Rehabilitation of Older Patients 2 7
with Osteo-metabolic Disorders

Giovanni lolascon, Francesca Gimigliano, Antimo Moretti,
Emanuela Covella, and Raffaele Gimigliano

27.1 Bone Physiology and Age-Related Bone Changes

27.1.1 Bone Tissue Metabolism in Older Adults

Bone tissue undergoes continuous remodeling throughout life, where resorption
and formation alternatively occur. From a biomechanical point of view, the aim of
bone remodeling is to repair the micro-cracks and to adapt the shape and the bone
density to the mechanical load which the skeleton usually undergoes. Bone tissue
also serves to store various substances, in particular calcium and phosphorus ions
that can be released into the blood in order to keep steady their serum
concentrations.

The 5-10% of the entire adult skeleton is replaced every year through bone
remodeling [1]. Bone turnover is rigorously regulated by the coupled action of
osteoblasts and osteoclasts. These two types of cells build the basic multicellular
units (BMUs), whose activities are controlled by several hormones and growth
factors [2].

During skeletal growth, formation exceeds resorption with a consequent increase
in the total body bone mass, reaching the bone peak mass (between 20 and 25
years). Bone formation and resorption are balanced till the fourth decade of life.
After this time the total bone mass will start to decrease, so that at 80 years it will
be reduced to the 50% of the peak value [3]. In fact, in the elderly, bone remodeling

G. Iolascon (D<) * A. Moretti * E. Covella * R. Gimigliano

Department of Medical and Surgical Specialties and Dentistry, University of Campania
“Luigi Vanvitelli”, Caserta, Italy

e-mail: giovanni.iolascon@unicampania.it

F. Gimigliano
Department of Mental and Physical Health and Preventive Medicine, University of Campania
“Luigi Vanvitelli”, Caserta, Italy

© Springer International Publishing AG 2018 249
S. Masiero, U. Carraro (eds.), Rehabilitation Medicine for Elderly Patients,
Practical Issues in Geriatrics, DOI 10.1007/978-3-319-57406-6_27


mailto:giovanni.iolascon@unicampania.it

250 G. lolascon et al.

is characterized by an increase of osteoclastic resorption and a reduction of osteo-
blastic formation, resulting in bone mass reduction. Among the pathogenetic mech-
anisms involved in skeletal aging, chronic inflammation (inflammaging) has been
identified as playing an important role, through the action of pro-inflammatory cyto-
kines on bone remodeling process [4]. Several studies have shown that the levels of
interleukin-6 (IL-6), tumor necrosis factor alpha (TNF-a), and IL-1, elevated in
elderly [5], inhibit the production of new osteoblasts and can induce their apoptosis.
Moreover, in aging, there is an alteration in growth hormone (GH) and insulin-like
growth factor-1 (IGF-1) serum levels with a progressive decrease of GH secretion
and consequent reduction of IGF-1 levels [6], which is further decreased by the
simultaneous increase in serum IGF-binding proteins that reduces the bioavailabil-
ity of IGF-1 [7]. This protein is a powerful anabolic factor that increases osteoblasts
number and activity [8].

Another issue with aging is the reduction of physical activity [9]. In fact, it is
well known that exercise, through the increase of the mechanical load, can posi-
tively influence bone mass [10].

Bone is a tissue that dynamically adapts its mass and architecture to the
mechanical stress of daily living. Osteocytes are considered mechano-sensors that
detect mechanical afferents and translate them into biochemical messages. In
physiological conditions, the osteocyte network controls osteoclastogenesis and
suppresses osteoblast function, thus increasing bone resorption and inhibiting
bone formation. Unloading conditions promote the osteocytes production of mol-
ecules stimulating osteoclastogenesis, whereas physical activity counteracts this
function by reducing both osteoclastogenesis and at the same time stimulating
osteoblast function [11]. Recently it has been shown that osteocytes produce sev-
eral molecules in response to mechanical stimulation: in addition to the collagen
and alkaline phosphatase, these cells produce DMP1 (dentin matrix protein 1),
PHEX (phosphate-regulating neutral endopeptidase on chromosome X), MEPE
(matrix extracellular phosphoglycoprotein), FGF-23 (fibroblast growth factor 23),
osteocalcin, osteoprotegerin, and sclerostin [12]. In particular, sclerostin is an
acid glycoprotein of 190 amino acids secreted mainly by osteocytes [13]. Its func-
tion is to antagonize the Wnt signaling pathway, thus suppressing the activity of
osteoblasts and downregulating bone turnover [13]. This pathway is involved in
bone response to mechanical loads.

Both adequate nutrition and physical activity are necessary to achieve the geneti-
cally determined peak bone mass, which in turn is one of the most important factors
that influence bone mass in old age [14].

27.1.2 Calcium, Phosphorus, and Vitamin D Metabolism
in the Young Adult and in the Elderly

Bone aging is characterized by an inadequate mineralization of the osteoid tis-
sue. It mainly depends on an impaired intestinal absorption of dietary calcium.
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The trans-cellular active absorption is regulated by 1,25(OH),D that induces the
synthesis of the calcium-binding protein (CBP) or calbindin, which facilitates
the diffusion of calcium inside the cell toward the basolateral membrane and the
extracellular fluid [15]. A variable amount of vitamin D is conducted to storage
sites, mainly adipose and muscle tissues, from where it is continuously mobi-
lized. Several studies have shown that plasma levels of both 25-OH-D3 (the vita-
min D metabolite usually detected in the blood) and its biologically active form
(calcitriol) decrease with aging by about 50% in both men and women.
Hypovitaminosis D is an extremely common condition in the elderly because of
the reduction of sun exposure, of the ability to convert vitamin D by the skin, of
the vitamin D intake, of the intestinal vitamin D absorption, and of the
1-a-hydroxylase activity [16].

In the elderly, the reduced calcium availability, resulting from hypovitaminosis
D, leads to an abnormal calcification of osteoid tissue, named osteomalacia. The
simultaneous increase in serum PTH levels, aiming to increase the calcium levels,
causes an activation of osteoclasts that leads to an excessive cortical and trabecular
bone resorption resulting in osteoporosis. The coexistence of these two pathological
conditions gives rise to the so-called osteoporomalacia that should be considered
the typical senile bone disease.

27.1.3 Crosstalk Among Bone and Other Tissues

Bone might be considered as an endocrine organ, since it produces molecules
acting not only on the bone itself but also at distance on other tissues and organs.
On the other hand, bone is a target of several substances produced by other tis-
sues. These mutual interactions play a key role in regulating relevant metabolic
activities.

27.1.4 Bone and Gonads

Sex steroids affect bone and muscle growth and contribute to the maintenance of the
homeostasis of these tissues during adulthood, so their deficiency can contribute to
the development of osteoporosis and sarcopenia in both genders.

After menopause the major estrogen source is the adipose tissue that converts
androstenedione, derived from dehydroepiandrosterone, into estrone. This latter
does not exert the same trophic function on bone as estradiol; therefore, it is not able
to counteract the age-dependent changes of the female skeleton. That is why the loss
of bone mass, architectural integrity, and strength can be observed in female senile
skeleton. In elderly men bone mass decreases with the decline of gonadal function
due to the loss of Leydig cells in the testes and consequent decrease of testosterone
levels [17]. However, androgens appear to be less important than estrogen in the
maintenance of bone health in older men [18].
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27.1.5 Bone, Muscle, and Adipose Tissue

Bone, muscle, and adipose tissues are involved in the complex energy metabolism
scenario. These tissues have the same mesodermal origin and influence each other
through a biochemical crosstalk producing several molecules with paracrine and
endocrine activities [19]. Both osteoblasts and muscle fibers express receptors for
two hormones produced by fat tissue, leptin, and adiponectin that have direct osteo-
genic effects [20, 21], promoting osteoblastogenesis and inhibiting osteoclastogen-
esis in bone marrow stromal cells as demonstrated in animal studies [22, 23]. In
muscle, adiponectin increases mitochondrial number improving the oxidative tissue
metabolism [24].

Another actor in bone/muscle/fat crosstalk is osteocalcin, a protein produced by
osteoblasts and routinely used as a marker of bone formation. Osteocalcin stimu-
lates the synthesis of adiponectin by adipocytes, increasing insulin sensitivity in
muscles and enhancing the testosterone release in males [25].

27.1.6 Bone and Nervous System

Bone is an extremely dynamic tissue, as it continuously remodels itself, requiring a
large amount of energy as well as muscle activity. Fat tissue provides the energy
used to drive these complex metabolic processes. Through the mechanism of appe-
tite regulation, the hypothalamus controls the amount of fat tissue. This anatomical
region also modulates reproductive mechanisms, thus representing the link between
energy metabolism and reproduction and bone metabolism, with osteocalcin as a
modulator of these interactions. Hypothalamic cells present leptin receptors that
stimulate the sympathetic activity, which, via osteoblastic adrenergic receptors,
induces the overexpression of the gene coding for the RANKL, thus promoting
bone resorption. Therefore, leptin inhibits the appetite and promotes the reproduc-
tion, energy consumption, and bone resorption.

It is likely that, within the central nervous system (CNS), there is the “control
room” of the integrated management of bone-muscle-fat energy metabolism [26].
Recently, there have been identified four stages for these complex mechanisms. In
the first stage, bone detects the energy requirements, and fat deposits send afferent
signals to the hypothalamus. In the second stage, there is the activation of the hypo-
thalamus and other complex neuronal network that promotes adrenergic activity in
order to regulate bone metabolism (third stage), since osteoblasts express beta-
adrenergic receptors. These cells modulate the synthesis of adiponectin by the adi-
pocytes, completing the crosstalk circle between bone tissue and CNS (fourth
stage). It is likely that these complex mechanisms might change with aging because
of the alterations of the single components (bone, muscle, and fat) and also of the
“control room” within the CNS (Fig. 27.1).
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Fig. 27.1 Crosstalk among SNS, fat tissue, bone, and skeletal muscle

27.2 Osteo-metabolic Disorders in Elderly: Osteoporosis
and Osteomalacia

27.2.1 Osteoporosis

27.2.1.1 Definition

Osteoporosis is a systemic skeletal disease characterized by a generalized decrease
in bone density and deterioration of the microarchitecture of bone tissue that predis-
pose to skeletal fragility resulting in increased risk of fractures [27].

From an operational point of view, the WHO defined osteoporosis when the bone
mineral density (BMD) is less than 2.5 standard deviations than the mean peak bone
mass of healthy young adults [27], based on a BMD measured by dual-energy X-ray
absorptiometry (DXA). The normal BMD corresponds to a 7-score > —1;
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osteopenia is defined as a T-score between —1 and —2.5; severe osteoporosis as a
T-score < —2.5 with a fracture.

27.2.1.2 Epidemiology

The incidence of osteoporosis increases with aging affecting most of the population
over 80 years old. It is estimated that about one out of two women over the age of
50 will sustain a fragility fracture [28]. In the Italian people aged over 50, the inci-
dence of hip fractures is more than 90,000, and vertebral fracture was detected in
over 20% of people over 65 in both men and women [29].

27.2.1.3 Physiopathology
Primary or idiopathic osteoporosis includes juvenile, postmenopausal, and senile
0steoporosis.

Secondary osteoporosis instead includes all clinical conditions in which the bone
involvement is not the main pathologic finding, but the bone is one of the targets of
primary disease or related treatments, especially those that include the use of
glucocorticoids.

The main pathogenetic factor of postmenopausal osteoporosis is the estrogen
depletion that worsens the age-related bone loss occurring from the age of 40 [30].
Senile osteoporosis comes from the combination of various factors: tissue aging,
hormone depletion, nutritional disorders, and decrease in physical activity.

Secondary osteoporosis is caused by several diseases such as endocrine disor-
ders and hematologic, gastrointestinal, rheumatic, and kidney diseases or by the use
of medications such as glucocorticoids, anticoagulants, and other drugs [31].

Male osteoporosis can be considered primary only in 40% of cases [32], whereas
most frequently it is secondary to other conditions, such as hypogonadism, alcohol-
ism, multiple myeloma, hyperparathyroidism, malabsorption, and corticosteroid
use [33], but also to androgen deprivation therapy for prostate cancer [34].

27.2.1.4 Risk of Falls and Fragility Fractures in Older Patients

Fall is the most important risk factor for fragility fractures, and the risk of falling
increases exponentially with aging. The risk factors of falling can be categorized as
intrinsic or extrinsic. The first ones include the physiological decline in age-related
postural control mechanisms [35] and appendicular muscle strength, medications
(diuretics, antiarrhythmics, antidepressants), orthostatic hypotension, and comor-
bidities. Neurological diseases, such as Parkinson’s disease, cerebellar disorders,
peripheral neuropathy, myelopathy secondary to cervical spondylosis, epilepsy, and
stroke, increase the risk of falling.

Extrinsic risk factors include environmental issues, such as low or soft chairs,
carpets, slippery surfaces, raised thresholds, stairs (especially the first and last step),
inadequate lighting, unsuitable shoes, clutter, and wires. The reduction of the risk of
falling is the main target of a non-pharmacological approach for the prevention of
osteoporotic fractures [36].
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Fragility fractures occur when a mechanical stress applied to the bone exceeds its
strength. They result from a “low-energy” trauma due to mechanical forces equiva-
lent to a fall from a standing height or less, which would not ordinarily cause a
fracture.

27.2.1.5 Treatment of Primary and Secondary Osteoporosis

In order to reduce the risk of fragility fractures, a preventive strategy can be taken
which is essentially based on exercise and lifestyle [37]. The National Osteoporosis
Foundation (NOF) suggested the use of different prevention measures that include
an adequate calcium and vitamin D intake, constant and regular physical activity,
smoking cessation, alcoholism identification and treatment, and fall prevention.
Physical activity is strongly recommended as an effective strategy to reduce the risk
of osteoporosis and fracture through its beneficial effects on bone, muscle, and risk
of falling [38].

The estimated risk necessary to establish the threshold of the pharmacological
intervention is based on both the BMD and clinical fracture risk factors. Integrated
assessment of multiple risk factors can be done through algorithms validated as the
FRAX®.

The drugs commonly used for the treatment of osteoporosis and their related
evidence are shown in Tables 27.1 and 27.2.

Table 27.1 Level of evidence for pharmacological treatment in postmenopausal osteoporosis

Target of therapy
Drugs Hip fracture Vertebral Non-vertebral BMD
Alendronate 1 1 1 1
Ibandronate 1 1 1
Risedronate 1 1 1 1
Zoledronate 1 1 1 1
Teriparatide 1 1 1
Raloxifene 1 1
Bazedoxifene 1 1
Denosumab 1 1 1 1

Table 27.2 Level of evidence for pharmacological treatment in male osteoporosis

Target of therapy
Drugs Hip fracture Vertebral Non-vertebral BMD
Alendronate 2 1
Risedronate 2 1
Zoledronate 2 1 2 1
Teriparatide 1 1
Denosumab 1 1
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27.2.2 Osteomalacia

27.2.2.1 Definition

Osteomalacia is a metabolic bone disorder characterized by the presence of a normal
bone mass, with reduced mineral content for an inadequate mineralization of the
organic matrix. Patients with osteomalacia may complain of bone pain and muscle
weakness and present vertebral deformity and/or pseudofractures (Looser-Milkman
striae) [39].

27.2.2.2 Epidemiology
Nowadays, osteomalacia is a fairly rare disease. According to the National Institutes
of Health (NIH), its incidence is less than 1/1000 [39].

27.2.2.3 Pathophysiology
Osteomalacia is linked to a reduced availability or to an altered metabolism of vita-
min D or to alterations of the renal tubular reabsorption of phosphorus. The most
common causes of osteomalacia are shown in Table 27.3 [40].

In the elderly osteomalacia due to vitamin D deficiency is very common [41].
Hypovitaminosis D is also very common in people with darker skin pigmentation
[42], obese, and people who undergo gastrectomy or suffer from liver cirrhosis [43].

27.2.2.4 Treatment

For the treatment of osteomalacia, it is essential to identify and promptly treat the
underlying cause to prevent the occurrence of fractures; furthermore it is neces-
sary to adopt simple corrective measures regarding nutrition and sun exposure.
We should encourage patients to have a higher nutritional intake (oily fish, cod
liver oil, egg yolk, mushrooms, cereals, and margarine enriched of vitamin D).
Early pharmacological treatment is mandatory, consisting of 50-125 pg per day
of calcifediol, or 5000-10,000 IU per day of cholecalciferol for 1-2 months, with
a maintenance therapy of 20 pg per day of calcifediol, or 800 IU per day of
cholecalciferol.

Table 27.3 Common causes of osteomalacia

Vitamin D deficiency Inadequate oral intake
Inadequate exposure to sunlight
Intestinal malabsorption
Abnormal vitamin D metabolism * Liver disease

» Renal disease

¢ Medication

Hypophosphatemia * Low oral phosphate intake
* Excess renal phosphate loss
Inhibition of mineralization  Bisphosphonate
* Aluminum
* Fluoride

Hypophosphatasia Inherited autosomal disorder
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27.3 Physiatric Approach to Older Patients
with Osteo-metabolic Disorders

27.3.1 Background

The global rehabilitative approach has a key role in all stages of these diseases, from
prevention to functional recovery after a fragility fracture. The pivotal element of
rehabilitation is the therapeutic exercise. Several studies and international guide-
lines suggested that this intervention is effective in increasing bone mass during
skeletal growth, maintaining what has been achieved in adult life, reducing bone
loss in the elderly and the risk of fractures.

In the elderly, exercise can enhance cortical thickness and strength in overloaded
bone tissue. These effects might result from a diminished loss of endocortical bone
and/or an increase in tissue density rather than an increase in bone size (due to peri-
osteal apposition), even if also in elderly a progressive widening of the outer diam-
eter occurs. These geometrical adaptations are able to increase the mechanical
resistance to the compression load [44].

Two types of physical exercises are suitable for elderly: aerobic activities (walk-
ing, stair climbing, jogging, tennis, tai chi, gymnastics, dancing) and resistance
exercises (where joints move against an external force given by weights, machines,
or the own body weight).

The most common aerobic training in older people is walking that could be
effective in maintaining BMD when combined with high-impact activities, such as
jogging or stepping [45].

Therapeutic exercise could exert, through the improvement of the muscle perfor-
mance, an indirect effect on bone health. However, aging is characterized by a pro-
gressive decline in aerobic exercise capacity due to the reduction in cardiovascular
efficiency and skeletal muscle function caused by a decrease of mitochondrial num-
ber and activity [46]. Aerobic training stimulates the synthesis of mitochondria in
the skeletal muscle with a consequent reduction of the oxidative stress and the
enhancement of muscular performance [47].

Several studies suggest that the muscle strengthening produces a significant
increase in femoral neck BMD [48]. Furthermore, improvement in muscle strength
and performance, due to resistance exercise, might reduce the risk of falls.

At a cellular level, strengthening exercises increase the transverse diameter of
type I and type II muscle fibers and of the entire lean mass, with relative increase in
muscle strength [49]. Fast-velocity resistance exercises (i.e., performing a concen-
tric phase as quickly as possible followed by an eccentric 2-second contraction
phase) [50] have shown to cause a greater recruitment of motor units in type II
muscle fibers counteracting atrophy in aging [51].

There is a general consensus that older people should perform moderate-intensity
aerobic exercises for a minimum of 30 min 5 days a week or high-intensity aerobic
activity for a minimum of 20 min 3 days per week [45]. Moderate-intensity aerobic
exercise is intended, from an absolute scale, as the activity that takes place at an
intensity of 3.0-5.9 times the intensity at rest or, from a relative scale based on



258 G. lolascon et al.

Table 27.4 General principles of therapeutic exercise in patients with osteoporosis

Specificity Specific to the individual patient; specific to one or more physiological
goals (bone strength, muscle strength, flexibility, cardiovascular fitness);
specific to the anatomical site

Progression Gradual increases in duration, intensity, and frequency; applied loads must
remain below bone and connective tissue injury threshold, but be high
enough to provide a greater than current activity stimulus to the organ
system (muscle, heart, or connective tissue)

Reversibility Positive effects of exercise will be slowly lost if the program is
discontinued

Initial values Those with initially low capacity will have the greatest functional
improvement

Diminished There is a biological ceiling to exercised-induced improvements in

returns function; approaching this limit means greater effort to achieve minimal
gains

individual’s capacity (ranging from O to 10), an intensity of 5 or 6 times the intensity
at rest. High-intensity aerobic exercise is the activity that takes place at an intensity
of at least 6 times the intensity at rest on an absolute scale, an exercise intensity of
7 or 8 times the intensity at rest based on individual’s capacity. Aerobic exercise
should be performed for at least 10 consecutive minutes [52].

Bodyweight exercises or training with equipment is also useful, but should be
performed slowly, with 1-3 series for each type of exercise, spacing 1-3 min of
rest, for 2-3 days/week [52]. Strengthening exercises are safe, feasible, and effec-
tive to induce muscle hypertrophy and to increase strength and should be per-
formed as soon as possible in order to prevent the progression of skeletal fragility
and sarcopenia. General principles of the prescription of therapeutic exercise in
osteoporotic patients have been proposed by a specific task force of the NOF [53]
(Table 27.4).

27.3.1.1 Rehabilitation of Elderly Osteoporotic Patients

Without Fragility Fractures and Prevention of the Risk

of Falling
The rehabilitative approach to an old osteoporotic patient at risk of a fragility
fracture aims to counteract the progressive osteoporomalacia and to reduce the
risk of falling. The adoption of safety measures at home, the correction of modi-
fiable intrinsic factors such as visual disturbances, pacemaker implantation in
patients with sick sinus syndrome, and the gradual reduction in the consumption
of psychotropic drugs are recommended according to a Cochrane review of
2012 [54].

NICE guidelines (2013) [55] support a multidisciplinary assessment and a com-
prehensive intervention in order to improve both physical and psychological health.
It has been shown that combined programs of balance training and muscle strength-
ening are effective in the prevention of falls in elderly residents in the community.
On the other hand, there is no scientific evidence supporting brisk walking as a
preventive measure that reduces the risk of falls.
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Recently, a Cochrane review underlined that the hip protectors, when correctly
worn, might decrease hip fracture risk and both morbidity and mortality in elderly,
especially in institutionalized individuals [56].

27.3.1.2 Rehabilitation of Elderly Patients with Fragility Fractures

The most frequent sites of osteoporotic fractures are the spine, hip, proximal humerus,
and distal radius, but actually also other fractures might recognize an osteoporotic
pathogenesis [29]. In many cases a surgical approach followed by a rehabilitative
treatment is necessary in order to improve the functional activity and social participa-
tion and thus the quality of life of the individual. The majority of distal radius frac-
tures is treated conservatively by closed reduction and cast/splint application for 4—-6
weeks, although currently many authors prefer an internal fixation. Rehabilitation
programs generally begin after cast removal and consist of range-of-motion (ROM)
exercises and resistance exercise associated with occupational therapy.

Clinical vertebral fractures are commonly treated with rest and/or spinal bracing.
Indications to surgery vary according to age, general clinical condition, type of
fracture and spinal stability, involvement of the spinal cord, bone quality, and time
from the fracture. Surgical options are frequently vertebroplasty and kyphoplasty,
rarely spinal stabilization with or without fusion [57].

Rehabilitative approach begins immediately after surgery in order to recover
muscle strength and spinal mobility and to enhance balance, especially during pos-
tural changes and walking. However, the strengthening of back extensor muscles is
a priority [53].

Fractures of the proximal humerus are usually treated conservatively in the
elderly, unless there is an unstable or displaced four-part fracture that requires surgi-
cal approach, consisting of open reduction with internal fixation or, in some cases,
arthroplasty [57]. Rehabilitation starts after cast removal or surgical treatment, aim-
ing to reduce pain and recover the ability in ADL.

Hip fracture is undoubtedly the most relevant complication of bone fragility in
elderly. The main role of the physiatrist is to figure out an individual rehabilitation
plan (IRP) that aims to reduce mortality and disability [58]. Hip fractures are currently
treated surgically within 24-48 h from injury. Surgical intervention consists of hemi-
arthroplasty or total hip arthroplasty for intracapsular hip fractures, whereas osteosyn-
thesis (screw plate or intramedullary nail) is preferred for trochanteric fractures.
Considering the patient clinical condition and presence of comorbidities, rehabilita-
tion begins immediately after surgery. Several factors should be taken into account in
order to decide the timing of weight-bearing on the operated limb (Table 27.5).

Table 27.5 Factors affecting the time of total weight-bearing on the operated limb

Early Late
Method of fixation Cemented prosthesis Cementless prosthesis
Surgical approach Mini-invasive Traditional or trochanteric osteotomy
Bone grafting No Yes

Poor bone quality No Yes
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Table 27.6 IRP and rehabilitation programs

Objectives Rehabilitation programs

Preventing vascular complications (venous Ankle pump exercises

stasis, thrombosis, and pulmonary embolism)

Preventing pulmonary complications Breathing exercises and bronchial hygiene
(atelectasis or postoperative pneumonia) therapy

especially for bedridden patients

Preventing hip dislocation of THA Patient/caregiver education to mobility

strategies in order to reduce the risk of
dislocation during ADLs

Achieving functional independence before Educate patient to postural changes,
discharge transfers, and walking aids use
Maintaining an optimal level of muscle Aerobic exercises and resistance training

strength and endurance for the upper limb and

not operated limb

Contrasting muscle atrophy, recovery of muscle Progressive resistance training
performance in the operated limb

The rationale for partial weight-bearing is based on the assumption that an early
excessive load on the operated limb may cause micro-movements at the bone-
implant interface, compromising the initial implant stability that interferes with
bone healing and predispose to aseptic loosening of the implant. On the other hand,
early weight-bearing after total hip arthroplasty (THA) could have potential bene-
fits, in particular counteracting bone loss and allowing early recovery of functional
activities. Patient education should be emphasized to prevent the dislocation of the
prosthetic implant, through specific preventive rules. The IRP proposed by the phys-
iatrist should include several targets that have to be addressed by rehabilitation pro-
grams as showed in Table 27.6.

Home-based programs should begin 2-3 weeks after surgery and consist of spe-
cific exercises aiming to improve muscle performance and endurance, balance, and
functional ability to perform ADLs independently. Precautions to take during ADL
should continue for at least 12 weeks. The rehabilitation plan proposed in outpatient
setting is shown in Table 27.7.

27.3.1.3 Rehabilitation of Elderly Patients with Osteomalacia
Osteomalacia is characterized by skeletal fragility and muscle weakness that can
interfere with the ADLs performance. The rehabilitative approach should be tar-
geted to improve muscle strength and physical performance, through low-impact
activities, such as gait training, avoiding high-intensity exercises that might
cause microfractures or interfere with bone healing processes. In the advanced
stages of osteomalacia, a significant reduction of the strength in proximal mus-
cles of the lower limbs has been shown, thus resulting in balance impairment and
consequent increased risk of falling. In this condition, resistance exercises could
significantly improve muscle strength and reduce the risk of falling. Furthermore,
occupational therapy can provide coping strategies in order to better perform
ADLs [59].
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Table 27.7 Rehabilitation plan in intermediate and advanced recovery in outpatient setting

Objectives

Improvement of muscle strengthening
and endurance

Improve cardiorespiratory endurance

Reduction of soft tissue retraction
Improvement of postural stability and
ambulation, with progressive
acquisition of the physiological gait
pattern

Prepare the patient to a complete level
of functional activity

Rehabilitation programs

Open chain exercises against slight resistance;
bilateral exercises in closed kinetic chain against a
slight resistance; unilateral exercises in closed kinetic
chain like climbing stairs; muscle endurance
exercises for the rest of the body

Low-impact aerobic exercises, such as cycling
progressive resistance training, swimming, or water
gymnastics

Stretching techniques

Protected weight-bearing in the initial stages through
mobility aids (e.g., crutches). Subsequently, the use
of the crutches should be recommended even during
long journeys in order to reduce muscle fatigue
Exercises for muscle strengthening, endurance, and
balance training, gradually increasing the time and

distance in a low-intensity walking program
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