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Abstract

Objective: To assess the effect of eccentric, slow speed, submaximal Quadriceps stretching on the pain and strength of patients
suffering from the Patello-femoral pain syndrome (PFPS).

Materials and methods: Isokinetic evaluation of the Quadriceps strength before and after stretching the injured knee of the
pathological group and the dominant knee of the control group, for 27 patients with PFPS and 12 healthy control subjects.
The assessment is carried out with contractions at 60°/s and 120°/s in concentric mode and 30°/s in eccentric mode. A pain
assessment by an EVA test is made before and after stretching at each speed of the test on the knee tested for both groups.
Results: After the Quadriceps stretching we obtained a decrease in pain of -38% (p<0.017) and an increase in strength of
+17% for the pathological group. No significant change in the control group. There is a statistical correlation between the
decrease in pain and the gain in strength after stretching (p<0.002).

Conclusion: We confirm the effectiveness of performing eccentric, slow speed, submaximal Quadriceps stretching on the
PFPS. The beneficial effects suggest that a systematic use of the former is advisable in muscle strengthening. These results

confirm the necessity of stretching exercises.

KeyWOI‘dS: Stretching; Eccentric Contraction; Isokinetic; Pain, Patello-Femoral Pain Syndrome

Abbreviations: CS: Control Subjects; VAS: Visual
Analogue Pain Scale; PFPS: Patello-Femoral Pain Syndrome;
HK: Healthy Knee; IK: Injured Knee; SIK: Stretched Injured
Knee.

Introduction

The Patello-femoral Pain Syndrome, once diagnosed
from amongst the numerous Patello-femoral conditions,
is a pathology frequently encountered in sports medicine
among young adults. It is characterized by retro patellar
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Syndrome

pain when in a prolonged sitting position, upon climbing
and descending stairs or when in a squatting position [1-5].
Several non-exhaustive theories have been put forward to
try to explain this multifactorial etiology which is generally
poorly understood (muscular imbalance, abnormalities
in dynamique alignment, overuse of joints, abnormality
in cartilage, stiffness of the lateral retinaculum) [6]. This
joint must combine biomechanical, static and dynamic
requirements due to a lack of bone congruity and the
constraints linked to the power generated when carrying out
functional tasks.
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Passive stability is determined by bone anatomical
structure (trochlea - patella) and ligament anatomical
structure (medial or lateral), whilst active stability depends
on muscle balance (Hamstrings/Quadriceps) as well as
passive ligament balance between medial and lateral
structures [7,8].

This is the reason that Numes and Co. [9] in order to
diagnose this syndrome, recommend using tests to measure
the level of pain (squatting) and also offer guidance on
using the tests to find the agonist / antagonist muscle ratio.
They also suggest using medical imagery to assist with the
diagnosis.

Consequently the medical care and therapy for Patello-
femoral pain syndrome, PFPS is still widely debated. There
appears to be constantimprovementin pain and functionality
through physiotherapy treatments, however comparison
with a placebo group is rarely carried out [10]. Even though
many authors agree in acknowledging the weakness of the
Quadriceps/Hamstrings duo and in the need to strengthen it,
itis difficult to reach a consensus on the efficiency of any one
medical treatment over another [2,11-13].

Certain authors recommend medical treatment
prioritising muscle strengthening of the Quadriceps in
isometric, concentric and eccentric mode, yet proof of
its efficiency is still debated [14]. Nevertheless, eccentric
muscular work, in isokinetic mode on the Quadriceps for the
treatment of PFPS shows a loss of strength in the Quadriceps
muscle when the knee is extended (from 30% to 40%, bent
between 35°and 60°) [11,13]. Thislossin strength leads to an
inappropriate and unbalanced ratio of the agonist/antagonist
muscle duo in the knee [1,3,8,9,15-17]. According to the
authors, this could partly explain the patient’s grievances.
Thus, certain studies are oriented towards strategies which
more or less associate and combine muscle strengthening
exercises, stretching, and/or functional education over
periods of 1.5 (6 weeks) to 3 months [2,12,18].

The medical treatment for stiffness and the
neurophysiological symptoms, which are directly associated
with these stiffness phenomena when the syndrome
appears, (reduced mobility and joint restriction observed
[1,3,8].) incite therapists to recommend stretching to recover
this physiological range (muscular and in the joints). These
stretching techniques enable the loosening and relaxing of
the muscles (20), so as to regain maximum joint mobility by
analytical postural techniques (19).

Thus the main aim of this study is to measure how
stretching the Quadriceps (specifically the Rectus Femoris)
affects the pain and the short term recovery of muscular
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power for patients suffering from PFPS.

Material and Method

Subjects: 2 subject groups have been studied

A Patello-femoral pain syndrome group (PFPS)
consisting of 27 patients (16 men and 11 women) aged
between 18 and 40 years, suffering from a unilateral
Patello-femoral pain syndrome (Table 1). The contralateral
knee was exempt from pathology. These patients were
taken into the sports medicine department at a hospital
and assessed by the PM&R doctor in the department. No
imagery was used and assessment was based purely on
clinical diagnosis.

Patients included in the study displayed the following
symptoms:

Pain upon touching the patella.

Patella pain when climbing or descending stairs.

Pain when in full squatting position.

Pain when in a prolonged sitting position.

Exclusion criteria were the following: knee surgery,
those suffering from femorotibial or those suffering from
bilateral Patello-femoral pain syndrome, since cognitive
difficulties prevent tests being carried out successfully in the
best conditions.

A group of control subjects (CS) consisting of 12 subjects
(5 men and 7 women), of the same age, height, weight, were
also selected (Table 1). These subjects, selected according to
the characteristics of the PFPS group had neither suffered
pathology of nor undergone any prior surgery on either
lower limb. The aim was to single out the effects of the
stretching and to ensure that the results obtained could not
be associated with anything else other than the stretching
applied to the knee. Therefore for this control group we
proceeded with an assessment of the healthy knee before
and after stretching and an assessment of the contralateral
knee without stretching.

Group | Gender Age Height Weight
CS 5M /7W |27.58 (5.40) | 170 (0.05) | 62.54 (6.98)
PFPS |16M /11W]|30.15 (8.86)|178 (0.10) |70.67 (12.44)

Table 1: Data anthropometric group.

Data regarding age, weight, height and gender for both
subject groups (CS= control subjects and PFPS = Patello-
femoral pain syndrome) showing the average and the
standard deviation.
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The stretched knee was considered the knee belonging
to the favoured leg. Three tests were carried out: the subject
was pushed from behind without prior warning, was then
asked to hop on one leg and finally to kick a ball. Each time
we made note of the dominant leg and we selected the leg
most frequently used first. Each subject or patient, after
having been informed of the assessment procedure, signed
an informed consent prior to the study. The study was
conducted in accordance with the Declaration of Helsinki
and approved by the Local Committee for Human Protection
(protocol has been realized directly on the sport hospital
medical service of hospital La Timone, Marseille).

Material

Pre and post stretching strength assessments as well as
the warm up (which is completed before the assessment) are
carried out using a Contrex®M], isokinetic dynamometer,
human Kinetics 1.7.4 filter V 1.7.3 in a sports medicine unit.

The factor taken into account during the assessments is
the peak torque or point of maximum strength (expressed in
Newton-metres, Nm/kg).

In fact, for repeat experiments, the measuring of the
peak torque at slow or rapid angular velocity is very reliable
with correlation coefficients between 0.93 and 0.99 [21,22].

Assessment of the Strength Ratio Quadriceps/
Hamstrings

The peak torque in Nm/kg Quadriceps/Hamstrings
is recorded at every speed (60°/sec concentric, 120°/sec
concentric and 30°/sec eccentric), for both legs in both the
pathological and control groups.

These recordings, which have been recognized and
approved, are the same as those frequently used in medical
documentation [11,15,23,24]. They enable us to assess the
deficit in strength of the Quadriceps in the Patello-femoral
pain syndrome.

Assessment of Patella Pain

The rating of the patients’ level of pain is carried out in
two phases : before stretching and after stretching for each
test carried out (isokinetic at 60°/sec concentric, 120°/sec
concentric and 30°/sec eccentric).

The assessor asked the patient to rate the patella pain
they felt, using a visual analogue pain scale (VAS, 0-100 mm)
so as to be able to notice any difference before and after
stretching [25]. This assessment is then converted into a
score between zero and ten.
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Method

Each Subject Observed the Following Protocol

For the pathological group: an assessment of strength
and pain on both the injured and contralateral knee before
and after stretching on the injured side.

For the control group: an assessment of the strength and
pain of both the dominant and contralateral knee before and
after stretching the dominant knee.

Experimental Protocol

Position of the subject: the subject sits on a chair raised
by 5° horizontally and inclined by 20° vertically (standard
position so as to enable a comparable performance between
all the subjects) [26]. The patient does not look at the
monitor screen so as to avoid an increase from 6.4 to 7.2%
in his or her performance due to this factor [27]. The arms
are placed straight down the body with the hands gripping
the handles. To reduce compensation the subject is held
still by two thoracic straps which are crossed to prevent
flexing movements from the torso, a pelvic strap to prevent
pelvic movements and a femoral strap on the assessed leg to
ensure that flexion of each body part occurs independently
from the rest. The non-assessed leg is free from all binding
and no instructions are given for any particular voluntary
movements of the latter. This is so as not to influence the
results of the assessed limb [28]. The axis of rotation of the
lever arm of the dynamometer coincides with the knee’s axis
of rotation (Figure 1).

4 Y

Figure 1: Stretching procedure.

For the tested leg a support system and one of counter
pressure fixed two fingerbreadths above the lateral malleolus
holds together the leg area and the lever arm. The range of
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flexion and extension are defined for all our patients. They
will be used for reference during warm-ups and during tests,
which have been approved by validated protocols. (GEDRI
Group d’Etude pour le Development et la Recherche en
Isocinétisme: Study Group for the Development and Research
into Isokinetics [29]). The effect of gravity is offset by the
dynamometer. Each patient benefits from an isokinetic,
bilateral muscle warm-up that always begins on the healthy
side.

Representation of rectus femoris and vastus muscle
stretching procedure by the physiotherapist (see in the text
for more details).

Kues and Co, et al. [24] recommend carrying out one to
two sessions of isokinetic contractions prior to the test so
as to ensure reliability of the latter. Whilhite and Cohen [30]
recommend beginning the test using a slow speed of 60°/sec,
carrying out only 5 contractions and then continuing at quick
speeds with 6 contractions. Finally according to Croisier
[31,32] the slow speed of 30°/sec for an eccentric test is ideal
to enable the patient to familiarise himself with this type of
test. Our protocol will therefore be established according to
these recommendations. Since the experimental process is
more easily carried out on the healthy side, we have followed
the same order and the same speeds throughout, as follows:
6 concentric repetitions at 60°/sec Flexor/Extensor
6 concentric repetitions at 120°/sec Flexor/Extensor
3 eccentric repetitions at 30°/sec Extensor

The isokinetic test with a visual analogue pain scale
(VAS) before stretching

The test begins on the healthy side with the following
protocol:

4 concentric repetitions at 60°/sec Flexor/Extensor.

5 concentric repetitions at 120°/sec Flexor/Extensor.

2 eccentric repetitions at 30°/sec Extensors only.

Between each series, the patient rests for 30 seconds.
Each subject is verbally encouraged yet receives no visual
feedback. This protocol is carried out first of all on the
healthy side and is then repeated on the injured side. After
carrying out the isokinetic tests and assessing the pain, the
physiotherapist performs stretching on the Quadriceps of
the injured knee whilst following an identical protocol for
each patient.

Quadriceps stretching on the injured knee

Afterthetest,thepatientaccompaniesthephysiotherapist
into an adjoining room, which contains a table to carry out
the stretching. He explains and demonstrates the protocol by
performing the stretching on the healthy leg, that is to say the
position and the manipulation method that he will perform
on the injured leg.
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i. Position of the patient: The patient sits, placing his
buttocks on the edge of the table. He then lies down slowly
into the supine position, taking hold of his healthy knee
with his hands and gripping it. Thus he has his healthy
leg bent up against his chest and held by his hands, while
his injured leg is hanging off the end of the table from the
under crease of the buttock downwards. The specifics of
this biarticular muscle require the carrying out of a hip
extension stretch first of all, followed by flexion of the
knee.

ii. Position of the physiotherapist: The therapist adjusts
the height of the electric table so as to bring the patient’s
knee to the same height as his anterior superior iliac
spine. He then inclines his torso forwards until his
thorax presses against the patient’s thigh. The therapist
is at this point holding a half spread leg position, his leg
flexed forwards, interlocked with the patient’s knee.
His outstretched back leg enables him to have a stable
stance to resist the patient’s push (Figure 1). However
the correct balance can only be reached if the patient’s
hemi pelvis is also locked into a stable position. This is
essential to avoid the stretch losing efficiency, which
could occur if he or she compensates during lateral
inflexion with the hemi pelvis on the opposite side to the
leg being stretched.

To achieve the correct position, the patient places his or
her free healthy foot against the practitioner’s shoulder (the
practitioner is in front of the patient). The physiotherapist
must then maintain equal pressure by pushing on one side
with his torso against the patient’s thigh and on the other
side with his shoulder against the patient’s foot. Once the
practitioner is locked into a stable position, the actual
stretching can begin. The stretching used can be explained in
two phases as follows:

iii. 1st phase of stretching: Once the position is reached
which produces maximum lengthening of the muscle
through extension of the hip and adequate flexion of
the knee, the patient is required to perform a static
contraction of the Rectus Femoris by raising his knee.
The practitioner opposes this movement by inclining
his chest forwards to block the upward movement of the
knee.

iv. 2nd phase of stretching: Whilst the patient holds the
static contraction of the Rectus Femoris, the practitioner
bends the patient’s knee very slowly, whilst pushing
with his tibia against that of the patient. This is known
as eccentric, slow speed, active tension stretching where
the patient accepts to have his knee flexed and asserts an
opposing force, which is less than that of the practitioner.
In fact when the physiotherapist asks the patient to
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bring his knee up to his chest, the contralateral Rectus
Femoris is put under active tension in its role as hip
Flexor (proximal insertion of the biarticular head) then,
during this active tension, the Quadriceps is stretched
in eccentric mode in its role as knee Extensor (distal
insertions of the different Quadriceps heads). This
stretching is repeated three times for 20 seconds with
20 seconds’ rest between each stretch. This protocol is
carried out in the same way on each patient.

Once the stretching is completed, the patient positions
himselfonce again on the isokinetic dynamometer and carries
out once more the test of strength, which is identical to the
procedure already described and follows the same protocol.
There is on average a lapse of three minutes between the 1st
and 2nd assessment.

Statistical Analysis

The values are expressed as averages with a standard

deviation each time. After having completed tests for
normality (Kolmogorov-Smirnov tests), our results are
analysed by using a general linear model through repeated
observations of multiple analysis of variance (MANOVA).
The analysis is based on three factor “groups” (control/
pathological), limb (stretched/ not-stretched), and speed
of implementation (60°/s and 120°/s concentric and 30°/s
eccentric).

Student’s t-test for non-matched samples was used to check
the differences in value between groups or between specific
comparisons on the percentages calculated. The statistical
significance level is fixed at a value of p <0.05.

Results

The first factor analysed concerns the pain for our PFPS
patients. Our results show a large, statistically significant
change with an average decrease of 38% (p<0.005) in pain
for the same test at 30°/s eccentric (Figure 2 and Table 2).

-

Figure 2: VAS Comparison.

EVA PFPS
Stretching Before Difference After
60°Conc 37.81 NS 27.96
27.33 23.03
120°Conc 30.44 NS 23.07
24.08 20.45
30°Ecc 50.3 S 33.67
27.36 25.04

Table 2: EVA evaluation.

We notice that before stretching, the pain is always
significantly stronger at 30°/s in eccentric mode than at
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60°/s and 120°/s in concentric mode (respectively F=3.25,
p<0.04 for 60°/s concentric and F= 4.03, p<0.012 for 120°/s
concentric versus 30°/s eccentric).

When we compare these same assessments after
stretching, we do not find any further significant differences
between these concentric or eccentric conditions in terms of
the pain factor.

When we compare the results for each situation
tested, that is to say that we compare the results before
and after stretching, we obtain insignificant results for the
comparisons for concentric contractions. The results are
significantly different when we compare them before and
after stretching for the situation of 30°/s in eccentric mode

Copyright© GrazianiF, etal.
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(F = 3.374, p< 0.017 with a significant decrease in pain of
38% after stretching).

The second factor analysed is the peak strength. In
concentric mode at the speeds of 60°/s and 120°/s, we have

not found any significant differences for the control group
(CS) or for the pathological group (PFPS). This is valid for the
values of peak torque and also for the assessments of pain
before and after stretching (Tables 2,3).

PFPS % % CS %
HK/IK IK/SIK HK/SHK
60° Conc. Contr. HK IK SIK HK SHK
Peak Torque Nm/kg 2.03 1.85 -8.87 1.93 4.03 2 2 2.56
0.45 0.45 0.53 0.3 0.4
120° Conc. Contr.
Peak Torque Nm/kg 1.56 1.47 -5.76 1.53 4.08 1.5 1.5 0.6
0.3 0.37 0.41 0.2 0.2
30° Eccen. Contr.
Peak Torque Nm/kg 2.82 2.6 -7.8 3.05 17.31 3 3.3 8.22
0.57 0.59 0.71 S 0.6 0.6 S

Table 3 : Isokinetic values before and after stretching.

However, the comparative analysis between the PFPS
group and the CS group of the values for strength and pain
at 30°/sec in eccentric mode reveal significant differences
(Tables 2,3).

Thus for the peak torque, when we compare the values
obtained for the healthy limb and the injured limb in the PFPS
group, we observe a significant difference 2.84 Nm/KG (+/-
0.48) vs 2.60 Nm/KG (+/-0.52) p<0.002 before stretching.
However for the peak torque for the healthy limb in the PFPS
group, we do not obtain significantly different values from
those of the CS before treatment, even though these values
do remain inferior.

The average value of the Quadriceps’ peak torque in the
PFPS group increases significantly from 2.6 (+/-0.52) before
stretching to 3.05 Nm/Kg after stretching. This is an increase
of 0.405 Nm/Kg (p<0.0001), which represents a gain of
17.22%. Our results also show a significant improvement
of 8.22% in the CS group in spite of an increase of only
+0.246 Nm/Kg (which is equivalent to 3.103 Nm/Kg before
stretching the healthy knee and 3.286 Nm/Kg after stretching
this same knee). The stretching leads to an increase in the
strength developed which is twice as much for the PFPS
group than for the CS group.

Regarding the peak torque, we observe that the average
value obtained for the injured knee for the PFPS group after
stretching which is 3.05 Nm/KG (+/- 0.71) is practically
identical to the value obtained for the peak torque for the
CS group before stretching which is 3.04 Nm/KG (+/- 0.58)
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(Figure 3). This difference is not significant. Likewise we
found no significant difference when we compared the CS
group before and after stretching - the stretching exercises
do not have a direct effect on peak torque measured when
the limb is healthy.

Figure 3: 30° excentric contraction comparison.

Finally, in the PFPS group when we compare the
Quadriceps strength on the injured leg with that of the
contralateral leg after stretching, we observe that the values
of peak torque are reduced with only a 5% difference (2.90
Nm/KG (+/- 0.83) healthy side vs 3.05 Nm/KG (+/- 0.71)
stretched injured side. This difference is no longer significant
(p>0.05) and the values tend to be standardised between
the two sides, which was not the case before stretching.
Moreover we observe that the values are more variable (0.83
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vs 0.71) for the healthy leg for the PFPS group.

Graphic representation of improving the sensation of
pain by Visual Analogue Scale for PFPS patients (patella-
femoral pain syndrome) in position 30 °/s eccentric
contraction mode between before and after stretching (S =
Significant).

Graphic representation of results obtained in flexion
peak torque per body weight kilo (Nm/KG) for the PFPS
group (patello-femoral pain syndrome) and the CS group
(control subjects). For the Healthy Knee (HK), the Injured
Knee (IK), the Stretched Injured Knee (SIK) for the PSFP
group or the Healthy Knee (HK) and the Stretched Healthy
Knee (SHK) for the CS group, (S= Significant).

Comparison of the difference in pain before/
after stretching (in bold the average, in italics the
standard deviation) for the three situations tested in
isokinetic mode: 60°/s and 120°/s in concentric contraction
mode and 30°/s in eccentric contraction mode (Difference S
= significant, NS = non-significant).

This shows a comparison of the isokinetic factors
obtained for the peak torque for the Extensors (Ext) or
Flexors (Flex) before/after stretching the Rectus Femoris. The
values are represented for the PFPS group (Patello-femoral
Pain Syndrome) and for the CS group (Control Subject) for
concentric mode contractions (Conc. Contr.) at 60°/s and
120°/s and for eccentric mode contractions (Eccen. Contr.) at
30°/s per Kilo of body weight (in bold the average values and
in italics the standard deviation). This is for the stretching
conditions of the Healthy Knee (HK), the Injured Knee (IK),
the Stretched Injured Knee (SIK) for the PSFP group or the
Healthy Knee (HK) and the Stretched Healthy Knee (SHK) for
the CS group. The variations in the progress obtained after
stretching (expressed as percentages), between the knees
of the PFPS group and those of the CS group in the different
conditions analysed are indicated in bold (S = significant
difference).

Discussion

Generally speaking, our results show that performing
stretching on the pain has a short-term effect for patients.
Thus we observe a significant decrease in pain combined
with an increase in strength when eccentric contraction is
performed at an exact speed of 30°/s. Our results also show
that the stretching has an effect on the control group but
that it is significantly lower. The stretching therefore has an
influence on the power and strength of the muscle contraction
in eccentric mode and also on the initial pain experienced.
However our results do not show that there is any effect of
stretching on the pain during a concentric contraction.
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These results observed which are quantified as short
term, can be understood from the neurophysiological point
of view, in that they are directly attributable to the stretching
itself as well as the muscular ratios Quadriceps/Hamstrings
quantified by isokinetics. Usually scientific literature studies
the effects of musculotendinous stretching for the prevention
or repair of muscle tissue [33-36] yet the effects of stretching
also have an effect on osteo-articular pathologies and can
also contribute to the process of rehabilitation. Due to
the multifactorial characteristics of the etiology of PFPS,
numerous tests have been developed to produce a diagnosis
[37]. Neverless, no test is currently recognised as validating
the efficiency of the therapeutic treatment. Our view on
the effect of stretching can be found in certain works
[6,15,16,26,38].

Thus we recommend active tension stretching of the
Rectus Femoris, which does not focus on the contractile tissue
(Actin Myosin cross bridges) but on the musculotendinous
junction [38]. Active muscular contractions are also altered
by short latency loops in segmentary motor reflex: myotatic
reflexes, inhibition reflexes 1b or inverse myotatic reflexes,
reciprocal inhibition reflexes, the Renshaw cell circuit
[34]. Let us remember that inhibition reflex 1b begins
in the Golgi receptors, which are found in the junction
of the musculotendinous fibers and in the aponeurosis
configuration. The purpose of this reflex is to protect
the musculoskeletal system against excessively harmful
tension [39]. It is therefore beneficial since it stimulates
the antagonists, in this case the Hamstrings, which leads to
easier flexion of the knee. This is what the practitioner is
aiming for [5,9,34]. If the practitioner does not require active
contraction of the Rectus Femoris, the manoeuvre carried out
is simple passive stretching, which is ceased at the patient’s
first pain threshold. These biomechanical aspects combined
with the articular, capsular and ligamentary characteristics
contribute to limiting our patient’s degree of freedom. Thus
during the second phase of stretching in our study, the
patient performs submaximal opposed resistance exercises
with the Vastus Medialis and the Vastus Lateralis. The Rectus
Femoris is subjected to active tension stretching whilst the
Vastus both undergo submaximal eccentric stretching at
slow speed. Controlling when the pain appears is easier
in eccentric mode at a slow speed [35,36] through better
synchronisation of the improved motor units as a result of
central inhibition on the Renshaw cell circuit [15,25].

As has been demonstrated by Middleton [29], the effects
of submaximal eccentric work at a slow speed are efficient as
a technique in gaining articular amplitude.

Furthermore other authors [9,40] have shown that the

level of reflex excitability (the relationship between H/M, H
being Hoffman’s reflex response and M being the locomotive
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response) is lower after passive stretching combined with
isokinetic eccentric work is performed on the triceps sural.
This decrease by way of a reduction in the response H, which
is equivalent to a decrease in muscle tone and in osteo-
tendinous reflex, is increased during eccentric work [9,40].
Eccentric exercises and passive stretching affect the same
texture (connective tissue in the muscle) [20]. It therefore
seems likely, as the previously mentioned authors believe,
that they affect tissue in the same way (notably an effect on
the cytoskeleton of muscle fibre).

1) Regarding muscles, eccentric work reduces reflex
muscle contractions, which contribute to articular
stiffness [31,23]. In the framework of the PFPS study,
we often notice this stiffness in the knee along with
a blocked feeling in the patella during acute attacks.
In this case, eccentric work would be efficient due to
its effect on decreasing articular stiffness [28,5] and it
could also reach 7° for ankle dorsiflexion [36]. The initial
level of pain being high, bringing a positive change to the
latter would therefore be made easier. Even though this
study concerns the ankle, we can consider that these
mechanisms are also applicable to the knee.

2) Regarding the spinal cord, the sum of sensitive
information linked to voluntary muscle movement and
muscular contraction inhibits nociceptive integration
[35]. The authors specify that in this case, the inhibition
of the myotatic reflex originating from the Golgi tendon
organs would be even stronger.

This process is part of the efficient adaptability of the
organization of motor synergies. Neuronal systems involved
in the organization of motor synergies are complex and
this includes the spinal locomotor generators, sensory
feedback, presynaptic inhibitions, recurrent inhibitions as
well as systems descending from supraspinatus structures
[35,41]. Passive stretching is believed to have the distinct
characteristics of reducing maximum strength, which is
potentially traumatic [42] and of enabling the patient
to recover functional motor function when it comes to
physiological muscle components and also the programming
of the neurological motor components [36].

The authors have demonstrated this in the gastrocnemius
muscle over a period of 4 weeks’ of stretching exercises.
Eccentric stretching at slow speed stimulates a progressive
increase in the strength developed up to a point close to
that of maximum stretch [26,34]. Even though it is difficult
for the subject to reach his or her maximum voluntary
strength, it is observed that maximum strength in eccentric
mode is superior to that in static or concentric mode
[14,30,43,44]. As for concentric work, this essentially uses
muscular contractive tissue. The strength produced during
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eccentric work originates partly from contractile elements,
which is essentially due to the resistance of the supporting
connecting tissue to the stretching [34,17]. This stretching is
held for 20 seconds and repeated three times consecutively
and it logically stimulates the improvement in the eccentric
strength of the Quadriceps obtained from our results.

The different adaptable mechanisms that have been put
forward to explain this increase in strength after stretching
are essentially: better recruitment of the motor units
through an increase in their discharge frequency and better
synchronisation in their recruitment. These two factors must
be developed simultaneously [40]. This is something, which
could explain the increase in peak torque after stretching, as
is observed after strength training [45]. Thus in pathologies
of articular instability, preliminary stretching enables
the reinforcing of the muscle strengthening work and the
isokinetic eccentric exercise could help the patient to better
control the potentially harmful movement [5].

Various studies have shown that there is a link between
the decrease in strength and in EMG activity at the start
of Quadriceps flexion in eccentric mode for patients with
painful knees or those suffering from PFPS. When the
Patello-femoral is put under excessive strain, causing an
increase in the painful symptomatology this is believed to
produce selective inhibition of the Quadriceps. However
eccentric work leads to numerous structural adaptations
and especially a change in muscle typology. We observe an
increase in type Il fibres and a decrease in type I fibers [46].
So is the strength gain linked to the decrease in pain or the
specifics of the stretching in eccentric mode? The answer can
be found in the analysis of the strength gain in the control
group who undergo this stretching on a painless knee. The
latter acquire a significant gain in strength of 8.22% when we
compare their healthy limb before stretching and the same
limb after stretching (this knee benefits from the effects of
stretching) but the gain is less significant when compared
to that of 17.31% for the stretched knee of the pathological
group. We believe that it is the specifics of the eccentric
mode work, which encourage the increase of the maximum
voluntary strength and that it really is this factor, which
contributes to the recovery of strength. The decrease in the
pain factor observed in our results enables us to make use of
this achievement by carrying out eccentric work. Likewise,
performing eccentric exercise on the muscle groups, which
have an inhibitory effect on the movement, would appear to
be an ideal prevention measure [38,47]. Nevertheless, this
improvement only appears to be possible and achievable
in accordance with a neurological phenomenon combined
with the rise in inhibition of the pain factor (patella pain)
[36]. In view of our results, the gain in strength appears to
be achieved through the effects of the mechanical properties
(increased muscular tension) and the neurological properties
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(pain inhibition) of eccentric mode stretching.

Consequently, as stated by Konrad and Tilp, et al. [35]
tolerance to the stretching, probably due to the adaptation
of the nociceptive nerve endings, appears to be the main
explanation for the strength gain obtained in our results.
We should bear in mind that as far as these authors are
concerned, itis impossible to modify short term the structural
framework of the muscle/ tendon unit [35,36].

Moreover, in our study, patients have undergone
stretching three times for 20 seconds with a 20-second rest
between each series. There is on average a three-minute gap
between the stretching and the test of strength; it would be
wise to carry out tests every ten minutes taking into account
the signs of tiredness. Middleton [29] during his experiment
in using eccentric contraction as a technique for range gain
in the Rectus Femoris, carries out 50 submaximal isokinetic
repetitions at slow speed on a patient suffering from a
hip flessum. These satisfying results seem to confirm the
importance of a significant number of repetitions. It appears
suitable to recommend to the patient-physiotherapist
duo to carry out 5 consecutive stretching exercises per
physiotherapy session, which would enable them to complete
50 stretches in 10 sessions. Repetition could be an important
factor in obtaining lasting wellbeing (neuromechanical) in
the PFPS pathology. These differences could be due to the
total stretching time, which varies from study to study, or the
intensity of the stretching which is difficult to standardise
[36]. It is considered that new studies, which alter the
duration, the number of stretches, as well as the recovery
time, could give us just as much informative information
to confirm the relevance of our results. This study is of
particular interest to sports doctors, physiotherapists and
sports coaches, yet in the absence of other similar studies,
it would seem wise to wait for new experiments so as to be
able to draw more significant conclusions.

Conclusion

The stretching techniques suggested enable an
improvement in motor performance, in terms of power
during eccentric work, combined with a decrease in painful
phenomena, which is always detrimental to rehabilitation
medical care. The gain in strength observed is linked to the
choice of eccentric submaximal stretching at slow speed,
which enables better control of the pain and minimal
consequences of the latter during motor activities. So as
to fully benefit from the effects of the stretching, it seems
advisable to perform it at the beginning of the rehabilitation
session, so as to maximise the effectiveness of the functional
treatment. Likewise preparation in eccentric mode of
the muscle groups, which have an inhibitory effect on
the movement, would appear to be an ideal preventive
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treatment solution. There is currently a consensus in PFPS
rehabilitation, in that it must include strengthening and
relaxing of the Quadriceps, especially if the latter displays
signs of stiffness. Regarding the medical care for this
pathology, our results show the importance of these specific
stretching exercises to treat stiffness and to facilitate better
quality muscle strengthening.
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