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he successful use of dental implants for the treat-

ment of completely and partially edentulous pa-
tients is well documented in numerous studies and
books.'-® Survival rates of < 95% have been found in
systematic reviews of studies with follow-ups of at
least 5 years.”® Reports of implant treatment in indi-
viduals with rare diseases are limited and mainly con-
sist of anecdotal reports and case presentations.®'°
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Purpose: To study the medium- to long-term outcome of implant treatment in
patients with neurologic disabilities. Materials and Methods: Twenty-seven patients
with different disabilities and in need of prosthodontic treatment were treated with
various implant-supported prostheses. Altogether, 88 threaded titanium implants
were placed. General anesthesia was used in 21 patients and local anesthesia in 6
patients. Patients were recalled every 3 months by a dental hygienist and annually
by a prosthodontist. Results: Five of the original 27 patients died during the 5- to
10-year follow-up period (mean, 7.2 years), but the remaining 22 patients with 70
implants could be clinically examined at the final follow-up. Twelve implants (14%)
were lost, 3 before loading and 9 after insertion of the implant-supported fixed
prostheses. The cumulative survival rate for placed implants was 85.8% after 10
years. Perimucositis was diagnosed in 10 patients and for 14 of the 70 implants.
Three of the 15 patients with measurable radiographs and 4 implants were diagnosed
with peri-implantitis. Several prosthodontic complications occurred, from minor and
easily correctable to severe and requiring retreatment. Conclusions: Patients with
different neurologic disabilities present more problems during implant treatment
and maintenance compared with healthy patients. Nevertheless, it was possible to
carry out treatment, and outcomes were relatively favorable. The results indicate
that implant treatment can be a valid option in oral rehabilitation of patients with
neurologic disabilities. Int J Prosthodont 2013,33:517-524. doi: 10.11607/ijp.3511

A search in PubMed for articles on oral rehabilitation
using dental implants in patients with rare disorders
up to July 2012, supplemented with a manual search of
references in the retrieved papers, revealed the con-
tinuing publication of case reports but few controlled
studies." One study described the relatively favorable
outcome 3 to 113 months after implant loading in 18
patients with various degrees of physical and men-
tal impediments.'? A case series study of 24 special
care patients demonstrated a cumulative survival rate
after 5 years of 93.4%; the survival rate of the pros-
theses was 100%." A retrospective study of 1 to 16
years (mean, 4.6 + 3.1 years) after implant treatment
in 61 patients with severe epilepsy and additional mo-
tor and/or intellectual impairments reported good re-
sults.!* All three retrospective studies concluded that
dental implants offer a viable option for special care
patients with various disabilities.

A prospective study of dental implant treatment
for individuals with neurologic disabilities described
the early experience as containing both possibilities
and difficulties.!”® This study concluded that it was
possible to carry out treatment with relatively good
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FDPs in Patients with Congenital and Neurologic Disabilities

Table 1 Details of the Study Population and Treatments

Patient Sex deﬁ\?:rst(y) Diagnosis Prosthodontic treatment Implant location*  Function (y)
i M 48 Down syndrome, epilepsy Tooth-supported fixed prosthesis in maxilla, 46, 44, 43 6
ISFP in partially edentulous mandible
2 F 41 Mental retardation Single-tooth implant 11 10
3] F 51 Mental retardation, epilepsy  Single-tooth implant 11, 21 9l
4 F 55 Mental retardation ISFP in completely edentulous mandible 44, 43, 31, 33, 34 8
5 M 53 Fragile X ISFP in partially edentulous maxilla 16, 14,13 9.5
6 M 24 Autistic syndrome, epilepsy Single-tooth implant 21 9.5
7 F 46 Down syndrome Single-tooth implant 21 9
8 F 55 Mental retardation, epilepsy,  ISFP in completely edentulous maxilla 15,13, 11, 8
schizophrenia 21,23,25
of F 36 Retts syndrome, epilepsy Single-tooth implant 21 2
10 F 53 Mental retardation, epilepsy  ISFP in partially edentulous maxilla 13, 11,23 8
11 F 19 Mental retardation, ISFP in partially edentulous maxilla 12,22 8
multiple disabilities
12 M 50 Mental retardation Single-tooth implant 24 8
13 F 53 Mental retardation, epilepsy  Single-tooth implant 24 8
14 M 33 Mental retardation Single-tooth implant 21 8.5
15 F 35 Severe mental retardation Single-tooth implant 21 7.5
16 M 58 Dystrofia myotonica ISFP in completely edentulous mandible 44, 43, 41, 33, 34 7.5
17 M 41 Aspberger syndrome ISFP in completely edentulous mandible 45, 43, 31, 33, 34 7.5
18 M 56 Mental retardation ISFP in partially edentulous maxilla 14,15, 16 7
19 M 47 Mental retardation, epilepsy, ISFP in completely edentulous maxilla and 15, 13, 11, 21, 23, 25 7
short in stature mandible 45, 43,31, 33, 34
20 M 58 Mental retardation ISFP in completely edentulous mandible 45, 43, 41, 33, 34 6.5
21° M 54 Down syndrome Single-tooth implant 11 Not loaded
22 M 19 Down syndrome Single-tooth implant 13,23 6.5
23" M 80 Mental retardation Implant-supported overdenture in com- 43, 31, 33 3
pletely edentulous mandible
24 M 22 Cerebral palsy, ISFP in partially edentulous maxilla 13,11, 21,22 5.5
mental retardation
25 F 52 Prader Willi ISFP in partially edentulous maxilla 12,21, 23, 25 5.5
ISFP in completely edentulous mandible 45, 43, 31, 33, 34
26t F 55 Dystrofia myotonica ISFP in partially edentulous maxilla 24, 25 2
27 F 49 Mental retardation 2 ISFPs in partially edentulous maxilla 14,15 5
12,11, 21, 23

ISFP = implant-supported fixed prosthesis.
*FDI system.
TDeceased.

results despite the fact that all patients had severe
disabilities including mental retardation and different
degrees of autistic behavior. This short-term report
dealt with a group of 14 patients with a follow-up of
1 year or more for only 6 of them. The present paper
will cover the entire group of patients followed for > 5
years. The purpose of this prospective study was to
provide a medium- to long-term report of implant
treatment in patients with neurologic disabilities.
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Materials and Methods

The 27 patients had been referred to the National
Orofacial Resource Centre with different disabili-
ties, mainly neurologic disorders, causing various
orofacial dysfunction problems (Table 1). They were
completely or partially edentulous and considered
suitable for prosthodontic treatment with implants.
The background of the study and details of the early
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Table 2 Distribution of Implants Placed and Lost

TiUnite Replace Speedy Groovy
Ma Mk I+ 1V tapered Lost before Lost after

Length (mm) RP + NP RP RP + NP RP loading loading

7 2 1 (TiU) 1(Tiv)

8.5 2

10 1 3 1 (TiV)
11.5 3 1 (TiV)
13 4 12
15 6 41 2 2 (Ma) 1 (Ma) 5 (TiU)
16
18 2 4
Total 13 67 2 3 9

Ma = machined; RP = regular platform; NP = narrow platform; TiU = TiUnite.

experiences of the first 14 treated patients have been
previously published.”® The Swedish Parliament de-
cided on “necessary dental care” in 1998 to increase
financial support and service given to persons with
disabilities who were dependent on nursing staff.

The inclusion criterion for the study population was
patients with different neurologic disorders, either
congenital or acquired, including mental retardation
and with different degrees of autistic behavior. They
were referred to the clinic because they were judged
to need treatment with implant-supported prosthe-
ses. Patients were excluded if they themselves or
their legal guardian or personal caregiver had nega-
tive views of prosthodontic treatment with implants.
Despite sometimes serious disabilities, all patients in
this study lived in their own homes or in residential
housing with the help of personal caregivers.

The study was approved by the Regional Ethics
Committee in Region Véastra Goétaland, Sweden,
Dnr 151-11, on April 20, 2011.

The prospective study was planned for 30 patients
and completed for 27 patients referred to the clinic
between 2000 and 2006.

The prosthodontist first examined all patients and
planned their treatments. Before implant placement,
the prosthodontist once again examined all patients
together with the oral surgeon and discussed the
treatment concept. Because of behavior problems
among some of these patients, panoramic and other
relevant radiographs were not always available at the
time of examination and had to be taken under gen-
eral anesthesia at the time of implant placement.

Oral surgeons made all implant placements ex-
cept in one patient in whom the first author placed
the implants. The first author did most of the abut-
ment operations and all prosthodontic treatment. The

implants were placed under general anesthesia in 21
patients and with local anesthesia in 6 patients.

In the first 17 patients, a very strict surgical proto-
col for Branemark implant placement (Nobel Biocare)
was used. It included a two-stage procedure using
antibiotics pre- and postoperatively, chlorhexidine for
mouth rinse, analgesic when needed, and frequent
postoperative controls. A two-stage procedure was
also used in 4 more patients with limited bone quan-
tity and quality. In 3 patients with an edentulous man-
dible, a one-stage procedure was used with loading
of the implants within 2 months. In 2 more patients,
a one-stage procedure was used but with a healing
period of 6 months. One patient was treated with im-
mediate loading (Nobel Guide).

The types and lengths of implants placed varied,
but the great majority of them were 15- or 13-mm
long TiUnite Mark Ill and IV with a regular platform
(Rp, Nobel Biocare) (Table 2).

Radiographic examination was planned after
placement of the implant and at control visits up to
the final follow-up. Because of severe problems due
to the physical and mental condition of some patients,
radiographs of acceptable quality could be obtained
from only 15 of the 27 patients, including 52 implants.
A trained radiologist made all estimations of peri-
implant bone loss by measuring changes in exposed
threads from the radiographs taken at placement
of the implant-supported restoration up to the last
examination.

The following variables were recorded: presence or
absence of parafunction, tooth wear, implant failure,
implant bone level, surgical and/or prosthetic compli-
cations, as well as the design of the prostheses and
number of visits. The patients and/or their caregivers
were asked questions on patient experience of the
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implant treatment and satisfaction with the restora-
tions. The anatomical form, surface, color, and fit of
the fixed prostheses were recorded according to the
California Dental Association (CDA) system for quali-
ty evaluation for dental care.'® Oral hygiene in general
and visible plaque on abutments were also recorded
by a dental hygienist. Soft tissue pathology, such as
perimucositis or peri-implantitis, and fistulas was re-
corded according to recent definitions."”'8

Implant success was determined using the criteria
established by Albrektsson and Zarb."® Implant sta-
bility was checked relative to the actual implant and
superstructure, in combination with inspection of the
peri-implant mucosa and radiographs of the implants.
However, the prosthesis was not removed at the eval-
uation of implant stability. The bone quality and shape
of the alveolar crest were classified according to
Lekholm and Zarb.?°

Parafunctions such as daytime bruxism were re-
corded according to a scale with five degrees: no, little,
sometimes strong, strong, and continuous bruxism.
The data were obtained through questioning the pa-
tients’ personal caregivers. Tooth wear was assessed
at the clinical examinations using a five-point scale.?’

Each implant placed was given a prognostic score
from 1 to 4 (1 = uncertain and 4 = very good). The
criteria evaluated for each implant were: (@) implant
placed in bone of good quality, (b) implant shows
good initial stability, (¢) no exposed threads, and
(d) placement was done according to the standard
protocol. The implant was given a score of 4 if all four
criteria were fulfilled.

All patients and their caregivers were given an in-
dividual prophylactic program by a dental hygienist,
including a chart of photographs presenting suitable
toothbrushes for optimal cleaning of the prostheses.
Patients were recalled every 3 months for an oral hy-
giene check-up by a dental hygienist (MZ) and an-
nually by a prosthodontist (AE) up to the year 2007.
Thereafter, an experienced hospital dentist made the
examinations and performed any necessary treat-
ment. Final clinical and radiographic examinations of
all available patients were performed in 2012.

Cumulative survival rates for the implants were cal-
culated through life table analysis.??

Results

All patients participating in this study had some
degree of mental retardation from neurologic im-
pairment, congenital defect, trauma, or genetic syn-
dromes such as Down syndrome. Often, the patients
had other medical disorders such as thyroid dys-
function or epilepsy, sometimes in combination with
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different degrees of autistic behavior (Table 1). Many
of the patients had a list of medications that included
substances such as thyroid hormone, antiepileptics,
antidepressives, megaloblastics, neuroleptics, and
tranquillizers.

Some persons had developed finger and/or oral
habits, eg, tongue movements that increased the risk
of postsurgical complications. Frequent check-ups
and the use of a soft splint to cover the surgical area
postoperatively were found to be valuable.

Five of the original 27 patients died during the ob-
servation period, but all remaining 22 patients with 70
implants were clinically examined at the final exami-
nation. The implant-supported prostheses had then
been in function 5 to 10 years after implant treatment.

The distribution of the scores of bone quality and
shape of the alveolar crest, according to Lekholm and
Zarb,?° for the 29 treated arches at implant placement
were: Al (n =2),A3(n=2), A4 (n=1),B2(n = 4),
B3 =6),C2(n=23),C3(n=10),and D4 (n = 1).

In all, 12 implant-supported single crowns were
placed and none lost; 17 implant-supported fixed
dental prostheses were placed and three had to be
remade due to implant loss. One overdenture was in
use until the death of the patient. The survival rate of
prosthetic constructions was 27/30 (90%).

The implant-supported fixed prostheses (n = 8)
in edentulous arches were fabricated using Nobel
Procera (Nobel Biocare, titanium framework and
acrylic resin teeth). All fixed partial prostheses
(n = 10) were made of metal-ceramic with a frame-
work of gold. The single-tooth restorations (n = 12)
were either made as all-ceramic crowns using the
CeraOne System (Nobel Biocare) (n = 10) or with in-
dividual abutments in titanium (n = 2).

Biologic Complications and Implant Failure

Twelve implants (14%) were lost, three before load-
ing and nine after insertion of the implant-support-
ed fixed prostheses (ISFPs) (Table 2). Both of the
7-mm-long implants failed, whereas none of the 10
longest (16 and 18 mm) failed. The prognostic score
did not prove fully reliable even if the most optimistic
score, 4, had the lowest failure rate (5%), whereas the
rate for the other scores (3, 2, and 1) varied (25%,
11%, and 149%, respectively) (Table 3).

Biologic Complications and Bone Loss

Among the 22 patients examined at the final follow-
up, 10 (45%) exhibited perimucositis according to the
definition of bleeding on probing (BoP) and pocket
depth = 4 mm; 14 of the 70 implants (20%) had this
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Table 3 Abnormal Incidents Noted in Surgical Records of 88
Originally Placed Implants in Relation to the Prognostic Score*

Table 4 Peri-implant Bone Loss and Number
of Implants According to Time in Function

and Implant Loss

Time (y)

No. of Exposed muRcli)[:)t;rriisot];al blt_acf)c?:e zla_f(;ztr ﬁi(g;sdzd 50-59 6.0-6.9 70-79 8.0-89 9.0-10
Score implants threads flap Infection loading loading <0 8 3] 4 5 7
4 40 2 4 1 1 0.1-1.0 6 4
3 32 11 2 2 2 6 1.1-2.0 1 4
2 9 2 1 1 2.1-3.0 1 2 2
1 7 1 3.1-4.0 2
*Range, 1to 4 where 4 is very good and 1 is uncertain. 4.1-5.0 1 1
5.1-6.0
6.1-7.0
7.1-8.0 1
Total 8 5 19 13 7

Table 5 Prosthodontic Complications and Their Management

Patient Complication Management
1 ISFP loose, 1 implant failed before loading Failed implant removed, ISFP shortened and later reinserted
on new implant and new ISFP made
4 Loss of 1 implant before loading, another one when the ISFP inserted on 3 implants awaiting new implants to be
ISFP was to be inserted placed and new ISFP constructed
b) Fracture of porcelain crown Polishing of fractured area

12 Extremely hard biting individual: porcelain fracture, crown New implant-supported crown, which fractured after
loose (thrown away by patient), fracture of neighbor tooth 6 months, crown on fractured tooth
(intact canine)

17 Self-destructive behavior (banged head against walls), Several reinsertions of ISFP, removal of failed implants,
ISFP loosened several times, ISFP fractured, implants lost, back to implant overdenture, and, finally, conventional
severe wear complete denture

19 Fractures of abutment and fixed partial denture screws, ISFP rebuilt with occlusal contact on titanium splint to
fracture of acrylic parts of superstructure at epileptic seizures  protect the acrylics

23 Implant overdenture poor retention (patient removed it Overdenture repaired but only used at rare social events
repeatedly with his tongue), overdenture fractured

25 Implant lost after 4 years, ISFP loose ISFP reinserted awaiting new implant placement

ISFP = implant-supported fixed prosthesis.

diagnosis. Three of the 15 patients with measurable
radiographs (20%) and 4 implants (8%) were diag-
nosed with peri-implantitis using the definition bone
loss = 3 threads and BoP."”

The peri-implant bone loss was small to moderate
in most patients (Table 4). It should be noted that the
seven implants in the four patients followed for 9 to 10
years showed no measurable bone loss. Altogether,
27 (52%) of the 52 implants with acceptable radio-
graphs had no measurable bone loss after 5 to 10
years, and for a further 10 (19%), the bone loss cor-
responded to, at most, one thread during this period.
The greatest peri-implant bone loss observed, cor-
responding to eight threads, occurred in one patient
before loading, early after placement, probably as a
consequence of a postoperative dehiscence of the

mucoperiosteal flap. This implant remained stable and
no more bone loss was seen up to the last examination
shortly before the death of the patient after 6 years. In
another patient with a maxillary full-arch ISFP, bone
loss was above average around three implants (eight,
five, and three threads, respectively), whereas the
bone loss measured one thread around the remaining
3 implants. The ISFP was stable and well functioning
all through the 9-year follow-up period.

Prosthodontic Complications

Several prosthodontic complications occurred, from
minor and easily correctable to severe requiring re-
treatment (Table 5). The most severe complication
occurred in a patient with Aspberger syndrome and
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Fig 1 Extensive wear related to hard biting and epileptic sei-
zures associated with patient no. 19’s disorders. ISFP rebuilt
with occlusal contact on titanium splint to protect the acrylics

Fig2 Maxillain patient no. 19.

(mandible).

Table 6 Quality Assessment According to
California Dental Association Criteria

Surface Anatomical Margin

Assessment and color form integrity
Satisfactory

Excellent 12 10 13

Acceptable 13 12 12
Not acceptable

Repair or correct 2 3 2

Replace® 2

aPorcelain fractures (all three became acceptable after polishing).
bISFP failed after multiple implant failures (provided with an implant
overdenture and eventually a complete denture; single-tooth
implant crown: all porcelain fractured (provided with a new crown).

Table 7 Life Table Analysis of Placed Implants
(Re-operated Implants Not Included)*

Success rate

No. No. within group  CSR
Time period (y) followed failed (%) (%)
Placement-loading 88 3] 96.6 96.6
Load-1 84 1 98.8 95.4
1-2 80 2 97.5 93.0
2-3 77 0 100 93.0
3-4 77 1 98.7 91.8
4-5 76 3 96.1 88.2
5-6 73 2 97.3 85.8
6-7 70 0 100 85.8
7-8 49 0 100 85.8
8-9 24 0 100 85.8
9-10 7 0 100 85.8

CSR = cumulative survival rate.
*Five patients died and their nine implants were not included in further
calculations.

self-destructive behavior. He often banged his head
against walls, which repeatedly led to the loosening
of the ISFP and, eventually, fracture and loss of both

522 The International Journal of Prosthodontics

Fig 3 The oral hygiene was not optimal in patient no. 19 de-
spite the assistance of personal caregivers.

implants and the prosthesis. An overdenture was
constructed on one remaining implant, but this im-
plant was also lost, resulting in a return to a complete
denture, which the patient seldom uses.

The great majority of the ISFPs still in use were sat-
isfactory according to the CDA quality assessment.
Because of various complications, five prostheses
(19%) were considered not acceptable, although
three porcelain fractures became acceptable after
polishing (Table 6).

All patients and/or caregivers were satisfied with
the appearance and function of the ISFPs and agreed
that they would consider implant treatment again, if
necessary.

It was difficult to obtain reliable answers to ques-
tions on parafunctional habits. However, some of the
prosthodontic complications were probably related
to various parafunctions and/or extremely hard bit-
ing (Table 5). The same cause was probable for a few
patients with severe tooth wear (Figs 1 to 3).

Survival Rate
The cumulative survival rate (CSR) for placed im-

plants was 85.8% after 5 to 10 years. No implant was
lost after 6 years (Table 7).
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Discussion

There is no doubt that the group of patients with dif-
ferent neurologic and other disabilities, often includ-
ing mental retardation, presented/offered greater
problems during implant treatment and maintenance
compared with healthy patients. Nevertheless, it was
possible to carry out the treatment, and the outcome
was relatively favorable and led to improved dental
appearance and oral function.

The implant failure rate (12 of 88 placed implants
lost = 14%) was much greaterthan in a series of healthy
patients.”? However, the CSR (Table 7) changed little
from 5 years (88.2%) to 10 years (85.8%). The 10-year
results are somewhat lower than the outcomes pre-
sented in systematic reviews of implant therapy. For
example, according to meta-analyses, the 10-year
estimated survival of ISFPs was 93.1%.8 This may indi-
cate that the problems in disabled patients are great-
est during the first period after implant placement,
after which the situation can stabilize.

However, the relationship between implant failure
and the patients’ diagnoses can only be speculated.
As discussed earlier,’® the implant loss in patient
no. 1 might be associated with the reduced resistance
to infections in subjects with Down syndrome in com-
bination with macroglossia and oral habits. Two of the
new implants placed in this patient after the early loss
of one implant also failed.

An increased risk of implant failures in patients
with Down syndrome has been reported in a study
of 18 patients with various handicaps, 4 of whom had
Down syndrome. Of four implants placed in 2 patients
with Down syndrome, three failed.”> The suitability
of patients with Down syndrome as candidates for
implant placement has been questioned because of
macroglossia, osteoporotic-like alveolar bone, and a
tendency toward poor cooperation.?*

In contrast, in a study of special care patients, in-
cluding three subjects with Down syndrome, no im-
plants failed.”® In this study, there were three more
patients with Down syndrome who did not exhibit any
implant failure, although one of them died before the
implant was loaded. Several of the prosthodontic com-
plications including different types of fractures were
probably caused by oral habits, trauma, hard biting,
and epileptic seizures associated with the patients’
disorders (Table 5). Surprisingly, a retrospective study
covering 1 to 16 years of patients with severe epilepsy
reported excellent results with few implant failures
and other complications and no progression of the
frequent perimucositis to peri-implant bone loss.'
It should be mentioned that only a small percentage
of the patients were followed for more than 6 years.

It is well known today that good oral hygiene is im-
portant to maintain healthy conditions around teeth
and implants. Most of the patients in this study could
not maintain good oral care on their own but required
help from caregivers and regular control and service
by a dental hygienist. Still, many of the patients had
a large amount of plaque and almost half of them ex-
hibited perimucositis (Fig 3). Other series of disabled
patients have reported similar problems with poor
oral hygiene and a high prevalence of peri-mucosal
inflammation but good functional results from implant
treatment.'21°

The more severe condition, peri-implantitis, includ-
ing bone loss, was diagnosed in 20% of patients and
for 8% of implants, according to the definition used.”
The prevalence, definition/diagnosis, clinical impor-
tance, as well as the etiology of peri-implantitis are
controversial.25-2

Even if much is not yet known regarding these con-
ditions, it is agreed that bacterial inflammation is an
essential part and the disease may develop from peri-
mucositis to peri-implantitis.3° Therefore, maintain-
ing good oral hygiene is important but difficult in this
group of patients. It is necessary that these patients
are helped by informed caregivers in daily oral care
and also given regular professional support.

The results of the present study and of earlier re-
ports'1° indicate that implant treatment can be a
valid option in the oral rehabilitation of patients with
neurologic disabilities, although maintenance often
requires the management of more complications
compared with healthy implant patients.

Conclusion

Patients with different neurologic and other dis-
abilities, often including mental retardation, present
greater problems during implant treatment and main-
tenance phases than healthy patients generally do.
Nevertheless, it was possible to carry out the treat-
ment, and the outcomes were relatively favorable. The
results indicate that implant treatment can be a valid
option in oral rehabilitation of patients with neuro-
logic disabilities.
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