
2018/2019

José Lotário Sousa da Cunha Santos

Avaliação Isocinética da Reparação 

Isolada do Músculo Supraspinhoso

aos 4 meses /

Isokinetic Evaluation of the Isolated 

Repair of the Supraspinatus Muscle 

at 4 Months

março, 2019



Mestrado Integrado em Medicina

Área: Ciências médicas e da saúde 

Tipologia: Dissertação

Trabalho efetuado sob a Orientação de:

Professor Doutor Manuel António Pereira Gutierres
E sob a Coorientação de:

Professora Doutora Filipa Manuel Alves Machado de Sousa

Trabalho organizado de acordo com as normas da revista: 

Clinical Biomechanics

José Lotário Sousa da Cunha Santos

Avaliação Isocinética da Reparação Isolada 

do Músculo Supraspinhoso aos 4 meses / 

Isokinetic Evaluation of the Isolated Repair 

of the Supraspinatus Muscle at 4 Months

março, 2019



 29  03  2019



X

 29  03  2019



Gostaria de dedicar este trabalho a toda a minha família e a todos os 

meus amigos. 

 

Uma palavra especial de agradecimento ao meu orientador, Professor 

Doutor Manuel Gutierres, e à minha co-orientadora, Professora Doutora Filipa 

Sousa, por todo o apoio, dedicação e compreensão demonstrados.  

 

 

 

 



 1 
 

 
Isokinetic evaluation of the isolated repair of the supraspinatus muscle at 4 months 

 

José Lotário Santos a, Filipa Sousa b,c, Leandro Machado b,c, Pedro Fonseca b, Sara Tribuzi 

Morais b, Luís Alves d, Manuel Gutierres d,* 

 

a Faculty of Medicine (FMUP), University of Porto, Portugal 

b Porto Biomechanics Laboratory (LABIOMEP), University of Porto, Portugal 

c CIFI2D, Faculty of Sports (FADEUP), University of Porto, Portugal. 

d Orthopaedics and Traumatology Department, S. João University Hospital, Faculty of 

Medicine, University of Porto. Porto, Portugal 

 

* Corresponding Author: Manuel Gutierres, Orthopaedics and Traumatology 

Department, S. João University Hospital, Faculty of Medicine, University of Porto. Porto, 

Portugal, Tel.: +351-91-295-0789, Fax: +351-351-225-025-766 

 

Word count: abstract (244 words); main text (3706 words). 

  



      2 
 

Article 

Isokinetic evaluation of the isolated repair of the supraspinatus muscle at 4 months 

 

José Lotário Santos a, Filipa Sousa b,c, Leandro Machado b,c, Pedro Fonseca b, Sara Tribuzi 

Morais b, Luís Alves d, Manuel Gutierres d,* 

 

a Faculty of Medicine (FMUP), University of Porto, Portugal 

b Porto Biomechanics Laboratory (LABIOMEP), University of Porto, Portugal 

c CIFI2D, Faculty of Sports (FADEUP), University of Porto, Portugal. 

d Orthopaedics and Traumatology Department, S. João University Hospital, Faculty of 

Medicine, University of Porto. Porto, Portugal 

 

* Corresponding Author: Manuel Gutierres, Orthopaedics and Traumatology 

Department, S. João University Hospital, Faculty of Medicine, University of Porto. Porto, 

Portugal, Tel.: +351-91-295-0789, Fax: +351-351-225-025-766 

 

Statement of equal authors contribution: all authors contributed equally to this manuscript. 

Declarations of interest: none. 

 

  



      3 
 

Abstract 

Background: Double row arthroscopic rotator cuff repair has been the gold-standard for rotator 

cuff repair in the last few years. The supraspinatus is the most susceptible muscle to rupture 

in this context. The aim of this study was to evaluate patients submitted to a double row 

arthroscopic repair of the rotator cuff with isokinetic tests, surface electromyography and 

Constant-Murley Score, and correlate these data with their clinical evolution four months after 

surgery. 

Methods: Six patients with isolated and unilateral ruptures of the supraspinatus muscle, 

confirmed by MRI, were submitted to isokinetic dynamometry, surface electromyography and 

Constant-Murley functional Score. Injured and uninjured shoulder results were collected 

immediately before and four months after the surgery.  

Findings: Our results show improvements in isokinetic, strength and functional parameters. 

Isokinetic results correlate well with functional and clinical scores and add value to the follow-

up process. For the angular velocity of 90º/s in post-op, the angle at Peak Torque for the 

injured and uninjured limb was approximately the same (~42º). Electromyographic 

measurements provided valuable insight over the electrical activation of muscles of the 

shoulder girdle. After surgery, electromyographic measurements showed a lower normalized 

activation pattern for the injured and uninjured muscles, suggesting an increased efficiency in 

post-operative muscle function. 

Interpretation: The performed surgery was effective. The selected four-month time frame is an 

important landmark to evaluate patients´ recovery, since our data showed that most variables 

collected on the injured limb tend to evolve towards the values of the uninjured limb.  

 

Keywords: supraspinatus, double row repair, rotator cuff, isokinetic, surface electromyography. 
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1. Introduction 

The shoulder is the most mobile joint in the human body (Kumar et al., 2018). It 

includes four bones (sternum, clavicle, humerus and scapula), four joints (sternoclavicular, 

acromioclavicular, glenohumeral and scapulothoracic) and a set of muscles, tendons and 

ligaments. Due to its complex anatomy it is frequently affected by injuries such as 

tendinopathies or ruptures (Huegel et al., 2015; In Bo and Do Keun, 2014). The muscles that 

produce movement at the glenohumeral joint are mainly the deltoid, pectoralis major, 

latissimus dorsi and teres major. These muscles are stabilized by the rotator cuff, a small 

group of muscles (subscapularis, supraspinatus, infraspinatus and teres minor) attached to 

the greater and lesser tuberosity of the humerus, that provide dynamic stabilization, by 

compressing the humeral head within the concave glenoid fossa of the scapula, and enable 

humeral mobility. Due to its important role as a dynamic stabilizer, when a pathologic condition 

targets the rotator cuff, the decrease in the compressive force may result in a superior humeral 

head migration and potential impingement against the acromion (2008; Huegel et al., 2015). 

Rotator cuff disease is the most common cause of chronic shoulder pain and shoulder 

dysfunction among middle-aged and elderly people (Analan et al., 2015; Eljabu et al., 2015; 

Haahr and Andersen, 2006; Leblebici and Celik, 2016; Luime et al., 2004; Parks et al., 2017; 

Porcellini et al., 2011; Steinbacher et al., 2010; Williams et al., 2004). Degenerative rotator 

cuff (RC) tears are very rare in individuals younger than 40 years but with increasing age 

tendons of the RC tend to undergo progressive degenerative changes. This may lead to partial 

or full disruption of the involved structures resulting in pain, weakness and dysfunction with 

stiffness and postural changes being common in this setting (Haahr and Andersen, 2006; 

Haahr et al., 2005; MacDermid et al., 2004; Melis et al., 2009; Michener et al., 2003; Porcellini 

et al., 2011). The most susceptible muscle to rupture in this context is the supraspinatus (SE) 

(Melis et al., 2009; Wening et al., 2002; Williams et al., 2004) due to its predisposition to 

impingement, conflict with other structures, and decreased vascularity (Matthews et al., 2006). 

This muscle, besides being an important stabilizer of the shoulder complex also contributes to 

the humeral abduction on the coronal plane, making SE ruptures more common in laborers 
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and athletes that overdo repetitive overhead movements due to its active function in 

generating the required torque (Steinbacher et al., 2010). Conservative treatments and 

symptomatic control are the first line options in the management of patients with RC tears. 

However, these may eventually fail and at that point, surgical approaches become an option. 

Arthroscopic procedures have earned high popularity over the open interventions (Deniz et al., 

2014; Huegel et al., 2015; Williams et al., 2004) due to their minimally invasive technique and 

significant ability to provide stable and solid fixation of the tendons to bone. The double-row 

repair technique is currently the most accepted option for the arthroscopic RC repair 

(Abdelshahed et al., 2016; Millett et al., 2014; Senna et al., 2018). The main purpose of this 

technique is efficiently restore the anatomic footprint of the tendon, increase the tendon-bone 

surface area, improve shoulder function and prevent progression of arthropathy and muscle 

degeneration (Bartl et al., 2012; Ghazanfari et al., 2017). When compared with single-row 

procedures the main advantages of double row techniques are improved stability, wider 

contact with the bone footprint and the ability to assure a large healing area.  

Isokinetic muscle tests are a reliable and validated method for muscle function 

assessment, allowing the collection of a wide range of parameters with the aid of isokinetic 

dynamometers. They are performed at a constant angular speed allowing the monitoring of 

the joint muscle activity in a controlled manner. Peak torque is considered the most 

representative parameter of muscle performance in isokinetic dynamometry and as a 

parameter of muscular strength it represents the maximum energy generated during a 

muscular contraction (Oh et al., 2010).  

Surface Electromyography (sEMG) is a noninvasive technique used to assess 

superficial muscles´ activity and can estimate muscle forces. Contrary to intramuscular EMG, 

sEMG is a non-invasive, painless and easy to use technique, allowing data collection during 

the production of dynamic movements.  

The Constant-Murley Score (CMS) is a staging system used by clinicians to access 

the functional status of the patients´ shoulder (Constant et al., 2008). It comprises objective 

and subjective measurements and allows numerical comparison between injured and 
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uninjured limbs. It is divided in four subscales: pain (15 points), activities of daily living (20 

points), strength (25 points) and range of motion: forward elevation, external rotation, 

abduction and internal rotation of the shoulder (40 points), with a maximum possible score of 

100. The higher the score, the higher the shoulder function quality (Hirschmann et al., 2010; 

Romeo et al., 2004). 

2. Methods 

2.1. Participants 

Six patients with rotator cuff disorder treated at the Orthopedic and Traumatology 

Department of Centro Hospitalar S. João, Porto were included: one male and five females 

(mean ± SD: age (years) 59.83 ± 9.37; height (m) 1.62 ± 0.06; weight (kg) 72.00 ± 14.38). The 

project was approved by the local ethics committee and all patients were properly informed of 

the study´s objectives and procedures and given an informed consent to sign.  

The inclusion criteria for the participants were: age between 40 and 75 years, unilateral 

symptomatic RC, no contralateral disease or symptoms, unilateral limited RC active 

movement, Rotator Cuff Tear (RCT) confirmed by Magnetic Resonance Imaging (MRI), no 

previous history of shoulder surgery, systemic inflammatory or neoplastic diseases and not 

having participated in any clinical study in the previous three months. The exclusion criteria 

were: irreparable RCT, massive RCT, presence of extensive fatty muscle degeneration, 

moderate to severe muscle retraction or atrophy. 

All patients were evaluated immediately before surgery and 4 months (16-20 weeks) 

afterwards. Procedures were always performed by the same examiner and consisted in the 

application of a CMS and on an isokinetic evaluation of both shoulder complexes with 

simultaneous sEMG recording. Before data collection, subjects were familiarized with the 

procedures and a CMS was applied, followed by the isokinetic and sEMG recording. 

2.2. Isokinetic assessment 

A Biodex System Pro 4 (Biodex Medical Systems, Shirley, NY, USA) was used to 

assess the shoulder concentric abduction-adduction of the injured and uninjured shoulder at 

90°/s and 180°/s angular velocity, starting by the uninjured shoulder. According to some 
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authors (Ellenbecker and Davies, 2000; MacDermid et al., 2004; Oh et al., 2010; Plotnikoff 

and MacIntyre, 2002; Rabin and Post, 1990; Szuba et al., 2016), isokinetic tests have high 

accuracy and test-retest reliability when evaluating complex shoulder musculature. Five 

repetitions for each testing velocity and shoulder were performed, with a three-minute rest 

between velocities. The patient was positioned on the Biodex chair according to the 

manufacturer recommendations, with the trunk and legs stabilized using the Biodex’ straps. 

The dynamometer’s axis of rotation was adjusted so that it aligned with the head of the 

humerus and center of the glenohumeral joint in the horizontal plane. The range of motion 

was defined as 180º of abduction, with the stating position at 0º abduction with the arm fully 

extended along the trunk. The system implemented gravity correction was used. The following 

parameters were extracted for each testing velocity for further analysis: peak torque (PT), 

peak torque normalized to body weight (PT/BW), angle at which peak torque was achieved 

(ANGLE@PT), power (POWER) and total work (WORK). 

2.3. Surface electromyography 

Surface EMG was performed simultaneously and in synchrony with the isokinetic 

assessment of the three portions of the deltoid muscle (anterior, medial and posterior) and the 

supraspinatus during the abduction/adduction movements. In order to do that, surface bipolar 

EMG electrodes (Dormo&Blaico SX-30, Telic S.A. Spain) were placed on the muscles´ bellies 

according to the Surface Electromyography for the Non-Invasive Assessment of Muscles 

(SENIAM,1999) recommendations and an inter-electrode distance of 20 mm was preserved. 

The skin was lightly scrubbed with a cotton swab soaked in 90% alcohol prior to electrode´s 

placement. The sEMG signals were bandpass filtered (5-500 Hz), amplified (pre-amplification 

= 11, common mode rejection ratio >90dB, second-stage amplification: 100) and recorded 

with a BIOPAC MP100 (BIOPAC Systems, INC, USA) analog-to-digital converter operating at 

a 2000Hz sampling frequency. A custom written Matlab R2014a (MathWorks, MA, USA) 

routine was used to process the sEMG data. This step included a 20-450Hz Butterworth band-

pass filter, full-wave rectification and the calculation of the signal’s linear envelope with a 3 Hz 

low pass Butterworth filter. The isokinetic dynamometer range of motion was used to set four 
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performance ranges: 0-45º, 45-90º, 90-135º 135-180º. The EMG envelopes of each muscle 

was then normalized to its maximum value of each range, and the average muscle activation 

in each range was extracted. 

2.4. Surgical procedure 

After the pre-surgery assessments, an arthroscopic inspection of the patient’s joint was 

performed, in order to check the inclusion criteria, and a double-row technique was performed 

by the same surgeon to repair the supraspinatus gap. Two rows of suture anchor fixation of 

tendon-to-bone type were used: one row (medial) was placed close to the humeral head, near 

the cartilage-footprint transition, where the bone is stiffer, using a Healix Advance anchor 

(DePuy Synthes Mitek Sports Medicine, MA, USA); and a second row (lateral) was placed 

near the humerus´ greater tuberosity with a Versalok Suture Anchor (DePuy Synthes Mitek 

Sports Medicine, MA, USA). An acromioplasty was added to the procedure to reduce the 

subacromial impingement. 

2.5. Rehabilitation procedure 

Postoperative rehabilitation was guided under the supervision of a physiotherapist. 

The protocol followed general recommendations for rotator cuff surgery and consisted in four 

phases of different approaches and exercises. The first phase was accomplished in the first 

month of recovery and focused mainly in protecting the healing tendon. The patient’s operated 

limb was immobilized with a sling and some pendular movements were allowed. There was 

no place for any active range of motion (ROM) movements and passive exercises were only 

gently introduced at the end of this phase. The second phase was implemented during the 

second month of recovery and consisted in the consolidation of passive ROM and stretching 

exercises. Sling hanging was discontinued in the beginning of this phase and patient was 

expected to tolerate smooth, controlled and assisted active ROM exercises at the end of it. 

Phase three took place during the third month of recovery and was characterized by the full 

incorporation of active ROM exercises as well as the pursue of muscle strength regain. In 

order to achieve these goals, the patient was exposed to more aggressive active ROM 

exercises as well as shoulder strengthening exercises. The fourth phase was conducted 



      9 
 

during the fourth and last month of the recovery protocol and was expected to consolidate 

muscle strength and allow the patient to return to daily life and sports activity. 

2.6. Statistical analysis 

Statistical Analysis was performed using IBM SPSS Statistics software (IBM 

Corporation, NY, USA). All data are expressed as means ± standard deviation. The Wilcoxon 

test was used to assess differences between variables before and after surgery for injures and 

uninjured clusters. The probability level p<0.05 was defined as statistically significant. 

3. Results 

3.1. Constant-Murley Score 

CMS´s from pre- and post-surgery evaluations were registered and compared for each 

limb. Significant differences were observed between the injured (IL) and uninjured limbs (UL), 

pre and post-operatively (Table 1). Before surgery all subjects reported lower values of CMS 

on both limbs (IL: 37.83 ± 15.90; UL: 70.33 ± 19.90). Four months after surgery all patients 

reported higher values of CMS on both limbs (IL: 67.83 ± 15.15; UL: 77.50 ± 20.06). The global 

difference found in both limbs was greater in the IL (30.00) than in the UL (7.17). 

3.2. Isokinetic dynamometry tests 

No statistically significant differences were found in any results from the isokinetic 

measurements related to peak torque (N.m), normalized peak torque (%BW), angle at peak 

torque (degrees), power (W) and work (J) in the uninjured limb (UL) before and after surgery. 

Nevertheless, the injured limb (IL) measurements did not follow the same tendency. All the 

results were significantly different with exception for the angle at which PT was achieved 

(Table 2 and Table 3). At the angular velocity of 90º/s, when comparing pre- and post-surgery 

results, PT increased 4.63 N.m in the UL and 10.93 N.m in the IL. The same trend was 

observed in the normalized PT that showed an increase of 8.13% in the UL and an increase 

of 17.30% in the IL.  

After surgery, PT was achieved by the UL 7.33º below in the abduction movement, 

while the IL managed PT 12.00º later when comparing with the pre-surgical data (Figure 3). 

For the parameters POWER and WORK there was an increase in both values, more 
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pronounced in the IL. At the angular velocity of 180º/s, when comparing pre- and post-surgery 

results, PT increased 8.29 N.m in the UL and 10.24 N.m in the IL. The same trend was 

observed in the normalized PT that showed an increase of 7.45% in the uninjured limb and 

16.74% in the injured limb. Relatively to the angle of PT after surgery, results were not similar 

with those collected at the previous angular velocity (90º/s). The UL achieved PT 25.67º later 

in the abduction movement and the injured limb achieved PT 30.50º later (Figure 4). 

3.3. Electromyography 

Prior to surgery, at 90º/s, the injured shoulder presented an increased SE and deltoid 

activity in the 0-45º and 45-90º ranges, with the deltoid portions showing an average activity 

of 65% to 75%, and the SE of 55% (Figure 3a). After surgery, the activation of this muscles 

decreased, with every muscle showing an activity below 55%, and the SE showing an activity 

under 25% (Figure 3b). It should also be noticed that while in the pre-surgical assessment, 

the muscle activity had a sharp decrease after 90º of abduction toward a null activity at the 

end of the isokinetic range of motion, during the post-surgical measurement this muscle 

activity decrease is more subtle, still showing some muscle activity at the final range. Similar 

results were observed on the sEMG recordings collected at 180º/s (Figure 3c-d). 

The uninjured shoulder at 90º/s and 180º/s, whilst showing muscle activities between 

45% and 75%, did not have a clear differentiation between SE and deltoid activity during the 

pre-surgical assessment (Figure 4a-d). The activity decrease during the range of motion is 

smoother than the observed in the injured limb. After surgery, the deltoid muscles were able 

to reduce its activation to under 55% at 90º/s (Figure 4b) and 60% at 180º/s (Figure 4d). The 

SE showed an activation decrease similar to the observed in the injured limb after surgery. 

4. Discussion 

Although isokinetic muscle tests are being more frequently used in clinical practice, its 

correlations with sEMG activity and the commonly used clinical scores are not clearly available 

in the literature. The information regarding shoulder muscle strength assessed pre- and post-

surgery appears to be very important in the treatment, rehabilitation and follow-up of a RCT 
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patient. It allows clinicians to realize the real disease progression and compare measurable 

data.  

4.1. Constant-Murley Score 

The results of this study show significant differences in most parameters of the injured 

limbs (IL) between pre- and post-surgical moments.  

We observed a significant difference between pre- and post-surgery values of the CMS, 

for both injured (IL) and uninjured (UL) limbs. The difference between IL and UL scores in 

pre-surgery (~33 points) corresponded to a grading of “Poor” in the CMS. This condition 

changed dramatically four months after surgery, with differences between the IL and UL 

scores in post-surgery attaining <11 points (~10 points), grading as “Excellent”, as described 

by Fabre et al. (1999). The CMS score improvement is consistent with the satisfactory 

outcomes reported by patients and corroborated by clinicians (Bartl et al., 2012; Burkhart et 

al., 2001; Deniz et al., 2014; Wilson et al., 2002) 

4.2. Isokinetic dynamometry tests 

When the muscle strength is compromised it contributes to the loss of function and 

capacity of the rotator cuff (In Bo and Do Keun, 2014), and this work shows that the IL 

improved its force production and function four months after surgery. We relate this fact with 

the effectiveness of the performed surgical procedure (Double Row Repair) and with a greater 

potential to evolve towards its normal health status. 

However, the uninjured limb (UL) also showed improvements in most of the  

parameters in post-surgical measurements. This could be related with the correction of the 

overuse this limb was subjected to during the waiting time for surgery when the IL was unable 

to perform daily-life activities. We assume this overuse decreased considerably as soon as 

the IL became functional after surgery. Moreover, the physiotherapy protocols comprise 

bilateral exercises that may also have helped the UL to improve its functional status. 

Furthermore, we admit preoperative pain of the IL may have affected the performance of the 

UL. 
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Regarding isokinetic variables evaluated, we observed that, for both angular velocities 

analyzed (90º/s and 180º/s), there was an overall trend for increasing values. There were 

significant differences in peak torque, normalized peak torque, power and work for the injured 

limb (IL), in both velocities. These observations highlight the positive aftereffect of the 

performed rotator cuff tear repair.  

The angle at PT for the post-operative IL was closer to the angle at PT of the UL, 

especially during the isokinetic evaluation at 90º/s (~42º). This result is in line with our 

expectations, and corroborates the trend IL follows towards meeting the results of the UL. 

Moreover this angular speed (90º/s) offers more resistance to the movement, requiring more 

work and power to produce the same force. 

The uninjured limb (UL) presented no statistically significant differences for the pre-

/post-surgery comparison, as expected, since this limb was not the target of the surgical 

procedure nor the rehabilitation protocol. 

4.3. Electromyography 

Similarly to the isokinetic correlations with clinical scores, there is also a lack of 

literature publications evaluating the post-op recovery of the supraspinatus muscle, combining 

isokinetic measurements and surface EMG. In a study of Waite et al. (2010), about the 

suitability of surface electrodes used to estimate muscle activity of the rotator cuff muscles, it 

was suggested that sEMG, even being more suitable for analyzing superficial muscles, was 

also adequate to determine muscular activity of the supraspinatus. This muscle is located in 

the supraspinous fossa of the scapula and is in close proximity with the deltoid and the upper 

trapezius muscle. However, these other muscles are quite thin and composed of mostly fascia 

over the belly of the supraspinatus, allowing a fairy accurate surface electrode placement on 

the skin above this muscle. 

In our study, the decrease of SE activation in both velocities after surgery is a good 

indicator of the recovery of this muscle and its ability to provide glenohumeral stability.  

Its abduction function seems also to be improved since the deltoid muscles activation 

decreased, which can be related with the SE performing a supportive role. We hypothesize 
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there was a global biomechanical improvement of the shoulder complex that allowed SE to 

work more as a humeral head depressor and stabilizer and less as an active abductor of the 

humerus. The fact that after surgery muscles activation during the range of motion shows a 

slower decrease, may be also indication of stability and muscle function along a wider range, 

eventually even providing some eccentric activation during the final range of 135-180º in order 

to decelerate the limb abduction. This is not so obvious at 180º/s, but that could be due to the 

higher angular velocity, which increases the difficulty in controlling the movement. 

Although the uninjured arm was not intervened, the results are similar to those of the 

post-surgery injured shoulder, which are encouraging results. The fact the injured and 

uninjured shoulder share a similar sEMG pattern of activation is a good indicator of the 

success of the surgical procedure and shoulder recovery. The fact that the uninjured shoulder 

presents differences after surgery could be related once again with the overuse compensation, 

pain relieve and bilateralism of the physiotherapy protocols.  

4.4. Further studies 

Our study has several limitations. The number of subjects involved is very small and 

provided low statistical power. We did not perform any data collection beyond four months 

after surgery. It would be interesting to compare our measurements with others collected at 

different time frames. Also, most patients exhibited significant preoperative pain. This fact 

probably had a great influence on the isokinetic muscle strength measurements. Further 

studies with larger samples might consider including the classification provided by the CMS in 

order to cluster participants according to their pain scale. The overall analysis of the current 

study lead us to consider comparing IL and UL, in both time frames evaluated, in order to 

quantify the bilateral discrepancies in all variables and their temporal evolution. 

5. Conclusions 

After a careful analysis of collected data we concluded that isokinetic measurements 

are useful in a post-operative RCT patient follow-up. 

For the angular velocity of 90º/s in post-op, the angles at PT for the injured (IL) and 

uninjured limb (UL) were similar (~42º). This evidence suggests effectiveness of the surgical 
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repair in terms of shoulder biomechanics, as reinforced by statistically significant differences 

attained for the pre-/post-surgery IL in peak torque, normalized peak torque, power and work. 

We suggest the selected four-month time frame is an important landmark to the 

majority of the physiotherapy recovery protocols, since our data showed that most variables 

collected on the IL tend to evolve towards the values of the contralateral UL.  

EMG measurements provided insight over the electrical activation of muscles of the 

shoulder girdle. For both limbs and angular velocities we noticed an overall decrease of the 

normalized EMG activity with the shoulder abduction, suggesting an increased efficiency in 

post-operative muscle function.  

The isokinetic variables correlate well with functional and clinical scores (CMS) and 

add value when incorporated in the clinical evaluation protocols, as commonly used in other 

joints. These allow clinicians to have more consistent and reliable measurements in order to 

quantify the real evaluation and progress of the patient status. 
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Tables 

Table 1. CMS mean values for injured and uninjured limbs in the pre- and post-surgery timings. 

Limb Pre 
Mean (SD) 

Post 
Mean (SD) dif Z p 

Uninjured 70.33 (19.90) 77.50 (20.06) 7.17 -2.02 0.043 
Injured 37.83 (15.90) 67.83 (15.15) 30.00 -2.20 0.027 

 

Table 2. 90º/s: isokinetic variables expressed as mean and standard deviation (SD) values of 

peak torque, PT (N.m), normalized peak torque, PT/BW (%), angle at PT, ANGLE @ PT 

(degrees), power (watts) and work (J) in uninjured and injured limbs, in pre- and post-operatory 

timings. 

Variables 

Uninjured limb Injured limb 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

z p 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

z p 

PT  (N.m) 22.98 
(14.2) 

27.61 
(12.13) -0.73 0.46 11.98 

(13.51) 
22.91 
(9.19) -2.20 0.028 

PT/BW (%) 29.83 
(16.31) 

37.96 
(11.93) 0.94 0.34 14.41 

(16.31) 
31.71 

(10.86) -2.20 0.028 

ANGLE@PT 
(deg) 

49.33 
(28.21) 

42.00 
(17.30) 0.73 0.46 30.67 

(36.74) 
42.67 

(30.28) 0.73 0.463 

POWER (W) 20.61 
(14.16) 

21.83 
(14.30) 0.42 0.67 8.53 

(11.21) 
15.61 

(12.28) -1.99 0.046 

WORK (J) 228.9 
(144.63) 

232.83 
(14.39) 0.10 0.91 64.81 

(81.96) 
142.11 

(126.95) -2.20 0.046 

 

Table 3. 180º/s: isokinetic variables expressed as mean and standard deviation (SD) values 

of peak torque, PT (N.m), normalized peak torque, PT/BW (%), angle at PT, ANGLE @ PT 

(degrees), power (watts) and work (J) in injured and uninjured limbs, in pre- and post-operatory 

timings. 

Variables 

Uninjured limb Injured limb 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

z p 
Pre 

Mean 
(SD) 

Post 
Mean 
(SD) 

z p 

PT  (N.m) 20.55 
(12.26) 

24.80 
(8.97) 0.95 0.34 11.66 

(10.94) 
21.90 
(6.70) -1.99 0.046 

PT/BW (%) 27.23 
(15.10) 

34.68 
(9.67) 0.52 0.66 14.06 

(15.72) 
30.80 
(6.70) -1.99 0.046 

ANGLE@PT 
(deg) 

40.00 
(29.10) 

65.67 
(44.88) -1.57 0.11 21.17 

(36.14) 
51.67 

(30.80) -1.78 0.075 

POWER (W) 22.75 
(17.46) 

27.55 
(15.77) -1.35 0.17 11.45 

(15.55) 
20.03 

(17.88) -2.20 0.028 

WORK (J) 177.90 
(109.93) 

207.61 
(98.41) -2.20 0.11 91.48 

(109.26) 
134.70 

(108.77) -2.20 0.028 
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Figures 

 

Figure 1. Range of ANGLE@PT (angular velocity 90º/s) for the movement of abduction. Red: 

Injured limb; green: uninjured limb. 

 

 

Figure 2. Range of ANGLE@PT (angular velocity 180º/s) for the movement of abduction. Red: 

Injured limb; green: uninjured limb. 
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Figure 3. Uninjured limb (UL): a) EMG variation during the abduction movement of the UL at 

the angular velocity of 90º/s in the pre-surgery period; b) EMG variation during the abduction 

movement of the UL at the angular velocity of 90º/s in the post-surgery period; c) EMG 

variation during the abduction movement of the UL at the angular velocity of 180º/s in the pre-

surgery period; d) EMG variation during the abduction movement of the UL at the angular 

velocity of 180º/s in the post-surgery period. 

  
(a) (b) 

  
(c) (d) 
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Figure 4  Injured limb (IL): a) EMG variation during the abduction movement of the IL at the 

angular velocity of 90º/s in the pre-surgery period; b) EMG variation during the abduction 

movement of the IL at the angular velocity of 90º/s in the post-surgery period; c) EMG variation 

during the abduction movement of the IL at the angular velocity of 180º/s in the pre-surgery 

period; d) EMG variation during the abduction movement of the IL at the angular velocity of 

180º/s in the post-surgery period. 

  
(a) (b) 

  
(c) (d) 
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figures for refereeing. If you prefer to do so, you may still provide all or some of the source files at
the initial submission. Please note that individual figure files larger than 10 MB must be uploaded
separately.
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Language (usage and editing services)
Please write your text in good English (American or British usage is accepted, but not a mixture of
these). Authors who feel their English language manuscript may require editing to eliminate possible
grammatical or spelling errors and to conform to correct scientific English may wish to use the English
Language Editing service available from Elsevier's WebShop.

Submission
Our online submission system guides you stepwise through the process of entering your article
details and uploading your files. The system converts your article files to a single PDF file used in
the peer-review process. Editable files (e.g., Word, LaTeX) are required to typeset your article for
final publication. All correspondence, including notification of the Editor's decision and requests for
revision, is sent by e-mail.

Contributions falling into the following categories will be considered for publication and are accepted
on the understanding that they have not been published previously, nor are under consideration
for publication in any other journal. This policy on redundant publication extends to overlapping or
incremental submissions (salami publication) where data from essentially the same experiment is
spread across numerous papers: the practice is discouraged, and such submissions are unlikely to
be considered for publication.

Papers – scientific reports within the scope of the journal. The length should not normally exceed
4000 words with around six figures/tables (large data tables and multi-part figures are generally best
placed in Supplementary Data).
• Two-part submissions are discouraged.
• Reports focused on development of methods (e.g. reliability, validity)in the absence of experimental
application are not acceptable.
• Reports on model development should address a specific question of clinical interest or report a
novelty not yet understood.
• Finite element simulations: The journal has strict requirements on model validation for finite
element/numerical models – submissions involving such modelling must comply with those
requirements (see Viceconti et al. Extracting clinical data from finite element simulations. Clin Biomech
2005;20:451–454). Authors must confirm in their covering letter that their paper complies with the
journal's requirements and for the benefit of the readers they may wish to cite Viceconti et al.
• When reporting tests of implants/devices, a laboratory test in the absence of a clinical component is
insufficient (i.e. experiments should involve human subjects, or involve specimens where the clinical
state is replicated; experiments should seek to explain the cause of documented (not conjectured)
implant failure)
• Studies should have a clear clinical relevance, and subjects should match the purpose of the study,
(e.g. young healthy volunteers are generally inappropriate for studies about clinical problems/injury
mechanisms or about problems experienced by older people).
• Single clinical case reports are usually considered to be unsuitable.

Brief Reports – around 1500 words with few figures or tables.

Review Papers – authoritative, comprehensive, and well-referenced reviews of a relevant subject
(which are likely to be longer than research papers).

Perspective Papers – typically in the range of 1000-3000 words. These manuscripts will explore
important topics with clinical relevance which are typically under a scientific debate, considering the
history and evolution of the specific sub-field or biomechanical problem, and allowing expression of the
views or opinions of leaders in the field, relying on the body of evidence and published literature. Such
articles will be submitted by invitation only, and will be invited by the Editor-in-Chief of the journal.

Correspondence – letters relating to matters published in the journal are encouraged.

Submissions are screened by an editorial panel; if considered suitable for the journal two or more
peer reviewers will be allocated. With the exception of Review Papers, do not ask the Editor for a prior
view on suitability. Only a proportion of scientifically robust papers can be accepted for publication,
so authors should be aware that submissions requiring extensive revisions are unlikely to be offered
the opportunity to revise and resubmit. In cases where the original reviewers disagree, the editor



AUTHOR INFORMATION PACK 29 Mar 2019 www.elsevier.com/locate/clinbiomech 8

may opt to obtain further opinion. Appeals can only be considered where the authors can identify an
irregularity in the review process; it is not acceptable simply to state that the reviewers’ concerns
can be addressed.

Please remember that reviewers work on a voluntary basis. The editorial office does everything it can
to ensure a timely review process, which is driven by an electronic reminder process. Authors are
respectfully requested to not send emails to the editorial office asking about the status of their paper.
You will not be forgotten, and will be informed as soon as the process is complete.

Submit your article
Please submit your article via https://www.evise.com/profile/#/CLBI/login

Please submit, with the manuscript, the names, addresses and e-mail addresses of two potential
referees. Note that the editor retains the sole right to decide whether or not the suggested reviewers
are used.

References
There are no strict requirements on reference formatting at submission. References can be in any
style or format as long as the style is consistent. Where applicable, author(s) name(s), journal title/
book title, chapter title/article title, year of publication, volume number/book chapter and the article
number or pagination must be present. Use of DOI is highly encouraged. The reference style used by
the journal will be applied to the accepted article by Elsevier at the proof stage. Note that missing
data will be highlighted at proof stage for the author to correct.

Use of word processing software
It is important that the file be saved in the native format of the word processor used. The text
should be in single-column format. Keep the layout of the text as simple as possible. Most formatting
codes will be removed and replaced on processing the article. In particular, do not use the word
processor's options to justify text or to hyphenate words. However, do use bold face, italics, subscripts,
superscripts etc. When preparing tables, if you are using a table grid, use only one grid for each
individual table and not a grid for each row. If no grid is used, use tabs, not spaces, to align columns.
The electronic text should be prepared in a way very similar to that of conventional manuscripts (see
also the Guide to Publishing with Elsevier). Note that source files of figures, tables and text graphics
will be required whether or not you embed your figures in the text. See also the section on Electronic
artwork.
To avoid unnecessary errors you are strongly advised to use the 'spell-check' and 'grammar-check'
functions of your word processor.

Article structure
Subdivision - numbered sections
Divide your article into clearly defined and numbered sections. Subsections should be numbered
1.1 (then 1.1.1, 1.1.2, ...), 1.2, etc. (the abstract is not included in section numbering). Use this
numbering also for internal cross-referencing: do not just refer to 'the text'. Any subsection may be
given a brief heading. Each heading should appear on its own separate line. Provide line numbering
for the convenience of reviewers. Avoid footnotes.

Introduction
State the objectives of the work and provide an adequate background, avoiding a detailed literature
survey or a summary of the results.

Methods
Provide sufficient detail to allow the work to be reproduced. Methods already published should be
indicated by a reference: only relevant modifications should be described.

Results
Results should be clear and concise.

Discussion
This should explore the significance of the results of the work, not repeat them. A combined Results
and Discussion section is often appropriate. Avoid extensive citations and discussion of published
literature.

Conclusions
The main conclusions of the study may be presented in a short Conclusions section, which may stand
alone or form a subsection of a Discussion or Results and Discussion section.
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Essential title page information
• Title. Concise and informative. Titles are often used in information-retrieval systems. Avoid
abbreviations and formulae where possible.
• Author names and affiliations. Please clearly indicate the given name(s) and family name(s)
of each author and check that all names are accurately spelled. You can add your name between
parentheses in your own script behind the English transliteration. Present the authors' affiliation
addresses (where the actual work was done) below the names. Indicate all affiliations with a lower-
case superscript letter immediately after the author's name and in front of the appropriate address.
Provide the full postal address of each affiliation, including the country name and, if available, the
e-mail address of each author.
• Corresponding author. Clearly indicate who will handle correspondence at all stages of refereeing
and publication, also post-publication. This responsibility includes answering any future queries about
Methodology and Materials. Ensure that the e-mail address is given and that contact details
are kept up to date by the corresponding author.
• Present/permanent address. If an author has moved since the work described in the article was
done, or was visiting at the time, a 'Present address' (or 'Permanent address') may be indicated as
a footnote to that author's name. The address at which the author actually did the work must be
retained as the main, affiliation address. Superscript Arabic numerals are used for such footnotes.

• Word count.Give word counts both for the abstract and for the main text (excluding references
and legends).

Abstract
A concise and factual abstract is required which must be in structured format. The following section
headings (in italics) should each start a new line: Background, Methods, Findings, Interpretation.
Please give an idea of the effect size of the results of hypothesis tests rather than simply quoting
the statistical significance. The interpretation paragraph should explain how the findings add to
understanding of the topic and outline the clinical implications. Only universally accepted and
understood abbreviations are allowed in the Abstract (e.g. CT, MR). but no specialties or author-
defined abbreviations (e.g. OA osteoarthritis; TKR total knee replacement etc). References are not
permitted. The abstract should not exceed 250 words in total.

Highlights
During the submission process you will be asked to provide Highlights of your research. These are
a collection of short bullet points that convey the rationale and core findings of the article. They
need to be submitted in a separate file in the online submission system. Please use 'Highlights' in
the file name and include 3 to 5 bullet points (maximum 85 characters, including spaces, per bullet
point). Only universally accepted and understood abbreviations are allowed (e.g. CT, MR), but no
specialty or author-defined abbreviations (e.g. OA osteoarthritis; TKR total knee replacement etc).
See https://www.elsevier.com/highlights for examples of Highlights.

Keywords
Immediately after the abstract, provide a maximum of 6 keywords, using American spelling and
avoiding general and plural terms and multiple concepts (avoid, for example, 'and', 'of'). Be sparing
with abbreviations: only abbreviations firmly established in the field may be eligible. These keywords
will be used for indexing purposes.

Abbreviations
Ensure all acronyms/abbreviations are defined at first use. The use of many abbreviations in the text
makes reading difficult and tiring: keep to a minimum. For products ensure the source details are
complete (company, city, country) (All US addresses must include USA).

Acknowledgements
Collate acknowledgements in a separate section at the end of the article before the references and do
not, therefore, include them on the title page, as a footnote to the title or otherwise. List here those
individuals who provided help during the research (e.g., providing language help, writing assistance
or proof reading the article, etc.).

Formatting of funding sources
List funding sources in this standard way to facilitate compliance to funder's requirements:
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Funding: This work was supported by the National Institutes of Health [grant numbers xxxx, yyyy];
the Bill & Melinda Gates Foundation, Seattle, WA [grant number zzzz]; and the United States Institutes
of Peace [grant number aaaa].

It is not necessary to include detailed descriptions on the program or type of grants and awards. When
funding is from a block grant or other resources available to a university, college, or other research
institution, submit the name of the institute or organization that provided the funding.

If no funding has been provided for the research, please include the following sentence:

This research did not receive any specific grant from funding agencies in the public, commercial, or
not-for-profit sectors.

Units and scientific measurements
Follow internationally accepted rules and conventions: use the international system of units (SI).
If other units are mentioned, please give their equivalent in SI. Avoid the +/- symbol both in
tables and text – use for example “mean xx (SD yy)”. Ensure statistical abbreviations are in
correct case and style (e.g., capital italic for P). Use n for number. Conventions for abbreviations
can be found in Units, Symbols and Abbreviations(available from the Royal Society of Medicine,
http://www.rsmpress.co.uk). Confidence intervals are preferred over just P values; their use is
described in Statistics with Confidence (BMJ Books, 2000).

Artwork
Electronic artwork
General points
• Make sure you use uniform lettering and sizing of your original artwork.
• Embed the used fonts if the application provides that option.
• Aim to use the following fonts in your illustrations: Arial, Courier, Times New Roman, Symbol, or
use fonts that look similar.
• Number the illustrations according to their sequence in the text.
• Use a logical naming convention for your artwork files.
• Provide captions to illustrations separately.
• Size the illustrations close to the desired dimensions of the published version.
• Submit each illustration as a separate file.
A detailed guide on electronic artwork is available.
You are urged to visit this site; some excerpts from the detailed information are given here.
Formats
If your electronic artwork is created in a Microsoft Office application (Word, PowerPoint, Excel) then
please supply 'as is' in the native document format.
Regardless of the application used other than Microsoft Office, when your electronic artwork is
finalized, please 'Save as' or convert the images to one of the following formats (note the resolution
requirements for line drawings, halftones, and line/halftone combinations given below):
EPS (or PDF): Vector drawings, embed all used fonts.
TIFF (or JPEG): Color or grayscale photographs (halftones), keep to a minimum of 300 dpi.
TIFF (or JPEG): Bitmapped (pure black & white pixels) line drawings, keep to a minimum of 1000 dpi.
TIFF (or JPEG): Combinations bitmapped line/half-tone (color or grayscale), keep to a minimum of
500 dpi.
Please do not:
• Supply files that are optimized for screen use (e.g., GIF, BMP, PICT, WPG); these typically have a
low number of pixels and limited set of colors;
• Supply files that are too low in resolution;
• Submit graphics that are disproportionately large for the content.

Color artwork
Please make sure that artwork files are in an acceptable format (TIFF (or JPEG), EPS (or PDF), or
MS Office files) and with the correct resolution. If, together with your accepted article, you submit
usable color figures then Elsevier will ensure, at no additional charge, that these figures will appear
in color online (e.g., ScienceDirect and other sites) regardless of whether or not these illustrations
are reproduced in color in the printed version. For color reproduction in print, you will receive
information regarding the costs from Elsevier after receipt of your accepted article. Please
indicate your preference for color: in print or online only. Further information on the preparation of
electronic artwork.
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Illustration services
Elsevier's WebShop offers Illustration Services to authors preparing to submit a manuscript but
concerned about the quality of the images accompanying their article. Elsevier's expert illustrators
can produce scientific, technical and medical-style images, as well as a full range of charts, tables
and graphs. Image 'polishing' is also available, where our illustrators take your image(s) and improve
them to a professional standard. Please visit the website to find out more.

Figure captions
Ensure that each illustration has a caption. Supply captions separately, not attached to the figure. A
caption should comprise a brief title (not on the figure itself) and a description of the illustration. Keep
text in the illustrations themselves to a minimum but explain all symbols and abbreviations used.

Tables
Please submit tables as editable text and not as images. Tables can be placed either next to the
relevant text in the article, or on separate page(s) at the end. Number tables consecutively in
accordance with their appearance in the text and place any table notes below the table body. Be
sparing in the use of tables and ensure that the data presented in them do not duplicate results
described elsewhere in the article. Please avoid using vertical rules and shading in table cells.

References
Please ensure that every reference cited in the text is also present in the reference list (and vice
versa). Unpublished results and personal communications are not recommended in the reference list,
but may be mentioned in the text. If these references are included in the reference list they should
follow the standard reference style of the journal and should include a substitution of the publication
date with either 'Unpublished results' or 'Personal communication'. Citation of a reference as 'in press'
implies that the item has been accepted for publication.

Reference links
Increased discoverability of research and high quality peer review are ensured by online links to
the sources cited. In order to allow us to create links to abstracting and indexing services, such as
Scopus, CrossRef and PubMed, please ensure that data provided in the references are correct. Please
note that incorrect surnames, journal/book titles, publication year and pagination may prevent link
creation. When copying references, please be careful as they may already contain errors. Use of the
DOI is highly encouraged.

A DOI is guaranteed never to change, so you can use it as a permanent link to any electronic article.
An example of a citation using DOI for an article not yet in an issue is: VanDecar J.C., Russo R.M.,
James D.E., Ambeh W.B., Franke M. (2003). Aseismic continuation of the Lesser Antilles slab beneath
northeastern Venezuela. Journal of Geophysical Research, https://doi.org/10.1029/2001JB000884.
Please note the format of such citations should be in the same style as all other references in the paper.

Web references
As a minimum, the full URL should be given and the date when the reference was last accessed. Any
further information, if known (DOI, author names, dates, reference to a source publication, etc.),
should also be given. Web references can be listed separately (e.g., after the reference list) under a
different heading if desired, or can be included in the reference list.

Data references
This journal encourages you to cite underlying or relevant datasets in your manuscript by citing them
in your text and including a data reference in your Reference List. Data references should include the
following elements: author name(s), dataset title, data repository, version (where available), year,
and global persistent identifier. Add [dataset] immediately before the reference so we can properly
identify it as a data reference. The [dataset] identifier will not appear in your published article.

References in a special issue
Please ensure that the words 'this issue' are added to any references in the list (and any citations in
the text) to other articles in the same Special Issue.

Reference management software
Most Elsevier journals have their reference template available in many of the most popular reference
management software products. These include all products that support Citation Style Language
styles, such as Mendeley. Using citation plug-ins from these products, authors only need to select
the appropriate journal template when preparing their article, after which citations and bibliographies
will be automatically formatted in the journal's style. If no template is yet available for this journal,
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please follow the format of the sample references and citations as shown in this Guide. If you use
reference management software, please ensure that you remove all field codes before submitting
the electronic manuscript. More information on how to remove field codes from different reference
management software.

Users of Mendeley Desktop can easily install the reference style for this journal by clicking the following
link:
http://open.mendeley.com/use-citation-style/clinical-biomechanics
When preparing your manuscript, you will then be able to select this style using the Mendeley plug-
ins for Microsoft Word or LibreOffice.

Journal abbreviations source
Journal names should be abbreviated according to the List of Title Word Abbreviations.

Video
Elsevier accepts video material and animation sequences to support and enhance your scientific
research. Authors who have video or animation files that they wish to submit with their article are
strongly encouraged to include links to these within the body of the article. This can be done in the
same way as a figure or table by referring to the video or animation content and noting in the body
text where it should be placed. All submitted files should be properly labeled so that they directly
relate to the video file's content. . In order to ensure that your video or animation material is directly
usable, please provide the file in one of our recommended file formats with a preferred maximum
size of 150 MB per file, 1 GB in total. Video and animation files supplied will be published online in
the electronic version of your article in Elsevier Web products, including ScienceDirect. Please supply
'stills' with your files: you can choose any frame from the video or animation or make a separate
image. These will be used instead of standard icons and will personalize the link to your video data. For
more detailed instructions please visit our video instruction pages. Note: since video and animation
cannot be embedded in the print version of the journal, please provide text for both the electronic
and the print version for the portions of the article that refer to this content.

Data visualization
Include interactive data visualizations in your publication and let your readers interact and engage
more closely with your research. Follow the instructions here to find out about available data
visualization options and how to include them with your article.

Supplementary material
Supplementary material such as applications, images and sound clips, can be published with your
article to enhance it. Submitted supplementary items are published exactly as they are received (Excel
or PowerPoint files will appear as such online). Please submit your material together with the article
and supply a concise, descriptive caption for each supplementary file. If you wish to make changes to
supplementary material during any stage of the process, please make sure to provide an updated file.
Do not annotate any corrections on a previous version. Please switch off the 'Track Changes' option
in Microsoft Office files as these will appear in the published version.

Research data
This journal encourages and enables you to share data that supports your research publication
where appropriate, and enables you to interlink the data with your published articles. Research data
refers to the results of observations or experimentation that validate research findings. To facilitate
reproducibility and data reuse, this journal also encourages you to share your software, code, models,
algorithms, protocols, methods and other useful materials related to the project.

Below are a number of ways in which you can associate data with your article or make a statement
about the availability of your data when submitting your manuscript. If you are sharing data in one of
these ways, you are encouraged to cite the data in your manuscript and reference list. Please refer to
the "References" section for more information about data citation. For more information on depositing,
sharing and using research data and other relevant research materials, visit the research data page.

Data linking
If you have made your research data available in a data repository, you can link your article directly to
the dataset. Elsevier collaborates with a number of repositories to link articles on ScienceDirect with
relevant repositories, giving readers access to underlying data that gives them a better understanding
of the research described.
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There are different ways to link your datasets to your article. When available, you can directly link
your dataset to your article by providing the relevant information in the submission system. For more
information, visit the database linking page.

For supported data repositories a repository banner will automatically appear next to your published
article on ScienceDirect.

In addition, you can link to relevant data or entities through identifiers within the text of your
manuscript, using the following format: Database: xxxx (e.g., TAIR: AT1G01020; CCDC: 734053;
PDB: 1XFN).

Mendeley Data
This journal supports Mendeley Data, enabling you to deposit any research data (including raw and
processed data, video, code, software, algorithms, protocols, and methods) associated with your
manuscript in a free-to-use, open access repository. During the submission process, after uploading
your manuscript, you will have the opportunity to upload your relevant datasets directly to Mendeley
Data. The datasets will be listed and directly accessible to readers next to your published article online.

For more information, visit the Mendeley Data for journals page.

Data statement
To foster transparency, we encourage you to state the availability of your data in your submission.
This may be a requirement of your funding body or institution. If your data is unavailable to access
or unsuitable to post, you will have the opportunity to indicate why during the submission process,
for example by stating that the research data is confidential. The statement will appear with your
published article on ScienceDirect. For more information, visit the Data Statement page.

AFTER ACCEPTANCE
Online proof correction
Corresponding authors will receive an e-mail with a link to our online proofing system, allowing
annotation and correction of proofs online. The environment is similar to MS Word: in addition to
editing text, you can also comment on figures/tables and answer questions from the Copy Editor.
Web-based proofing provides a faster and less error-prone process by allowing you to directly type
your corrections, eliminating the potential introduction of errors.
If preferred, you can still choose to annotate and upload your edits on the PDF version. All instructions
for proofing will be given in the e-mail we send to authors, including alternative methods to the online
version and PDF.
We will do everything possible to get your article published quickly and accurately. Please use this
proof only for checking the typesetting, editing, completeness and correctness of the text, tables and
figures. Significant changes to the article as accepted for publication will only be considered at this
stage with permission from the Editor. It is important to ensure that all corrections are sent back
to us in one communication. Please check carefully before replying, as inclusion of any subsequent
corrections cannot be guaranteed. Proofreading is solely your responsibility.

Offprints
The corresponding author will, at no cost, receive a customized Share Link providing 50 days free
access to the final published version of the article on ScienceDirect. The Share Link can be used for
sharing the article via any communication channel, including email and social media. For an extra
charge, paper offprints can be ordered via the offprint order form which is sent once the article is
accepted for publication. Both corresponding and co-authors may order offprints at any time via
Elsevier's Webshop. Corresponding authors who have published their article gold open access do
not receive a Share Link as their final published version of the article is available open access on
ScienceDirect and can be shared through the article DOI link.

AUTHOR INQUIRIES
Visit the Elsevier Support Center to find the answers you need. Here you will find everything from
Frequently Asked Questions to ways to get in touch.
You can also check the status of your submitted article or find out when your accepted article will
be published.
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