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Ten women with temporomandibular joint dysfunction and general joint hypermobility (score, 4 to 8)
and 10 symptom-free female volunteers without systemic laxity (score, 0 to 2) were selected for the
study. A biopsy of connective tissue from arm skin found that the total collagen concentrations were
lower and the proteoglycan values were higher in the hypermobile TMJ patients than in the control
subjects. The mitral region of the heart was inspected by echocardiography. Eight patients and four
controls had slightly abnormal echocardiographic findings. Two patients fulfilled the criteria for
mitral valve prolapse. The patients had significantly more musculoskeletal complaints than did the
controls. The study suggests an association between joint hypermobility, abnormal skin connective
tissue composition, mitral valve malfunction, and musculoskeletal disorders in young women with
TMJ dysfunction, especially internal derangement.

(ORAL SURG ORAL MED ORAL PATHOL 1992;74:709-18)

Signiﬁcant correlations between systemic laxity of
joints and disk displacement of the temporomandib-
ular joint (TMJ) have been reported in several arti-
cles during the last decade.!”” It has also been noticed
that generalized joint laxity may worsen the progno-
sis for the TMJ treatment.®?

The range of joint movement is determined by a
variety of factors. Biochemical diversities in collagen
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and elastin structure may account for the variation in
laxity. Collagens are widespread proteins in the body
and the major constituent of skin, tendons, ligaments,
joint capsules, and blood vessels. In inherited disor-
ders of connective tissue, such as osteogenesis imper-
fecta, Marfan syndrome, and Ehlers-Danlos syn-
drome, there is collagen involvement.!® Generalized
joint hypermobility is a feature of each of these dis-
eases. TMJ dysfunction has been reported in patients
with Ehlers-Danlos syndrome.!!- 12

The term hypermobility syndrome was coined by
Kirk et al.!3 to denote the presence of rheumatic
symptoms in otherwise healthy subjects in whom
generalized joint laxity is the only observed abnor-
mality. Subsequent reports have confirmed the asso-
ciations between hypermobility and certain articular
complications.'*!? Similar observations have also
been reported from pediatric clinics.?0-?°
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Fig. 1. Distribution of age and joint mobility scores in 10 female TMJ patients (score, 4 to 7) and 10 fe-

male controls (score, 0 to 2).

It has been suggested that the hypermobility syn-
drome is not only a benign locomotor disorder but
may be an atypical form of a hereditary disorder of
connective tissue.”®?’ Easy bruising and varicose
veins have been seen more frequently in hypermobile
persons.'> 1 Echocardiographic evidence of mitral
valve prolapse (MVP), a reduced upper segment/
lower segment (US/LS) ratio, and reduced skin
thickness were found to be significantly more common
among the hypermobile patients who attended a
rheumatologic clinic than among the controls.?® Hy-
permobile patients with joint pain have been found to
have a greater incidence of MVP and a higher type 111
to III + I collagen ratio than those in the general
population.?® In patients with MVP, joint laxity was
significantly more common than in control groups
without MVP.2% 30 In another study,*! hypermobility
was found in more than half of the MVP patients and
the hypermobile patients had an increased function of
antigen B 35.

In a study of MVP patients, Kim et al.>? found a
significant correlation between internal derangement
of the TMJ and MVP in women. Waite*® reported
that 67% of the subjects with MVP had some degree
of TMJ dysfunction. Half of the MVP patients with
TMJ dysfunction and 10% of the MVP patients with-
out TMJ dysfunction had hyperlax joints.33

The aim of this work was to compare hypermobile

women with TMJ dysfunction and healthy nonlax
women with respect to type I to type 1II + I colla-
gen ratio and proteoglycans in skin biopsy specimens,
mitral valve function, and signs of inherited connec-
tive tissue disorders.

MATERIAL AND METHODS
Study population

Ten patients treated for TMJ dysfunction at the
Department of Stomatognathic Physiology, Gote-
borg, were selected for the study. The following cri-
teria were applied: (1) female sex, (2) age <45 years,
(3) TMJ instability (disk displacement or disloca-
tion), {4) widespread general joint hypermobility
(hypermobility score =>4),'* (5) agreement to un-
dergo echocardiography, blood tests, and biopsy ex-
aminations, (6) no verified rheumatoid arthritis or
other systemic inflammatory disease that involves
joints or muscles. Ten female volunteers with no
symptoms or signs of craniomandibular disorder,
matched for age with the patients and with no
demonstrable systemic laxity (hypermobility
score = 0-2), took part in the investigation. Pregnant
women were excluded from the study. Distributions of
age and hypermobility scores of the participants are
shown in Fig. 1.

All participants were randomly numbered from 1 to
20, and analyses were carried out blindly.
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Fig. 2. A, Echocardiographic end-systolic still-frame of apical four-chamber view from video recording of
mitral valve in closed position (case 11). Arrow shows coaptation point. B. Schematic drawing of apical four-
chamber view in A; @ = perpendicular distance between coaptation point and level of valve ring. Distance
a=~5 mm (case 11). R4 = right atrium, L4 = left atrium, RV = right ventricle, LR = left ventricle.

Questionnaire

A self-administered questionnaire was completed
before the clinical examinations. The questions were
about general health, musculoskeletal symptoms and
injuries, varicose veins, easy bruisability, orthodontic
treatment, childbirth, tobacco habits, and physical
exercise. No general physical examination was per-
formed. Copies of records from rheumatologic and
orthopedic clinics were requested when relevant.

Somatometric examination

Weight, height, arm span, and lower segment (dis-
tance from top of the pubic symphysis to the floor)
were measured for calculation of body proportion in-
dices. The body mass index was calculated by the for-
mula—weight in kilograms /height? in meters.’* The
proportion of height to arm span was calculated as
suggested by Steele and Mattox3’: the ratio of arm
span to height is multiplied by 100. The US/LS ratio
was calculated. The US is derived by subtracting LS
from height.?¢

Stomatognathic examination

Besides the routine procedures to record the clini-
cal signs, measurements were made for estimation of
the maximal angle of jaw opening.’’ Radiologic
examinations of the TMJs, which included submento-
vertical projection, posteroanterior projection, and
corrected sagittal tomography, were performed on six
patients. Fluoroscopy of the TMJs was performed on
two patients. Diagnoses were classified in accord with
the International Headache Society’s Classification

and Diagnostic Criteria for Headache Disorders,
Cranial Neuralgias and Facial Pain.?®

Blood tests and biopsy

Venous blood was taken after an overnight fast with
no exposure to smoke and with minimal physical ex-
ercise. Blood status was evaluated with measures of
various electrolytes, glucose, cholesterol, triglycer-
ides, blood proteins, and enzymes. These tests were
performed on an analyzer (Kodak Ektachem DT 60,
Eastman Kodak Co., Rochester, N.Y.).

After the patient was given a local anesthetic, a
small full-thickness scissor biopsy specimen of the
upper arm skin tissue was taken and immediately
frozen at —70° C. Analysis of collagen types I and 111
was performed as recommended by Light® and the
cross-linking analysis as recommended by Eyre and
Oguchi.*® Proteoglycan analysis was performed as
recommended by Maroudas and Thomas.*!

One patient and two subjects in the control group
refused to participate in the blood tests and biop-
sies.

Heart examination

An Acuson-128 computerized sonograph (Acuson,
Inc., Mountain View, Calif.) was used for echocar-
diographic and Doppler investigation.*?> Standard
views—parasternal long and short axis, apical four-
chamber, two-chamber, and apical long axis—were
recorded on videotape (U-Matic). The mitral region
was enlarged and could be inspected in slow motion.
The mitral flow and the occurrence of mitral regurgi-
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Mitral valve

Fig. 3. A. Echocardiographic end-systolic still-frame of apical four-chamber view from video recording of
mitral valve in closed position (case 18). Arrow shows coaptation point. B. Schematic drawing of apical four-
chamber view in A; a = perpendicular distance between coaptation point and level of valve ring. Distance
a = +2 mm (case 18). RA = right atrium, LA = left atrium, RV = right ventricle, LR = left ventricle.

Tabie . Distribution of affirmative answers to the
questionnaire among 10 hypermobile TMJ patients
and 10 normal controls

i Patients Controls
Musculoskeletal complaints 9 I*
Back pain 7 if
Joint complaints that require 5 0ot
medical care
Varicose veins 1 2
Easy bruising 3 2
Raynaud’s phenomenon 3 3
Orthodontics 5 2
Smoking 3 2
Regular physical training 8 7
#p < 0.01.
p < 0.05.

tation were recorded with pulse, continuous, and col-
ored Doppler flow.

Evaluation. The whole group was evaluated on one
occasion without knowledge of whether the subjects
were patients or control subjects. In the search for
different signs of mitral disease the following factors
were considered:

1. Coaptation of the mitral valve. The mitral valve
was inspected frame by frame in an enlarged
view. The coaptation point in relation to the mi-
tral valve ring was measured with compasses.
The level of the mitral ring was determined with
the aid of a ruler, and the perpendicular distance
of the coaptation point was measured in milli-
meters {—, 0, + where + indicated a position of

the point in the left atrium). Figs. 2 and 3 illus-
trate normal and abnormal coaptations.

2. A. Bulging. The perpendicular distance of the
leaflets in relation to the mitral ring was mea-
sured in late systole. Most bulging was seen in
the four-chamber view compared with the two-
chamber view.

2. B. Signs of chordal stretching during systole.
If the coaptation point moved during systole to-
ward the atrium, this was considered as an indi-
cation of stretching of the chorda (yes/no).

3. Mitral regurgitation. Mitral regurgitation was
evaluated on a four-point scale (1 to 4}. Degree
<1 means very faint regurgitation during part of
systole only.

4. The size of the left atrium in relation to the right
one was evaluated visually, and equal size was
rated 1.00.

Statistics

Differences between patients and controls in an-
swers to the self-administered questionnaire were an-
alyzed with the chi-squared test with continuity cor-
rection, Differences between patients and controls
with respect to the parametric variables were ana-
lyzed with the unpaired ¢ test. Pearson’s product mo-
ment correlation coefficient was used to determine the
linear correlation between the parametric variables.

RESULTS

The mean age of the patients was 24.8 years, and
that of the controls was 25.6 years {Fig. 1). None of
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Table II. Distribution of age, joint mobility score,'* somatometric, and biopsy analysis values in four women

TMJ patients

TMJ dysfunction and connective tissue variations 713

Case
1 8 17 18

Age 24 27 43 29
Joint mobility score 6 5 7 S
X-ray finding yes — yes —
Somatometric variables

US/LS 0.95 0.98 0.87 0.93

Arm-span/height X 100 104.7 99.4 101.2 98.2
Biopsy

Total collagen* 48.1 46.8 42.6 40.7

Cross-linkt 0.27 0.41 0.46 0.41

Proteoglycans® 0.30 0.50 0.38 0.37

*In percent.

tResidues of pyridinolyne per collagen molecule.

IMilliequivalents per gram of tissue.

Table IlIl. Somatometric indexes: means, SD and tenth and ninetieth percentiles for 10 hypermobile TMJ

patients and 10 normal controls

All Patients Controls
Percentiles Mean SD Mean SD
Body mass index (weight/height?) 15.9% 219 3.1 22.0 3.0
US/LS 0.90* 0.96 0.04 0.97 0.03
Arm span/height X 100 102.2% 100.0 2.1 100.1 1.7

*Tenth percentile.
+Ninetieth percentile.
p>0.05.

the subjects had any obvious sign of connective tissue
disorder.

Questionnaire

Statistically significant differences between pa-
tients and controls were found for musculoskeletal
complaints (Table I). All but one of the patients had
some articular complication. Five patients had com-
plaints that required medical care: Patient 1 had been
referred to and treated at a rehabilitation home for
joint complaints. No diagnosis was stated. At age 15,
patient 3 had a knee sprain immobilized for 20 weeks
and had received physical therapy for kyphosis.
Patient 7 had been treated at a rheumatologic clinic
since the age of 17 because of joint pain and effusions.
The laboratory data gave no evidence of any systemic
inflammatory disease (antinuclear antibodies nega-
tive). However, transient rises (ESR 17) in erythro-
cyte sedimentation rate were noted. Because of joint
instability, patient 8 had undergone surgery on the
ligaments of both knees at the age of 24. Patient 17
took medicine (Voltaren) because of suspected fibro-
myalgia. Three of the five patients who required

medical care for their musculoskeletal complaints are
presented together with other findings in Table II.

Joint mobility and somatometric measurements

The distribution of the joint mobility score on the
basis of age and group is presented in Fig. 1. The joint
mobility score may on some occasions have been un-
derestimated because of pain in the knees (cases 1 and
3) and because of knee surgery (case 8). Patient 7 hy-
perextended the right elbow to 14 degrees and the left
elbow to 18 degrees.

The mean values of the somatometric measure-
ments showed no significant differences between the
patients and the controls (Table III). Two highly hy-
permobile patients (score = 7) (cases 6 and 17) had
a US/LS ratio more than 2 SD below the mean value.
One patient (case 1) had an arm span 7 cm greater
than her height. This was more than 2 SD higher than
the mean value of the controls (Table II).

Stomatognathic examination

Three patients had a diagnosis of articular disk
displacement with reduction (and intermittent lock-
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Table IV. Maximal mandibular opening angle:
distribution of degrees in hypermobile TMJ
patients (# = 6)* and normal controls (n = 9)T

T Mean l Range ' SD
Patients 42.2 (45.3%) 32.6 to 52.1 6.5
Controls 40.3 33.0 to 49.7 6.2

*Three missing because of pain on opening and one because of fear of dis-
location.

FOne missing because of orthodontic appliance.

ITwo patients with a diagnosis of chronic disk displacement without reduc-
tion excluded.

p > 0.05.

ing), two patients had acute disk displacement with-
out reduction, three patients had chronic disk dis-
placement without reduction, and two patients had
TMJ hypermobility and a tendency to dislocation.
Five patients evaluated their symptoms as severe or
very severe.

Bruxism was reported by six patients, but it was not
possible to relate that to any stomatognathic symptom
or sign.

Seven patients had TMJ tenderness on palpation
via the auditory meatus. Each of the five patients with
severe musculoskeletal problems had posterior TMJ
tenderness.

Radiographic examinations were performed on six
patients, and in four (15, 19, 24, and 43 years of age)
a pathologic condition—erosion, flattening, sclerosis,
and/or osteophytes—could be found.

It was not possible to measure the passive mandib-
ular opening in four patients—in three patients
because of severe pain on opening and in one patient
because of fear of dislocation. The other patients had,
on average, a greater mandibular opening angle than
the controls (Table IV). Two patients with chronic
nonreducing disk displacement were sufficiently re-
covered to carry out the passive opening measure-
ment. The mean value of active mandibular opening
for the six measured patients was 51.2 mm (range, 41
to 60) and for the ten controls the mean was 53.3 mm
(range, 44 to 64).

Blood tests and biopsy

The blood test values were all within normal ranges,
and there were no significant differences between pa-
tients and controls.

Skin biopsies revealed lower values of total colla-
gen, hydroxyproline, and hydroxypyridine in the pa-
tient group compared with the controls, whereas col-
lagen type III to III + I ratios and proteoglycans
showed higher values in the patients (Table V). The
total collagen concentrations in two patients (cases 17
and 18) were lower than the mean value minus 2 SD
in the control group (Table II). The proteoglycan
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value in case 17 was higher than the mean value plus
two SD (Table II). These tendencies were mostly
strengthened in patients with other musculoskeletal
complaints or with severe clinical disorders of the
TMJ such as posterior TMJ tenderness or pathologic
x-ray findings.

Total collagen was significantly and negatively
correlated to proteoglycans (r = —0.74; p < 0.001).
The correlations between collagen type 111 to III + I
ratios and values from the skin biopsies are shown in
Table VI. The joint hypermobility score had a weak
negative correlation with the total collagen value
(r = —0.38, p > 0.05) and a weak positive correlation
with the proteoglycans (» = 0.38, p > 0.05).

The values from the skin biopsies developed differ-
ently on the basis of age. In the control group, colla-
gen parameters increased with age (r=0.72,
p < 0.05) and the concentration of proteoglycans de-
creased (r = —0.44, p > 0.05). The situation in the
patient group was found to be the opposite, i.e., a de-
crease in collagen (r = —0.60, p>0.05) and an
increase in proteoglycan concentration (r = 045,
p > 0.05) with an increase in age.

In those cases with suspected pathologic conditions
that were found during the echocardiographic inves-
tigation, the mean values of the biopsy tests showed
a pattern similar to that of the TMJ patient group
(Table V), i.e., low collagen and high proteoglycan
concentrations compared with those with no patho-
logic echocardiographic findings.

The upper segment/lower segment lower segment
ratio was positive correlated to the collagen parame-
ter (r = 0.75, p <0.001).

Heart examination

Eight patients and four controls had some sus-
pected findings in the echocardiographic and Doppler
investigation.

1. In a clinical context, only three persons would
have had the diagnosis of slight MVP-—two pa-
tients (cases 3 and 18) and one subject from the
control group (case 12) the last one because of
some chordal stretching. However, when differ-
ent signs of mitral function were considered, 10
persons (six patients and four controls) had a
coaptation point at the ring level or toward the
atrium (Table VII). At the level <~2 mm, four
controls and one patient {case 17) had coapta-
tion into the ventricle. Conversely, coaptation
into the atrium =+2 mm was noted in two pa-
tients (cases 3 and 18) (Table VII).

2. A. Bulging of any of the leaflets (=2 mm) was
seen in five patients and two controls. Bulging of
the posterior leaflet only was seen in four
patients and one control, and bulging of the an-
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Table V. Biopsy analysis values: means, SD, and tenth and ninetieth percentiles for nine hypermobile TMJ

patients and eight normal controls

All Patients Controls
Percentiles Mean SD Mean SD
Collagen type III: IIT + I 39.58§ 332 6.5 31.7 6.9
Total collagen* 43.4| 50.5 7.0 54.8 4.4
Cross-linkt 0.20,]| 0.55§ 0.40 0.11 041 0.06
Proteoglycanst 0.39§ 0.33 0.08 0.27 0.07

*, + and §See Table IL.
§Ninetieth percentile.
[Tenth percentile.

terior leaflet was seen in two patients and two
controls (Table VII). On summation of all
coaptation points, the difference between the
groups was obvious (—1; —28). Similarly, sum-
mation of the bulging of the leaflets amounted
to 21 mm and 18 mm, respectively, in the patient
group, versus 8 mm and 13 mm in the control
group (Table VII).

2. B. Signs of chordal stretching during systole
were seen in six persons—four patients and two
controls.

3. Slight mitral regurgitation was seen in six per-
sons—two patients and four controls. In all of
these, the amount would have been considered
as physiologic regurgitation in a clinical con-
text.

4. Slight enlargement of the left atrium was seen
in three patients and one control.

In the patient group, age was significantly corre-

lated to the coaptation point of the mitral valve leaf-
let (r = —0.64, p < 0.05).

DISCUSSION

The study has given several indications that the
connective tissue assembly is different among women
TMJ patients with widespread general joint hyper-
mobility compared with normal and symptom-free
women. The small number of subjects in the study
showed few statistically significant correlations. The
same pattern, however, was found for the differences
between the biopsy test values in TMJ patients and
controls, in subjects with or without general muscu-
loskeletal complaints, and in subjects with or without
suspected pathologic findings in the echo-Doppler
investigation. This data is provided in Tables V and
VII.

Questionnaire

The most striking difference between patients and
controls was in regard to musculoskeletal complaints.
Even the youngest patients had widespread discom-
fort. This relationship indicates that the TMJ dys-

Table VI. Pearson’s product moment correlation
coefficient (r) between collagen type III to IIT + I
ratio and other biopsy analysis values in 17 women
(16 to 44 years)

All Patients Controls
n=17 n=9 n=4§
Total collagen* —0.61§ -0.56 —-0.75)
Cross-linkt -0.62§ -0.39 —0.80]
Proteoglycanst 0.50] 0.52 0.46
* ¥, § See Table II.
§p <001,
|p < 0.05.

function in a hypermobile person seems to be a man-
ifestation of a general locomotor disorder and
strengthens the concept of a connective tissue distur-
bance. Joint pain and effusions together with transient
rises in erythrocyte sedimentation rate have previ-
ously been reported in studies of hypermobile persons
with no signs of systemic disease.!*!> Traumatic
synovitis has been associated with overuse of hyper-
mobile joints.!3

Similar associations between musculoskeletal com-
plaints and TMJ dysfunction have previously been
reported.>> Although signs of TMJ osteoarthrosis
were noted in four of the patients, no evidence of os-
teoarthrosis was found in other joints. The relative
risk of severe knee osteoarthrosis is, however, signif-
icantly increased in persons with a history of knee in-
jury.®3

Because of the small number of subjects in the
study, the distribution of some self-reported symp-
toms, such as easy bruisability and Raynaud’s phe-
nomenon, which on the whole appear infrequently in
a population, must be interpreted with caution.

Somatometric measurements

One patient (case 17) among the 20 measured sub-
jects had a diverging US/LS ratio (Table II). The
normal range values in Scandinavian populations are,
however, not well verified. The extreme value of the
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Table Vil Distribution of echocardiographic findings in 10 women TMJ patients and 10 controls

Bulging* (mm)
Coaptation Chordal Left: right
Case No. point* (mm) Posterior Anterior stretching® atrium size*
1 0 2 2 yes 1.25
3 7 0 9 no 1.00
6 -1 5 1 yes 1.00
7 0 0 0 no 1.00
8 ~2 7 0 no 1.00
15 0 0 0 yes 1.00
17 -5 0 1 no 1.10
18 2 3 3 yes 1.00
19 -2 1 0 no 1.00
20 0 3 2 no 1.10
Patient totals -1 21 18 4 yes 3>1.00
2 0 5 5 no 1.00
4 -8 0 -1 no 1.00
5 0 2 no 1.25
9 -3 -1 -2 no 1.00
10 -2 0 0 yes 1.00
11 -5 -2 -2 no 1.00
12 0 2 0 yes 1.00
13 -2 0 0 no 1.00
14 0 2 3 no 1.00
16 -3 0 -2 no 1.00
Control totals -23 8 3 2 yes 1>1.00

*For detailed examination see section on Material and methods, Heart examination: 1, 2. A, 2. B, and 4 respectively.

somatometric measurement and the extreme collagen
test value (Table II) may, together with her high mo-
bility score, indicate a connective tissue syndrome.
The preliminary diagnosis of fibromyalgia may well
agree with these findings.

It has been proposed that tall, thin persons tend to
be more loose jointed than those with a short stocky
physique. No significant differences in height, weight,
or body mass index between lax and nonlax subjects
were found. These results are in accord with those of
Beighton et al.!4

Mandibular opening capacity

A vertical opening of more than 55 mm has been
proposed as a reasonable criterion to determine the
existence of hypermobility of the mandible in wom-
en.** In this study, four controls and three of six pa-
tients had a voluntary mandibular opening that
exceeded 55 mm. In the measurements of maximal
mandibular opening angle, however, the hypermobile
patients had a greater mean value compared with the
controls (Table IV). The great opening capacity
found in two patients with chronic nonreducing disk
displacement agreed with findings by Johansson and
Isberg® and suggested TMJ hypermobility. In a

double-contrast arthrotomographic investigation, Jo-
hansson and Isberg classified the TM.J as hypermobile
when condylar translation exceeded the anterosupe-
rior insertion of the TMJ capsule on the temporal
bone. A great mandibular opening capacity that
results from a condyle that surpasses the anterosupe-
rior capsule insertion may not exclude the presence of
a nonreducing disk.

Blood tests and biopsy

The syndrome of joint hypermobility and changes
in the mitral valve function and collagen distribution
are known to be inherited and to mainly affect wom-
en.'% 26 There is also evidence that the Ehlers-Danlos
syndrome involves a low type III skin collagen
production in patients with MVP.*® In accordance
with the study of Handler et al.,?® we find in our study
an increased ratio of collagen type I1I to III + Iin the
patient group, which may be an indication of a basic
collagen abnormality. The TMJ patients in this study
fulfilled the criteria of joint hypermobility. Many of
them showed a streaky, slightly loose skin structure.
However, the study group is too small to permit def-
inite conclusions about the quality of the skin colla-
gen and, despite a relatively homogeneous patient
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group, the individual variations must be taken into
account.

Of interest is the finding that the collagen concen-
tration decreased and the proteoglycans increased in
the patient group as their ages increased, which was
opposite the normal pattern. These findings confirm
the association between a less collagen-enforced struc-
ture and the ability to stretch and form the more pro-
teoglycan-rich tissue, a situation enhanced by the hy-
permobility score, which showed a negative correla-
tion with the collagen and a positive correlation with
the proteoglycan concentration.

Heart examination

Only two patients fulfilled the accepted criteria of
MVP, namely, coaptation into the left atrium. Coap-
tation at the ring level (0) was seen in many of the
controls but is not enough for the diagnosis of MVP.
Overdiagnosis of MVP is also a well-known pitfall in
young persons,*’ and this study underlines the risk of
such overdiagnosis. However, the aim of the present
study was not to define the limits between normal and
pathologic mitral function but to determine whether
differences could be seen between hypermobile TMJ
patients and a nonlax symptom-free control group.
The great differences in the summations of coaptation
points and bulging indicate that such differences ex-
ist and point to a different behavior in the mitral leaf-
lets (Table VII). The chordae tendineae are essential
to the proper function of the mitral valve. The differ-
ence in chordal stiffness between the groups may be
explained by variations in the collagen structure and
suggests a relationship between joint hypermobility
and chordal stretching. The mechanical behavior of
chordae is supposed to be consistent with the behav-
ior of other collagenous structures.*®
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