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Abstract: Improvements to enhanced recovery pathways in orthopedic surgery are reducing the time that patients spend in the 
hospital, giving an increasingly vital role to prehabilitation and/or rehabilitation after surgery. Nutritional support is an important 
tenant of perioperative medicine, with the aim to integrate the patient’s diet with food components that are needed in greater amounts 
to support surgical fitness. Regardless of the time available between the time of contemplation of surgery and the day of admission, 
a patient who eats healthy is reasonably more suitable for surgery than a patient who does not meet the daily requirements for energy 
and nutrients. Moreover, a successful education for healthy food choices is one possible way to sustain the exercise therapy, improve 
recovery, and thus contribute to the patient’s long-term health. The expected benefits presuppose that the patient follows a healthy diet, 
but it is unclear which advice is needed to improve dietary choices. We present the principles of healthy eating for patients undergoing 
major orthopedic surgery to lay the foundations of rational and valuable perioperative nutritional support programs. We discuss the 
concepts of nutritional use of food, requirements, portion size, dietary target, food variety, time variables of feeding, and the practical 
indications on what the last meal to be consumed six hours before the induction of anesthesia may be together with what is meant by 
clear fluids to be consumed until two hours before. Surgery may act as a vital “touch point” for some patients with the health service 
and is therefore a valuable opportunity for members of the perioperative team to promote optimal lifestyle choices, such as the notion 
and importance of healthy eating not just for surgery but also for long-term health benefit. 
Keywords: orthopedic surgery, prehabilitation, nutrition therapy, food and beverage, perioperative medicine, preoperative 
conditioning

Introduction
Perioperative medicine deals with the surgical patient from the time of contemplation of surgery to full recovery. In the 
context of modern-day elective surgery involving the hip, knee, and spine, hospitalization is a short stay focusing on the 
appropriateness of surgical, anesthetic, nursing, and rehabilitation practices. Therefore, the period before hospitalization 
arouses the most interest for what concerns patient education on how to best prepare for surgery. This material can be 
reported in information booklets, delivered during preoperative education sessions, or communicated via online videos. 
Within these mediums, information is given regarding a range of topics, such as the background to osteoarthritis or low 
back pain, the technical details of the operation, when to stop routine medications, and what to expect from the hospital 
stay.1 However, apart from fasting guidelines before admission, it is the opinion of the authors that very poor technical 
information on healthy eating choices is provided. This is at a point when patients may be more responsive and motivated 
than at other times to optimize lifestyle factors, such as diet. The prevalence of orthopedic patients reporting sub-optimal 
intakes ranges from 50 to 91.5% in the perioperative period.2–4 As we become aware of the critical role of improving 
lifestyle choices for everyday health but also for recovery from surgery,5–7 it is relevant both to patient experience and 
care quality to integrate the journey towards surgery with the dietary notions that help to fulfill the needs of energy, 
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nutrients, and fluids. A healthy diet is, in fact, a prerequisite for the effective application of nutritional optimization 
methodologies that should be applied only to patients who already meet their metabolic requirements. To inform patients, 
and to remind healthcare professionals of what is meant by healthy eating, the technical concepts relating to food and 
nutrition must be translated into terms of common use avoiding simplification of knowledge and ambiguity.8 The 
educational component should promote patient self-management,9 using practical examples to help clear the general 
notions.

In view of sustaining the nutritional requirements before surgery and during rehabilitation, our goal is to bring 
together the principles of healthy eating into the perioperative practices for patients undergoing elective major orthopedic 
surgery as a starting point for designing successful nutritional optimization strategies. In order to do this, educating health 
professionals is the first step, and our intention with this work is to describe a practical and usable categorization of foods 
based on the nutritional intent, to which the general concepts of quantity, quality, food timing, and preoperative eating 
can be integrated with effectiveness.

The Principles of Healthy Eating
Nutritional Use
Food can be categorized according to different properties, such as the origin (animal or plant-based), processing (whole 
or refined), acid-base load, glycemic index, or antioxidant capacity.10 The classification based on the main nutritional 
value lets us distinguish five groups of foods: starchy carbohydrates, the five sources of proteins, fats (oils and spreads), 
micronutrient-rich fruits, and fiber-rich greens and vegetables. It is essential to inform patients about these distinctions to 
transcend local misconceptions or culinary customs that might in the long run unbalance the diet.11,12 Although tubers are 
vegetables, they are to be considered as an alternative to cereals and derivatives and therefore as a primary energy source 
(Table 1). Although green beans are legumes, they are not to be considered a source of protein but as low-protein 
vegetables, having an edible pod and high-water seeds. Essentially, each meal must be based on cereals, derivatives, or 
tubers together with a source of proteins, fats, and fiber. It may be useful to suggest patients introduce certain food 
categories only at certain moments of the day to aid equal distribution of energy and macromolecules. Fresh fruit, nuts, 
low-salt low-sugar baked goods, or yogurt are ideal snacks in mid-morning and mid-afternoon.13 Although the guidelines 
or suggestions regarding healthy eating habits have long been around as a means of disease prevention and quality of life 
improvement, they are not consistently followed by patients or applied by institutions.14 Moreover, it is not uncommon 
that some patients often wish to turn to plant-based products or exotic foods assumed to be ethically superior or 
healthier.15 Most of these foodstuffs hardly find a place in the daily diet because they deviate from the nutritional 
criteria that recognize the five food groups, thus misleading even the most attentive patient. Examples are the plant-based 
alternatives of milk (eg, oat milk), the flours from legumes (eg, chickpea flour), oily fresh fruits (eg, avocado), soy 
products (eg, tofu, tempeh), or sea vegetables (eg, algae). Although these foods might not be a wrong health choice, 
patients should be advised that it is first of all important to know how to integrate the distinct five food groups into the 
usual diet.

Food Quantity
The concept of food quantity encompasses the daily, weekly, and seasonal requirements together with the portion size. 
Meeting daily needs is essential for the maintenance of a good nutritional status.16 Different quantitative dietary reference 
values (DRV) are used by the European Food Safety Authority to issue dietary recommendations, such as the average 
requirement (AR) of healthy individuals, the population reference intake (PRI) for most healthy people, the adequate intake 
(AI) when AR is not available, and the reference intake (RI) for macronutrients.17 The healthy eating instructions for 
preoperative education should feasibly adhere to these dietary standards as well as consider that distinct daily values are 
recommended in older and surgical populations.18 In the context of orthopedic surgery, we can consider appropriate 
requirement energy of 27–30 kcal and 1.2–1.5 grams of proteins per kg of body weight.19,20 The abovementioned 
categorization of foods based on the primary nutritional function allows the definition of quantitative standardized portions 
since similar amounts of macronutrients are provided by food products of the same group, with water content being the 
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Table 1 Categorizations of Foods Based on the Primary Nutritional Function and Tips on How to Consume Standard Portions

Primary Nutritional 
Use

Major Food 
Groups

Food Products Examples Portion* 
g (Edible, 
Drained)

Primary Cooking 
Techniques

Comments

Carbohydrates: energy Cereals and 

derivatives

Wheat products Pasta, cous-cous, semolina 80 Boiling To be preferred in this food group; from 

wholegrains
Grains Rice, barley, spelled 80 Boiling To be preferred in this food group; from 

wholegrains

Salty baked goods 

(soft)

Durum wheat bread, rye bread 50 Ready-to-eat Prefer wholegrains; might contain too 

much salt
Salty baked goods 

(hard)

Rusks, bread sticks, crackers, taralli 30 Ready-to-eat Prefer wholegrains; might contain too 

much salt

Sweet baked goods 
(soft)

Brioche, croissant 50 Ready-to-eat Might contain seasoning fat and too many 
sugars

Sweet baked goods 

(hard)

Biscuits, breakfast cereals 30 Ready-to-eat Prefer wholegrains; might contain 

seasoning fat/sugars
Tubers Tubers (raw) Potato, yam, sweet potato 200 Boiling, baking Avoid frying or excessive salting

Proteins: structure, 
micronutrients

Milk Milk Cow milk, goat milk 150 Ready-to-eat To be preferred in this food group; prefer 
the skimmed

Dairy 
products

Yogurt Cow’s milk yogurt 150 Ready-to-eat To be preferred in this food group; avoid 
added sugars

Cheese (fresh) Mozzarella, stracchino 100 Ready-to-eat Prefer the low-fat or fat free

Cheese (aged, soft) Blue cheese, camembert 100 Ready-to-eat Might contain a lot of salt
Cheese (aged, hard) Cheddar, parmesan, grana padano, 

pecorino

50 Ready-to-eat Might contain a lot of salt

Meat White meat (fresh) Chicken, turkey, other birds, rabbit 100 Pan broiling, roasting To be preferred in this food group; avoid 
chargrill/panfrying

Red meat (fresh) Beef, sheep, hog, horse, deer 100 Pan broiling, roasting Avoid chargrill/panfrying

Cold cuts, cured Ham, salami, bresaola, mortadella 50 Raw Might contain a lot of salt
Seafood Fish, mollusks, 

crustaceans (fresh)

Turbot, swordfish, mackerel, prawns, 

shrimps, mussels

150 Sautéing, baking, 

poaching

To be preferred in this food group

Fish (preserved) Tuna, salmon, cod 50 Ready-to-eat Avoid preservations in oil or brine
Egg Egg Chicken egg, duck egg 50 Soft boiling, poaching The white is the protein part; the yolk is 

the fat part

Legumes Legumes (fresh or 
canned)

Beans, lentils, soy, chickpeas, peas 150 Ready-to-eat, boiling To be preferred in this food group

Legumes (dried) Beans, lentils, soy, chickpeas, peas 50 Soaking-boiling Cook in salty water to lower nutrient loss

(Continued)
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Table 1 (Continued). 

Primary Nutritional 
Use

Major Food 
Groups

Food Products Examples Portion* 
g (Edible, 
Drained)

Primary Cooking 
Techniques

Comments

Lipids: energy Seasoning fats Oily fruits Olive oil 10 Ready-to-eat To be preferred in this food group; source 

of unsaturated fats
Oily fruits Coconut oil, palm oil 10 Ready-to-eat Source of saturated fats
Animal fats Butter, lard 10 ready-to-eat Source of saturated fats

Fruit Fruits (dried in shell) Walnuts, hazelnuts, almonds, 

cashews, pine/Brazil nuts

30 Raw To be preferred in this food group; very 

caloric
Oily seeds Sunflower seeds, sesame seeds, 

pumpkin seeds

30 Raw To be preferred in this food group; very 

caloric

Carbohydrates: fiber, 

micronutrients

Greens and 

vegetables

Leafy greens Lettuce, spinach, chard, kale 80 Raw, boiling Avoid lengthy cooking; cook in salty water 

to lower nutrient loss
Vegetables Tomato, carrot, aubergine, broccoli, 

zucchinis

200 Raw, steaming, 

boiling, baking

Avoid lengthy cooking; cook in salty water 

to lower nutrient loss
Legumes Beans (in edible 

pods)

Green beans 200 Steaming, boiling, 

stewing

Do not remove the pots if edible

Fungi Mushrooms White button, shiitake, porcini 200 Steaming, poaching Avoid panfrying or excessive roasting

Carbohydrates: fiber, 

micronutrients

Fruits Fruits (fresh) Apple, pear, orange, apricots, banana, 

peach, berries

150 Raw Avoid juice machines that remove the fiber

Fruits (dehydrated) Dates, raisins, prunes, apricots 30 Raw Contain high concentration of sugar

Flavoring Plants and 
products

Aromatic herbs 
(fresh)

Basil, parsley, oregano, chives, sage, 
rosemary, coriander

Quantum satis Blanching Used as seasonings in place of salt and fatty 
seasonings

Spice seeds (dried) Anise, cumin, fennel, poppy, sesame Quantum satis Raw, blanching Used as seasonings in place of salt fatty 

seasonings
Spices (dried) Pepper, chili peppers, ginger, 

cardamom, cinnamon, cloves

Quantum satis Raw, stewing Used as seasonings in place of salt and fatty 

seasonings

Vegetables (fresh) Onion, garlic Quantum satis Poaching, stewing Prefer the cooking in little water in place 
of oil; avoid frying

Notes: *The standard portion is defined as the quantity of food that is assumed to be an accepted reference unit by health professionals, an amount easily identifiable, and a serving that meets the consumer’s expectations. The standard 
portion must be adapted in the case of a personalized diet.
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main determinant of weight variation. For instance, about 50 kcal is provided either by 80 g of banana or 350 g of 
watermelon. The healthy portioning may be referred to as the commercial serving (eg, canned food) to facilitate patients’ 
choices. Regularly, certain foods must be consumed more than once a day or a week to fulfill the requirement of certain 
nutrients. For example, it is recommended to consume at least five portions of a variety of fresh fruit, greens, and vegetables 
every day. Moreover, the seven lunches and seven dinners per week are suggested to comprise a portion of legumes 3–4 
times, seafood 3–4 times, eggs 2 times, dairy products 2 times, and meat 2–3 times.21,22 Requirements depend also on body- 
environment interactions, and it may be necessary to adapt intakes to unfavorable conditions (eg, increased vitamin D in the 
less sunny seasons). If there is not enough time prior to surgery, nutrient deficits may be corrected through dietary 
supplementation after discharge.23,24

Food Quality
Despite being inherently based on quantitative attributes, food quality is the aspect that bestows the “healthy” connota-
tion to a diet.25,26 It combines the refrain from unhealthy food components with the pursuit of nutrient balance. A high- 
quality diet adheres to the suggested dietary target (SDT) and does not exceed the tolerable upper intake level (UL). The 
SDT for certain food components like sugars aims at preventing chronic degenerative diseases27 while the UL refers to 
the maximum intake to be unlikely to pose a risk to health, being useful in case of use of dietary supplements.28 Nutrient 
balance is ensured if the patient meets the requirements daily, varies the food choices each week, and follows food 
seasonality. Patients should be taught in reading food labels to choose less processed food and educated in conservation, 
handling, and cooking techniques. In Table 1 we summarize these concepts. It is important to consider that the nutritional 
profile of a meal is highly dependent on the way the raw food was stored and cooked, especially as regards the vitamin 
content. For example, prolonged boiling in unsalted water causes mineral depletion of greens and vegetables.29 

Following seasonality and weekly variety is also a means to sustain a healthy diet. Each day and week, the patients 
should alternate the animal with plant-based protein sources30 as well as vary the consumption of fruits, greens, and 
vegetables. Practical advice is always the easiest to grasp, such as changing the color of the fruit, green, and vegetables 
every meal. Each season, the patient should prefer local and seasonal products. It is, in fact, important to recall that food 
quality depends not only on the geographical location and the season of growth and harvest but also varies according to 
the subspecies of plants, the cultivar and ecotype, the chemotype, soil and nourishment, environmental impact during 
plant growth, the weather and climate changes, and the agricultural practices.31,32

Food Timing
Food is a potent “zeitgeber” (time cue), being capable of acting as a circadian time trigger.33 The time to eat a meal, the 
order of nutrients ingested in the same meal, and the distribution of intakes are to be considered the time variables of 
feeding. Regardless of the composition and number of meals, patients should be advised to eat at fixed times to avoid 
circadian misalignments.34 Moreover, meals should be consumed not too close to physical activity or bedtime.35 The 
decrease in appetite and food intake of aging (ie, geriatric anorexia) may expose older patients to inadequate amounts of 
food. Greens and vegetables boost meal volume, stomach stretching, gastric mechanoreceptor activation, vagus nerve 
signaling, and early satiety. Older adults might be instructed to prefer single dishes that combine carbohydrates with 
proteins, avoiding eating vegetables at the beginning of the meal. Energy intake should be high in the morning to sustain 
the waking hours, thus progressively being reduced during the day.36 Proteins should be evenly allocated over main 
meals to provide a steady stream of blood amino acids,37 with this concern being most significant for patients with 
sarcopenia. The right timing of both energy and protein sources is one of the factors that can in fact positively influence 
the maintenance of the nitrogen balance.38 Eventually, biochemistry reminds us that the bioavailability of some nutrients 
varies in the presence of other food components. For example, it is wise to inform patients that the iron in plants is poorly 
absorbed unless it is consumed with L-ascorbic (eg, freshly squeezed lemon juice should be added).39 These tips can 
make a difference in patients with age-related malabsorption.40 The timing of food is often conditioned by prescribed 
medicines, which are to be taken at certain times on a full or empty stomach or at some distance from meals, and by 
surgical, anesthetic, and nursing practices. In time, it is important that any dietary advice, albeit generalist, is always 
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comprising detailed instructions for what concerns the last dinner before surgery and the eating behaviors on the day of 
admission.

Healthy Eating Prior to Orthopedic Surgery
Dietetics is the science that studies the elaboration of diets with common or special foods, the administration of food 
through tubes connected to gastrointestinal districts, and the supply of nutritional factors via parenteral routes. Nutrition 
is the science that focuses on the biological processes that allow or condition the growth, development, conservation, and 
reintegration of physical and energy losses. Considering these disciplines in the context of major orthopedic surgery, 
eating through diet is the determining condition of a balanced nutritional status, which is a set of measurable parameters 
related to health, performance, and consequently the suitability for surgery. It is not uncommon for the patient to ask what 
the most appropriate food is to eat in preparation for surgery, when should the last meal be, or if any dietary supplements 
may be of use for a better recovery. In building a healthy eating strategy, it is primarily important to convey the concepts 
of quantity, quality, and timing of food, possibly through a standard dietary plan contingent on the technical skills of the 
perioperative team in order to simplify the integration of theoretical concepts into the patient’s everyday routine. 
Subsequently, it is vital to give specific indications for the day of surgery for what concerns eating and drinking 
practices. Current enhanced recovery after surgery (ERAS) guidelines do not specify what is meant by “6-hour fast for 
solid food” or what “clear fluids” are allowed until 2 hours before the induction of anesthesia.41,42 The last meal could be 
the dinner of the day before if the surgery is early in the morning, breakfast if the surgery is late in the morning, or lunch 
if surgery is in the late afternoon. We argue that the last meal should be light, generally lighter than usual, conceivably 
consisting of a source of complex carbohydrates and proteins, such as an egg with bread or yogurt with cereals and fruit. 
It is also reasonable to recommend that a glass of water should be preferred, but it is also possible to drink a glass of fresh 
juice extracted (pulp-free) from a maximum of 50 g of fruit or vegetables.43 Another aspect worth discussing with the 
patient in the context of surgical preparation is the use of dietary supplements, for which there are limited evidences 
associating their use with reduced length of stay and accelerated return to functional mobility.44 Although not pertinent to 
our argument, we can reasonably assume that most patients do not require supplements if they follow a healthy and 
balanced diet before and after surgery. Their use must in fact be limited to malnourished patients or when there is not 
enough time to correct the deficits through dietary strategies. In addition, some food components found in dietary 
supplements are known to interact with medications, hence affecting the therapeutic efficacy.45 Therefore, we suggest 
abstention rather than improper use or use with no purpose. On the day of surgery, it is reasonable to schedule that at least 
one meal might be skipped and to plan the time for oral refeeding accordingly to ensure a functional stream of energy and 
protein. On the one hand, it is imperative to resume oral feeding as soon as possible but, on the other hand, it is not 
prudent to provide meals that require long digestion times. In the absence of postoperative diets planned by the dietetic 
unit, water balance and high caloric density meals in small volumes should be favored. If no complications arose, it may 
be possible to resume normal feeding 4 hours after surgery.46 We suggest that patients continue to follow healthy eating 
indications after the operation in order to balance the nutritional needs during the rehabilitation process and, most likely, 
for good health in later life. In fact, it is not uncommon for patients to experience a loss of weight or lean mass after 
orthopedic surgery,47 which might accelerate the natural physical decline observed early in subjects with frailty.4,35

In Figure 1 and Supplementary Figure 1, we have reported two exemplary healthy eating plans for a lady and a man, 
respectively, to guide health professionals toward the applicability of the basic food principles. One way to summarize 
the patients’ needs, answer the questions, help the transitioning from hospital to home, and anticipate the barriers of the 
first days after discharge is the use of an information booklet (Supplementary Material), whose acceptability and 
effectiveness should be evaluated with quality-improvement initiatives. Of note, dietary counseling combined with 
exercise therapy in the context of prehabilitation48 and postoperative rehabilitation49 of orthopedic patients could reveal 
the most satisfactory outcomes.

Conclusion
In summary, the hospitalization of patients undergoing elective hip, knee, and spine surgery is short, with perioperative 
processes focusing on the principles of enhanced recovery after surgery (ERAS). There is a growing interest in prehabilitation 
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techniques, and nutrition is one of the three pillars of this concept. There is a clinical acknowledgement that the promotion of 
healthy eating should be championed by all members of the multidisciplinary team along with the fact that patients who follow 
a healthy diet are more likely to have an enhanced recovery than patients who eat poorly. Whilst not unreasonable, there is 
currently no evidence to sustain this argument. Nevertheless, we should take advantage of the teachable moment from the 
contemplation of surgery to admission. Scheduling a patient for major elective surgery can take place weeks or months in 
advance and health eating education should be part of the preparation. The sooner patients start to eat healthily in view of 
surgery the better, and following the same indications after discharge should not have a deadline. In teaching patients about 
healthy eating, dietitians are able to easily fill this educational role, providing expert advice that adheres to the dietary 
reference values and is based on our proposed key principles of healthy eating that apply for the orthopedic patient. These 
include eating a variety of food from all healthy food groups (Table 1), choosing whole, unprocessed products whenever 
possible, and drinking plenty of water (Supplementary Figure 2). In this article, the eating plans have been designed to ensure 
optimal amounts of proteins and calories, mainly referring to the foods used in the cuisines of Italy and England. Nevertheless, 
different countries and ethnicities could mean different cultural heritages. Should the healthy eating indications integrated into 
perioperative medicine practices of major elective orthopedic surgery be one for all? Probably not, and it will therefore be the 

Figure 1 Exemplary healthy eating calculations for a lady candidate for major orthopedic surgery. 
Notes: (a) Parameters to be considered for setting a dietary plan in a lady between 60 and 74 years of age, body weight of 65 kg, height of 170 cm, sedentary lifestyle, daily 
energy requirement in preparation for surgery 1800 kcal, and protein 1.2 g/kg of body weight. (b) Qualitative values of the dietary plan. (c) Composition of a daily plan that 
comprises three main meals (breakfast, lunch, dinner) and two snacks (morning and afternoon). Energy per gram of food component = 4 kcal for proteins, 9 kcal for lipids, 4 
kcal for carbohydrates, and 2 kcal for fiber. (d) Histograms showing the daily trends for energy (kcal), protein (g), lipid (g), and carbohydrate (g) intakes at breakfast (B), 
morning snack (MS), lunch (L), afternoon snack (AS), and dinner (D). The tables report the energy intakes at each meal and the energetic contribution of the three 
macromolecules.
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task of future clinicians and researchers to investigate ways of integrating evidence-based dietary indications that have 
external validity and respect the food diversity.

Healthy eating is not to be confused with the nutritional optimization strategies advocating optimal bodily reservoirs 
through intakes greater than the requirements but beneficial to the patient’s health in view of or under particular 
circumstances. Nutritional optimization should, in fact, be applied to manage perioperative malnutrition,50 which refers 
to any balance deviation including excess (eg, obesity) and insufficiency (eg, anemia) factors associated with poor 
outcomes.51 Diet therapy as part of the preoperative conditioning process is a valid add-on for specific patients.52,53 

Conversely, by following our simple guidelines on healthy eating, the entire surgical population is likely to benefit, 
especially in terms of getting fit for surgery, long-term patient satisfaction, and positive impact on both quality-adjusted 
life years and economic indicators in health care.54–58 The accomplishment of future preoperative education might need 
pioneering dissemination methods,59 thus exploiting different approaches as in fact occurs for what concerns the 
management of anxiety60 or physical activity to practice.61
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