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Abstract

Zygomatic implants are routinely used for the rehabilitation of the midface and edentulous maxilla; the procedure is carried out under
general anaesthesia and requires the direct lifting of the Schneiderian membrane. A prefabricated surgical guide is usually used to direct
the position of the zygomatic implants during surgery. This proof-of-concept study explored an innovative flapless approach for placement
of zygomatic implants guided by dynamic navigation. Under local anaesthesia eight zygomatic implants were placed using a flapless tech-
nique. The preplanned position of zygomatic implants was transferred to the operating theatre using dynamic navigation, which guided the
sinus lift procedure and the planned osteotomy. Operative complications were recorded, the accuracy of the implant position was measured
and postoperative morbidities including pain and swelling were evaluated. Surgical complications were minimal, the Schneiderian membrane
was intact in all the cases except one, which required the application of resorbable collagen membrane. Satisfactory accuracy was achieved
regarding the precision of implant position and angulation. One of the patients developed maxillary sinusitis three months following surgery.
Postoperative pain and swelling were minimal. The dynamic navigation guided flapless placement of zygomatic implants under local anaes-
thesia is a feasible technique with minimal surgical complications and postoperative morbidities.
© 2023 The Authors. Published by Elsevier Ltd on behalf of The British Association of Oral and Maxillofacial Surgeons. This is an open

access article under the CC BY license (http://creativecommons.org/licenses/by/4.0/).
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Introduction

Zygomatic implant has been an effective option in the man-
agement of the atrophic edentulous maxilla as well as for
maxillectomy defects." The placement of zygomatic
implants requires accurate surgical execution due to the
proximity of vital anatomical structures. Misalignment of
zygomatic implants could cause orbital injury, damage to
the maxillary sinus, and a failure of osseointegration if the
implant is not fully engaged within the maximum width of
the zygomatic bone.

The classic approach to guide the placement of zygomatic
implants is printing a surgical guide based on presurgical
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cone beam computed tomography (CBCT) and the pre-
planned implant position. These guides are manufactured
in such a way that they match the location, and trajectory
of the planned implant but do not control the depth of the
preparation. Davidson et al,” proposed a stereolithographic
template guided flapless approach for zygomatic implant.
In addition to the cost of the surgical template, the main
drawback of their proposed clinical protocol was the diffi-
culty in achieving the correct angulation of the implant.
For the anterior-posterior view they reported mean (SD)
8.06 degrees (6.40) angular deviation of the long axis
between the planned and placed implants, and 11.20 degrees
(9.75) from the caudal-cranial view. They recommended fur-
ther research to enhance the precision of zygomatic implant
placement.

The current surgical technique requires a wide exposure
of the maxilla and the buttress part of the zygoma up to the
zygomatic arch to ensure the accurate placement of the
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Fig. 1. Clinical image showing the wide exposure required for the insertion
of left zygomatic implant.

implant and allow the direct access to visualise and protect
the Schneiderian membrane (Fig. 1). Therefore, in most of
the cases, the procedure is carried out under general anaes-
thesia to allow the required access for insertion of the zygo-
matic implants.

Flapless dental implant placement has been proven to
have several advantages including preservation of a healthy
peri-implant soft tissue contour and blood supply, decreased
operating time, increased patient comfort, and shorter recov-
ery time.”* Placing a zygomatic implant without flap eleva-
tion however, can be challenging owing to inadequate
visibility and accessibility, difficulty in protecting the sinus
membrane, the challenge of achieving the preplanned posi-
tion and the risk of damaging adjacent vital structures. An
earlier flapless technique for zygomatic implant placement
had been tried on cadavers and with use of a surgical tem-
plate guide. >°

Recently, the transfer of the preoperative planning of
zygomatic implants to the surgical field has been facilitated
with the application of dynamic navigation. This provides
3D control on the entry and exit points of dental implants
in real time. The method eliminates the need to print the sur-
gical positioning guide, it promises a more accurate anatom-
ical placement of the dental implants that resembles the
preoperative planning position. Dynamic surgical navigation
has been shown to be accurate in the placement of standard
dental implants, but there is a lack of evidence in relation to
the clinical feasibility and accuracy of the placement of
zygomatic implants using the technique.’**

The study was carried out to assess the feasibility of the
flapless insertion of zygomatic implants guided by dynamic
navigation. The rationale of the study was to facilitate this
procedure that could be carried out safely under local anaes-
thesia with minimal operative complications and limited
postoperative morbidities.

Methodology

Approval was granted from the local ethics committee of the
university hospital; an information sheet was given to the

patients highlighting the objective of the study and the poten-
tial postoperative complications. Institutional ethics clear-
ance was obtained (IHEC/SDC/PhD/OMFS-1611/21/244).
Each patient signed an informed consent. The inclusion cri-
teria included edentulous maxilla with extensive bilateral
sinus pneumatisation, good oral hygiene, and absence of
bone pathology.

Radiographic planning

Under local anaesthesia, four monocortical screws were
inserted in the maxilla, two on each side, before the preoper-
ative CBCT scanning (AERB approved Carestream CS 9600
with exposure time 12 s at 15SMA and 140kHz power fre-
quency). The radiographic image was loaded on Navident
software package (ClaroNav) for the presurgical planning
of the position of zygomatic implants. For each case, two
zygomatic implants were planned, one on each side to be
placed using Navident Dynamic Navigation system (Claro-
Nav). The Navident planning software guided the surgeon
to choose the optimal length, direction, and position of the
zygomatic implants according to the thickness of the zygo-
matic bone, the alveolar height of the remaining bone, and
the planned prosthetic rehabilitation. The dynamic naviga-
tion software facilitated the design of a generic stock implant,
with its ideal diameter and length. The planned position of
the zygomatic implants was transferred to the operating the-
atre using the Navident Dynamic Navigation system
(ClaroNav).

Registration and calibration process

A standard protocol was followed to allow the registration of
the patient’s head in relation to the preoperative CBCT scan.
The registration process was carried out to allow the dynamic
navigation system to recognise the geometry of the patient
tracking array relative to the fiducials (four maxillary screws)
and the planned implants. It also included capture of the posi-
tion of the tracker attached to the patient’s nasal bridge in
relation to the pair of stereo-cameras of the Navident
dynamic navigation system. The same procedure was applied
to record the 3D position of the hand piece. The tracker
attached to the handpiece was captured. The handpiece was
rotated such that the camera could locate and identify the pat-
terns on the handpiece tracker. This was followed by the
contra-angle handpiece chuck calibration.

The surgical instruments used in the procedure including
the surgical burs, the zygomatic implants and the curette
were all calibrated according to the manufacture instructions.
The geometry of the tracking arrays relative to the instrument
was determined by the tracking system. The tips of the drills
were placed in front of the stereo cameras so the software
could ‘learn’ and register their geometry. This was followed
by the direct digitisation of the four screws using the manu-
facturer supplied digitiser to register the patient’s maxilla to
its position in the preoperative CBCT.
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Throughout the course of surgery and whenever the drill
was changed a ‘system check’ was performed to ensure the
calibration of the instruments and the accurate registration
of the patient to the dynamic navigation system.

Surgical technique (Fig. 2)

All surgical procedures were carried out under local anaes-
thesia using Xylocaine 2% with adrenaline 1/80000. Guided
by the radiographic image on the computer screen of the
dynamic navigation system, the position of the implant on
the alveolar ridge was identified. The navigation system
monitor allowed the viewing of a virtual drill with a clear
visualisation of the depth of penetration in tenths of a mil-
limetre and the angular deviation in relation to the planned
implant. The colour changed from green to yellow when
the drill was 0.5mm from the targeted depth and turned red
when reached the planned depth of the osteotomy.

A mucosal perforation was made using a tissue punch
attached to the implant’s hand piece and the first cut of bone
was achieved using the pilot drill. Following this, a curette
was gently used to remove any inadvertent entry of soft tis-
sue into the implant socket. This was followed by the second
drill to extend the depth of the bony cut up to the floor of the
maxillary sinus. A calibrated surgical curette was delicately
applied to allow the in-fracture of the floor of maxillary
sinus, carefully retract the Schneiderian membrane upward,
and reflection of the lining off the posterior wall of the max-
illary sinus, up to the posterior superior corner, exactly where
the zygomatic implant was planned to be inserted. This pro-
cedure was guided by the dynamic tracking of the position of
the edge of the curette (Fig. 2A, B). Inspection of the sinus
membrane perforation was achieved by asking the patient
to perform the Valsalva manoeuvre. The absence of air bub-
bles confirmed that the sinus membrane was intact. The stan-
dard drilling sequence was followed (Fig. 2C) according to
the manufacturer’s instructions guided by dynamic naviga-
tion, that was constantly monitored, on the computer screen
of the dynamic navigation system. The flapless placement of
zygomatic implant was achieved using the calibrated hand-
piece according to the preplanned position guided by real
time tracking (Fig. 2D). Fig. 2E shows the final position of
the implants.

Postoperative follow up

A five-day course of antibiotics (amoxicillin 500 mg) was
prescribed, and paracetamol (650mg) three times daily for
three days, normal saline nasal spray, and 0.2% chlorhexi-
dine mouth wash were used. Standard postoperative instruc-
tions were given to the patients including oral hygiene
measures, refraining from smoking, avoidance of nose blow-
ing, and forceful mouth rinsing for ten days postoperatively.
Postoperative CBCT scans were captured on the same day
following surgery. The accuracy of the position of the zygo-
matic implants was assessed by superimposition of the post-
operative CBCT scan on the STL 3D image of the

preoperative planning. Using the Navident software
‘EvaluNav’ the angular deviations and positional inaccura-
cies of zygomatic implants were measured.

Patients were followed up after one week, and monthly to
assess postoperative complications.

Results

The study was completed in four patients who received eight
zygomatic implants, four on each side. Minimal surgical
complications were recorded. Excessive bleeding was noted
in one case. Out of eight surgical sites, perforation of the
Schneiderian membrane was noted in one, which was con-
firmed by the positive Valsalva manoeuvre. A moist collagen
membrane, after being soaked in saline, was applied at the
surgical site and adhered to the Schneiderian membrane
(where the calibrated curette had been inserted for the reflec-
tion of the Schneiderian membrane). The Valsalva manoeu-
vre was then repeated, and the negative test confirmed that
perforation of the sinus membrane had been adequately
sealed, and the implant was inserted. One patient developed
the classic symptoms of chronic maxillary sinusitis of the
right side three months after surgery despite the fact that
the Schneiderian membrane had been intact during surgery.
This was managed successfully by a course of antibiotics
and nasal decongestant.

Postoperatively, minimal oedema and bruising were
noted, and none of the patients developed any alteration in
sensation related to the cheek or the nose. Osseointegration
was achieved in all cases, and patients proceeded to the pros-
thetic rehabilitation phase. Based on the linear and angular
measurements, satisfactory accuracy was achieved in all
cases, and the mean angular accuracy was five degrees and
vertical apical deviation was two mm.

Discussion

This feasibility study provided a proof of concept, confirm-
ing the safety and reliability of flapless placement of zygo-
matic implants guided by dynamic navigation. The
presented technique also combines indirect sinus lift and
guided reflection of the Schneiderian membrane using real
time dynamic navigation in addition to zygomatic implant
placement. This technique eliminates the need for the stan-
dard window technique to identify and protect the sinus
membrane. We were able to perform this surgery with only
one site identified as having a perforation of the Schneiderian
membrane using the well-recognised Valsalva manoeuvre.’
We acknowledge this test is only suitable for patients who
are awake, which was the case in this study. Perforation of
the Schneiderian membrane during the insertion of zygo-
matic implants should be avoided in order to minimise the
risk of postoperative sinusitis.'” The reported incidence of
Schneiderian membrane perforation ranged from 7% to
44% in the lateral bony window technique or direct maxillary
sinus lift.”'" Indirect elevation of the sinus membrane
through the extraction socket has been proved successful
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Fig. 2. The surgical steps of the flapless insertion of zygomatic implant; A, the flapless application of calibrated and tracked curette for the reflection of the
sinus lining. B. The dynamic navigation monitor showing the position of the curette in relation to the floor and lateral wall of the maxillary sinus. C. Dynamic
navigation guided drilling for the implant. D. Real time tracking to guide the placement of the zygomatic implant in relation to the preplanned position. E. The

final position of the flapless zygomatic implant.

for conventional endosseous implants.'>'* The incidence of
Schneiderian membrane perforation was significantly less
with the transcrestal maxillary sinus floor elevation tech-
nique.14 Our results were similar or, indeed, lower than that
reported in others studies for other methods of sinus mem-
brane elevation.

While the use of a static drilling guide has been shown to
be improve accuracy in the placement of zygomatic implants
compared with free-hand surgery, this technique also has its
drawbacks The use of surgical guides provides a stabilisation
of bony drilling by restricting the degrees of freedom of the
drill trajectory and depth. The guide provides access to the
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entry point of the zygomatic body which, theoretically,
should control the direction of the drills up to the vicinity
of the exit point to avoid the complications associated with
angular deviation. However, there are inaccuracies associ-
ated with the printing of the guide, and the complexity of sta-
bilising the guides limit their clinical application. Their
application in the placement of zygomatic implants is lim-
ited, because a significant error can be induced at the tip of
the implant with the slight deviation in the direction of the
drill path.'”

Dynamic navigation offers several advantages over the
static guide for insertion of dental implant including the pos-
sibility of a flapless technique that permits ‘direct vision’ of
the surgical site through the computer screen in addition to
its reduced morbidity, complications, and costs. There is also
the possibility of verifying the position of the implant intra-
operatively and alteration of the surgical plan during surgery,
which cannot be achieved with static guiding devices.

To our knowledge, this is the first report on the flapless
clinical placement of zygomatic implants guided by dynamic
navigation. The flapless protocol in placement of zygomatic
implants has been tried in cadavers, which would not provide
clear evaluation of the intactness of the Schneiderian mem-
brane nor the clinical feasibility of the technique.”

We acknowledge the limitations of the study due to small
sample size and the lack of comparison with the standard
protocol for guiding the insertion of the zygomatic implant.
The authors recommend a prospective randomised trial to
compare flapless placement of zygomatic implants with the
standard surgical approach to test for a reduction in surgical
complications and improved postoperative recovery.

Conclusion

The dynamic navigation guided flapless placement of zygo-
matic implants under local anaesthesia is a feasible technique
with minimal surgical complications and postoperative mor-
bidities. Further research should be carried out to confirm
this in a larger cohort of subjects.
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