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Abstract

:

Adapted physical activity (APA) can improve psychophysical wellbeing and quality of life (QoL) in cancer survivors, a vulnerable population requiring a global management, especially during the recent pandemic. On this basis, we investigated for the first time the impact of a tailored APA intervention on a melanoma-affected 18-year-old female athlete to counteract treatment sequelae and promote lower limb functional and strength recovery. Patient was evaluated at baseline and post-protocol by a test battery focusing on mobility, muscle strength measured by dynamometry, and lower limb girths assessed at specific anatomical points. Moreover, health-related QoL, depression/anxiety, psychological distress and pain intensity were evaluated by Functional Assessment of Cancer Therapy–Melanoma (FACT-M), Hospital Anxiety and Depression Scale (HADS), distress thermometer, and numerical rating scale (NRS) questionnaires, respectively. An almost doubled up increase in lower limb strength, along with hip mobility improvement, and post-surgical edema and pain reduction were observed following the protocol. Concerning the QoL assessment, a moderate post-intervention improvement in physical and emotional wellbeing was detected, while depression state worsened though remaining within the normality range. Our findings show that a specialist-supervised structured APA protocol based on a patient-centered multidisciplinary approach may represent an effective strategy to recover functional and psychophysical efficiency, thus promoting a quick return to daily life activities and offering a concrete chance of resuming competitive sport practice.
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1. Introduction


Growing and recent evidence of COVID-19’s psychological impact highlighted an increase in depressive and anxiety symptoms along with impaired sleep quality in the general population, and mostly in women, students, and younger adults, compared to pre-pandemic times [1]. The World Health Organization preventive measures [2], by limiting social interaction, promoting self-isolation and temporary closing sports facilities, heavily affected daily life and negatively impacted mental/physical health and training habits, hence raising sedentary behaviors [3]. Since regular practice of physical activity is a well-known crucial protective factor for overall health [4], such a global training reduction is of major concern, especially during challenging time as in a pandemic [5,6]. Mental health is a peculiar component of public health associated with a reduced risk of various chronic diseases, premature morbidity, and functional decline [7]. Social distancing policy damagingly affected general mental health and well-being, and particularly forced athletes to face a difficult challenge concerning their habits and sportive identities. Abruptly ending sport practice may become an identity threat for this target population, thus making the athlete experience a sense of loss and further increasing depression risk [8]. Moreover, research on muscle adaptations to unloading reported that mass and structure changes in lower limb muscles can occur even after a short-term detraining, and such disuse atrophy may even be accentuated in competitive athletes, thus affecting muscular contractile capacity and injury risk [9].



Another target population deeply influenced by the COVID-19 pandemic has been the oncological. Cancer is a complex and multidimensional disease usually difficult to bear and manage in normal circumstances, and which may even become overwhelming in a stressful context such as the recent pandemic [10,11]. Among cancer patients, the clinicodemographic characteristic showing a significant association with higher psychophysical distress vulnerability is female gender [12,13]. Particularly, melanoma-affected patients experience a consistent anxiety and distress level strongly related to body image alteration caused by surgical scarring and potential secondary lymphedema onset [14,15], both threatening subject self-esteem, autonomy, and quality of life (QoL). These common surgery sequelae are frequently accompanied by tiredness, mobility reduction, discomfort, and pain, thus forcing patients to progressively quit daily life activities such as housework, hobbies, and social interaction with an adverse impact on their mood [16]. Despite the high incidence of surgical scars, surprisingly, little is still known about their impact on patient lives, though scientific research suggests that it may be related to both physical and psychosocial effects [17]. Concerning the emotional dimension, scars are perceived as a constant reminder of their conducive event that often hides traumatic memories. Many subjects, especially young women, following surgery for melanoma, face difficulties interacting with opposite sex individuals due to their physical appearance. In addition, open air leisure activities are often reported as distressing since they require body and scar exposure to the sun [17]. Regarding the physical and functional dimension, post-operative complications, such as secondary lymphedema onset occur in most patients undergoing melanoma-related inguinal lymph node dissection [18]. This condition, together with skin grafting necessity and wound complications, frequently leads to prolonged hospitalization and consequently delayed return to normality, which drastically reduces physical functionality and efficiency [19,20]. Even if in mild stages, the negative impact of lower limb secondary lymphedema on health-related QoL deserves particular attention in the global management of melanoma patients [21]. Given its wide surface and its superficial location, skin is one of the largest human body organs and the most environment exposed. Deeply attached to the subcutaneous fascial system, it provides bodily continuity and, being afferently/efferently connected to all the anatomical systems, influences the entire body homeostasis, including emotions [22]. It can be intuitively assumed that, in case of dermis and fascia affected by scars, their structure and function, intended for interaction with the external and internal environment, are strongly depleted [23]. The direct consequence is an ample symptomatology affecting not only the area where scars are located, but the whole-body functionality [22,24]. Regardless of surgical procedure applied, when scar adhesions affect the ankle, this results in tibio-tarsal joint mobility reduction, afferents/efferents alteration, as well as coordination and gait pattern dysfunctions, along with an incorrect load distribution, consequently affecting postural control, proprioception, and balance [25,26]. In addition, those postural adjustment alterations and the related increase in antigravity muscles tension lead to dysfunctions in body areas less capable of compliance and ankle dynamic-connected, such as the thoracolumbar fascia, with the consequent onset of back and shoulder painful symptomatology [27]. Since the lumbodorsal spine is closely connected to the diaphragm, its stiffening may generate respiratory malfunctions, which in turn affect emotional regulation and stress management, hence feeding a vicious circle [28].



Based on the aforementioned skin cancer-related sequelae and their management, especially difficult during a pandemic, and considering the well-known positive role of physical activity on health and psychophysical well-being [29,30,31], here we investigated for the first time the potential benefits of a tailored adapted physical activity (APA) protocol addressed to a young female athlete affected by melanoma and its scarring complications.




2. Materials and Methods


2.1. Case Description


A 18-year-old female volleyball player was referred to the Cancer Rehabilitation Center (Ce.Ri.On) in Florence for cancer-related follow-up management. Specifically, the Ce.Ri.On provides a structured multidisciplinary pathway organized in progressive stages involving different professional figures (i.e., oncologist, physician, physiotherapist, psychologist, dietitian, and APA specialist) for oncological patient global recovery.



Concerning the young athlete’s clinical history, in October 2019 she underwent biopsy for a cutaneous suspected erythematous nodule clinically localized at the left anterior tibia. Histological evaluation showed the presence of proliferating fusiform melanocytes. Therefore, in December 2019, she underwent surgery consisting of a wide local excision, and the subsequent histopathologic report revealed a desmoplastic melanoma. Patient was also routinely monitored by computed tomography scans of head, chest, and abdomen showing no distant metastases. However, in May 2020 further surgery was needed for local recurrence with biopsy of two sentinel lymph nodes. Due to the surgery’s high invasiveness, a skin graft was required, thus resulting in significant scarring outcomes (Figure 1).



In addition, since the lymph nodes were pathologically involved, patient underwent inguinal lymphadenectomy removing seven lymph nodes at left, and the Cloquet’s node in July 2020. Subsequently, she was treated with immune therapy (i.e., nivolumab) for 12 months. Due to cancer diagnosis and treatment sequelae, the young athlete was forced to stop volleyball practice after an eight-year career. Her total training per week was about 12 h consisting of 6 h of volleyball-specific training and 2 h of fitness center weight training. In addition, two weekly matches of about 2 h each were scheduled for the C league which she belonged to. In September 2020, the Ce.Ri.On rehabilitation physician diagnosed a reduced tactile sensitivity referred to the left inguinal region and keloid presence, as well as atrophic scar on left anterior tibia with absence of symptoms, left ankle mild post-surgical edema, and homolateral hip referred pain. The physician prescribed lymphatic drainage treatment (i.e., seven sessions) for left lower limb. Then, in October 2020, on the basis that there was no medical contraindication, participation in a structured APA pathway was recommended. The study was carried out following the rules of the Declaration of Helsinki. Since the patient was referred to the Ce.Ri.On oncological rehabilitation pathway, no ethics committee was needed for this publication, and the Italian Protection of Personal Data Law (D. Lgs. n. 196/2003) was complied. A signed informed consent form was obtained from the participant.



At baseline and after ending the structured APA intervention, the subject was examined by the APA specialist through a functional test battery such as active range of motion (ROM) test, evaluated by miniaturized inertial sensor (Moover, Sensor Medica, Montecelio, Rome, Italy) [32], to assess joint mobility (expressed in degrees) of different anatomical regions. Specifically, trunk flexion (normal reference range 0–50), extension (normal reference range 0–30), lateral inclination (normal reference range 0–45), and rotation (normal reference range 0–50) were evaluated, as well as upper limb flexion (normal reference range 0–180), extension (normal reference range 0–45), abduction (normal reference range 0–180), and adduction (normal reference range 0–45) [33,34]. Hip flexion (normal reference range 0–120), extension (normal reference range 0–30), abduction (normal reference range 0–45), adduction (normal reference range 0–45), and internal and external rotation (normal reference range 0–45) ROM were also assessed [35]. In addition, muscle strength measured in units of kilogram by dynamometry was considered as a further lower limb functionality parameter. Isometric strength, exerted against a resistance manually performed by APA specialist handling the specific digital tool (Activforce Digital Handheld Dynamometer, San Diego, CA, USA), was evaluated using the method and customizable muscle testing protocols recommended by the manufacturer, and recorded via the ActivForce app [36]. Precisely, hip flexion/extension and abduction/adduction, knee extension, and ankle plantar flexion, dorsiflexion, inversion, and eversion were tested. Lastly, the circumference of both lower limbs was also assessed by measurements at several anatomical points from foot to hip with a thin, flexible tape [37]. A ≥ 3 cm girth difference at any measurement point between the affected and the unaffected lower limb was considered indicative of moderate/severe lymphedema.



Moreover, the subject filled out several questionnaires provided by the APA specialist, such as the Functional Assessment of Cancer Therapy–Melanoma (FACT-M) to evaluate health-related QoL [38,39], the Hospital Anxiety and Depression Scale (HADS) to assess anxiety and depression [32], the distress thermometer to rate psychological distress (PD) [32], and the numerical rating scale (NRS) to quantify back and lower limb pain intensity [32,37]. Specifically, the FACT-M questionnaire was proposed as a reliable and valid instrument that can be used for QoL assessment of patients with melanoma in clinical trials [40]. FACT-M derives from the generic FACT-General (FACT-G), which is applied for all cancer types and consists of 27 items divided into four domains: Physical Well-Being (PWB, 7-items); Social and family Well-Being (SWB, 7-items); Emotional Well-Being (EWB, 6-items); and Functional Well-Being (FWB, 7-items) [38]. The items, which are phrased in the first person, refer to health-related QoL during the past week. The rating scale runs from 0 ’not at all’ to 4 ’very much’, with a total score ranging from 0 to 108, where a higher score indicates greater QoL. The FACT-M questionnaire contains 24 additional questions on melanoma specific symptoms consisting of 51 items: 27 items comprising the FACT-G subscale; 16-item Melanoma Subscale (MS, total score ranging from 0 to 64); and 8-item Melanoma Surgery Scale (MSS, ranging from 0 to 32). The Trial Outcome Index (TOI) equals the sum of the PWB, FWB, MS and MSS subscales. Melanoma Combined Scale (MCS) is calculated as the sum of MS and MSS [38]. To detect patient anxiety and depression state, the HADS self-administered questionnaire, composed of two 7-item scales, was also used [32,41], as well as the distress thermometer to assess PD [32]. Concerning HADS, scoring for each item ranges from zero to three, with a total subscale score of ≥8 points out of a possible 21 denoting considerable symptoms of anxiety or depression (i.e., 0–7 = normal, 8–10 = borderline abnormal, and 11–21 = abnormal) [41]. The distress thermometer is a visual graphic scale consisting of 11 points with a range from 0 (no distress) to 10 (extreme distress). Subject is required to indicate the personal level of distress over the course of the week prior to completing the questionnaire. Finally, the NRS evaluates pain intensity on a 0–10 scale (0 = no pain, 10 = worst imaginable pain) [32,37].




2.2. Structured Physical Activity Protocol


The APA protocol was tailor conceived and planned by an exercise specialist in the oncological field based on the functional, motor, and joint mobility deficits detected during baseline evaluation and considering relevant preventive measures related to the COVID-19 pandemic. Specifically, the intervention lasted six weeks (from October to December 2020) and was organized in three 1-h sessions per week, one performed at Ce.Ri.On supervised by the APA specialist, and the other two self-led at home following the detailed exercise card also drawn up by the specialist. Since the young female athlete practiced competitive volley before receiving the oncological diagnosis, and post-surgical scarring and immobilization caused strength, functionality, and muscle trophism loss in her left lower limb, the main objective of the protocol was the gradual recovery of those skills. Moreover, the purpose-designed workout schedule also aimed to reduce lower limb mild secondary lymphedema and to counteract hip pain, thus intending to improve perceived QoL. In order to achieve those goals without any physical overload or postural compensation, first sessions were spent teaching subject to perceive, perform, and properly match movements and breathing. Afterwards, bodyweight customized exercises to strengthen specific muscles involved in lower limb and hip functionality, such as tibialis anterior (Figure 2), quadriceps, glutes (Figure 3), adductors, and abductors, were introduced.



Workout load was progressively increased by changing exercise body position, starting from supine decubitus (Figure 4), then lateral decubitus (Figure 5), and finally performing them in quadruped (Figure 6) and orthostatic (Figure 7) positions.



In addition, even if strength and functionality recovery was particularly focused on left lower limb, the whole adapted workout program was designed as a symmetric total body training, thus recalling and supporting her sport competitive mindset and specific habits. This methodological approach promoted subject adherence to the protocol, both during supervised and home-based sessions, and granted a global and multidimensional management, therefore paying attention not only to physical health but also to the emotional/motivational component and the special needs of a young athlete facing an oncological path during a pandemic.





3. Results


Data concerning trunk and upper and lower limb ROM evaluations at baseline and post-APA are shown in Table 1. In particular, overall ROM values of trunk, including those rotation-related already greater than the normal reference range at baseline, increased after the structured APA intervention. Similarly, a general improvement in shoulder–arm mobility was observed (Table 1). Furthermore, hip ROM showed an evident improvement following the protocol (Table 1). Extension values mildly decreased, though remaining higher than the normal reference range.



Lower limb muscle strength data are provided in Table 2. A significant improvement was observed at the end of the APA protocol compared to baseline. Noteworthy, many values, especially those related to the left lower limb, showed an almost doubled strength increase (Table 2).



Table 3 shows lower limb circumference measurements acquired at specific anatomical landmarks. The subject presented a mild lower limb lymphedema at baseline. Although some differences between right and left lower limb girth increased after APA protocol, a relevant circumference decrease, especially referring to specific anatomical districts, was detected on both sides (Table 3). Of note, the evident left side post-surgical edema was reduced. Similarly, a disappearance of surgical left lower limb pain was also observed comparing baseline and post-APA (3 and 0, respectively). With regard to other anatomical districts, no initial pain was reported, and pain did not arise after APA (data not shown).



In addition, concerning QoL assessed by FACT-M, both physical and emotional wellbeing components, as well as the total score, showed a post-protocol improvement compared to the baseline (Table 4). In particular, the physical wellbeing component increased from 27 to 28 points, thus reaching the maximum subscale score (Table 4) [38]. Furthermore, whereas the anxiety component of the HADS questionnaire unchanged, the depression state worsened of four points post-APA intervention though remaining within the 0–7 normality range (Table 4) [41]. Finally, no difference between baseline and post-APA was detected for the distress thermometer, thus confirming PD absence (Table 4).




4. Discussion


Cancer survivors are an at-risk population that needs a multidimensional approach and management, especially in challenging times such as a pandemic [42]. Given the growing survival rate and the several oncological treatment-related psychophysical and functional sequelae impact on patient life [43,44,45], currently, the quality benchmark of an intervention on this target population is widely recognized in a patient-centered and one-to-one approach, as well as in a perceived QoL increase [16]. On this basis and fully respecting COVID-19 preventive measures, we designed our APA protocol as a mixed supervised and self-administered session program thus focusing on subject specific needs, promoting her autonomy, self-efficacy, and body consciousness, and granting training environment safety [46]. Moreover, as previously carried out and described [32,37,43], we aimed to design an easily reproducible protocol in order to promote a concrete APA application in oncological patient management. The obtained results showed that a tailored physical activity intervention, conceived as a symmetric total body training, may improve not only the surgical lower limb mobility and functionality but even the overall one, particularly addressing upper limb and back, and hence positively affecting many daily life activities-related motor patterns. Concerning our main objective, consisting in left lower limb strength and functionality improvement, we observed an almost doubled strength increase along with a reduction in lymphedema volume and an enhancement of left hip mobility. All these aforesaid results concretely contributed to recover a balanced load distribution and counteract postural dysfunction development. Of note, the surgical lower limb perceived pain decreased, which might have played a key-role in the observed improvement of physical and emotional QoL dimensions. Such a result, although limited in term of point increase on the specific subscales, may represent an encouraging cue to highlight, especially considering that our subject, being a young woman, a student, an oncological patient, and a competitive athlete, fell under all the socio-demographical categories most negatively impacted by the pandemic. Noteworthy, the aforementioned characteristics are well-demonstrated to be strongly related to depression and anxiety symptoms development [1,10,11,12,13]. In particular, concerning the depression state worsening, we could also hypothesize that individual session training, even though necessary to more quickly achieve the main goals and to minimize COVID-19 contagion risk, represents a methodological approach not easily accepted and appreciated by a young team sport athlete [8]. Moreover, despite the remarkable physical recovery, the missing COVID-related resumption of competitive sport practice might have played a crucial role on her mood at the moment of filling out post-protocol questionnaires [9]. Nevertheless, we should consider that, though worsening post-APA intervention, the depression state referred by our young athlete remained within the normality range [41]. The main limitations of our study regard the missing anxiety decrease, probably related both to the short-lasting protocol and the pandemic frame in which it was performed, and its case report-feature. From a future perspective, a subsequent introduction of collective APA sessions should be considered to better counteract anxiety and depression, especially in young subjects and athletes. Furthermore, a follow-up could be useful to monitor the long-term benefits of our APA protocol, not only from a post-oncological but also from a sport performative viewpoint. As far as the COVID-19 pandemic impact on athletes is concerned, it is noteworthy that the majority of published studies are related to post-infection recovery and usually do not provide any detailed exercise schedule [47,48,49]. In contrast, to the best of our knowledge, the present study is the first addressing the feasibility and efficacy of a structured APA protocol applied to a young athlete who did not contract SARS-CoV-2 but was undergoing cancer recovery in the context of pandemic limitations. Despite the growing melanoma incidence [50,51], there is an evident lack of literature addressing this target population’s complex needs, and in such a context we are confident that our study could provide an innovative and effective detailed methodological approach to apply and be deepened in further large-scale investigations.




5. Conclusions


A structured and planned APA protocol, tailored to the individual patient needs and supervised by a qualified APA specialist, may represent an effective strategy to improve lower limb functionality and strength in a young athlete with severe sequelae due to cutaneous melanoma treatments. Our encouraging findings confirm that a multidisciplinary management of the oncological patient is recommended to achieve the best functional, physical, and psychological outcomes [32,37,43]. When peculiarly addressed to an athlete, our methodological approach can promote a quick return to daily life activities, thus providing a concrete chance of getting back to the specific sport competitive practice.







Author Contributions


Conceptualization, D.M., S.G. and M.M. (Mirca Marini); methodology, D.M., S.G. and M.M. (Mirca Marini); experimental procedure, D.M. and S.G.; investigation, G.C., M.M. (Mirko Manetti) and M.M. (Mirca Marini); visualization, G.C. and M.M. (Mirca Marini); data curation, G.C., M.M. (Mirko Manetti) and M.M. (Mirca Marini); writing—original draft preparation, G.C., M.M. (Mirko Manetti) and M.M. (Mirca Marini); writing—review and editing G.C., M.M. (Mirko Manetti) and M.M. (Mirca Marini). All authors have read and agreed to the published version of the manuscript.




Funding


This research received no external funding.




Institutional Review Board Statement


The study was conducted according to the guidelines of the Declaration of Helsinki. This kind of study did not require the approval of an Ethics Committee since adapted physical activity is one of the steps scheduled within the structured Ce.Ri.On rehabilitation pathway for oncological patients.




Informed Consent Statement


Written informed consent has been obtained from the patient to publish this paper.




Data Availability Statement


All relevant data are included within the manuscript.




Acknowledgments


The authors are most grateful to the young athlete who took part in the study.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Rösel, I.; Bauer, L.L.; Seiffer, B.; Deinhart, C.; Atrott, B.; Sudeck, G.; Hautzinger, M.; Wolf, S. The effect of exercise and affect regulation skills on mental health during the COVID-19 pandemic: A cross-sectional survey. Psychiatry Res. 2022, 312, 114559. [Google Scholar] [CrossRef] [PubMed]

	



World Health Organization (WHO). Overview of Public Health and Social Measures in the Context of COVID-19: Interim Guidance. Available online: https://www.who.int/publications/i/item/overview-of-public-health-and-social-measures-in-the-context-of-covid-19 (accessed on 30 May 2022).

	



Brooks, S.K.; Webster, R.K.; Smith, L.E.; Woodland, L.; Wessely, S.; Greenberg, N.; Rubin, G.J. The psychological impact of quarantine and how to reduce it: Rapid review of the evidence. Lancet 2020, 395, 912–920. [Google Scholar] [CrossRef]

	



Holmes, E.A.; O’Connor, R.C.; Perry, V.H.; Tracey, I.; Wessely, S.; Arseneault, L.; Ballard, C.; Christensen, H.; Cohen Silver, R.; Everall, I.; et al. Multidisciplinary research priorities for the COVID-19 pandemic: A call for action for mental health science. Lancet Psychiatry 2020, 7, 547–560. [Google Scholar] [CrossRef]

	



Mattioli, A.V.; Sciomer, S.; Cocchi, C.; Maffei, S.; Gallina, S. Quarantine during COVID-19 outbreak: Changes in diet and physical activity increase the risk of cardiovascular disease. Nutr. Metab. Cardiovasc. Dis. 2020, 30, 1409–1417. [Google Scholar] [CrossRef]

	



Meyer, J.; McDowell, C.; Lansing, J.; Brower, C.; Smith, L.; Tully, M.; Herring, M. Changes in Physical Activity and Sedentary Behavior in Response to COVID-19 and Their Associations with Mental Health in 3052 US Adults. Int. J. Environ. Res. Public Health 2020, 17, 6469. [Google Scholar] [CrossRef] [PubMed]

	



Ammar, A.; Mueller, P.; Trabelsi, K.; Chtourou, H.; Boukhris, O.; Masmoudi, L.; Bouaziz, B.; Brach, M.; Schmicker, M.; Bentlage, E.; et al. Psychological consequences of COVID-19 home confinement: The ECLB-COVID19 multicenter study. PLoS ONE 2020, 15, e0240204. [Google Scholar] [CrossRef] [PubMed]

	



Graupensperger, S.; Benson, A.J.; Kilmer, J.R.; Evans, M.B. Social (Un)distancing: Teammate interactions, athletic identity, and mental health of student-athletes during the COVID-19 pandemic. J. Adolesc. Health 2020, 67, 662–670. [Google Scholar] [CrossRef] [PubMed]

	



Sarto, F.; Impellizzeri, F.M.; Spörri, J.; Porcelli, S.; Olmo, J.; Requena, B.; Suarez-Arrones, L.; Arundale, A.; Bilsborough, J.; Buchheit, M.; et al. Impact of potential physiological changes due to COVID-19 home confinement on athlete health protection in elite sports: A call for awareness in sports programming. Sports Med. 2020, 50, 1417–1419. [Google Scholar] [CrossRef] [PubMed]

	



Hernandez-Garcia, E.; Chrysikou, E.; Kalea, A.Z. The interplay between housing environmental attributes and design exposures and psychoneuroimmunology profile-an exploratory review and analysis paper in the cancer survivors’ mental health morbidity context. Int. J. Environ. Res. Public Health 2021, 18, 1089. [Google Scholar]

	



Vyas, A.; Babcock, Z.; Kogut, S. Impact of depression treatment on health-related quality of life among adults with cancer and depression: A population-level analysis. J. Cancer Surviv. 2017, 11, 624–633. [Google Scholar] [CrossRef]

	



Keller, M.; Henrich, G. Illness-related distress: Does it mean the same for men and women? Gender aspects in cancer patients’ distress and adjustment. Acta Oncol. 1999, 38, 747–755. [Google Scholar] [PubMed]

	



Pigozzi, E.; Tregnago, D.; Costa, L.; Insolda, J.; Turati, E.; Rimondini, M.; Donisi, V.; Madera, P.; Fiorica, F.; Giuliani, J.; et al. Psychological impact of COVID-19 pandemic on oncological patients: A survey in Northern Italy. PLoS ONE 2021, 16, e0248714. [Google Scholar] [CrossRef] [PubMed]

	



Kneier, A.W. Coping with melanoma—Ten strategies that promote psychological adjustment. Surg. Clin. N. Am. 2003, 83, 17–30. [Google Scholar] [CrossRef]

	



Lichtenthal, W.G.; Cruess, D.G.; Clark, V.L.; Ming, M.E. Investment in body image among patients diagnosed with or at risk for malignant melanoma. Body Image 2005, 2, 41–51. [Google Scholar] [CrossRef] [PubMed]

	



Stamataki, Z.; Brunton, L.; Lorigan, P.; Green, A.C.; Newton-Bishop, J.; Molassiotis, A. Assessing the impact of diagnosis and the related supportive care needs in patients with cutaneous melanoma. Support. Care Cancer 2015, 23, 779–789. [Google Scholar] [CrossRef]

	



Brown, B.C.; McKenna, S.P.; Siddhi, K.; McGrouther, D.A.; Bayat, A. The hidden cost of skin scars: Quality of life after skin scarring. J. Plast. Reconstr. Aesthetic Surg. 2008, 61, 1049–1058. [Google Scholar] [CrossRef] [PubMed]

	



Chang, S.B.; Askew, R.L.; Xing, Y.; Weaver, S.; Gershenwald, J.E.; Lee, J.E.; Royal, R.; Lucci, A.; Ross, M.I.; Cormier, J.N. Prospective assessment of postoperative complications and associated costs following inguinal lymph node dissection (ILND) in melanoma patients. Ann. Surg. Oncol. 2010, 17, 2764–2772. [Google Scholar] [CrossRef] [PubMed]

	



Tonouchi, H.; Ohmori, Y.; Kobayashi, M.; Konishi, N.; Tanaka, K.; Mohri, Y.; Mizutani, H.; Kusunoki, M. Operative morbidity associated with groin dissections. Surg. Today 2004, 34, 413–418. [Google Scholar] [CrossRef]

	



de Vries, M.; Vonkeman, W.G.; van Ginkel, R.J.; Hoekstra, H.J. Morbidity after inguinal sentinel lymph node biopsy and completion lymph node dissection in patients with cutaneous melanoma. Eur. J. Surg. Oncol. 2006, 32, 785–789. [Google Scholar] [CrossRef]

	



Gjorup, C.A.; Groenvold, M.; Hendel, H.W.; Dahlstroem, K.; Drzewiecki, K.T.; Klausen, T.W.; Hölmich, L.R. Health-related quality of life in melanoma patients: Impact of melanoma-related limb lymphoedema. Eur. J. Cancer 2017, 85, 122–132. [Google Scholar] [CrossRef]

	



Bordoni, B.; Zanier, E. Skin, fascias, and scars: Symptoms and systemic connections. J. Multidiscip. Healthc. 2013, 7, 11–24. [Google Scholar] [CrossRef]

	



van der Wal, J. The architecture of the connective tissue in the musculoskeletal system-an often overlooked functional parameter as to proprioception in the locomotor apparatus. Int. J. Ther. Massage Bodyw. 2009, 2, 9–23. [Google Scholar] [CrossRef] [PubMed]

	



Willard, F.H.; Vleeming, A.; Schuenke, M.D.; Danneels, L.; Schleip, R. The thoracolumbar fascia: Anatomy, function and clinical considerations. J. Anat. 2012, 221, 507–536. [Google Scholar] [CrossRef]

	



Skraba, J.S.; Greenwald, A.S. The role of the interosseous membrane on tibiofibular weightbearing. Foot Ankle 1984, 4, 301–304. [Google Scholar] [CrossRef] [PubMed]

	



Rowe, M.J.; Tracey, D.J.; Mahns, D.A.; Sahai, V.; Ivanusic, J.J. Mechanosensory perception: Are there contributions from bone-associated receptors? Clin. Exp. Pharmacol. Physiol. 2005, 32, 100–108. [Google Scholar] [CrossRef] [PubMed]

	



Henderson, L.A.; Stathis, A.; James, C.; Brown, R.; McDonald, S.; Macefield, V.G. Real-time imaging of cortical areas involved in the generation of increases in skin sympathetic nerve activity when viewing emotionally charged images. Neuroimage 2012, 62, 30–40. [Google Scholar] [CrossRef] [PubMed]

	



Bordoni, B.; Zanier, E. Anatomic connections of the diaphragm: Influence of respiration on the body system. J. Multidiscip. Healthc. 2013, 6, 281–291. [Google Scholar] [CrossRef] [PubMed]

	



Warburton, D.E.R.; Bredin, S.S.D. Health benefits of physical activity: A systematic review of current systematic reviews. Curr. Opin. Cardiol. 2017, 32, 541–556. [Google Scholar] [CrossRef]

	



Coletta, A.M.; Basen-Engquist, K.M.; Schmitz, K.H. Exercise across the cancer care continuum: Why it matters, how to implement it, and motivating patients to move. Am. Soc. Clin. Oncol. Educ. Book 2022, 42, 1–7. [Google Scholar] [CrossRef]

	



Mirandola, D.; Miccinesi, G.; Muraca, M.G.; Belardi, S.; Giuggioli, R.; Sgambati, E.; Manetti, M.; Monaci, M.; Marini, M. Longitudinal assessment of the impact of adapted physical activity on upper limb disability and quality of life in breast cancer survivors from an Italian cohort. Support. Care Cancer 2018, 26, 329–332. [Google Scholar] [CrossRef]

	



Carretti, G.; Mirandola, D.; Maestrini, F.; Sequi, L.; Germano, S.; Muraca, M.G.; Miccinesi, G.; Manetti, M.; Marini, M. Quality of life improvement in breast cancer survivors affected by upper limb lymphedema through a novel multiperspective physical activity methodology: A monocentric pilot study. Breast Cancer 2022, 29, 437–449. [Google Scholar] [CrossRef]

	



Kapandji, A. The Physiology of the Joints: The Spinal Column, Pelvic Girdle and Head, 7th ed.; Handspring Publishing: London, UK, 2019. [Google Scholar]

	



Kapandji, A. The Physiology of the Joints: The Upper Limb, 7th ed.; Handspring Publishing: London, UK, 2019. [Google Scholar]

	



Kapandji, A. The Physiology of the Joints: The Lower Limb, 7th ed.; Handspring Publishing: London, UK, 2019. [Google Scholar]

	



Karagiannopoulos, C.; Griech, S.; Leggin, B. Reliability and validity of the ActivForce Digital Dynamometer in assessing shoulder muscle force across different user experience levels. Int. J. Sports Phys. Ther. 2022, 17, 669–676. [Google Scholar] [CrossRef] [PubMed]

	



Mirandola, D.; Muraca, M.G.; Sgambati, E.; Manetti, M.; Marini, M. Role of a structured physical activity pathway in improving functional disability, pain and quality of life in a case of breast and gynecological cancer survivorship. J. Clin. Med. 2019, 8, 531. [Google Scholar] [CrossRef] [PubMed]

	



Bagge, A.S.L.; Wesslau, H.; Cizek, R.; Holmberg, C.J.; Moncrieff, M.; Katsarelias, D.; Carlander, A.; Bagge, R.O. Health-related quality of life using the FACT-M questionnaire in patients with malignant melanoma: A systematic review. Eur. J. Surg. Oncol. 2022, 48, 312–319. [Google Scholar] [CrossRef]

	



Askew, R.L.; Xing, Y.; Palmer, J.L.; Cella, D.; Moye, L.A.; Cormier, J.N. Evaluating minimal important differences for the FACT-Melanoma quality of life questionnaire. Value Health 2009, 12, 1144–1150. [Google Scholar] [CrossRef] [PubMed]

	



Cornish, D.; Holterhues, C.; van de Poll-Franse, L.V.; Coebergh, J.W.; Nijsten, T. A systematic review of health-related quality of life in cutaneous melanoma. Ann. Oncol. 2009, 20, vi51–vi58. [Google Scholar] [CrossRef]

	



Rishi, P.; Rishi, E.; Maitray, A.; Agarwal, A.; Nair, S.; Gopalakrishnan, S. Hospital anxiety and depression scale assessment of 100 patients before and after using low vision care: A prospective study in a tertiary eye-care setting. Indian J. Ophthalmol. 2017, 65, 1203–1208. [Google Scholar] [CrossRef]

	



Toquero, P.; Blanco Fernández, C.; López Martí, M.P.; Hernández Marín, B.; Vera Cea, E.B.; Garrido García, A.; Méndez Carrascosa, E.; Bañón Torres, D.; Donnay Candil, O.; Ballesteros García, A.I.; et al. Emotional distress in cancer patients during the first wave of the COVID-19 pandemic. Front. Psychol. 2021, 12, 755965. [Google Scholar] [CrossRef] [PubMed]

	



Mirandola, D.; Maestrini, F.; Carretti, G.; Manetti, M.; Marini, M. Effectiveness of an adapted physical activity protocol for upper extremity recovery and quality of life improvement in a case of seroma after breast cancer treatment. Int. J. Environ. Res. Public Health. 2020, 17, 7727. [Google Scholar] [CrossRef]

	



Hyatt, A.; Drosdowsky, A.; Williams, N.; Paton, E.; Bennett, F.; Andersen, H.; Mathai, J.; Milne, D. Exercise behaviors and fatigue in patients receiving immunotherapy for advanced melanoma: A cross-sectional survey via social media. Integr. Cancer Ther. 2019, 18, 1534735419864431. [Google Scholar] [CrossRef]

	



Douglass, J.; Graves, P.; Gordon, S. Self-care for management of secondary lymphedema: A systematic review. PLoS Negl. Trop. Dis. 2016, 10, e0004740. [Google Scholar] [CrossRef] [PubMed]

	



Vitali, F.; Bisagno, E.; Coco, M.; Cadamuro, A.; Maldonato, N.M.; Di Corrado, D. A Moderated mediation analysis of the effects of the COVID-19 pandemic on well-being and sport readiness of Italian team sports players: The role of perceived safety of the training environment. Int. J. Environ. Res. Public Health 2022, 19, 2764. [Google Scholar] [CrossRef] [PubMed]

	



Fitzgerald, H.T.; Rubin, S.T.; Fitzgerald, D.A.; Rubin, B.K. COVID-19 and the impact on young athletes. Paediatr. Respir. Rev. 2021, 39, 9–15. [Google Scholar] [CrossRef] [PubMed]

	



Ross, R.; Irvin, L.; Severin, R.; Ellis, B. Return-to-play considerations following a COVID-19 infection in elite athletes. J. Athl. Train. 2021, 56, 1061–1063. [Google Scholar] [CrossRef] [PubMed]

	



Wilson, M.G.; Hull, J.H.; Rogers, J.; Pollock, N.; Dodd, M.; Haines, J.; Harris, S.; Loosemore, M.; Malhotra, A.; Pieles, G.; et al. Cardiorespiratory considerations for return-to-play in elite athletes after COVID-19 infection: A practical guide for sport and exercise medicine physicians. Br. J. Sports Med. 2020, 54, 1157–1161. [Google Scholar] [CrossRef]

	



Erdmann, F.; Lortet-Tieulent, J.; Schüz, J.; Zeeb, H.; Greinert, R.; Breitbart, E.W.; Bray, F. International trends in the incidence of malignant melanoma 1953–2008—Are recent generations at higher or lower risk? Int. J. Cancer 2013, 132, 385–400. [Google Scholar] [CrossRef]

	



Siegel, R.; DeSantis, C.; Virgo, K.; Stein, K.; Mariotto, A.; Smith, T.; Cooper, D.; Gansler, T.; Lerro, C.; Fedewa, S.; et al. Cancer treatment and survivorship statistics, 2012. CA Cancer J. Clin. 2012, 62, 220–241. [Google Scholar] [CrossRef]








[image: Ijerph 19 09590 g001 550] 





Figure 1. Post-surgical scarring at the left anterior tibia after melanoma resection (black squared frame). 
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Figure 2. Tibialis anterior strengthening exercises. (a) Supine position, resting leg flexed and working one extended, arms laying by body sides with hand palms down. Inhale, exhale (light blue arrows) while performing a dorsiflexion of the straight leg foot (pointing up yellow curved arrow), and then inhale (dark blue arrows) while performing a plantar flexion of the same foot (pointing down yellow curved arrow). Three sets of ten total movements (dorsi/plantar flexion) for each foot, 30 s of recovery. (b) Supine position, rest popliteal fossa of both legs on a semi-cylindrical cushion, bend arms and place hands on chest. Inhale, exhale (light blue arrows) while performing a dorsiflexion of both feet (pointing up yellow curved arrow), and then inhale (dark blue arrows) while performing a plantar flexion (pointing down yellow curved arrow). Three sets of one minute and a half each, 20 s of recovery. 
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Figure 3. Glutes strengthening and hip mobility exercise. Supine position, flex both legs, set feet hip-width apart close to glutes, arms laying by body sides with hand palms down. Inhale (dark blue arrows), exhale (light blue arrows) while lifting glutes from the floor performing a bridge (yellow arrow) until reaching a complete hip extension. Keep this position for a few seconds, then slowly get back to the starting position. Focus on core stability, unload body weight on feet, arms and shoulders and keep lumbar spine in neutral position while performing the bridge. Three sets of one minute and a half each, 30 s of recovery. 
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Figure 4. Quadriceps strengthening and hip rotation exercises in supine decubitus position. (a) Resting leg flexed and working one extended, arms laying by body sides with hand palms down. Inhale (dark blue arrows) while performing a dorsiflexion of working leg foot (horizontal yellow arrow), then exhale (light blue arrows) while lifting the extended leg upward (vertical yellow arrow) until knee reaches the height of contralateral one. Inhale and slowly get back to the starting position. Three sets of ten repetitions for each lower limb, 30 s of recovery. (b) Rest popliteal fossa of both legs on a semi-cylindrical cushion, bend arms and place hands on abdomen. Inhale, exhale (light blue arrows) while performing a leg extension (straight yellow line and vertical yellow arrow) with dorsiflexed foot. Keep this position for a few seconds, then inhale and slowly get back to the starting position. Three sets of one minute and a half for each lower limb, 30 s of recovery. (c) Arms laying by body sides with hand palms down, rest popliteal fossa of one leg on a semi-cylindrical cushion, flex and lift up the other leg until forming a 90° angle between thigh and trunk. Physiologically breathing (light and dark blue arrows), imagine drawing small circles by intra/extra rotating the lifted knee (curved yellow arrows). Three sets of 30 s for each lower limb, 30 s of recovery. 
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Figure 5. Glutes, abductors, and adductors strengthening exercises in lateral decubitus position. (a) Whole body straight in lateral decubitus position (light blue dots) and dorsiflexed feet together (pointing down yellow arrow), keep floor arm straight upward and rest head on it, bend top arm and place hand on the floor in front of the abdomen. Inhale (dark blue arrows) then exhale (light blue arrows) while abducting the top extended lower limb (pointing up yellow arrow). Inhale and get back to starting position. Three sets of 45 s for each lower limb, 30 s of recovery. (b) Repeat the previously described exercise adding an abducted lower limb extension on sagittal plane (diagonal yellow arrow), keeping lumbar spine in neutral position. Three sets of 45 s for each lower limb, 30 s of recovery. 
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Figure 6. Lower limb extension and flexion in quadruped position. (a) Quadruped position, neutral spine attitude (light blue dots), place both elbows shoulder-width apart on the floor, keep the ground knee right under the homolateral hip and straighten backward the contralateral lower limb with dorsiflexed foot (pointing down yellow arrow). Inhale (dark blue arrows), then exhale (light blue arrows) while extending the straight lower limb on sagittal plane (pointing up yellow arrow). Three sets of 45 s for each lower limb, 15 s of recovery. (b) Repeat the previously described exercise performing a flexion of the other lower limb on sagittal plane by bringing the knee closer to chest with dorsiflexed homolateral foot (short yellow arrow), and then extend the same lower limb backward (diagonal yellow arrow). Three sets of 45 s for each lower limb, 15 s of recovery. 
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Figure 7. Postural sway on frontal, sagittal and transverse plane in orthostatic position. (a) Orthostatic position on a soft mat, feet hip-width apart, arms laying down on body sides. Keeping trunk aligned, shift bodyweight from one foot to the other on frontal plane (horizontal yellow arrows) without losing the ground contact. (b) Repeat the previously described exercise shifting bodyweight from forefeet to heels on sagittal plane (horizontal yellow arrows). (c) Combine the previously described exercises performing body circular sway on transverse plane (curved yellow arrows). Perform for one minute on each plane. No recovery. 
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Table 1. Active range of motion test scores at baseline and post-adapted physical activity protocol.
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	Variables
	Baseline
	Post-APA





	ROM trunk, degrees
	
	



	Flexion
	38.6
	44.7



	Extension
	17
	17



	Left lateral inclination
	42.2
	38.7



	Right lateral inclination
	30.4
	31



	Left rotation
	55.4
	59.4



	Right rotation
	56.9
	64.3



	ROM right upper limb, degrees
	
	



	Flexion
	152.5
	163.8



	Extension
	59.5
	50



	Abduction
	160.6
	180.5



	Adduction
	45.5
	51.7



	ROM left upper limb, degrees
	
	



	Flexion
	183.6
	182



	Extension
	48.6
	66



	Abduction
	153.4
	143.6



	Adduction
	40.4
	60.8



	ROM right hip, degrees
	
	



	Flexion
	86.8
	95.3



	Extension
	43.5
	41.8



	Abduction
	43.9
	51.3



	Adduction
	25
	27.3



	Internal rotation
	53.6
	39.4



	External rotation
	35.9
	39



	ROM left hip, degrees
	
	



	Flexion
	100.4
	115.5



	Extension
	41.4
	32.5



	Abduction
	39.4
	56.4



	Adduction
	37.8
	39.1



	Internal rotation
	41.7
	42.5



	External rotation
	44.4
	55.6







Abbreviations: APA, adapted physical activity; ROM, range of motion.
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Table 2. Lower limb muscle strength test scores at baseline and post-adapted physical activity protocol.
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	Variables
	Baseline
	Post-APA





	Muscle strength, kilograms
	
	



	Right hip flexion
	6.5
	8.5



	Right hip extension
	7.1
	15.5



	Right hip abduction
	4.9
	7.6



	Right hip adduction
	6
	9.9



	Right knee extension
	13.5
	17.2



	Right ankle plantar flexion
	5.7
	7



	Right ankle plantar dorsiflexion
	5.5
	7



	Right ankle inversion
	3.4
	6.6



	Right ankle eversion
	2.5
	5.9



	Left hip flexion
	5.5
	14.5



	Left hip extension
	7.8
	14.4



	Left hip abduction
	5.2
	11.1



	Left hip adduction
	5.8
	9.4



	Left knee extension
	8.7
	15.9



	Left ankle plantar flexion
	5.5
	7.6



	Left ankle plantar dorsiflexion
	4.9
	7.6



	Left ankle inversion
	4
	7.2



	Left ankle eversion
	3.8
	7.7







Abbreviation: APA, adapted physical activity.
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Table 3. Measurements of lower limb circumference at several anatomical points at baseline and after physical activity.
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Variables

	
Baseline

	
Post-APA




	
Lower Limb Circumference, mm

	
Right

	
Left

	
Difference

	
Right

	
Left

	
Difference






	
Groin level

	
680

	
680

	
0

	
640

	
645

	
0.5




	
Midline of thigh

	
550

	
560

	
1

	
535

	
540

	
0.5




	
Knee

	
430

	
430

	
0

	
425

	
435

	
1




	
Half leg

	
380

	
380

	
0

	
390

	
395

	
0.5




	
Ankle

	
240

	
260

	
2

	
240

	
245

	
0.5




	
Midline of foot

	
220

	
240

	
2

	
230

	
245

	
1.5








Abbreviation: APA, adapted physical activity.
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Table 4. Mean scores of quality of life, anxiety/depression status, and distress thermometer questionnaires at baseline and post-adapted physical activity intervention.
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	Variables
	Baseline
	Post-APA





	FACT-M
	
	



	Physical wellbeing
	27
	28



	Social/family wellbeing
	28
	28



	Emotional wellbeing
	20
	21



	Functional wellbeing
	21
	21



	Melanoma subscale
	59
	59



	FACT-M total
	155
	157



	Melanoma surgery scale
	28
	27



	Anxiety/depression status (HADS)
	
	



	Anxiety
	2
	2



	Depression
	2
	6



	Distress thermometer
	0
	0







Abbreviations: APA, adapted physical activity; FACT-M, Functional Assessment of Cancer Therapy–Melanoma; HADS, Hospital Anxiety and Depression Scale.
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