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Abstract
Falls are one of the most common geriatric problems threatening the independence of older persons. Elderly patients tend
to fall more often and have a greater tendency to fracture their bones. Fractures occur particularly in osteoporotic people due
to increased bone fragility, resulting in considerable reduction of quality of life, morbidity, and mortality. This article provides
information for the rehabilitation of osteoporotic fractures pertaining to the rehabilitation of the fractured patient, based on
personal experience and literature. It also outlines a suggested effective and efficient clinical strategy approach for preventing
falls in individual patients.
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Introduction
Rehabilitation is a goal-oriented and time-limited process
that focuses on making a functionally impaired person reach
an optimal mental, physical and social functional level1. The
dual role of rehabilitation in falls and fractures is presented
in Figure 1. The rehabilitation team’s aim is, on one hand to
restore the functional level of people who sustained a fracture as a consequence of falling; on the other hand, when
falling is not combined with fractures, the goal is to avoid the
latter by educating the high risk groups. It is advised that any
data concerning the history, frequency, characteristics, and
the location where falls took place in the past year are collected, whilst monitoring of gait and balance disorders as well
as intervening in order to improve both strength and balance,
are important elements of the rehabilitation process.
There is an indisputable connection between the way a
person falls and the consequent type of injury. Hence, wrist
fractures are usually caused after falling either forward or
backward with one hand outstretched, hip fractures typically
occur after falling sideways, whereas direct falls upon the
buttocks are associated with a much lower fracture risk2.
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During aging, a decrease in reaction time is expected, and
therefore the ability to respond rapidly and effectively is
reduced in older people compared with younger adults3.
Studies of reaction time in stepping have typically observed
a delay in step initiation and execution timing in older people4,5. Co-ordination time has also been linked to upper
extremity fracture risk, as elderly people often delay in
breaking the fall by outstretching the hand6.
Rehabilitation after hip fracture
Successful operative treatment of hip fracture victims is
necessary for the optimization of post-injury mobility and
the functional recovery of the patient7. Rehabilitation after
surgical stabilization of a hip fracture is crucial in order to
restore pre-fracture function and avoid long-term institutionalization, the probability of which can be as high as 25%
at the first year post-fracture8.
Two evidence-based clinical practice guidelines suggesting
possible treatments and rehabilitation pathways for hip fracture patients, agree that it would be best if they underwent
multidisciplinary rehabilitation9,10. Multidisciplinary rehabilitation can be defined as the combined and co-ordinated use of
medical, social, educational and vocational measures for training or retraining the individual to the highest possible level of
function11. According to the Scottish Intercollegiate
Guidelines Network (SIGN) clinical practice guidelines for hip
fracture treatment, a corroborated history must be obtained
within the first 48 hours of admission, containing data about
the patient’s mental status, pre-morbid activity and function,
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Figure 1. The role of rehabilitation in falls with or without fractures.

the presence of co-morbidity factors and the availability of
social support. A multidisciplinary team facilitates the rehabilitation program, whilst patients with co-morbidity factors, poor
functional ability or low mental test scores should undergo
rehabilitation in a geriatric orthopedic rehabilitation unit. As
for nutrition, it is recommended that all patients receive a high
protein diet, enriched with minerals and vitamins9.
The Australian guidelines suggest a co-ordinated rehabilitation program that starts just after admission and provides
opportunities for early supported discharge, as long as the
patient’s mobilization is established. Frail patients should
follow an inpatient program and are instructed to continue
rehabilitation for some time after their discharge. All participants should be nutritionally assessed, so that they receive
the recommended protein and energy supplementation,
whilst a nasogastric tube is recommended in severe malnourished individuals. It should be noted that early assisted
ambulation should begin 48 hours post-operatively10.
The presence of other disabilities and co-existing medical
problems, and the evaluation of the surgical operation are
followed by a thorough clinical examination, through which
the local post-operative clinical situation and possible medical problems emerging after surgery are evaluated12.
Hip fracture patients should start breathing exercises so
that pulmonary secretions are drained, thus reducing the risk
of atelectasies and other complications deriving from the
pulmonary system. "Pump like" energetic exercises (ankle
pumps) and dorsal/plantar flexion of the foot, knee joint
flexion, exercises for the hip and thigh, abduction exercises
for the gluteal muscles and exercises for the quadriceps are
important. Exercises of the upper extremities and trunk
must also be part of the rehabilitation program, so that the
patient can move in bed, stand up from a chair and later on
be able to mobilize himself by using crutches or a stick.
Abdominal and dorsal muscles should also be exercised isometrically and then energetically, in order to minimize the
risk of low back pain during weight-bearing exercises.
There are some limitations on range of motion (ROM)
after surgery, depending on the surgical procedure (hip fractures stabilized with internal fixation do not require ROM
precautions). As soon as the patient who underwent a prosthetic replacement regains his vigilance, he is instructed to
avoid: a) hip flexion greater than 70-90o, b) external rotation

of the leg, c) adduction of the leg past midline. Toward this
end, the patient must be instructed: a) not to bend forward
from the waist more than 90o, b) not to lift the knee on the
side of the surgery higher than the hip, and c) not to cross the
legs, neither at the knee, nor the ankle. These precautions
should be maintained for approximately 12 weeks. Because
dislocations occur usually within the first 30 days more clinical studies are needed to determine the optimum length of
time to maintain hip precautions13,14.
By the third day after surgery, the patient should start
training from a sitting position. During transfer from bed to
chair, the hip must be abducted. Weight-bearing should start
later on at 6th to 10th day when the patient is capable of standing on his feet by himself. Most of the patients are more likely to start using a walking frame and then progressively move
to using crutches. In the partial weight-bearing stage of rehabilitation, the operated hip is allowed to bear only a load of
20-50% of body weight. Partial weight-bearing should be preserved for 6-12 weeks. Gradually, the patients will be allowed
to start walking on crutches for 4-6 weeks. Complete weightbearing depends on the surgical procedure. Usually, complete weight-bearing is scheduled after a period of 6 weeks
following total hip arthroplasty and after 3 months following
open reduction and internal fixation12-14. The physician
should be alert and ready to treat life-threatening medical
complications such as cardiopulmonary, deep venous thrombosis and ischemic episode, but also variable complications
such as hip pain, uneven limb length, heterotopic ossification,
decubitus ulcers and neurological complications that are likely to occur after hip fracture rehabilitation15-19.
House modifications, as well as the use of accessories minimizing the risk of falling are key elements of occupational
therapy (OT). Hip fracture patients should have OT training
for skills adaptation and a home visit to get individualized
support to improve the ability to perform activities of daily
living and to speed up both mental and social recovery20.
Periodical evaluation from rehabilitation specialists
should monitor patients through sequential check-ups at the
end of the 1st, 3rd and 6th post-surgical months, and continue
at least once a year for the remainder of the patient’s life12.
Patients will return to their pre-morbid level of basic functions within 4-6 weeks of the fracture21. More advanced skills
(e.g., driving, vocation, avocations) may take a longer period
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of recovery or may need to be modified to permit performance. Driving skills are best delayed until at least 8 weeks
post-fracture21,22.
Patients are urged to keep on training even after they are
discharged and their period of rehabilitation is over. After
their strength is regained, they should follow individually tailored and targeted training for dynamic balance, strength,
endurance, flexibility, gait and functional skills, training to
improve ‘righting’ or ‘correcting’ skills to avoid a fall, backward-chaining and functional floor exercises23. The use of
hip protectors as a hip fracture prevention strategy is not yet
proven in community-dwelling old people. Despite evidencebased limitations, they will probably be useful in those at
high risk of falls, who are willing and able to wear them24.
Evaluation of the functional level of the patient is a critical
issue when planning a rehabilitation program. The pre-fracture
functional level is crucial to predict the post-fracture functional
level after rehabilitation. A commonly used scale internationally to measure general independence is the Functional
Independence Measurement (FIM) scale25. The FIM scale
assesses many parameters concerning hip fractures. Through
FIM, factors like mobility and self-care ability were found to be
correlated with the intrahospitalization time. Moreover, bladder
issues and number of locomotions are correlated with expenditure, whilst problems with their urinary bladder, clothing and
mental status are associated with the patient’s functionality25,26.

A program of physical therapy is necessary and helps prevent deformity by strengthening anti-gravity muscles and
promoting postural retraining. Breathing exercises promote
thoracic expansion and improve the heavily degraded pulmonary function found in patients with spinal osteoporotic
fractures37. Instruction on the proper way of lifting things, as
well as how to appropriately use a walker or a cane, could be
beneficial and thus is strongly recommended38. Patients with
fractures could subject themselves to low-intensity exercise
and gentle strengthening programs (e.g., Tai Chi and
hydrotherapy) and are strongly recommended to avoid high
impact exercise or movements, so that they avoid suffering
new vertebral fractures39. Forward bending of the spine or
flexion exercises, especially in combination with twisting,
should be avoided38. According to Bassey, this includes several old favourite exercises which are now considered outdated, namely straight-leg toe touches and sit ups (or
crunches) for strengthening the abdominal muscles39. Sinaki
and Mikkelsen reported that the latter are associated with a
dramatically increased rate of vertebral fracture in osteoporotic women (89% compared to 16% of those who did
extension exercises)40. As the acute fracture pain subsides, a
walking program can begin with gentle strengthening exercises focusing on spinal extensor muscles42. A carefully
supervised rehabilitation program should be started after 3
to 4 months, to strengthen the spinal extensor and abdominal muscles more aggressively33,43.

Rehabilitation after vertebral fracture
Rehabilitation after Colles’ fracture
There is no doubt that vertebral fractures have a high
impact on the quality of life of all patients and that their
occurrence is linked with digestive and respiratory morbidities, anxiety, depression and death27-32. Thereby, the incidence of a vertebral fracture should be followed by a limited
period of bed rest, to avoid the hazards of deconditioning,
accelerated bone loss, deep venous thrombosis, pneumonia,
decubitus ulcers, disorientation and depression33. Bracing is
also used in acute non-surgical management, whereas spinal
orthoses relieve the pain and promote the healing process by
stabilizing the spine. It should be noted that the latter
reduces the load applied on the anterior column and vertebral body by restraining any attempt of forward flexion. Even
though there is a lack of specific studies comparing various
types of orthoses, it is widely accepted that all spine orthoses,
whether made of cloth, metal, or plastic, or whether rigid or
flexible, use a three-point pressure system33.
The most broadly used types of spinal orthoses are: a) the
TLSO type that provides support to the thoracolumbosacral
spine by making it adopt an anatomically correct position
(Knight-Taylor, Jewett, CASH or Cruciform Anterior
Sternal, Boston), b) the PTS (Posture Training Support)
type, which is a device that has shoulder straps connecting
above the waist of the back, where a pouch holds small
weights34, c) Spinomed, the new "bracing" philosophy, based
on biofeedback theory35 and d) Osteomed, which is based
upon the gate control theory of pain36.
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Colles’ fracture is the most common fracture in people
over the age of 4044. The reason for prescribing physiotherapy after a fracture of the distal radius is that it serves primary
mobilization which is the most important principle of fracture
management, whereas rehabilitation programs generally start
7-8 weeks after the injury45-48. Physical therapy after a Colles'
fracture consists of muscle strengthening, motion range
recovery, wound healing and scar adhesion. Early reduction
of edema is of primary importance in determining hand functions. Elevation of the hand above the heart’s level and an
active range of motion exercises are instructed to facilitate
the pumping action of hand muscles to decrease swelling. A
15 minute hand-wrap with paraffin should be followed by
exercise of equal duration. The hand should be kept in both
cold and hot water in order to augment venous return.
Exercise programs consist of passive range of motion; transverse scar massages, progressive resistive exercise, massage
and an active range of motion exercises. Exercise programs
focus on strengthening both extrinsic and intrinsic muscle
groups of the hand47,49. Fingers ‘wall walking', bilateral paper
ripping, circular ‘dusting', simple ‘blackboard writing' and
drawing tasks, various opposition and pinching are among
the most recommended exercises. These activities are graded
according to resistance, type of motion and grasp strength.
Splinting helps develop the range of motion. Physical therapy
is followed by occupational therapy for 3 weeks50-52.
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Rehabilitation in falls and fracture prevention
The second role of rehabilitation is to avoid falls and fallrelated fractures. Falls are a serious problem facing the elderly. Approximately 30% of people over the age of 65 fall
each year, reaching 50% of those aged 80 years or more53.
Falling results in increased mortality, morbidity, reduced
functioning and premature nursing home admissions. Falls
generally result from an interaction of multiple and diverse
risk factors and situations, many of which can be corrected54.
Falls can also result in deterioration of physical functioning
and quality of life, due to injury or due to fear of falling.
Nevitt et al. found that 16% of fallers reported that they limited their usual activity because of fear of falling and one
third of fallers reduced their participation in social activities55. According to Yardley et al., fear of falling is reported
by one in four older people in the community and can lead to
distress and reduced quality of life, increased medication use
and activity restriction, further decline in physical functioning, greater falling risk and admission to institutional care56.
It is necessary to assess possible intrinsic and extrinsic risk
factors for falls, as well as the individual’s exposure to risk57.
Identifying risk factors is as important as appreciating the
interaction and probable synergism between multiple risk
factors, because the percentage of persons falling increases
from 27% for those with no or one risk factor to 78% for
those with four or more risk factors58,59.
Important potentially modifiable risk factors for community-dwelling older adults are: mental status, psychotropic
drugs, multiple drugs, environmental hazards, vision, lower
extremity impairments, balance, gait status and for institution-dwelling older adults: mental status, depression, urinary
incontinence, hypotension, hearing, balance, gait, lower
extremity impairments, low activity level (exercise less than
once a week), psychotropic drugs, cardiac drugs, analgesics
and use of a mechanical restraint. Non-modifiable risk factors (i.e., hemiplegia, blindness) also exist60.
Interventions to prevent falls may be planned to reduce a
single intrinsic or extrinsic risk factor of falling or be broadly
focused to reduce multiple risk factors simultaneously61. Single
evidence-based interventions include exercise, reassessment of
medications and environmental modification54,62. Although
exercise has many proven benefits, the optimal type, duration
and intensity of exercise for falls prevention remain unclear.
Older people who have had recurrent falls should be offered
long-term exercise and balance training.
Tai Chi is a promising type of balance exercise, although
it requires further evaluation before it can be recommended
as the preferred method for balance training54. Tai Chi,
which consists of slow, rhythmic movements emphasizing on
the trunk rotation, weight shifting, co-ordination, and a
gradual narrowing of the lower extremities’ position, is
thought to be an excellent choice of exercise for the elderly63.
There is experimental evidence from both cross-sectional and
longitudinal studies that Tai Chi exercise has beneficial effects
on balance control and that the postural stability is improved

more by Tai Chi than by other types of exercise64-66. However,
Tai Chi has not been shown to reduce falls in frailer older people, so cannot be recommended for falls prevention to a group
who have had hip fractures and are likely to be frail67. Those with
a history of Colles’ fractures and with only mild deficits of
strength and power are more likely to benefit. It is the slow,
smooth, 3-D nature of Tai Chi with its transitions of stance that
challenge balance that will help reduce a person’s risk of falls; if
the person is too frail to lift one foot off the ground and move it
forward, then the Tai Chi must be adapted so much that perhaps
more static balance work is more appropriate to start with
(Skelton DA, personal communication). Most studies regarding
training after hip fracture conclude that combined training with
task-specific and functionally based exercises may be a sensible
way of retraining leg strength, balance and gait ability in elderly
people after a hip fracture. The training thus may include a variety of gait exercises, step exercises, stair climbing, and rising
from and sitting down on a chair68-70.
In a review about the effectiveness of interventions to prevent falls in older adults, Chang et al. concluded that exercise
programs help prevent falls with no differences between types
of exercise71. The results from the FICSIT trials (Frailty and
Injuries: Cooperative Studies of Intervention Techniques)
suggest that interventions that addressed strength alone did
not reduce falls. On the other hand, balance training may be
more effective in decreasing falls risk than the other exercise
components72. Gardner et al. concluded that exercise programmes must be regular and sustainable to be effective but
more trials are required to determine the exercise type, frequency, duration, and intensity that are most effective in
decreasing falls risk in different groups of older people73.
However, as aging is related to reduced physical functioning,
exercise prescription for falls prevention, except balance and
strength training, may include exercises to increase the functional capabilities in all elderly people. The suggested solutions are low intensity balance exercises (tandem walking and
standing on one’s foot) combined with co-ordination exercises. Individuals, who are frail, severely kyphotic or suffer from
pain or poor balance, may benefit from water exercise
(hydrotherapy). People are also advised to undergo strengthening exercises of the quadriceps, hip abductors/extensors,
back extensors and the arm muscles.
Patients who have fallen should have their medications
reviewed. Studies have indicated that several categories of
medications are potential causes for falls74. Further work is
required in this area because many drugs commonly used by
older persons are not systematically studied as risk factors
for falls75. Central nervous system drugs, especially psychotropics, warrant particular attention since there is very
strong evidence that use of these medications is linked to the
occurrence of falls54,62,74. Reducing the total number of medications to four or fewer, if feasible, has also been demonstrated to reduce the risk of falling54,62.
Environmental hazards could be a cause of falls72. In reducing environmental hazards, fall prevention programs may
need to provide and install safety devices particularly in the
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home71. Studies have shown that when older patients at
increased risk of falls are discharged from hospital, a facilitated environmental home assessment should be considered54,62.
There is emerging clinical evidence that alfacalcidol, a prodrug of D-hormone, improves muscle function76. Dukas et al.
have shown that 1 Ìg alfacalcidol daily significantly reduces the
number of falls (-54%) and fallers (-55%) in communitydwelling elderly women and men with a total calcium intake of
more than 500 mg daily and normal vitamin D serum levels77.
Other authors reported that cholecalciferol-calcium supplementation reduces falls by 46% to 65% in community-dwelling
older women, but has a neutral effect on falls in men78.
Prevention may be even more effective when multiple risk
factors of falls are taken into account simultaneously. Most
multifactorial fall prevention programmes have been successful in reducing the incidence of falls and risk factors of
falling, especially when prevention has been individually tailored and targeted to populations at high risk of falling61.
Multifactorial interventions should include: a) among community-dwelling older persons (i.e., those living in their own
homes), gait training and advice on the appropriate use of
assistive devices, review and modification of medication,
especially psychotropic medication, exercise programs with
balance training as one of the components, treatment of postural hypotension, modification of environmental hazards
and treatment of cardiovascular disorders, b) among older
persons in long-term care and assisted living settings: staff
education programs, gait training and advice on the appropriate use of assistive devices and review and modification of
medications, especially psychotropic medications62.
In Greece, programs for fall prevention in urban and rural
centers, remote, mountain areas and the islands need to be
organised. Furthermore, public authorities are necessary to
take action about the issue of falls. It is also worthwhile to
identify the population with low bone mass and more than
one risk factor for an osteoporotic fracture79. Fractures are
common injuries and although fracture fixation and surgical
techniques have improved, a co-ordinated, multidisciplinary
rehabilitation approach emphasizing the patient’s functional
recovery and restoration of quality of life is vital.
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