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Abstract: In the past, good food and exercise were not considered effective interventions to
promote recovery in orthopedic surgery, and prolonged bed rest with not many calories has been
deemed sufficient for the proper health restoration until the end of the nineteenth century. The
advancement of scientific knowledge proved just the opposite, thus pushing health professionals
to sustain the nutritional status and physical fitness of surgical patients. Nevertheless, the
impoverishment of lifestyles and the lengthening of life expectancy have invariably contrasted
the strength of constitution, giving rise to two of the most hazardous conditions for orthopedic
patients: malnutrition and sarcopenia, often hiding nutrient deficits and poor body composition.
These conditions are known to be negative prognostic factors in several areas of major surgery,
including hip replacement, knee replacement, and spine surgery. Scoring systems to screen for
malnutrition and physical inabilities exist, but disciplined management of the derived risks
remains untested, potentially hindering the implementation of research findings into practice.
A methodical approach of preoperative analysis, critical monitoring, and risk correction before
surgery could lead to a substantial improvement of the prognosis while warranting the safety of
patients and the efficiency of enhanced recovery after surgery pathways. The aim of this article is
to discuss from a dietetic and exercise perspective the ideal nutritional and physical prehabilita-
tion to lay the foundations for designing the appropriate integration of dietitians and physiothera-
pists in a preoperative enhanced recovery pathway. This methodical analysis could effectively
calculate the patient’s risks, detect the best choices for resolving the risk, underline the ignored
aspects of perioperative care, and represent a concrete means to integrate novel discoveries.

Keywords: hip replacement, knee replacement, malnutrition, sarcopenia, enhanced recovery

after surgery, quality of health care

Introduction

The importance of maintaining a good nutritional status and physical ability for
proper health restoration after orthopedic surgery has been broadly acknowledged.
The inefficiency of the muscular system, nutrient deficits, the excess of body fat or
being underweight are known to be a common burden for older patients undergoing
orthopedic surgery,'” with poor nutritional and physical status both being asso-
ciated with worse outcomes after hip,>* knee,”® and spine surgery.7’8 Hospitals
have been consequently pushed to incorporate viable methods of preoperative
nutritional and physical risk management in the field of elective surgery as several
weeks may pass between the day of planning and the day of admission.

9,10

Optimization plans for major orthopedic surgery exist together with the
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knowledge that fragile patients may have the most to gain
from these multimodal approaches.'' However, it is
a common belief that the rush to design these holistic
approaches came at the expense of precision medicine
interventions, with single disciplines of nutritional and
physical supports not being appropriately planned, tested,
or evidenced.'”'* Several scoring systems to identify mal-
nutritional statuses or physical inabilities are in fact used,
but how does this actually change practice? What correc-
tive and monitoring path should the patient follow in order
to reduce the nutrition-related and physical-related risks of
postoperative complications? There is the need for a way
of effectively controlling nutrition-related and physical-
related hazards to look at whether planning a nutritional
and physical prehabilitation will actually result in better
outcomes. It is therefore necessary to refer to a methodical
approach of risk observation and management that is sche-
matic (essential but not limited), detailed (leaving nothing
to chance), and inclusive (broad adaptable spectrum).'
The Hazard Analysis
(HACCP) system could provide the framework to define

an effective optimization protocol in preparation for sur-

and Critical Control Points

gery, accounting for all the variables involved. This safety
control system was pioneered by the National Aeronautics
and Space Administration of the United States for astro-
nauts’ food during early space flights,'® and outlines all
the set of procedures to follow to keep under control
microbiological, chemical, or physical contaminations.'”
The goal of this perspective article is not to propose
nutritional or exercise recommendations. We aim to pre-
sent how the HACCP-derived methodology of critical
analysis and risk correction could be used to effectively
manage preoperative nutritional and physical hazards,
such as malnutrition and sarcopenia, in order to lead to
a substantial improvement of the preoperative optimization
while warranting patients’ safety and system efficiency.

The Methodology of Prehabilitation

in Elective Orthopedic Surgery
The following seven principles of the HACCP system
were adapted for the purpose of our article.

Bullet Points | — The Seven Principles of
HACCP

1. Identify the hazards that must be prevented, eliminated,
or reduced.

II. Identify the critical control points where an inspec-
tion is necessary.

III. Calculate the limits that distinguish acceptability
from unacceptability.

IV. Define monitoring actions.

V. Plan interventions to correct the risk out of control.

VI. Prepare the documentation.

VII. Define surveillance procedures.

The Analysis of the Preoperative Hazards

to Prevent, Eliminate, or Reduce
In orthopedic surgery, there are different nutrition-related
and physical-related hazardous situations that can poten-
tially cause a negative outcome after surgery. For the
purpose of this article, we can categorise the hazardous
nutrition-related aspects in dietary (eg, poor diet), bio-
chemical (eg, deficits of blood nutrients), and anthropo-
metric (eg, poor body composition). Similarly, the hazards
associated with physical inability can be functional (eg,
reduced muscle strength or imbalance) and anthropometric
(eg, reduced lean mass). Although it is not the aim of this
article to show original data from the literature, statistics in
Table 1 summarize some of the most acknowledged hazar-
dous conditions, the associated outcomes, and the nature
of the relationship between the two factors (directly or
indirectly proportional).

The analysis of these hazards to prevent, eliminate, or
reduce should follow these sequential steps of risk identi-
fication and analysis:

Bullet Points 2 — Risk Analysis
e Identification of the Hazard (H), Consequences (O),
and Severity (SO).
e Estimation of the association between the H and O.

Table | Examples of Preoperative Nutritional and Physical
Hazards, Their Extensions, and the Associated Consequences
After Surgery That are Reasonable to Expect in Elective
Orthopedic Surgery

Hazard Extensions of the Hazard Consequence
(H) ©)
Malnutrition | Poor protein intakes, iron deficiency | Higher
anemia, hypovitaminosis D, excess complications
weight, recent weight loss
Sarcopenia Reduced muscle mass, slow gait Delayed
speed, poor handgrip strength recovery

Note: The consequences are reported as examples and should be regarded as
mere suggestions.
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e Estimation of the Probability of occurrence of the
Hazard (PH).

e Estimation of the efficacy of corrective procedures
(B) and efficiency of personnel (g).

e (Calculation of the risk (R).

The fulfilment of these sequential steps has the subsequent
implication of determining if the nutritional and physical
status would require precautionary or corrective measures
in order to avoid negative postoperative consequences.
Notably, the risk is distinguished from a hazard as the
former refers to the probability. Importantly, the analysis
should account for detailed demographic characteristics,
environmental exposures, and consequences of these expo-
sures. The risk analysis calculation (see Supplementary 1)
culminates with the equation that identifies the preopera-
tive nutritional and/or physical risk of patients undergoing
elective orthopedic surgery.

R =[(SO x PH) + (f+&)[+[X(T) x X(e) x X(a)]

R = risk.

SO = severity of consequences.

PH = probability of occurrence of the hazard.

B = beta factor from Greek “Beltioon” (veltiosi,

improvement), which depends on the efficacy of
interventions.
e = epsilon factor from Greek ‘“ekmaidevon”

(ekpaidefsi, education), which depends on staff training.
>'(t) = summation of each vulnerable condition called.
Tau factor from Greek “tpmt6” (troto, vulnerability).
> () = summation of each burden called.

Phi factor from Greek “@opTio” (fortio, burden).

> (a) = summation of each root cause called.

Alpha
incivility).

factor from Greek “ayéveln” (agéneia,

This final equation accounts for conditions of vulner-
ability, environmental pressures'® that might expose the
patient to increased risks for adverse outcomes, the effi-
cacy of the corrective procedures (B), and efficiency of
personnel (g) that influences the proper execution of
procedures.'” Further considerations about B and & are
discussed in the paragraphs concerning the surveillance
and the

Considering that we cannot modify factors t, ¢, or a, the

procedures prerequisites,  respectively.
R can be reduced through 1) nutritional and physical
prehabilitation interventions that optimize the strength of
constitution of orthopedic patients (reduced PH), 2) the

conduction of research initiatives that innovate protocol

efficacy (increased B), 3) training programs that keep the
staff updated on the correct executions of the operations
(increased ¢).

The Ciritical Control Points (CCPs)

The CCPs are the phases, between the operational steps,
where an inspection is feasible and in which a loss of
control of one of the hazards and their extensions in
Table 1 could lead to an unacceptable health risk. The
identification of the Critical Control Points (CCPs)
requires a schematic and detailed approach, with the rea-
soning eventually analysing the existing operational
phases of the preoperative flow. At the level of the
CCPs, it is possible and necessary to prevent, eliminate,
or reduce to an acceptable extent the risk of negative
outcomes after surgery. The CCPs are identified through
a decision tree (see Supplementary 2, adapted from

a reference of interest)®” that analyses each phase of the
process in sequence and discusses the questions on the
basis of the hazards, the monitoring actions, and the inter-
ventions. As an example, we propose three CCPs to be
integrated into the prehabilitation path of care. The CCP
I is the “Assessment of the nutritional and physical status.
This phase can be integrated into the usual pre-admission
evaluation. At this stage, it is very likely to find
a condition whose risk and severity is worth monitoring,
like poor iron status, excessive body weight, reduced
muscle mass, and poor balance. The CCP II is the
“Control of the adherence to the program”. If the first
control phase involved the prescription of corrective
actions (dietary and exercise interventions), this second
control phase would be useful for monitoring the adher-
ence to interventional indications. Several hazardous mal-
nutritional and sedentary factors stem from home
environment, and long scheduling periods can worsen the
R. Telephone contact could provide reinforcement mea-
sures/additive actions necessary to ensure patients’ confi-
dence. The CCP III is the second “Assessment of the
nutritional and physical status” before surgery. This point
includes either a confirmation of surgery in case of risk
control after the application of corrective protocols or
a delay of surgery in case the risk still undermines the
appropriate postoperative recovery.

The identification of critical control points is not to be
underestimated. The definition of a CCP would involve the
implementation of a monitoring system (principle IV of
bullet points 1), which could encompass the use of differ-
ent medical equipment and dedicated staff. If the patient
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was found to be at high risk, a dedicated room would be
needed to ensure the proper interview with the dedicated
healthcare professional. Moreover, the proper identifica-
tion ensures the effective design and application of the
corrective measures (principle V of bullet points 1). If
a hazard has been identified at a stage where no control
measure exists, the process would need an earlier or later
phase to include the corrective intervention, which may be
not always feasible.

Reference for Critical Ranges

At the level of CCPs, control measures must remain within
acceptable ranges as far as it is concerned for patient
safety. The critical intervals distinguish acceptability
from unacceptability, demonstrating that a critical point
is under/out of control. The measures of interest related
to the hazards shown in Table 1 can be the conditions
themselves (malnutrition and sarcopenia) or their exten-
sions (eg, circulating blood parameters of nutrients or
muscle strength). For instance, if the diagnostic tool for
malnutrition (eg, MNA—SF)*' or sarcopenia (eg, U-Test)**
has been validated and/or tested on the population and
setting of interest, then its performance is probably better
than single extensional parameters. However, very often
direct diagnostic tools do not indicate which factor to
correct, the type of corrective action, or they are not
specific to the orthopedic population (eg, the patient may
be less performance not because there is sarcopenia but
because of pain and crutches). More easily, the hazards are
controlled by measuring and adjusting their related exten-
sional parameters as the ones proposed in Table 1.
Reference ranges can be inferred from different sources:
national regulations, international guidelines, expert opi-
nions, consensus, literature on a similar population and
comparable setting, personal experience in the field, or
results from surveillance. It is important to consider that
the critical reference ranges, which demarcate the accep-
table from the unacceptable, do not necessarily coincide
with diagnostic values. They should indicate ranges
beyond which there is an increased likelihood of being
malnourished or sarcopenic. It is always advisable to
translate the measure of interest into a quantitative variable
to facilitate standardization between patients. For example,
it is better to measure the concentration of circulating
hemoglobin rather than asking the patient if he/she con-
sumes iron-rich foods, or to measure gait speed rather than
asking for his/her confidence in walking. Algorithm-
derived judgments could effectively incorporate the nature

of the condition (eg, low hemoglobin because of poor iron
intake or disease-related?). Some examples of cut-off
values can be waist circumference >80 cm (central obe-
sity), <0.8/kg/day (protein intakes), <0.8 m/s (slowness),
or <20 kg of handgrip strength (weakness). Monitoring
techniques will then be able to provide rapid interpreta-
tions of the results, taking prompt corrective measures.
The final goal is to set the boundaries at each CCP within
which control measures must remain.

Monitoring of Critical Parameters

A strategic monitoring program at each critical point is
a key element to identify a loss of control in a precise,
accurate, and timely manner. The question to be asked is
“Where and when is there more tendency to lose control of
the extensional parameters of the hazards?”. Monitoring
techniques must be identified for each parameter along
with the relative frequency of checking. There are three
general classes of monitoring techniques used to check
whether a critical control point is within the reference
limits. The physical techniques are relatively fast, with
immediate results and direct associations with the physical
ability, but the disadvantages are the need for equipment
and the dependence on the skills and experience of the
operator (medium accuracy). The biochemical parameters
are precise, but there is the need for laboratory resources,
the results are not always associated with the clinical
feature (therefore not relevant), and there is the depen-
dence on the sample processing (medium-high accuracy).
The observation/interview techniques are fast, cheap, and
accessible, but they are not easily correlated to the clinical
feature and depend on the skills and experience of the
operator (low accuracy). Whatever type of monitoring
technique, it is important to record the results on specific
forms, to be signed by the operator, and made available
during surveillance procedures. Monitoring actions listed
above are part of a planned sequence of activities.

Bullet Points 3 — Steps for Monitoring
e Define the monitoring procedures for each CCP.
e Indicate the monitoring technique to be used.
e Plan the “when” and the “how often”.
e Designate the dedicated executive staff.
e Anticipates the interpretation of the results.
e Start considering the corrective actions.

In the preoperative managing of elective orthopedic sur-
gery, an example of a monitoring procedure could be
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a blood test (biochemical monitoring) to assess the level of
ferritin (extensional parameter of malnutrition) at the level
of the CCP I in order the check if malnutrition is under
control. After the identification of this parameter out of
reference ranges, it would be much easier to intervene for
restoring iron homeostasis through corrective protocols.
Monitoring actions should be focused on parameters that
are known to be critically associated with the clinical
outcome in order to maximize the effectiveness of the
risk analysis and corrective protocols.

Corrective Protocols

An effective control system requires that the hazardous
nutrition-derived and physical-derived factors are treata-
ble, implying that they can be prevented, eliminated, or
reduced to acceptable levels. Considering the different
ranges of risks, each resulting score should include corre-
sponding corrective actions (see Table 2).

Corrective actions comprise procedures that prevent
the occurrence of problems, keep the process under control
when there is a tendency to deviate from the limits, and
that handle the risk once a deviation has occurred. Four
types of corrective actions can therefore be planned: pre-
ventive protocols (targeted for the single patient at low risk
consecutive

or population medicine approach for

patients),”® corrective protocols (for the patient at

medium-high risk), reinforcements (strengthening adher-
ence to indications), and repressive actions (for the patient
when there is not enough time to correct the high risk).
The programming of corrective measures must follow
a pre-established sequence of actions to be applied without
hesitation when the monitoring detects a deviation from
the boundaries of acceptability.

Bullet Points 4 — Steps for Corrective

Protocols

e Define the interventions for each CCP.

e Plan the protocols (preventive, corrective, reinforce-
ment, or repressive).

e Plan the means and the time frame.

e Activate dedicated monitoring techniques according
to the protocol.

e Designate the dedicated executive staff.

The decision to adopt a specific type of action mainly depends
on the level of risk, when it is detected, and what is the efficacy
of the means used in the corrective protocol. For instance, if
a high risk of malnutrition is detected at the level of CCP 1,
which may be weeks before surgery, it is possible to intervene
with nutritional prehabilitation that is able to correct the
abnormality in time. If a high risk is detected during the
CCP 11, which may be close to surgery, it may be necessary

Table 2 Examples of Risk Scoring and Corresponding Corrective Actions That May Be Adopted at the CCPs in Elective Orthopedic

Surgery
R* Analysis Intervention
High
High probability that the hazard undermines the patient’s health | The priority is not to operate until the problem is resolved.
after surgery. Careful and frequent monitoring is required. Surgery has to be delayed and appropriate interventional actions
are to be undertaken.
Medium
Moderate likelihood that the hazard impairs recovery, but the The priority is the maintenance of the current operating list.
extensional parameters are to be adjusted within the reference | However, the problem should be resolved or reduced to
ranges. Periodic monitoring is required. acceptable levels in the short term (between CCP | and CCP II).
Low
Low likelihood that the hazard poses a risk to the patient’s The priority is to proceed to surgery. The risk should be kept
health. Increased risk may result from abrupt circumstances. under control and, if possible, the day of surgery can be
Random monitoring is sufficient. anticipated. A routine check shortly before the operation is
sufficient.

Notes: “The scoring scales has been arbitrarily subdivided into three ranges: low (I to 3), medium (4 to 6), or high (from 7 to 9). A high-risk patient might present with
obesity, iron deficiency anemia, poor balance and muscle strength. A medium-risk patient might present with unhealthy eating habits, borderline iron status, and a sedentary
lifestyle, but if hemoglobin levels should drop or bodyweight should increase, he/she could be at high risk in the short term. A low-risk patient presents with good nutritional
and physical status, but an unforeseen event (eg flu) could confine the patient to bed for some time, exposing him to increased risks.
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to delay/suppress the orthopedic procedure. It should also be
taken into account the time it takes for the parameter to fall
within the reference limits and the possibility of interacting
with the patient (in person or remotely). For example, the
correction of circulating vitamin D can take as little as three
weeks?* as well as the restoration of iron homeostasis® or the
overall physical function.?® Different control measures may be
necessary to control a single hazard and, conversely, a distinct
control measure can control multiple hazards. For instance,
a balanced preoperative diet could correct vitamin deficiencies
while integrating exercise interventions. The improvement of
a parameter can be more rapid if the corrective protocol
integrates the two dimensions (eg, exercise plus protein sup-
plementation) and if it is tailored according to the patient’s
propensities (eg, liking or disliking of vegetables, preference

for cycling, single dish for dinner) and home environment (eg,
lack of kitchen scale, physical activity in the living room or in
the park, grocery shopping once every two weeks to the far
supermarket). The experience of the prehabilitation team
should provide the knowledge about the appropriate model
for correcting the extensional parameters out of reference
ranges. Research analyses are vital to confirm the efficacy of
routine interventions or investigate novel approaches to com-
plete the risk analysis (factor ). How to manage the compli-
ance to the corrective programs? Additive monitoring
techniques may be integrated into the usual path of care if,
for instance, the assessment at the CCP I reveals a tendency to
low adherence from prescribed therapies (see Figure 1 for the
building of the preoperative flow, with the three corrective

actions integrated into the final prehabilitation path of care).

BUILDING OF THE PREOPERATIVE FLOW IN ELECTIVE ORTHOPEDIC SURGERY

PATIENT
PRE-ADMISSION

PATIENT
PRE-ADMISSION

ASSESSMENT OF THE
NUTRITIONAL AND
PHYSICAL STATUS

SCHEDULING
THE OPERATION

SCHEDULING

PATIENT AT HOME THE OPERATION

PATIENT AT HOME

b, b, >
#*‘ CONTROL OF Jt‘
N THE ADHERENCE TO N
THE PROGRAM
ADMISSION TO
SURGERY ASSESSMENT OF THE
NUTRITIONAL AND
A PHYSICAL STATUS
TYPES OF PHASES
OPERATIONAL
CRITICAL CONTROL ADMISSION TO
INTERVENTIONAL SURGERY
B

PATIENT  _______
PRE-ADMISSION E
1
1
ASSESSMENT OF THE ¥
CCP | NUTRITIONAL AND ANALYSIS OF Ry, AND Rg
PHYSICAL STATUS ;
» Corrective: nutritional and
exercise prehabilitation
ACTIONS » Preventive: targeted or
population approaches
SCHEDULING
THE OPERATION
PATIENT AT HOME
CONTROL OF
CCP I THE ADHERENCE TO
THE PROGRAM
* Reinforcement: strengthening
ACTIONS adherence to nutritional and
exercise prehabilitation
1
1
1
ASSESSMENT OF THE v
CCP Il NUTRITIONAL AND ANALYSIS OF Ry, AND Rg
PHYSICAL STATUS i
i
v
ACTIONS * Repressive: delay
* Approval
i
1
i
ADMISSION TO 4______}
SURGERY

Figure | Building of the nutritional and physical prehabilitation in elective orthopedic surgery. (A) The preoperative flow of patients undergoing elective orthopedic surgery
can be displayed through the operative steps (blue frames). (B) The addition of three critical control phases (CCPs, double gray frame) between the operative steps is useful
in order to detect any risk to be prevented, eliminated, or reduced to an acceptable extent. (C) The final integration of the preoperative flow with different interventional
procedures (red dotted frame) allows the efficient management of the patient’s nutritional and physical risks through preventive, corrective, reinforcements, or repressive

actions.
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Documentation

Both the risk analysis and the control system should be
documented, including all procedures (prescriptive docu-
mentation) and records from monitoring/interventions
(consultative documentation). Appropriate documenting
is required to reconstruct a patient’s history and to provide
evidence of the process integrity in following the steps of
bullet points 1, 2, 3, and 4. The minimum standards of
documentation should describe, for example, the relevant
pathological history, the vulnerable conditions, the burdens
and root causes, the risk analysis findings, the critical
parameters assessed, the clinical impression, the plan for
preoperative care, the legible identity of the executive
members of the staff, the patient progress (response and
change in treatment), the revision of extensional para-
meters and risk analysis findings. The documents should
be appropriately archived and made available in case of
surveillance procedures. Clearly, the digitization of report
forms and archiving systems is of fundamental utility to
reduce operational times and speed up data extraction
procedures.

Surveillance Procedures

Monitoring aims to observe the status of the parameter
while surveillance aims at verifying the effect of the con-
trol measures, confirming or not that the path is supporting
the patient’s health. Surveillance procedures comprise dif-
ferent modalities, like periodic reviews of the entire pre-
habilitation flow, an inspection of each CCP to confirm
safety, or verification of the correct execution of all the
planned actions. The frequency of surveillance should be
based on the complexity of the preoperative flow and on
the likelihood that estimated risks may occur.

Bullet Points 5 — Key Elements for

Defining Surveillance
e Designation of the surveillance team.
e Random analysis at critical points.
e Audit of prescriptive and consultative documents.
e Validation of
techniques.

critical limits and monitoring

e Confirmation that hazards are kept under control.

¢ Investigations on the proper application of corrective
procedures.

e Research initiatives to validate current/new correc-

tive protocols (to increase B factor).

The last point is of extreme importance. One of the main
goals of prehabilitation is the constant endowment of “the
best possible nutritional and exercise management”. The
increase of the P factor in the equation of risk analysis
would reduce the R, and therefore research studies should
be persistently conducted in parallel to clinical practice.
Once a new and more effective protocol is discovered, the
entire preoperative flow must be modified, incorporating
changes of documentation to ensure updated information.
Concerning the role assignment, the surveillance team
should comprise members different from the executive and
monitoring staff. Conversely, other individuals can perform
multiple executive and monitoring tasks, but all relevant
information should be available to all team members.

The Seven Prerequisites of

Prehabilitation

The health of orthopedic patients cannot solely derive from
the support actions established through the HACCP-derived
nutritional and physical prehabilitation. 1) Environment pre-
ventive measures are an important rudiment and should
routinely interest the workplace and personnel, such as
hygiene procedures and calibration/maintenance of equip-
ment. 2) Training programs, such as information campaigns
or focused courses, should keep staff informed of the most
recent advancements because untrained hospital personnel
could nullify operational, monitoring, of corrective proce-
dures (the greater the € factor in the equation of risk analysis
the lower the R). 3) The team of specialists of the prehabi-
litation program should preferably involve different health-
care professionals, in order to bring together the whole
spectrum of knowledge to lay the groundwork for
a reliable, precise/accurate, and effective program. 4) The
experts in charge of research initiatives should have knowl-
edge about the Good Clinical Practices (GCP) inherent in
human research in order to conduct and report high-level
clinical trials. 5) Quality improvement resources should be
used to provide pictorial displays of the phases and the
decision-making procedures, with any upgrading resulting
in a modification of the original flowchart or algorithm in
order to advance the visual exactness. 6) The hospital food
system should comply with various standards (HACCP
principles), including quality raw materials to guarantee
hospitalized patients the best possible nutrition. 7) Any diet-
ary supplement of interest should follow the appropriate
management procedures, with the involvement of the hospi-
tal pharmacy playing an essential role.
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Conclusion

In the current panorama, the main indications for orthopedic
surgery include end-stage degenerations like coxarthrosis,
gonarthrosis, and vertebral deformities that are typical of
multi-frail individuals.**?” The increasing demand for
these orthopedic procedures contrasts with the complex
phenotypes of old orthopedic patients progressively mal-
nourished and sarcopenic,”*® giving rise to complex patho-
logical spectra like sarcopenic obesity.”’ Examinations into
modifiable risk factors acknowledged preoperative malnu-
tritional status and physical inability as critical factors for
patient’s distress.’® Collectively, these two conditions
reduce the strength of constitution necessary to cope with
the physiological stressors of orthopedic surgery (see
Supplementary 3 for the typical nutrition-related and phy-
sical-related factors affecting patients undergoing elective
orthopedic surgery). Multidisciplinary approaches like the
ERAS or the HEPAS (Healthy Eating, Physical Activity,
and Sleep hygiene)®>' appear to be very useful in the most

fragile individuals. However, they lack of systematic
assessments, methodology of interventions, and sugges-
tions on the management of monitoring procedures. This
lack of methodology could hide important aspects of pre-
operative care and hinder the implementation of research
findings into practice. In this context, the use of the flexible
principles of the HACCP system may allow the adoption of
an essential, detailed, and inclusive method for process
analysis, critical monitoring, and lifestyle-derived risk cor-
rection before elective procedures. An effective nutritional
and physical prehabilitation could enhance the physiologi-
cal reserves and the overall resilience of old orthopedic
patients (see Figure 2). If the seven prerequisites are met
(hygiene practices, training, multidisciplinarity, research
integrity, visualization, food safety, and supplement man-
agement), the design of the orthopedic prehabilitation is
certainly enabled, with the equation of risk analysis effi-
ciently considering both patient-related (t, ¢, and o) and
process (P and ¢€) factors. The management of malnutrition

THE MANAGING OF NUTRITIONAL AND PHYSICAL PREHABILITATION

N PATIENT | _______
PRE-ADMISSION v
:(‘&'\ - Analysis of
ASSESSMENT OF THE W | Ry and Re
NUTRITIONAL AND : -
PHYSICAL STATUS I Prisks
v

Corrective: nutritional
and/or exercise |
prehabilitation
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Figure 2 The application of the hazard analysis and critical control point (HACCP) system in elective orthopedic surgery, with a focus on nutrition-related and physical-

related factors.
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and physical inabilities is not sufficient to improve the

clinical outcome of orthopedic patients, but it is reasonable

to say that it is a necessary requirement for the effectiveness

of the entire path of care.
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