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Abstract Benign joint hypermobility syndrome (BJHS)
is a syndrome with musculoskeletal pain originating from
the increased laxity of the joints and the ligaments. The
study was to compare the isokinetic strength of knee exten-
sor/Xexor muscles of BJHS patients with healthy controls.
Forty patients diagnosed as having BJHS with Brighton cri-
teria and 45 years of age, height and weight-matched
healthy controls were recruited for the study. Isokinetic
testing was performed with isokinetic dynamometry of Bio-
dex System 3Pro and measurements were recorded at knee
extension/Xexion pattern concentrically at 60, 180, and
240°/s angular velocities. The study group was also evalu-
ated for functional impairment and pain by HAQ and VAS
respectively. Knee extensor muscle strength was signiW-
cantly lower in the patient group compared with the con-
trols. It was hypothesized that the muscle weakness in the
study group was related to lengthening of the quadriceps

muscle and pain-related inactivity as well as joint instabil-
ity and proprioception defect.
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Introduction

Benign joint hypermobility syndrome (BJHS) is a rheuma-
tological, genetically transmitted syndrome related to varia-
tions and mutations of the genes coding collagen, elastin,
Wbrillin and tenascin and has a clinical picture of musculo-
skeletal pain in various areas of the body [1–3]. The syn-
drome is termed as benign since it has no life-threatening
complication. The prevalence is 0.6–31% in adults and is
Wve times common in females [4]. There are no laboratory
or radiologic diagnostic criteria and present diagnosis is
based on generalized laxity and speciWc joint involvement.
Carter-Wilkinson, Beighton, Bulbena and Rotes have
worked to identify the diagnostic criteria and Brighton’s
criteria have been accepted presently [5, 6] (Table 1). The
basic pathology in this syndrome is the involvement of col-
lagen tissue with a decrease in the width and increase in the
disorganized Wber ratio and this pathologic structure leads
to decreases in the tonus of body elastic tissue with an
increased tendency to traumatic lesions [3].

The loss of soft-tissue strength is accompanied by unsta-
ble joints with laxity, loss of proprioception, tendency for
traumatic injuries and pain-related inactivity [7].

Recordings of isokinetic muscle performance in increas-
ing angular velocities may give a clue for muscle strength
loss [8]. Isokinetic dynamometer gives an objective value
of muscle strength and muscle contraction force by allow-
ing maximal muscle contraction with predetermined
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angular velocities at all angles [9, 10]. This procedure has
been used in rheumatological diseases like rheumatoid
arthritis, osteoarthritis and Wbromyalgia syndrome and stan-
dard methods have been produced to evaluate the therapeu-
tic outcomes [9, 11–17].

The primary aim of the study is to measure the isokinetic
muscle strength (peak torque) of knee extensor/Xexor mus-
cle of BJHS patients and to compare the scores with healthy
controls and the secondary aim is to evaluate the relation
between the scores and functional status and pain intensity
in these patients.

Materials and methods

Forty cases with an age range of 19–49 diagnosed as having
BJHS at the Out-patient Department of Physical Medicine
and Rehabilitation Clinic of Istanbul Medical Faculty and
45 healthy volunteers with an age range of 18–50 were
recruited for the study. The diagnostic criteria according to
the Brighton diagnostic 1998 criteria were Beighton scores
of 4/9 or above plus one major or two minor symptoms
with no lumbar pain or hip pain, no severe knee pain, osteo-
arthritic symptoms or ligament injury determined by physi-
cal examination, and X-rays. The age and sex-matched
were recruited from the healthy volunteers of the hospital
staV. Cases with serious knee trauma, hip pain, knee and
hip osteoarthritis demonstrated by X-rays, other comorbidi-
ties and ligament injury were excluded from the study.

Evaluation parameters

Isokinetic muscle strength of knee extensor/Xexor muscles
in both the groups was measured by Biodex System 3Pro
Multijoint System Isokinetic Dynamometer (Biodex Medi-
cal Inc, Shirley/NY, USA). Visual analog scale (VAS) and
health assessment questionnaire (HAQ) were used to deter-
mine the pain intensity and functional status in BJHS
patients [18–21].

Muscle testing

Biodex System 3Pro Multijoint System was used for
isokinetic testing in both the groups. Tests were applied
according to the standardization of isometric scoring by
Wilk et al. [15, 16]. Warm-up period of 10 min at 60-rpm
velocity was applied. The dynomometer arm was posi-
tioned parallel to the patient’s leg with distally Wxed peds
and the distal resistance ped was stabilized. The patient’s
position and the dynomometer chair were also stabilized
by the bands across the thorax, hip and calf regions. All
the cases were formerly informed about the testing proce-
dure to increase the compliance. Since tests at low-angu-
lar velocities report more accurate recordings of
endurance and functional status of the muscles [8, 22,
23], 60, 180 and 240°/s angular velocities of slow,
medium and high speed were used for knee extension/
Xexion patterns [23–25]. Dominant side was Wrst mea-
sured followed by the contralateral side. Extension/Xex-
ion movement of four repetitions for the Wrst two initial
velocities and 20 repetitions for the last angular velocity
was applied. Peak torque (PT), % of peak torque/body
weight (PT/BW), maximal repetition total work
(MRTW), % work/body weight (W/BW) and % of ago-
nist/antagonist ratio (ag/an) isokinetic scores were noted
for each velocity. Muscular strain was prevented by 60 s
resting periods between each angular velocity and verbal
input was applied to motivate the cases for maximal
eVort in the testing room with a stabile temperature [26].
PT is the highest torque value for a predetermined angu-
lar velocity and it is the most utilized score for research
[23]. Age, sex, dominant extremity, body mass index
(BMI), fat ratio and waist circumference may all eVect
PT values [27]. PT/BW ratio is used to personalize, stan-
dardize and interpret isokinetic scores [28]. MRTW is a
value that shows the relation between Xexion and exten-
sion [24, 29, 30]. W/BW could be a better representation
of functional ability (over PT) because the muscle must
maintain force throughout the range of motion (ROM) as
opposed to force at one instant [30]. Ag/an notes the bal-
ance between knee extensor/Xexor muscles and the integ-
rity of the ligaments [30–33].

Table 1 Characteristics of patients with benign joint hypermobility
syndrome (BJHS) and control group (CG)

F female, M male

CG (n: 45) BJHS (n: 40)

Age/mean 26.73 (18–50) 27.87 (19–49) 

Sex 25F:10M 32F:8M

Height 167.84 166.00

Weight 66.80 63.25 

VAS on motion 0 2.83 § 2.29 

VAS at rest 0 1.10 § 1.69 

HAQ

Dressing 0.23 § 0.48 

Arising 0.33 § 0.52

Eating 0.33 § 0.68

Walking 0.33 § 0.54

Hygiene 0 § 0

Reach 0.43 § 0.71

Grip 0.48 § 0.78 

Usual activities 0.57 § 0.84
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Statistical analysis

An Independent samples t-test was used to compare the
patient and control groups and a paired samples t-test was
used to compare the left and right extremities of the patient
group. P < 0.05 values were accepted as statistically signiW-
cant.

Results

The mean age of 32 females and 8 males with BJHS was
27.87 § 8.12 and all the cases had Beighton scores of 4/9
or higher. The mean age of 25 female and 20 male controls
was 26.73 § 9.22. Table 1 shows the demographic features
of both the groups and VAS and HAQ values. There was no
statistical signiWcant diVerence between the groups in rela-
tion to sex, height and weight (P > 0.05). VAS values of the
patient group were below 5 points. HAQ scores of the
patient group were not at high level. The control group had
no knee hyperextension whereas 80% of the patient group
had knee hyperextension. Goniometric measures of knee
Xexion were 130° for both the groups with no statistical sig-
niWcance (P > 0.05). The dominant side was the right side
for both the groups. PT of knee extensor/Xexor muscle
groups in BJHS patients was signiWcantly lower compared
to the controls. The signiWcance at 60°/s right and left
extension were P = 0.005 and P · 0.01, respectively and
left Xexion was P = 0.04. At 180°/s, the signiWcance was
right extension (P = 0.014) and left extension (P = 0.02)
and at 240°/s, right and left extension were P = 0.013 and
P = 0.045, respectively. There was no statistical diVerence
between the patient and control groups in Xexion at 180 and
240°/s angular velocities (Tables 2, 3). In PT/WB scores,
the patient group had signiWcant lower scores compared to
the control group at 60°/s angular velocity for right
(P = 0.006) and left (P = 0.028) extension, at 180°/s angu-
lar velocity for right (P = 0.018) and left (P = 0.027) exten-
sion and at 240°/s, only right extension (P = 0.025) showed
signiWcant diVerence. There was no signiWcant diVerence in
the Xexion scores of the right and left knees at 60, 180 and
240°/s angular velocities between the study and control
groups (P > 0.05) (Tables 2, 3). MRTW scores showed that
BJHS patients had statistically lower scores (P < 0.05) at
60, 180 and 240°/s angular velocities in right and left exten-
sion and only at 60°/s angular velocity for left side Xexion.
There was no signiWcant diVerence at 60°/s for right Xexion
and at 180°/s and 240°/s for right and left Xexion
(P > 0.005) (Tables 2, 3). W/WB scores for the study group
were signiWcantly lower compared to controls at 60, 180
and 240°/s in extension (P > 0.05) (Tables 2, 3). The study
group had signiWcant higher scores of ag/an at left 180 and
240°/s compared to the controls (P < 0.05), whereas there

was no statistical diVerence at 60°/s angular velocity on the
right and left and at 180 and 240°/s velocities on the right
side (P > 0.05). The study group had higher scores of ag/an
and this may be the result of decreased extension in contrast
to increased Xexion. Ag/an scores showed diVerence
between the dominant and non-dominant sides in the study
group, which was statistically signiWcant at 60°/s on the
right (P · 0.001) (Table 4). Most of the cases in the study
group had lower PT. In isokinetic testing, 60°/s velocity is
regarded as the best marker for strength and our results
show signiWcant lower scores for both extensor and Xexor
muscle groups in the study group. In higher velocities of
180 and 240°/s, the scores for the extensor group were also
lower in the patients compared to the controls, whereas
there was no statistical diVerence between the groups for
Xexor muscles. The extensor muscle groups of the patients
also showed signiWcant lower scores of PT/BW values that
normalize data with no diVerence in Xexor muscle groups
when compared with the controls.

There is no signiWcant correlation between PT and HAQ
and VAS in patient group.

Discussion

Isokinetic dynamometer testing is used for objective
recording of muscle performance, evaluation of rehabilita-
tion out-comes in musculoskeletal injury, loss of muscle
strength as well as for recording the relation between ago-
nist and antagonist muscle groups [24]. Isokinetic measur-
ments are recorded in low, medium and high velocities
since duration and velocity are important parameters in
skeletal muscle training [24, 34]. There is no standardized
isokinetic measurement in BJHS, so we have used four rep-
etitions at 60 and 180°/s and 20 repetetions at 240°/s angu-
lar velocities in our study. Isokinetic measurments in
chronic pain states like osteoarthritis, rheumatoid arthritis,
Wbromyalgia syndrome and chronic low back pain have uti-
lized similar angular velocities with multiple repetetions [9,
14, 23–25, 29]. The most valid parameter in isokinetic mea-
surements is PT which may be aVected by BMI and PT/BW
values are important in this issue as well as MRTW scores
which reXect the balance between Xexor and extensor mus-
cle groups [23, 24, 27–30]. The above parameters showed
signiWcant lower scores of knee extensor muscles on both
the sides in our patient group as compared to the controls,
which was interpreted as decreased extensor muscle
strength in the BJHS patients. PT values of knee Xexors at
lower angular velocities were also signiWcantly lower in
patient group. The main factor for decreased muscle
strength is pain related inactivity and laxity of the ligaments
with instability of the joints [5]. Various studies have dem-
onstrated a strong relation between ligament laxity, muscle
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strength and functional status, as well as proprioceptive
dysfunction and muscle strength loss in BJHS patients and
these patients often suVer ligament injury due to trauma and
laxity [11, 35–41]. Shirakura et al. [42] have reported a
signiWcant diVerence, in knee PT values between healthy

people and those with ligament injury. In BJHS patients
early degenerative changes in the knee joint may develop
due to weakness of the ligaments and supporting muscle
groups [37, 43]. van der Esch et al. [11] in their study of
knee osteoarthritis have reported lower muscle strength and

Table 2 Means of parameters evaluated by the isokinetic test

CG Control group, M movement, S side, R right, L left, PT peak torque (Nm), PT/BW peak torque/body weight (%), MRTW maximal repetition
total work (Joule-J), W/BW work/body weight (%)

Group BJHS CG

M Extensors Flexors Extensors Flexors

S R L R L R L R L

PT

60°/s 121.03 § 31.42 119.30 § 34.00 59.17 § 19.72 54.12 § 20.02 148.57 § 52.49 144.94 § 52.60 69.93 § 29.01 63.96 § 23.02

180°/s 86.11 § 25.25 86.09 § 24.83 52.16 § 18.83 56.38 § 20.57 103.73 § 37.51 102.68 § 37.70 58.29 § 21.73 57.26 § 21.78

240°/s 76.46 § 20.54 79.06 § 22.87 58.77 § 20.94 64.91 § 23.39 91.99 § 33.66 91.79 § 32.59 63.06 § 20.59 64.36 § 23.53

PT/BW

60°/s 193.27 § 38.40 190.11 § 40.04 94.15 § 24.31 86.11 § 26.17 222.48 § 55.05 214.78 § 58.53 103.05 § 30.41 95.19 § 25.02

180°/s 135.36 § 30.09 135.19 § 29.04 82.68 § 24.80 87.62 § 25.62 154.33 § 40.60 153.21 § 42.76 86.70 § 24.44 85.84 § 26.66

240°/s 121.52 § 22.48 125.59 § 26.75 92.67 § 23.47 102.80 § 28.44 136.94 § 37.10 136.86 § 36.21 94.68 § 24.90 96.81 § 30.22

MRTW

60°/s 130.58 § 34.67 124.68 § 34.26 68.52 § 24.81 61.52 § 23.18 160.90 § 52.98 153.08 § 51.12 80.45 § 34.12 72.82 § 27.79

180°/s 97.98 § 28.58 97.13 § 27.03 50.63 § 20.95 48.21 § 18.28 119.94 § 42.54 117.68 § 39.96 60.30 § 26.89 53.26 § 21.60

240°s 84.32 § 22.15 85.15 § 24.34 45.15 § 18.07 42.11 § 17.42 102.78 § 36.99 102.06 § 34.80 50.39 § 21.98 45.39 § 17.74

W/BW

60°/s 208.63 § 43.09 199.04 § 41.65 108.86 § 30.52 99.16 § 30.27 240.54 § 57.45 229.16 § 56.60 118.80 § 37.44 108.62 § 32.51

180°/s 155.70 § 33.36 154.12 § 29.96 80.07 § 25.85 77.19 § 21.70 178.34 § 45.39 176.06 § 45.89 88.90 § 30.68 79.45 § 26.59

240°/s 133.30 § 24.56 135.19 § 28.08 70.48 § 22.14 65.96 § 23.37 152.94 § 39.38 152.66 § 39.46 74.65 § 24.85 67.99 § 22.70

Table 3 P values of isokinetic testing in BJHS

(L) BJHS-CG extension (R) BJHS-CG extension (L) BJHS-CG Xexion (R) BJHS-CG Xexion

t P t P t P t P

PT

60°/s ¡2.631 0.010 ¡1.974 0.052 ¡2.089 0.040 ¡2.889 0.005

180°/s ¡2.364 0.020 ¡1.381 0.171 ¡0.192 0.848 ¡2.506 0.014

240°/s ¡2.060 0.043 ¡0.951 0.344 0.108 0.914 ¡2.528 0.013

PT/BW

60°/s ¡2.240 0.028 ¡1.478 0.143 ¡1.635 0.106 ¡2.802 0.006

180°/s ¡2.244 0.027 ¡0.751 0.455 0.313 0.755 ¡2.421 0.018

240°/s ¡1.615 0.110 ¡0.382 0.703 0.936 0.352 ¡2.281 0.025

MRTW

60°/s ¡2.969 0.004 ¡1.824 0.072 ¡2.021 0.047 ¡3.079 0.003

180°/s ¡2.744 0.007 ¡1.833 0.070 ¡1.155 0.252 ¡2.757 0.007

240°s ¡2.564 0.012 ¡1.192 0.237 ¡0.859 0.393 ¡2.747 0.007

W/BW

60°/s ¡2.764 0.007 ¡1.127 0.263 ¡1.383 0.170 ¡2.867 0.005

180°/s ¡2.574 0.012 ¡1.426 0.158 ¡0.427 0.671 ¡2.592 0.011

240°/s ¡2.325 0.023 0.673 0.503 ¡0.406 0.685 ¡2.719 0.008
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lower functional scores in patients with laxity compares to
those without laxity, whereas Goradia et al. [44] have found
no relation between knee muscle weakness and articular
cartilage or meniscal pathology. PT values are signiWcantly
lower in chronic pain states as mentioned above and fatigue
with Wbromyalgia, which usually accompanies BJHS may
lead to deconditioning that aVects muscle strength and per-
formance [13, 14, 45, 46]. The above data may clarify our
Wndings of muscle weakness in our BJHS patient group.
MRTW scores, which reXect the balance between extensor
and Xexor muscle groups, were signiWcantly lower in our
study group and this was interpreted as lower Xexor and
even lower extensor strength in the BJHS patient [9]. Isoki-
netic measurement studies at various velocities of knee
extensors and Xexors of both dominant and non-dominant
sides in healthy normals have been reported as unchanged
[47, 48]. Since ROM of the knee joint reXects the function
of activation of both Xexor and extensors, a normal knee
function requires the balance between quadriceps and ham-
string muscles, which also decrease the possibility of knee
injuries [39, 49]. Grace et al. [50] in their study, investigat-
ing hamstring/quadriceps ratio in their cases with former
knee injury have reported a 10% diVerence and this diVer-
ence may also be an eVective factor in ligament and muscle
injury as well as laxity in BJHS cases [35, 39]. Extensor
muscle strength should be increased in this group to obtain
optimal muscle balance and exercise should be targeted to
that end point and this was demonstrated by Barton and
Bird [51] applying stabilization exercises which positively
aVected muscle strength, increased functional capacity and
decreased pain. Pain, which is usually localized to the knee
joint, is the major complaint of BJHS cases and is caused
by tissue or overuse and chronicity usually develops by
neuroplasticity at central nervous system [2, 3]. Trauma
whether microrepetitive or macrotrauma is the major pre-
disposing factor, which is usually due to the changes in
connective tissue [45].

In our study we have objectively demonstrated the weak-
ness of the knee extensor muscles in our BJHS cases. We
have also found decreased strength in the Xexor muscle
groups and we have concluded that exercises targeted at
increasing both the strength and the balance of extensor and
Xexor muscle groups should be applied in these cases and

isokinetic measurements should be performed to evaluate
the out-comes.
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