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Abstract: Background: Presently, the management of patients with maxilla bone defects of the
Cawood V or VI class is achieved using zygomatic or individual implants or through augmentation
of the bone. For zygomatic implants, the ORIS criteria represent the most common factor in helping
practitioners register success rates. The zygomatic anatomy-guided approach (ZAGA)and zygomatic
orbital floor (ZOF) are factors that are crucial to examining the anatomy of a particular patient before
the procedure. The aim of thisarticle is to find the statistical relationship between the abovementioned
terms and other factors. Methods: A total of 81 patients underwent zygomatic implant procedures
in different configurations. The ORIS, ZAGA, and ZOF parameters were compared with other
factors such as type of surgery, sex, age, and the anatomy of the zygomatic bone. Results: Most
patients in this article were classified as ZAGA Class 2. The relationships between type of surgery and
ZAGA classification, and ZAGA and sinus/maxilla zygomatic implant localization were statistically
significant. Conclusions: The ZAGA and ZOF scales are practical and valuable factors that should be
taken into account before surgery, whereas to date, criteria better than the ORIS scale have not been
described in terms of the success of zygomatic implants. The ZOF scale might omit perforation of the
orbit because this parameter warns a practitioner to be aware of the anatomy of the orbit.

Keywords: zygomatic implants; ZOF classification; ORIS criteria; ZAGA classification

1. Introduction

For many years, zygomatic implants have been utilized for the restoration of atrophic
maxillae and the repair of inborn and acquired deficiencies in the maxillary region [1].
Presently, the management of patients with maxilla bone defects of the Cawood V or
VI class is achieved using zygomatic or individual implants or via augmentation of the
bone [2–5]. The main advantage of zygomatic implants is that there is no need to prepare
much for the surgery since they are in stock, contrary to individual implants. However,
surgery for the treatment of edentulism by means of individual implants can be performed
under local anesthesia, whereas zygomatic implants are much safer when performed under
general anesthesia. In practice, this makes zygomatic implants less available. Recently, high
technology has enabled the manufacture of individual implants not only in titanium but also
for screw-retained bridges, with the possibility ofimmediate loading. The augmentation
of bone often demands a long time for the healing of the bone with many restrictions. A
comparison of zygomatic implant treatment with conventional implants in augmented bone
clearly showed that the former led to fewer prosthodontic problems, better implant survival
rates, a faster possibility of having a permanent bridge, and higher patient acceptance [6].
For zygomatic implants, the ORIS criteria represent the most common factor in helping
practitioners register success rates [7]. The zygomatic anatomy-guided approach (ZAGA)
and zygomatic orbital floor (ZOF) arefactors that are crucial to examining the anatomy of a
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particular patient before the procedure [8]. The aim of this article is to find the statistical
relationship between the abovementioned terms and other factors such as type of surgery,
height of the zygomatic bone, gender, and age.

2. Materials and Methods
2.1. Patients

Eighty-one patients with an average age of 53 years (ranging from 54 to 70 years,
standard deviation = 8.65) and suffering from moderate to severe maxilla atrophy under-
went surgical procedures between 2010 and 2017 at a privately owned dental implant
clinic named Stomatologia na Ksiezym Mlynie in Lodz, Poland. All the patients were non-
smokers, generally healthy, and had neither diabetes mellitus nor any other comorbidities,
and this had a positive influence on the success rate of their implants.

Follow-up check-up visits were conducted until 2023. For each patient, cone beam
computed tomography (CBCT) scans were taken both before and after the surgery. Notably,
no templates or planning software were utilized during the procedures. All implants were
inserted manually without the aid of guides.

The surgeries were performed by a single operator who lacked specialization in
maxillofacial surgery but possessed significant expertise in dental implants, including
extensive training in zygomatic implants from various international courses. Temporary
screw-retained acrylic bridges were provided within 24 h for all patients. After 5 months,
permanent bridges—acryl fused to titanium, porcelain fused to CoCr, or ZrOfully contoured
on titanium suprastructures—were prepared. All suprastructures were milled using an
HSC 20 Ultrasonic 5-axis machine (DMG MORI, Antoniusstr. 14; DE-73249 Wernau) at the
wellCAMdent Milling Center (93-231 Dostawcza 14, Lodz, POLAND).

The patient cohort was categorized into four groups based on the distinct configura-
tions of zygomatic implants:

1. Group 1 (14 patients) received 4 zygomatic implants along with 1 or 2 conventional
implants.

2. Group 2 (15 patients) received 4 zygomatic implants exclusively.
3. Group 3 (46 patients) received 2 zygomatic implants and 4 conventional implants.
4. Group 4 (6 patients) received 3 zygomatic implants along with 1 or 2 conventional

implants (as shown in Table 1). Figure 1.

Table 1. 81 patients were divided into four separate groups.

Group 1 Group 2 Group 3 Group 4

Type of surgery:
4 zygomatic implants +

1 or 2 conventional
implants

4 zygomatic implants
2 zygomatic +
4 conventional

implants

3 zygomatic + 1 or 2
conventional implants

Number of patients: 14 15 46 6

Data of ZAGA class (Table 2) and ORIS (Table 3) were registered.

Table 2. ZAGA class was registered for all 81 patients on each side.

Maxilla Side Number of
Patients

Average of
ZAGA Class ± SD Median Minimum Maximum

Right 81 2.00 ± 0.91 2.00 0.00 4.00

Left 81 1.77 ± 0.87 2.00 0.00 4.00
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Table 3. ORIS class was registered for all 81 patients for each region of the zygomatic implant.

Regio of Zygomatic
Implant

Number of
Patients

Average of
ORIS ± SD Median Minimum Maximum

16 81 1.28 ± 0.79 1.00 1.00 5.00

26 81 1.31 ± 0.74 1.00 1.00 5.00

13 33 1.33 ± 0.69 1.00 1.00 3.00

23 33 1.45 ± 0.94 1.00 1.00 5.00
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ferred technique was the “sinus slot approach,” as described by Stella and Warner in 2000, 
which focuses on minimizing implant penetration into the maxillary sinus [4]. 

The surgical process commenced with a crestal incision spanning from one maxillary 
tuberosity to the opposite side. By creating a palatal flap, both the alveolar process and 
hard palate were exposed. Continuing the dissection along the infra-zygomatic crest to-
ward the zygomatic bone (ZB), the surgeon gained access to the zygomatic region using a 
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Figure 1. Some representative CBCT photos for each group: (a) Group 1—4 zygomatic implants
+ 1 or 2 conventional implants; (b) Group 2—4 zygomatic implants; (c) Group 3—2 zygomatic +
4 conventional implants; (d) Group 4—3 zygomatic + 1 or 2 conventional implants.

2.2. Surgery

All patients took 1 g of Penicillin 24 h before surgery and then 1 pill every 12 h
for 7 days. Surgeries were performed under general anesthesia with nasal intubation,
supplemented by local anesthesia using articaine with epinephrine (Citocartin 200 14 mL).
All patients were discharged from the dental clinic on the same day of the surgery. The
preferred technique was the “sinus slot approach,” as described by Stella and Warner in
2000, which focuses on minimizing implant penetration into the maxillary sinus [4].

The surgical process commenced with a crestal incision spanning from one maxillary
tuberosity to the opposite side. By creating a palatal flap, both the alveolar process and
hard palate were exposed. Continuing the dissection along the infra-zygomatic crest
toward the zygomatic bone (ZB), the surgeon gained access to the zygomatic region using
a reverse Langebeck hook while carefully identifying the infraorbital nerve. Subsequently,



J. Clin. Med. 2023, 12, 6681 4 of 15

a precise 4 cm × 3 cm window was carefully formed in the upper lateral aspect of the sinus
wall, aligned with the extension of the infra-zygomatic crest, utilizing a diamond round
bur. Following the reflection of the sinus mucosa, direct visibility of the sinus roof was
achieved, facilitating the precise identification of the optimal point for drilling into the
zygomatic bone. The drilling for the zygomatic implants was performed using an implant
handpiece at a speed of 600 rpm, penetrating the crestal bone at a predetermined entry
point. The operator could visualize the procedure through CBCT focused on the zygomatic
and orbital regions.

All zygomatic implants used were Nobel Biocare 45◦ zygomatic implants with TiUnite
surface (Nobel Biocare AB, Gothenburg, Sweden), with a diameter of 4.3. The lengths of all
implants were documented. The duration of the surgery was measured from the time the
patient fell asleep to the moment of awakening.

The spatial relationship between the location of the zygomatic implant and both the
maxilla and the sinus was carefully examined for all patients. The number of zygomatic
implants was recorded for different regions (16, 13, 23, 26), taking into account whether
they were positioned intra- or extrasinusally, as well as intramaxillarily or extramaxillarily.
Throughout the surgical procedures, the operator stood on the right side of the patient’s
head, assisted by either a dental assistant or another doctor.

The ORIS scale was individually measured for each zygomatic implant. Simple
regression testing was conducted to establish the correlation between the height and width
of the zygomatic bone. Additionally, the height and distance between two zygomatic
implants within the zygomatic bone were analyzed using the Mann–WhitneyU test.

2.3. CBCT Standardization

A CBCT scanner with a flat-panel detector was used in all cases (i-Cat; Imaging
Sciences International, LLC, Hatfield, PA, USA). The voxel size was 0.2 mm × 0.2 mm ×
0.2 mm. The exposure volume was set at 0.4 mm. Manufacturer-recommended settings of
80 kV and 5 mA were employed. The Frankfurt plane was used rather than the occlusal
plane. The scan range was from the supraorbital edge to the mandible. In any patient,
preoperative planning with Nobel Clinician software ver. 1.5 was used.

2.4. Statistical Analysis

Statgraphics Centurion version 18.1.12 (StatPoint Technologies, Warrenton, VA, USA)
was used for statistical analyses. Statistical tests were Mann–Whitney U, Kruskal–Wallis,
ANOVA, and R-squared. The detected relationships were assumed to be statistically
significant when p < 0.05.

3. Results
3.1. ZAGA

Most patients described in the article had ZAGA Class 2 on both sides—right average
2.0, and left average 1.77. The relationship between type of surgery and ZAGA classification
was found to bestatistically significant on both sides (p < 0.05) (Figure 2). However, p > 0.05
in terms of ZAGA and gender (Figure 3). Simple regression showed an interesting relation-
ship between ZAGA, sinus, and maxilla because the left sidewas statistically significant
(p < 0.05). The relationship between ZAGA and intra-/extramaxillary was statistically
significant, whereas no statistical significance was observed in the relationship between
ZAGA and intra-/extrasinus. On the right side, however, it was the opposite: there was a
statistically significant relationship between ZAGA and intra-/extrasinus, and no statistical
significance (p > 0.05) was observed between ZAGA and intra-/extramaxillary. The box and
whisker plots showed a relationship between age and ZAGA class but without statistical
significance(p> 0.5) (Figure 4).
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Figure 2. Depending on the type of surgery − Group 1: 4 zygomatic implants + 1 or 2 conventional
implants; Group 2: 4 zygomatic implants; Group 3: 2 zygomatic + 4 conventional implants; Group 4:
3 zygomatic + 1 or 2 conventional implants ZAGA class was registered. In groups I and II, where
the atrophy of the maxilla was the highest, the ZAGA classification was the lowest. The above
relationship was statistically significant (p < 0.05). On (a) the right side and (b) the left side of the
maxilla, the relationship between the type of surgery and the ZAGA class was statistically significant.
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Figure 3. Despite the fact that there is a difference in face morphology in men and women, there is
no statistical significance in ZAGA class and gender (p > 0.5) on the right side (a) and left side (b).
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Figure 4. Box and whisker plots showing the relationship between age and ZAGA class on the right
side (a) and left side (b). Neither show statistical significance (p > 0.5).
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3.2. ORIS

ORIS criteria were registered for all four zygomatic implants, and the average values
for regions 16, 26, 13, and 23 were 1.28,1.31,1.33, and1.45, respectively. The ANOVA test
between ORIS and age proved there was no statistically significant relationship (p > 0.5)
between those values in any region of the zygomatic implant—16, 13, 23, or 26 (Figure 5).
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Figure 5. Simple regression proved no statistical significance between ORIS on zygomatic implants
in Region 16 (a) and Region 26 (b) and age (p > 0.5).

In the article, the relationship between ZAGA class and ORIS for each zygomatic
implant was investigated, and the ANOVA test proved there was no statistical significance
between these criteria. Regardless of the ZAGA class, the ORIS scale was an independent
factor(Figure 6).
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Figure 6. Simple regression proved no statistical significance between ORIS and ZAGA class on the
right side (a), and the squared model with the same parameters on the left side (b) also proved no
statistical significance (p > 0.05).

A Mann–Whitney U test showed no statistical relationship between the ORIS scale
and both intra or extrasinus or maxillary implant placement (p > 0.05).

3.3. ZOF

Distance between zygomatic implants in the zygomatic bone and ZOF (zygomatic
orbital floor). Classification is also statistically irrelevant on the right side; however, p < 0.05
on the left side (Figure 7). It was proved that ZOF classification does not depend on age—
statistical significance was higher than 0.05 (p > 0.05) on both sides (Figure 8).
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Figure 7. Simple regression was made to check the height of the zygomatic bone on the left side and
the zygomatic orbital floor (ZOF) (in mm). It was statistically significant (p < 0.05) (b). The same test
proved a lack of statistical significance (p > 0.05) on the right side (a).
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Figure 8. Box and whisker plots were used to check if ZOF classification depends on age (p > 0.05) on
both sides (left—(a) and right—(b)). It was proved to have no statistical significance (p > 0.05).

4. Discussion
4.1. Success Criteria of Conventional Implants

The criteria of success for all dental implants were first suggested by Schnitman and
Shulman in 1979. They determined that the following factors are crucial in assessing
thesuccess rate of dental implants: stability, peri-implant radiolucency, crestal bone level
with respect to platform, peri-implant gingival health, and long-term survival rate. They
used mobility as a criterion for success, which later was found to be a mistake [9].

Then, in 1986, Albrektsson et al. suggested criteria of success that have been considered
to bethe reference for 30 years [10]. They clearly stated that success depends on the lack
of peri-implant radiolucency. They specified as tolerable a loss of vertical bone height
maximally of 0.2 mm per year. In that article, the authors described bone loss after implant
in only the first year.

Subsequently, in 1994, Albrektsson and Isidor stated that one of the requirements for
considering the implant procedure successful was maintaining a marginal crestal bone loss
of under 1 mm within the initial year of implant usage [11]. These prerequisites must be
met without any iatrogenic involvement, and the implant’s long-term survival rate should
be at least 85% after 5 years and 80% after 10 years.

The consensus document from the Toronto Osseointegration Conference in Clinical
Dentistry retained the criteria put forth by Albrektsson and Isidor in 1994 [10–12]. However,
an additional subjective factor was introduced: the requirement for a functional and visual
factor of dental prosthesis that satisfies both the patient and the dentist. There was also
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a discussion about using a standardized periapical radiographic technique to assess and
compare levels of crestal bone. In 1998, Esposito and colleagues critiqued the methods
used to evaluate implant success, highlighting the challenges in accurately measuring
losses below 0.2 mm and noting that assessment is primarily feasible for the mesial and
distal aspects of implants. Nevertheless, this criticism loses validity when considering
the evaluation of a consecutive series of at least 50 implants, as errors in radiographic
measurements could either overstate or understate actual readings [13].

To sum up, there are several studies available that examine treatment outcomes after a
decade, providing crucial insightinto the biological effects of implants. Wennerberg and
colleagues recently synthesized these long-term findings, identifying 35 prospective and
27 retrospective studies spanning 10 years [14]. These studies encompassed five distinct
implant systems, all demonstrating failure rates below 5%. Currently, there is no universal-
standard for defining implant success or establishing specific parameter values indicative
of implanthealth status, prognosis, or the necessity for clinical intervention. Nevertheless,
it appears that the criteria established by Albrektsson and others, focusing on implant
stability and radiographically determined crestal bone levels, remain the predominant
factors when evaluating implant effectiveness [11].

4.2. Success Criteria of Zygomatic Implants—ORIS

Practitioners who deal with zygomatic implants agree with the statement that the
criteria forsuccess for traditional implants are not the same for zygomatic implants. There-
fore, Aparicio et al. suggested four different aspects: offset of the definitive prostheses,
rhinosinusitis condition, soft tissue infection, and stability [7]. Assessing the criteria allows
a practitioner to classify a patient into one of five conditionsas follows:

• Condition I: the optimal stage;
• Condition II: an alteration of routine without clinical impact;
• Condition III: a borderline situation with alterations that are clinically manifested but

are still possible to successfully treat;
• Condition IV: the surviving implant supports the prosthesis but has not been measured

according to the proposed criteria;
• Condition V: implant failure.

4.2.1. Offset of the Prostheses (O)

The emergence of zygomatic implants in the palate can result in the creation of
prostheses with “piping”. Occasionally, the presence of a sizeable dental bridge on the
palatal side can cause discomfort and affect speech and hygiene accessibility(Figure 9).
On the other hand, screwing the implant too buccally might be the reason for zygomatic
implant loss(Figure 10).
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Figure 9. Implants screwed too palatally in region 16 and 26. In (a) milled metal to check bite and
(b) final prosthodontic restoration.
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aftersurgery (b)—lack of keratinized mucosa caused implant dehiscence.

4.2.2. Rhinosinus Status (R)

It is important to evaluate the condition of the sinuses through clinical and radio-
graphic examinations, as outlined in the Lanza and Kennedy survey (L–K survey) (Table 4),
as well as the Lund–Mackay system [15,16].

Table 4. Lanza and Kennedy table showing rhinosinusitis criteria necessary for assessment for ORIS.

Lanza and Kennedy Task Force on Rhinosinusitis Criteria for the Diagnosis of Rhinosinusitis

Major Criteria Minor Criteria Diagnosis of Rhinosinusitis
Requirements

Facial pain or pressure Headache Two or more major criteria

Facial congestion or fullness Fever (non-acute) One major and two or more

Nasal obstruction Halitosis Purulence on nasal
examination

Purulent discharge Fatigue

Hyposmia or anosmia Dental pain

Purulence on examination Cough

Fever (acute only) Otalgia or aural fullness

4.2.3. Peri-Implant Soft Tissue Condition (I)

Exposure of the implant due to soft tissue dehiscence results in the partial visibility
of the implant and the uncovering of the delicate bone layer located between the implant
neck and the sinus cavity. The exposed bone undergoes more active remodeling over
time, typically without causing pain. Should this condition persist in the critical area
where bone thickness is minimal, it could lead to the formation of a connection with
the sinus. The accumulation of bacterial film, particularly heightened in implants with
threads or rough surfaces, could contribute to ongoing inflammation of the soft tissue. This
inflammation could exacerbate the situation by accelerating bone remodeling and giving
rise to subsequent complications, including sinus communications, aesthetic concerns,
mucositis, or even cellulitis, as illustrated in Figure 11.
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Figure 11. 16 months after surgery with immediate implantation and immediate loading. The
31-year-old patient has not come to a check-up visit since surgery. Lack of keratinized mucosa around
the implant neck, bacteria plaque, and rough implant surface resulted in plural dehiscences; however,
the stability of implants was high. Loss of zygomatic implants is just a matter of a few years.

4.2.4. Stability (S)

The widely accepted method for confirming osseointegration is the clinical mobility
test, which has also been introduced for zygomatic implants. However, varying levels
of implant stability can be observed while examining a zygomatic implant. In some
cases, exerting non-axial forces on an externally positioned zygomatic implant that is
anchored in a low-quality zygomatic bone might result in minimal movement. Importantly,
this movement does not necessarily correlate with clinical symptoms or pathological
indications. This movement occurs due to the bone’s elasticity opposing the lateral force
exerted externally on the extended implant head, which undergoes bending stress. Such
movement should not be deemed problematic if there are no additional symptoms, and
it should subside after attaching the superstructure with screws. To summarize, slight
painless mobility could arise due to the elastic characteristics of the anchoring zygomatic
bone when the implant experiences lateral loading from an external force. A Grade I success
signifies no observable movement, Grade II implies minimal observable movement, and
Grade III represents noticeable movement without signs of disosseointegration. Conversely,
failure involves visible movement combined with rotational motion or discomfort. Any
rotational movement of implants should be interpreted as an indicator of implant loss
regardless of the accompanying pain.

ORIS scale seems to be the most relevant to assess zygomatic implant success.

4.3. Intra-/Extrasinusand Intra/Extramaxillae

There are numerous methods for screwing zygomatic implants, including the individ-
ualized method according to the particular anatomy of the maxilla zygomatic buttress and
maxilla, i.e., the ZAGA concept [17–23]. Figures 12–14 show how zygomatic implants look
intraoperatively in the abovementioned places.

In the traditional Branemark method, zygomatic implants were screwed intrasinusally
and intramaxillary. A bone was removed from the anterior and lateral wall of the maxilla
sinus, approximately 10 mm in diameter. Thanks to the window, the desired path is created
for the zygomatic implant from the sinus floor to the zygomatic recess of the maxillary
sinus. The Scheiderianmembrane is gently dissected, freed from the sinus walls, and placed
deeper. A few drillings areused to penetrate the alveolar process and the zygomatic bone.
The estimated length of the zygomatic implant is selected using a depth gauge.

In the article, all zygomatic implants were divided into intra- and extrasinus and intra-
and extramaxillae placement. The preferable method of zygomatic implant placement
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was Stella’s method of trying to preserve the alveolar process bone around the zygomatic
implant neck, so, given that prosthodontic screws were supposed to be on the occlusal
surface of teeth, an intramaxillary approach was the method of choice. However, when
a patient had a severe maxilla defect, then preparing osteotomy in the maxilla and the
zygomatic bone for an implant demanded an extramaxillary approach. It was made to
omit the palatal emergence of the implant head (Figure 14). The outcome of the palatal
set of the head of the zygomatic implant might be speech hardships and discomfort with
maintaining oral hygiene (Figure 15) [20,24–26]. Retrospectively, ZAGA division was also
introduced to compare zygomatic implant placement with different parameters.
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Figure 14. During the screwing of the zygomatic implant block, the alveolar process of the maxilla
was chipped out because the zygomatic implant transfer was wider than the zygomatic implant neck.
Thanks to the osteosynthesis plate by means of 2.0 self-tapping screws, the alveolar process was pre-
served, and implants were registered as being placed intramaxillary. It has been healed successfully.
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Figure 15. In severe maxilla defects, the placement of zygomatic intrasinus implants is a mistake for
prosthodontic reasons. In the patient above, despite the extramaxillary approach, difficulties with
speech and maintaining hygiene might occur.
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4.4. Zygomatic Orbital Floor (ZOF)

One of the most dangerous complications in zygomatic implants is orbit penetration
by a drill or by an implant. The anatomy of the zygomatic and orbit area must always be
considered individually. ZOF is the best parameter, thanks to which a practitioner could
assess the undercut of the lower and lateral wall of the orbit. The most lateral point (A) was
in the lower wall of the orbit. Reference points in the frontal plane on CBCT were the lowest
(B). Then, two simple parallel lines perpendicular to the basal line of the transversal plane
were prolonged, and the distance between them (x) was the author’s intervention—ZOF
(Figure 16).

J. Clin. Med. 2023, 12, x FOR PEER REVIEW 13 of 15 
 

 

 
Figure 15. In severe maxilla defects, the placement of zygomatic intrasinus implants is a mistake for 
prosthodontic reasons. In the patient above, despite the extramaxillary approach, difficulties with 
speech and maintaining hygiene might occur. 

4.4. Zygomatic Orbital Floor (ZOF) 
One of the most dangerous complications in zygomatic implants is orbit penetration 

by a drill or by an implant. The anatomy of the zygomatic and orbit area must always be 
considered individually. ZOF is the best parameter, thanks to which a practitioner could 
assess the undercut of the lower and lateral wall of the orbit. The most lateral point (A) 
was in the lower wall of the orbit. Reference points in the frontal plane on CBCT were the 
lowest (B). Then, two simple parallel lines perpendicular to the basal line of the transversal 
plane were prolonged, and the distance between them (x) was the author’s intervention—
ZOF (Figure 16). 

 
Figure 16. Zygomatic Orbital Floor (ZOF) classification. The most lateral point (A) was in the lower 
wall of the orbit. Reference points in the frontal plane on CBCT were the lowest (B). Then, two simple 
Figure 16. Zygomatic Orbital Floor (ZOF) classification. The most lateral point (A) was in the lower
wall of the orbit. Reference points in the frontal plane on CBCT were the lowest (B). Then, two simple
parallel lines perpendicular to the basal line of the transversal plane were prolonged, and the distance
between them (x). Thanks to ZOF classification the risk of orbital damage is significantly lower.

ZOF classification was divided into four classes:
Class I—0–3 mm—flat;
Class II—4–6 mm—moderate;
Class III—7–9 mm—deep;
Class IV—more than 10 mm—extremely deep.

4.5. Limitations

Some patients who reported for consultation were burdened with a disease such
as diabetes mellitus (>125 mmol/L). This group of patients was excluded from surgery.
Moreover, smokers who were not able to give up at least 6 weeks before the surgery were
not considered. Financialreasons also excluded patients from surgery. If these procedures
were performed in a hospital and it was possible to hospitalize a patient, then patients with
diabetes mellitus could probably be operated on, but in ambulatory conditions such as the
dental clinic, it would not be safe.

5. Conclusions

The most important point in the procedure of the placement of zygomatic implants
is the clinical mastery of the techniques for this surgical approach, which determinesthe
success of the treatment. Thus, the described scales—ZAGA, ZOF, and ORIS—are unbiased
criteria that could help practitioners treat patients better.

The ZAGA and ZOF scales are practical and valuable factors that should be taken into
consideration before surgery, whereas to date, no better criteria have been described than
the ORIS scalein terms of the success of zygomatic implants. The ZOF scale might omit
perforation of orbit because the parameter warns a practitioner to be aware of the anatomy
of the orbit, especially in the orbit’s lower wall.

Many factors, including gender, intra or extrasinus, or intra or extramaxillary implant
placement, are not statistically significant in terms of ZAGA, ZOF, or ORIS scale. However,
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some are significant, such as different types of surgeries with zygomatic implants, age, and
height of zygomatic bone.

Author Contributions: Conceptualization, R.Z. and J.O.; methodology, R.Z.; software, J.O.; valida-
tion, W.S., M.K. and R.Z.; formal analysis, R.Z.; investigation, R.Z.; resources, R.Z.; data curation, J.O.
and M.K.; writing—original draft preparation, R.Z.; writing—review and editing, R.Z.; visualization,
R.Z.; supervision, R.Z.; project administration, R.Z.; funding acquisition, R.Z. All authors have read
and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: Not applicable.

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Acknowledgments: A company named wellCAMdent (93-231 Dostawcza 14, Lodz, POLAND)
was the milling and SLM manufacturing center for perfect milling suprastructures for zygomatic
implant patients.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Brånemark, P.-I.; Gröndahl, K.; Ohrnell, L.-O.; Nilsson, P.; Petruson, B.; Svensson, B.; Engstrand, P.; Nannmark, U. Zygoma fixture

in the management of advanced atrophy of the maxilla: Technique and long-term results. Scand. J. Plast. Reconstr. Surg. Hand
Surg. 2004, 38, 70–85. [CrossRef] [PubMed]

2. Duarte, L.R.; Filho, H.N.; Francischone, C.E.; Peredo, L.G.; Brånemark, P.-I. The establishment of a protocol for the total
rehabilitation of atrophic maxillae employing four zygomatic fixtures in an immediate loading system—A 30-month clinical and
radiographic follow-up. Clin. Implant. Dent. Relat. Res. 2007, 9, 186–196. [CrossRef] [PubMed]

3. Davó, R.; Pons, O. 5-year outcome of cross-arch prostheses supported by four immediately loaded zygomatic implants: A
prospective case series. Eur. J. Oral Implantol. 2015, 8, 169–174. [PubMed]

4. Lan, K.; Wang, F.; Huang, W.; Davó, R.; Wu, Y. Quad zygomatic implants: A systematic review and meta-analysis on survival and
complications. Int. J. Oral Maxillofac. Implant. 2021, 36, 21–29. [CrossRef]

5. Mommaerts, M.Y. Additively manufactured sub-periosteal jaw implants. Int. J. Oral Maxillofac. Surg. 2017, 46, 938–940. [CrossRef]
6. Davó, R.; Felice, P.; Pistilli, R.; Barausse, C.; Marti-Pages, C.; Ferrer-Fuertes, A.; Ippolito, D.R.; Esposito, M. Immediately

loaded zygomatic implants vs conventional dental implants in augmented atrophic maxillae: 1-year post-loading results from a
multicentre randomized controlled trial. Eur. J. Oral Implantol. 2018, 11, 145–161.

7. Aparicio, C.; López-Piriz, R.; Albrektsson, T. ORIS Criteria of Success for the Zygoma-Related Rehabilitation: The (Revisited)
Zygoma Success Code. Int. J. Oral Maxillofac. Implant. 2020, 35, 366–378. [CrossRef]

8. Aparicio, C.; Manresa, C.; Francisco, K.; Claros, P.; Alández, J.; Gonzalez-Martin, O.; Albrektsson, T. Zygomatic implants:
Indications, techniques and outcomes, and the Zygomatic Success. Periodontology 2014, 66, 41–58. [CrossRef]

9. Schnitman, P.A.; Shulman, L.B. Recommendations of the consensus development conference on dental implants. J. Am. Dent.
Assoc. 1979, 98, 373–377. [CrossRef]

10. Albrektsson, T.; Zarb, G.; Worthington, P.; Eriksson, A. The long-term efficacy of currently used dental implants: A review and
proposed criteria of success. Int. J. Oral Maxillofac. Implant. 1986, 1, 11–25.

11. Albrektsson, T.; Isador, F. Consensus report of Session IV. In Proceedings of the 1st European Workshop on Periodontology,
Thurgau, Switzerland, 1–4 February 1993; Lang, N.P., Karring, T., Eds.; Quintessence: London, UK, 1994; pp. 365–369.

12. Zarb, G.A.; Albrektsson, T. Editorial: Towards optimized treatment outcomes for dental implants. J. Prosthet. Dent. 1998, 80,
639–640. [CrossRef] [PubMed]

13. Esposito, M.; Hirsch, J.M.; Lekholm, U.; Thomsen, P. Biological factors contributing to failures of osseointegrated oral implants.(II).
Etiopathogenesis. Eur. J. Oral Sci. 1998, 106, 721–764. [CrossRef] [PubMed]

14. Wennerberg, A.; Albrektsson, T.; Chrcanovic, B. Long-term clinical outcome of implants with different surface modifications. Eur.
J. Oral Implant. 2018, 11 (Suppl. S1), s123–s136.

15. Lanza, D.C.; Kennedy, D.W. Adult rhinosinusitis defined. Otolaryngol. Head Neck Surg. 1997, 117, s1–s7. [CrossRef]
16. Lund, V.J.; Mackay, I.S. Staging in rhinosinusitis. Rhinology 1993, 31, 183–184.
17. Aparicio, C.; Ouazzani, W.; Aparicio, A.; Fortes, V.; Muela, R.; Pascual, A.; Codesal, M.; Barluenga, N.; Manresa, C.; Franch,

M. Extra-sinus zygomatic implants: Three year experience from a new surgical approach for patients with pronounced buccal
concavities for the edentulous maxilla. Clin. Implant. Dent. Relat. Res. 2010, 12, 55–61. [CrossRef] [PubMed]

18. Aparicio, C.; Ouazzani, W.; Garcia, R.; Arevalo, X.; Muela, R.; Fortes, V. A prospective clinical study on titanium implants in the
zygomatic arch for prosthetic rehabilitation of the atrophic edentulous maxilla with a follow-up of 6 months to 5 years. Clin.
Implant. Dent. Relat. Res. 2006, 8, 114–122. [CrossRef] [PubMed]

https://doi.org/10.1080/02844310310023918
https://www.ncbi.nlm.nih.gov/pubmed/15202664
https://doi.org/10.1111/j.1708-8208.2007.00046.x
https://www.ncbi.nlm.nih.gov/pubmed/18031440
https://www.ncbi.nlm.nih.gov/pubmed/26021227
https://doi.org/10.11607/jomi.8417
https://doi.org/10.1016/j.ijom.2017.02.002
https://doi.org/10.11607/jomi.7488
https://doi.org/10.1111/prd.12038
https://doi.org/10.14219/jada.archive.1979.0052
https://doi.org/10.1016/S0022-3913(98)70047-2
https://www.ncbi.nlm.nih.gov/pubmed/9830065
https://doi.org/10.1046/j.0909-8836..t01-6-.x
https://www.ncbi.nlm.nih.gov/pubmed/9672097
https://doi.org/10.1016/S0194-5998(97)70001-9
https://doi.org/10.1111/j.1708-8208.2008.00130.x
https://www.ncbi.nlm.nih.gov/pubmed/19076181
https://doi.org/10.1111/j.1708-8208.2006.00009.x
https://www.ncbi.nlm.nih.gov/pubmed/16919019


J. Clin. Med. 2023, 12, 6681 15 of 15

19. Aparicio, C.; Ouazzani, W.; Hatano, N. The use of zygomatic implants for prosthetic rehabilitation of the severely re-sorbedmaxilla.
Periodontology 2008, 47, 162–171. [CrossRef] [PubMed]

20. Boyes-Varley, J.G.; Howes, D.G.; Lownie, J.F.; Blackbeard, G.A. Surgical modifications to the Branemark zygomaticus protocol in
the treatment of the severely resorbed maxilla: A clinical report. Int. J. Oral Maxillofac. Implant. 2003, 18, 232–237.

21. Malo, P.; NobreMde, A.; Lopes, I. A new approach to rehabili-tate the severely atrophic maxilla using extramaxillary anchored
implants in immediate function: A pilot study. J. Prosthet. Dent. 2008, 100, 354–366. [CrossRef]

22. Peñarrocha, M.; Garcıa, B.; Martı, E.; Boronat, A. Rehabilitation of severely atrophic maxillae with fixed implant-supported
prostheses using zygomatic implants placed using the sinus slot technique: Clinical report on a series of 21 patients. Int. J. Oral
Maxillofac. Implant. 2007, 22, 645–650.

23. Stella, J.P.; Warner, M.R. Sinus slot technique for simplification and improved orientation of zygomaticus dental implants: A
technical note. Int. J. Oral Maxillofac. Implant. 2000, 15, 889–893.

24. Al-Nawas, B.; Wegener, J.; Bender, C.; Wagner, W. Critical soft tissue parameters of the zygomatic implant. J. Clin. Periodontol.
2004, 31, 497–500. [CrossRef] [PubMed]

25. Becktor, J.P.; Isaksson, S.; Abrahamsson, P.; Sennerby, L. Evaluation of 31 zygomatic implants and 74 regular dental implants used
in 16 patients for prosthetic reconstruction of the atrophic maxilla with cross-arch fixed bridges. Clin. Implant. Dent. Relat. Res.
2005, 7, 159–165. [CrossRef]

26. Farzad, P.; Andersson, L.; Gunnarsson, S.; Johansson, B. Rehabilitation of severely resorbed maxillae with zygomatic implants: An
evaluation of implant stability, tissue conditions, and patients opinion before and after treatment. Int. J. Oral Maxillofac. Implant.
2006, 21, 399–404.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.1111/j.1600-0757.2008.00259.x
https://www.ncbi.nlm.nih.gov/pubmed/18412580
https://doi.org/10.1016/S0022-3913(08)60237-1
https://doi.org/10.1111/j.1600-051X.2004.00505.x
https://www.ncbi.nlm.nih.gov/pubmed/15191582
https://doi.org/10.1111/j.1708-8208.2005.tb00060.x

	Introduction 
	Materials and Methods 
	Patients 
	Surgery 
	CBCT Standardization 
	Statistical Analysis 

	Results 
	ZAGA 
	ORIS 
	ZOF 

	Discussion 
	Success Criteria of Conventional Implants 
	Success Criteria of Zygomatic Implants—ORIS 
	Offset of the Prostheses (O) 
	Rhinosinus Status (R) 
	Peri-Implant Soft Tissue Condition (I) 
	Stability (S) 

	Intra-/Extrasinusand Intra/Extramaxillae 
	Zygomatic Orbital Floor (ZOF) 
	Limitations 

	Conclusions 
	References

