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1  | INTRODUC TION

Ehlers–Danlos syndromes (EDS) are a clinically and genetically het‐
erogeneous group of hereditary connective tissue disorders (Brady, 
et al., 2017; Malfait, et al., 2017). Periodontal EDS (pEDS, previously 
EDS type VIII) is a specific EDS subtype with autosomal‐dominant 

inheritance. It is caused by mutations in C1R and C1S genes, encoding 
the first component of the classical complement pathway (Kapferer‐
Seebacher, et al., 2016). The clinical features of pEDS appear to be 
linked to both, structural alterations of the connective tissue as well 
as a disturbance of immunological functions. Major criteria for the 
clinical diagnosis of pEDS are:
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Abstract
Objectives: Periodontal Ehlers–Danlos syndrome (pEDS) has recently been deline‐
ated as a molecularly defined cause of early severe periodontitis. Here we report that 
implant treatment failed in three affected individuals from one family.
Materials and Methods:	Longitudinal	data	before	and	after	implant	treatment	were	
examined for three individuals with genetically confirmed pEDS in the course of a 
large‐scale pedigree analysis.
Results: Most detailed information was available for individual 1 in whom first peri‐
odontal bone loss was diagnosed at age 16 years. Rapid progression resulted in mul‐
tiple tooth extractions at age 23 years and interforaminal placement of four implants. 
After	 primary	 implant	 success,	 peri‐implant	 bone	 loss	 accompanied	 by	 highly	 in‐
flamed tissues and receding gums led to explantation five years later. In individual 2, 
severe periodontitis was diagnosed at age 15 years and resulted in extraction of all 
mandibular teeth at age 28 years. Four interforaminal implants were placed. Peri‐im‐
plant bone loss was diagnosed four years later, when up to three implant threads 
were exposed. Individual 3 showed complete tooth loss at age 29 years. He was re‐
stored with ten implants and removable prosthesis. Peri‐implant bone loss was diag‐
nosed radiologically eight years later, when seven implant threads were exposed.
Conclusion: This is the first report on severe peri‐implant bone loss in pEDS. 
Retention of teeth as long as possible is the primary objective in pEDS as satisfying 
prosthetic solutions are missing. Further evaluation of dental management in indi‐
viduals with pEDS is needed to develop concise treatment guidelines.
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1. early severe periodontitis (before age 30 years, usually in 
childhood)

2. a specific gingival phenotype characterized by the lack of at‐
tached gingiva,

3. pretibial hemosiderotic plaques, and
4. bruising out of proportion to trauma.

Additional	clinical	features	include	(mild)	 joint	hypermobility,	skin	
fragility with abnormal scarring, an increased rate of infections, an‐
eurisms, organ ruptures, and hoarse voice (Kapferer‐Seebacher, et 
al.,	2016;	Kapferer‐Seebacher,	Lundberg,	Malfait,	&	Zschocke,	2017;	
Malfait, et al., 2017).

Up to now, 30 case reports and pedigree analyses including 130 
individuals with pEDS have been reported (Kapferer‐Seebacher, et 
al.,	2017).	Little	is	known	about	the	effectiveness	of	different	den‐
tal treatment strategies. Here we provide the first report on three 
affected individuals, indicating that implant therapy has a high risk 
for failure in pEDS.

2  | MATERIAL AND METHODS

2.1 | Subjects

In 2016, a large‐scale pedigree analysis identified 93 individu‐
als clinically and genetically diagnosed with pEDS (Kapferer‐
Seebacher, et al., 2016). The present study cohort includes three 
members	 of	 the	 Austrian	 five‐generation	 family	 treated	 with	
dental implants (Kapferer‐Seebacher, et al., 2016): 1‐IV‐2 (indi‐
vidual 1), 1‐III‐2 (individual 2), and 1‐III‐3 (individual 3). No fur‐
ther individuals with dental implants were available for clinical 
investigation.

Clinical features suggestive for pEDS were early severe peri‐
odontitis, lack of attached gingiva, mild joint hypermobility of 
the digits and the elbows, easy bruising, and velvety skin. There 
were no pretibial discolorations. Sjögren´s syndrome was diag‐
nosed in individuals 1 and 2 at age 33 and 35 years (y), respec‐
tively. Scoliosis was diagnosed in individual 1 at age 22 y. There 
were no other clinical findings previously reported with pEDS 
(see Supporting information Data S1 (Kapferer‐Seebacher, et al., 
2016)). Exome sequencing identified a heterozygous C1R missense 
mutation	 (c.149_150TC>AT,	 p.Val50Asp)	 which	 was	 also	 present	
in all other affected family members (Kapferer‐Seebacher, et al., 
2016).

2.2 | Dental examinations

The diagnosis of early severe periodontitis was based on radiologic 
evidence	of	severe	alveolar	bone	loss	(≥50%)	at	an	age	of	≤25	years,	
or	history	of	complete	tooth	loss	at	an	age	of	≤30	years.	The	diag‐
nosis of peri‐implantitis was based on the radiographic evidence of 
exposure	of	≥1	implant	thread.	Dental	x‐rays	and	details	on	dental	
history were collected from former dentists.

2.3 | Ethical considerations

The study was conducted in accordance with the Helsinki Declaration 
of 1975, as revised in 2013, and was approved as part of the Biobank 
for Rare diseases by the Ethics Committee of the Medical University 
Innsbruck,	 Austria	 (Study	No.	 UN4501).	 The	manuscript	 has	 been	
prepared	 in	compliance	with	 the	appropriate	EQUATOR	guidelines	
(CARE).

2.4 | Individual 1

2.4.1 | Dental history

Individual 1 is a never‐smoking 33‐year‐old woman. The first avail‐
able radiograph at an age of 7 y shows the patient in age‐appropri‐
ate	mixed	dentition.	At	age	9	y,	orthodontic	 treatment	was	started	
(removable orthodontic appliances in the mandibula, and brackets in 
the maxillary front). No periodontal bone loss was evident during and 
after orthodontic treatment (Figure 1a). Oral hygiene instructions 
and biofilm management were regularly provided because of severe 
gingival inflammation. First periodontal bone loss was diagnosed ra‐
diologically	at	age	16	y,	when	approximately	50%	of	bone	had	been	
lost in the mandibular first incisors (Figure 1b). Rapid progression of 
bone loss despite regular periodontal debridement and oral hygiene 
instructions was documented by the preceding dentist with dental 
x‐rays until the age 23 y, when the lower anterior teeth 33 to 43 were 
extracted (Figure 1c). No formal oral hygiene indices were recorded 
but in the patient file it was stated several times that oral hygiene was 
appropriate. The patient used an electric toothbrush (Sonicare, Philips 
Oral	Healthcare,	 Snoqualmie,	USA),	 interdental	 brushes	 (Curaprox,	
Curaden	International	AG,	Kriens,	Switzerland)	and	dental	floss.

2.4.2 | Oral rehabilitation

The	patient	presented	at	age	24	y	at	the	private	practice	of	A.R.	The	
first tentative diagnosis was localized aggressive periodontitis. Mean 
clinical	 attachment	 loss	 (CAL)	was	 3.42	±	1.96	mm,	 21	 teeth	 had	 a	
CAL	>5	mm.	Mean	probing	pocket	depth	was	2.87	±	0.97	mm	(range	
1–4	mm),	with	30%	of	sites	measuring	4	mm	of	pocket	depth	and	no	
pocket	 depths	 ≥5	mm.	 The	 plaque	 control	 record	 measured	 at	 six	
sites	per	tooth	(PCR)(O’Leary,	Drake,	&	Naylor,	1972)	was	36%,	bleed‐
ing	on	probing	(BoP)	was	36%.	Microbiological	samples	were	taken	
from four subgingival sites,pooled, and analyzed by PCR‐analysis for 
the presence of 11 periodontopathogenic bacteria with the micro‐
IDent®	 plus	 test	 (Hain	 Lifescience,	 D‐72147	 Nehren,	 Germany).	
Tannerella forsythia, Treponema denticola, and Prevotella intermedia 
were detected at low concentrations; below detection levels were 
Aggregatibacter actinomycetemcomitans, Porphyromonas gingivalis, 
Parvimonas micra, Fusobacterium nucleatum, Campylobacter rectus, 
Eikenella corrodens, Eubacterium nodatum, and Campylobacter species.

Periodontal therapy consisted of oral hygiene instructions and 
periodontal debridement. The mandibular height was reconstructed 
with a cortico‐cancellous bone block taken from the anterior iliac 
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crest.	 Four	 implants	 (alphatech®	 TL,	 3.4x14mm,	 Henry	 Schein	
Dental,	Langen,	Germany)	were	inserted	under	general	anesthesia	in	
locations 33, 32, 42, and 43 by the same surgeon who had performed 
the grafting procedure. Implants were uncovered eight months after 
placement. Stainless steel solid abutments (alphatech®, Henry 
Schein	 Dental,	 Langen,	 Germany)	 and	 a	 porcelain‐fused‐to‐metal	
(alloy of gold Herador H, Heraeus) cemented bridge were selected as 
prosthetic reconstruction (Figure 1d). No clinical or radiologic signs 
of implant‐related inflammation were observed at that time.

2.4.3 | Follow‐up

Twelve months later, peri‐implant bone loss was radiologically ap‐
parent; two years later two to four implant threads were radiologi‐
cally and intraorally exposed in all implants. There was no pocketing, 
but receding gums with highly inflamed peri‐implant soft tissues. 
Peri‐implant	 probing	 depths	were	 2.89	±	0.98	mm	 (range	 1–4	mm)	
and	mucosal	recession	was	3.75	±	1.13	mm	(range	1–5	mm).	Monthly	

debridement with sonic scalers and curettes and oral hygiene in‐
structions could not stop the rapid progressing peri‐implant bone 
loss, resulting in multiple extractions and explantation 5 y after 
implantation, at age 29 y (Figure 1e–f). The patient received metal 
frame partial dentures. In 2014, at age 30 y, the accurate clinical di‐
agnosis of pEDS was made at the Medical University of Innsbruck.

2.5 | Individual 2

2.5.1 | Dental history

Individual 2 is the 56 y old mother of individual 1, a never‐smoker. 
She reported on first periodontal tooth loss at age 15 y. Dental x‐
rays were available for the last 32 y. The first available radiograph 
at an age of 24 y shows severe periodontal bone loss. Rapid pro‐
gression of bone loss despite regular periodontal debridement and 
oral hygiene instructions was documented by the preceding dentist 
with dental x‐rays until the age 28 y, when all mandibular teeth were 

F I G U R E  1  Periodontal	and	peri‐implant	bone	loss	in	individual	1.	(a)	Splitted	orthopantomogram	at	age	14	years:	At	the	end	of	
orthodontic treatment, no periodontal bone loss is evident. (b) Orthopantomogram at age 16 years and (c) age 18 years: Periodontal bone 
loss with rapid progression is clearly visible in the mandibular anterior region. (d) Implant placement after bone augmentation, and prosthetic 
reconstruction at age 24 years. (e) Peri‐implant bone loss 3 years, and (f) 5 years after implantation. (g) Rapid progressing peri‐implantitis was 
clinically characterized by the absence of pocketing, but receding gums and exposed implant threads

(a) (b)

(c)

(f) (g)

(d) (e)
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extracted	(Figure	2a).	At	age	45	y,	four	 interforaminal	titanium	im‐
plants (Straumann, Basel, Switzerland) were inserted under local 
anesthesia. The mandibula was restored with an individually milled 
gold bar and removable full dentures (Figure 2b). Three years later, 
severe peri‐implant bone loss was radiologically evident as exposure 
of one to four implant threads (Figure 2c); all maxillary teeth had 
been extracted, and the patient had received a removable full den‐
ture in the maxilla.

The	patient	presented	at	age	49	y	at	the	practice	of	A.R.	At	that	
time,	 peri‐implant	 probing	 depths	were	 3.33	±	1.2	mm	 and	muco‐
sal	 recession	was	3.71	±	1.2	mm.	PCR	and	BoP	were	67%.	Regular	
debridement with sonic scalers, curettes, and air‐powder polishing 
was performed but had no effect on peri‐implant bone loss and in‐
flammation. Peri‐implant bone loss decelerated after menopause 
approximately at age 54 y.

2.6 | Individual 3

The brother of individual 2 reported complete tooth loss due to peri‐
odontal	disease	at	age	29	y.	At	age	40	y,	he	 received	six	maxillary	
and four mandibular implants. Severe peri‐implant bone loss was di‐
agnosed radiologically at age 48 y when up to seven implant threads 
were	exposed	(Figure	3).	At	that	time,	PCR	was	29%	and	BoP	was	
36%.	Mean	peri‐implant	probing	depths	were	3.37	±	0.55	mm	and	
mucosal	recession	was	2.87	±	1.18	mm	(range	1–6	mm).	The	individ‐
ual was not available for further investigations or follow‐up analysis.

3  | DISCUSSION

Periodontal EDS is a rare disease which can be clinically diagnosed 
by dental professionals. Since the systemic manifestation may be 
subtle the dental evaluation can be crucial for the diagnosis of the 
condition. Defining clinical criterion is early severe periodontitis in 
association with lack of attached gingiva, receding gums, and preti‐
bial discolorations. Pretibial discolorations are caused by frequent 
hematomas due to easy bruising in combination with abnormal 
scarring, which results in persisting hemosiderotic plaques. In the 
present individuals, pretibial discolorations were missing and con‐
nective tissue features were mild or even missing, which confused 
the clinical diagnosis. Organ ruptures, hernias, scoliosis at an early 
age and joint hypermobility were reported in other family members 
(Kapferer‐Seebacher, et al., 2016).

The suspected clinical diagnosis of pEDS should be validated by 
genetic testing of the C1R and C1S genes. Complement 1 subcompo‐
nents r and s (C1r and C1s) are serine proteases which play a role in 
the activation of the classical complement cascade, a major element 
of antimicrobial host defense through its ability to recognize patho‐
gens and limit infection in the early phase after exposure to micro‐
organisms. The pathogenic link between mutations in complement 
1 component genes and connective tissue alterations is currently 
under investigation. One potential explanation is abnormal inter‐
action of mutant C1r and/or C1s with collagen proteins as binding 
of C1r‐C1s to the third subcomponent C1q, resulting in the active 
C1 complex, is mediated by a highly conserved collagenous domain 
(Venkatraman Girija, et al., 2013).

Both, structural alterations of the connective tissue as well as 
disturbances of the immunologic function appear to contribute to 
periodontal and peri‐implant disease in pEDS, although the exact 
pathomechanism is unknown. Structural alterations of oral con‐
nective tissues are evident as lack of attached gingiva and thin oral 
tissues. Hyperinflammation is already recognized in early childhood 
as severe gingivitis in the presence of even mild biofilm accumula‐
tion. Early severe periodontitis with rapid progression is usually 
diagnosed in childhood (mean age 12 years, range 2 to 29 years)
(Kapferer‐Seebacher, et al., 2017).

In the present report, biofilm and bleeding indices were not 
measured by the former dentist, and the level and impact of oral 
biofilm accumulation on peri‐implant disease progression cannot be 

F I G U R E  2   Periodontal and peri‐implant bone loss in individual 2. 
(a) Severe periodontal bone loss is evident in the lower jaw on the 
first available dental x‐ray at age 24 years. (b) Implant placement 
and prosthetic reconstruction at age 45 years. (c) Peri‐implant bone 
loss	7	years	after	implant	placement.	All	maxillary	teeth	had	been	
extracted due to periodontal disease

(a)

(b)

(c)
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evaluated.	We	assume	that	similar	to	periodontal	disease	 in	pEDS,	
peri‐implant disease is characterized by severe inflammation and dis‐
ease progression even in the presence of only mild biofilm accumula‐
tion. Strict biofilm control might stop the disease.

Peri‐implant bone loss in the present individuals was not accompa‐
nied by pocketing but by receding soft tissues and intraorally exposed 
implant threads. For titanium surfaces, it was proposed that they ac‐
tivate complement through the classical pathway and that C3 depo‐
sition on the surfaces enhances complement activation in a positive 
amplification	 loop	via	 the	alternative	pathway	 (Walivaara,	Askendal,	
Lundstrom,	&	Tengvall,	1996);	however,	this	was	never	validated.	Peri‐
implant bone loss in individual 1 exacerbated during each pregnancy. 
High levels of estrogen during pregnancy are associated with reduced 
levels	 of	 C1	 inhibitor	 (Derzsy,	 Prohaszka,	 Rigo,	 Fust,	 &	 Molvarec,	
2010). In her mother, peri‐implant disease arrested with menopause, 
implicating that estrogen is a trigger for peri‐implant disease in pEDS.

There are many unresolved questions concerning dental treat‐
ment of individuals with pEDS. In single individuals, we observed 
rapid progression of attachment loss when teeth are loaded with 
prosthetic devices like clasps. Therefore, we hypothesized that 
periodontal breakdown in pEDS is strongly influenced by mechan‐
ical loading. However, this is not supported by the observation in 
individual 1 that orthodontic treatment did not result in periodon‐
tal bone loss. The present report on peri‐implant disease is limited 
by the low number of cases, a well‐known problem with rare dis‐
eases. International collaborations and databases are needed to 
increase case numbers.

In conclusion, peri‐implant bone loss has been diagnosed in all three 
pEDS individuals followed by us who received dental implants. Our ob‐
servations indicate that the retention of teeth as long as possible is the 
primary goal as prosthetic solutions in pEDS are missing. Further re‐
ports on dental treatment and long‐term follow‐up of individuals diag‐
nosed with pEDS are needed to develop concise treatment guidelines.
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