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Abstract Recent studies reveal the role of the ankle reti-
nacula in proprioception and functional stability of the
ankle, but there is no clear evidence of their role in the
outcomes of ankle sprain. 25 patients with outcomes of ankle
sprain were evaluated by MRI to analyze possible damage to
the ankle retinacula. Patients with damage were subdivided
into two groups: group A comprised cases with ankle reti-
nacula damage only, and group B those also with anterior
talofibular ligament rupture or bone marrow edema. Both
groups were examined by VAS, CRTA and static postur-
ography and underwent three treatments of deep connective
tissue massage (Fascial Manipulation technique). All eval-
uations were repeated after the end of treatment and at 1, 3
and 6 months. At MRI, alteration of at least one of the ankle
retinacula was evident in 21 subjects, and a further lesion
was also identified in 7 subjects. After treatment, VAS and
CRTA evaluations showed a statistically significant
decrease in values with respect to those before treatment
(» < 0.0001). There were also significant improvements
(p < 0.05) in stabilometric platform results. No significant
difference was found between groups A and B. The initial
benefit was generally maintained at follow-up. The alter-
ation of retinacula at MRI clearly corresponds to the pro-
prioceptive damage revealed by static posturography and
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clinical examination. Treatment focused on the retinacula
may improve clinical outcomes and stabilometric data.
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Introduction

Ankle sprain is one of the most common musculoskeletal
injuries, representing 10-15% of all sports injuries. It is
often considered a minor trauma but, according to many
Authors [5, 6, 22, 41], 6-18 months after trauma, 72% of
examined subjects still show recurring symptoms and
repeated lateral ankle sprains [54]. Hubbard et al. [21]
examining the causes of this clinical situation, called it
chronic ankle instability (CAI), to highlight the fact that it
derives from a combination of mechanical and functional
variables. Their work also suggests that approximately 54%
of the variance observed in patients with CAI remains
unexplained, indicating that deeper knowledge of peripheral
sensorimotor factors would contribute to better under-
standing of complex ankle pathology. In particular, one
element which has been neglected until now is the role
played by ankle retinacula in proprioception and ankle
biomechanics. In fact, according to Viladot et al. [51], Pisani
[38] and Stecco et al. [49], the ankle retinacula cannot be
considered merely as passive elements of stabilization, but
as a sort of specialization of the fasciae to better perceive the
movements of the foot and ankle as proprioceptive organs.
There are no studies analyzing possible damage to these
retinacula and their role in the outcomes of ankle sprain.
For Platzer [39], Abu-Hijleh and Harris [1], Numkar-
unarunrote et al. [35] and Benjamin [4], the retinacula are
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thickenings of the deep fasciae of the leg (crural fascia) and
foot and therefore not separable from them. From a his-
tological point of view, few descriptions can be found in
the literature. Klein et al. [24] stated that the ankle reti-
nacula were formed of three histological layers (an inner
gliding layer, a thick middle layer containing collagen
bundles and an outer layer of loose connective tissue
containing vascular channels) and that elastic fibers were
few and scattered among the fibroblasts. These findings
were also confirmed by Stecco et al. [49], who demon-
strated that the ankle retinacula are formed of 2-3 layers of
parallel collagen fiber bundles, densely packed with a little
loose connective tissue, without elastic fibers but with
many nerve fibers and corpuscles. Further studies [38, 49,
51] report that there are many proprioceptors inside the
ankle retinacula, with specific features which allow them to
perceive muscular stretch and which play an important role
in proprioception. The ankle retinacula can be clearly
evaluated at MRI, as highlighted by Numkarunarunrote
et al. [35] and Stecco et al. [49]. They appear as low signal
intensity bands with a mean thickness of 1 mm, but a
description of their possible alterations is still lacking.

We hypothesize that, during an ankle sprain, the
excessive load and traction on the connective tissues
around the joint may damage the ankle retinacula and
consequently proprioception, helping to explain the sen-
sorimotor deficits in patients who have suffered ankle
sprain or who have chronic ankle instability. A substantial
body of research [10, 12, 14, 15, 17, 19, 20, 25, 29, 30, 34,
36, 40, 43, 44] has revealed alterations in reflex responses
and efferent motor controls, but there is certainly also
damage to peripheral somatosensory information [23, 26,
53]. The specific origin of the proprioceptive alteration is
usually due to damage to the ankle ligaments, but this
explanation is limited, since proprioceptive damage may
also occur without specific lesions of the ankle ligaments.
Therefore, the purpose of the present study was to analyze
whether specific alterations of the ankle retinacula can be
identified at MRI in patients with chronic ankle instability
caused by previous ankle sprain but without serious dam-
age of the ankle ligaments. We also wishes to verify the
effectiveness of deep connective tissue massage focusing
on the ankle retinacula in alleviating symptoms correlated
with CAL

Materials and methods
MRI study
Twenty-five subjects (11 males, 14 females; mean age

22.4 + 6.4 years) with chronic ankle instability after ankle
sprain were included in the MRI study (Table 1). All
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patients had presented symptoms for at least 4 months
(average 2.7 years, range 4 months—7 years) and had suf-
fered an ankle sprain classified as 0-I grade on the Ham-
ilton scale (Fig. 1) [18]. Patients with a history of ligament
hyperlaxity, previous contralateral ankle sprain, positive
talar-tilt test and any rheumatological, metabolic or neu-
rological pathologies were excluded.

MRI included T1-weighted SE sequences, T2-weighted
fat saturation and Gradient Echo FFE sequences in the
sagittal, coronal and axial planes on a 1.5 T MR system
(Philips Medical Systems, Gyroscan Intera, Best, The
Netherlands). Data were transferred to an Aquarius work-
station (TeraRecon TM, San Mateo, CA, USA), and 3D
reconstructions (volume rendering technique, maximum
intensity projection, multiplanar reconstructions) were
obtained. The images were visualized by multiplanar
reformatting (MPR) analysis on the axial, sagittal and
coronal planes of the windows, and the thickness of the
deep fasciae of the leg and retinacula of the ankle were
recorded. For integrated anatomo-clinical evaluation, MR
images were examined jointly by two of the authors, spe-
cialists in Radiology (V.M.) and Orthopedics (C.S.).

Clinical study

All patients with MRI evidence of ankle retinacula damage
were enlisted for the clinical study. In particular, two
groups were identified: the group A included the subjects
with only ankle retinacula damage, the group B those with
further lesions, such as anterior talo-fibular ligament
damage or bone edema. The same physiatrist (S.M.) carried
out all clinical examinations before treatment and at fol-
low-up. A self-assessed disability questionnaire (CRTA
scale) [45, 46] and the visual-analogic scale (VAS, score
0-10), were given to all subjects. The CRTA questionnaire
was created in France by Reequilibration Fonctionnelle
Meéthode® and also validated for Italian by the Centro di
Ricerca in Terapie Alternative (CRTA). It is formed of 12
items, each with a score ranging from 0 to 10 (normal). The
first six items regard activities of daily living (ADLs), and
the second six items overload activities. The last item
regards pain during walking: a score of 6 corresponds to
pain appearing within 100 m, and a score of 1 corresponds
to pain appearing only during sports activities. The range
of motion of the ankle joint and postural evaluation with
stabilometric platform (ARGO®) was also carried out for
each subject [21]. This platform, measuring 600 x
600 mm and operating at a recording frequency of
100 MHz [31], allows assessment of oscillations of the
center of gravity via projections onto an underlying plat-
form. It calculates the instantaneous position of the center
of pressure and records the temporal sequence of the two
coordinates. This system can calculate many supporting
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Table 1 Principal features of the patients

Patients Date of  Side of the First treatment Circumstance Activity Localization of edema  Presence of
trauma  lesion ecchymosis
Right Left Rest RICE Emergency Fall During a During  Free Sport Medial Lateral All the
walk running  time foot

1 2004 X X X X X

2 2006 X X X X X X

3 2005 X X X X X X

4 2006 X X X X X X

5 2006 X X X X X

6 2001 X X X X X

7 2008 X X X X X

8 2007 X X X X X

9 2007 X X X X X

10 2008 X X X X X

11 2007 X X X X

12 2006 X X X X X X

13 2008 X X X X X X

14 2008 X X X X

15 2005 X X X X X X X

16 2005 X X X X

17 2002 X X X X X X

18 2002 X X X X

19 2009 X X X X X

20 2008 X X X X X

21 2007 X X X X X

22 2006 X X X X X

23 2008 X X X X X

24 2008 X X X X X

25 2009 X X X X X

Fig. 1 Classification of low ATFL CFL Drawer test Talar Tilt test |

ankle sprains according to

Hamilton Grade | |partial tear intact normal normal \
Grade Il |complete tear intact 2+ drawer normal \
Grade Ill |complete tear complete tear 3+ drawer 3+ tilt \

parameters, which are very useful for formulating a diag-
nosis and assessing clinical evolution during therapy. In
our study, the following global parameters were used: sway
path (mm/s), i.e., speed of swing; sway area (mmz/s), ie.,
the integral of the sway path, automatically calculated by
the software, corresponding to the average width of swing;
maximum swing A-L and L-L (mm), indicating the max-
imum width of swing on two planes (A-P and L-L), and the
elliptic area, which contains 95% of the trajectory points.
These parameters were selected because several [e.g., 2, 8,
33] have emphasized their importance in correct analysis of
a subject. According to some internationally recognized
evaluation methods [2, 8, 21, 32, 41], the examination
should consists of 10 s of pre-recording and then 52 s of

recording, evaluated first with open eyes and then with
closed eyes, at a frequency of 100 Hz. All analyses were
performed with both feet on the force plate because at first
evaluation all patients’ ankles were too painful to allow
them to stand on a non-stance limb. Patients were barefoot,
with heels together and with toes just touching the white
line, following the manufacturers’ instructions. The toes
were set 30° apart.

All subjects were then treated by the same therapist
(A.S.) according to a specific protocol, as defined by the
Fascial Manipulation technique [9, 37, 47, 48]. The ther-
apist has more than 10 years of experience in this method
and is an official teacher of the Fascial Manipulation
technique. All subjects underwent three therapy sessions,
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Fig. 2 Various points treated
according to Fascial
Manipulation technique.

a Pressure is applied selectively
over muscle bellies of first
dorsal interosseus. b Pressure is
applied over fascia of distal
portion of abductor hallucis
muscle. ¢ Pressure is applied
over fascia of proximal third of
peroneal muscles. d Example of
direct treatment of retinacula

once a week. During each session, four or five points
located over the retinacula, called center of fusion, or on
the deep muscular fascia, called centers of coordination
(Fig. 2), were treated by the therapist. In each session, the
treated points were selected from a pattern according to
three parameters: the patient’s perception of pain, the
palpated sensation of fibrosis by the therapist and the
limitation of movement along a specific direction of
the involved joint. Each session lasted 40 min. All patients
were always asked to suspend sports activities for at least
4 days after treatment to avoid further stress to the treated
areas.

All subjects were evaluated at the beginning and end of
this therapeutic cycle, and also at each follow-up, after 30,
90 and 180 days.

The Statistical Package for the Social Sciences (version
17 for Windows, SPSS Inc., Chicago, IL, USA) was used
for statistical analysis. As data did not have normal dis-
tribution, the Wilcoxon signed rank test was used to ana-
lyze the values of each group and the Mann—Whitney test
to evaluate differences between the two groups. The alpha
level was set at 0.05.

Fascial manipulation technique
The manual therapy known as Fascial Manipulation tech-

nique® views the myofascial system as a three-dimensional
continuum and is based on a comprehensive and functional
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interpretation of the human fascial system. Musculoskeletal
dysfunction is considered to occur when the muscular
fascia no longer slides, stretches and adapts correctly.
Subsequent adaptive fibrosis may develop as a conse-
quence of unremitting non-physiological tension in a fas-
cial segment. Particular attention is directed to the
retinacula, considered as fascial reinforcements round the
joints. A systematic rationale based on the anatomy of
the fascia and the resulting analytical process guarantees
personalized treatment for each patient. Therapists use
their elbows, knuckles or fingertips over specific points
defined by the method and selected according to a precise
clinical examination, as indicated by Fascial Manipulation
protocols. Localized hyperemia caused by deep friction
may affect the ground substance of the retinacula or the
deep fascia, restoring gliding between fibers and allowing a
new tensional adaptation throughout the fascial system to
re-establish a physiological balance.

Results

MRI study

In MR images, the retinacula of the ankle appeared as low
signal intensity bands, sharply defined within the context of

the subcutaneous tissue in T1-weighted sequences, with a
mean thickness of 1.25 mm (SD =+ 0.198). Bone insertions
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were easily located, but separation from the crural fascia
was not evident.

The MR study in 21 patients with outcomes of ankle
sprain revealed specific alterations of the ankle retinacula,
such as edema, interruption of continuity, thickening or
adhesion to the subcutaneous layers. In detail, four subjects
had a partial or full-thickness gap of one retinaculum, nine
had edema around at least one retinaculum, six had an
abnormally increased signal in T2-weighted images, two
abnormal retinaculum thickening, with uneven appearance
of the retinacula, and two adhesion to the subcutaneous
planes (Table 2; Fig. 3). These alterations were observed
separately or in association. Seven subjects also presented
outcomes of anterior talo-fibular ligament rupture and/or
bone marrow edema. Two subgroups were identified:
group A, formed of the 14 subjects (8 females, 6 males)
who only had retinacular alterations, and group B, formed
of the 7 subjects (3 females, 4 males) who also had liga-
ment or bone lesions.

Clinical study

The VAS scale, performed before treatment, gave the fol-
lowing mean values: group A 4.0, group B 3.9. The CRTA
evaluation, concerning six ADL items, showed average
values of 2.76 in group A and 2.73 in group B for each item.
Six items of the questionnaire concerning overload activities
gave the following average values: 3.76 in group A and 4.40
in group B. The last item, corresponding to the average value
concerning distance without fatigue, was 1.78 in group A
and 2.0 in group B. Table 3 lists mean values before treat-
ment. The clinical examination revealed the following
limitations in ROM: 45% of patients presented less than 15°
in dorsi-flexion, 35% less than 5° in eversion and 35% less
than 10° in abduction. Table 4 lists the main values recorded
on the stabilometric platform before treatment.

At the end of the therapeutic cycle, VAS values were,
respectively, 1.1 in group A [the 95% confidence interval
(CI) for the mean clarity is (0.178, 1.542)] and 0.57 in

Table 2 Types of damage of the ankle retinacula as appears at MRI study

Subject  Sex Age Side MRI findings

(years) Bone edema or result Damage of  Alterations of retinacula (F: flexor retinaculum;
of intracancellous anterior E: extensor retinaculum; P: peroneal retinaculum)
fracture talofibular
ligament Rupture InFreased Edema Abnormal Adhesion with
thickness increased the other
signal planes
1 F 27 Right X X (E)
2 M 18 Right X (talus) X (P)
3 F 22 Right X X (E)
4 M 18 Left X X (E)
5 F 21 Right X (fibula) X (F)
6 M 21 Right X X (P)
7 M 22 Right X X (E)
8 F 34 Left X (F) X F
9 F 18 Right X (E)
10 F 18 Right X (F)
11 F 27 Right X (E)
12 F 26 Right X (P)
13 M 24 Left X (E)
14 M 23 Right X F
15 F 20 Right X F
16 M 24 Left X (E) X (F)
17 M 23 Right X (P)
18 M 16 Left X (P)
19 M 23 Right X (P)
20 F 21 Left X (F)
21 F 25 Right X (E)
I0M 224 ISR 2 5 4 2 9 6 2
11F (£4) 6L
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Fig. 3 MRI visualization of various types of ankle retinacula alterations. a Evident full-thickness gap of one retinaculum. b Edema around
retinaculum. ¢ Adhesion of retinaculum and subcutaneous tissue (leading to poor identification of retinaculum)

Table 3 Mean values of VAS scale and CRTA questionnaire (A-F: daily living activities, G-L: overload activities)

Before treatment After treatment  Follow-up
Group Group Group Group 1 month 3 months 6 months
A B A B
Group Group Group Group Group Group
A B A B A B
Mean values of the VAS 4.00 3.93 0.86 0.27 1.17  0.77 0.17 0.60 0.33 0.62
Mean values of the CRTA items for the daily living activity
A 3.29 2.07 1.29 1.45 0.67  0.09 0.09 0.17 0.00 0.31
B 3.71 3.07 1.57 1.55 1.00  0.18 0.17 0.10 0.17 0.46
C 3.00 3.29 1.29 1.36 0.67 0.27 0.25 0.10 0.33 0.00
D 243 3.07 0.71 1.09 050  0.27 0.25 0.10 0.09 0.08
E 2.29 2.57 1.29 1.00 0.67 0.18 0.10 0.30 0.33 0.15
F 1.86 2.29 0.71 1.09 033  0.27 0.09 0.10 0.00 0.08
Mean values of the CRTA items for the overload activities
G 3.86 3.64 1.29 1.73 1.00  0.73 0.50 0.50 0.00 0.31
H 3.57 4.36 1.29 2.00 133  0.82 0.25 0.70 0.50 1.00
I 3.00 3.86 1.29 1.45 0.67  0.55 0.00 0.40 0.00 0.23
J 4.00 5.57 1.71 1.82 0.83  1.00 0.25 0.80 0.17 0.62
K 3.86 443 2.14 1.64 1.00  0.55 0.25 0.40 0.33 0.77
L 4.29 4.57 2.00 2.09 1.17  0.82 0.50 0.40 0.67 0.85
Pain during walking 2.00 1.79 0.86 0.50 0.50  1.00 0.09 0.90 0.67 0.54
Total value of the CRTA questionnaire 41.16 4458 1744 1877 1034  6.73 2.79 497 3.26 5.40
p value of the comparison between groups A 0.54 0.52 0.04 0.02 0.22

and B

group B (CI 0.695, 1.235), showing statistically significant
decrease in values with respect to those before treatment
(p < 0.0001). The CRTA (self-reported questionnaire)
showed significant improvements (p < 0.0001) in both
ADLs and overload activities. In detail, the ADL results
showed improvements of 1.14 in group A and 1.26 in group
B, for each of the analyzed items; items concerning over-
load activities showed improvements of 2.14 in group A
and 2.25 in group B (Table 3). The average values for
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distance without fatigue after treatment were 0.86 in group
A and 0.5 in group B. The clinical examination indicated
clear improvements in ROM, with only 14% of patients
with dorsi-flexion of less than 15° and only 9.5% with
eversion of less than 5°.

There were also significant improvements (p < 0.05) in
the stabilometric platform results (sway path, sway area,
maximum swing A-L, maximum swing L-L, ellipse area),
with both open and closed eyes (Fig. 4; Table 4).
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Table 4 Mean values of stabilometric platform analysis

Mean values before
treatment

Difference between the values before treatment and the values

Group A Group B After treatment At the follow-up
Group A Group B At 1 month At 3 months At 6 months
Group A Group B Group A Group B Group A Group B
Close eyes
Sway path 12.405 10.860 1.144 2.204 3.139 0.979 0.835 1.157 9.118  10.407
Sway area 24.558 17.232 6.316 5.923 5.398 3.683 2.888 2.821 12.058 13.748
Ant-post oscillations 34.559 23.853 6.294 0.878 7.008 5.639 2.112 7449  19.299  18.299
Medio-lat oscillations 18.608 17.065 0.038 4.134 4.043 2.881 2.229 1.825 13532 12.468
Ellipse area 275.975 170.780 89.889  51.568 57.034 96981 84.329 75594 85.534  85.378
p value between the two groups  0.420 0.841 0.5476 0.691 1.000
Open eyes
Sway path 9.031 7.437 2.169 1.189 1.353 0.676 0.219 0.994 6.174 7.380
Sway area 15.305 7.596 6.669 1.762 1.363 2.891 0.800 4.151 8.085 8.219
Ant-post oscillations 25.131 17.875 8.027 1.517 2277 2.191 0.903 0913  20.185  13.000
Medio-lat oscillations 16.706 10.532 4.034 0.206 5.108 0.223 3.783 3815  10.995 12.034
Ellipse area 167.731 72.990 58.844  10.311  34.780 4.634 45.057 33.134 85.649  57.027
p value between the two groups  0.420 0.095 0.421 0.309 0.7164

Note mean values before treatment and mean differences in values before and after treatment at 1, 3 and 6 months

Fig. 4 Trend of stabilometric
platform values analyzed with
eyes closed (graphs a and b) and
open (graphs ¢ and d). In detail,
graphs a and ¢ show trends of
sway path (diamonds), sway
area (squares), antero-posterior
oscillation (triangles) and
medio-lateral oscillation
(multiplication symbol); graphs
b and d show trend of ellipse
area

No significant differences were found between groups A
and B as regards subjective recovery (p = 0.273), reported
instability, ROM or stabilometric analysis (Table 2), both
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At 1, 3 and 6 months, the initial benefits were generally
maintained, as shown in Tables 3 and 4. In particular, the
mean VAS value increased slightly at 1 month (CI group A

0.687, 1.653; group B 0.698, 2.238), but fell at the
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VASvalues

Fig. 5 Trends of mean values
of VAS and CRTA evaluations

CRTA questionnaire

subsequent follow-up [mean value at 6 months: 0.52 (CI
group A 0.083, 0.743; group B 0.743, 1.166) p < 0.0001,
compared with the mean VAS value at the end of therapy],
as shown in Fig. 5.

Discussion

This study shows for the first time that the ankle retinacula
may present specific alterations, such as abnormal retina-
cula thickness or full-thickness gaps, and that these alter-
ations can be clearly evaluated by MRI. The high-signal
intensity of the retinacula matches the appearance of the
deep fascial planes described in patients with eosinophilic
fascitiis of the arm [3] and soft-tissue pathologies [27], as
well as in acute and chronic plantar fasciitis [55] and ilio-
tibial band syndrome [13]. These findings are not simply of
speculative interest, as in clinical practice they allow better
analysis of the outcomes of ankle sprain. In particular, this
study highlights for the first time the need to consider also
the ankle retinacula within the picture of ankle sprain
outcomes, so that appropriate and timely therapy can be
guaranteed, as augured by Wikstrom et al. [52], and
chronic ankle instability can be avoided [11, 28, 50]. The
ankle retinacula are rich in proprioceptors [38, 49, 51], so
that damage to them may easily cause incorrect activation
of embedded receptors, resulting in inaccurate proprio-
ceptive afferents, which is one of the most frequent out-
comes of ankle sprains. Poorly coordinated joint movement
would then cause peri-articular inflammation, in turn acti-
vating nociceptors around the joint.

The anatomical continuity between the ankle retinacula
and the deep fascia of the lower may explain why Bullock-
Saxton et al. [7], Sedory et al. [44] and McKeon et al. [29,
30] have all reported alterations of motor neuron pool
excitability in muscles acting on joints proximal to the
ankle with CAIL. Damage to the ankle retinacula may alter
the lines of forces inside the deep fascia of the whole lower
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limb and thus the capacity for contraction of the underlying
muscles. For the same reason, after unilateral balance
training, improvements in motor control in both trained and
untrained limbs may be observed [16, 42].

Our data analysis shows a decrease in VAS values of
71.5% in group A and 85.5% in group B at the end of
therapy. The CRTA self-reported questionnaire shows a
decrease in average values of 58.7% in group A and
53.8% in group B. The item about distance without
fatigue shows a reduction of the average value in each
group: 57% in group A and 71.9% in group B, corre-
sponding to an increase in distance covered without
symptoms.

It is of interest to note that there were no statistically
significant differences in the various parameters of either
group A or group B, either before or after treatment.
Therefore, we hypothesize that the symptoms in the two
groups are due more to changes in myofascial structure
than to alterations in bones or ligaments, and that when a
correct state of myofascial tension is restored, the symp-
toms of ankle sprain outcomes may decrease.

The particular trend of the VAS value at the first follow-
up, as shown in Fig. 5, may be explained by the fact that,
during this period, patients have started sports activities
again, and are thus making movements and applying loads
which they have not done for some time. This improve-
ment in overload activities between the end of treatment
and the first follow-up is also confirmed by the trend of the
CRTA questionnaire (Fig. 5), which shows a progressive
reduction in values, corresponding to increased sports
activities. Although this may lead to a slight increase in
pain, if the tension and glide capacity of the retinacula have
been properly restored during treatment, gradual renewal of
sports will allow proper deposition of new collagen fiber
bundles inside the retinacula, further enhancing their
physiological function. McKeon and Hertel [29] also note
the cumulative effect of balance training in patients with
outcomes of ankle sprain.
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This study has two major limitations: there was no

control group, but all patients presented with stable
symptoms for an average period of 2.7 years. This fact
permits to consider with interest every type of changes in
the symptoms of the patients after a short therapy. The
second limitation concerns the lack of control MRI at the
end of treatment. However, in the absence of serious
clinical problems, the cost of MRI did not allow us to re-
prescribe it.

Conflict of interest The authors declare that they have no conflict
of interest.
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