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The study of neuromuscular responses during landing is an important aspect to address in development
of preventive and training strategies especially in water environment. The purpose of this study was to
compare neuromuscular responses of lower extremity muscles during various jump-landing tasks in
water and on land in active young females. Nine healthy active women volunteered to participate in the
investigation. The onset of muscle activation prior to initial contact and maximum RMS over 150 ms
prelanding and 150 ms post landing for vastus lateralis (VL), medial hamstring (MH), lateral hamstring
(LH) and lateral gastrocnemius (LG), in Drop-landing (DL), Drop-Jump (DJ) and countermovement jump
(CJ) tasks were calculated and then normalized to the peak RMS amplitude of MVIC and reported as
percentage. Dependent t-test was used to analyze the effect of environment on each dependent
variable. The normalized EMG value for VL before landing was significantly lower for CJ (p=0.000), DL
(P=0.01) and DJ (P=0.001). Similar to the VL, for lateral gastrocnemius the normalized EMG before
landing was significantly lower in CJ (p=0.000). With the exception of CJ (P=0.000), there was no
significant difference in pre activation of hamstrings between land and water environment. VL had
significantly lower normalized EMG value in water than on land in CJ (p=0.04), DL (p=0.000) and DJ
(p=0.012). With respect to the different muscle activity in water compared in land, prescription of aquatic
jump-landing exercises in order to conditioning should be considered.
Keywords: aquatic environment, landing biomechanics, under-water EMG, active female, neuromuscular responses

INTRODUCTION
Various jump-landing tasks have significant
role in athletic achievements that traditionally
applied in the area of sport to improve muscular
strength and power, athletic performance, joint
stability and
for
prevention
of
injuries
(Markovic,2007) as well as therapeutic area to
facilitate in the later stage of recovery
(Herring,2006). After initial ground contact during
landing, the quadriceps act eccentrically to
counter the knee flexion imposed by ground
reaction forces and to absorb the kinetic energy of
body at the instant of contact (Renestrom, 2008).

Epidemiology data indicate that lower extremity
injuries account for 55-65% of all injuries
experienced by both female and male athletes
involved in repetitive landing activities result in
significant loss of training and competitive time
and may lead to chronic problems over time
(Renestrom, 2008). Females in selected sports
have been reported to have a 3-8 times risk for
non-contact ACL injuries as compared to males
(Arendt and Dick,1995) because of differences in
neuromuscular and biomechanical parameters
(Padua, Marshal and Boling,2009). Therefore, the
study of neuromuscular responses in knee joint
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musculature during landing is an important aspect
to address in development of preventive and
training strategies.
Due to advantages of buoyancy force and
drag resistance, therapists, researchers and
trainers have recommended aquatic jump-landing
exercises (Martel, Harmer, Logan, 2005). Jumplanding exercises in water environment may be
useful for athletes who wish to perform high
intensity exercises without excessive impact
forces on lower extremity or for those who are in
the early stages of rehabilitation when joint range
of movement should be activate progressively. As
with any alternative therapy or training method
questions arise whether neuromuscular activation
in water is comparable to equivalent exercise
modes on land.
In the area of sport medicine and
rehabilitation, previous researches have examined
surface EMG recordings of various lower
extremity muscles during aquatic walking,
backward running and treadmill walking
(Masumoto & Mercer, 2008. Masumoto et al.,
2004, 2005, 2007 ), deep water running (Kaneda
et al., 2008), which provide insights in to muscle
recruitment pattern in lower extremities to
investigate the effect of gravity in the generation
of postural adjustments whose results indicated
lower amplitude underwater compared to the
similar conditions out of water (Dietz et al.,
1989,1996).
There is increasing interest in
aquatic-based jump-landing exercises since
similar performance effects have been observed
when compared with land-based exercises (Martel
et al., 2005). Jump-landing tasks are dynamic
movements that need to the multi-joint control of
moments created by large reaction forces
experienced during landing that presents a great
challenge to the neuromuscular system prior to
and during the landing. The anterior and posterior
muscle co activation plays a crucial role in the
control of the articular stiffness as well as in the
maintenance of the dynamic articular stability
(Solomonov and Krogsgaard, 2001). Furthermore,
both
the
temporal
characteristics
of
electromyographic (EMG) pattern as well as its
amplitude before and after landing are modulated
to the constraints imposed by the task such as the
stiffness of the landing surface and drop height
(Santello, 2005). Understanding how CNS
programs the mechanisms of impact forces
absorption is essential to determine training and
preventive strategies especially in aquatic
environment. Therefore, the purpose of this study
was to compare neuromuscular responses of

lower extremity muscles during various jumplanding tasks in water and on land in active young
females.
MATERIALS AND METHODS
The experimental aspect of the study was a
cross-over design which the same healthy
participants were tested both in water and on
land. The depended measure was normalized root
mean square values and onset timing for muscles
for each environment. Independent measure was
environment (water and land). All tests were
performed in a single session using controlled lab
design. Subjects were asked to complete 3 jumplanding tasks in water and on land to examine
differences in normalized amplitude of EMG pre
and post landing and onset of muscle activity
between environments.
Nine healthy females volunteered to
participate in our investigation (age of 21.2 ± 2.7
years, height of 168 ± 5 cm, mass of 63.15 ±
7.73 kg, fat percent of 25.2 ±4.1, history of
physical activity of 7.8±3 years). All participants
were physically active and had no history of ACL
injury, lower extremity surgery, neurologic
disorder, chronic lower extremity injury, or acute
lower extremity injury within the 6 months before
data collection. We defined physically active as
participating in physical activity for a minimum of
20 minutes, 3 times per week (Tsai et al, 2009).
All subjects had extensive jumping and landing
experience, because they were a combination of
university basketball players. Before data
collection, all participants read and signed an
informed consent document, and the study was
approved by the University Institutional Scientific
Review Board. All data were sampled from the
dominant lower extremity (i.e., limb used to kick a
ball for maximal distance).
Subjects attended 2 sessions, including one
habituation session and one testing session. At
the beginning of the habituation session, after
anthropometric
measurements,
subjects
participated in a standardized general warm up
and dynamic stretching exercises consisting of
approximately 15 seconds for each major muscle
group. Subjects were then instructed in and
practiced the isometric and dynamic test
exercises.
Maximum
voluntary
isometric
contractions were performed at 60 degree of knee
flexion for the knee joint muscles against
resistance. In addition to the isometric tests,
dynamic movements including countermovement
jump (CM), drop-landing (DL), and drop-jump (DJ)
were performed. After preparation, all participants
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were asked to do three maximum CJ (jump as
high as they can) with hands on waist (to
eliminate effect of arm motion) and land with both
feet on the ground. The drop-landing and dropjump were performed using a box height equal 40
cm. For the drop-landing subjects initially stood on
top of box then were asked to extend their leg and
to step off the box with their dominant limb and
land with two feet on the ground. Throughout the
tasks they were asked to look forward and keep
their hands on waist all the time. Subjects also
were asked to maintain their balance upon
landing. For the drop jumps, subjects were
instructed to land on the ground with a similar
technique as described above and as soon as
they contact with the ground immediately perform
a vertical jump for maximal height and land again
(Edwards et al., 2010. Ambegaonkar et al., 2011).
In the test session which included the same
general warm-up and dynamic stretching, followed
by three min of rest and then 3 repetition of
MVICs performed for involved muscles for 30
seconds with one minute of rest between each
trial. Verbal encouragement was provided for all
subjects. After that, subjects performed dynamic
tests. Subjects were instruct on proper
mechanics, including landing softly with feet
approximately shoulder width apart, maintaining
alignment of knees over toes and shoulders over
knees, and stabilizing in a partial squat position.
The tests were performed with bare-foot. Subjects
were allowed to practice the tests until they
reported feeling comfortable with the tasks and
were able to perform repetitions with proper
technique. Aquatic exercises were performed in a
swimming pool which water depth was matched to
the xiphoid process of each subject. Throughout
the laboratory experiment, the water temperature
of the pool was maintained at 30°C, a level
assumed to be thermo neutral for exercising
humans. The air temperature of the laboratory
during the study was set at 24°C to ensure similar
skin temperatures between the wet and dry
conditions. All tests were performed at 9-12 AM
o’clock in the midst of winter.
Telemetric Surface EMG was used to
investigate muscle activity in the vastus lateralis
(VL), medial hamstring (MH), lateral hamstring
(LH) and lateral gastrocnemius (LG). These
muscles were chosen because of their role in
stability of knee joint (Fagenbaum & Darling,
2003). EMG Data were acquired with an 8
channel telemetric EMG system (Data LOG
MWX8,
Biometrics
Inc)
and
streamed
continuously to a SONY laptop. This system

which was composed of an A/D convertor, an
amplifier and software for data analysis, collected
the EMG signals from surface electrodes
3
(Amplification gain10 MΩ, with a bandwidth
ranging from 20 to 450 Hz, common mode
rejection 110 db). Differential surface electrodes
(Ag-AgCl; SX 230-1000, Biometrics; interelectrod
distance of 20 mm, electrode diameter of 10mm)
were placed over muscles parallel to the direction
of action potential propagation to monitor muscle
activity as described by Perotto (1994) (Peretto,
2005). A single ground electrode was placed on
the right ulnar styloid process. Proper electrode
placement and minimal cross-talks were verified
via manual muscle testing (Hislop, 1995).
Previous works indicated that EMG is a reliable
method to assess the activity of muscles during
dynamic movements such as jump-landing (Fauth
and Petushek, 2010) and also dynamic activities
in water environments (Silver and Dolny, 2001).
Also, in the current study the ICC and SEM (trial
to trial reliability) of amplitude and onset timing of
EMG were assessed and showed good reliability
for all measures.
There
are
several
methodological
considerations to bear in mind when recording
EMG signals during water locomotion. The
primary methodological concern for measuring
EMG in water is waterproofing the EMG leads. It
is common to apply a layer of adhesive waterproof
tape over the electrodes. When using this
technique, it is important to monitor the EMG
signal for changes that might indicate water
leakage. To preserve the integrity of the EMG
signals on land and particularly in water, the skin
at each site was shaved, abraded and cleaned
with alcohol before electrode placement. Because
water infiltration can contaminate the EMG signals
(Benfield et al., 2007), careful attention was paid
to
waterproofing
electrodes.
The
same
waterproofing technique described by Silvers and
Donely (2011) was followed (Silver and Dolny,
2001). This waterproofing technique is reportedly
reliable between environments. The surface
electrodes were fixed with the extreme care using
adhesive tape (3M Co. Ltd., USA) before being
covered with an 8×8 transparent adhesive film
(Hydrofilm, 3M, St. Paul, MN, Austria) to prevent
water from contacting the skin-electrode interface
and to prevent electrical leakage during the tests.
This method was used because no electrodes or
remote telemetry equipment is commercially
available for determining muscle activities in
water. It was essential that the surface electrodes
adhered to the skin surface, because failure to do
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so would have resulted in considerable movement
artifact. The covered electrode was sprayed with a
waterproof adhesive (Bison International LTD).
Silicone aquarium sealant (Selsil LTD, Turky) was
applied around electrodes to prevent water
infiltration. Once the sealant had cured, a piece of
bresent tape was placed over each electrode.
Taping was done in a manner that allowed
unencumbered movement of the muscles tested
during exercise.
Water exercises were performed after
completion of the land exercises to prevent
damage to the adhesive due to sweet or
excessive movements. The electrodes were not
repositioned between environments and the
addition of waterproofing adhesives has shown
not to influence EMG amplitude during land
exercises (Carvalho et al, 2010). In this study, the
timing of foot contact was synchronized with the
EMG system using a customized waterproof foot
switch. The foot switch marked the instant of
contact. Fat percentage was calculated through a
regression equation suggested by Pollack and
Jackson (1987) (Pollack and Jackson, 1978).
Math lab software (version 10) was used to
process row data. For the MVIC data, the first and
last second of each trial were discarded prior to
analysis, then digitally processed with band pass
filter from 10 to 400 Hz, using a fourth-order, zerolag Butterworth filter and a centered RMS
algorithm with 100 ms time constant. The peak
RMS amplitude obtained over three trials then
used to normalize the EMG data during tasks. For
the jump-landing trials, the SEMG signals were
digitally processed and full wave rectified with a
band pass filter from 10-400 Hz, using a forth
order zero-lag Butterworth filter and then digitally
processed using a centered RMS algorithm with a
25 ms window (Ambegaonkar et al, 2011).
A mean±standard deviation (SD) threshold
buffer extracted the muscle activity onset times in
milliseconds. Muscle activity onset time was
defined as the time point before ground contact
when the muscle activity first exceeded 2SDs
above the baseline activity of the muscle for at
least 25 ms or longer (Ambegaonkar et al, 2011).
Baseline activity was collected in quiet stance for
a period of 500 ms before the start of each trial.
The maximum RMS over 150 ms pre-landing and
150 ms post-landing in three tasks were
calculated and then normalized to the peak RMS
amplitude of MVIC and reported as percentage of
it (Ambegaonkar et al., 2011).
The normality was assessed using the
kolmogrov-smirnov test. The effect of environment

(water and land) on normalized RMS EMG values
(pre and post landing) and muscle onset pre
activation for each muscle was assessed with
paired-samples t-test. α levels of 0.05 were
Bonfferoni adjusted. To quantify meaningfulness,
the effect sizes were also calculated with
(Cohen’d). Interpretation of effect size was based
on Hopkins criteria where, 0.02, 0.06, 1.6 and >2
represent small, medium, large and very large
effect size respectively (Hopkins, 2006).
RESULTS
As presented in table1, normalized EMG
value for VL before landing was significantly lower
for countermovement jump (t=8.2, p=0.000,
ES=0.8), drop-landing (T=3.3, P=0.01, ES=0.56)
and drop-jump (T=5.05, P=0.001, ES=0.76).
Similar to the VL, for lateral gastrocnemius the
normalized EMG before landing was significantly
lower in counter movement jump (t=6.9, p=0.000,
ES=0.85).
With
the
exception
of
countermovement
jump
(T=2.5,
P=0.000,
ES=0.4), there was no significant difference in pre
activation of hamstrings between land and water
environment. With respect to the table 2 , after
initial contact, VL had significantly lower
normalized EMG value in water than on land in
countermovement jump (t=2.3, p=0.04, ES= 0.4),
drop-landing (t=5.6, p=0.000, ES=0.79) and dropjump (t=3.2, p=0.012, ES=0.8). It was observed
that in all three tasks LG normalized EMG value
after initial contact follow same trend in water and
land. With respect to table3, in both environments
the onset of muscle activation prior to the initial
contact was statistically similar in drop land and
drop jump.
DISCUSSION
The Purpose of this study was to compare
neuromuscular responses of lower extremity
during various jump-landing tasks in water and on
land in active young females. To our knowledge,
this study reports for the first time neuromuscular
responses during jump- landing tasks in water.
The investigated subjects were immersed in water
at xiphid level where the apparent body weight is
about 70 % of body weight (Harrison et al., 1992).
The activity of all muscles before landing in three
tasks showed significantly decreased values. In
this phase of landing, muscle activity commences
to prepare for impact with the ground. This preactivation reflects the strategies which CNS
anticipate in order to impact absorption.
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Table1: Mean and SD of Pre-landing Amplitude of muscle activity (%MVIC)
Task
Muscle
Land
Water
P-value
t-Statistics
Effect Size
0.8
VL
32.2±62.7
30.6±53.6
0.000
8.2
0.4
LH
43±74.5
41±70.8
0.34
2.5
CM
0.1
MH
31.6±57.7
29.4±56.1
0.333
1.03
0.5
LG
15.7±37.3
13.6±29.7
0.000
6.9
0.7
VL
20.3±36.2
17.6±29.2
0.001
5.05
0.01
LH
28.7±36.6
25.7±35
0.443
0.807
DJ
0.05
MH
33.3±42.7
32.6±44.2
0.530
-0.67
0.8
LG
28.2±45.5
26.5±38.2
0.000
6.9
0.6
VL
32.9±63
40.9±72.7
0.01
-3.37
0.2
LH
101±104.1
97.4±95.5
0.189
1.43
DL
0.18
MH
64.2±58.8
63±58.2
0.246
1.26
0.87
LG
9.7±58.8
63±58.2
0.000
7.34
Table 2: Mean and SD of Post-landing Amplitude of muscle activity (%MVIC)
Task
Muscle
Land
Water
P-value
Statistics
Effect Size
0.4
VL
63.3±121.6
43±105
0.04
2.3
0.02
LH
49.4±78.3
35±82
0.665
-0.44
CM
0.3
MH
55.9±69.2
56.7±65.1
0.110
1.7
0.001
LG
10±36.7
21±30.5
0.931
0.089
0.6
VL
72.6±110.8
66.5±96.5
0.012
3.2
0.05
LH
39±52.2
37.7±53.8
0.54
-0.63
DJ
0.25
MH
21.9±44.7
18±45.7
0.142
10.001
LG
42.1±60.2
50±59.9
0.927
0.09
0.79
VL
38.3±90.6
37.3±83.2
0.000
5.6
0.15
LH
29±34
27.6±33.3
0.25
1.2
DL
0.29
MH
52±71.5
30.4±54.1
0.132
1.7
0.23
LG
24.7±38.7
23.1±34.7
0.160
1.5
Table 3: Mean and SD of muscle onset times (ms)
Task

DJ

DL

Muscle

Land

Water

P-value

VL

43±97

37±83.2

0.24

LH
MH
LG
VL

53.3±122.6
37.8±94.83
64.97±110.3
37.3±73.6

66.5±96.5
48±112
57±103
37±48

0.112
0.65
0.15
0.132

LH

17.7±53.3

28±41

0.11

MH
LG

25.13±103.8
39.2±105.7

44±114
30±89

0.64
0.92

Differences in neuromuscular responses
between aquatic and land environment in current
study corroborate the findings obtained by
previous studies showing that the EMG activity of
lower extremity during underwater exercises was
decreased compared to that during similar

exercises on land (Masumoto et al., 2004, 2005,
2007, 2008. Kelly et al., 2000. Pöyhönen and
Avela, 1999, 2001, 2002). Bressell et al., (2011)
also proposed that with hydrostatic pressure and
buoyancy trunk muscles play less of a stabilizing
role in the aquatic environment, which minimizes
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their EMG activity (Bressel et al., 2011). The
decreased EMG amplitude is directly associated
with the decreased in muscle activity. Various
mechanisms have been proposed to address why
muscle activity levels are often lower in water than
on land. Pöyhönen and Avela (2002) concluded
that immersion in water induced deterioration in
neuromuscular function via impulses from
mechanoreceptors over the entire body. They
observed a substantial reduction in the Hoffman
reflex during immersion in water (Pöyhönen and
Avela, 2002). Hydrostatic pressure may stimulate
mechanoreceptors whose impulses triggering presynaptic inhibitory mechanisms with interneuron
pathways. Furthermore, partial weightlessness
(can have influence) may be another explanation.
Findings from the microgravity simulations
suggest that the decreased effect of gravity during
immersion is associated with the reduced
stimulation of gravo receptors in muscles, the
vestibular system and skin (Grigoriev & Egorov,
1996).
Water environment resulted in significant
decrease in activity of VL after initial contact.
These findings seem to be related to the knee
joint function, more specifically through the
eccentric contraction of the quadriceps in
absorbing the energy generated by the ground
reaction forces as well as to let the downward
movement of body while smoothly control rate of
flexion in lower extremity (Solomonov &
Krogsgaard, 2001). With respect to the reduction
of muscle activity in pre-contact phase in water
environment compared with land, this reduction
may be developed to the post contact phase. In
many everyday movements, our interactions with
the environment are often characterized by large
transient reaction forces, especially during
landing. Upon landing the body experience impact
forces which are input signals into locomotors
system. These forces can be modified by different
factors such as task and surface (Santello, 2005).
Furthermore, muscle activity has to be modulated
appropriately in reaction to the ground reaction
force (GRF) to absorb the kinetic energy of body.
Previous investigations showed that peak GRF
and impulse were significantly reduced (33-54%
and 19-54%) when performing jump-land exercise
in water compared with land (36). These factors
are influenced by depth of water and body
composition. Donoghue (2011) reported that peak
landing GRF occurred after 50 milliseconds in
countermovement jump; in addition, rate of force
development was significantly reduced in water.
Also, due to the drag force, the momentum at the

instant of contact is lower in water than on the
land. Based on Impulse-Momentum relationship,
the body is exposed to the lower impulse at the
initial contact. Since, the reduction in GRF has
been demonstrated in water, this may be an
explanation for deceased muscle activity.
Therefore, the observed decrease in activity of VL
in post contact phase was expected.
The results of LG demonstrated lack of
statistical differences between two environments
during all jump-landing tasks. In a study on
walking in water, different EMG activation patterns
were observed for most of muscles except of GA
which had not different activity in water which is
consistent with our results (Barela et al., 2006).
Based on Studies on influence of the level of body
immersion on postural adjustments have
demonstrated
the
different
influence
of
weightlessness on the antagonistic lower leg
muscles (Dietz and Colombo,1996) the results
suggested a different susceptibility of muscles to a
changed proprioceptive input and consequently, a
different neural control of leg muscles (Dietz and
etal, 1987). Body immersion had stronger
influence on the GA as an antigravity muscle
compared with leg flexors. It is assumed that
activity of this muscle is predominantly modulate
and controlled by proprioceptive input (Dietz et
al., 1987). While, flexor muscles had different
neutral control. It has been suggested that these
muscles are predominantly controlled by central
mechanisms (Dietz et al., 1987). This result is
inconsistent with our findings. Dietz and Gollhofer
(1999) stressed the functional role of extensor
load receptors during stance and gait (Dietz et al.,
1992). Results of current study showed that
reduced ground reaction force in water at the
xiphoid level may have no effect on function of
load receptors in GA muscle.
Previous
investigations
suggest
that
inadequate waterproofing the electrodes may in
part explain EMG decreases (Carvalho et al.,
2010). But in current study insulation procedure
was performed based on studies. Thus, above
explanation does not apply in the current study.
Also, both water and air temperature was
maintained within thermo neutral range (Sheldhal
et al., 1981).
The activity of hamstrings in post landing
phase, presented no significant differences
between aquatic and land environment. These
muscles act with the aid of gravity during landing
on non-aquatic condition and in water
environment act as agonist to overcome drag
force. The hamstrings are knee flexors and are
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important during the initial landing (Solomonov
and Krogsgaard, 2001). After the shock absorbing
is completed the hamstrings do not have a further
significant role. Therefore, it seems that the
activation of these muscles have not been
influence by immersion.
Although there was no significant difference in
onset of muscle activity prior to initial contact
between land and water environment but there
was a global shift in EMG onset of muscles closer
to the landing in water and it is most obvious in
the ankle muscle. The similarity in the onsets of
EMG activity in different conditions confirmed that
the underlying process may be pre-programmed
strategies (Dyhre et al., 1980).
It should be noted that the current study has
several limitations. First, subjects included were
recreationally active women, not necessarily elite
athletes. The conclusion drown from this study
can only be applicable to women who are
recreationally active. Our results are limited to
observations in healthy female subjects. Further
comparisons are needed across men, different
athletic sports, physically active and pathologic
population to generalization of our findings. Also
jump-landing tasks were performed in a laboratory
setting with various amounts of equipment
attached to the subjects. While the task is similar
to athletic movement, it is not as anticipated and
subconscious as on the field. Because we did not
examine muscle activity of all hip and ankle
muscles and 3D biomechanics of the lower
extremity during tasks in water, limited
assumptions can be made about hip and ankle
muscle activity and kinetics from current study.
The examining the lower extremity kinematics and
kinetics with muscle activity would be helpful for
comprehensive analysis of jump-landing tasks in
water.
CONCLUSION
Results showed that muscle activity in response
to the environmental changes is different in prelanding phase of landing for knee muscles and in
post-landing phase for VL, that is an indicator of
changing
and
modifying
neuromuscular
mechanisms underlying the control of impact
forces during landing in water environment.
Researchers, coaches and athletic trainers should
recognize that, having to perform jump-landing
movements in aquatic environment alter prelanding neuromuscular activity of lower extremity
muscles and post-landing activity of vastus
lateralis as a shock absorber. Generally this study
confirms the role of water environment as a

different medium but, with respect to the various
neuromuscular responses in different lower
extremity muscles in water compared on land,
prescription of aquatic jump-landing exercises for
active young females in order to conditioning
should be accurately considered. Differences
were observed between the two exercise
conditions in this study. While the amount of
muscle activation during the performance of
exercises in the water condition were less as
when performed on land, there was still activation
detected. This is important clinically, as
endurance benefits are associated with muscle
activation at or below 25% MVC (Hibbs et al.,
2008). Results of this study show significantly
greater EMG activity with land-based exercises as
compared to equivalent water-based exercises.
The present findings provide valuable information
that will help with the design of water-based
exercise programs that can be safely applied for
the rehabilitative and recreational purposes. We
propose the use of aquatic rehabilitation as an
early phase in the progression of rehabilitation.
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