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Abstract. [Purpose] This study investigated the association between generalized joint laxity and knee joint 
movement in female university students. [Participants and Methods] The study included 21 female university stu-
dents. Generalized joint laxity was measured using the Beighton criteria for joint hypermobility. Acceleration and 
angular velocities of the tibia during knee extension were measured along three axes using a triaxial accelerometer. 
Sampling data were expressed as root mean squares. The Mann–Whitney U test was used to determine differences 
in the acceleration and angular velocities along each axis between the generalized joint laxity and non-generalized 
joint laxity groups. Spearman’s rank correlations were used to confirm the association between these parameters. 
[Results] The rotational angular velocity was greater in the generalized joint laxity than in the non-generalized joint 
laxity group, and we observed a significant correlation between Beighton scores and the X-axis angular velocity. 
Furthermore, rotational angular velocity was positively correlated with anterior–posterior acceleration and exten-
sion angular velocity. [Conclusion] These findings suggest that rotational angular velocity of the tibia during knee 
extension is associated with generalized joint laxity in female university students.
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INTRODUCTION

The terms joint hypermobility, benign joint hypermobility syndrome (BJHS), and generalized joint laxity (GJL) are used 
to describe a disorder characterized by musculoskeletal symptoms1). BJHS or GJL is associated with a high risk of disability 
caused by laxity of connective tissue and reduced muscle tone in the extremities and axial skeleton2).

Female college students with GJL have been reported to have more disabilities such as knee dislocations, ligament in-
juries, and sprains3). In particular, it has been pointed out that joint hypermobility may be involved in the occurrence of 
noncontact primary anterior cruciate ligament (ACL) injuries4) and worse outcomes of reconstruction surgery of ACL5), 
which contributes to anterior–posterior and rotational stability of the knee6). Therefore, assessment of knee stability is es-
sential in preventing and returning function following injury.

In clinical practice, assessments of sagittal knee laxity, such as the Lachman test and the anterior drawer test, are ex-
tensively used in the diagnosis7) of ACL injuries and reconstruction8) of ACL. Furthermore, methods for evaluating the 
rotational laxity of the knee have been developed using dynamic radiographs, magnetic resonance imaging (MRI), dynamic 
radio-stereometry9). However, these methods cannot measure rotational instability in the dynamic motion of the knee, where 
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trauma is most likely to occur. In a previous study, a triaxial accelerometer was used for evaluating dynamic knee laxity 
during the pivot-shift test10). Therefore, the measurement of knee joint motion using a triaxial accelerometer has the potential 
to determine rotational instability of the knee joint movement.

In this study, we used a triaxial accelerometer to investigate the relationship between GJL and the movement of the lower 
leg during knee joint extension to assess instability in automatic knee joint motion in healthy young female adults.

PARTICIPANTS AND METHODS

We recruited 21 female university students aged ≥20 years between April and July 2015. The inclusion criteria were as 
follows: (1) no history of injury involving the osteochondral surface, ligament, tendon, capsule, or menisci in the knee joint; 
and (2) no pain in or treatment of the lower extremities. A total of 21 students were initially recruited and surveyed using a 
questionnaire and interview. This study was approved by the university ethics review committee (15-Ifh-17) and complied 
with the Declaration of Helsinki. Before the study commenced, written consent was obtained from all study participants after 
they were fully informed of the experiment (both orally and in writing).

GJL was measured using the Beighton criteria for joint hypermobility11). Mobility was measured at the spine and bilater-
ally at the hip, knee, ankle, shoulder, elbow, and wrist, in a total of five positions. The assessment criteria were (1) passive 
dorsiflexion of the little fingers ≥90°—two points (one point for each hand), (2) passive apposition of the thumbs to the 
flexor aspects of the forearm—two points (one point for each thumb), (3) hyperextension of the elbows ≥10°—two points 
(one point for each elbow), (4) hyperextension of the knee ≥10°—two points (one point for each knee), (5) forward flexion 
of the trunk with knees fully extended so that the palms of the hands rest flat on the floor—one point. For criteria involving 
joint angle, this was measured using a goniometer. Joint angle measurements were performed by one operator and recorded 
by another operator. The cut-off score for the diagnosis of GJH was ≥5 points according to the Beighton score appropriate 
to young adults12).

Knee joint movement was measured using a triaxial accelerometer (TSDN121, ATR promotions Inc., Kyoto, Japan) with 
a sampling rate of 250 Hz. Linear acceleration and angular velocity in three axes were recorded. The sensor was fixed with 
velcro on the tibial rough surface with the participants. The participants sat on a seat with a backrest and began with 90° knee 
flexion. They then raised the knee joint to an extended position 10 times at a frequency of 1.0 Hz. The acceleration and an-
gular velocity of the middle six times were recorded, excluding the first two and last two. The extracted data were expressed 
as root mean squares. Acceleration of the lower limbs in the X-axis indicates the vertical direction, Y-axis the horizontal 
direction, and Z-axis the anterior–posterior direction. The angular velocity of the lower leg in the X-axis represented rotation, 
Y-axis knee extension, and Z-axis lateral flexion.

All analyses were conducted using SPSS statistics (ver. 25.0; IBM Corp., Armonk, NY, USA). The Shapiro–Wilk test was 
used to confirm that the data were distributed normally. Mann–Whitney U tests were used to examine differences between 
the GJL and the non-GJL group in acceleration and angular velocity in each direction. Spearman’s rank tests were used to 
determine the relationship between the Beighton scores, acceleration, and angular velocity for each plane of lower limb 
movement. Significance was accepted at a p-value <0.05.

RESULTS

Table 1 shows the basic characteristics and Beighton scores of the participants. The average age of the participants was 
21.6 years old, and they had an average body mass index of 21.6. Based on the Beighton score, 7 and 14 people were found 
to have GJL and non-GJL, respectively. There were no differences in any characteristic between the GJL and non-GJL groups 
by independent t-test (except their Beighton scores). Table 2 describes the acceleration and angular velocities for each plane 
in the whole cohort and the two subgroups. Most of these parameters showed no differences between the GJL and non-GJL 
groups by Mann–Whitney U test, but the X-axis angular velocity was faster in the GJL group than in the non-GJL group 
(Table 2).

Correlations between these results are shown in Table 3. There was a significant correlation between Beighton score 
and X-axis angular velocity (r=0.485, p-value=0.026). Furthermore, X-axis angular velocity was positively correlated with 
Z-axis acceleration (r=0.579, p-value=0.006) and Y-axis angular velocity (r=0.517, p-value=0.016). There were no other 
significant correlations between the parameters.

DISCUSSION

This study showed that when knee joint movement was measured during dynamic motion, young female adults with GJL 
had faster X-axis angular velocity than those without GJL. Moreover, the X-axis angular velocity positively correlated with 
Beighton scores, Z-axis acceleration, and Y-axis angular velocity. These findings indicate that the triaxial accelerometer can 
quantitatively and objectively evaluate the rotational instability during knee joint motion in young female adults.

The X-axis angular velocity showed positive correlation with Z-axis acceleration and Y-axis angular velocity. Knee joint 
movement is a combination of movements in the sagittal and horizontal planes. In particular, knee joint rotation is a motion 
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in the vertical plane relative to the long axis of the tibia13). Therefore, the rotational motion of the tibia cannot be performed 
independently; it is biomechanically linked with the flexion–extension motion14, 15). During knee extension, the articular 
surface of the tibia slides and rolls forward over the femoral condyle, and the knee joint is fixed with approximately 10° 
of external rotation in full extension16). In the final 30° of extension, there is a twist–this turning and locking movement is 
called the screw home movement (external rotation). In the present study, the sensor placed on the tibia captured its long 
axis direction (the X-axis), its transverse direction (the Y-axis), and its anterior–posterior direction (the Z-axis). The observed 
correlation between X-axis angular velocity and both Z-axis acceleration and Y-axis angular velocity suggests that this 
method can measure compound motions (Z-axis acceleration for forward sliding, Y-axis angular velocity for rolling, and 
X-axis angular velocity for external rotation) during knee joint extension.

X-axis angular velocity positively correlated with Beighton scores, which were significantly higher in the GJL group than 
the non-GJL group. A primary stabilizer of the knee, the ACL, provides both rotatory and translational support6). The load on 
the ACL during knee joint motion is greatest between 10° and 50° of knee flexion (generally peaking between 10° and 30°) 
and less between 50° and 100° of knee flexion17). Both anterior and rotational static knee laxity have been reported in healthy 
individuals18). Further, women with GJL have instability in head extension and rotation while standing, putting them at risk 
for musculoskeletal injuries in sports requiring these movements19). GJL is an identified risk factor for ACL injury; Myer 

Table 1.  Participant characteristics

Total (n=21) GJL (n=7) non-GJL (n=14)
Age (years) 21.6 (0.5) 21.9 (0.4) 21.4 (0.5)
Height (m) 1.57 (0.08) 1.56 (0.06) 1.57 (0.09)
Weight (kg) 53.3 (6.7) 56.0 (5.3) 51.9 (7.0)
BMI (kg/m2) 21.6 (1.5) 22.9 (1.2) 20.9 (1.2)
Beighton score 5.0 (2.0) 6.1 (1.4) 2.7 (0.5)
Data are presented as mean (SD). Comparisons were made using an 
independent t-test.
GJL: generalized joint laxity; BMI: body mass index.

Table 2.  Results of acceleration and angular velocity during knee extension

Total (n=21) GJL (n=7) non-GJL (n=14)
Acceleration (m/sec)

X–Vertical 103.6 (102.7–105.3) 103.5 (101.6–105.9) 103.6 (103.5–105.1)
Y–Horizontal 18.9 (9.5–22.6) 19.1 (9.5–25.6) 18.9 (10.0–19.6)
Z–Anterior–posterior 18.8 (11.7–18.9) 23.3 (11.7–34.0) 14.6 (12.6–23.4)

Angular velocity (°/sec)
X–Rotation 9.8 (6.1–22.6) 13.3 (8.5–16.9)* 6.2 (5.8–8.5)
Y–Extension 59.4 (53.0–79.6) 65.3 (47.2–89.8) 55.8 (54.3–59.5)
Z–Lateral flextion 10.4 (6.3–12.7) 9.7 (6.3–12.1) 10.8 (6.9–19.3)

Median value (range), Mann–Whitney U test, *p<0.05.
GJL: generalized joint laxity.

Table 3.  Correlations among Beighton score, acceleration, and angular velocity during knee extension

Acceleration Angular velocity
X Y Z X Y Z

Beighton score 0.264 −0.047 0.084 0.485* 0.155 −0.139
Acceleration X

Y −0.129
Z −0.146 −0.053

Angular velocity X −0.041 0.142 0.579**
Y −0.321 −0.227 0.358 0.517*
Z −0.282 −0.338 −0.136 0.049 0.359

n=21, Spearman’s signed-rank test, **p<0.01, *p<0.05.
Acceleration: X–Vertical, Y–Horizontal, Z–Anterior–posterior.
Angular velocity: X–Rotation, Y–Extension, Z–Lateral flextion.
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et al.20) found that the risk of ACL injury in female college athletes was 4.78 times higher in those with knee hyperextension 
and 4.03 times higher in those with left-right difference in anterior–posterior knee translation motion. In men too, GJL is 
associated with unilateral ACL injury; the odds ratio for ACL injury in the presence of GJL is 1.3 according to a systematic 
review21). This suggested that those with high joint laxity had the rotational instability during knee joint extension. The 
findings of this study will contribute to the prevention of trauma in young females with instability in the rotational direction 
of the knee joint and to the evaluation of knee joint stability after ACL injury and reconstruction.

A limitation of this study is that the knee joint extension motion was measured in an open kinetic chain. During sports 
activities, ACL injury is caused by complex movements. Another potential limitation could be the small sample size and 
limited age of the participants. In future research, we aim to measure GJL and knee joint motion during sporting activities in 
order to contribute to the prevention of ACL injury.

In conclusion, we have shown that unreported GJL is associated with an increase in rotational angular velocity of the tibia 
during knee extension in healthy young women. These findings contribute to the understanding of knee injuries and diseases, 
and can be used to develop prevention strategies and improve treatment outcomes.
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