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Dental discoloration following Le Fort 1 osteotomy, a systematic review

Abstract

Introduction: This study was conducted to review current knowledge concerning factor and

how to proceed with dental discoloration after Le Fort 1 osteotomy (LF10).

Material & Methods: A systematic search of the literature was performed in PubMed/Medline

and Cochrane library until December 1, 2020 using the following key words: “dental
discoloration and osteotomy”, “dental discoloration and Le Fort”, “dental discoloration and

YE N T3

orthognathic”, “dental discoloration and surgery”, “tooth discoloration and osteotomy”, “tooth

discoloration and Le Fort”, “tooth discoloration and orthognathic”, “tooth discoloration and

surgery’.

Results: 705 studies were located by initial screening; 232 were duplicate, 468 did not meet
the eligibility criteria, leaving 5 studies. The post-operative follow-up period of the included

studies ranged from 6 months to 2 years.

Conclusion: The present revue found dental discoloration can occur after LF10 in 3.56% of
the cases. The follow-up before treatment should be around one years. If the discoloration
persisted and pulpal sensibility test is negative, the tooth should be treated. If the pulpal

sensibility test is positive, follow-up should be carry on.

Keywords: Le Fort 1 osteotomy; orthognathic surgery; maxillary osteotomy; dental

discoloration; pulpal blood flow.



Introduction

Le Fort 1 osteotomy (LF10) was first performed to correct a dentofacial deformity in
1921 by Herman Wassmund. [1] Since then, the technique has been refined. [2] It became a
routine procedure associated with orthodontic treatment in the treatment of dentofacial
deformity. Its functional and esthetic benefits are well known, an improvement in physical
and psychosocial quality of life with high rates of patient satisfaction has been described. [3—
5] LF10 is considered a safe procedure, however, complications may occur similarly as with
any type of surgical procedure. Infra-orbital nerve injuries, intra and post-operative
hemorrhage, infection, fixation material failure, postoperative malocclusion,
temporomandibular joint disorder, cranial base fractures, amaurosis, lachrymal duct lesion,
hearing impairment, unsatisfactory esthetic result, especially nasal structure, oroantral fistula,
osteonecrosis, facial palsy, maxillary non-union, relapse have been described [6—13]. Dental
complications may also occur such as injury to the dental apex when performing the
osteotomy leading to pulp necrosis and dental discoloration. This is a technical complication
and its care is straightforward: endodontic treatment is necessary. However, dental
discoloration may happen following LF10 even when there is no direct lesion to dental roots.
[14-18] This is a rarely described event following LF10, which can be very distressing for
the patient and the surgeon. Indeed, pulp necrosis is a poor outcome in a surgery aimed at
improving oral function and dentofacial esthetic. The physiopathology of this discoloration is

currently not well known. [19-21]

The aim of this study was to systematically review the incidence and the outcome of

dental discoloration following LF10.



Materials and Methods

This systematic review was performed in accordance with the preferred reporting
items for systematic reviews and meta-analyses (PRISMA) guidelines. The following
databases were searched: MEDLINE and Cochrane library. The terms used in the searches of
each database were “dental discoloration and osteotomy”, “dental discoloration and Le Fort”,
“dental discoloration and orthognathic”, ‘“dental discoloration and surgery”, “tooth
discoloration and osteotomy”, “tooth discoloration and Le Fort”, “tooth discoloration and
orthognathic”, “tooth discoloration and surgery”. Searches were performed until December 1,
2020.

Studies were eligible if dental discoloration following LF10 was assessed. Exclusion
criteria were: case reports, language other than English, and unavailability of the full text.

Studies were first screened using their title and abstract. The full report was then reviewed

and included if no exclusion criteria were met. Incidence and outcome were assessed.



Results

The initial search yielded 705 results. 232 were duplicate, leaving 473 studies. 468
were not eligible since dental discoloration following LF10 was not assessed. Five full
reports were reviewed, no exclusion criteria was met. Finally, 5 studies were included and

analyzed (Figure 1).

The results are shown in Tables 1 and 2. Five studies were retrospective and 1 were
prospective. A total of 2631 patients were included in this review, 2178 of whom underwent
LF10. LF10 was associated to a mandibular osteotomy in 1736 cases. LF10 was segmented
in 522 cases. 67 discolored teeth were found. Hence, dental discoloration happened following
3.02% of LF10 performed. Some patients exhibited two dental discolorations, but since two
studies did not mention this data [17,18] the total number of patient presenting with dental
discoloration cannot be calculated. Final assessment of the tooth was performed at 6 months
in 1 study, [16] after 1 year in 1 study, [18] and after 2 years in 1 study. [15] This data was
not mentioned in 2 studies. [16,22] Primary objective of the included studies were focused on
dental discoloration following orthognathic surgery, [15] complications following
orthognathic surgery, [16,22] tooth vitality after LF10, [18] or pulpal blood flow after LF10.

[16]

Lee et al. [15] performed root canal treatment with dental bleaching in every case of
tooth discoloration while Robl et al. [17] stated that many teeth recovered without treatment
without giving a numbered account. The final outcome of the discolored teeth was not
disclosed in the other studies. Mesgarzadeh et al. [18] found no significant relationship

between pulp vitality and tooth discoloration.



Discussion

Dental complications following orthognathic surgery are less frequent than nerve
injury, hemorrhage or infection with an incidence described at 2.8%. [6] However, 3.56% of
dental discoloration following LF10 were found reviewing the literature.  Dental
discoloration was not related to the distance between the root apex and the screws. [15] The
physiopathology of this complication is not well understood as Mesgarzadeh et al. found
5.3% of discolored anterior teeth while 3.2% of these teeth were necrotic and required
endodontic treatment. [18]No statistically significant relationship was found between pulp
vitality and discoloration. Furthermore, Robl et al. state that many teeth recover without
treatment, return to normal coloration, and respond to pulp testing. [17] On the other hand,
Lee et al. found that every teeth showing a remarkable discoloration had a necrotic pulp when
endodontic treatment was performed. [15] Pulpal vascularization may be the key to
understand dental discoloration following LF10. Indeed, LF10 is responsible for a disruption
in maxillary vascularization. Some tissues may be more sensitive to this disruption and suffer
some degree of ischemia. Several studies focused on pulpal blood flow (PBF) showed a
significant postoperative decrease of PBF during 1 to 10 days comparatively to preoperative
PBF. [23-27] The study with the longest follow-up (up to 29 months) showed that PBF
returned to normal. [24] It is speculated that this decreased PBF values could be a
postoperative effect of the osteotomy and that with time the blood flow may return to baseline
values. [24] Maxillary PBF was even shown to decrease when an isolated mandibular
osteotomy was performed. [23] A “stealing of dental pulp perfusion pressure” by the
mandibular segment was suggested. Maxillo-mandibular osteotomies would therefore be
more at risk of dental discoloration. However, this review could not conclude on this subject
as there were either only LF1O without mandibular osteotomy [18,22] or LF10

systematically associated with a mandibular osteotomy, [15] or insufficient data. [16,17]



The link with vascular disruption is stressed if the role of the descending palatal artery
(DPA) ligation is considered, even if DPA ligation does not compromise maxillary
vascularization after LF10. [28] Indeed, dental discoloration was significantly more frequent
in patients who had DPA ligation during the LF10. [15] Furthermore, in a case of unilateral
DPA ligation, Ramsay et al. described a dental discoloration ipsilateral to the ligated DPA,
whereas PBF was not altered on the contralateral side. [16] Contrarily, Dodson et al. did not
find a significant difference in PBF between patients who underwent DPA ligation versus
those with DPA preserved. [28] It was also shown that the extent of the maxillary
displacement was not associated with an increased risk of dental discoloration, [15] however,
massive displacement may strain the DPA and reduce blood supply. [29,30]

On another hand, PBF and clinical findings can be discordant. Central incisor was the
tooth most frequently affected in several studies, [14-16,22] whereas canine and premolar
had greatest variability in recovery of pulpal response in PBF studies. It was explained by the
proximity of these teeth to the vertical interdental osteotomy on segmental osteotomies as
well as the closeness of their root apices to the horizontal osteotomy line [23,24,31,32] The
rate of dental discoloration is indeed more elevated in the study of Williams et al., which
includes only surgically assisted rapid palatal expansion with 5% versus the 3.56% of the
global review. [22] This is in favor of lesions linked to the segmentation. Similarly, one study
found that every dental discoloration occurred in the mandible when the mandibular
osteotomy was associated with a genioplasty. [15] However, segmental LF10 are considered
a safe technique in other studies. [33] Furthermore, maxillary anterior multi-segmental
osteotomy was not significantly correlated with dental discoloration in the Lee et al. study.

[15]



While no definite physiopathological explanation can yet be defined, every study
confirms that time is the cornerstone of dental discoloration following LF10O care. Indeed,
vitality testing cannot provide reliable results for several months. The rate of teeth with
positive pulpal sensibility test gradually increase postoperatively: 0% at 2 weeks, [27] 3-17%
at 2 months , [27,34] 50% at 3 months, [27] 70-90% at 6 months [27,34] 96% at 12 months.
[27] This suggests the root canal treatment should not be systematic or precocious after
LF10. It seems reasonable to follow-up patients with dental discoloration following LF10 at
least for 12 months. At 12 months, pulpal vitality should be assessed. If the pulpal sensibility
test is negative, the tooth should be treated endodontically and bleached. If the pulpal

sensibility test is positive, follow-up should be considered (Figure 2).

Conclusion
Dental discoloration can occur after LF10 in 3.56% of the cases without technical mistake.
Careful follow-up is necessary as long-term suppressed response to vitality testing may occur

without signifying that an endodontic treatment is necessary.
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Patients Le Fort 1 mandibular osteotomy Patients with Last follow-up
Investigator included (segmented) associated at LF10 Discolored teeth discoloration visit
Lee et al., 2016 1455 1339 (60) 1339 48 49 2 years
Robl et al., 2014 1000 663 (342) 389 Unknown Unknown Unknown
Williams et al., 2012 120 120 (120) 5 5 Unknown
Mesgarzadeh et al.,
2010 42 42 13 Unknown 1-5 years
Ramsay et al., 1991 14 14 12 1 1 6 months
Total =2631 | Total =2178(522) Total = 1736 Total = 67
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