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Dear Editor,
Based on clinical and neuroimaging data, it is now widely admitted that post-comatose patients who remain in minimally conscious state (MCS; consistent but fluctuant signs of consciousness) or patients diagnosed in vegetative state/unresponsive wakefulness syndrome (VS/UWS; awake but no behavioural sign of consciousness) but with atypical brain activity may retain the ability to perceive pain [1]. Therefore, appropriate monitoring and analgesic treatment should be provided. A positive correlation has been reported between the level of spastic muscle overactivity (SMO), as measured by the Modified Ashworth Scale (MAS), and signs of pain, as assessed by the Nociception Coma Scale-Revised (NCS-R), in this population [2]. The immobility and the lack of voluntary movement in this population could elicit contracture that could lead to a more difficult bedside evaluation of the SMO and induce pain, which can reduce the patients' motor abilities, especially during physiotherapy. Consequently, the management of SMO is crucial in order to avoid pain and to enable the physiotherapy in this population. It could also allow the patient to show signs of consciousness and thereby prevent diagnostic errors [3]. 
In this cross-sectional retrospective study, we aim to evaluate the correlation between pain and SMO for each individual joint, thereby allowing a better characterization of spastic profiles that are more prone to induce pain. Furthermore, we explore the correlation between SMO in the upper and lower limbs and age, time since injury and diagnosis, pain scores during mobilization, tendon and joint retractions and equinovarus foot, to identify factors influencing SMO severity.  
The study followed STROBE guidelines and was approved by the Ethics Committee of the Hospital-Faculty Ethics committee of the University of Liege and written informed consent was obtained by the healthy subjects and the patients’ legal representatives. Patients included in the study were diagnosed as being in VS/UWS or in MCS (both considered a disorder of consciousness – DOC –)  based on a minimum of five assessments using the Coma Recovery Scale-Revised (CRS-R; [4]). SMO and pain were measured with the MAS (during mobilization) and the NCS-R (at rest, during a nociceptive stimulation and during mobilization), respectively. The MAS score was assessed for each segment of each limb (i.e., fingers, wrists and elbows for the upper limbs, hips, knees and ankles for the lower limbs). Then, the mean score for each limb was used for the analyses. Spearman correlation was used to study the correlation between pain and SMO during mobilization. Multiple univariate and multivariate linear regression analyses were performed to identify the relationship between SMO and demographic and clinical factors (i.e., NCS-R, tendon/joint retraction, equinovarus foot, age, time since injury, etiology, CRS-R diagnosis and gender). 
[bookmark: _Hlk534558171]We included 73 chronic DOC patients (27 women; mean age: 40 (13) years; 50 MCS, 23 VS/UWS; 42 traumatic etiology; time since injury: 39 (39) months; see Table 1 for details). Seventy out of 73 patients (96%) showed signs of SMO on a least one muscular group (Figure 1). We found a positive correlation between NCS-R scores during mobilization and MAS scores for the wrist (p=0.0491) and fingers’ flexors (p=0.0240) and hip adductors (p=0.0196), while no significant correlation was found for elbow flexors, knee flexors and ankle plantarflexors. There was a positive correlation between SMO in the upper and lower limbs and tendon/joint retractions (p<0.001 and p=0.009, respectively) and between SMO of ankle plantarflexors and equinovarus foot (p<0.001), while there was no correlation between SMO and etiology or diagnosis. Etiology and CRS-R diagnosis did not influence NCS-R scores either. We found a positive correlation between time since injury and maximum SMO in the upper limbs (p=0.0005) or lower limbs (p=0.0010), tendon/joint retractions (p=0.03) and equinovarus foot (p=0.001). There was no significant correlation between time since injury and NCS-R scores. A younger age was associated with higher SMO in the lower (p<0.001) but not the upper limbs (p=0.0620), while there were no differences between genders. In the first multivariate model, there was a significant effect of longer time since injury on maximum MAS scores in the upper limbs (adj R2=0.0721); when adding age, we observed an improvement of the model (adj R2=0.1482), likewise when adding NCS-R scores (adj R2=0.2155) and tendon/joint retractions (adj R2=0.4566). In the second multivariate model on lower limbs, there was a significant effect of time since injury on maximum MAS scores in the lower limbs (adj R2=0.0623); when adding age, we observed an improvement of the model (adj R2=0.1696). Details regarding the statistical analyses can be found Appendix A.
The aim of this study was to identify spastic features more likely to induce pain and to analyse the relationship between SMO and pain as well as between SMO and demographic and clinical factors. We confirmed that the prevalence of SMO in DOC patients is extremely high and that there is a correlation between SMO and pain as previously reported [2]. Here we highlight again the importance of tackling SMO by evaluating it in the early stage and regularly afterwards while providing treatment as soon as possible when detected.  
Our regression models highlighted several factors linked to SMO. We found that the muscle’s groups more prone to induce pain were wrist and fingers’ flexors and hip adductors. In regard to this finding, for the wrist and fingers’ flexors, it could be recommended to use soft splints daily, since they are well tolerated and have shown promising effects on reducing hand SMO and do not require supervision [5]. It is difficult to find a similar strategy for the SMO of the hip adductors, as available treatments are based on passive mobilizations and positioning [6]. As previously observed, we identified a correlation between SMO in the lower limbs and equinovarus foot [3]. As in other populations (e.g., stroke patients), the MAS scores for lower limb tend to increase over time in DOC patients, probably because of ongoing nervous system reorganization as well as increasing muscle stiffness [7]. This could also be an argument to introduce splints and optimal positioning as soon as possible in DOC patients daily care. Focal injections of botulinum toxin, or the use of baclofen could also be used to treat SMO. Moreover, these treatments could lead to a decrease in signs of pain and an increase in the level of consciousness [8]. However, in contrast to studies in post-stroke patients, the evidence for the efficacy of these antispastic treatments is still limited in post-traumatic patients [9]. In addition, age was a determinant factor, with younger patients being more prone to be spastic. The reason could be that muscle force generation from tendon reflexes is slower and weaker with increasing age; this also is the case for tonic reflexes associated with SMO, spastic responses may be weaker in older patients [10]. On the other hand, we did not find any correlation between SMO and etiology (traumatic brain injury or not) or CRS-R diagnosis (MCS versus VS/UWS), which is in line with the results obtained in previous studies [2]. This is probably due to the extended brain lesions of DOC patients, preventing us to identify specific patterns in the onset of SMO. Our study showed that the most frequent posture observed across etiology involved the upper limbs (i.e. wrists and fingers), which is in line with the results of a recent study that investigated postural pattern in post- traumatic and post-stroke patients [11]. In other conditions, such as stroke, the prevalence of SMO is relatively high, arising in about 30% of patients [12]. Contracture is even more frequent in patients with DOC than in patients with milder brain injury, probably due to more extensive brain lesions, prolonged immobility, weakness, disuse and absence of movements of muscles in contracted positions [3]. The association of immobilization and SMO could cause adaptive anatomical muscles changes and reflexes modifications (e.g., muscle atrophy, loss of sarcomeres and accumulation of connective tissue and fat) constituting a self-reinforcing negative effect [7]. In addition, patients with post-stroke SMO may suffer from higher pain levels than post-stroke patients who have not developed SMO, stressing the link between pain and SMO [12] and the importance of taking these two factors into consideration in rehabilitation programs and in long-term care. 
This study has some limitations: (1) patients were assessed once for SMO and pain, but we know it may fluctuate over time; (2) as the MAS was used (measures the resistance to high velocity passive movement), the velocity of passive joint movement, the angle of contraction outbreak or potential tendon retraction were not assessed; (3) the population was heterogeneous (e.g., different etiologies, time since injury). Future longitudinal studies should assess SMO and pain several times in a more homogeneous population and acquire additional data in patients with DOC in order to classify patients according to their specific etiology, brain lesion, rehabilitation and time since insult. 
In this study, we found a high prevalence of SMO and pain during mobilization in DOC patients. This highlights the importance of preventing SMO and of a proper and careful assessment of pain, to obtain the best rehabilitative outcome in the most comfortable conditions for the patient. 
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Figure legends: 
Figure 1: Prevalence of spastic muscle overactivity (maximum MAS score for each patient). MAS= Modified Ashworth Scale, MCS= Minimally Conscious State, VS/UWS = Vegetative State/Unresponsive Wakefulness Syndrome.
Table 1. Demographic and clinical data of the patients. IQR = interquartile range, MAS = Modified Ashworth Scale, MCS = Minimally Conscious State, VS/UWS = Vegetative State/Unresponsive Wakefulness Syndrome, SD = standard deviation. 
Appendix A. Univariate and multivariate linear regression analysis to identify factors that may explain spastic muscle overactivity patterns in upper and lower limbs. LL = Lower Limb, NCS-R = Nociception Coma Scale Revised, UL = Upper Limb.
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