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Structured Abstract

Authors — Hagberg C, Korpe L, Berglund B

Objectives — To study maximal mandibular opening capacity
and the prevalence of temporomandibular joint (TMJ) problems
reported among a larger group of adults with Ehlers-Danlos
syndrome (EDS). Furthermore, to compare proportions of
disorders with those in a cohort of randomized population-
based controls.

Design — A questionnaire study with self-registration of
maximal mandibular opening capacity.

Setting and Sample Population — One hundred and fourteen
persons with EDS and 114 controls in a randomized
population-based cohort.

Experimental variables — Self-registered maximal mandibular
opening capacity values that were calculated from the
markings of maximal interincisal distance on spatulas and the
assessments of overbite with the aid of photos. Questions
concerning EDS, TMJ problems and other related questions.
Outcome Measure — Mean values of maximal mandibular
opening capacity compared between groups. Proportions of
affirmative answers about TMJ problems compared between
persons with EDS and controls who did not have the syndrome.
Results — The EDS persons who reported problems with poor
mouth opening capacity when biting into thick pieces of food
had a lower mean maximal mandibular opening value
compared with the other EDS persons (p < 0.05). The
proportions of affirmative answers concerning mobile joints
during mouth opening, present TMJ problems, poor mouth
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opening capacity when biting into thick food, clicking,
crepitations and permanent locking were greater compared
with the controls (p < 0.05).

Conclusion — These data corroborate the reports in literature
that persons with EDS are naturally predisposed to TMJ
problems. The self-registration of maximal mandibular opening
capacity was a useful diagnostic tool to provide an objective
clinical measure of movement capacity of the TMJ. The clinical

measure was in line with the affirmative answers on having

problems with poor mouth opening capacity among the EDS

persons.

Key words: Ehlers-Danlos; mandibular opening; masticatory
muscle pain; temporomandibular disorders; temporomandibular

joints

Introduction

Ehlers-Danlos syndrome (EDS) is mostly an inherited
connective tissue disorder. The syndrome is manifested
by articular hypermobility, skin extensibility and tissue
fragility (1, 2). The syndrome is rare and most often
unknown among dentists. The prevalence of all types of
EDS is 1/5000 (2). Most clinical reports found con-
cerning EDS and odontological issues, are case reports
that describe recurrent subluxations of the joints (3-5).
No previous studies could be found on the prevalence
of TMJ symptoms among a larger group of persons with
EDS. This was the purpose of the present study, but it
was also desired to use an objective diagnostic tool for
the evaluation of mandibular function. A recently
developed method for self-registration of mandibular
opening capacity was therefore included (6).

According to Fridrich et al., the TM] often demon-
strates profound laxity in conjunction with generalized
joint mobility and dislocation (7). Still, it was reported
by Harinstein et al. that among 40 patients admitted for
surgery, only a few out of those seeking treatment
for hypermobility of the TMJ were found to have EDS
(8, 9). General joints instability seems to decrease with
age (10). The abnormal collagen synthesis also affects
the blood vessels and internal organs (11). Some
common problems are easy bruising and skin ruptures
that heal poorly with scaring (2, 12, 13). More severe
cardiovascular complications are seen especially in
the vascular type of EDS. One type, the periodontal,
has the criteria of fast developing, aggravating perio-
dontal disease (14-16).

Two main classification systems are used in Sweden
to describe the varying types of EDS that can be seen
(17, 18). The classical types (EDS I gravis, EDS II mitis)
and the hypermobile type (EDS III) are found in 90% of
the cases. The previously mentioned vascular type
(EDS 1V) is found in 3-10% and the periodontal type
(EDS VIII) is rare (2, 17, 19, 20). Odontological hard
tissue defects of the teeth have also been reported for
persons with EDS (7, 16, 21). In dental practice, it is
more common to register missing tooth enamel, frac-
tures of enamel from the underlying dentine, different
tooth anatomy and fragile mucous membranes than
milder TM]J problems. Untreated TMJ problems could
potentially develop into severe problems.

The aim of this study was to study the prevalence of
TM] problems reported among a larger group of adults
with Ehlers-Danlos syndrome (EDS). The recently
developed method for self-registration of maximal
mandibular opening capacity was included in the
questionnaire as a complementary diagnostic tool for a
clinical measure of mandibular function in terms of the
present movement capacity of the TMJ. Furthermore,
we wanted to compare proportions of disorders with
those in a cohort of randomized population-based
controls.

Material and methods
In January 2002 there were 265 accessible members of
the Swedish Ehlers-Danlos syndrome (EDS) Associ-

ation living in Sweden. They received a questionnaire
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and a spatula for self-registration of maximal inter-
incisal distance (6). The response rate was 66%
(n = 174). One reminder had been sent out. Exclusion
criteria were: age below 18 years (n = 11), support
membership and membership with suspected but not
medically confirmed EDS (n = 19) and declination to
participate (n = 13). Altogether 43 persons were
excluded. The study base then consisted of 131 adults
with diagnosed EDS. Altogether 121 of 131 eligible
spatulas were returned (92%). Seven spatulas were
excluded (four persons had full prosthetic dentures,
one spatula was marked upside down, one person had
an open bite and another missed frontal upper teeth).
The EDS group then comprised 114 persons.

Among a group of 750 randomly chosen adult per-
sons from the Swedish population, the first 114 answers
with a marked inter-incisal distance on the spatula
were used as controls. The randomization was weigh-
ted for gender and age group according to the distri-
bution of these variables among the members of the
Swedish EDS Association. Exclusion criteria were:
diagnosed EDS, full prosthetic dentures and open bite.
The first 124 questionnaires were considered for the
control group in order to create a control group of 114
persons. None was excluded because of the criteria set
but 10 persons had not returned the spatulas.

Method for registration of maximal mandibular opening capacity

The method has previously been tested and described
(6). The questionnaire included written instructions and
a photo showing the procedure to open up the jaws as
much as possible and mark the distance between the
jaws, ‘the maximal inter-incisal distance’, with a pencil
on the enclosed spatula (Fig. 1). In order to obtain
a value for maximal mandibular opening capacity, a
value for the vertical overlap between upper and lower
frontal teeth was also needed. Each participant was
therefore asked to assess the amount of vertical overbite
between his or her upper and lower frontal teeth. This
was carried out by looking in a mirror and comparing the
frontal overbite in the intercuspal position with included
photos. The intercuspal position is the jaw position seen
when the upper and lower teeth are maximally closed
together. In a deep bite, the upper incisors then overlap
most of the lower incisors and in a normal bite only a
small part of the upper and lower frontal teeth overlap. A
standard value of 2 mm for a normal and 5 mm for a
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Fig. 1. The maximal inter-incisal distance marked with a pencil on
the spatula that was enclosed with the questionnaire.

deep frontal over bite has in a previous methodological
study been found to give an acceptable approximation of
the true value (6). The appropriate value according to the
participant’s assessment of the type of overbite was ad-
ded to the marked distance measured on the spatula in
order to obtain the value for maximal mandibular
opening capacity. This value reflects the total opening
movement of the temporomandibular joints. Open bites
are seen when the upper and lower teeth do not meet in
the intercuspal position. They are rare in adults and were
not to be included in this study.

One investigator (CH) measured all spatulas with a
ruler graduated in millimeters. For later calculation of
the measurement error the first 50 were remeasured
blindly to whether TMJ problems were present and the
previous values.

The questionnaire

The questionnaire was first sent as a pilot test to 10
persons with EDS. Out of these, seven wanted to
participate and were interviewed by telephone con-
cerning the design of the questionnaire. None reported
difficulties with the questions. The questions presented
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Table 1. 95% CI for the difference between proportions of affirmative answers in the EDS group and the control group. (n = total number

of answers in the EDS group and the control group respectively)

EDS proportion

Controls proportion

Difference between 95% ClI for the difference

Questions concerning: yes answers yes answers proportions between proportions
Present problems from joints 0.44 (n = 114) 0.06 (n = 113) 0.38 0.27-0.47
Pain in masticatory muscles 0.47 (n = 110) 0.04 (n = 114) 0.43 0.32-0.53
Experience of hypermobile joints during 0.65 (n=111) 0.04 (n = 114) 0.61 0.50-0.69
mouth opening
Present pain in body joints except for TMJ 0.89 (n=111) 0.23 (n=111) 0.66 0.56-0.75
Awareness of hypermobile hand/ wrist 0.83 (n= 114) 0.07 (n = 114) 0.76 0.65-0.82
Permanent locking of TMJ 0.46 (n = 113) 0.04 (n=113) 0.42 0.31-0.51
Poor mouth opening capacity when biting 0.28 (n=112) 0.05 (n = 113) 0.23 0.14-0.32
into thick food
TMJ clicking during the last month 0.67 (n= 114) 0.19 (n = 112) 0.48 0.36-0.58
TMJ crepitation during the last month 0.57 (n=114) 0.15 (n = 113) 0.42 0.30-0.52
Awareness of present clenching of the teeth 0.56 (n = 112) 0.32 (n = 114) 0.24 0.12-0.37
Awareness of present grinding of the teeth 0.35(n=112) 0.16 (n = 113) 0.19 0.08-0.30
Present use of an occlusal splint 0.18 (n=111) 0.08 (n = 114) 0.10 0.01-0.19
Hypnotic medication 0.18 (n=113) 0.04 (n=113) 0.14 0.05-0.22
Analgesic medication 0.75 (n = 113) 0.25 (n = 110) 0.50 0.37-0.60

in this study mainly concern problems related to the
temporomandibular joints (Table 1). Other odontolog-
ical aspects and quality of life aspects will be presented
later. The study was approved by the Ethics Committee
of the Medical Faculty of Goteborg University.

Statistics

The measurement error was calculated for the first 50
spatulas as the repeatability value (22). The within-
subject standard deviation, s,,, was first calculated
using the formula s2, = 1/2n 3" d? where d; is the dif-
ference between the two observations for subject i and
n is the number of subjects. The repeatability was
then calculated according to the formula V2 x 1.96s,,
(2.77 sy) (22).

The affirmative answers were when graded ‘yes
always’, ‘yes sometimes’ or ‘yes both sides’ added for a
compressed presentation. A few questions also inclu-
ded the answer ‘do not know’ as a ‘no’ answer. The 95%
confidence interval for the difference between pro-
portions was calculated by using the Wilson method
(23). A significant difference is assumed when the
interval does not include zero. JMP and JMP IN® soft-
ware (SAS Institute Inc., Cary, NC, USA) was used for
descriptive data analyses (24).

Results

The age distribution was similar between groups. The
mean age was 43 years (95% CI 41-45 years) for
the EDS group and 42 years (95% CI 40-45 years)
for the controls. There were 101 women and 13 men
in the EDS group. The control group comprised 94
women and 20 men. The measurement error, s, was
0.4 mm and the repeatability for the two measure-
ments of the first 50 spatulas was 1.1 mm. Sixty-one
persons knew their EDS type of the disease while 53
did not know. The most common group among the
known EDS types was type III, the hypermobility type
(Fig. 2).

Mean maximal mandibular opening capacity values
for the EDS and the control groups were similar,
54 mm (range 28-78 mm) and 53 mm (range
38-77 mm) respectively (Fig. 3). The mean values were
also similar for the different EDS types. The largest
group of persons with diagnosed EDS was type III
(hypermobile) group (Fig. 2). The mean value for this
group of 37 women was 53 mm (Fig. 3). In the EDS
group, 55 persons chose a photo of a normal overbite to
match their bite in the intercuspal position and 59
persons chose a deep overbite. The control group
reported 60 normal overbites and 54 deep ones.
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EEE | 8
8 E==r4 EDS type Berlin Number Proportion
- nosology observations
4 3 Unknown 53 0.46
Type | Gravis 7 0.06
3 Type Il Mitis 5 0.04
Type Il Hypermobile 37 0.32
2 Type IV Arterial- 5 0.04
eccymotic
7 Type VIII Periodontal 7 0.06
1 Total 114 1.00
0 Fig. 2. Histogram bars for the distributions
of different types of EDS (24).
I Clicking and crepitations in the joints were very
551 3 T common among EDS persons. Clenching of the teeth
::7 I was reported as more common than grinding and was
5] increased compared with controls. Only 18% of the EDS
S 511 persons and 8% of the controls currently used a splint.

50
491
481
47

Controls Type3EDS  EDS Yes EDS No
‘Biting problem’

EDS all

Fig. 3. Mean maximal mandibular opening values in millimeter for
all EDS persons (n = 114) all controls (n = 114) and the EDS persons
with diagnosed EDS type III (hypermobile) (n = 37). The last two bars
concern opening values for those who answered ‘Yes’ (n = 31) and
‘No’ (n = 81) respectively to the question about ‘mouth opening
problems when biting into thick pieces of food’. The standard error is
given on top of each bar.

Forty-four per cent of the EDS persons had present
problems from the temporomandibular joints and
almost half reported pain in masticatory muscles. They
experienced hypermobility of their joints during wide
mouth opening (65%). The increased mobility of the
joints had caused permanent locking in almost half the
cases. Among the controls, only a few persons (4%) had
experienced permanent lockings (Table 1).

Among the EDS persons who reported hypermobility
of the joints, the mean maximal mandibular bite
opening value did not differ significantly from the
mean value for those who did not give affirmative
answers (p > 0.05). In contrast, the bite opening capa-
city was reduced when biting into thick pieces of food
such as a hamburger in one third of the EDS group. The
EDS persons who reported problems with poor mouth
opening capacity when biting into thick pieces of food
had a lower mean maximal mandibular opening value
(50 mm) compared with the other EDS persons (55 mm)
(p <0.05). The difference between sample means was
5.8 mm (95% CI 2.4-9.2 mm) (Fig. 3).
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The EDS persons more often used analgesic and hyp-
notic medication than the controls did (Table 1).

The proportion of affirmative answers for the EDS
persons was very high concerning pain in general body
joints (89%) and the hand and wrist mobility was
experienced as hypermobile (83%) (Table 1). The fre-
quency of affirmative answers for all questions above
was significantly increased among EDS persons com-
paring the 95% confidence intervals for the proportions
with the randomized control group (Table 1).

Discussion

The clearly increased proportions of temporomandib-
ular joint and/or masticatory muscle disorders (TMD)
among EDS persons are considered important findings
warranting extra awareness in dental treatment of per-
sons with EDS. A careful clinical examination of the
masticatory system is recommended. The present study
mainly concerns women as only 13 men were eligible
among the members of the Swedish EDS Association. A
higher prevalence of reported TMD symptoms in wo-
men than in men has been found (25, 26). In a study by
Magnusson et al., differences between the sexes con-
cerning clinical signs were limited to TMJ sounds and
masticatory muscle tenderness (25). The control group
was weighted for women and only comprised 20 men in
order to avoid gender being a confounding factor when
comparing EDS persons and controls.

Almost half the persons (46%) with EDS did not know
their EDS diagnosis type. The most frequent known
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diagnosis was type III (32%), also called the hyper-
mobility type. In all types of EDS, general joint hyper-
mobility is included as stigmata of the disease. As
hypermobility of the joints is a general problem, the
answers are suggested to reflect joint problems and
related issues overall among EDS persons although not
being specifically related to any particular type of EDS.

In the above-mentioned study by Magnusson et al.,
135 randomly selected persons had originally been fol-
lowed from 15 to 35 years of age. At 35 years of age, only
three of 100 clinically examined persons were found to
have severe or moderate clinical signs of TMD (25). This
is in line with the low frequencies of TMD reported for
the controls in the present questionnaire study.

The maximal mandibular opening measures were
used to study the movement capacity of the joints
(temporomandibular joints). The mean values did not
differ when they were compared between EDS persons
and controls. Many of the subjects reported that they
experienced increased jaw mobility when they were
younger and that it decreased with age. The mean age
was close to 40 years and the age factor could explain
the lack of differences in movement capacity of the
joints. Beighton observed recurrent, easily reducible
dislocations of the joints in two patients that disap-
peared as the ‘joints grew older with age’ (5). It is also
possible that the EDS persons were so aware of their
tissue fragility that they habitually avoided extreme
mandibular movements. Permanent lockings of the
joints were reported by almost half the EDS persons
and could be handled by the person him or herself.
Only three persons with EDS had to visit the hospital
for repositioning. Among controls, the described situ-
ation was rare. The permanent lockings and the
increased proportions of reported clicking and crepi-
tations of the joints among EDS persons still point
towards an imbalance and/or degenerative changes in
the joints. An interesting finding is that the EDS per-
sons who reported problems when biting into thick
pieces of food had significantly lower maximal man-
dibular opening capacity compared with the EDS per-
sons who did not report this problem.

In the epidemiologic longitudinal study by
Magnusson et al. (25), the maximal mouth opening at
four different examinations (ages 15, 20, 25 and
35 years) showed equal mean values (range
55.5-56.9 mm). However, the interindividual range at a
specific age was large. For example, at age 35 a range

between 43 and 74 mm was found. The range found in
the present study was even larger for both EDS persons
(28-78 mm) and control persons (38-77 mm). It is
therefore suggested for future studies on mandibular
opening capacity to focus longitudinally on intra-indi-
vidual changes in mandibular opening capacity, either
clinically or self-registered, and to individually correlate
these findings to signs or symptoms of TMD.

Less than half of the persons with present problems
from the joints reported that they used an occlusal
splint. This is despite the fact that women are reported
to seek treatment for craniomandibular disorders more
frequently (26, 27) and were therefore assumed to have
been suggested TMD treatment, which commonly
includes occlusal splint therapy. Current therapy also
includes, for example, anti-inflammatory agents, mus-
cle relaxants and physical therapy (7). Avoidance of
surgery in certain variants of EDS is recommended (7).
In this questionnaire study, it is not possible to
distinguish between a dominance of muscular and/or
joint structure pain. In a case control study by Hagberg
(28), TMD patients showed increased relative risks of
having general musculoskeletal pain, especially in the
upper neck, the shoulder and lower neck region, the
shoulder joint and the thoracic back. For the moment,
it is not possible to evaluate the impact severe TMD
disorders would have on a person with EDS who
already has musculoskeletal and/or joint pain because
of the connective tissue disorder per se. Sacheti et al.
interviewed 51 individuals with EDS and they were
found to report chronic pain of early onset. Most fre-
quently affected were the shoulders, hands and knees
(29). In the present study, many EDS persons were
frequently using analgesics and hypnotic medication
because of their general pain. The medication could
have implied an underestimation of the TMD prob-
lems. Sleep complaints have previously been reported
as not rare in Marfan and EDS patients (30).

Limitations of the present study are that a ques-
tionnaire study only gives subjective information and
that the questions could have been misinterpreted.
However, it is not likely that the EDS persons would
understand the questions differently compared with
the controls. This source of error is then likely to have
the same impact on both groups. The EDS persons who
had chosen to become members of the Swedish EDS
Association could represent a group of EDS persons
with more severe problems than usual, resulting in the

Orthod Craniofacial Res 7, 2004/40-46 | 45



Hagberg et al. TMJ problems and self-registration of mandibular opening capacity among adults with EDS

need of support from an organization. Even so the
knowledge of increased risks for TM]J problems among
persons with EDS is important diagnostic and prog-
nostic information in clinical dental practice. In con-
clusion, the data from this study support the literature
that persons with EDS are naturally predisposed to TM]
problems. The self-registration of maximal mandibular
opening capacity is a useful diagnostic tool in giving an
objective clinical measure of movement capacity of
the joints. The clinical measure was in line with the
affirmative answers on having problems with poor
mouth opening capacity when biting into thick pieces
of food among the EDS persons.
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