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INEPIAHYH

Ta kataypata xoapnAnig Piag tov
loxiov oe &topa NG TPITNG NALKiog
amotehovv peilov mpoPAnua vyeiog
[E ONUAVTIKEG OLKOVOULKEG, KOLVG-
VIKEG KAl YUXOAOYIKEG ETITTWOELG.
H ntoon Bewpeitat wg o onpavIiko-
TEPOG TIAPAYOVTAG TIPOKANONG TOV
KOTAYHATOV OUT®V KoL 1) OOTEOTIO-
pwor éxel evoxormolnBel wg n KupLo-
tepn maboyevetikn atria toug. Ipo-
Umapyovoeg ouvodeg mabnoeg 1
vnapén vevpoloyikol eXeippaTtog,
WITOPEL VO ETTNPEACOLYV T1) AELTOVPYL-
KNl QmOKATAOTAOT TOU KOTXYMHOTior
acBevry. Kbplog okomog g ¢uot-
KoBepamevTikig mapépPaong eival
o oxedlaoudg kat n epappoyn e€a-
TOUIKEVHEVOV TIPOYPAUHATWV OITO-

Katdotaong. Metalld Tov YeVIKGOV
apX®V 1oL SIETTOVV TN UETEYXELPN)-
TIKT) PLOIKODEPATTEVTIKY] ATTOKATA-
OTOOT) ELVAL 1) TIPALUN KLvTOoToinon
Tou acBevolG yla TNV TPOANYT TRV
UETEYXELPNTIKAOV ETMITAOK®V, XWPIG
Opws va ¢optiletar véppeTpa 1
Xelpovpynuévn apBpwan tou Loxiov.
ISwxitepn mpoooxn mpémet va Sobel
otV enaveknaidevon Tng Looppo-
TG, HE OTOXO TN ONUAVTIKN HEiw-
on tn¢ mbavotnTag evog Sevtepov
Kataypatog. H emavekmnaidevon tng
LoopportioG O TIPETEL VX EVOWUXT®-
Bei vopic oto mpdypappa aTTOKATA-
OTOOTG KoL Vo ovvexileTal péxpLTnv
OMOKANpwoT) TOov. XN SLlapopPwon
TOV TIPOYPAUATOG ATIOKATAOTOCNG
Oa mpémel va Aapavovtat vmoyn o
TUTIOG TOU KATAYHOTOG, 1) XELPOUPYL-

KI) TIPOCTIEAXON Kol 1) XELPOLPYIKH
otafepormnoinon tov Katdypatog. H
ATIOPUYT) OVUYKEKPIHEVWV KIVI]OEDV
1 o ovvdvaopog Toug, eival ai-
TEPNG ONpaciog Katd TNV Kpioun
¢aon TG voonheiog. Télog, otnv
gpyaoio autr) TmpoteiveTal éva  ov-
Eavopevng duokoliog Tpoypappa
eAeVOEPWV EVEPYNTIKWV OOKIOERYV,
KUpLOL OTOXOL TOL OToioL Elval 1)
av€non G KNTIKOTNTAG KAl TOU
€VPOVG TPOXLAG TWV ETMIHEPOVG KLVN-
OEMYV, 1] EVOLVAHKOOT) TWV HUDV KL 1)
BeAtiwon tng AettovpykdTNTAG TOU
péloug.

Aé€eig kA eWdw: kardyuara oyiov,
XELPOUPYIKES TIPOTTIEALTELS, PUOLKO-
Osparmeie, amokardoracy
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ABSTRACT

Low-energy fractures of the hip in elderly adults are a major health problem with serious financial, social and
psychological consequences. The predominant cause of hip fractures in elderly adults is falling. Osteoporosis
is implicated as the main pathogenetic cause. Pre-existing disease or pathology may also affect rehabilitation,
with neurological impairment having a significant negative impact. The main purpose of physical therapy is
the design and the implementation of individualised rehabilitation programmes. Among the general principles
underlying physical therapy intervention following surgical treatment is the early mobilisation of the patient
for the prevention of postoperative complications, without overloading the fractured hip. Special consideration
should be given to retraining balance in order to prevent a new fall, thus minimising the possibility of a second
fracture. Balance training should be incorporated early in the rehabilitation programme and remain an important
part until its completion. Specific aspects of rehabilitation should be taken into account according to the type of
fracture, the surgical approach and treatment. Of particular importance is the avoidance of single movements
or movement combinations during the crucial phase of hospitalisation, as herein discussed. Finally, an active
exercise programme of increasing difficulty, with imposed hip loads, a focus on strengthening key muscles and

increasing the associated ranges of motion, is proposed.

Key words: hip fractures, surgical approaches, physical therapy, rehabilitation.

INTRODUCTION

Fractures caused by low-energy
impact loads on the bone are des-
ignated as low-energy fractures’.
Low-energy fractures include the
femoral neck, intertrochanteric
and some types of subtrochant-
eric fractures. The subtrochan-
teric fractures are mainly inter-
trochanteric with the fracture line
extending to the femoral shaft®

Osteoporosis is the suspected
main cause for low-energy frac-
tures. There are several risk factors
predisposing to osteoporotic frac-
ture. However, the dominant cause
of hip fractures in the elderly is fall-
ing. The fall phenomenon does not
only involve accidents, but is also a
consequence of the normal ageing
process®, with an estimated 1% of
falls by community-living elderly
persons resulting in a hip fracture*

and over 90% of hip fractures being
the result of a simple fall®.

The incidence of hip fractures
is almost double for women in
comparison to men. Women have
greater bone loss associated with
age and menopause, an increased
frequency of falls and a longer life
expectancy®. Sex-ratio data indi-
cate that the relative fracture risk
for a woman over the age of 50, is
almost triple in comparison
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to a man of the same age. The risk
increases exponentially for both
sexes and continues to increase
with age. Consequently, at some
point during the rest of their lives
one in three women and one in
five men will suffer from a low-
energy hip fracture’.

There is an interesting geo-
graphical distribution in the in-
cidence of hip fractures, inde-
pendent of age and gender, with
higher hip fracture rates recorded
in North America and northern
European countries compared
with southern Europe. The lower
physical activity level of residents
in northern cities and in econom-
ically developed countries, as well
as the limited exposure of those
populations to the sun, seem to
contribute to the increase of frac-
tures®. It is thus expected that the
fracture risk will be significantly
higher in ten years in the Nordic
countries, compared with other
regions of southern Europe, given
that the lack of sun exposure in
the former countries leads to a
lower production of vitamin D°. It
has been scientifically established
that vitamin D deficiency may not
only lead to increased loss of bone
mass and bone mechanical stabil-
ity, but may also have a negative
effect on neuromuscular function,
with an increased risk of falls'.

In the U.S. it is estimated that,
in the year 2000, low-energy hip
fractures reached 1,460,000 cas-
es, while in Europe the equiva-
lent was 890,000 cases!'. Corre-
sponding data from Greece for
the year 1997 reveal incidences
of these fractures amounting to
118.6 cases per 100,000 people
in the general population. The
hip fracture incidence in Greek
women over the age of 50 years

was 448.87 per 100,000, while in
Greek men of the same age it was
significantly lower and amount-
ed to 216.1 cases per 100,000
people'. Worldwide, the num-
ber of hip fractures may reach
21.3 million by the year 2050%,
with approximately 5,000,000
cases recorded in the U.S'". In
Europe, the frequency of low-
energy hip fractures is also ex-
pected to increase significantly
by 2050, when one third of the
population will be over 60 years,
and is expected to approach 6.3
million cases annually®.

The financial cost related to
treatment is very high, because
the majority of cases require ad-
mission to hospital and surgical
treatment. A period of rehabilita-
tion is usually needed after sur-
gery, requiring help from many
different specialists. In the U.S.,
the cost of the medical treatment
of hip fractures varies between 8
and 20 billion dollars annually*
and for 2025 it is expected to reach
25 billion dollars'. According to
EU estimates, in Europe 4.8 billion
Euros are spent annually on the
hospitalisation and inpatient care
of patients with hip fractures'.
The amount is expected to reach
51 billion Euros by the middle of
the century”. Data from Greece
for the year 2002 indicated that
the cost of recovery reached 46.3
million Euros®.

Hip fractures are a serious
threat to life, because of the large
number of related concomitant
disease and/or serious postop-
erative complications. However,
the risk of death in the immediate
postoperative recovery period
depends significantly on the frac-
ture and is inversely proportional
to the pre-fracture physical and

health status of the individual®.
Notably, the mortality in the first
year after a hip fracture remains
high (20-24%)>.

The majority of people who
survive a hip fracture have resid-
ual mobility disabilities**?**. For
these people, dependency in the
functional activities of daily liv-
ing persists for more than 2 years
of recovery, with up to 20% need-
ing help putting on trousers, 50%
needing assistance to walk, and
90% being dependent when climb-
ing stairs. Between 40% and 60%
of older people with a hip fracture
fail to regain pre-fracture mobility
and are unable to return to com-
munity activities*?.

The history of an osteoporo-
tic fracture is known to be a
significant risk factor for future
fractures”.The rehabilitation of
hip fracture patients is a difficult
process that requires the coopera-
tion of health professionals from
different medical disciplines, in-
cluding physical therapists. Sev-
eral active-protocols are available,
which physical therapists may fol-
low. However, in the design of the
physical therapy intervention for
hip fractures two specific factors
concerning the patients should
be taken into account. First, the
patients are mainly elderly, osteo-
porotic individuals who should
be mobilised as soon as possible
with full weight-bearing. Thus,
mobilisation of these patients as
early as possible is essential for
full rehabilitation and reintegra-
tion into daily life, as this reduces
the risk of postoperative compli-
cations, deformities, and disabili-
ties®. Second, to avoid a new fall,
and by extension a new fracture,
the patients must be trained to
improve their balance®.
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Mangione et al** maintain that
physical therapy interventions af-
ter hip fractures are regarded as
“black box” interventions, mean-
ing that the physical therapy is un-
defined. Also, they reported that,
when designing low-energy frac-
ture interventions, clinical physi-
cal therapists may rely on experi-
ence rather than evidence for best
practice®. The definition of post
hip-fracture interventions should
be multifactorial, taking into con-
sideration any substantial clinical
variations (mental or health status,
physical capacity, etc.) that may
exist between patients with similar
orthopaedic diagnoses.

The aim of this review is to
present considerations of physical
therapy intervention for low-ener-
gy hip fractures, especially during
hospitalisation. The physical ther-
apy interventions should vary in
relation to the pre-fracture status
of the patient, the fracture type,
the selected surgical approach and
treatment. This knowledge may
contribute to the effective, safe
and individualised rehabilitation
of the patient.

FACTORS AFFECTING
THE REHABILITATION
OUTCOME AFTER LOW-
ENERGY HIP FRACTURES

The pre-existence of certain co-
morbidities and the patient’s
age status constitute factors that
may affect the level or the time
course of the functional recov-
ery. Assessment of these factors
is necessary for predicting the
rehabilitation outcome. Hagino
et al® identified seven preopera-
tive factors that may impact on
recovery: the age of the patient
(<65 or >65); the mental status

(dementia); the pre-injury resi-
dence (own home or nursing
home/hospital); anaemia; elec-
trolyte abnormality; respiratory
pathology; and chronic systemic
diseases (diabetes, chronic renal
disease, etc.)?.. Ishida et al® re-
ported that dementia is the only
significant predictive factor that
negatively affects the patient’s
functional recovery*’. The reha-
bilitation of hip fracture patients
with dementia is complicated by
cognitive and communicative
problems typical of the disorder.
McGilton et al**identified that
three cognitive symptoms were
interfering with the rehabilitation
care of hip fracture patients with
dementia: (a) memory problems,
(b) lack of insight or judgment,
and (c) loss of purposeful move-
ments. The memory impairment
reduces recall of instructions and
carry-over of therapy routines.
Patients’ lack of insight leads to
safety issues—for example they
are not able to understand the
reason for their hospitalisation
and sometimes try to walk with-
out supervision and/or an assist-
ance device too soon after their
hip surgery. Impaired insight also
affects patients’ compliance with
therapy, because patients do not
always understand the relation-
ship between rehabilitation ac-
tivities and functional outcomes
that affect their everyday life.
Loss of ability to carry out pur-
poseful movements may limit
patients’ ability to engage in the
rehabilitation interventions®*.
Often, they do not attain their
pre-fracture level of function-
ing, which leads to subsequent
admission to chronic or institu-
tional care®.

Another significant factor which
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negatively affects the rehabilitation
outcome of hip fracture patients
is a pre-existing neurological im-
pairment. Osteoporosis develops
rapidly after stroke, in conjunction
with the immobilisation imposed
by hemiplegia or hemiparesis®. In-
dividuals with neurological impair-
ment have increased falling risk
and, by extension, fracture risk.
In particular, a reduction in bone
mineral density (BMD) and muscle
atrophy, coupled with a high inci-
dence of falls, may contribute to 2-4
times higher risk of hip fractures
in individuals with stroke when
compared to healthy individuals of
the same age. Most hip fractures in
hemiplegic patients are a result of
a fall on the paretic side®. Fracture
risk seems to be somewhat less in
patients with severe impairments,
i.e. those who are unable to walk
without assistance or are totally
bedridden, perhaps because of re-
duced mobility and exposure to the
risk of falling®. In individuals with
neurological impairment, 48% of
falls occur during walking®. Simi-
larly, retrospective and prospective
cohort studies have suggested that
Parkinson’s disease increases the
risk for both bone loss and fractures
in community-dwelling people*®*.
More than 50% of Parkinson’s dis-
ease patients fall at least twice in
an one-year period and one fifth
of these patients experience trau-
ma, including bone fractures®. In
population-based studies with Par-
kinson’s disease patients, the cu-
mulative incidence of hip fractures
by ten yearsafter the diagnosis was
27%*, and factors associated with
osteoporosis were implicated in
the genesis of the fractures*. Be-
cause of the neurological impair-
ments, the surgical treatment after
hip fracture may vary; however, the
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postoperative goal is the same:
the functional recovery of the pa-
tients to the highest level they can
achieve®. In a study focusing on
the functional outcome after hip
fracture in patients aged 65 years
and older, the functional recovery
was not affected by the neurologi-
cal impairment when controlling
for pre-fracture level of function.
However, the length of stay in the
hospital was significantly higher in
the patients with neurologic im-
pairment than in the controls*.

It is reasonable to assume
that, if the hip fracture patient
has neurological impairments
with reduced neuromuscular
coordination, then gait training
may be delayed. However, the
exercise programmes, bed trans-
fers as well as balance training
programme in the short-sitting
position should be performed
as for the non-neurological pa-
tients. The physical therapy in-
tervention for hip fracture pa-
tients with neurological impair-
ment should differ only in time of
session and in intensity of each
exercise programme.

BALANCE CONSIDERATIONS
IN THE REHABILITATION

OF LOW-ENERGY HIP
FRACTURES

Special consideration should be
given to retraining balance in pa-
tients who have sustained a low-
energy hip fracture, in order to
prevent a new fall and a possible
second fracture?. Quite often,
the fear of a new fall constitutes a
psychological aggravating factor
that affects the patient’s willing-
ness to participate actively in his
balance retraining*. Thus, prep-
aration for balance retraining
should start while the patient is

in bed, which includes informing
the patient of what the process
will entail.

It is important to note that
differences do exist between
younger and older individuals’
ability to maintain an upright
stance; people over the age of
65 years have been shown to
have greater co-contraction of
the trunk and lower limb mus-
cles, greater sway in the sagittal
plane, and reduced ability to use
corrective micro-movements of
the ankles to maintain their bal-
ance®. Studies on postural bal-
ance during upright stance after
total hip arthroplasty have shown
that patients had a greater medi-
al-lateral sway®® and less ability
to control their centre of gravity
during gait® when compared with
control subjects®. Mackey & Rob-
inovitch® have shown that elderly
people tend to adopt hip strategies
rather than ankle strategies as an
adaptive or anticipatory response
to either postural perturbations or
when anticipating potential gait
instability during gait, as when
crossing an obstacle. Even if an
ankle strategy is selected, the ac-
tivation is significantly slower than
in younger individuals®.

However, after the surgical pro-
cedure for treating a hip fracture,
the muscles that adhere around the
hip joint have lost their proper ac-
tivation and synergy. The hip joint
may be stiff and its movements
may be painful®. The elderly can-
not use the hip strategy for balanc-
ing during upright stance, so they
should be relearning to use the
ankle strategy, to the extent that
they are capable.

As elderly people usually have
less than normal range of motion,
and often have a degree of joint
stiffness®®, mobilisation of the
ankle and foot should start early
in the postoperative phase. Ankle
and foot exercises could be given

to the patient as assisted, active or
resisted and should be individu-
alised for each patient. The next
stage of balance retraining should
be in a short-sitting position, with
the patient’s feet on the floor pro-
viding a better support base®.
After the patient acquires
good balance in the short-sit-
ting position the patient can be
trained in the upright position.
Balance training in upright posi-
tion can be performed using a
walking device; appropriate pre-
cautions should be taken for the
fractured hip. The patient should
be working on standing sway with
the addition of upper extremity
activity and/or head movements.
These exercises are aimed at acti-
vating ankle strategies. When full
weight-bearing of the fractured
hip is allowed, the patient can
perform common centre of grav-
ity exercises, which include closed
kinetic chain exercises, such as
writing the alphabet with one foot,
thera-band kicks, stepping over a
board and sit-to-stand. By chang-
ing the upper extremity positions,
the exercises become more chal-
lenging, i.e. the shoulders placed in
90° of abduction and progressively
challenging the standing balance
by placing the arms to the side or
across the chest and then reach-
ing forward and overhead. The
patient should also be retrained
to use the hip strategies with ex-
ercises practiced on narrow or on
unstable surfaces. Examples of hip
strategy exercises include posture
correction in upright stance, after
swing forwards, either backwards
or in a lateral direction with open
or closed eyes—touching a table or
a wall for support, if necessary—
standing on a beam and/or add-
ing upper extremity activities,
unipedal stance, tandem stand-
ing, tandem walking. Other exer-
cises also include head and neck
movements with and without the
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use of the upper limb patterns of
the Proprioceptive Neuromuscu-
lar Facilitation (PNF) method and
standing on a piece of foam or a
pillow®”.

The final stage of the balance
rehabilitation programme should
include external perturbation ex-
ercises, expected as well as unex-
pected ones. These exercises re-
quire a proactive and or reactive
response from the patient, using
the ankle and hip strategy or the
hip and step strategy combined. In
this way, the ability to reinstate the
centre of body mass (CoM) suc-
cessfully over the base of support
is increased®®.

Moreover, it may be possible
to teach older individuals how to
fall safely*®. Groen et al®® have in-
dicated that fall training based on
martial arts (MA) fall techniques

Table 1.
rehabilitation(®+71.75l

may be useful to prevent hip frac-
tures in the elderly, as it is likely to
contribute to the reduction of the
impact forces on the hip. An im-
portant characteristic of MA fall
techniques is that a fall is changed
into a rolling movement. By roll-
ing, the forces are distributed
over a larger impact site and the
amount of energy to be absorbed
during impact is reduced because
kinetic energy is preserved dur-
ing the rolling movement®. These
fall techniques may increase the
patient’s ability to act properly in
response to future loss of balance
and to avoid a new traumatic fall.

REHABILITATION HIGHLIGHTS
Femoral Neck Fractures

The method of surgical treat-
ment for any type of fracture
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depends on whether the frac-
ture is characterised as stable or
unstable. Other factors, such as
the age and mental status of the
patient, and osteoporosis, should
be taken into consideration. The
physical therapist should be in-
formed about the selected sur-
gical approach, as this informa-
tion is very important during the
crucial phase of hospitalisation.
Depending on the surgical ap-
proach, there are single move-
ments or combinations of move-
ments of the operated hip that
should be avoided.
Non-displaced femoral neck
fractures in patients younger than
65 years are treated with multiple
parallel screws or pins or a slid-
ing hip screw. Unipolar or bipo-
lar prosthetic replacement of the
femoral head (hemiarthroplasty) is

Summary of surgical approach and/or fracture type and movement to avoid during

Type of fracture

Surgical approach

Avoid during kinesiotherapy

Posterior of the hip

Femoral neck

hip
fractures

(Hardinge)

Anterolateral of the

hip

(modified Watson-

Transgluteal of the

Flexion over 90°

Adduction past neutral position

Internal rotation

Combination of flexion & internal rotation

SLR

Extension over 0° (hyperextension)

External rotation

Adduction past neutral position

Combination of extension & external rotation

SLR

Extension over 0° (hyperextension)

External rotation

Adduction past neutral position

Combination of extension & external rotation

Jones)
SLR

Intertrochanteric Active SLR

Lateral .
fractures Adductors strengthening
Subtrochanteric Active SLR

Lateral .
fractures Adductors strengthening
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used to treat unstable or displaced
fractures in patients older than 65
years. In patients with pre-existing
articular damage (i.e. osteoarthritis
of the acetabulum) the method of
choice is total hip arthroplasty. For
elderly osteoporotic patients, ce-
mented hemiarthroplasty or total
hip arthroplasty allows early weight
bearing of the fractured hip®.

The surgical approaches that
are commonly used for femoral
neck fractures are the posterior,
the transgluteal (Hardinge) and the
anterolateral (modified Watson-
Jones) approaches to the hip. The
posterior approach does not inter-
fere with the abductor mechanism
of the hip, so the loss of abductor
power is minimised in the imme-
diate postoperative period. After
a posterior approach, hip flexion
must not exceed 90°, while hip
adduction past midline and inter-
nal rotation must be avoided. The
combination of flexion and inter-
nal rotation should also be avoided
(table 1).

The anterolateral surgical ap-
proach (modified Watson-Jones)
is mostly used for total hip arthro-
plasty. During surgery the normal
functioning of the abductor mech-
anism is affected because the an-
terior part of the gluteus medius
and the whole gluteus minimus are
detached from the trochanter®.

During the Hardinge approach,
the posterior tissues are preserved,
which leads to a lower incidence
of posterior dislocation. The fact
that the hip rotator muscle group
is intact during the Hardinge ap-
proach permits early mobilisation
of the patient, usually within two
days®. After a Hardinge or modi-
fied Watson-Jones approach, the
motion of the operated hip should
not exceed 0° extension, while
adduction and external rotation
should not pass the midline. The
combination of extension and
external rotation should also be

avoided (table 1). Another exercise
that must be avoided after hemiar-
throplasty or total hip arthroplasty
is the straight leg raise (SLR), as
this exercise generates torque that
potentially rotates the femoral
stem around its axis and can lead
to femoral loosening®.

Hip abductor weakness could
lead to a Trendelenburg gait on
the fractured site®, so the hip ab-
ductors should be strengthened.
Careful selection of exercises is
required in order to prevent ex-
cessive loading of the hip joint
during abduction exercises. Range
of motion and abductor active ex-
ercises should be performed with
gradual encumbrance
in different body posi-
tions. Debevec et al®
estimated acetabu-
lar loading in non-
weight-bearing, in
upright, in supported
and unsupported su-
pine, and in side-lying
lower limb abduc-
tion. 3-D mathemati-
cal models of the hip

Figure 1.The ending
position of the standing
mid-range abduction.

joint reaction forces and the con-
tact hip stress have been devel-
oped to simulate active abductor
exercises in the above body posi-
tions. The results indicated that
in the neutral lower limb position
the absolute values of the hip joint
reaction force and the peak con-
tact hip stress are highest in the
unsupported supine (1.3 MPa) and
in side-lying abduction (1.2 MPa),
while they become lower in stand-
ing abduction (0.5 MPa) and low-
est in supported supine abduction
(0.2 MPa). In both non-weight-
bearing standing (figure 1) and in
side-lying (figure 2) abduction, the
equilibrium of gravitational and

™

Figure 2. The starting position of the side-lying, mid & end-range abduction.
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Table 2. Active and progressive exercise program of hip abductor muscles. Based on the findings

of Debevec et al 2,

Bod Requirements
.y. h Range of hip abduction
position for proper performance
Neutral leg position Midrange
Supine | with knee joint in extension Mid- & end-range
& ankle joint in dorsal flexion Full active range of motion
) Good balance from standing Inner
Upright iy ) :
position alone or with cane. & mid-range
Neutral leg position with knee joint in extension End-range
& ankle joint in dorsal flexion End-
Side-lying (The end- & midrange start with the limb & midrange
supported by PT to allow for active abduction .
only in the requested part of the range of motion.) Full active
range of motion
Supine Il Unsupported supine abduction LASFIEES

(The limb moves out of bed)

Inner & mid-range
Full active range of motion

muscular moments with respect
to the centre of rotation of the hip
joint is maintained by the activity
of abductors. However, in side-
lying abduction greater abductor
force is required to compensate for
the weight of the lower limb than
in standing abduction, because of
the larger lever arm of the weight
in the former case. Unsupported
supine abduction (figure 3) corre-
sponds to the position of highest
difficulty since the abductor force
needed has to overcome a large
weight moment arm, while the
limb has a tendency to extend and
hence additional muscular activity
is required to retain unsupported
movement in the horizontal plane.
In unsupported supine abduction
the activity of hip flexors is further
required to maintain correct exer-
cise posture. These muscles have
small moment arms with respect
to the hip joint and thus demand
high flexor forces®.

These findings are in agreement
with existing clinical guidelines

aiming at progressively loading
the hip joint post-surgery, as they
indicate that standing abduction
should commence after supported
supine abduction, followed—when
appropriate—by side-lying and un-
supported supine abduction®.
Additional observations in the
study of Debevec et al®® are also
important for exercise progres-
sion. They underline that, after
increasing the angle of abduction
in upright standing, the centre of
gravity of the lower limb moves lat-
erally, which further increases the
gravitational moment. Hence, the
counteracting muscle activity as
well as the hip-joint load must be
increased. On the other hand, in-
creasing the abduction angle from
the side-lying position decreases
the gravitational moment of the
lower limb with respect to the hip
and the hip load and muscular ac-
tivity necessary also decrease®.
In summary, abductor active
exercises should be performed
from positions of increasing dif-

ficulty which load the hip joint
progressively. The first position is
the supine on bed (supine I). The
hip abduction is performed in
the midrange, the end-range and
the full range of motion. The next
position is the upright, where the
hip abduction is performed in the
inner and then in the mid-range of
motion. Third is the side-lying po-
sition where the hip abduction is
performed first in the end-range,
then in the end- and midrange
and finally in the full range of
motion. The most difficult posi-
tion is the supine where the limb
moves out of bed (supine II) and
the hip abduction is performed
in the inner, then the midrange
and finally in the full range of
motion (Table 2).

It is worth noticing that the
progress and the timing of the next
stage of loading the hip joint may
vary depending on the type of frac-
ture, the orthopaedic surgery se-
lected, and the physical condition
of the patient. In addition, from

90 OEMATA ®YZIKOOEPATMEIAZ ¢ TOMOZ 7 - TEYXOZ 3 o IOYAIOZ-ZENTEMBPIOZ 2011



the above variations, any of the
body positions or some degrees
from the range of abduction may
be avoided.

Intertrochanteric Fractures

Two methods of surgical treat-
ment are used for internal fixa-
tion of intertrochanteric frac-
tures: the sliding hip screw and
intramedullary nailing®. During
the sliding hip screw nail, the lat-
eral approach to the proximal
femur is used. This approach
induces stress and partial isch-
emia to muscle structures and
increased postoperative pain
because, throughout the surgery,
the muscle structures are re-
strained by retractors to keep the
operative field exposed®. During
the intramedullary fixation, the
surgeon uses the minimal access
approach to the proximal femur,
which depends on the type of
nail”®. This approach is preferred
mostly because it is less invasive

Figure 3. The ending
position of the unsupported
supine abduction.

and lessens the lever
arm of the abduc-
tors.

The physical
therapy intervention
should thus be spe-
cific to the fracture
type and the selected
surgical approach.
Clinically, when the
patient is asked to
perform an SLR, ad-
ditional pain may be
experienced in the
anterior surface of
the hip joint. The ad-
ditional pain may be
explained by the fact
that when the iliacus
and psoas muscles
(primary hip flexors)
are contracted, they exert traction
on their bone insertion, which is
on the fractured lesser trochant-
er. Furthermore, another fact is
that the vastus lateralis—which
is stressed during surgery by the
retractors—coheres with the rec-
tus femoris anatomically and
functionally, as they are two of
the heads of the quadriceps and
share the same insertion tendon.
Thus, since the rectus femoris,
iliacus and psoas act synergisti-
cally to achieve hip flexion, pa-
tients should not perform active
SLR™,

Lewis et al”? used a three-dimen-
sional musculoskeletal model to
estimate—amongst other things—
the effect of the decreased muscle
strength of specific muscles during
supine hip flexion. They simulated
three different conditions for each
exercise to estimate the hip joint
force when the maximum muscle
force value for selected muscles
was reduced. The first condition

(Normal Condition)™ served as
a control condition to which the
other conditions were compared.
For this condition, the hip joint
force due to muscle was estimated
using the maximum muscle force
values (maximum isometric force,
P .. greater than 100%) specified
in the original musculoskeletal
model by Delp et al”. For the oth-
er altered conditions, the maxi-
mum muscle force values for the
selected muscles were reduced by
50%. They confirmed that when the
iliacus, psoas and rectus femoris
were weak during SLR, the overall
efficiency of the involved muscles
was reduced. Specifically, when
the iliacus and psoas muscles had
decreased muscle strength, the
three-dimensional musculoskeletal
model increased the activation of
the rectus femoris, tensor fasciae
latae, sartorius, gluteus minimus
(all fibres), adductor longus and
pectineus muscles. When the rec-
tus femoris, tensor fasciae latae
and sartorius had decreased mus-
cle strength, the three-dimensional
musculoskeletal model increased
the activation of the gluteus mini-
mus (all fibres), gluteus medius
(posterior fibres), piriformis, ili-
acus and psoas muscles. The au-
thors concluded that the most dif-
ficult position for hip flexion is the
supine, especially the inner range
of motion. Furthermore, the verti-
cal and transverse forces increased
when in less than 11°and 7° of hip
flexion respectively, compared
to the Normal Conditions™. 1t is
important to consider that these
estimations are derived from a
three-dimensional musculoskeletal
model. It can be assumed that the
hip flexion performance of elderly
hip fracture patients will be worse
than that seen in these musculosk-
eletal modelling estimations.

In summary, considerations
for postoperative rehabilitation of
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intertrochanteric fractures should
include SLR, performed passively
or active assisted by the therapist,
at inner- and mid-range of mo-
tion; gradual quadriceps muscle
strengthening; and strengthening
of adductors should be avoided until
the early remodelling phase of bone
healing (approximately 8 weeks), so
as to avoid added stress on the frac-
ture sites and on the implant (slid-
ing hip screw)” (Table 1).

Subtrochanteric Fractures

The majority of subtrochanteric
fractures are high-energy frac-
tures. Those that are considered
low-energy fractures are basi-
cally intertrochanteric, with the
fracture line extending down to
the femoral shaft. These types
of fracture are treated as inter-
trochanteric fractures using an
intramedullary method with a
long nail, inserted using a mini-
mal access approach and closed
reduction where possible. A slid-
ing hip screw may also be applied
using a lateral approach”™.
Straight leg raise should be
avoided in subtrochanteric frac-
tures, as it exerts traction on the
fracture site. Adductor strengthen-

ing should also be avoided, because
the adductor magnus attracts the
distal fractured end, where it is
attached. The quadriceps should
be examined, as it crosses over the
fracture site and may have been
contused during the moment of
fracture. Likewise, attention should
be given to the gluteus maximus,
which inserts into the subtrochan-
teric region of the femur and might
be affected by the fracture pattern.
Weight bearing after subtrochan-
teric fractures with bone loss or
comminution is not allowed until
cortical bone continuity has been
restored. The reason is that weight
bearing transfers loads to the in-
terlocking screws and eventually
causes failure of the surgical fixa-
tion”® (Table 1).

CONCLUSIONS

Special attention should be given
to several aspects of low-energy
hip fracture rehabilitation to
achieve an effective, safe and in-
dividualised functional outcome.
Physical therapy intervention
must be designed according to
the pre-fracture status of the pa-
tient, as well as the type of frac-
ture and the orthopaedic treat-

>TAON KAl CULUV.

ment used. Careful selection of
exercises is required in order to
prevent excessive loading of the
hip joint and/or the fracture sites.
The active exercise programme
for abductors should load the
hip joint progressively. Depend-
ing on the type of fracture or the
selected method of surgical treat-
ment, straight leg raise must be
avoided or performed in a pas-
sive or active assisted manner, at
the inner- and mid-range of mo-
tion. Balance training should be
incorporated early into the reha-
bilitation programme and must
remain an important part until
the terminal stage. Overall, the
stages of physical therapy inter-
vention differ with respect to the
intensity and level of difficulty of
each exercise. The major goal for
all stages is functional resump-
tion, and prevention of future
falls and fractures.
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