argue for restoration of TMJ function by restoration
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of its anatomy [13,18]. Such a surgical approach has proven to be widely effective in
the adult population, thanks to the development of miniaturized plates and minimally
invasive approaches [10,13,19-24]. However, surgical treatment exposes to the risk
of facial nerve injuries, joint and teeth bud damage, and healing disorders [25].
Furthermore, it does not take into account the specific remodelling capacities of the
TMJ during growth [26,27].

In our current practice, we apply the principles described by Delaire in regard to facial
and mandibular growth [28,29]. Young patients with condylar fractures with a
particularly high risk of damage to joint structures are provided a functional treatment
based on immediate mobilization of the injured TMJ. Due to the lack of studies
evaluating this functional treatment at the end of growth [3,11,13,16,30], we aimed to
retrospectively assess the long-term clinical and radiological results obtained with this
protocol in growing children.

Materials and Methods:

Young patients (< 15 years of age) presenting with either a unilateral or a bilateral
mandibular fracture of the condylar process at the Nantes University Hospital
(France) between 2002 and 2018 were included in this retrospective study. To
assess the long-term efficacy of functional treatment, we secondary excluded from
this study the patients with non-articular fractures of the condyle unit, patients with a
follow-up of less than 24 months and/or that ended before the end of the facial
growth, and patients with no functional treatment. Due to the retrospective nature of
the study, it-was formally granted exemption approval from the ethics committee of
the Nantes University Hospital in accordance with French legislation article L. 1121-1
paragraph 1 and R1121-2 of the Public Health Code.

1. Clinical data

Data were collected from the patients’ medical charts. These data comprised the date
of birth, unilateral or bilateral involvement, and the mechanism of the fracture. The

clinical findings regarding the maximal mouth opening (MMO), the lateral excursion,
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and the mandibular projection were also recorded at 1, 2, and 6 months, as well as at
1 and 2 years after the trauma. For the analysis of diduction, only unilateral fractures
were considered. We focused on identification of TMJ dysfunction and pain.
Photographs of the patients (when available) were analysed to evaluate the facial
and mandibular symmetry (chin position, occlusal plane) at different times during the

follow-up.

2. Functional treatment

Functional treatment was provided in case of fracture of the condylar process with an
articular impact, according to Delaire’s technique [31]. Briefly, the treatment consisted
of immediate active mobilization of the mandible with projection and lateral excursion
movements. Some patients were fitted with customized maxillomandibular vestibular
arches that allowed daily active and passive physiotherapy using elastics and

intermaxillary fixation during the night.

3. Radiographic evaluation

All of the fractures were characterized according to the Mercier and Perrin

classification [32,33]. This classification differentiates:

- Fractures with a joint impact in which the condyle is no longer in the glenoid fossa

(capital fractures, condyle dislocation).

- Fractures without a joint impact (overlapping fragments, angulation of the condyle

but remaining.in the glenoid fossa).

The panoramic X-rays were reviewed by two investigators at the end of the follow-up.
The means of the values obtained by the two investigators were considered for the
statistical analysis. The ramus height was measured between the top of the condylar
process and the distal part of the angular notch (Figure 1). For unilateral fractures,
measurement of the ascending ramus allowed the percentage of the initial and the
final height loss to be established. Bilateral fractures were not considered for height

evaluation.
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4. Condylar remodelling

Remodelling of the condylar process was analysed by a single investigator and
classified according to three levels as previously defined by Gilhuus-Moe [34]:

- Complete remodelling (+++): no condylar deformity radiologically, symmetrical
condylar processes, and symmetrical mandible.

- Moderate remodelling (++): irregular condylar process not grossly malformed, with
the condyle clearly outlined in both lateral and frontal projections.

- Poor remodelling (+): condyle clearly deformed and irregular in the lateral view.

5. Statistical analysis

The statistical analysis was performed using GraphPad Prism 5.0 software for Mac
(GraphPad Software, La Jolla, CA, USA). The quaniitative data were analysed using
a paired t-test when there were more than 30 replicate values, and with a Wilcoxon
test when there were fewer than 30 paired observations. A p-value of less than 0.05

(p < 0.05) was taken to indicate statistical significance.

Results

1. Epidemiological data

One hundred and eight patients were retrospectively included in this study. There
was a female predominance (54.6%). The mean age of the patients at the time of the
trauma was 9.33 years (6 months - 15 years). The mean follow-up was 39.2 months
(0 - 168 months). The most common aetiologies of the fractures were falls in 74
patients, followed by traffic accidents and sporting accidents. The associated injuries
included chin wounds, dental injuries, and associated fractures. The initial symptoms
included limitation of maximal mouth opening (MMO) and pain in the preauricular

area.

All of the epidemiological data are summarized in Table 1.
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Characteristics of the patients

Gender: females/males, n (%) 59 (54.6)/49 (45.4)
Unilateral/bilateral fracture, n (%) 76 (70)/33 (30)
Mean age (years), range (years) 9.33(0.5-15)
Follow-up duration (months), range (months) 39.2 (0 - 168)
Aetiologies, n (%)

Falls 74 (68.5)

Traffic accidents 21 (19.4)

Sporting accidents 9 (8.3)

Other 4 (3.7)
Associated injuries, n (%)

Chin wound 70 (76.4)

Dental injuries 45 (41.7)

Associated mandibular fracture 34 (31.5)

Upper maxillary fracture 4(3.7)

Table 1. General characteristics of the patients; n, number of patients.

Seventy-seven patients were secondarily excluded from the long-term study, based
on the following exclusion criteria: 12 patients presented with a condylar fracture with
no articular impact and were treated surgically or with intermaxillary fixation, 2
patients were not treated (orie was too young, another had an undetected fracture).
Sixty-one patients were excluded due to a follow-up that stopped before the end of
growth. The long-term study involved 33 patients who had completed their growth at
the last follow-up (mean follow-up duration of 82.2 months). These patients
presented with a unilateral fracture of the condylar unit in 21 cases, and a bilateral
fracture in 12 cases. All of these patients were treated with functional physiotherapy

with or without vestibular arches.

2. Clinical data

A significant improvement was observed regarding the recovery of the MMO between
one month after the fracture and the various follow-up times. The MMO was
significantly improved in the first six months after the trauma, and it reached 48.91
mm at the end of growth in 33 patients (38 - 56 mm) (Table 2). In these patients, the



Journal Pre-proof

mouth opening was centred in 16 patients. The other patients exhibited a 3 to 5 mm

deviation to the fractured side.

Number of Mean MMO (mm) + SD Mean p
patients (n) (mm) difference
(mm)

1 month 83 32.93+7.06 - -
2 months 82 40.12 + 7.43 7.19 < 0.0001
6 months 58 44.31 +5.48 4.19 < 0.0001
12 months 51 45.72 + 6.09 1.41 0.001
24 months 38 46.53 + 6.32 0.81 0.09
End of 33 48.91 + 5.66 2.38 0.36

growth
Table 2. Comparison of the maximal mouth opening at the various follow-up times; n,

number of patients; SD, standard deviation.

Regarding the other joint amplitudes, the diduction contralateral to the fracture
increased from 7.85+2.75 mm at one month to 9.10 £2.80 mm at two months
(p <0.0001) and 10.50 + 3.26 mm at six months (p=0.0002) after the fracture. There
was not a statistical difference in the homolateral diduction (Figure 2). The mean
mandibular protrusion increased from 4.23 + 2.12 mm at one month to 5.62 + 2.42
mm at two months (p=0.0001) and 6.33 + 2.39 mm at six months (p=0.01), reaching
7.74 £ 1.79 mm at the end of growth. The protrusion was centred for 11 patients, and
it deviated to the fractured side with a mean of 1 to 2 mm for 8 patients and by 3 mm
for one patient. There was no difference in the joint amplitudes between the unilateral

and the bilateral fractures.

In terms of TMJ disorders, 23 patients did not experience any pain or clicking of the
TMJ at the last follow-up. Nine patients suffered from a TMJ dysfunction, with
unilateral or bilateral clicking in five cases and chronic pain in 4 patients. No disc

dislocation was observed in our series.

Late dental occlusion was assessed for all of the patients, and it revealed
malocclusion in 11 patients, primarily Class II malocclusions. Three patients

experienced a clinical posterior vertical insufficiency (PVI) with maxillary occlusal
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canting on the side of the unilateral fracture (Figure 3). One patient who was followed
up for a bilateral condylar fracture at 6 years of age developed TMJ ankylosis with
limitation of the MMO (20 mm) at the age of 18 that required surgical resection. The

results for the TMJ disorders and the occlusal anomalies are presented in Table 3.

Unilateral fractures Bilateral fractures

(n=21) (n=12)

Normal TMJ function 14 9
TMJ disorders

Clicking 3 2

Chronic pain 4 0
Normal Angle Class | occlusion 15 8
Occlusion abnormalities

Class I 3 1

Class llI 1 1

Maxillary occlusal tilting 3 0

Anterior open bite 0 2

TMJ ankylosis 0 1

Table 3. Results for the TMJ disorders and the dental malocclusions after completion

of facial growth for 33 patients with unilateral and bilateral condylar fractures.

3. Radiological data

The ramus height was compared between the broken and the healthy side at the last
follow-up for the unilateral fractures (n=21). A difference of less than 2 mm between
the two sides was considered to be normal, and this was found to be the case for 16
patients. Four patients exhibited a significant reduction in the height of the
mandibular ramus on the side of the fracture, with a mean difference of 10.25 + 1.96
mm. Only one patient with unilateral PVI required a surgical procedure for mandibular
ramus lengthening (Figure 3). The other patients did not exhibit any facial
asymmetry. One patient had condyle hyperplasia on the fracture site during growth.

The mean ramus heights are presented in Table 4.
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Difference in ramus height Number Min — Max (mm) Mean (mm)
<2mm 16 0-2 0.42

> 2 mm (fractured side 1 4.67 4.67
elongated)

> 2 mm (fractured side shortened) 4 4-12.33 10.25

Table 4. The mean difference in the ramus heights between the fractured side and

the normal side at the end of growth for unilateral fractures (non-significant).

4. Condylar remodelling

Remodelling of the condylar process was assessed on the most recent panoramic X-
rays. Twenty-seven images were available for this analysis (15 for unilateral
fractures, 12 for bilateral fractures). We observed a greater degree of bone
remodelling of the mandibular condyle and the glenoid fossa when the location of the
fracture was high. By contrast, the bone remodelling was poor in low subcondylar
fractures, irrespective of whether the fracture was unilateral or bilateral. The results of

the bone remodelling are presented in Table 5.

Location of the fracture Unilateral fractures Bilateral fractures
+++ ++ + +++ ++ +
Head 2 5 0 3 1 0
High neck 2 2 3 2 4 1
Low neck 0 1 0 0 2 0

Table 5. Results of the condylar bone remodelling examination on panoramic X-rays

for unilateral and bilateral fractures of the condyle unit.

Discussion

The treatment of fractures of the mandibular condylar process remains controversial,

particularly for the paediatric population [25]. The rationale for conservative
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management is based on the capacity of the paediatric condyle and glenoid fossa to
remodel (4,26). Moreover, due to the presence of a growth centre, condylar fractures
and their surgical treatment may lead to growth disturbances and facial asymmetry
(7). However, some authors have applied surgical procedures involving open
reduction and internal fixation (ORIF) with good results [35,36]. In our current
practice, we systematically apply a functional treatment based on immediate
mobilization of the fractured condyle in propulsion and diduction. These movements
are close to the physiology of the TMJ and allow traction to be placed on the injured
joint structures. This rehabilitation can be enhanced by the use of maxillomandibular
arches that allow neutral fixation during the night, which promotes bone healing, and
the use of a diduction elastic during the day to ensure passive rehabilitation (Figure
4). In some cases, children are referred to an orofacial physiotherapist, and
sometimes customized splints or orthodontic brackets are made for the teeth to
facilitate the physiotherapy, especially in young patients (Figure 4). While early TMJ
mobilization is highly recommended by most authors, our protocol of functional
treatment is nevertheless used by a number of surgical teams [35,37,38]. Moreover,
the term functional treatment includes very different techniques depending on the
team, ranging from simple mobilization in mouth opening to elastic traction [11,30].
We previously reported the results cbtained with the functional treatment in terms of
joint amplitude recovery compared to osteosynthesis for condylar fractures in the
adult population [39]. We aimed to assess the long-term functional and architectural

results of such treatment in children with an evaluation at the end of growth.

We included 108 patients in our study, 33 of whom were followed until the end of
growth, which represents one of the largest series published in the literature to date,
and with a long follow-up time (mean 82.2 months) [3,11,16,30]. All of the patients
included in the long-term follow-up study exhibited condylar fractures with an articular
impact and they were treated by functional therapy. We observed fast recovery of the
joint amplitudes, particularly during the first six months after the fracture, and normal
amplitudes at the end of growth, with no difference between unilateral and bilateral
fractures. The MMO values at the end of the follow-up reached 48.9 mm, which is
comparable to the values reported in the literature. The diduction reached 10.5 mm,
which is higher than what has been reported in most of the publications to date

[30,40,41]. Functional treatment would allow recovery of the articular amplitudes. An
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important finding of our study is the high rate (27.3%) of TMD observed in adulthood
in patients with a previous history of mandibular fracture. This association was
observed particularly in patients with unilateral condylar fracture. This result is higher
than what has been observed in previous studies, where it varied from 5 to 20%
[40,41]. The prevalence of TMJ dysfunction remains high in the general population
but is lower in children, and its relation to previous condylar fractures is difficult to
prove [42,43]. Merlet et al. did not observe any difference in TMD occurrence in adult
patients with condylar fractures treated by functional therapy or ORIF [39]. Condylar
fracture in children results in a high risk of developing a growth disorder, and this is
due to the presence of the growth plate within the condylar unit and its potential
damage after a fracture [28,33]. This can lead to a posterior vertical insufficiency
(PVI) characterized by a shortening of the mandibular ramus, an elevation of the
commissural line and occlusal cant, a Class Il malocclusion, and a chin deviation
[44,45]. We investigated the occurrence of PVI by means of a retrospective analysis
of the most recent panoramic X-rays and photographs in patients after they had
stopped growing. We found a radiographic PVI in four patients treated for a unilateral
fracture, with a mean difference of 10 mm between the fractured and the healthy
mandibular ramus, although norie of these patients had clinical asymmetry. A clinical
PVI was found in three patients, mostly as elevation of the occlusal cant and a slight
deviation of the chin, although most of these patients were bothered by this
asymmetry and only one patient required a surgical correction. This dissociation
between the clinical and the radiological parameters has already been described
[15], and it can be attributed to the remodelling capacity of the condyle and the
glenoid cavity in response to the trauma and to the shortening of the mandible
[11,46,47]. The capacity of the condyle to undergo remodelling after a condylar
fracture appears to be high in young children and it appears to decrease over time
[47]. We noted high remodelling capacities after the fractures, with no obvious
difference according to the height of the fracture or according to its unilateral or
bilateral location. Mobilization of the mandibular condyle in propulsion is based on
the adaptive condyle growth pattern described by Delaire [28]. Growth of the
mandibular condyle occurs in part in response to the mechanical forces that are
transmitted. Contraction of the lateral pterygoid muscle during propulsive movements
stimulates mitosis of the prechondroblasts and compensatory ossification of the

growth plate. We observed a case of TMJ ankylosis that occurred 12 years after the
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mandibular trauma. This risk is estimated to be 0.3% after a condyle fracture at any
age, and it appears to be higher in young children [35]. This complication highlights
the need to follow children until the end of their growth with an annual clinical

examination.

There are many classifications to describe condylar process fractures. Loukota et al.
proposed an anatomic classification of high- and low-condylar fractures, but this does
not reflect the degree of displacement and dislocation of the condylar process
[48,49]. The Spiessl and Schroll classification provides more anatomic information
regarding the fracture as well as useful information for the surgical treatment [50]. An
advantage of the anatomical-functional classification proposed by Mercier and Perrin
Is that it provides an indication of whether a specific functional treatment is needed
[32,33]. It differentiates the fractures with a joint impact in which the condyle is no
longer in the glenoid fossa (capital fractures, condyle dislocation) and that require
early mobilization from fractures without a joint impact (overlapping fragments,

angulation of the condyle but remaining in the glenoid fossa) (Figure 5).

Our study suffers from several limitations. First and foremost is its retrospective
nature, with an analysis of the clinical parameters based on medical records.
Moreover, our method of measurement of the height of the ascending ramus on the
panoramic X-rays is open to criticism, given their poor reproducibility. However, the
interobserver variability was reduced by the use of a double measurement.
Nevertheless, this study remains a longitudinal study, with a long-term follow-up at
the end of the growth period to establish the effectiveness of our functional treatment.
A prospective study using 3-dimensional radiological criteria would allow for a more
comprehensive study of the architectural parameters of traumatized mandibles as

well as comparison of different treatments.

Conclusion

As previously reported in the literature, functional treatment of mandibular condylar
process fractures in children generally leads to satisfactory long-term functional and

architectural outcomes. Early mobilization of the injured joint and long-term follow-up
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of children until they have completed their growth are key to obtaining optimal

outcomes.

Figure captions

Ramus height
(fracture)

Ramus height
(narmal)

Figure 1. Measurement of the height of the ascending ramus on panoramic X-rays.
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Figure 3. A 15-year-old patient with posterior vertical insufficiency of the right
mandible after an untreated bilateral fracture of the condylar processes at one year of
age. The panoramic X-rays reveal a degree of asymmetry of the mandibular ramus.
The frontal photograph shows the deviation of the inferior jaw and the chin to the
right side. The frontal and lateral cephalograms confirm the asymmetry of the inferior
borders and the ramus of the mandible.
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Figure 4. Schematic representation of elastic positioning in a neutral position during
the night (left), and in a diduction position on the fractured side during the day (right)
(a). Use of orthodontic brackets on the incisors to facilitate physiotherapy in children
(b). The child should try to align the elastics with the same colour and perform
diduction movements. Use of thermoformed splints with sticks to improve
rehabilitation in children (c). The child should try to move the sticks away from each

other, thereby accomplishing the requested diduction movements.
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Figure 5. Anatomical-functional classification of condylar fractures.
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