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Abstract

:

Background—The incidence of colorectal cancer is increasing among elderly people, where postoperative complications are frequent. Methods—We evaluated postoperative physical and quality of life changes in elderly patients undergoing laparoscopic surgery for colorectal cancer. A prospective cohort study was performed in 31 colorectal cancer patients ≥60 years who were scheduled for laparoscopic surgery due to colorectal cancer. Outcomes were measured one month preoperative (T1), three days postoperative (T2) and one month postoperative (T3). Results—The largest early postoperative (from T1 to T2) declines were observed for isometric knee extension strength (33.1%), 30 s Chair Stand Test (27.9%) and handgrip strength (16.9%). Significant reductions in quality of life measured with the QLQ-C30 summary score and the EQ 5D index score were found between T1–T3 and T1–T2, respectively. Conclusions—A decline in isometric knee extension strength, 30 s Chair Stand Test, handgrip strength and quality of life is evident in elderly patients in the days following laparoscopic surgery for colorectal cancer. Preoperative values are recovered one month after surgery for all the outcomes, except for isometric knee extension, which should receive especial attention.
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1. Introduction


Colorectal cancer is the third most common cancer and fourth deadliest worldwide [1], and over the years, the risk of developing colorectal cancer will increase due to different factors, such as the sedentary lifestyle of the modern world [2,3]. Most people who are diagnosed with colorectal cancer are over the age of 60 and at high risk for frailty. Surgery is the main treatment for colorectal cancer, and postoperative complications are more frequent in the elderly population [2,4,5] due to their reduction in functional capacity and therefore physical fitness [6]. In fact, it has been shown recently that physical fitness might be a more important factor for adverse postoperative events than age, due to the complexity of the health status of the elderly [6,7].



Previous research has shown that there is an inverse association between preoperative physical fitness and severity of postoperative complications in patients with different types of cancer or treatment [8,9,10]. Focused on elderly patients with colorectal cancer undergoing surgery, a previous study showed that physically active individuals have a faster self-assessed physical recovery [11]. Accordingly, a retrospective study indicated that a higher level of physical fitness was related to a lower odds ratio for postoperative complications [12]. Recently, Karlsson et al. [13,14] performed two prospective cohort studies in elderly patients who underwent abdominal cancer resection. The authors reported that better preoperative physical fitness reduced the odds for higher complication severities, discharging to further care after surgery [13] or having limited mobility [14]. Furthermore, they showed that surgery particularly affected walking distance and functional leg strength [14].



The above studies have shown the relevance of preoperative physical fitness for outcome after surgery; however, none are specifically focused on elderly patients with colorectal cancer who will undergo laparoscopic surgery. This can be a relevant factor for further investigation since it has been shown that in comparison to open surgery, patients who underwent laparoscopic surgery have decreased postoperative complications, a shorter hospital stay and a faster recovery [15,16,17], something which may require a different preoperative management approach. Additionally, more research is needed to better describe which specific physical fitness components are crucial for postoperative recovery [18]. For instance, while lower limb muscle strength has been typically assessed with only one functional test [13,14] which largely reflects muscle endurance [19] and mainly involves the quadriceps muscle, a more complete and precise evaluation is needed to design optimal preoperative programmes for key muscle groups. Such knowledge is important for targeting rehabilitative programs specifically to this group of patients.



Full recovery of the patients is not reached at hospital discharge but is achieved once they regain their daily life functions and need to be as soon as possible in order to prevent further reduction in terms of physical fitness as well as quality of life [6,20]. However, it has been shown that the quality of life of cancer patients is still impaired after treatment compared to healthy individuals [21]. The time it takes to return to participating in daily activities is dependent on the decline in physical fitness [20]. Even though it is expected to see a reduction in physical capacity after surgery, it is important to know to which extent and for which specific components of physical capacity this decline can be seen most of all [4,6]. For the purpose of reducing and preventing the risks of possible adverse outcomes after surgery, it could be important to recognize at an early stage which patients have a higher risk for developing postoperative complications. Therefore, the main objective of this study was to evaluate changes in physical and quality of life in elderly patients after laparoscopic surgery for colorectal cancer. We hypothesized that of all the physical fitness variables measured, lower limb strength would show the greater decline.




2. Materials and Methods


2.1. Subjects and Setting


A prospective observational and feasibility study was performed at the “Hospital Universitari i Politècnic La Fe” (Valencia, Spain). The study was approved by the ethical committee in Hospìtal Universitari I Politécnic la Fe, Valencia, Spain (2019-226-1) and adheres to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines. Patients scheduled for laparoscopic surgery due to colorectal cancer were informed and asked to participate by the anesthesiologist in the preoperative visit. Medical contraindication for physical exercise was also evaluated before informed consent by the patients. Inclusion criteria for the patient population were as follows: (1): age ≥60 years; (2) scheduled for abdominal laparoscopic surgery due to colorectal cancer. The exclusion criterion was a health status that prohibits physical exercise. Prior to the baseline assessments, written informed consent was collected by the anaesthesiologist. Baseline data and preoperative physical fitness were obtained at three different time points: time point 1 (T1) is one month preoperative (+/− seven days), time point 2 (T2) is 72 h postoperative (+/− 24 h), and time point 3 (T3) is one month postoperative (+/− seven days).




2.2. Demographic Data and Clinical Data


Before surgery, data on age, height, body mass index and tumor stage classification were collected from the medical records. Tumour classification was according to the Classification of Malignant Tumors (TNM), from which the T category, describing the primary tumor site and size, was included. We evaluated the health-related quality of life by using the European Organization for Research and Treatment of Cancer Quality of Life Questionnaire (QLQ-C30) [22,23], from which a summary and a global score were calculated, with higher values indicating a higher level of self-rated health and scores ranging from 30 to 126. The EQ 5D was also used to assess health-related quality of life, providing an index score, where values range from 0 to 1, and higher values denote higher health-related quality of life.




2.3. Physical Fitness Measures


The Short Physical Performance Battery (SPPB), consisting of three different components: balance, four-meter gait speed and the sit-to-stand test was administered [24]. Standing balance was measured by asking the subjects to maintain a standing position for ten seconds with their feet in three different positions: side by side, semi tandem (heel of one foot next to the big toe of the other foot) and in tandem (heel of one foot directly in front of the other foot). Subjects were given a score of 1 point when they were able to hold a side-by side position for 10 s but were unable to maintain a semi-tandem position for 10 s; 2 points were given when subjects could hold a semi-tandem for 10 s but were unable to hold a tandem position for more than 2 s; 3 points were given when subjects were able to stand in full tandem position for 3 to 9 s, and 4 points were given when subjects could stand in full tandem position for 10 s. For measuring gait speed [25], subjects were asked to walk along a line of eight meters at their normal walking pace. Time was measured for walking over four meters, with two extra meters to start and two meters to stop the movement. Walking aids were allowed if necessary. The fastest time of two walks was used for scoring. Score range was from 0–4 points, with 0 points given for someone unable to walk; 1 point for a time >8.7 s; 2 points for a time between 6.21–8.7 s; 3 points for a time between 4.82–6.2 s and 4 points for a time <4.82 s. The sit-to-stand test was performed by asking the subjects to sit in a chair without armrests, cross their arms in front of their chest, and stand up from a sitting position and sit down again for five times, as fast as possible. Scoring went as follows: 1 point was given for a time ≥16.7 s; 2 points for a time between 13.7 and 16.6 s; 3 points for a time between 11.2 and 13.5 s and 4 points for a time ≤11.1 s. The sum of the three different components constituted the final score for the SPPB, ranging from 0 to 12 points, where 12 points indicated the highest degree of lower extremity functioning.



Timed Up and Go test (TUG) [26]. This test measures the time a person takes to rise from a standard armchair, walk along a line for three meters as quickly as possible, turn around and sit down again. The person is not allowed to use their arms while standing up, but if necessary, walking aids are allowed. The highest value of two trials was used, indicating the best performance of both trials. Excellent intratester reliability has been found in elderly populations, with an intra-class coefficient of 0.94 [26].



Handgrip strength was assessed using a digital hand dynamometer with adjustable grip (Takei TKK5401 Grip D). Subjects were asked to stand with their arm straight down, elbow fully extended and forearm in neutral position, with their shoulder slightly abducted for approximately 10 degrees, according to previous standardized recommendations [27]. Subjects were encouraged to perform the test with maximum force for three seconds. Three trials were performed, and the highest value was used for the analysis. The TKK has shown high reliability with a very low systematic error (0.02) [27].



Lower limb isometric strength was analysed by performing the following different tests against fixed resistance: isometric knee flexion and extension, isometric hip abduction and adduction and ankle dorsiflexion and plantarflexion. For measuring, a portable Lafayette hand-held dynamometer was used (Nicholas Manual Muscle Tester, Lafayette Instruments). For all the trials, the dominant limb was used. Tests were performed according to the most reliable previously described techniques [28,29], as described below. For measuring the extension and flexion of the knee, subjects were seated at the examination table with their thighs in contact with the bed and their hips and knees in a constant angle of 90° [30]. In order to stabilize their position, subjects were instructed to hold on to the sides of the examination table to make sure their back stayed in an upright position. To measure extension, the dynamometer was positioned perpendicular to the tibia and fixated with straps. Flexion of the knee was measured by positioning the dynamometer on the posterior part of the lower leg. For measuring hip abduction and adduction, subjects were instructed to lie down on the examination table with their dominant leg extended and the other leg flexed [31]. For abduction, the dynamometer was fixated with straps to the table and positioned on the malleolus. Subjects were instructed to perform a maximal contraction of abduction with flexed leg. Adduction of the hip was measured in the same position with the dynamometer on the opposite side of the malleolus. For measuring isometric ankle plantar flexion and dorsiflexion, each subject was positioned in long sitting (hips flexed and knees extended) on an examination table with a backrest, according to a previous standardized procedure [32]. The assessor stabilized the lower limb proximal to the ankle joint to isolate movement at the joint and minimize additional and substitution movements. For ankle plantarflexion, this was secured against the plantar surface of the foot, just proximal to the metatarsal heads, and for ankle dorsiflexion this was secured against the dorsal surface of the foot, just proximal to the metatarsal heads. Ankle dorsiflexion and plantarflexion tests with the hand-held dynamometer have shown high reliability with ICC values ranging from 0.88 to 0.90 and 0.94 to 0.96, respectively.



All contractions were performed for three seconds, with 30 s of rest in between the trials. Three trials per movement were executed, and the mean of the three trials was used for analysis.



We also obtained the 30 s Chair Stand Test (30 s CST), where the number of chair raises within 30 s was counted [33]. For some subjects, the task was executed for only 15 s due to medical reasons, such as high blood pressure. Afterwards, level of perceived exertion was recorded according to the Borg Scale [34]. Due to the level of fatigue, this test was the last one performed.




2.4. Statistical Analysis


Statistical analysis was accomplished using SPSS version 26 (SPSS Inc., Chicago, IL, USA). All variables were found to be normally distributed (Shapiro–Wilk’s normality test) before data analysis.



Statistical comparisons for each outcome were performed using analysis of variance (ANOVA) with repeated measures. Greenhouse–Geisser correction was used when the assumption of sphericity (Mauchly’s test) was violated. Post hoc analysis with Bonferroni correction was used in the case of significant main effects. Significance was accepted at p ≤ 0.05.



In previous studies, it has been determined that a change in the SPPB scale of 0.4–1.5 can be considered clinically significant. This is the equivalent of the modification of one point in the SPPB. A preliminary study determined the standard deviation at 1.7 points. Therefore, for a statistical power of 90% and a significance level of 5%, the sample size in this observational study should have 31 subjects.





3. Results


The included study population (n = 31) had a mean age of 70.9 years, and 65% were male subjects. Table 1 shows demographic characteristics at baseline.



As presented in Table 2, declines in the different physical fitness variables were seen at the different time points. The largest declines were observed at knee extension, handgrip strength and 30 s CST. Subjects showed a significant decline in isometric strength of knee extension between T1 and T2 (Mean Difference = 7.07, p < 0.01) and between T1 and T3 (Mean Difference = 4.39, p = 0.02). A significant reduction was found in handgrip strength between T1 and T2 (Mean Difference = 4.56, p = 0.03). For the 30 s CST, a significant reduction was observed between T1 and T2 (Mean Difference = 4.61, p < 0.01), while significant increases were evident between T2 and T3 (Mean Difference = 5.13, p < 0.01)



Table 3 presents the differences in clinical data obtained at the different questionnaires. A significant decline was found in the QLQ-C30 summary score between T1 and T2 (Mean Difference = 10.64; p = 0.01). Furthermore, the EQ 5D index score was significantly impaired between T1 and T2 (Mean Difference = 0.2; p = 0.02) and between T2 and T3 (Mean Difference = 0.13; p = 0.04).




4. Discussion


The main results of the present study are the declines found for isometric knee extension strength (33.1%), handgrip strength (16.9%) and reduction for the 30 s CST (27.9%) between T1 and T2. Importantly, to the best of our knowledge, this is the first study providing insight into the changes in isometric lower limb strength. In addition to the decrease in physical fitness, we also found significant declines in the documented health-related quality of life.



We hypothesized that the greatest decline would be observed in lower limb strength, due to the fact that inactivity after surgery affects the process of sarcopenia and therefore the loss of muscle mass specifically in the legs [35,36,37,38]. In line with this, we found a significant decline in the isometric lower limb strength of knee extension from T1 to T2, as well as from T1 to T3. Strength of knee extension was found to be an important factor for falling and mobility in elderly people [39]. Therefore, our findings highlight that patients might be at greater risk for falling or having lower mobility after surgery; hence, they would benefit from a preoperative training programme and an intensive and early rehabilitation programme to recover function sooner and reduce their risks of falling and improve their physical function. However, in the other components of the isometric lower limb strength, no significant declines were observed. Unfortunately, the lack of other similar studies measuring lower limb isometric strength among colorectal cancer patients or different kind of cancer patients makes comparisons difficult.



We found a borderline significant decline in the number of repetitions of the 30 s CST from T1 to T2, while at T3 patients improved compared to preoperative and T2 values. These findings are in contrast with those found in the study conducted by Karlsson et al. [14], where the investigators reported a major short-term postoperative decline of 38%, measured 5 days postoperative. This might be explained by the older study population in the aforementioned study (mean of 76 ± 4.6 years), since age is an important factor in loss of muscle strength during bedrest [38]. Another possible explanation might be that Karlsson’s study also included patients who underwent open surgery, and a lesser decline in our study population of solely patients that underwent laparoscopic surgery would be as expected [15,16,17,40]. Furthermore, the preoperative value of our study population was considerably higher (17.4 versus 13 repetitions), which might suggest that our study population had a better functional leg strength at baseline, since a mean of 13.5 repetitions was reported as a reference value in another study in elderly subjects (mean age of 70.5 years) [33].



Our result showing a decline in handgrip strength between T1 and T2 is consistent with the finding reported in another study investigating the recovery of strength in elderly patients after major abdominal surgery, where authors found a handgrip decline of 12.1% [36]. In addition, in line with this result, another study among 140 patients reported a decline in handgrip strength three days postoperative of 9% [14]. However, in our study population, we found a stronger decline. Since handgrip strength has recently been identified as a predictive biomarker for older people for outcomes, such as general muscle strength, bone mineral density, falls and fractures, nutritional status, comorbidity, psychological factors and mortality [19], having a high handgrip strength shortly after surgery seems important for faster overall recovery.



The SPPB is known to be a good measure for functional outcome of physical performance [35,41,42] and is related with mortality. However, we did not find any changes between the different time points in this measure. This might be due to the heterogeneity, age and size of our sample, but we cannot compare our result since, as far as we know, there are no studies using this outcome among patients with colorectal cancer undergoing laparoscopic surgery. Another important finding in our study was the consistent quality of life reduction after surgery, with declines between T1 and T3 in QLQ-C30 summary score and between T1 and T2 at the EQ 5D index score. Previous research indicated that lower QLQ-C30 is associated with more postoperative complications [43,44]. In our study population, we only found a significant reduction in QLQ-C30 after the surgery for the summary score, which is the combined score for different functional and symptom scales, and not for the global score where patients need to rate their health in general and their quality of life during the last week. Regarding the EQ 5D, it is plausible that fatigue and pain early after surgery negatively affect this outcome as shown in more advanced colorectal cancer patients [45]. In line with our result of a significant impairment of EQ 5D health-related quality of life score after surgery, another study investigating health-related quality of life in patients with CRC also found a rapid decline of the EQ 5D score after surgery [46].



The present study has some limitations. Due to the sampling method, there is still the possibility of a selection bias. Thus, we cannot be certain that the study population is representative of this patient population in general. However, our demographic data was comparatively heterogenic and therefore still a good representation of the investigated patient population, with adequate sample size. An important strength of this study was that due to the strict inclusion criteria, a very specific population was analysed. In order to provide a comprehensive description of the extent of the decline in the different components of physical fitness, we tried to give a better perspective on the relevance of specific physical fitness measures and to obtain insights needed to design optimal training programmes for decline prevention and rehabilitation. Our results indicate that functional leg strength, and specifically the movement of knee extension and handgrip strength, deserve special attention very early after surgery since these might limit daily basic physical activities. This means that the results of this study point to the need to further investigate whether targeting these outcomes in a specific training programme can improve recovery after laparoscopic surgery in elderly patients.




5. Conclusions


A decline in isometric knee extension strength, handgrip strength and quality of life is evident in elderly patients after laparoscopic surgery for colorectal cancer. Preoperative values are recovered one month after surgery for all the outcomes, except for isometric knee extension, which should receive special attention.







Author Contributions


Conceptualization, R.M., J.C. (José Casaña), Ó.D.-C., L.L.A. and J.C. (Joaquín Calatayud); Data curation, G.M.; Formal analysis, L.S.-M., F.C.-M. and R.L.-B.; Investigation, R.M., Ó.D.-C. and J.C. (Joaquín Calatayud); Methodology, R.M., L.L.A. and J.C. (Joaquín Calatayud); Project administration, Ó.D.-C.; Resources, J.C. (José Casaña), Ó.D.-C., G.M., L.L.-B. and F.S.-S.; Supervision, J.C. (Joaquín Calatayud); Writing—original draft, R.M. and J.C. (Joaquín Calatayud); Writing—review & editing, J.C. (José Casaña), Ó.D.-C., L.S.-M., F.C.-M., R.L.-B., L.L.A. and L.L.-B. 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 and approved by the Ethics Committee of University Hospital and Polytechnic La Fe, Valencia, Spain (2019-226-1).




Informed Consent Statement


Informed consent was obtained from all subjects involved in the study.




Data Availability Statement


Data can be available upon reasonable request to the corresponding author.




Acknowledgments


The authors thank the participants for their contribution.




Conflicts of Interest


The authors declare no conflict of interest.




References


	



Van Cutsem, E.; Cervantes, A.; Adam, R.; Sobrero, A.; Van Krieken, J.H.; Aderka, D.; Aranda Aguilar, E.; Bardelli, A.; Benson, A.; Bodoky, G.; et al. ESMO Consensus Guidelines for the Management of Patients with Metastatic Colorectal Cancer. Ann. Oncol. 2016, 27, 1386–1422. [Google Scholar] [CrossRef] [PubMed]

	



Kuipers, E.J.; Grady, W.M.; Lieberman, D.; Seufferlein, T.; Sung, J.J.; Boelens, P.G.; van de Velde, C.J.H.; Watanabe, T. Colorectal Cancer. Nat. Rev. Dis. Primers 2015, 1, 15065. [Google Scholar] [CrossRef]

	



Cong, Y.J.; Gan, Y.; Sun, H.L.; Deng, J.; Cao, S.Y.; Xu, X.; Lu, Z.X. Association of Sedentary Behaviour with Colon and Rectal Cancer: A Meta-Analysis of Observational Studies. Br. J. Cancer 2014, 110, 817–826. [Google Scholar] [CrossRef] [PubMed]

	



Simmonds, P.; Best, L.; George, S.; Baughan, C.; Buchanan, R.; Davis, C.; Fentiman, I.; Gosney, M.; Northover, J.; Williams, C. Surgery for Colorectal Cancer in Elderly Patients: A Systematic Review. Lancet 2000, 356, 968–974. [Google Scholar] [CrossRef]

	



Brenner, H.; Bouvier, A.M.; Foschi, R.; Hackl, M.; Larsen, I.K.; Lemmens, V.; Mangone, L.; Francisci, S. EUROCARE Working Group Progress in Colorectal Cancer Survival in Europe from the Late 1980s to the Early 21st Century: The EUROCARE Study. Int. J. Cancer 2012, 131, 1649–1658. [Google Scholar] [CrossRef]

	



Lin, H.-S.; Watts, J.N.; Peel, N.M.; Hubbard, R.E. Frailty and Post-Operative Outcomes in Older Surgical Patients: A Systematic Review. BMC Geriatr. 2016, 16, 157. [Google Scholar] [CrossRef]

	



Huisman, M.G.; Kok, M.; de Bock, G.H.; van Leeuwen, B.L. Delivering Tailored Surgery to Older Cancer Patients: Preoperative Geriatric Assessment Domains and Screening Tools—A Systematic Review of Systematic Reviews. Eur. J. Surg. Oncol. 2017, 43, 1–14. [Google Scholar] [CrossRef]

	



Dale, W.; Hemmerich, J.; Kamm, A.; Posner, M.C.; Matthews, J.B.; Rothman, R.; Palakodeti, A.; Roggin, K.K. Geriatric Assessment Improves Prediction of Surgical Outcomes in Older Adults Undergoing Pancreaticoduodenectomy: A Prospective Cohort Study. Ann. Surg. 2014, 259, 960–965. [Google Scholar] [CrossRef]

	



McSorley, S.T.; Horgan, P.G.; McMillan, D.C. The Impact of the Type and Severity of Postoperative Complications on Long-Term Outcomes Following Surgery for Colorectal Cancer: A Systematic Review and Meta-Analysis. Crit. Rev. Oncol. Hematol. 2016, 97, 168–177. [Google Scholar] [CrossRef]

	



Versteeg, K.S.; Blauwhoff-Buskermolen, S.; Buffart, L.M.; de van der Schueren, M.A.E.; Langius, J.A.E.; Verheul, H.M.W.; Maier, A.B.; Konings, I.R. Higher Muscle Strength Is Associated with Prolonged Survival in Older Patients with Advanced Cancer. Oncologist 2018, 23, 580–585. [Google Scholar] [CrossRef]

	



Onerup, A.; Bock, D.; Börjesson, M.; Fagevik Olsén, M.; Gellerstedt, M.; Haglind, E.; Nilsson, H.; Angenete, E. Is Preoperative Physical Activity Related to Post-Surgery Recovery?-A Cohort Study of Colorectal Cancer Patients. Int. J. Colorectal Dis. 2016, 31, 1131–1140. [Google Scholar] [CrossRef] [PubMed]

	



Heldens, A.F.J.M.; Bongers, B.C.; Lenssen, A.F.; Stassen, L.P.S.; Buhre, W.F.; van Meeteren, N.L.U. The Association between Performance Parameters of Physical Fitness and Postoperative Outcomes in Patients Undergoing Colorectal Surgery: An Evaluation of Care Data. Eur. J. Surg. Oncol. 2017, 43, 2084–2092. [Google Scholar] [CrossRef] [PubMed]

	



Karlsson, E.; Egenvall, M.; Farahnak, P.; Bergenmar, M.; Nygren-Bonnier, M.; Franzén, E.; Rydwik, E. Better Preoperative Physical Performance Reduces the Odds of Complication Severity and Discharge to Care Facility after Abdominal Cancer Resection in People over the Age of 70—A Prospective Cohort Study. Eur. J. Surg. Oncol. 2018, 44, 1760–1767. [Google Scholar] [CrossRef] [PubMed]

	



Karlsson, E.; Franzén, E.; Nygren-Bonnier, M.; Bergenmar, M.; Rydwik, E. Short-Term Postoperative Physical Decline and Patient-Reported Recovery in People Aged 70 or Older Undergoing Abdominal Cancer Resection- A Prospective Cohort Study. J. Geriatr. Oncol. 2019, 10, 610–617. [Google Scholar] [CrossRef] [PubMed]

	



Veldkamp, R.; Kuhry, E.; Hop, W.C.J.; Jeekel, J.; Kazemier, G.; Bonjer, H.J.; Haglind, E.; Påhlman, L.; Cuesta, M.A.; Msika, S.; et al. Laparoscopic Surgery versus Open Surgery for Colon Cancer: Short-Term Outcomes of a Randomised Trial. Lancet Oncol. 2005, 6, 477–484. [Google Scholar] [CrossRef] [PubMed]

	



Song, X.-J.; Liu, Z.-L.; Zeng, R.; Ye, W.; Liu, C.-W. A Meta-Analysis of Laparoscopic Surgery versus Conventional Open Surgery in the Treatment of Colorectal Cancer. Medicine 2019, 98, e15347. [Google Scholar] [CrossRef]

	



Raymond, T.M.; Dastur, J.K.; Khot, U.P.; Parker, M.C. Hospital Stay and Return to Full Activity Following Laparoscopic Colorectal Surgery. JSLS J. Soc. Laparoendosc. Surg. 2008, 12, 143–149. [Google Scholar]

	



Meyerhardt, J.A.; Giovannucci, E.L.; Holmes, M.D.; Chan, A.T.; Chan, J.A.; Colditz, G.A.; Fuchs, C.S. Physical Activity and Survival after Colorectal Cancer Diagnosis. J. Clin. Oncol. 2006, 24, 3527–3534. [Google Scholar] [CrossRef]

	



Bohannon, R.W. Grip Strength: An Indispensable Biomarker for Older Adults. Clin. Interv. Aging 2019, 14, 1681–1691. [Google Scholar] [CrossRef]

	



Gray-Miceli, D. Impaired Mobility and Functional Decline in Older Adults: Evidence to Facilitate a Practice Change. Nurs. Clin. N. Am. 2017, 52, 469–487. [Google Scholar] [CrossRef]

	



Peters, E.; Mendoza Schulz, L.; Reuss-Borst, M. Quality of Life after Cancer-How the Extent of Impairment Is Influenced by Patient Characteristics. BMC Cancer 2016, 16, 787. [Google Scholar] [CrossRef] [PubMed]

	



Aaronson, N.K.; Ahmedzai, S.; Bergman, B.; Bullinger, M.; Cull, A.; Duez, N.J.; Filiberti, A.; Flechtner, H.; Fleishman, S.B.; de Haes, J.C. The European Organization for Research and Treatment of Cancer QLQ-C30: A Quality-of-Life Instrument for Use in International Clinical Trials in Oncology. J. Natl. Cancer Inst. 1993, 85, 365–376. [Google Scholar] [CrossRef] [PubMed]

	



Gujral, S.; Conroy, T.; Fleissner, C.; Sezer, O.; King, P.M.; Avery, K.N.L.; Sylvester, P.; Koller, M.; Sprangers, M.A.G.; Blazeby, J.M.; et al. Assessing Quality of Life in Patients with Colorectal Cancer: An Update of the EORTC Quality of Life Questionnaire. Eur. J. Cancer 2007, 43, 1564–1573. [Google Scholar] [CrossRef] [PubMed]

	



Guralnik, J.M.; Simonsick, E.M.; Ferrucci, L.; Glynn, R.J.; Berkman, L.F.; Blazer, D.G.; Scherr, P.A.; Wallace, R.B. A Short Physical Performance Battery Assessing Lower Extremity Function: Association with Self-Reported Disability and Prediction of Mortality and Nursing Home Admission. J. Gerontol. 1994, 49, M85–M94. [Google Scholar] [CrossRef]

	



Pamoukdjian, F.; Paillaud, E.; Zelek, L.; Laurent, M.; Lévy, V.; Landre, T.; Sebbane, G. Measurement of Gait Speed in Older Adults to Identify Complications Associated with Frailty: A Systematic Review. J. Geriatr. Oncol. 2015, 6, 484–496. [Google Scholar] [CrossRef]

	



Hofheinz, M.; Schusterschitz, C. Dual Task Interference in Estimating the Risk of Falls and Measuring Change: A Comparative, Psychometric Study of Four Measurements. Clin. Rehabil. 2010, 24, 831–842. [Google Scholar] [CrossRef]

	



España-Romero, V.; Ortega, F.B.; Vicente-Rodríguez, G.; Artero, E.G.; Rey, J.P.; Ruiz, J.R. Elbow Position Affects Handgrip Strength in Adolescents: Validity and Reliability of Jamar, DynEx, and TKK Dynamometers. J. Strength Cond. Res. 2010, 24, 272–277. [Google Scholar] [CrossRef]

	



Mentiplay, B.F.; Perraton, L.G.; Bower, K.J.; Adair, B.; Pua, Y.-H.; Williams, G.P.; McGaw, R.; Clark, R.A. Assessment of Lower Limb Muscle Strength and Power Using Hand-Held and Fixed Dynamometry: A Reliability and Validity Study. PLoS ONE 2015, 10, e0140822. [Google Scholar] [CrossRef]

	



Chamorro, C.; Armijo-Olivo, S.; De la Fuente, C.; Fuentes, J.; Javier Chirosa, L. Absolute Reliability and Concurrent Validity of Hand Held Dynamometry and Isokinetic Dynamometry in the Hip, Knee and Ankle Joint: Systematic Review and Meta-Analysis. Open Med. 2017, 12, 359–375. [Google Scholar] [CrossRef]

	



Koblbauer, I.F.H.; Lambrecht, Y.; van der Hulst, M.L.M.; Neeter, C.; Engelbert, R.H.H.; Poolman, R.W.; Scholtes, V.A. Reliability of Maximal Isometric Knee Strength Testing with Modified Hand-Held Dynamometry in Patients Awaiting Total Knee Arthroplasty: Useful in Research and Individual Patient Settings? A Reliability Study. BMC Musculoskelet. Disord. 2011, 12, 249. [Google Scholar] [CrossRef]

	



Thorborg, K.; Bandholm, T.; Hölmich, P. Hip- and Knee-Strength Assessments Using a Hand-Held Dynamometer with External Belt-Fixation Are Inter-Tester Reliable. Knee Surg. Sports Traumatol. Arthrosc. 2013, 21, 550–555. [Google Scholar] [CrossRef] [PubMed]

	



Spink, M.J.; Fotoohabadi, M.R.; Menz, H.B. Foot and Ankle Strength Assessment Using Hand-Held Dynamometry: Reliability and Age-Related Differences. Gerontology 2010, 56, 525–532. [Google Scholar] [CrossRef] [PubMed]

	



Jones, C.J.; Rikli, R.E.; Beam, W.C. A 30-s Chair-Stand Test as a Measure of Lower Body Strength in Community-Residing Older Adults. Res. Q. Exerc. Sport 1999, 70, 113–119. [Google Scholar] [CrossRef] [PubMed]

	



Borg, G.A. Psychophysical Bases of Perceived Exertion. Med. Sci. Sports Exerc. 1982, 14, 377–381. [Google Scholar] [CrossRef]

	



Cruz-Jentoft, A.J.; Baeyens, J.P.; Bauer, J.M.; Boirie, Y.; Cederholm, T.; Landi, F.; Martin, F.C.; Michel, J.-P.; Rolland, Y.; Schneider, S.M.; et al. Sarcopenia: European Consensus on Definition and Diagnosis: Report of the European Working Group on Sarcopenia in Older People. Age Ageing 2010, 39, 412–423. [Google Scholar] [CrossRef]

	



Watters, J.M.; Clancey, S.M.; Moulton, S.B.; Briere, K.M.; Zhu, J.M. Impaired Recovery of Strength in Older Patients after Major Abdominal Surgery. Ann. Surg. 1993, 218, 380–390, discussion 380–393. [Google Scholar] [CrossRef]

	



Bloomfield, S.A. Changes in Musculoskeletal Structure and Function with Prolonged Bed Rest. Med. Sci. Sports Exerc. 1997, 29, 197–206. [Google Scholar] [CrossRef]

	



Kortebein, P.; Symons, T.B.; Ferrando, A.; Paddon-Jones, D.; Ronsen, O.; Protas, E.; Conger, S.; Lombeida, J.; Wolfe, R.; Evans, W.J. Functional Impact of 10 Days of Bed Rest in Healthy Older Adults. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2008, 63, 1076–1081. [Google Scholar] [CrossRef]

	



Janssen, H.C.J.P.; Samson, M.M.; Meeuwsen, I.B.A.E.; Duursma, S.A.; Verhaar, H.J.J. Strength, Mobility and Falling in Women Referred to a Geriatric Outpatient Clinic. Aging Clin. Exp. Res. 2004, 16, 122–125. [Google Scholar] [CrossRef]

	



The Colon Cancer Laparoscopic or Open Resection Study Group Laparoscopic Surgery versus Open Surgery for Colon Cancer: Short-Term Outcomes of a Randomised Trial. Lancet Oncol. 2005, 6, 477–484. [CrossRef]

	



Working Group on Functional Outcome Measures for Clinical Trials Functional Outcomes for Clinical Trials in Frail Older Persons: Time To Be Moving. J. Gerontol. Ser. A Biol. Sci. Med. Sci. 2008, 63, 160–164. [CrossRef] [PubMed]

	



Kwon, S.; Perera, S.; Pahor, M.; Katula, J.A.; King, A.C.; Groessl, E.J.; Studenski, S.A. What Is a Meaningful Change in Physical Performance? Findings from a Clinical Trial in Older Adults (the LIFE-P Study). J. Nutr. Health Aging 2009, 13, 538–544. [Google Scholar] [CrossRef] [PubMed]

	



McDermott, F.D.; Heeney, A.; Kelly, M.E.; Steele, R.J.; Carlson, G.L.; Winter, D.C. Systematic Review of Preoperative, Intraoperative and Postoperative Risk Factors for Colorectal Anastomotic Leaks. Br. J. Surg. 2015, 102, 462–479. [Google Scholar] [CrossRef] [PubMed]

	



Kirchhoff, P.; Clavien, P.-A.; Hahnloser, D. Complications in Colorectal Surgery: Risk Factors and Preventive Strategies. Patient Saf. Surg. 2010, 4, 5. [Google Scholar] [CrossRef]

	



Borchert, K.; Jacob, C.; Wetzel, N.; Jänicke, M.; Eggers, E.; Sauer, A.; Marschner, N.; Altevers, J.; Mittendorf, T.; Greiner, W. Application Study of the EQ-5D-5L in Oncology: Linking Self-Reported Quality of Life of Patients with Advanced or Metastatic Colorectal Cancer to Clinical Data from a German Tumor Registry. Health Econ. Rev. 2020, 10, 40. [Google Scholar] [CrossRef]

	



Marventano, S.; Forjaz, M.J.; Grosso, G.; Mistretta, A.; Giorgianni, G.; Platania, A.; Gangi, S.; Basile, F.; Biondi, A. Health Related Quality of Life in Colorectal Cancer Patients: State of the Art. BMC Surg 2013, 13, S15. [Google Scholar] [CrossRef]








[image: Table] 





Table 1. Descriptive statistics of socio-demographic data.






Table 1. Descriptive statistics of socio-demographic data.









	Measures
	Mean ± SD or (%) (n = 31)





	Age
	70.9 ± 10.93



	BMI
	26.12 ± 2.75



	Gender
	



	Male
	20 (65)



	Female
	11 (35)



	Tumor stage T
	



	1
	9 (29)



	2
	7 (23)



	3
	10 (32)



	4
	3 (10)



	Unknown
	2 (6)







Values are presented as mean ± standard deviation or number (%). BMI: Body Mass Index.
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Table 2. Differences in clinical data at the different time points: preoperative one month (T1), postoperative three days (T2) and postoperative one month (T3).
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	T1
	T2
	T3
	Mean Difference T1–T2
	Mean Difference T1–T3
	Mean Difference T2–T3





	SPPB score
	10.07 ± 2.97
	8.21 ± 3.9
	9.64 ± 2.41
	1.79
	0.38
	−1.42



	Timed up and Go (s)
	9.38 ± 5.91
	9.49 ± 6.68
	9.51 ± 5.39
	0.12
	−0.07
	−0.13



	Handgrip strength (kg)
	26.77 ± 11.64
	22.24 ± 10.66
	25.3 ± 11.66
	4.56 *
	1.47
	−3.09



	Knee extension strength (kg)
	22.31 ± 12.52
	14.92 ± 10.14
	17.38 ± 10.35
	7.07 *
	4.39 *
	−2.68



	Knee flexion strength (kg)
	11.95 ± 5.55
	13.23 ± 12.44
	12.24 ± 5.87
	−1.07
	−0,28
	0.79



	Hip abduction strength (kg)
	11.54 ± 10.65
	8.05 ± 4.13
	9.87 ± 4.53
	3.12
	1.41
	−1.7 *



	Hip adduction strength (kg)
	10.55 ± 4.7
	8.03 ± 4.32
	10.35 ± 4.61
	2.11
	0.08
	−2.03



	Ankle dorsal flexion strength (kg)
	9.42 ± 5.03
	7.94 ± 3.04
	8.89 ± 3.46
	1.34
	0.32
	−1.02



	Ankle plantar flexion strength (kg)
	19.6 ± 17.55
	11.57 ± 6.47
	14.55 ± 9.61
	7.43
	4.82
	−2.61



	30 s Chair Stand Test (n° reps)
	17.38 ± 8.16
	12.54 ± 7.81
	17.85 ± 8.58
	4.61 *
	−0.52
	−5.13 *







* p < 0.05. SPPB: Short Physical Performance Battery.
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Table 3. Differences in clinical data at the different time points: preoperative one month (T1), postoperative three days (T2) and postoperative one month (T3).
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	T1
	T2
	T3
	Mean Difference T1–T2
	Mean Difference T1–T3
	Mean Difference T2–T3





	EQ-5D index score
	0.87 ± 0.15
	0.66 ± 0.21
	0.79 ± 0.19
	0.2 *
	0.06
	−0.13 *



	QLQ-C30 global score
	64.44 ± 26.62
	53.88 ± 20.13
	60.62 ± 29.65
	10.88
	6.16
	−4.71



	QLQ-C30 summary score
	81.76 ± 18.89
	69.91 ± 19.84
	76.03 ± 14.99
	10.64 *
	4.11
	−6.53







* p < 0.05. QLQ-C30: Cancer Quality of Life Questionnaire.
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