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Background: Ligamentous or joint laxity is a clinical entity characterized by increased
joint mobility beyond the range of motion regarded as normal, and joint mobility is an
effective indicator of the degree of laxity. We examined the influence of ligamentous
laxity on the range of ankle dorsiflexion with the knee flexed and extended, comparing
lax adults with a control (nonlax) group.

Methods: The sample comprised 400 individuals: 200 in the control group (mean * SD
age, 32.49 * 11.06 years) and 200 in the lax group (mean = SD age, 29.82 *= 9.40
years). The Beighton criteria were applied to each participant to diagnose laxity or
nonlaxity, and sex, age, and angle range of bilateral dorsiflexion with the knee extended
and flexed were recorded.

Results: The mean = SD dorsiflexion range with the knee straight was 16.14° = 5.29°
left ankle and 21.21° = 4.93° right ankle in the lax group and 12.94° + 4.17° left ankle
and 17.08° = 4.40° right ankle in the control group. The respective values with the knee
flexed were 15.84° = 5.31° and 21.21° £ 4.80° in the lax group and 12.95° = 3.95 and
17.23° £ 4.25° in the control group.

Conclusions: In this sample, ankle dorsiflexion range in the lax group was 4° bigger than
that in the control group in both knee positions. (J Am Podiatr Med Assoc 108(3): 245-

252, 2018)

Ligamentous or joint laxity is a clinical entity
characterized by increased joint mobility beyond
the range of motion regarded as normal.! Its
etiology is still unknown, as is whether its isolated
or benign presentation constitutes an entity in
itself,? is simply an extreme degree of a biological
variable, or is a sign of the coexistence of minor or
aborted forms of other, more important, inherited
entities with a discrete phenotypic expression.?
Genetic abnormalities have been found in colla-
gen fibers and other proteins that form the
connective tissue.* The alteration of these proteins
makes those structures more elastic than normal
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but also more fragile,® leading to a greater risk of
lesions after relatively light trauma.’

Joint mobility is an effective indicator of the
degree of laxity,” but the musculoskeletal system is
a complex apparatus in which other variables must
be evaluated in addition to the structure of the
collagen. Examples are neuromuscular tone and the
configuration of the articular surfaces.® Further-
more, electron microscopy shows a reduction in the
proportion of thick collagen fibers and concomitant
increases in fine (small-diameter) collagen fibers,
elastic fibers (elastin and fibrocytes), and the
reticular layer.”

Different studies have confirmed that this clinical
entity is more common in women than in men.1%-1%
Its prevalence varies between 5% and 15% of the
population,'®17 a variation that is explained by the
heterogeneity of the population samples in the
many articles that have studied it.'® In particular,
the variation is a result of the influence of the sex,
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age, and race of the individuals analyzed.'?!® For
this latter parameter, for instance, the entity is more
common in Asian individuals than in black Africans,
and the latter are, in turn, more lax than white
Europeans.202!

Diagnosing laxity is purely clinical and done with
a scoring system. Today, the most accurate instru-
ment for this is the Beighton criteria.?? These
criteria are based primarily on the Beighton score
(1973), which is included as an integral part of the
evaluation system. Indeed, the Beighton score is
still used by most authors*®2325 for their diagnosis
of ligamentous laxity.

Despite not being included in this diagnostic
method, range of ankle joint dorsiflexion has been
proposed by several authors as a maneuver to
evaluate in the diagnosis of ligamentous laxity. The
first to use it were Carter and Wilkinson,?® who
added the role of the subtalar joint, specifically its
increased eversion. This observation was included
in their evaluation system with the item “increased
ankle dorsiflexion and range of eversion of the
foot,” with the two maneuvers being performed
simultaneously.

Later, Kirk et al>” used the classification of Rotés,
with all of its maneuvers except that indicated
previously herein, arguing that “it is a subjective
maneuver” in the test denominated “feet and
ankles.” Thereafter, we could find no further
references to the use of hypermobility in eversion
for the evaluation of this entity.

Grahame and Jenkins®® conducted a study com-
paring 53 female dancers with 53 female nurses in
London. They applied the Beighton maneuvers plus
one more: “passive ankle dorsiflexion greater than
15° from a right angle (90° to the leg).” Silverman et
al®® mention the “usefulness of evaluating ankle
dorsiflexion as a maneuver to detect ligamentous
laxity.” Walker® included the maneuver “dorsiflex-
ion and inversion of the ankle greater than 45°” as a
clinical diagnostic test of laxity. In that study, 25.56%
of the lax participants were positive in this
maneuver.

Santos and Azevedo®' used “(combined) dorsi-
flexion and eversion greater than 15°” as an
evaluation maneuver for the presence of ligamen-
tous laxity. Finsterbush and Pogrund®? evaluated a
sample of 100 patients (2-16 years old) to detect the
presence of ligamentous laxity. They applied the
Beighton criteria but replaced the maneuver of
“touch the floor with the knees straight” with
“increased ankle dorsiflexion.”

Ekstrand and Gilquist®® evaluated ligamentous
laxity and five movements of the lower limb,

including ankle flexion with the occurrence of knee
and ankle injuries in 180 soccer players (17-38 years
old).

MacNeill-Shea and Mezzomo?? also evaluated the
range of ankle dorsiflexion, comparing a group of
lax patients with a control group. Steele and White3®
studied 40 gymnasts aged 10 to 21 years to analyze
laxity as a risk factor for injury. Their evaluation
included the Carter criteria with the addition of
ankle dorsiflexion with the knee both bent and
straight. Francis et al®® noted that laxity markedly
affects the ankles.

Bulbena et al'” included ankle dorsiflexion as a
clinical maneuver but did not quantify the angle
necessary for it to be detected as positive. They
accompanied it with eversion of the foot: “excessive
range of passive ankle dorsiflexion and eversion of
the foot.” They thus recovered the maneuver
proposed by Carter and Wilkinson. Of all of the
diagnostic maneuvers evaluated, this maneuver
gave the greatest frequency of positive results,
distinguishing the lax group. In particular, they
found positive results in 93.9% of the lax group
versus 3.4% of the control group (a significant
difference at P < .01). In the same vein, Bridges et
al® examined whether, in the participants in their
study, there was passive ankle dorsiflexion greater
than 15°. They found 50% of the participants to be
lax, with manifest hypermobility in that joint.

Subramanyam and Janaki®’ observed a high
incidence of excessive ankle dorsiflexion in a group
of lax children aged 6 to 15 years. Kamanli et al?®
observed 93% of ankle hypermobility in a lax group
of 20 individuals (20-52 years old) that they studied
in relation to a nonlax control group. Beynnon et
al™ in an evaluation of 17 men and 17 women,
found the women to have greater laxity in the
ankles. O’Connor et al®® detected a difference
between men and women in the range of motion
of ankle plantarflexion and described it as due to
ligamentous laxity.

The objective of the present study was to
examine the influence that ligamentous laxity has
on the range of ankle dorsiflexion in adults, with the
knee both flexed and extended, considering the
possibility that this maneuver could be used as a
detector of laxity.

Material and Methods

The overall study sample consisted of 400 individ-
uals (200 in the lax group and 200 in the control
group), of whom 126 were men (31.5%) and 274
were women (68.5%), aged 18 to 65 years (mean =+
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SD age, 31.16 = 10.34 years). The control (nonlax)
group comprised 89 men (44.5%) and 111 women
(65.5%) aged 19 to 65 years (mean = SD age, 32.49
* 11.06 years). The lax group comprised 37 men
(18.5%) and 163 women (81.5%) aged 18 to 61 years
(mean = SD age, 29.82 = 9.40 years). The
measurements were taken during 2013 and 2014.

The inclusion criteria were 1) age 18 to 65 years
because epiphyseal plate closure is at 17 years of
age and after 60 years of age osteoarthritic
processes may limit the joints®® and 2) white race/
ethnicity because race is a factor in the prevalence
of benign joint hypermobility syndrome,*® with it
being less frequent in white populations.31521

The exclusion criteria were 1) that the individual
experienced a degenerative disease (such as oste-
oarthritis or rheumatoid arthritis) or neuromuscu-
lar, inflammatory, or metabolic diseases such as
gout; 2) surgery within the previous 6 months,*!
including the placement of an endoprosthesis??; 3)
injury to the musculoskeletal system within the
previous 6 months??; 4) use of lower-limb orthoses
during the past 6 months, because this would
influence the movement of the foot joints*?; and 5)
pregnancy, because the range of movement of the
joint may be increased by greater laxity.**

The study protocol was in accordance with
standard ethical and human research principles.
Written informed consent for participation and
publication was given by each patient, including
for the publication of photographs. The study was
approved by the Research Ethics Committee of the
Faculty of Health Sciences, University of Seville
(Seville, Spain).

Outcome Measurement

For the evaluation of patients, we used as the
measuring instrument a two-arm plastic goniome-
ter. This is a well-accepted and extensively used
instrument for measuring the angle of articular
rotation from the center of the motion.!” Being a
simple instrument of everyday use, it was important
that there was no maladjustment between the arms.
To this end, we selected for the study a transparent
model of the instrument in which the coincidence of
the arms was perfectly visible to the naked eye for
all angle values.?® Nonetheless, to avoid errors
inherent in the instrument, all of the measurements
were made with the same goniometer.

The Beighton laxity score was used to evaluate
bilateral joint and trunk ligamentous laxity.*> The
nine items of the score were scored as “yes” (1) or
“no” (0). The scores of all of the elements were
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summed to give an overall ligamentous laxity score
ranging from 0 to 9. A participant was considered to
be lax with a score of 5 or more. All of the tests
were performed by the same researcher (S.B.-B.).

Procedure

The examination protocol consisted of recording
the sex, age, and 13 measurement variables (Table
1.

Variable 1: Passive Dorsiflexion of the Left
Ankle with the Knee Straight. The participant
lies on a stretcher, supine, with the trunk flexed at
approximately 30° to facilitate relaxation and
comfort (Fig. 1). To quantify the angle of ankle
dorsiflexion, the examiner used the goniometer as
follows3446: One of the arms was placed on the
lateral bisection of the participant’s left leg, with the
individual holding it in place with the right hand for
it not to move during the exploratory maneuver and,
thus, avoid erroneous measurements. The other arm
was placed on the lateral part of the outer edge of
the foot, parallel to the plantar surface, with the
center of rotation of the goniometer on the lateral
aspect of the heel.*” This arm was held in place by
the examiner’s right hand.

The exploratory maneuver consisted of the
examiner making a pure passive dorsiflexion move-
ment on the participant’s left ankle.* This gesture
had to avoid any pronosupination movement that
the subtalar or midtarsal joints might make during
the maneuver.* To this end, the palm of the
examiner’s left hand was placed in contact with

Table 1. List of Variables Studied

No. Variable

Left ankle dorsiflexion with the knee straight

Right ankle dorsiflexion with the knee straight

Left ankle dorsiflexion with the knee bent

Right ankle dorsiflexion with the knee bent
Extension left fifth finger >90°
Extension right fifth finger >90°
Passive apposition of the left thumb to

the flexor aspect of the left forearm

No o~ wNh =

8 Passive apposition of the right thumb to
Beighton the flexor aspect of the right forearm

9 criteria Hyperextension left elbow >10°

10 Hyperextension right elbow >10°

11 Hyperextension left knee >10°

12 Hyperextension right knee >10°

13 Trunk flexion, with knees straight, touch

the floor with the palms of the hands
14 Sex
15 Age

247



Figure 1. Passive dorsiflexion of the left ankle with
the knee straight.

the plantar and distal zone of the participant’s foot
while performing the ankle dorsiflexion, keeping the
subtalar and midtarsal joints in an estimated neutral
position during the movement.?® The thenar zone of
the examiner’s right hand was responsible for
holding the arm of the goniometer in place,
preventing it from moving from its original posi-
tion.?! In performing the maximum passive dorsi-
flexion, the examiner noted the goniometer's mea-
surement of the angle reached from the null
position (considered to be the right angle formed
by the foot and the leg) and recorded it on the
exploration sheet.?® Throughout this exploratory
maneuver, the individual’s left knee was maintained
extended.??

Variable 2: Passive Dorsiflexion of the Right
Ankle with the Knee Straight. This clinical test
was performed in the same way as described for
variable 1 except that the exploration was per-
formed on the individual’s right ankle. In this case,
the examiner’s hands were placed as follows: the
left hand held the arm of the goniometer placed on
the lateral aspect of the right tibia, and the right
hand performed the passive dorsiflexion movement
at the same time as holding the arm corresponding
to the lateral part of the foot.?*

Variable 3: Passive Dorsiflexion of the Left
Ankle with the Knee Bent. This maneuver was
performed in the same way as for variable 1 except
that in this case the knee was previously flexed at
90° (Fig. 2).4653 The 90° flexion of the knee obviates
any possible role of retraction of the gastrocnemius
muscles, which could limit the angle of dorsiflex-
ion.51,52

Variable 4: Passive Dorsiflexion of the Right
Ankle with the Knee Bent. This maneuver was

Figure 2. Passive dorsiflexion of the left ankle with
the knee bent.

performed in the same way as for variable 3 except
that it was on the right ankle.

Before quantifying the dorsiflexion angle, the
examiner proceeded to manipulate the joint with
the intention of relaxing the individual, facilitating
the explanation of the maneuver to be performed
and optimizing the individual’s collaboration. Then
the corresponding test was conducted. In this way,
we first obtained a visual estimate of the maneuver,
and then quantified it.”° The dorsiflexion angle was
measured thrice and the mean was recorded.?® The
three evaluations were separated by an interval of 3
sec.?® Variables 1 to 4 were measured by a single
examiner (R.G.P.). Subsequently, each participant
was evaluated by another examiner (M.D.J.C.) and
allocated to the control group or the lax group
depending on the Beighton score®® (variables 5-13).

Sample Size

The number of participants in the study population
was determined using Epidat 4.1 software. Sample
size was determined using the Freeman test, which
implies the need to include, at least, ten participants
for each variable studied. In the present study, 13
variables (four related to ankle flexion and nine
related to the Beighton criteria) were measured,
hence, 130 participants would be required. Howev-
er, 200 participants per group (N = 400) were
included.

Statistical Analysis

In the statistical analysis, the quantitative variables
are reported as either mean = SD or, in the case of
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asymmetrical distributions, medians, quartiles (Pss
and P75), and ranges.

For the comparison of the quantitative variables
between subgroups, the nonparametric Mann-Whit-
ney U test was applied because the variables were
not normally distributed. We determined the 95%
confidence intervals for the significant differences
in means or medians. Differences were considered
to be statistically significant at P<<.05.

Results

Table 2 presents the ankle dorsiflexion values
obtained. There were significant differences (P <
.001) between the two groups (lax and control),
both with the knee straight and bent, and for both
feet. The differences were of approximately 4° in
magnitude.

We also found significant differences (P<<.05) in
the values of dorsiflexion between the right ankle
and the left in both groups, and in both positions of
the knee. Based on laterality, differences of approx-
imately 5° were obtained for all of the cases.

Discussion

Ankle dorsiflexion (a movement that is widely used
in the protocol of clinical examination) presented
greater articular ranges in the lax group, both with
the knee straight and with it flexed at 90°, and for
both ankles. These results are discordant with those
reported by MacNeill-Shea and Mezzomo?* in their
study of 29 individuals (14-20 years old), in which
no significant differences were found in dorsiflexion
between the lax group and the control group.

The variability of the present results with respect
to those of other studies is shown in Table 3. We
would explain it as being attributable to the

heterogeneity of those studies regarding the age of
the sample, the method of measurement, and the
position of the knee.

Pearsall et al®® state that the presence of laxity in
the ankle is not indicative of generalized laxity.
They also suggest evaluating each joint separately
rather than overall laxity. In the same sense,
MacNeill-Shea and Mezzomo®* indicate that their
evaluation of dorsiflexion in lax patients did not
yield any significant results.

These results contrast with studies that support
the role of this joint in the diagnosis of laxity. Thus,
Bulbena et al'” report that the maneuver of
“excessive ankle dorsiflexion and eversion of the
foot” was positive in 93.9% of the lax group versus
3.4% of the control group (P < .001). Walker®
indicates a 25.5% presence of the clinical diagnostic
maneuver of laxity “ankle dorsiflexion and inver-
sion greater than 45°.”

Its measurement is also referred to by other
authors. Azevedo and Santos®” explored children
aged 6 to 17 years and found that girls had greater
mobility than boys in the wrists, elbows, and knees
but significantly less (P < .001) than boys in the
ankles. But Wilkierson and Mason®® maintain that
women present greater laxity in the ankle than men.

Regarding the method used to measure ankle
dorsiflexion, it is the most commonly used by the
scientific community taking into account the role of
the posterior muscles of the leg.’? According to
Evans and Scutter,” exploration applied to the
extended and flexed knee presents a good intra-
observer coefficient.

Many authors?6:0 set the points of location of the
goniometer arms on the head of the fibula/lateral
malleolus (the fixed arm) and the lateral malleolus/
fifth metatarsal head (the mobile arm). We decided,
however, following Jonson and Gross®' and Mecag-

Table 2. Descriptive Statistics of the Ankle Dorsiflexion by Group, Laterality, and Knee Position

Ankle Dorsiflexion (°) Percentiles
Knee Position and Side Group Mean + SD Range 25th Median 75th
Straight
Left (variable 1) Lax 16.14 = 5.29 4-36 12 16 20
Nonlax 12.94 = 417 4-26 10 12 15.75
Right (variable 2) Lax 21.21 + 4.93 10-40 18 20 24
Nonlax 17.08 = 4.40 6-30 14 16 20
Bent
Left (variable 3) Lax 15.84 = 5.31 4-35 12 16 20
Nonlax 12.95 = 3.95 4-25 10 12 16
Right (variable 4) Lax 21.21 = 4.80 10-34 18 20 24
Nonlax 17.23 = 4.25 10-30 14 18 20
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Table 3. Comparison of Ankle Dorsiflexion Obtained in the Present Study Compared with Other Studies

Ankle Dorsiflexion (Mean = SD [°])

Present Study Mecagni®* Rome®! Backer and Kofoed®®
Knee Women aged Literature Knee
Position Side Lax Group Nonlax Group 6487 years Hall e al®® review flexed 45°
Extended Left 16 = 4 12+2 8.5 + 3.1 24,8 = 4 8-26
Right 16 = 4 12+2 8.4 + 3.7
Flexed Left 20 £ 2 16 £ 2 109 = 3.8 15
Right 21.21 = 4.79 17.23 £ 4.25 109 £ 42 16

ni,?* to apply the fixed arm on the lateral aspect of
the leg and the mobile arm on the outer edge of the
foot*” parallel to the plantar aspect so as to avoid a
possible forefoot equinus affecting the result.

We noted that ligamentous laxity influences the
ankle’s range of dorsiflexion. It must be borne in
mind that the diagnosis of this entity is purely
clinical,'%%2 so that the evaluation of this articular
range could be used as an element detecting a
suspicion of laxity, to later be confirmed with the
Beighton criteria.

Furthermore, we found differences between the
mean values of dorsiflexion of the two feet. This
was so in both groups and for both positions of the
knee. Although it was not an objective of the study,
with the identification of each participant’s domi-
nant side, the results lead us to think that laterality
influences the articular range. This had already been
observed by other researchers who found differenc-
es in comparing their results between the joints of
the left and right sides. An example is Wood,% who
studied 337 women (15-65 years old) to evaluate the
hypermobility of the elbow. There was 30% more
hyperextension in the left elbow than in the right
elbow. That author concluded that the elbow’s
range of movement tends to be greater for the
nondominant arm.

Acasuso-Diaz et al® used a modification of the
Beighton criteria, “the nondominant Spanish mod-
ification,” applying the score, therefore, to the
nondominant side. The results of Rikken-Bultman
et al'® confirmed that laxity affects most prevalently
the nondominant side. Verhoeven et al®® examined
705 African women (9-36 years old) and found a
prevalence of laxity on the dominant side of 19.2%
compared with 23.4% on the nondominant side.

As limitation in this study, based on the obtained
results, it had been recommended to include the
study of the lateral dominance in each participant to
determine its influence in the laxity of each side of
the body.

Conclusions

The ankle dorsiflexion range in the lax group is 4°
bigger than that in the control group in both
positions of the knee (straight and bent).
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