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ARTICLE INFO ABSTRACT

Introduction: Surgery is the first-line treatment for athletes with anterior cruciate 
ligament tear and who want to regain their preinjury sport level. The main determinants 
of recovery are joint stability, muscle recovery, and restoration of functional skills. Joint 
stability is provided by surgery, but there is little information on muscle and functional 
recoveries. While different surgical techniques are now established and well documented, 
recovery of muscle properties is not well understood, and few explorations have been 
done. Currently there is no consensus on the time frame for resuming sports activities 
after anterior cruciate ligament reconstruction (ACLR), nor on the means of objectifying 
it. Nevertheless, at 9 month post-operatively there is a great disparity observed in the 
levels of muscle recovery or reinjury. Anticipating patient status evolution would allow 
more personalized and adapted rehabilitation. The aim of this study is to test the ability 
of preoperative and 3 months postoperative measurements to predict neuro-muscular 
recovery at 9 months postoperative. To that end, trophic (MRI), mechanical (peak torque, 
work) and neuromuscular (RMS and median frequency) measurements will be performed 
in sportive subjects followed-up from before surgery to 9 months post-ACLR.

Methods and Analysis: This study is a prospective single-center study, with 3 
repeated assessments at 0 (pre-operative), 3, and 9 months post-ACLR. 40 patients will 
be included. 40 healthy subjects will be also enrolled in a single visit as a control group. 
At each visit, thigh muscle properties will be explored through MRI imaging, isokinetic 
tests in isometry and dynamic conditions synchronized with surface electromyogram. 
Questionnaires (IKDC, ARPEGE), and a functional test (COFRAS) will be conducted. All 
will be crossed to neuromuscular adaptation, muscle strength and fatigue.

Discussion: The combination of all these elements coupled with longitudinal 
monitoring aims to better understand neuromuscular evolution, provide objective 
criteria for the RTS and propose guidelines for rehabilitation. Depending on the evolution 
of patients at each stage, it would be interesting to propose a personalized re-athletization 
according to the patient profile.
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Introduction

Of the injuries that can lead to surgery, knee sprain with ACL 
rupture is common, with a reported incidence of 60 to 71 per 
100,000 subjects [1]. ACL tearing involves joint instability that 
leaves a vulnerability to reinjury or early osteoarthritis. ACL 
reconstruction (ACLR) is useful for joint stability restoration and 
highly indicated in young athletes who want to regain their sport 
level (prior level before injury). But surgery can lead to muscle 
disuse and disorders particularly during the 3 first months [2], with 
a high risk of iterative injuries [3]. Lower limb function is altered at 
different levels (muscle strength, trophicity fatigability and neural 
drive,) and these alterations remain until functional recovery [4,5].

Factors influencing recovery after ACLR are numerous and 
interconnected, but they can be divided into three axes: joint 
stability [6], joint mobility [7] and muscle recovery [8]. ACLR 
is now mature and well documented, it permits the return to 
effective joint stability by erasing post-traumatic laxity. Mobility 
is usually sufficient for daily life but a postoperative re-athletizing 
is necessary for sportsmen [9]. Currently, return to sport (RTS) is 
allowed at 6- post-operative month in the absence of instability or 
mobility complications [10,11]. At this postoperative time frame, 
even though biological integration of the graft is supposed to be 
efficient, Grindem et al. showed that patients who returned to 
high level sports had [4,3]. times higher reinjury rate compared to 
non-injured athletes [12]. Previous studies showed that re-injury 
frequency can reach rate of 22 to 35.7% [13,14] much more, the 
longer the convalescence is, the lower the risk of recurrence is. 
Grindem et al. showed that the reinjury rate was significantly 
reduced by 51% for each month RTS was delayed until 9 months 
after surgery, after which no further risk reduction was observed 
[12]. Thomeé et al. showed at two years only 23% of operated 
subjects have a lower limb symmetry index (LSI) greater than 
90% [15]. So far, there is no consensus on most relevant criteria 
to RTS [10, 15-18] whereas an optimal restoration of thigh muscle 
properties is necessary to prevent recurrences [12].

For that, the main time of rehabilitation takes place during the 
first three months after surgery [19]. Then, the re-athletization  

 
begins (3 to 6 post-operative months), under the cover of the 
validation by the surgeon. Usually patients use cycling, swimming 
or running retraining, well tolerated, but insufficient for return to 
previous level.20 A complete recovery of muscular capacities then 
makes it possible to pretend to prepare a new step: the specific 
relearning linked to the practice of sport, in pivot, in pivot-contact, 
jumps, etc. There is therefore a new period from the sixth to the ninth 
post-operative month. Moreover, there are several patients with 
high risk level of recurrence at 9 months.21 The speed of recovery 
remains dependent to recovery of various muscle properties 
(trophicity, strength, power and fatigue resistance) and age [21,22]. 
On the one hand, a slow progression leads to demotivation and fixes 
the apprehension of injury risk. On the other hand, an accelerated 
progression -with premature RTS- significantly increases the risk of 
re-injury[10-12,23,24]. It therefore seems reasonable to delay the 
resumption of sport from 6 to 9 months. However, there are still 
disparities in recovery at 9 months, and in fact, the return to sport 
is often delayed by patients themselves [11,18]. 

In addition, deciding when RTS becomes possible is important 
for patient satisfaction and safety. This is a challenge in the context 
of secondary and tertiary prevention.The aim of this study is 
to test the ability of preoperative and 3 months postoperative 
measurements to predict neuro-muscular recovery at 9 months 
postoperative. Trophicity is commonly assessed using a simple 
thigh perimeter, by comparing injured leg to non-injured leg. Such 
methodology does not take into account either the variation in non-
injured leg, or the variation in fat mass and lean mass and muscles 
predominantly affected.The intrinsic characteristics of muscle 
(such as strength, fatigability, neuro-muscular recruitment), must 
be evaluated collectively to provide guidelines for rehabilitation. 
For example, evaluating the maximum force does not inform about 
fatigue resistance. Moreover, the rehabilitation program can impact 
differently these muscle properties.Additionally, since hamstrings 
knee control is mainly ensured by the quadriceps-hamstrings pair, 
evaluation of the later muscle group is a crucial issue. 

Whereas quadriceps evaluation is the reference, this is not 
systematically the case for hamstrings. If historically the first 

Strengths and Limitations of This Study:

a) This trial includes pre- and post-surgical assessments. 

b) This study offers long term follow up (9 months) on technical measurements.

c) This trial includes a control group of healthy subjects to establish reference 
values.

d) This study will include highly motivated population to return to preinjury sport 
level (recreational athletes).

e) Physiotherapy protocols could not be standardized. Each patient will follow 
usual rehabilitation program.
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autografts were bone to patellar tendon bone (BPTB), it is criticized 
for its donor site morbidities such as anterior knee pain, patellar 
fracture, and quadriceps rupture [25]. Due to those morbidities, 
the recent trend is shifting toward the hamstring tendon graft. It is 
therefore natural to combine the same measures for quadriceps and 
hamstrings that can be impacted by grafting. Finally, kinesiophobia 
and functional performance are essential to ensure follow-up to 
guide the patient in his recovery. Self-questionnaires and functional 
test are needed concurrently for a complete evaluation of patient’s 
situation.Our strategy is therefore to use the most efficient 
measurement methods for trophicity, strength and recruitment, by 
means of are MRI, isokinetism and EMG respectively. The question 
of muscle recovery is a precondition for functional performance and 
so RTS. The challenge of RTS and the difficulty of muscle recovery 
therefore raise questions about their relationship.

The WEAKNESS Study Aims to Provide Quantitative and 
Qualitative Elements

a) An evaluation of muscle trophicity by MRI measurements, 
taking into account the evolution of the contralateral member 
as well as the fat mass evolution.

b) An evaluation of the maximal voluntary isometric force 
and in parallel of the dynamic force and total work (fatigue).

c) An evaluation of neuromuscular recruitment by surface 
electromyogram during force measurements.

d) Questionnaires and a functional test explore kinesiophobia 
and the functional quality of knee motor skills.

The combination of all these elements coupled with longitudinal 
monitoring aims to better understand neuromuscular evolution, 
provide objective criteria for the RTS and propose guidelines for 
rehabilitation. Depending on the evolution of patients at each stage, 
it would be interesting to propose a personalized re-athletization 
according to the patient profile.

Population and Methods

The present study is a prospective single-center study, with 
repeated measures at 15 days pre-surgical, 3 and 9 months 
postoperatively after ACLR. The control group have a single visit. 
The research started in May 2018 and is due to be completed in 
July 2020.

Patient and Public Involvement 

There are two groups: Operated group (OG) and Healthy group 
(HG), with 40 persons each. Patients of group OG will be enrolled 
among the patients of the Military health Teaching Hospital of 
Brest (orthopaedic surgery unit), and the orthopaedic surgery 
and traumatology department of local private clinics (Keraudren 
and Pasteur, Brest). Criteria for inclusion/exclusion are shown in 
Table 1.  Patients are offered to participate at their own discretion 

in the WEAKNESS study. Our experience of 15 years of isokinetic 
evaluation after ACLR has confronted us with several recurring 
questions from patients. The design of this study takes up a certain 
number of them, such as the level of muscle recovery and physical 
activities that can be performed, in accordance with post-operative 
period. The objective of this study is to clarify the conditions of RTS 
which is a major issue for patients.

Table 1: Inclusion criteria.

Inclusion criteria Non-inclusion criteria

Male or female, 18 to 45 yo Subjects under 18 yo and above 
45 yo

No surgical or traumatic after-
effects on any limbs. Pregnancy

No adverse indications for MRI. Any person who declines to 
participate in the study

To be insured with the Social 
Security

Pathological history not 
compatible with the practice of 

one of the investigations

Has signed the informed consent 
form

Pathological history not consistent 
with an investigation practice

To be treated for ACLR

Perform the first preoperative 
check-up (within the previous 15 

days)

Tegner score above 5 before the 
injury (competition training with 
greater than or equal to 3 training 

sessions per week before the 
injury)

Patients Involvement

Participation to this study is proposed during the preoperative 
orthopaedic consultation, during which patients receive all 
information about this trial. Once the informed consent has been 
signed, patients are involved.

Volunteers Involvement 

Participants of HG will be recruited through a poster and 
flyer campaign targeting the university or in sports medicine 
practices for civilians, and during employment readiness visits for 
military personnel. All study patients will undergo postsurgical 
rehabilitation. Nevertheless, rehabilitation after ACLR is well 
described nowadays, is the subject of recommendations and is 
common enough to be relatively homogeneous. Regular monitoring 
of surgeons makes it possible to detect patients in difficulty, in 
conjunction with physiotherapists. We note the number of re-
education sessions carried out and their location (in a rehabilitation 
center or in a private office). At each visit, each patient or public 
(volunteers), receive a complete review of isokinetic assessment 
by the investigator. This document specifies presence or absence 
of abnormality and the need for specialized consultation to answer 
them (for e.g. surgery, physiotherapist).

http://dx.doi.org/10.26717/BJSTR.2020.31.005057
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Study Design
Measurements are realized during visits at the Military health 

Teaching Hospital of Brest. There is one visit for HG subjects and 

three for each OG patient. For OG subjects, first visit (V1) occurs 
within the two weeks before the surgery, second visit (V2) at 3 
months postoperative and third visit (V3) at 9 post-operative 
months. The study design is presented in Figure 1.

Figure 1: Weakness study design.

Assessment Method
Population Descriptive Statistics

For HG, age, gender, BMI, sport level, education level, sport 
practiced, and dominant side are collected. The same variables 

are also collected for OG, along with sport level before injury and 
‘surgical’ variables as time between injury and surgery, sprain 
mechanism, per-operative damage inventory, type of surgery, 
additional surgical procedures, tourniquet time, conditions of 
trauma, and anesthesia type.

MRI Assessment

Figure 2: Intermediate thigh MRI slice with RF= Rectus Femoris; VL= Vastus Lateralis; VM= Vastus Medialis; BFL= Biceps 
Femoris Longus; BFB= Biceps Femoris Brevis; ST Semi-Tendinosus; SM= Semi-Membranosus.
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MRI is a non-invasive and non-radiating imaging modality 
that provides objective data on patients’ muscle condition26. All 
the MRI scans were performed using Magnetom Avanto fit 1.5T 
(Siemens Healthineers) with a 16-channels body coil. Each subject 
will be installed on a device specially designed for the project, 
providing optimal installation and measurement reproducibility.
MRI imaging of thigh muscles provides objective data on patients’ 
muscle condition in a non-invasive method [26]. Measures are 
centered on three muscle chiefs, not impacted by surgery: vastus 
medialis, vastus lateralis and biceps femoris. Segmentation is 
showed in Figure 2.

Semimembranosus (SM) and semitendinosus (ST) are 
only segmented on middle slice to allow hamstrings torque 
normalization. We use 2 types of sequences: T1 SE (thick sections: 
(TR : 490 ms, TE : 25 ms, cutting thickness : 10 mm) and T2 ME (TR 
: 2000 ms, TE : 22, 44, 66, 88, 110 and 132ms, cutting thickness 
: 4 mm). Image processing software is MIPAV V7.4.0. for T1 spin 
echo (T1SE) and T2 multi-echo (T2ME) with MR-map V1.4. Slices 
are centered by a marker placed on the skin and located at mid-
distance from the base of the patella and the anterior superior 
iliac spine (ASIS), with a 6 % withdrawal towards the knee to 
avoid overflowing on the gluteal muscles.  T1 SE allows measuring 
the cross-section area, muscle volumes, muscle fat involution by 
Gouttalier score [27], thigh muscle circumference (muscle minus 
skin and adipose tissue), total thigh volume, all in localization of 
interest (half distance ASIS-patella minus 6%, from patella). T2 
ME allows visualizing the T2 weighted MRI images (48 sections) is 
performed by the MR-Map V 1.4 software. We obtain the transverse 
relaxation time T2 in milliseconds which can vary according to the 
physico-chemical organization of the water in the tissue [28]. 

Clinical Knee Testing and Measurements 

A systematic clinical examination is performed at each visit on 
both knees. It consists of Lachmann’s test, knee front drawer and 
jerk tests, swelling, meniscus exploration, and thigh circumference. 
KT 1000 laxity assessment is performed at V1 and V3. We test both 
limbs for each participant. After testing zeroed position with three 
knee back drawers, the standard procedure is to perform three 
knee front drawer tests. The KT1000 gives audible indications of 
the actual traction level at 15, 20, and 30 pounds (lbs). The value 
selected is the difference between each limb for 30-pound load 
traction.

Questionnaires

As in the vast majority of ACLR studies, IKDC test is used [29]. 
IKDC score within 15 % of healthy gender–age-matched subjects 
relate good condition for RTS. The IKDC is the only score which 
is correlated with instrumental laxity evaluations (KT1000) [30]. 
IKDC is more sensitive to instability [31]. We add the ARPEGE 
French score, which is centered on the RTS. It explores three areas: 
mobility, stability and fatigue resistance during sports activities 

[32]. It ranks the score according to the following distribution: 
competitive, recreational, active, sedentary [31] IKDC is more 
sensitive to pain, while ARPEGE is more sensitive to kinesiophobia 
[31]. 

Functional Knee Test

We choose to include COFRAS functional knee test [33] for OG 
at the last visit (V3). This score is useful for assessing the ability of 
patients to participate in a sporting activity, but would have been 
very poor and difficult for patients to achieve during the first two 
visits. The structure of this test is divided into three axes: frontal 
and rotative stability (10 points), strength and apprehension, both 
on one leg (12 points), and finally functional activities of the knee 
joint (8 points). A total of 30 points ensure abilities to practice 
pivoting or jumping activities.

Isokinetic  Assessment

After a standardized warm-up (10 minutes on ergo-cycle at 60 
-70 rpm at a power equivalent to the subject’s weight, 1 Watt/Kg) 
[34-36], dynamometer measures will be performed on Con-Trex 
MJ® (CMV AG, Dübendorf, Switzerland). The isokinetic quadriceps 
and hamstring muscle strength assessment will be performed last, 
as the resulting tiredness could affect the other tests if performed 
first. This will be done on a Con-Trex Multi-Joint dynamometer (CMV 
AG, Dübendorf, Switzerland) and controlled by Con-Trex Software. 
The installation is described elsewhere in the literature, [34-36] and 
respect the protocol we use for 15 years. The participants will be 
seated with backrest at 85° and doubled-strapped in place at chest, 
pelvis and specific one on distal third of the thigh to avoid postural 
compensation during assessment. Contralateral limb will be free to 
move, and arms are bent over the chest to avoid compensation and 
the risk of strain on the lumbar spine. The axis of the dynamometer 
will be aligned with the rotation axis (lateral femoral epicondyle) 
of the knee joint. We use the double counter-base provided with 
the Con-Trex to attach the leg to the dynamometer arm. It makes 
possible to suppress anterior drawer induced by quadriceps 
contraction. This avoids constraints on surgery, prevents onset of 
pain or inhibition reactions and provides patients with a sense of 
security. The range of knee motion will be set from 82° (+/-0.8°) 
for a safe, comfortable, comparative assessment of quadriceps 
(extensor) and hamstring (flexors) muscles. Assessment will begin 
on the healthy knee, and then on the injured knee, and each series 
of repetitions will be followed by 1 min of rest.

Dynamic isokinetic assessment will be performed using gravity 
corrections, at a range of motion of 16°-98° and measuring peak 
torque for each test session. A gravity correction is performed before 
the measurements of each lower limb, as well as the calibration of 
the goniometer and dynamometer. SEMG calibration is performed 
afterwards. The test measurements consist in performing, first, 
isometric tasks and, second, dynamic tasks as indicated in Table 2.

http://dx.doi.org/10.26717/BJSTR.2020.31.005057
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Table 2: Isokinetic measurements.

Isokinetic design

Repetitions Speed Contraction mode Position or ROM Order

General warm up 10 min at 1W/Kg 70 rpm concentric ergocycle 0

Quadriceps 6s contraction 0 isometric At 80° flexion 1/3/2005

Hamstrings 6s contraction 0 isometric At 40° flexion 2/4/2006

Habituation session 3 submaximal 180°/s concentric 82° 7

Fatigue test 20 maximal 180°/s concentric 82° 8

1 min rest after each 
task

a) Measurement of the maximum voluntary isometric 
force of the quadriceps: working angle fixed at 80° of flexion, 
horizontal reference to 0° given by Con-Trex®. Three 6-s test 
measurements at maximum voluntary contraction (MVC) with 
verbal encouragements given to the participant are completed, 
interspersed with 1-min rest period. 

b) Measurement of the maximum voluntary isometric 
hamstring force: working angle fixed at 40° of flexion, 
horizontal reference at 0° given by Con-Trex®. Three 6-second 
test measurements at MVC with verbal encouragements given 
to the participant are performed, interspersed with 1-min 
rest period. The tests for the quadriceps and hamstrings are 
alternated.

c) Dynamic measurements of work/fatigue: one 180°/s 
trials of three submaximal repetitions to learn the action 
followed by 60 seconds rest. Then the participant carries out 
the 180°/s test of 20 maximal repetitions with standardized 
verbal encouragements.

Surface Electromyogram (SEMG) Assessment

SEMG recording is therefore synchronized in real time with 
the isokinetic device (tab 2 isokinetic test, tab 3 SEMG variables). 
A part of the seat on the dynamometer was especially designed for 
the experiments to prevent contact artifacts among EMG electrodes 
of the hamstrings. For each leg tested, the electrodes are placed on 
the Vastus lateralis (VL), Vastus medialis (VM), and biceps femoris 
(BF). Thought technology’s Flexcomp® system includes:

a) A SEMG signal capture box with 10 high-speed channels 
(2048 samples) with 14 bits of resolution (1 part in 16364).

b) 3 preamplified Myoscan® sensors that pick up the SEMG 
signal in raw form.

c) TT-USB receiver and USB cable for PC control.

d) A connection cable and its voltage isolator® box allowing 
to recover the Con-Trex MJ® data in real time (position, speed 
and torque).

e) Whole system is connected to a PC with the Physiology 
Suite software suite© from Thought Technology Ltd to process 
all data.

f) Each sensor has three electrodes. One sensor for the vastus 
lateralis, one for the vastus medialis, and one for the biceps 
femoris. Location of the electrodes is described in the SEMG 
device manual. Installation of the electrodes is reproducible 
using standard anatomical markers in reference to SENIAM.

Isokinetic measurements are therefore edited as report for 
the prescribing surgeon and on the other hand for the global 
collections of the study. We will retain the root mean square (RMS) 
and the median frequency (MedF) as an average value for the six-
second isometric activity [29, 37 & 38]. For dynamic activities 
we take the average values of the RMS and MedF over the first 3 
and last 3 contractions of the fatigue test. The time window will 
be 300 milliseconds centered on the peak torque. This will allow a 
recording of the same muscle area under the electrodes and limit 
the analysis at the time of peak torque.

Follow-Up After ACL Surgical Reconstruction

The patient’s follow-up ends 9 months after the operation. At 
the evaluation at 9 months post-surgery, patients will be questioned 
regarding their running activities, pivoting sport-specific training, 
pivoting sport competition, real level of sport achieved, as well as 
the date and the nature of any reinjury that may occur. The reinjury 
is defined as rupture of the transplant, or the contralateral ACL, or 
any injury requiring the sporting activity to cease and necessitating 
a consultation and/or medical care. We will also collect the Tegner 
score at 9 months post-ACLR. The decision for clearance to an RTS 
will be made by the surgeon, blinded to all the tests results except 
the isokinetics results. This decision will be taken after considering 
the time from surgery, clinical experience, and the isokinetics 
results.

Primary Outcomes

The main outcome measure, which is assessed at each visit is 
the muscle torque in Newton. Meter (Nm.). we will retain only the 
absolute peak torque, the most reproducible parameter [39]. The 
peak torque value normalized to the BW (Nm/kg) will be recorded 
for each mode and speed of contraction for the quadriceps (Q) 
and hamstring (H). Total work value normalized to the BW (Nm/
kg) will be recorded in dynamic condition for the quadriceps (Q) 
and hamstring (H). The Q/H ratio will be calculated for each mode 
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and speed of contraction on the operated side, with a ratio ≥69% 
considered to be physiologically sufficient to obtain joint control 
[35]. 

Secondary Outcomes

Volume (cm³) and cross section area (CSA, cm²) of vastus 
lateralis (VL), vastus medialis (VM) and biceps femoris longus 
(BFL) will be assessed to evaluate trophicity and be normalized 
to isometric torque. The EMG signal of the same muscles will be 
measured. We will use the RMS (mV) and the medF (Hz). EMG will 
be normalized to CSA for each muscle.   (VL, VM, BFL).

Statistical Analysis 

The exploratory analysis of the data will be carried out with the 
support of the Clinical Investigation Center (CIC) of the University 
hospital of Brest. After ensuring the similarity and homogeneity 
of the HG and OG subgroups, the first step will be the HG analysis. 
We will establish the standard deviations expected in our study 
population for all measurement tools used. The statistical analysis 
will be performed using the software (IBM SPSS statistics). The 
isokinetic deficits and progress will be expressed in percentages 
of healthy limb results, idem for RMI and SEMG results. The 
average and the standard deviation for instrumental laxity will 
be calculated for first visit and 9 months after surgery and for 
queries at each visit. All factor’s interactions will be tested, and 
the significance level is set at p<0.05. Ordinary statistical methods 
will be employed, including means (X) and standard deviation on 
HG. Average SEMG RMS and medF values for the three muscles 
studied will be considered for analysis. In OG, to analyze differences 
in primary outcomes between each visit, a repeated measures 
ANOVA will be computed to identify significant differences for the 
dependent variables. After performing a correlation matrix and 
calculating collinearity using linear regression, we will calculate 
several generalized linear models if possible: linear regression, 
generalized estimating equations and generalized linear mixed 
model, depending on the characteristics of our variables.

Data Management, Monitoring and Quality Control

Data will be collected by investigator on a paper CRF and then 
collected and controlled by the Clinical Research Assistants (ARC) 
of Research Department of Military Teaching Hospital Clermont-
Tonnerre, in accordance with the current protocol and regulations 
guarantying the anonymity of the patient.

a) Recruitment will be monitored by the Research 
Department of Military Teaching Hospital Clermont-Tonnerre. 
The sponsor (French Army Minister, DCSSA) will receive a 
newsletter on a quarterly basis. Recruitment will be analyzed 
after 9 and 15 months to identify unforeseen issues and 
motivate centers to reach the recruitment goal.

b) Clinical Research Associates will have access to patients’ 
medical files and CRFs. Unscheduled inspections could also be 

undertaken.

c) Clinical Research Management Office of the Army 
Biomedical Research Institute have the decision to submit the 
report for publication, including ultimate authority over it. 

d) Data extracted from measurements requiring post-
processing such as SEMG signal, MRI segmentation, were 
prepared by a training of the principal investigator. A double 
reading was applied to ensure measurement reliability and 
reproducibility. A randomized control of the files will be carried 
out to ensure the quality of the data collection in the same way 
during the study.

Study Statement

This study is actually ongoing.

Ethics Approval and Consent to Participate

The present study has been approved by the National ethical 
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