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RESUME

INTRODUCTION: Vertical stability of the maxillary bone after Le Fort | (LF1) osteotomy can be
compromised by the volume reduction of the nasal cavity. As a consequence, facial balance
can be affected. Horseshoe (HS) osteotomy is then an alternative to the total LF1 osteotomy
as it preserves the hard palate and the intranasal volume. The aim of this study was to
compare the postoperative vertical stability of maxilla in both maxillary impaction techniques.
MATERIAL & METHODS: The maxillary bone stability was evaluated retrospectively in two
groups of patients receiving total LF1 (n1=20) or HS osteotomy (n,=15) with more than 6 mm
upward movement. The vertical stability was assessed on lateral cephalograms performed
preoperatively, in immediate postoperative time and at the last follow-up period. A
coordinate system was constructed with measurement of points C (distal cusp of the first
maxillary molar), P (prosthion, the lowest edge of the maxillary alveolus of the central incisor)
and | (upper central incisor edge). RESULTS: The two groups were comparable in terms of age,
associated procedures, indications and degree of maxillary upward movement. The mean
relapse for a mean follow-up of 18.3 and 21.3 months for horseshoe and Le Fort | osteotomy
respectively was 0.63 + 0.77 mm, 0.83 + 1.75 mm and 0.50 + 1.75 mm for points C, P and |
respectively in the HS group with no statistical significance. While a mean significant relapse
of .00+ 1.19 mm and 1.00 + 1.05 mm was found for the point P (p=0.005) and | (p=0.001) in
the LF1 group respectively. A good nasal ventilation and an improvement of the aesthetic of
the smile were assessed after a HS osteotomy. There was no difference regarding the
complication rate between the two groups.

CONCLUSION: The horseshoe osteotomy represents a good alternative to total Le Fort |

osteotomy for high maxillary impaction in long face syndrome deformities.

KEYWORDS

Horseshoe osteotomy, Le Fort | osteotomy, maxillary upward movement, long face syndrome
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ABBREVIATIONS

LFS: Long face syndrome

HS:  Horseshoe

LF1: LeFortl

S§SO: Sagittal split osteotomy

RL: Ramus lengthening

PPP: Posterior palatal pedicle

CBCT: Cone beam computed tomography
N: Number of patients

SD:  Standard deviation

NS:  Non-significant
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INTRODUCTION

The long face syndrome (LFS) was first described by Schendel who demonstrated the excessive
vertical growth of the maxilla (1). Initially, LFS was associated to open-bite but he described
that both open-bite and close bite can be found in LFS and that open-bite was not a specific
feature of LFS. Tourne et al. proposed that LFS could be caused by oro-facial dysfunctions
during the cranio-facial growth as it has been demonstrated in animal (2). An induced nasal
breathing dysfunction in the monkey in the first three years of life could generate an abnormal
muscular contraction of orofacial and neck muscles and by the soft tissue stretching leading
to a LFS at the end of growth. The LFS was then defined as a long narrow face, a narrow nose
and nasal apertures, a short upper lip associated to a mouth-open posture and a lengthening
of the lower anterior face. Solow et al. proposed a self-perpetuating circle of events leading
to morphologic changes in the cranio-facial complex (3) (figure 1). However, some authors did
not find a consistent relationship between the obstructed naso-respiratory function and the
adenoid facies or LFS, although a cause and effect relationship seems to exist (4).

The clinical and radiological features associated to the LFS are presented in table 1.

Obstruction of
airway

Morphological Neuromuscular
changes feedback

Differential
forces on
skeleton

Postural
changes

Soft tissue
stretching

Figure 1. Self-perpetuating circle of events leading to morphologic changes in the cranio-facial

complex, from Solow et al. (3).
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Clinical characteristics Radiological characteristics
Vertical anterior maxillary excess Vertical anterior maxillary excess
Lip inocclusion at rest + short upper lip Maxillary global excess = 6 mm
Unsightly gummy smile Anterior and posterior alveolar hyperplasia

evidenced by the distance between the palatal
root of the second maxillary molar and PPP

Oral breathing

Ogival palate

Table 1. Retained clinical and radiological features of the LFS. PPP, posterior palatal pedicle.

The surgical management of LFS requires isolated or associated techniques including a
maxillary upward movement by Le Fort | osteotomy (LF1), a counterclockwise rotation of the
occlusal plane, a vertical reduction genioplasty, a mandibular sagittal split osteotomy (SSQO),

or a ramus lengthening osteotomy (RL) (5)(6)(7).

The total Le Fort | osteotomy as we know today for the correction of facial deformities was
first described by Wolford, Epker and Bell (8,9). This technique was designed for sagittal and
vertical movements, including upward movement to correct the vertical maxillary excess in
LFS. However, these techniques are not always sufficient to correct severe LFS with facial
hyperdivergence. Unfortunately, it could fail for an important vertical movement because of
the position of the inferior turbinates. The turbinectomy was initially considered by Bell (10)
but quickly replaced due to several complications by a total maxillary alveolar osteotomy
described by Hall and Roddy, and West and McNeill (11,12). This technique, known as the
horseshoe osteotomy (HS), does not need for a move of the hard palate and so that does not
result in a conflict with turbinates. There is a few literature on this technique in orthognathic
surgery, because of the limited indications; this technique is usually cited in preimplant
surgery (13,14). Videlaine et al. had previously described the technique as an alternative to
LF1 for patients suffering from a long face syndrome with maxillary alveolar hyperplasia, but

with no evaluation of the long terms results (15). We assume that the HS osteotomy is more
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stable over time than LF1 osteotomy for great maxillary upward movement, and does not

result in postoperative deficiency of the nasal breathing.

The aim of our study was to radiographically compare the long-term stability of HS and LF1

osteotomies with great upward movement in patients with long face syndrome.

10
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MATERIAL AND METHODS

Population study, indications

This monocentric retrospective study included patients with LFS, who were given a total LF1
osteotomy or a HS osteotomy. All the procedures were carried out in the maxillofacial and
stomatology surgery department of the Nantes University Hospital (France). The same
operator (JMM) performed most of the procedures. In this retrospective study, no change to
the current clinical practice or randomization was performed. An ethics committee approval
was not required in order to use these data in the epidemiologic study, as per French

legislation article L. 1121-1 paragraph 1 and R1121-2 of the Public Health Code.

1. Horseshoe osteotomy group

All the patients who received a HS osteotomy between 1992 and 2020 were included in the
HS group.
The inclusion criteria were:
- HS osteotomy with at least 6 mm of alveolar bone upward movement reported on
operating report,
- long term follow-up of minimum one year,
- complete file with preoperative lateral cephalograms, at immediate postoperative

time, and at the last follow-up.

2. Total Le Fort | osteotomy group

We included in the total LF1 osteotomy group all the patient who received a total LF1
osteotomy, between 2004 and 2020.
The inclusion criteria were:
- Total LF1 osteotomy with at least 6 mm of maxillary upward movement reported on
operating report,
- long term follow-up of minimum one year,
- complete file with preoperative lateral cephalograms, at immediate postoperative

time, and at the last follow-up.

11
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The exclusion criteria were:
- LF1 osteotomy with no ascension,
- fragmented LF1 osteotomy,
- asymmetric ascension,

- syndromic patients

Surgical Procedure — Horseshoe osteotomy

A maxillary vestibular incision was performed by contouring the upper lip frenulum and
reaching the periosteum. Then a subperiosteal flap allowed to expose the emergence of infra-
orbital nerve, and the pterygomaxillary junction. The nasal floor was lift of and the piriform
orifices were lowered to the height of the planned maxillary upward movement. For this step
a sufficient anterior alveolar bone excess was needed to avoid tooth root damages. Then the
classical Bell osteotomy line was performed on the anterior wall of maxillary sinus at the level
of new nasal floor, but remaining very superficial. The same osteotomy line was performed
above the first one allowing for maxillary upward movement after removal of the bone
resection. It is crucial at this step to respect the inter-sinus-nasal wall and the nasal septum.
The pterygo-maxillary disjunction was performed. The anterior nasal spine was resected. The
osteotomy was completed by positioning the piezotome or bone scissors behind premaxillary
tooth roots and nasopalatine canal for the anterior part, and against the hard palate through
the maxillary sinus cavity for lateral osteotomy. On posterior part, the osteotomy was
performed between the second molar palatal root and the posterior palatal pedicle (PPP). A
down fracture was carried out and the palatal fiboromucosa was detached from the palatal
bone. Inter-sinusal-nasal septa, nasal septum and palatal bone with new positioned nasal floor
were respected, only the dental arch was mobilized (figures 2 and 3). Interferences were
removed and PPP were carefully individualized. Osteosynthesis was performed with four

titanium plates of 0,6 mm thickness fixed on canine pillars and maxilla-zygomatic arches.

12
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Figure 2. Horseshoe osteotomy technique. a: piriform orifices digging (red arrow) and bone resection
equivalent to predicted upward movement b: respect of the nasal septum and the inter-sinusal-nasal
septum. c: palatal osteotomy line (red bars) between the second molar palatal root and the posterior
palatal pedicle. d: palatal osteotomy line behind the nasal-palatal pedicle and externally to posterior
palatal pedicle, and pterygo-maxillary disjunction. e: maxillary HS down fracture (black arrow), palatal
fibromucosa detached with respect of the hard palate.

Depending on the clinical and cephalometric analysis, a SSO, a RL, or a genioplasty could be
associated. An intermittent maxillomandibular fixation with elastics was recommended for six
weeks after the procedure, associated with a mixed diet. An orthodontic treatment was
usually started at least one year before surgery and continued during six months in
postoperative period. A surgical splint was used during surgery to allow the positioning of the
maxilla in the predeterminate position and in the desired dental occlusion. Speech therapy is
also started very early after surgery, in order to improve tongue positioning, nasal breathing,

and swallowing and phonation disorders

13
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Figure 3. Intraoperative photographs of the horseshoe osteotomy. a: piriform orifices digging. b:
osteotomy lines allowing for upward movement. c: respect of the inter-sinusal-nasal septum. d:
maxillary horseshoe down fracture (vertical white arrow), palatal fibromucosa detached and respect
of the hard palate and PPP (horizontal white arrow).

14
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Stability study

The radiographic analysis was made on lateral cephalograms; all the radiographs were made
with the same radiological parameters at 73kV and 40mA/s (Siemens, Erlangen, Germany).
Three landmarks were studied on the preoperative cephalogram (T0), the immediate
postoperative time (T1), and at the last follow-up (T2):
- Point C corresponded to the distal cusp of the first maxillary molar,
- point P (prosthion) was defined as the lowest edge of the maxillary alveolus of the
central incisor,

- point | was the upper central incisor edge.

As previously described by Nimeskern (16) and then by Marion et al. (17) and Vincent et al.
(18), coordinates were defined manually in an orthonormal frame composed by the lines
(figure 4):
- C1 for the x-axis: top line of the skull base of Delaire’s cephalometric analysis (clinoid
point CI’ (middle of Cla-Clp line) — point M (frontal-nasal, frontal-maxillary and maxilla-
nasal sutures union)),

- and CO for the y-axis: perpendicular to C1 through the clinoid point CI’.

The analysis of cephalometric data and the evaluation of the maxillary stability in each group
were obtained by collecting the coordinates of points C, P, and | in the same fixed orthonormal
frame (C1 : CO) for each patient in each group during the different periods of the study (TO,
T1, T2).

15
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C1 Cr

Y

CO

Y
Figure 4. Representation of lateral cephalogram, orthonormal landmarks. C1 corresponding to the x-
axis: upper line of the skull base of Delaire's cephalometric analysis (clinoid point CI' - point M, frontal-
nasal, frontal-maxillary and maxilla-nasal sutures union) and CO corresponding to the y-axis: CO line
perpendicular to C1 through the clinoid point CI'. C, distal cusp of the maxillary first molar; P, the lowest
edge of the maxillary alveolus of the central incisor, prosthion; |, upper central incisor edge.

The coordinates of each point were compared between TO and T1 to quantify dentoskeletal
upward movement during surgery, and between T1 and T2 for the long-term stability study.

Relapse was assessed in millimeters of relative loss of the intraoperative movement.

The statistical analysis was performed using GraphPad Prism 5.0 software for Mac (GraphPad
Software, La Jolla, CA, USA). The qualitative data were analyzed using a Fisher exact test, while
the quantitative data were analyzed using a Mann and Whitney test. A p-value of less than

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

16
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Smile assessment

Patients with LFS were all suffering from an important gummy smile. This condition is one of
the main indications for a HS osteotomy. We assessed the aesthetic of the smile in HS
osteotomy group using the Kokich criteria (19-21) (figure 5):

- Gummy smile,

- occlusal plane canting,

- maxillary inter-incisors point centering,

- maxillary central incisors tilting,

- black corridors.

Figure 5. Kokich criteria for smile assessment. a: gummy smile. b: occlusal plan canting. c: maxillary
inter-incisors point centering. d: maxillary central incisors tilting. e: black corridors.

For each patient all these criteria were assessed on ten points (0 was the least aesthetic smile,
10 was the most aesthetic), on preoperative smile and occlusion photographs and at the last
follow-up. Ten assessors who were maxillofacial surgeons, orthodontists, or lay people carried
out this analysis in random order. The preoperative score was compared to the postoperative

one for each criterion, for each patient.

Respiratory assessment

Each patient who received a HS osteotomy was called by phone to collect their initial breathing

(nasal or oral), their snoring and the modification of these criteria with the surgical procedure.

17
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RESULTS

Epidemiologic data

Between 1992 and 2020, 31 HS osteotomies were performed. Sixteen patients were excluded
from the study for missing X-rays or missing files, then fifteen patients were finally included in
the study. We reported three hundred and eighteen procedures of total LF1 osteotomy
between 2004 and 2020. Two hundred and ninety-eight patients were excluded from the
analysis because of an ascension inferior to 6mm (247 patients), an asymmetric ascension (38
patients), and missing X-rays or files (13 patients). Twenty patients were finally included in the
total LF1 osteotomy group (figure 6). The mean age at surgery was 23 * 7.6 years for the LF1
group and 25 * 9.8 years for the HS group. The mean follow-up was 21.3 + 18.1 months for
the LF1 group and 18.3 + 18.2 months for the HS group. The two groups were comparable in
terms of age at surgery (p=0.713), follow-up duration (p=0.255), dentoskeletal deformity
(p=0.089), associated procedures (p=0.216), and maxillary ascension for each point analyzed
(p=0.138 for point C, p=0.535 for point P, and p=0.525 for point |). The only difference between
the two groups concerned the sex with significant more female in the LF1 group compared to

HS group (p=0.027).

LE FORT | LE FORT |
HORSESHOE Total osteotomy
1992 - 2020 2004 - 2020

Excluded

- LFI without ascension
- Fragmented LFI
31 LE FORT | - Cranio-facial deformities

HORSESHOE - Syndromic patients

318 LE FORT |
Ascension
16 Excluded

- Missing X-Ray 298 Excluded

- Missing file - LFI ascension <6mm (247)
- LFI asymmetric ascension (38)
- Missing file/X-Ray (13)

20 LE FORT |

Total osteotomy

15 LE FORT |
HORSESHOE

Ascension =Z6mm

Figure 6. Flow Chart.

18
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Most of the patients presented a class Il dentoskeletal deformity. An associated orthognathic
procedure was associated most of the time, consisting in a bilateral SSO or a mandibular
lengthening. All the patients in HS group and most of the patients in LF1 group were given an

associated genioplasty. All the epidemiologic data are presented in table 2.

HORSESHOE LE FORT |
n=15 n=20
Age at surgery (years), mean = SD 25+9.8 23+7.6 p=0.713
Sex p=0.027
Male, n (%) 8 (53) 3 (15)
Female, n (%) 7 (47) 17 (85)
Follow up (months), 18.3+18.2 21.3+18.1 p=0.255
mean + SD (min-max) (1-73) (2-91)
Dentoskeletal class p=0.089
I, n (%) 5(33) 1(5)
I, n (%) 8 (53) 15 (75)
I, n (%) 2 (13) 4 (20)
Associated procedures p=0.216
SSO, n (%) 9 (60) 12 (60)
RL, n (%) 0 4 (20)
Genioplasty, n (%) 15 (100) 18 (90)

Maxillary ascension
Point C, mean (mm) + SD (min-max) 5.0+1,7(3-9) 40+19(05-8) p=0.138
Point P, mean (mm) + SD (min-max) 6.1+2.1(3-9.5 6.4+1.4(4-9.5) p=0.535
Point I, mean (mm) + SD (min-max) 5.841.9(3-9) 6.2+1.4(4-9) p=0.525

Table 2. Epidemiologic data. n, number of patients; SD, standard deviation; SSO, sagittal split
osteotomy; RL, ramus lengthening.
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Stability study

For all the patients, we logically obtained a significant ascension of the maxillary bone
between TO and T1 regarding the points C, P and | (figure 7). The relapse was evaluated
between T1 and T2 in both groups.

A significant relapse was noted in the LF1 group for the points P and | with a mean relapse of
1.00 £ 1.19 mm for the point P (p=0.005) and 1.00 + 1.05 mm for the point | (p=0.001). A
relapse of 0.55 + 1.13 mm was measured for the point C, with no statistical significance
(p=0.051).

In the HS group, we observed a mean relapse of 0.63 + 0.77 mm, 0.83 + 1.75 mm and 0.50 *
1.75 mm for points C, P and | respectively, with no statistical significance (p1=0.052, p2=0.066,
and p3=0.36 respectively). The boxplot diagrams for the three points studied are presented in

figures 8, 9 and 10. The case of a patient is presented in figure 11.
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Figure 7. Comparison of the maxillary ascension (TO-T1) between HS and LF1 osteotomies for the
points C, P and I. ns, non-significant; LF1, Le Fort I.
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Figure 8. Study of the maxillary stability on point C for the two groups studied. ns, non-significant; LF1,
Le Fort I; *, p<0.05.
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Figure 9. Study of the maxillary stability on point P for the two groups studied. ns, non-significant; LF1,
Le Fort I; *, p<0.05.
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Figure 10. Study of the maxillary stability on point | for the two groups studied. ns, non-significant; LF1,
Le Fort I; *, p<0.05.

Figure 11. Surgical result obtained with HS osteotomy associated to a genioplasty. Preoperative
photographs and lateral cephalograms of the patient (top). Postoperative photographs and lateral
cephalograms obtained at one year postoperative (bottom).

22



UNIVERSITE DE NANTES

The degree of relapse was compared between T1 and T2 in the two groups. We did not find
any significant difference regarding the three points C, P and | (p1=0.601, p2=0.519 and
p3=0.204 respectively) (figure 12).
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Figure 12. Comparison of the relapse between the two groups for the points C, P and I. ns, non-
significant; LF1, Le Fort I.
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Smile assessment

Assessment of the smile by observers showed an improvement of +8,8/50 (-1.9/50 to
+18.1/50) between the preoperative and the postoperative period in HS osteotomy group.
On gummy smile criteria, we found an overall improvement of +4,1/10 between preoperative
and postoperative times (-0,4/10 to +7,6/10).

Data on smile assessment are resumed in table 3.

Average score Average score Improvement
TO T2
Assessors MFS OD NP AA MFS OD NP AA MFS OD NP AA
Criteria (/10)
GS 37 36 39 38 85 71 79 79 47 35 40 41
OPC 63 68 59 62 84 87 75 80 21 19 16 18
MPC 67 72 63 66 85 84 72 78 17 12 09 1.2
MIT 6.7 75 61 65 84 83 75 8.0 16 0.9 15 14
BC 55 59 64 61 66 55 65 63 10 -04 01 02

Global (/50) 289 31.0 286 291 404 380 36.6 38.0 115 7.0 8.0 8.7

Table 3. Comparison between preoperative and postoperative average score on each smile criterion
in horseshoe osteotomy group. GS, gummy smile; OPC, occlusal plane canting; MPC, maxillary inter-
incisors point centering; MIT, maxillary central incisors tilting; BC, black corridors; MFS, maxillofacial
surgeon; OD, orthodontist; NP, lay people; AA, all assessors.

Respiratory assessment

Ten patients (67%) in the HS group accepted to answer to the call. All the asked patients
declared to be an oral ventilator in the preoperative period. Only four patients were still oral
ventilator in postoperative time, but three of them noted an overall improvement. The other

six patients were nasal ventilators postoperatively.

Five asked patients presented a preoperative snoring, four of them noted an overall
improvement in postoperative period and one patient didn’t note any modification. None of

the asked patient described a degradation.
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Complications

Few complications were identified whatever the surgical technique used. Frequent
complications were the malocclusion relapse (four in HS group, two in LF1 group), or inferior
labia or chin paresthesia (two in HS group, one in LF1 group, but only with associated SSO),
there was no superior labia hypoesthesia/paresthesia. There was also three transitory
dysmorphophobias, only in LF1 group, but we didn’t identify the reason.

Other complications were noted in the HS group: oral-nasal communication (one patient
requiring a new intervention) and palatal wound spontaneously resolving (one patient), non-
disabling postoperative temporomandibular disfunction (one patient), infection of the
operating site (one patient), and one case of central incisor devitalization probably related to
an excess of piriform orifice digging.

A total of six patients presented a complication in LF1 group versus nine patients in HS group

(table 4).

HORSESHOE LE FORT |

Complications

Malocclusion relapse, n (%) 4(27) 2 (10)
Labial/chin paresthesia/anesthesia, n (%) 2 (13) 1(5)
Dysmorphophobia, n (%) 0 3(15)
Oral-nasal communication, n (%) 1(7) 0
Temporomandibular dysfunction, n (%) 1(7) 0
Operating site infection, n (%) 1(7) 0
Central incisors devitalization, n (%) 1(7) 0
Palatal wound, n (%) 1(7) 0

Table 4. Complications associated to the two surgical procedures. n, number of patients.
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DISCUSSION

The makxillary vertical excess or maxillary anterior hyperplasia is poorly described in the
literature. Patients with LFS usually present an aesthetic complaint, and suffer from a lip
inocclusion at rest, a severe gummy smile and an excess of dental visibility. Some authors
proposed to treat the maxillary hyperplasia with an upper lip lengthening with poor results
(22). The first LF1 osteotomy was described by Wassmund in 1927 to treat mid-face
deformities, and Shushardt in 1943 especially for the correction of posterior maxillary alveolar
hyperplasia. This technique was only democratized in the 70’s with the works of Wolford,
Epker and Bell who described the technique known to date of total maxillary osteotomy (8)
(9). In LFS, the application of a classic LF1 osteotomy with great upward movement exposes
to an important risk of relapse due to the position of inferior turbinate. For this reason, Bell
described a complementary turbinectomy procedure associated with total LF1 osteotomy
(10). This procedure was not without consequences and did not correct the deformity which
was not a too large volume of turbinates but a small nasal cavity. Hall and Roddy, and also
West and McNeill were the first to describe the HS osteotomy technique (11) (12). In this
procedure, only the maxillary arch was raised with a total maxillary alveolar ostectomy. The
technique used a surgical approach with vestibular and palatal incisions. The authors showed
a significant improvement of aesthetic and functional parameters in patients suffering from a
LFS with no need for an additional surgical procedure on soft tissues. The main benefits of this
technique were previously defined as the possibility for an important maxillary upward
movement without reducing the volume of the nasal cavity, the absence of turbinate
alteration, and the anatomic correction of the long-face deformity. Another application of the
HS osteotomy was founded in the literature for preimplant surgery. A sandwich technique
with iliac or costal bone graft was described by Farmand et al. in 1992 who showed a
significant bone resorption at four years of follow up (13), and by Kaan et al. in 2004 who
showed that there was less bone resorption when the implants were set up in a second time

procedure (14).

Recent studies evaluated a new osteotomy technique using a HS osteotomy combined with a

LF1 osteotomy, with two additional paranasal osteotomies between the nasal and the inter-
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sinusal-nasal septum. Tominaga et al. showed with this technique a good long term stability
with 4.4 mm mean upward repositioning of the maxilla (23). Yoshioka et al. compared this
technique to the total LF1 osteotomy showing no significant relapse with 4.84 mm mean
upward movement in HS group versus 2.82 mm in total LF1 osteotomy group (24). Harada et
al. studied the stability of HS osteotomy without paranasal cut, and showed a less than 0.5
mm relapse at one year postoperatively in six patients with a mean 4.1 mm upward movement
(25). Our study is the first to evaluate the HS osteotomy technique as described by Hall and
West (11,12), and to compare to a total LF1 osteotomy with important upward movement
over 6 mm. The number of included patients and the mean follow-up of 18.3 and 21.3 months
make, in our opinion, the originality and value of this study. Analysis of the stability was carried
out with a cephalometric study on lateral cephalograms which represent a reliable technique
for measurement (26). Furthermore, we used a validated method for measurement as
previously described by Marion et al. who investigated the long-term stability of LF1
osteotomies in patients with cleft lip/palate (17). The authors showed an increased risk of
relapse with the degree of downward movement, but no significance was found regarding the
surgical upward movement. Same results were obtained by Ben Rejeb et al. in a stability study

of inferior maxilla repositioning without bone graft for non-syndromic patients (27).

We have noticed that there was a difference between upward movement evaluated by the
surgeon during surgery and measured upward movement on lateral cephalograms, probably
due to a viewing bias, or to the fact that the maxillary upward movements were not all equal
anteriorly and posteriorly. Although, the osteotomies in this study were not performed using
digital planning or intraoperative guidance. We demonstrated the long-term stability of the
HS osteotomy technique after a mean upward movement of 6.1mm on the anterior maxillary.
On the other hand, the total LF1 osteotomy leaded to a significant relapse of a mean 1mm on
the anterior maxillary at last follow-up time. However, there was no significant difference of
the mean relapse between the two groups; this can be explained by the small number of
patients included in this study. The results of the different studies on HS osteotomy are

presented in table 5.

27



UNIVERSITE DE NANTES

Study Methodology n Upward movement Relapse (mm),
(mm), mean £ SD mean = SD
(min-max)
Harada et al. Lateral cephalograms 6 4.1 (3.1-4.8) < 0.5 (ns)
Points ANS, A, U1
Tominaga etal. Lateral cephalograms 8 4.4 (2.0-7.0) 0.4 (0-1.0) (ns)
Points A, B, Po, U1, U6
Yoshioka etal. Lateral cephalograms HS 9 4,84 +1.49 0.30 + 0.08 (ns)
Point A LF1 10 2.82+0.28 0.26 £ 0.10 (ns)
Present study Lateral cephalograms HS 15 6.1+2.1(3.-9.5) 0.83+1.74 (ns)
Points C, P, | LF1 20 6.4+1.4(4.-9.5) 1+1.192 (*)

Table 5. Results of the studies about the maxillary stability in HS osteotomy. ns, non-significant; *,
p<0.05; n, patients; HS, horseshoe osteotomy; LF1, Le Fort | osteotomy; ANS, anterior nasal spine; U1,
upper incisor; Po, Pogonion; U6, upper first molar; C, distal cusp of maxillary first molar; P, the lowest
edge of the maxillary alveolus of the central incisor (prosthion); |, upper central incisor edge.

A large part of the patients included in this study presented a Class Il dentoskeletal deformity
with facial hyperdivergence. Several patients logically received an associated mandibular
surgical procedure including an SSO or aRL (6,7). Most of the patients in both groups benefited
as well from a vertical reduction genioplasty, due to the lower face excess observed in LFS.
The smile assessment presented in this study was subjective as it was evaluated according to
aesthetic parameters. Nevertheless, we have collected a large number of evaluations from
maxillofacial surgeons and orthodontists but also from lay people to not be biased by our
accustomed view. Furthermore, the Kokich criteria for aesthetic smile assessment are a
validated method usually used in the literature. The gummy smile seemed to be the
determining factor of the smile improvement in the patients with LFS (19). Indeed, the gummy
smile represents a permanent symptom in LFS, with no necessarily an oblique occlusal plane
or obligue maxillary central incisors, a deviation of maxillary inter-incisors point or black
corridors. Despite this, we showed an aestheticimprovement of the smile of patients with the
HS osteotomy technique especially, when looking the gummy smile criteria. Other criteria as
the lip balance should be considered for the aesthetic assessment in LFS. Considering the
breathing function, the nasal ventilation was also improved with the HS osteotomy technique.
This may be explained by the vertical expansion of the piriform orifices and so that the

increase of the volume of the nasal cavity, and the absence of compression of the nasal
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turbinates by hard palate. The nasal ventilation could be better objectified in a prospective
study by using preoperative and postoperative rhinomanometry, as previously described for
rhinoplasty and septal surgery (28) (29). Patients also tended to have better quality of sleep
with less snoring, but this data remains subjective as it was not objectivated by a
polysomnography as employed in sleep apnea syndrome. The main advantages and

drawbacks of the HS osteotomy are resumed in table 6.

ADVANTAGES DRAWBACKS

Mid-term stability Few additional complications than classical
Aesthetic improvement total LF1 osteotomy:

- Gummy smile vanishing - Central incisors devitalization

- Good lip occlusion at rest - Oral-nasal communication
Nasal breathing improvement - Palatal wound

- Nasal cavity volume preservation Limited indications: proper patient selection

- No turbinectomy needed Increased operating time

- Harmonization of the shape's palate
improving the positioning of the

tongue, swallowing and ventilation

Table 6. Advantages and drawbacks of the horseshoe osteotomy technique.

An alternative to the HS osteotomy technique is represented by the total LF1 osteotomy.
However, this technique is often limited to a 5 mm upward movement with a high risk of
relapse. Indeed, few studies evaluated stability and relapse risk in LF1 osteotomy associated
or not to mandibular surgery and most of them didn’t exceed a 5 mm upward movement.
They didn’t found any significant relapse, but for maxillary upward movement of 3 to 4 mm
(30,31). Another study showed a maximum 1.2 mm relapse in maxillary upward movement of
5 to 6 mm, but non-significant (32). In two other studies, Proffit et al. evaluated at one year
postoperative (61 patients) (33) and at five years postoperative (49 patients) (34) maxillary
upward movement on points ANS (anterior nasal spine) and A (point of greatest concavity of

the maxilla above the root of the maxillary central incisors). The have found a 2 mm relapse
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in 6,5% patients at one year (33) and in 25% patients at five years (34). The mean of maxillary
upward movement was under 4 mm. Nevertheless, the reliability of points ANS and A used in
those studies can be disputed because of postoperative bone remodeling that occurs in the
anterior maxillary concavity and on anterior nasal spine in LF1 osteotomy. Vincent et al.
studied other points to evaluate the relationship between skeletal stability and postoperative
dental movements, point P (point of greatest convexity of hard palate), M (corresponding to
point Cin this study) and | (the same point as this study) (18). They had an upward movement
of 4.3 mm for point P, 2.9 mm for point M and 4.3 mm for point | and they have found a
relapse of 1 mm for point P, 3 mm for point M and 4 mm for point |. Three of the eighteen
patients in this study had an instability of dental occlusion, and they had no skeletal instability,
but instability of dental points. They concluded that occlusal instability in patients with
maxillary vertical excess requiring maxillary impaction was not related to skeletal instability,

but to postoperative alveolar-dental movements.

A concomitant turbinectomy could be proposed with potential complications as hemorrhage,
adhesions, infection and septal perforation. Some studies underlined the 20% risk of such
complications after turbinectomy (35) (36). Overall, most of authors agree that turbinectomy
should be reserved for patients with severe rhinitis unresponsive to other treatments only

(37).

Although showing the interest of the HS osteotomy, our study suffers from various limits. First
of all is the low number of included patients interfering with the comparison of the two
groups. This is due to the limited indication of the technique of HS osteotomy in the general
population of patients requiring an orthognathic procedure. For the same reason, the
achievement of a prospective study seems complicated. We hypothesize that most of the
French department of maxillofacial surgery use a total LF1 osteotomy even for great upward
movement with satisfying results. Also, the use of the cephalometric analysis based on
Delaire’s works represents a good validated technique for the evaluation of maxillary stability
(26). We could take advantage of digital tools including intra-oral camera, 3D-planning
softwares to better plan the procedure, and to better evaluate the long-term results obtained

with maxillary osteotomies (5).
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CONCLUSION

Horseshoe osteotomy technique seems to be a good alternative to the total Le Fort |
osteotomy for the treatment of great vertical excess from maxillary origin in the long face
syndrome. This technique seems to be stable over time while a significant relapse is observed
in Le Fort | osteotomy with 6 mm or more upward movement. Furthermore, the HS osteotomy

improves the smile and the nasal ventilation of treated patients.
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CLINICAL CASES

Figure 14. Surgical result. Preoperative photographs and cephalograms (top) and at one-year
postoperatively (below) after a horseshoe osteotomy associated to sagittal split osteotomy and
genioplasty.
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Figure 15. Surgical result. Preoperatvé photogrphs and cephalograms (top) and at one-year
postoperatively (below) after a horseshoe osteotomy with genioplasty.

Figure 16. Surgical result. Preoperative photographs and cephalograms (top) and at one-year
postoperatively (below) after a horseshoe osteotomy with genioplasty.
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Titre de Thése : Stabilité des grands excés verticaux maxillaires antérieurs. Faut-il
préférer 'ostéotomie maxillaire totale ou en fer a cheval ?

RESUME

INTRODUCTION. La stabilité verticale du maxillaire aprés ostéotomie totale de Lefort | d’ascension
peut étre mise en péril par la réduction du volume des fosses nasales. Il existe alors un risque de
détérioration de I'équilibre facial obtenu. L'ostéotomie de Lefort | en fer a cheval représente une
alternative a l'ostéotomie maxillaire totale car elle permet de préserver le volume des fosses
nasales tout en harmonisant la forme du palais osseux. Le but de notre étude était de comparer la
stabilité maxillaire postopératoire apres réalisation de ces deux techniques d’ascension maxillaire.
MATERIEL ET METHODES. La stabilité du maxillaire a été évaluée rétrospectivement dans deux
groupes de patients ayant bénéficié soit de la technique classique d'ostéotomie totale de Lefort |
(n=20) soit d’'une ostéotomie en fer a cheval (n=15) pour une ascension maxillaire de 6 mm ou
plus. La stabilité verticale a été évaluée sur téléradiographies de profil réalisées en préopératoire,
en postopératoire immédiat et a lors du dernier suivi. Une mesure de la position des points C
(cuspide distale de la premiére molaire maxillaire), P (prosthion, le point le plus bas de l'os
alvéolaire sur l'incisive centrale maxillaire) et | (bord inférieur de l'incisive centrale maxillaire) a été
réalisée sur un repére orthonormé. RESULTATS. Les deux groupes étaient comparables du point
de vue de I'age, des indications chirurgicales, des procédures associées et du degré d’impaction
du maxillaire. La récidive moyenne pour un suivi maximal moyen de 18.3 et 21.3 mois
respectivement pour les groupes fer a cheval et ostéotomie totale de Lefort | était de 0.63 + 0.77
mm, 0.83 £ 1.75 mm and 0.50 + 1.75 mm pour les points C, P et | respectivement dans le groupe
ostéotomie en fer a cheval, sans différence significative alors qu’une récidive significative de 1.00
+ 1.19 mm et 1.00 + 1.05 mm a été retrouvée pour les point P (p=0.005) et | (p=0.001)
respectivement dans le groupe ostéotomie totale. Cette technique semblait également apporter
une amélioration de la ventilation nasale, ainsi qu’une amélioration de I'esthétique du sourire. Les
principaux inconvénients de cette ostéotomie sont 'allongement de la durée d’intervention et le
risque d’atteinte radiculaire. Il n’y avait pas de différence significative concernant les complications
entre les deux groupes. CONCLUSION. L'ostéotomie de Lefort | en fer a cheval représente une
bonne alternative a I'ostéotomie classique de Lefort | pour les ascensions maxillaires importantes

chez les patients présentant un exces vertical antérieur de la face.

MOTS-CLES

Horseshoe osteotomy, Le Fort | osteotomy, maxillary upward movement, long face syndrome
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