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The objective of this article is to assess the clinical, radiographic and
patient-related outcomes of patients with severe atrophy of the maxilla
(Cawood and Howell Class V) rehabilitated with ﬁxed full-arch prostheses
on dental implants placed in anatomical buttresses and remnant bone.
Materials and methods

An observational retrospective clinical study was performed with a minimum follow-up period of 10 years. An analysis of the following parameters was performed: (a) periimplant parameters (plaque index, modiﬁed
gingival index, probing pocket depth and keratinized mucosa width);
(b) marginal bone loss; (c) implant survival rate; and (d) patient satisfaction based on a visual analog scale (VAS).
Results
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Ten patients and 71 dental implants were studied, with a mean follow-up
period of 126 months (range: 120–144). The mean plaque index was
1.0 ± 0.5, with a mean probing pocket depth of 2.3 mm (range: 1.0–4.0 mm).
Sixty-one percent and 39% of the implants presented a modiﬁed gingival
index of 1 and 2, respectively, and the mean keratinized mucosa width
was 5.8 mm (range: 4.0–10.0 mm). The mean marginal bone loss of the
implants was 0.7 ± 0.4 mm (range: 0.0–5.0 mm). The implant survival
rate was 97.2%, and the overall mean patient satisfaction score was
90 (range: 0–100). Prosthesis cleaning ease scored lowest on the VAS.
Conclusion

In our limited sample of patients with severe maxillary atrophy (Cawood
and Howell Class V), the placement of dental implants in anatomical
buttresses and remnant bone, associated with rehabilitation with ﬁxed
full-arch prostheses, was found to be an adequate treatment option in
the long term regarding implant survival, marginal bone loss, periimplant
clinical parameters and patient satisfaction.
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Introduction
Tooth loss gives rise to gradual resorption of the
alveolar process, with a change in bone and
muscle relations and in facial morphology.1
While most of this resorption occurs in the ﬁrst
year after tooth loss, it continues throughout life
and can often give rise to severe bone atrophy
both vertically and horizontally.2 Severe bone
atrophy of the maxilla (Cawood and Howell
Class V) is associated with certain problems,
such as reduced perioral tissue support, the
impossibility of wearing complete dentures,
chewing and speech alterations, and difficulties
in placing dental implants owing to the limited
amount of available bone.3
Many surgical techniques have been proposed for the rehabilitation of this type of
patient. These methods can be classiﬁed into
bone grafting techniques (i.e., guided bone
regeneration,4 onlay grafting with autogenous
bone blocks,5, 6 and inlay autogenous bone grafting7), distraction osteogenesis, 8 crestal expansion techniques (i.e., split crest 9), the use of
special implants (i.e., short dental implants of
< 6 mm or narrow dental implants of < 3 mm10)
and the modification of the original implant
insertion protocol to avoid bone grafting by using
areas of residual bone or anatomical buttresses
(i.e., zygomatic implants,11, 12 pterygoid implants,13
implant insertion in the maxillary tuberosity,14
tilted implants,15 palatal implants16, 17 and implants
placed in the nasopalatine canal18).
The use of bone grafting to allow implant
placement in atrophic maxillae is associated
with more frequent complications and higher
morbidity, especially when an extraoral donor
site is required.19 The associated increase in
ﬁnancial costs and a longer treatment time
can lead, sometimes, to limited patient acceptance of treatment. Additionally, the use of
extraoral grafts (i.e., iliac crest) has a nonpredictable resorption pattern, which can be
of almost the entire graft, especially in the
edentulous maxilla. 20 The use of short and
narrow implants is a promising alternative
concept for the treatment of the atrophic
maxilla, but the lack of trials for this speciﬁc
situation with follow-ups of at least 5 years
indicate caution regarding results. 21
The use of anatomical buttresses and the
residual bone is a predictable way to rehabilitate
the atrophic maxilla with dental implants and
ﬁxed full-arch prostheses, and several studies
detail these techniques. 22–28 This approach

avoids complications and morbidity associated
with bone grafting, reduces treatment costs and
time, and results in a high patient satisfaction
overall.29, 30 Nevertheless, these types of techniques are not free of complications and an
expert surgeon is required, especially for zygomatic implants.12, 31, 32 Because the anatomy of
the atrophic maxilla is different for each patient,
it is usual in daily practice that only 1 graftless
approach is insufficient, and the combined use
of different techniques is essential. However, a
lack of studies combining different implant
approaches in the same patient exists. For this
reason, we sought to study the combined use of
different techniques to treat the Cawood and
Howell Class V atrophic maxilla and their results
in the long term.
The aim of this observational retrospective
clinical study was to evaluate the implant survival rate, clinical and radiographic outcomes,
and patient satisfaction in patients with severe
atrophy of the maxilla rehabilitated with
dental implants placed in anatomical buttresses and remnant bone and supporting a
full-arch fixed prosthesis with a follow-up of
at least 10 years.

Materials and methods
An observational, retrospective clinical study
was performed in the Oral Surgery Unit of the
University of Valencia, Valencia, Spain, from
January 2017 to January 2018, involving patients
with severe atrophy of the maxilla and subjected
to dental implant rehabilitation. A retrospective
chart review was performed to select potential
candidate patients. The following inclusion
criteria were established:
(a) severe atrophy of the maxilla (Cawood and
Howell Class V; the minimum amount of
bone for implant placement was 8 mm in
height and 3 mm in width, measured at
crestal level) treated with dental implants
placed in buttresses and in remnant bone;
(b) rehabilitation with full-arch ﬁxed prosthesis;
(c) good general health; and
(d) a minimum follow-up of 10 years after prosthesis delivery.
Before inclusion in the study, the patients
received an explanation of the scope and purposes of the study and were asked to sign an
informed consent and data confidentiality
form.
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Figs. 1A & B

A

B
Figs. 1C & D

C

Figs. 1A–D
Patient shows severe periodontal disease and maxillary
atrophy. Treatment plan
consists of the extraction of
maxillary remnant teeth
and the immediate installation
of 6 implants for a ﬁxed fullarch rehabilitation.
(A) Occlusal view of the
maxilla before surgery.
(B) Initial panoramic
radiograph before surgery.
(C) After ﬂap elevation,
2 pterygoid implants and
4 anterior post-extractive
palatal implants were placed.
(D) Panoramic radiograph
after implant placement.

D

Surgical technique

Study variables

Before surgery, a panoramic radiograph and a
cone beam computed tomography or computed
tomography scan was taken of all patients to
assess the amount of remaining bone and the
presence or absence of maxillary sinus disease.
Phibo TSA dental implants with the Avantblast
surface (Phibo Dental Solutions) were used. The
implants were placed with a combination of
drills and osteotomes and were all left submerged (Fig. 1 illustrates a representative clinical
case). Sutures were removed 1 week after surgery, and all patients were included in a maintenance program with control visits involving
professional prophylaxis every 6 months.

Data were collected on patient age and sex, the
number of implants and their dimensions, complications, and the date of prosthesis delivery.
During the last follow-up visit all the prostheses
were removed and the following parameters
were recorded:
Clinical parameters: (a) plaque index;
(b) modified gingival index according to the
speciﬁcations of Mombelli;33 (c) probing pocket
depth (measured at 4 points for each implant
and the average calculated); (d) width of keratinized mucosa in millimeters; and (e) the implant
survival rate.
Radiographic parameters: Periapical radiographs obtained at prosthesis delivery and after
at least 10 years were used to calculate bone
loss. Radiographs were obtained with the
XMIND intraoral system (Groupe Satelec-Pierre
Rolland) and an RVG intraoral digital receptor
(Dürr Dental). Periapical radiographs were taken
using the paralleling technique with a ﬁlm holder
and an aiming device (Rinn XCP, Dentsply Sirona).
If the bone level around the study implants was
not clearly visible, a new radiograph was taken.
Periimplant marginal bone levels were measured
by the same operator, using CliniView software

Prosthetic procedure

Healing abutments were connected 3 months
after implant placement, and the definitive
impressions were obtained 15 days later for
preparation of the deﬁnitive full-arch screwretained fixed maxillary prosthesis. Implant
loading took place 5–6 months after surgery.
Fixed hybrid metal–ceramic or fixed hybrid
metal–resin prostheses were used for the deﬁnitive restoration.
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Figs. 1E & F

E

F

(Version 5.1, Instrumentarium Imaging). Each
image was calibrated using the known diameter
of the implants. The vertical distance from the
outer edge of the implant shoulder (reference
point) to the most coronal bone-to-implant contact was measured to the nearest 0.1 mm. From
this measurement, we subtracted the measurement of the polished neck of the implant (1.5 mm)
to determine exactly the beginning of the treated
part. Periimplant marginal bone resorption at
the mesial and distal aspect of the implants was
calculated from the change in bone level between
the baseline (prosthesis delivery) and the last
control radiograph available (at least 10-year
control); for each pair of measurements, the
largest value was used.
Patient-related outcomes: Patient satisfaction was subjectively scored with a visual analog
scale (VAS; range: 1–100) used at the time of the
study. 34–36 This scale assessed patient satisfaction with the implant-supported prosthesis,
measuring the following items: overall satisfaction, comfort and stability, ease of hygiene, ease
of speech, esthetics, self-esteem, and function.
The patients scored these aspects independently, though a dentist was present in case
help or some explanation was needed.

Results
Ten patients with a mean age of 57 years (range:
33–72 years) were included. Of them, 5 were
men and 5 women. A total of 71 dental implants
were placed in the maxilla (between 6 and 8
implants per patient), with dimensions between
8 . 5 × 5. 5 mm and 16.0 × 4. 2 mm. Of these

71 implants, 32 were placed in residual alveolar
bone, 3 in the nasopalatine canal, 16 in the pterygomaxillary region, 12 in a palatal position, and
8 simultaneous to a sinus lift procedure, just to
obtain bicortical anchorage but without the use
of any type of graft (1-stage sinus lift). The mean
duration of follow-up was 126 months (range:
120 –144 months). At the time of the study,
7 patients had been followed up on for 10 years,
1 patient for 11 years, and 2 for 12 years. None of
the patients suffered postoperative complications. Nine patients received hybrid metal–resin
prostheses and 1 a hybrid metal–ceramic prosthesis. Regarding prosthesis complications,
resin fracture occurred in 2 patients (1 year after
loading in 1 case and 4 years after loading in the
other), and the problem was solved with simple
composite repair (Table 1).
Table 2 shows the main ﬁndings of the study.
The mean plaque index was 1.0 ± 0.5, with a
mean probing pocket depth of 2.3 mm (range:
1.0–4.0 mm). Sixty-one percent and 39% of the
implants presented a modiﬁed gingival index of
1 and 2, respectively, and the mean keratinized
mucosa width was 5.8 mm (range: 4.0–10.0 mm).
One nasopalatine implant failed before prosthetic loading, and 1 implant placed in residual
alveolar bone failed after loading. The implant
survival rate was 97. 2%. The mean marginal
bone loss was 0.7 ± 0.4 mm (range: 0.0–5.0 mm),
with no differences between implant positions.
The overall mean patient satisfaction score was
90 (range of the VAS: 0 –100). Comfort and
stability, function and self-esteem items had the
mean highest values (92 , 95 and 91, respectively). Prosthesis cleaning ease scored lowest
(mean: 72) on the VAS.
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Figs. 1E & F
(E) Occlusal view of the
periimplant soft tissue before
deﬁnitive prosthesis delivery.
(F) Occlusal view of the ﬁtted
screw-retained hybrid metal–
resin prosthesis.
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Figs. 1G & H

G

H
Fig. 1I

Figs. 1G–I
(G) Control panoramic
radiograph showing correct
prosthetic ﬁt.
(H) Occlusal view of the
periimplant soft tissue at
the 10-year control.
(I) Panoramic radiograph
at the 10-year control.

I

Discussion
Severe maxillary atrophy poses problems for
conventional implant placement.37 Bone grafts
are an option in such cases, but are not popular
among patients, owing to the long treatment
times involved, the difficulties and complications
related to the surgical procedure and an increase
in the treatment cost. 38
Conventional dental implant placement in
remnant bone is an effective alternative for the
rehabilitation of these individuals. In this regard,
the survival rate for implants in remnant bone
is greater than for implants in grafted bone.
Widmark et al. reported a survival rate of 87%
with conventional implant placement in atrophic
maxillae, versus 74% in the case of implants in
grafted bone, after a follow-up period of
3–5 years. 39 Rosén and Gynther in turn conducted a study of 19 patients with a mean duration of follow-up of 8–12 years and reported a
survival rate of 97 %. 38 They concluded that
implant placement in the remnant bone of atrophic maxillae is an adequate alternative to bone
grafting procedures. In a study by Krekmanov
22
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et al. involving 22 patients, the survival rate was
found to be 95.7% after a follow-up period of
1–5 years.40 More recently, Testori et al. reported
a survival rate of 95.1% in a sample of 144 implants
placed in atrophic maxillae with a follow-up of
10 years.15 In our study, the implant survival rate
was 97.2% after a mean duration of follow-up
of 126 months. Regarding implant position, the
survival rate of the implants placed in the nasopalatine canal was especially lower. In the literature, the survival rate of this type of implant
was between 84.6% and 100%.18, 41 In our study,
the survival rate in this regard was 66.66%.
These results can be explained by the limited
number of implants (n = 3).
Regarding bone loss, most authors have
reported values similar to those of our own
series. Aparicio et al. studied 101 conventional
implants in 25 patients with atrophic maxillae
and recorded a mean bone loss of 1.21 mm after
37 months of follow-up. 42 A study by Toljanic et
al. recorded a mean bone loss of 0.9 ± 0.8 mm
in 46 patients after 1 year of follow-up. 43 This
ﬁgure remained stable from ﬁtting of the prosthesis to 1 year of follow-up. Testori et al.
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Table 1

Patient

Age (years)

Sex*

No. of implants

Complications

Follow-up (months)

1

55

M

6

None

120

2

72

F

7

None

144

3

61

F

7

Prosthesis fracture

120

4

51

M

8

Prosthesis fracture

120

5

33

F

8

None

144

6

70

F

6

None

120

7

65

M

7

None

120

8

44

F

7

None

120

9

61

M

7

None

120

10

58

M

8

None

132

* M = male; F = female.

Table 2

N

PI

PPD

GI

KMW

IS

MBL

PS

71

1.0 ± 0.5

2.3 mm
(range: 1.0–4.0 mm)

1–61%
2–39%

5.8 mm
(range: 4.0–10.0 mm)

97.2%

0.7 ± 0.4 mm
(range: 0.0–5.0 mm)

90

PI = plaque index; PPD = probing pocket depth; GI = modiﬁed gingival index; KMW = keratinized mucosa width; IS = implant survival; MBL = marginal bone loss; PS = patient satisfaction.

analyzed tilted and axial implants in 41 patients
with atrophic maxillae; after a follow-up period
of 12 months, they recorded a mean bone loss
of 0. 9 ± 0. 4 mm in axial implants and of
0.8 ± 0.5 mm in tilted implants. 44 In our study,
a mean marginal bone loss of 0.7 ± 0.4 mm was
observed, in accordance with the literature.
Patient satisfaction was very high, since the
procedure proved less invasive and the treatment times were shorter than with other treatment options. In a study by Peñarrocha et al.,
patients with severe maxillary atrophy rehabilitated with angled and palatine implants showed
very high satisfaction scores owing to the
reduced time, cost and morbidity associated
with the treatment provided. 45 Erkarpers et al.
likewise recorded very high satisfaction scores
in patients with atrophic maxillae rehabilitated
with conventional implants and immediate
loading.46 The worst result in the present study
was obtained for ease of cleaning (72 VAS). In
this regard, it is important to ensure that the
prosthesis design is easy to clean for patients
that usually do not have adequate hygienic skills.
The major limitation of the present observational retrospective clinical study was the small
sample of patients (N = 10). It is necessary to
carry out studies with larger samples to conﬁrm
these results.

Conclusion
In our limited sample of patients with severe
maxillary atrophy (Cawood and Howell Class V),
the placement of dental implants in anatomical
buttresses and remnant bone, rehabilitated with
ﬁxed full-arch prostheses, was found to be an
adequate treatment option in the long term
regarding implant survival, marginal bone loss
and periimplant clinical parameters. Patient
satisfaction was very high; however, it is important to design hygienic (ﬂat or convex) prostheses
to facilitate cleaning by the patient at home.
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