Annals of Stomatology BPI

Review

CORRELATION BETWEEN ORALSURGERY AND MANDIBULAR
FRACTURES IN OSTEOPOROSIS PATIENTS

A. Rosa", A. Pujia?, S. Casella® and C. Arcuri’

"Materials for Health, Environment and Energy, Department of Chemical Science and Technologies, Dentistry, University
of Tor Vergata, Rome, Italy;

2Department of Biomedicine and Prevention, University of Rome Tor Vergata, Rome, Italy;

3Department of Clinical Sciences and Translational Medicine, University of Rome Tor Vergata, Rome, Italy.

*Corresponding author

Alessio Rosa

Materials for Health

Environment and Energy

Department of Chemical Science and Technologies
University of Tor Vergata

Via Montpellier 1

00133 Roma

alessio.rosa.21@alumni.uniroma2.eu

ABSTRACT

The purpose of this study was to investigate how osteoporosis can adversely affect one of the rarest, but now very
common, complications of surgery on the posterior jaw: the mandibular fracture. The term “mandibular fracture” refers to
a broken jaw (mandible), while fractures of the upper jaw are sometimes called “jaw fractures”, but are usually considered
facial fractures (maxillofacial fracture). The fracture usually causes pain and swelling in the affected area, as well as a
feeling of misalignment of the teeth. Often, there is a narrowing of the opening of the mouth and a lateral displacement
when opening or closing. The authors examined the literature to provide the scientific community with an etiological
overview underlying this complication. Our analysis shows that although there are few articles in the indexed literature,
this complication is quite common and often linked to the operator’s inexperience, but also to the systemic pathological
influence of osteoporosis. For this reason it would seem appropriate to prevent everything by using surgical protocols that
reduce jaw fractures by assessing the risk that the disease may involve.
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INTRODUCTION

The signs and symptoms of a mandibular fracture

Trismus

The mandible is the only
movable bone in the skull. It is
of the dense and hard type and
constitutes the lower third of the
facial skeleton. Surgical extraction
of the lower third molars is one of
the most common procedures in oral
surgery (1). This surgical procedure
may be accompanied by intra- and
postoperative complications such as
pain, trismus, bleeding, infection, Fig. 1. The signs and symptoms of mandibular fracture
edema, lesions of the inferior
alveolar nerve, displacement of teeth into adjacent spaces and
mandibular fractures (Fig. 1).

Osteoporosis is a widespread metabolic disease affecting
bone, is characterized by bone density collapse along with
microarchitectural failure leading to bone fragility and exposure to
fracture risk. It affects one in three women and one in five men over
the age of 50. The female sex demonstrates declining bone loss as
early as menopause, predominantly in trabecular bone, which is
then followed by slower loss of trabecular and cortical bone. The
mandible has some weak areas less resistant to fractures such as
the mandibular angle, the condyle, the mandibular symphysis, the =~ Symphisis 15-21%
body and the coronoid process. The specific bony anatomy of the
gonial angle with its location between the ascending ramus and the ~ Fig. 2. Distribution of mandibular fractures (Mooney
mandibular body, as well as its association with the impaction of the S Gulati RD, Yusupov S, Butts SC. Mandibular
lower third molar, makes it one of the most frequent fracture sites ~ Condvlar Fractures.

(40%). It is the most frequently fractured bone in the maxillofacial Faczal.Plast S”’g, Clin North Am. 2022 Feb;30(1):85
. . . 98. doi: 10.1016/.5¢.2021.08.007. PMID: 34809889.)

skeleton due to its prominence (2, 3). The jaw commonly fractures

in the angle, condyle, and chin region (4). The horizontal fracture of the mandible (Fig. 2) is very rare and only a few cases

have been reported in the literature (5).

The estimated incidence of mandibular fracture is 11.5 cases per 10,000 individuals (6). The mandibular angle is a
frequent fracture site, accounting for 25-33% of all mandibular fractures.

In the literature there are several variables that influence the fracture: for example the anatomical bone component, the
masticatory forces, the different dental occlusal loads.

A not very recent but quite simplistic study by Joshi et al. (7) reports that mandibular fractures are more frequent in
regions where there is the presence of teeth rather than in edentulous regions of the mandible. Bones often fracture at sites
of stress and tensile stress because their resistance to compressive forces is greater. Furthermore, Bodner et al. showed
that the isolated mandible is subjected to non-equivalent tensile stress diffusion patterns when perpendicular forces are
exerted on it (8).

Bleeding from lacerated gingival or mucosal tissue
Ecchymosis/hematoma (at the fracture site or the sublingual space)
Loose, fractured, or displaced teeth

Palpable or visible “step” in the dental arch

Inability to chew or subjective (or obvious) altered bite

Paresthesia of the lip/chin

Lack of motion of the mandibular condyles with palpation through the external auditory canal

From Viozzi CF. Maxillofacial and mandibular fractures in sports. Clin Sports Med
2017;36(2):355-68.

Body 17-25%

MATERIALS AND METHODS

This study followed the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses) statement
(Fig. 1). The main research question was captured in the PICO (Population, Intervention, Comparison, Outcomes) format:
”Can a less invasive operation during oral surgery in the jaw reduce the risk of fractures?”.
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The search strategy involved searching
electronic databases: the PubMed (National [ Identification of studies via databases and reg ]
Library of Medicine), Google Scholar, Scopus,

)

Embase, Medline, and Cochrane Library "E Records removed before

: : Records identified from™: screening:
databases were searched without time or g Databaces (n = 345 ) Duplicate records removed (n
language restriction to find articles describing 5 =122)
the basic principles of HRW and its applications i
in dental practice (Fig. 3). — ‘

. . . )
All studies reviewed were published between
Records screened Records excluded*

January 1, 2000, and April 30, 2023. The search (n=223) l(n=280)
strategy used a combination of different MESH ‘
terms and keywords on the six databases:

“mandibular surgery”, “mandibular fractures”, ° E\fﬁz S)wshtforretrieval Elegr;ns not retrieved
“impacted tooth”, “bone fracture”, “mandibular e

cyst’, “wisdom tooth”,  “’osteoporosis’,

“treatment” and “dysodontiasis’; the additional Reports assessed for eligibility

filter “Language: English” was used. The o) Reports excluded: (n = 129

eligibility criteria for the following review include
observational studies on patients after dental
and cystic-type oral surgery in the mandible, —
iatrogenic fractures, traumatic fractures, all
LeFort types; reviews; systematic reviews with
or without meta-analysis, retrospective studies,
RCTs, case reports.

Studies on animal models, 3D models, letters
were excluded. The search strategy identified 345 references published between 2000 and 2022, 143 references were
selected for eligibility, and only 14 were included in this review because they met the eligibility criteria.

Studies included in review
(n=14)

Included

Fig. 3 Search strategy flow chart

RESULT

Mandibular fracture and wisdom teeth surgery

In this review, the risk of mandibular fracture during the surgical procedure of extraction of the included eighths was
analyzed, sometimes, although rare, as a postoperative complication. It is strictly necessary to include this complication in
the pre-surgical informed consent to be submitted to patients by clearly explaining this eventuality. A study by Libersa et
al. showed that the incidence of intraoperative or postoperative mandible fracture was reported to be 0.0049% (9). Osborn
et al. unveiled in a major retrospective study the rate of intraoperative mandibular fracture is 1 in 30,583 patients, while
the postoperative rate is 1 in 23,714 (10). Kunkel et al. along with his other colleagues showed in a review that mandibular
fracture has an incidence of 1 in 29,000 cases (11).

Possible predisposing conditions were traced in this review: certainly advanced age of the patient, the presence of
mandibular atrophic conditions, patient-dependent systemic problems such as stages of medium to severe osteoporosis.
The mandibular region is also significant in the risk of fracture during extraction of included or semi-erupted eighths.
For example, the retromolar region is an area of lower resistance to fracture because it is thin in cross section. In that
area, the presence of an included and mesioverted tooth occupies a relatively significant space within the bone. All the
more reason if we were faced with an osteoporotic bone with extractive surgical need that would involve removal of
the surrounding bone to mobilize it. All this weakens this area mechanically. Studies by Hino et al. (12) retrospectively
evaluated the clinical and radiographic data of 12 patients with 13 mandibular fractures after wisdom teeth removal. It
was observed that patients older than 30-40 years with tooth roots overlapping the lower alveolar canal or adjacent to the
canal had a high risk of mandibular fracture. There were few intraoperative fractures, while slightly more late fractures,
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which occurred on average 6.6 days after surgery exclusively during chewing. Libersa et al. (9) evaluated 37 fractures in
750,000 extractions in a retrospective study and identified 17 intraoperative fractures and 10 late fractures. Of the 10 late
fractures, 8 occurred in men and 6 occurred during mastication. Most of the late fractures occurred between 13 and 21
days after surgery, which could be caused by increased masticatory function and occlusal forces exceeding bone healing.

Differently, Krimmel and Reinert (13) retrospectively analyzed six patients who suffered a mandibular fracture
following removal of a third molar. They showed that fractures occurred from 5 to 28 days (with an average of 14 days)
after tooth removal. The patients ranged in age from 42 to 50 years and all had complete dentition. The authors of that
study concluded that the main risk factor for mandibular fracture appears to have been the patient’s advanced age in
combination with a full dentition present in the arch.

Regardless of the mechanism, it was found that mandibular fractures occurring during or immediately after extraction
of a mandibular third molar are not displaced. They generally radiate from an extraction site toward the weakest point.

In addition, the above review showed that the side of the fracture is less discussed as a risk factor. Wagner et al. (14)
noted that fractures on the left side accounted for 70 percent of cases, because right-handed surgeons have a better view
of the right surgical field, which results in a less extensive ostectomy. Regarding angulation, the dystangular position is
generally considered the most difficult (15). This is probably because mesioangular and vertical angulations are more
common in patients generally.

In terms of position of the impacted tooth, they were found to have higher incidences of mandibular fracture than the
upper jaw. This is probably related to a higher degree of difficulty in extraction and more extensive bone removal (16).
This review found a higher incidence of mandibular fracture for fully impacted teeth (64.8%) than for partially impacted
teeth. This is because when the tooth is fully included in the bone you require more osteotomy access and bone removal
for extraction. Postoperatively, this results in less cortical bone remaining and thus a more fragile mandibular angle, which
can be an important causative factor for late fracture.

Another retrospective study found a relationship between pericoronitis cases on semi-included eighths (68.3%) and
the incidence of late mandibular fracture (17). Recurrent infections may contribute to decalcification and thus to an
increased likelihood of late fracture. Although the results are confounding enough to make a connection with mandibular
fractures, but clearer retrospective data would be needed. This review also observed how mandibular bone quality and
density may affect fracture risk.

Pires et al. (18) showed that the period of greatest risk is the second and third postoperative weeks; what happens is
that the newly formed granulation tissue in the postextraction socket is replaced by connective tissue and the strength of
mandibular bone decreases during this period.

According to Bodner et al. (8) a delay in bone maturation during the regeneration period predisposes to weakening,
because two-thirds of the socket is not filled with osteoid material. Thus, causing a decrease in mandibular bone strength.

Osteoporosis in elderly patients may be another highly predisposing reason. A major study (19) showed that elderly
patients had thinning of the periodontal ligament and thus dental ankylosis which increases the degree of extraction
difficulty. All this leads to a significant need for ostectomies that facilitate the likelihood of a possible fracture.

Mandibular fracture and osteoporosis

Osteoporosis is a widespread metabolic disease affecting bone, is characterized by bone density collapse along with
microarchitectural failure leading to bone fragility and exposure to fracture risk (20). It affects one in three women and
one in five men over the age of 50. The female sex demonstrates declining bone loss as early as menopause, predominantly
in trabecular bone, which is then followed by slower loss of trabecular and cortical bone (21).

Because osteoporotic fractures represent a worldwide health burden, it is important to prevent them. Recently, the literature
has focused on the morphology of the inner part of the mandibular cortex below the mental foramen. Since then, and to date,
several studies have demonstrated the usefulness of the mandibular cortical index as a predictive indication of osteoporosis (22).

Taguchi et al. suggested that bone findings of mandibular morphology would be useful in screening patients with
osteoporosis in postmenopausal women (23). On the other hand, Yamada et al. reported in a study of 1021 Japanese men
and women found that the mandibular cortical index was useful in identifying dental patients with osteoporosis, but not
those with osteoporotic fractures (20).
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According to Perry and Goldberg (24), the risk of mandibular fracture during lower third molar extraction in patients
with osteoporosis is due to the creation of a bone area with a weakened structure that makes this type of complication
more likely to occur. These changes may cause significant weakening of bone, particularly in the mandibular angle
region. Therefore, it can be concluded that there is a relationship between the presence of pathological bone changes
and the subsequent occurrence of fractures. Joshi et al. (7) pointed out the possibility that postoperative fractures may be
incomplete intraoperative fractures, which may have exceeded stress tolerance limits in the weeks following extraction,
as patients felt better and pain symptoms had almost disappeared by the end of the following week.

Recent pilot studies have shown that only alendronate and zoledronate have been shown to be less incident in the risk
of jaw fractures (25, 26).

Risedronate has been shown to be more incident in susceptibility to mandibular fractures, McClung et al. shows in a
specific study of elderly patients with osteoporosis diagnosed on the basis of bone mineral density rather than risk factors (27).

Some studies indicate that cranio-maxillofacial trauma in elderly women with osteoporosis is associated with falls. A
recent systemic analysis showed that the number of maxillofacial fractures sustained in a series of 59 subjects older than 60
years was significantly related to the severity of osteoporosis as determined by a radiographic index of vertebral bone density.
This association held for low-energy falls and motor vehicle accidents, observations taken as evidence of maxillofacial
bone fragility in osteoporotic subjects (28). An analysis of 355 postmenopausal women showed that osteoporosis per se is
associated with cranio-mandibular dysfunction (29). Some information is available on the risks of surgical failure in TMJ
patients. A study of outcomes in a series of subjects undergoing arthroplasty or discectomy indicated that osteoporosis was
the most significant risk factor for technical failure (30). Although mechanisms were neither indicated nor suggested by
this study, it is clear that systemic factors must be considered in surgical planning. Although osteoporosis is a very common
condition with a sometimes silent sometimes aggressive course, to date the literature does not present crisp guidelines to be
followed to prevent this complication. More studies in this regard would be needed to have more scientific evidence

Treatment of mandibular fractures

The vast majority of mandibular fractures require surgical stabilization in order to obtain healing and correct
occlusion which is lost after the trauma. In cases of a non-displaced fracture without obvious mobility on manual physical
examination, a soft diet for 4 to 6 weeks is generally recommended (31). Displaced fractures or fractures that demonstrate
mobility on physical examination are different. In this case, in fact, immobilization of the mandible is expected. Although
mandibular fractures with good dentition on both sides of the fracture line can in some cases be treated with a period of
intermaxillary fixation, most surgeons and patients prefer open reduction and internal fixation, which allows for a much
quicker return to full pre-injury function and mobility (32). Patient demographics, comorbidities, dentition, and fracture
characterization influence the treating surgeon’s choice of fixation. Internal fixation for mandibular fracture can be divided
into two categories: weight-bearing fixation and weight-bearing fixation denote a structure capable of withstanding all the
load generated by the mandibular function (33). Typically, this requires the application of a large reconstructive plate to
the lower margin of the mandible (Fig. 4).

Other studies have demonstrated that load-sharing fixation characterizes a fixation scheme in which the functional

Fig. 4. Differents types of mandibular fixation (Rzewuska A, Kijak E, Halczy Kowalik L. Rehabilitation in the treatment of
mandibular condyle fractures. Dent Med Probl. 2021 Jan Mar;58(1):89 96. doi: 10.17219/dmp/128092. PMID. 33847468)
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load is shared between the base of fixation and the long fracture margin (34). Load-sharing fixation can be further divided
into rigid and non-rigid (functionally stable) fixation. In the past, surgeons often referred to plates by the size of the outer
diameter of the screw used in the plate (e.g., 2.0 mm plate, 2.4 mm plate). Today, new reviews have highlighted the
importance of more complex but more predictable plate systems (35, 36).

Ellis et al. in a randomized study demonstrated that the vast majority of unilateral mandibular fractures, with good
occlusion, can be treated in a closed manner (35).

Differently, the situation is not so clear for bilateral fractures (37). This review took into consideration the management
of atrophic jaw fractures and how the literature expresses itself on the matter. Today the most common form with the best
results is the application of plates and lathes, so blocked systems are the first option. In the atrophic mandible, factors are
considered that decrease the possibilities of consolidation of the low contact surface, poor vascular port.

DISCUSSION

The results obtained from this review lead to the rationale that the risk of post-extraction mandibular fracture is mainly
linked to excessive ostectomy and/or local alterations. Patients at risk must be carefully informed about the importance
of food choices in the post-operative period. Finally, the nonsurgical treatment plan appears to be the most suitable
approach to nondisplaced fractures for cooperative patients. Technique comparisons addressed general aspects of surgical
procedures for mandibular third molars including: type of raised surgical flap, use of retractors, bone removal techniques,
wound irrigation, wound closure, wound drainage, and complete/incomplete tooth removal. All studies analyzed by this
review report evidence for each of these comparisons, but due to the limited number of studies and patients and the high
risk of bias, the evidence to make changes to surgical practice is therefore limited. However, this review helps describe the
state of research evidence to support practice so that surgeons can make an informed choice in adopting new techniques
or continuing with established techniques.

Although today the use of the mandibular cortical index appears to be quite predictive to evaluate total bone density
in patients with bone demineralization, this study did not find great scientific evidence regarding the correlation between
iatrogenic mandibular fractures and systemic bone conditions.

Furthermore, this review makes clear the need to carry out new clinical studies, such as randomized or prospective
studies with longitudinal follow-up, since most of the data currently available comes from case series and retrospective
studies. However, with the case evaluation of this review, it was possible to clearly identify that there were no late
postoperative fractures in patients younger than 20 years. This fact should be shared with third-party payers, who now
deny authorization for the removal of asymmetric third molars that will never function. The data from this review also
show that the patient at greatest risk for late post-third molar extraction fractures of the mandible is men aged 25 years
or older, who have had a preoperative or postoperative infection, or menopausal woman suffering from osteomyelitis or
taking some types of bisphosphonates. This group should be identified and educated before the intervention and receive
unequivocal postoperative instructions that must be strictly respected to avoid late fractures.
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