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			Abstract

			Introduction: Total knee replacement (TKR) is a frequently performed surgery with reported very positive outcomes. However, the difficulty of TKR surgery can vary greatly between patients. Many factors have been related to higher surgical difficulty in TKR, but the role of patient anthropometry is still unclear. Although patient Body Mass Index (BMI) is known to affect the postoperative outcome after TKR, it has not proved to be a reliable predictor of surgical difficulty. The aim of this work was to state whether if the patient’s overall size, measured with the patient’s body surface, had a direct impact on surgical difficulty. 

			Material and methods: We retrospectively reviewed 250 patients who underwent TKR surgery in our center from January 2014 to October 2014. The following data were collected from the pre-anesthesia evaluation sheet: age (in years), weight (in kilograms), height (in centimeters), BMI (using the formula weight/height2), body surface (using Dubois’ formula [20], x = 0.007184 x weight (kg)0.425 x height (cm)0.725) expressed in m2, and surgical times. Statistical analyses were performed. 

			Results: After the analyses we found there wasn’t association between high BMI and higher surgical times. However, there was a direct relation between surgical times and patient body surface values. These findings were statistically significant. 

			Conclusion: In our experience, the patient’s body surface is a reliable predictor of surgical difficulty. 
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			Introduction

			Total knee replacement (TKR) surgery is one of the most frequently performed surgeries in orthopaedic operating rooms [1]. Many aspects related to the patients who have undergone surgery have been studied in order to determine the factors that affect surgical difficulty [2-9], complications [10-14] and functional outcome [15,16]. Metabolic syndrome is known to increase postoperative complications [10,11,17] and the body mass index (BMI) affects both postoperative complications and the functional results [5,10,11,15,16] to the extent that some authors consider that patients would have to be treated using specialized equipment depending on their degree of obesity [18]. 

			Anthropometry is a science that uses various morphological measurements of the human body in an attempt to find practical 

applications for them in the diagnosis and treatment of patients. One of the most common anthropometric measures used in order 
to classify the degree of obesity is the body mass index (BMI) 
[19], since the WHO recommends its use to measure the risk factor for cardiovascular diseases. The body mass index gives an idea of the patient’s fat mass and is calculated by dividing the patient’s weight by the square of their height. However, several publications state that the patient’s BMI is not a measurement that has succeeded in finding a relationship between the patient’s morphology and the duration of a TKR operation [5,7]. The interest in determining preoperatively which patients carry a greater surgical difficulty has, as its purpose, the possibility of foreseeing the need for greater resources in the operating room. Our hypothesis is that the patient’ overall size, measured with the patient’s body surface, is a directly associated to the degree of surgical difficulty, and the main purpose of this work is to determine whether if it is so.

			Material and Methods

			With the idea of determining which anthropometric parameters affected the surgical time of the TKR operation, data from patients who underwent TKR surgery between January 2014 and October 2014 in the knee unit of the Hospital Clinic of Barcelona were collected. All surgeries were performed by the same surgeon with a wide experience in TKR surgery in obese patients, and on all of them the same surgical technique in terms of ligament release and balancing was performed. In all cases, cemented components were implanted. The surgical approach was a direct anterior transvastus approach in all cases. The resurfacing of the patella was performed according to the severity of the osteoarthritis of the femoro-patellar joint assessed both radiologically in preoperative X-Rays and intraoperatively. Bone grafting was not performed in any case.

			The data collection was prospective. The inclusion criteria were patients who were operated on for total arthroplasty of the knee and signed an informed consent for the use of the data obtained from their clinical history and for the performance of the necessary anthropometric measurements. The exclusion criteria were patients operated on for unicompartmental knee arthroplasty or revision prosthetic surgery, patients on whom the ischemia cuff could not be used during the operation or patients who did not consent to the use of their data.

			The surgical difficulty is determined by surgical time, which was determined by the minutes that the tourniquet cuff remained inflated during the operation. The cuff is placed at the root of the thigh that is being operated on and is inflated to a pressure of 250 mmHg moments before the beginning of the cutaneous incision and is deflated once the prosthetic components have been cemented. The following data were collected from the pre-anesthesia evaluation sheet: age (in years), weight (in kilograms), height (in centimeters), BMI (using the formula weight/height2), body surface (using Dubois’ formula [20], x = 0.007184 x weight (kg)0.425 x height (cm)0.725) expressed in m2. In the operating room, before spinal anesthesia was performed, the anthropometric indexes of the knee were determined [6]. These are calculated by measuring the length radius of the limb (measured from the anterosuperior iliac crest to the center of the ankle, expressed in centimetres) and the suprapatellar perimeter (measured at a point located 4 cm proximal to the upper edge of the patella) and the infrapatellar perimeter (measured at the level of the anterior tibial tuberosity), both expressed in centimeters. The length radius of the leg and the suprapatellar perimeter give us the suprapatellar index and the length radius and the infrapatellar perimeter give us the infrapatellar index. All measurements were made with an elastic measuring tape and a consistency test among the people carrying out the measurements was performed.

			Expert surgeons of the knee unit following the same surgical protocol performed all surgeries. The prosthesis models used cemented femoral components, while the tibial component was or was not cemented based on the patient’s characteristics and the patella was prosthetisised based on the degree of arthritis that it presented. The BMI values were separated into three different groups according to the World Health Organization (WHO) classification [19]: non-obese (<30 kg/m2), obese (between 30 and 34,9 kg/m2) and seriously and morbidly obese (35 kg/m2 or more). The normal values of body surface [20] were 1.9 m2 for men and 1.6 m2 for women.

			Statistical Analysis

			According to the Kolmogorov-Smirnov test of normality, continuous variables with normal distribution (weight, height, body surface, BMI, limb length) were expressed as mean and standard deviation (SD) and were compared by the Student‘s T-test, whereas continuous variables with non-normal (age, surgical time, suprapatellar perimeter, ATT perimeter and) distribution were expressed as median and interquartile range (IQR) and were compared by the Mann-Whitney U test. Surgical time was classified according to the 75th percentile as long surgery (surgical time ≥60 minutes) and normal surgery (surgical time <60 minutes). Qualitative variables (gender and ASA classification classified as ASA I-II and ASA III-IV) were described by absolute frequencies and percentages and were compared by the Chi-square test or Fisher’s exact test when necessary. Correlation curves between continuous variables were estimated by testing linear, logarithmic, exponential and quadratic equation models. A forward stepwise logistic regression model was performed to identify independent predictors of failure. Interactions between terms within the logistic model were tested and goodness of fit was explored based on the Hosmer-Lemeshow test. Statistical significance was defined as a two-tailed <0.05. The analysis was performed using SPSS, version 20.0 (SPSS, Inc., Chicago, IL, USA). Multivariate analysis was performed to assess the direct impact of the body surface variable on surgical difficulty.

			Results

			A total of 250 patients met the inclusion criteria of the study. The median (IQR) age of the cohort was 72 (67-77) years and 172 (68.9%) were female. The mean (SD) weight and height were 78.1 (13.4) kg and 159.8 (9.2) cm, respectively. One hundred and nineteen (47.5%) patients presented a BMI <30 kg/m2 and 41 (16.7%) patients presented a BMI ≥35 Kg/m2. The median (IQR) surgical time was 52 (47-60) and 73 (29.2%) cases were categorized as long surgery.

			Table 1 shows the main characteristics of patients according to outcome. Median age was younger in the long surgery group (71 vs. 73 years, p=0.022) and male gender showed a significant association with long surgery in comparison to female gender (32 vs. 41, p=0.006). Patients in the long surgery group had higher mean weight (82.1 kg vs. 76.6 kg, p=0.003), higher mean height (163 cm vs. 159 cm, p<0.001) and higher mean body surface (1.875 m2 vs. 1.783 m2, p<0.001), whereas no differences were found with regard to BMI value (30.5 vs. 30.8 Kg/m2, p=0.608). No significant differences were found regarding other anthropomorphic measurements of the limb. Figure 1 shows the relationship between body surface and time of surgical time (linear equation, R2=0.060, p<0.001). Finally, all variables studied in the univariate analysis were included in a multivariate analysis. A step-wise forward logistic regression model identified body surface (OR: 16.265, 95%CI: 3.237-81.719) as the only variable independently associated with long surgery (Hosmer-Lemeshow test, p=0.880). 

			Table 1: Characteristics of patients according to outcome (*surgical time was classified according to the 75th percentile as Long Surgery when surgical time ≥60 minutes and Normal Surgery when surgical time <60 minutes).

			
				
					
					
					
					
				
				
					
							
							
							Normal Surgery* (N=177)

						
							
							Long Surgery* (N=73)

						
							
							p-value

						
					

					
							
							Median (IQR) age (years)

						
							
							73 (67-77.75)

						
							
							71 (64-75)

						
							
							0.022

						
					

					
							
							Gender

						
							
							
							
					

					
							
							Male

						
							
							46 (26.0)

						
							
							32 (43.8)

						
							
							0.006

						
					

					
							
							Female

						
							
							131 (74.0)

						
							
							41 (56.2)

						
					

					
							
							ASA classification = III or IV

						
							
							33 (19.1)

						
							
							14 (19.2)

						
							
							1.000

						
					

					
							
							Mean (SD) weight (Kg)

						
							
							76.6 (12.8)

						
							
							82.1 (14.3)

						
							
							0.003

						
					

					
							
							Mean (SD) height (cm)

						
							
							158.6 (8.8)

						
							
							163.1 (9.5)

						
							
							<0.001

						
					

					
							
							Mean (SD) body surface (m2)

						
							
							1.783 (0.169)

						
							
							1.875 (0.193)

						
							
							<0.001

						
					

					
							
							Mean (SD) BMI (Kg/m2)

						
							
							30.5 (5.0)

						
							
							30.8 (4.7)

						
							
							0.608

						
					

					
							
							BMI < 30

						
							
							90 (50.8)

						
							
							29 (39.7)

						
							
							0.109

						
					

					
							
							BMI ≥30 and <35

						
							
							58 (32.8)

						
							
							32 (43.8)

						
							
							0.112

						
					

					
							
							BMI ≥35 

						
							
							29 (16.4)

						
							
							12 (16.4)

						
							
							0.992

						
					

					
							
							Mean (SD) limb length (cm)

						
							
							83.8 (7.2)

						
							
							84.7 (5.2)

						
							
							0.372

						
					

					
							
							Mean (SD) suprapatellar index

						
							
							1.81 (0.28)

						
							
							1.80 (0.30)

						
							
							0.835

						
					

					
							
							Mean (SD) infrapatellar index

						
							
							2.30 (0.29)

						
							
							2.33 (0.27)

						
							
							0.568

						
					

				
			

			Discussion

			The most relevant result of this study is that the duration of the TKR operation is related independently to the patient’s body surface. Up until now, studies have been directed to determine whether if the patient’s BMI (weight/height2 ratio) affected the length of the operation [2-8,12,21,22]. While the relationship between the BMI and postoperative complications is unquestionable [5,10,11,15,16], the relationship between the BMI and the length of the surgery has been questioned in various articles [5,7]. The present study shows that, if the BMI is used, we penalize the shorter patients in comparison to the patients weighing the same who are taller. Both patient weight and height affect the surgical difficulty, as we have seen in the univariate analysis. Thus, the value that relates them directly (body surface) is the one that suggests whether if a patient is “bigger” and will be harder to operate on. For instance, our results show that the surgical difficulty (and surgical time, consequently) would be lower in a shorter patient, even though if his/her BMI is high, than in a tall, heavy (“big”) patient who has a lower BMI than the first one. In cardiology one speaks of the “obesity paradox” [23-25], even though in recent studies obese patients have a lower mortality after myocardial infarct. Some of the explanations that are given in the studies that analyse this paradox note that one must not consider only the patient’s BMI in order to find out what his or her nutritional state is. Something similar happens regarding the surgical time and the patient’s BMI. Determination of the body surface will be helpful in identifying the type of patient who will require more resources and surgical time.

			The BMI, which reflects the patient’s adiposity and the existence of an associated metabolic syndrome, will determine a patient who may present with postoperative complications and worse functional results, and for this reason its determination is paramount [5,9-11,15,16]. Determination of the anthropometry of the knee that is to be operated on by calculating the anthropometric indices described in the literature [6,7] has not proven helpful when it comes to identifying patients in which the surgery is going to last longer. It is not only the size and morphology of the knee that is going to make exposure of the operating field more difficult, but also the patient’s overall size that is going to make management in the operating room difficult during surgery. That overall size, in other words, how “big” the patient is, is not necessarily linked to a high BMI, since taller patients might have normal BMI scores despite having high weights. However, these patients, who are going to pose a greater difficulty in terms of surgical management, are also the ones with higher body surface scores. In that sense, we believe that body surface is more reliable than BMI when it comes to predicting surgical difficulty.

			Gender is also a factor that affects surgical difficulty. Male sex has been related to a worse prognosis as well as to a higher possibility of postoperative complications [13,14], and in our study we found that it was also associated to longer surgical times. Since male patients tend to be higher and heavier, their body surface is also usually higher than in females. For this reason, it is a subgroup of patients that must be taken especially into account in terms of surgical difficulty. Knee arthritis and consequently replacement surgery is more frequent in females. The reason for this is that several hormonal factors make arthritis more likely to appear than in males [26]. Likewise, obesity is also more frequent in women. 

			In our experience, younger age was also found to have a direct impact in surgical difficulty, leading to longer surgical times. As stated, before about gender, young patients also tend to be higher and heavier than old patients, thus leading to higher body surface scores. It is for that reason that we believe that younger patients had longer surgical times than older ones. 

			Conclusion

			The patient’s overall size, which is measured with patient body surface, is a reliable surgical difficulty predictor that must be taken into consideration prior to the surgery in order to assess the resources that the surgeon might need. There is a cohort, which consists of male patients with high body surface that represents an especially high risk of longer, more difficult TKR surgeries.
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