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Abstract. [Purpose] The aim of this study was to examine the effects of balance training and muscle training
around the ankle joints on the gait of elderly people who have experienced a fall. [Subjects] Twenty-six elderly
people with a risk of falling and a Berg Balance Scale score of 37 to 50 points who had experienced a fall in the last
year were randomly and equally assigned to either a balance training group or an ankle training group. The balance
training group received training on a hard floor, training while maintaining balance on a cushion ball in a standing
position, and training while maintaining balance on an unstable platform in a standing position; the ankle training
group received training to strengthen the muscles around the ankle joints and conducted stretch exercise for the
muscles around the ankle joints. [Results] There were significant changes in gait velocity, step length, and stride
length in the balance training group after the intervention; there were significant changes in gait velocity, cadence,
step time, cycle time, step length, and stride length in the ankle training group after the intervention. In a between-
group comparison, the gait velocity of the balance training group showed a significant improvement compared with
the ankle training group. [Conclusion] Both balance training and ankle joint training are effective in enhancing the
gait ability of elderly people with a risk of falling; in particular, balance training is effective in improving the gait
velocity of elderly people who have experienced a fall compared with ankle joint training.
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INTRODUCTION

When a person falls, they drop down to a position on
the floor, a lower position than their original body position,
because of an abrupt unintentional postural change, except
for in the case of falling due to acute paralysis or external
forcel2). Factors that may trigger a fall include age, gender,
changes in physical strength such as balance hypoesthesia,
weakened lower limb muscles, reduced flexibility, reduced
activities of daily living, visual deficits, peripheral nerve
disorders, cognitive impairment, emotional problems like
depression, residential environment, drug intake, drinking,
urinary incontinence, past history of a fall, arthritis, and
chronic diseases like cardiovascular disease’=9).

Falls are frequent among elderly people”. Elderly people
who have experienced a fall may suffer from a series of se-
vere complications including hip joint fractures, which in-
crease their morbidity and mortality rates and waste medical
resources®. Among the diverse methods of preventing falls,
regular and appropriate exercise slows down decreases in
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physical strength such as balance ability, muscle strength,
and flexibility?, and exercises that prevent falls are known
to reduce their frequency®1?.

Balance is a dynamic phenomenon that requires stability
and mobility to be in good harmony, and in order to prop-
erly maintain body balance, the ability to integrate the neu-
rological and musculoskeletal systems is important'®. All
the stimuli coming from various sensory receptors such as
visual sensory, somatic sensory, proprioceptive, skin, joint,
and vestibular sensory receptors are integrated in different
levels of the central nervous system, affecting an individ-
ual’s ability to maintain balance through efficient muscle
tone, muscle strength and endurance, and flexibility of the
joints! 1),

Recovery of balance according to postural sway is
achieved by an ankle strategy, a hip strategy, or both strate-
gies in combination'®. An ankle joint strategy is ordinarily
used when there is a small amount of body sway on a solid
base of support. It is the first postural adjustment strategy
to be used and refers to primarily recovering upright stand-
ing balance through muscular contraction of the ankle
joints!> 1719 Training programs to ameliorate balance in-
clude aerobic, muscle strengthening, and balance exercises.
Balance exercise programs include aerobic exercise for the
purpose of improving stability, exercise to enhance muscle
strength, and a method to ameliorate balance using differ-
ent sensory inputs'?.

Research on gait stability is deeply related to research on
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falls. In study of falls associated with age, the postural sway
that appeared when maintaining postural balance became
serious, and the stability limit significantly decreased!”. As
individuals age, the step width and gait speed in the gait
process decrease, and the double-support stance phase dur-
ing the gait cycle lengthens. Such growth in the double-sup-
port stance phase increases the step width, which is related
to gait instability and is a factor for falls?® 2D, In addition,
a reduction in gait speed in elderly people means that their
ability to perform movement in ordinary life decreases??. In
order to enhance gait stability, lower limb muscle strength
training and balance training are frequently used. Previous
research in which elastic resistance exercises were applied
to the lower extremities for 14 weeks showed that an elderly
group that conducted such exercises saw greater improve-
ments in gait speed and ankle flexor muscle strength than
an elderly group that did not conduct such exercises?. In
addition, resistance and balance exercises changed the gait
patterns of elderly people who had experienced a fall>* 2%,
Most prior studies have concerned fall prevention or bal-
ance ability improvements. In this study, balance training
and muscle training were applied around the ankle joints by
changing the base of support to improve the balance ability
of elderly people who have already experienced a fall, and
the authors examined how such training affected their gait
ability.

SUBJECTS AND METHODS

The Subjects for this research were selected from the
patients of a retirement community located in Youngdeok-
gun, Gyungbuk, South Korea during the period of January
4 to February 28, 2014. The criteria for inclusion were as
follows: those who had not participated in any regular ex-
ercise program for the past six months, those who had no
special disease that may affect the experiment, those who
had normal cognitive function with a mini-mental state ex-
amination-Korean version score of 24 points or higher, and
those with a Berg Balance Scale score of 37 to 50 points.
Twenty-six elderly people who had experienced a fall in
the past year were selected as the subjects for this study.
All of the subjects were given an overview of the study and
participated after providing consent. The Ethics Commit-
tee of Namseoul University, South Korea, also approved the
study. The IRB approval number is Research-131104-2. The
general characteristics of subjects are provided in Table 1.

The subjects received either a balance training program
or an ankle training program three times per week, 50 min-
utes per time, for eight weeks. A balance training program
aimed at improving balance was applied by referring to
the methods presented by Lee?® and Park?”. It consisted
of warm-up exercise for five minutes, balance training for
30 minutes, and cool-down exercise for five minutes. The
main portion of the training was composed of exercises per-
formed while standing on a hard floor (slowly raising and
lowering both heels, raising and lowering the front parts of
both feet, and alternately standing on one leg); an exercise
consisting of maintaining your balance while standing on
a cushion ball; and an exercise consisting of maintaining

Table 1. General characteristics of the subjects

BEG (n=13) AEG (n=13)
Sex (male/female) 3/10 3/10
Age 73.0+3.9 73.4£3.8
Weight (kg) 56.0+4.3 57.69+4.3
Height (cm) 159.2+3.4 159.15+4.3
MMSE-K 24.7+0.8 24.6+0.6
BBS 43.0+2.3 42.8+3.2

Values are means £SD. p<0.05.
BEG: balance exercise group, AEG: ankle exercise group

your balance while standing on an aero step. The exercise
done on a hard floor was done in two sets, each for three
minutes. The subjects were instructed to keep their eyes
open for one set and closed for the other set. They did two
sets of the exercises on the cushion ball and the aero step,
each set taking two minutes. After each set, they sat on a
chair and rested for two minutes. The ankle training pro-
gram was comprised of warm-up exercise for five minutes,
an ankle training exercise for 30 minutes, and cool-down
exercise for five minutes. For the main exercise, the subjects
conducted muscle stretch exercises around the ankle joints
for fifteen minutes each time and then muscle resistance
exercises around the ankle joints for fifteen minutes each
time. For the stretch exercise, the subjects conducted static
stretching of the ankle dorsiflexor and ankle plantarflexor.
They performed resistance exercises using yellow (resis-
tance power of 1.0 kg when extended by 40 cm) and red
(resistance power of 1.6 kg when extended by 40 cm) elastic
bands 30 minutes per day. Considering that they were el-
derly people, the exercise intensity was set with the rating
scale of perceived exertion at 13 to 14.

A GAITRite system(CIR Systems Inc., Clifton, NJ,
USA) was used to measure gait performance. All of the
subjects in both groups rested for 30 minutes before and
after the training, and their gait ability was measured after
practicing their gait twice at their own speed.

SPSS 18.0 was used for data analysis. In order to com-
pare gait performance prior to and after the exercises in
each group, a Wilcoxon signed-rank test was conducted; in
order to compare the gait performances of the two groups,
a Mann-Whitney U test was carried out. The statistical sig-
nificance level was set at p<0.05.

RESULTS

A comparison of gait ability according to training indi-
cated that the balance training group had statistically signif-
icant changes in gait velocity, step length, and stride length
and no statistically significant changes in step time and
cycle time (p<0.05) (Table 2). The ankle training group had
statistically significant changes in gait velocity, cadence,
step time, cycle time, step length, and stride length (p<0.05)
(Table 2). According to a comparison of between-group dif-
ferences, the balance training group showed a statistically
significant improvement in gait velocity compared with the
ankle training group.
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Table 2. Comparison of the gait performance of the postural strategy and ankle joint exercise groups

BEG AEG
Before After Before After
Gait velocity (cm/sec) ** 76.5+1.4 93.841.9* 81.4+2.3 88.8+2.6*
Cadence (steps/min) 103.8+£2.3 99.0+£1.3* 107.742.1 96.9£1.0%*
Step time Lt (sec) 0.5+0.0 0.6£0.0 0.5+0.0 0.6+0.0*
Step time Rt (sec) 0.5+0.0 0.6+0.0 0.5+0.0 0.61+0.0*
Cycle time Lt (sec) 1.1£0.0 1.2+0.0 1.1£0.0 1.2+0.0*
Cycle time Rt (sec) 1.1£0.0 1.2+0.0 1.1+0.0 1.2+.01%*
Step length Lt (cm) 44.2+1.0 57.0+1.2% 45.6+0.9 55.1+1.1%
Step length Rt (cm) 44.5+1.1 56.6+1.2* 44.9+0.8 54.441.2%
Stride length Lt (cm) 89.1+£2.0 113.942.3* 90.8+1.7 110.0+£2.3*
Stride length Rt (cm) 88.3+2.1 113.242 4% 90.4+1.8 109.3+2.3*

Values are means£SD, *p<0.05, significant difference between before and after training, BEG: balance

exercise group, AEG: ankle exercise group

DISCUSSION

Falls are a major cause of deaths in elderly people, and
those who have experienced a fall once are afraid of falling
again, which results in decreased activity?®. Therefore, it
is crucial to enhance the movement of elderly people who
have experienced a fall through exercise. To improve their
balance ability and basic gait, aerobic exercise and other
diverse exercise methods aimed at increasing balance and
muscle strength need to be applied?”. Accordingly, this
study examined the effects of balance and muscle exercises
targeting the ankle joints on the gait of elderly people who
have experienced a fall.

A comparison of gait ability according to training dem-
onstrated that there were statistically significant differences
in the gait velocity, step length, and stride length of the bal-
ance training group (p<0.05). In the ankle training group,
there were statistically significant differences in gait veloc-
ity, cadence, step time, cycle time, step length, and stride
length between before and after the training (p<0.05).

In general, gait speed may be affected by neurological
control of such things as balance ability and physical and
physiological characteristics like reciprocal coordination
of the lower limb muscles and vital capacity’?. Moreover,
improving muscle functioning through regular exercise in-
creases the number of steps and gait speed?'> 3. Persch et
al.?¥ reported that a 12-week lower limb muscle strength
training program enhanced muscle strength, which resulted
in gait speed being improved by 11.1% and gait ability being
improved by 44%. In the present study, similar to previous
research results, the gait velocity of the balance and ankle
joint training groups increased after eight weeks of exer-
cise. Steadman et al.>® noted that reduced balance ability
in elderly people was related to reductions in gait velocity
and balance ability. In the present study, the gait speeds of
both the balance training group and the ankle joint training
group increased, and the eight-week exercise programs had
a positive effect on balance in the elderly subjects.

In the gait, increases in cadence, step length, and stride
length affect the increase in gait speed3®. Coa et al.3® ob-
served that the reason elderly people’s gait speed decreases
is because their step width decreases. Ferrandez et al.>?) re-

ported that reductions in step width negatively influenced
other aspects of gait—decreases in arm swing and rotation
of the hip, knees, and ankles—and lengthened double-limb
support time, triggering reduced gait speed. According to
the present findings, the balance training group had in-
creases in step length and stride length, and the ankle joint
training group experienced improvements in cadence, step
length, and stride length. In both groups, gait velocity in-
creased, consistent with previous research results.

According to the between-group comparison, there were
statistically significant changes in the gait velocity of the
balance exercise group relative to the ankle joint exercise
group (p<0.05). Balance ability and gait ability are known
to have a high correlation®. Continuous postural adjust-
ment is necessary between one lower limb and the other
and between the lower extremities and the upper extremi-
ties on a base of support that is unstable and changes during
gait’®. Among the activities of daily living, gait is one that
is performed at different speeds and in diverse directions,
not just in one direction. A change in gait direction slows
forward motion and triggers movement in a new direction,
and balance should be well controlled to prevent falling and
to maintain a stable gait in the new direction and speed*?.
Balance during gait is an important element, and therefore
the balance exercise group’s gait speed increased signifi-
cantly more than that of the ankle joint exercise group.

This study has several limitations. The number of sub-
jects was small, and various physical traits of the subjects
were not sufficiently taken into account; therefore, it will
be difficult to generalize the results to all elderly people.
Besides, the variety of chronic diseases was not considered,
and the effects of chronic degenerative physical traits can-
not be excluded. The subjects of this study were elderly
people who were able to independently walk without aid.
However, physical capabilities such as visual perception
ability or space perception ability that may have affected
the results were not taken into consideration. Accordingly,
future research that reflects individual traits should be car-
ried out on the association between physical characteristics
and functional levels and should utilize a larger number of
subjects over a longer time period.



142 J. Phys. Ther. Sci. Vol. 27, No. 1, 2015
ACKNOWLEDGEMENT

Funding for this paper was provided by Namseoul Uni-
versity.

REFERENCES

1) Ungar A, Rafanelli M, Tacomelli I, et al.: Fall prevention in the elderly. Clin
Cases Min Bone Metab, 2013, 10: 91-95. [Medline]

2) Kamioka H, Mutoh Y, Shimura H: [Fall risk and fracture. Exercise for fall
prevention in the elderly]. Clin Calcium, 2013, 23: 719-729. [Medline]

3) Karlsson MK, Vonschewelov T, Karlsson C, et al.: Prevention of falls in
the elderly: a review. Scand J Public Health, 2013, 41: 442—454. [Medline]
[CrossRef]

4) Ambrose AF, Paul G, Hausdorff JM: Risk factors for falls among older
adults: a review of the literature. Maturitas, 2013, 75: 51-61. [Medline]
[CrossRef]

5) Viswanathan A, Sudarsky L: Balance and gait problems in the elderly.
Handb Clin Neurol, 2012, 103: 623-634. [Medline] [CrossRef]

6) Inoue Y, Sakatomo K, Sako T, et al.: Do recognitive factors and general
balance of the elderly predict recurrent falls? —A prospective study—. J
Phys Ther Sci, 2012, 24: 739-741. [CrossRef]

7) Rogers ME, Rogers NL, Takeshima N, et al.: Methods to assess and im-
prove the physical parameters associated with fall risk in older adults. Prev
Med, 2003, 36: 255-264. [Medline] [CrossRef]

8) Kanari Y, Yasumura S: [A review of intervention studies for prevention
of falls in older people]. Nippon Koshu Eisei Zasshi, 2002, 49: 287-304.
[Medline]

9) McPhate L, Simek EM, Haines TP: Program-related factors are associated
with adherence to group exercise interventions for the prevention of falls:
a systematic review. J Physiother, 2013, 59: 81-92. [Medline] [CrossRef]

10) Kang KY: Effects of visual biofeedback training for fall prevention in the
elderly. J Phys Ther Sci, 2013, 25: 1393-1395. [Medline] [CrossRef]

11) Karlsson MK, Magnusson H, von Schewelov T, et al.: Prevention of falls
in the elderly—a review. Osteoporos Int, 2013, 24: 747-762. [Medline]
[CrossRef]

12) Roh HL, Lee DH: Effect of a home-based exercise program on elderly
women’s health. J Phys Ther Sci, 2012, 24: 449-453. [CrossRef]

13) Shumway-Cook A, Woollacott M: Motor Control: Translating Research
into Clinical Practice, 4th. LWW, 2011, pp 161-191.

14) Howe TE, Rochester L, Neil F, et al.: Exercise for improving balance in
older people. Cochrane Database Syst Rev, 2011, 11: CD004963.

15) Leung DP, Chan CK, Tsang HW, et al.: Tai chi as an intervention to im-
prove balance and reduce falls in older adults: a systematic and meta-ana-
lytical review. Altern Ther Health Med, 2011, 17: 40—48. [Medline]

16) Horak FB, Nashner LM: Central programming of postural movements: ad-
aptation to altered support-surface configurations. J Neurophysiol, 1986,
55: 1369-1381. [Medline]

17) Horak FB, Shupert CL, Mirka A: Components of postural dyscontrol in the
elderly: a review. Neurobiol Aging, 1989, 10: 727-738. [Medline] [Cross-
Ref]

18) Nashner LM: Adapting reflexes controlling the human posture. Exp Brain
Res, 1976, 26: 59-72. [Medline] [CrossRef]

19) Daubney ME, Culham EG: Lower-extremity muscle force and balance
performance in adults aged 65 years and older. Phys Ther, 1999, 79: 1177—
1185. [Medline]

20) Kearney FC, Harwood RH, Gladman JR, et al.: The relationship between

21)

22)

23)

24)
25)

26)

27)

28)

29)

30)

31)

32)

33)

34)

35)

36)

37)

38)

39)

40)

executive function and falls and gait abnormalities in older adults: a sys-
tematic review. Dement Geriatr Cogn Disord, 2013, 36: 20-35. [Medline]
[CrossRef]

Bendall MJ, Bassey EJ, Pearson MB: Factors affecting walking speed of
elderly people. Age Ageing, 1989, 18: 327-332. [Medline] [CrossRef]
Verghese J, Holtzer R, Lipton RB, et al.: Quantitative gait markers and
incident fall risk in older adults. J Gerontol A Biol Sci Med Sci, 2009, 64:
896-901. [Medline] [CrossRef]

Topp R, Estes PK, Dayhoff N, et al.: Postural control and strength and
mood among older adults. Appl Nurs Res, 1997, 10: 11-18. [Medline]
[CrossRef]

Duxbury AS: Gait disorders and fall risk: detection and prevention. Compr
Ther, 2000, 26: 238-245. [Medline] [CrossRef]

Skelton DA, Beyer N: Exercise and injury prevention in older people.
Scand J Med Sci Sports, 2003, 13: 77-85. [Medline] [CrossRef]

Lee JW: Effect of ankle strategy exercise on improvement of balance in
elderly with impaired balance. Unpublished Doctoral Dissertation. Yonsei
University, 2007.

Park KH, Kim WB: The effect of ankle strategy exercises on balance of
patients with hemiplegia. ] Kor Soc Phy Med, 2014, 9: 75-82. [CrossRef]
O’Loughlin JL, Robitaille Y, Boivin JF, et al.: Incidence of and risk factors
for falls and injurious falls among the community-dwelling elderly. Am J
Epidemiol, 1993, 137: 342-354. [Medline]

Shumway-Cook A, Woollacott M, Kerns KA, et al.: The effects of two
types of cognitive tasks on postural stability in older adults with and with-
out a history of falls. J Gerontol A Biol Sci Med Sci, 1997, 52: M232—
M240. [Medline] [CrossRef]

Gally PM, Forster AL: Human movement. Churchill Livingstone, 1999, pp
197-206.

Brill PA, Probst JC, Greenhouse DL, et al.: Clinical feasibility of a free-
weight strength-training program for older adults. J Am Board Fam Pract,
1998, 11: 445-451. [Medline] [CrossRef]

Chandler JM, Duncan PW, Kochersberger G, et al.: Is lower extremity
strength gain associated with improvement in physical performance and
disability in frail, community-dwelling elders? Arch Phys Med Rehabil,
1998, 79: 24-30. [Medline] [CrossRef]

Persch LN, Ugrinowitsch C, Pereira G, et al.: Strength training improves
fall-related gait kinematics in the elderly: a randomized controlled trial.
Clin Biomech (Bristol, Avon), 2009, 24: 819-825. [Medline] [CrossRef]
Steadman J, Donaldson N, Kalra L: A randomized controlled trial of an
enhanced balance training program to improve mobility and reduce falls in
elderly patients. ] Am Geriatr Soc, 2003, 51: 847-852. [Medline] [Cross-
Ref]

Perry J: Gait Analysis; Normal and Pathological function, 2nd. Slack In-
corporated, 2009, pp 471-482.

Cao ZB, Maeda A, Shima N, et al.: The effect of a 12-week combined
exercise intervention program on physical performance and gait kinemat-
ics in community-dwelling elderly women. J Physiol Anthropol, 2007, 26:
325-332. [Medline] [CrossRef]

Ferrandez AM, Pailhous J, Durup M: Slowness in elderly gait. Exp Aging
Res, 1990, 16: 79—-89. [Medline] [CrossRef]

Bohannon RW, Leary KM: Standing balance and function over the course
of acute rehabilitation. Arch Phys Med Rehabil, 1995, 76: 994-996. [Med-
line] [CrossRef]

MacKinnon CD, Winter DA: Control of whole body balance in the frontal
plane during human walking. J Biomech, 1993, 26: 633—644. [Medline]
[CrossRef]

Hase K, Stein RB: Turning strategies during human walking. J Neuro-
physiol, 1999, 81: 2914-2922. [Medline]


http://www.ncbi.nlm.nih.gov/pubmed/24133524?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23628686?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23554390?dopt=Abstract
http://dx.doi.org/10.1177/1403494813483215
http://www.ncbi.nlm.nih.gov/pubmed/23523272?dopt=Abstract
http://dx.doi.org/10.1016/j.maturitas.2013.02.009
http://www.ncbi.nlm.nih.gov/pubmed/21827923?dopt=Abstract
http://dx.doi.org/10.1016/B978-0-444-51892-7.00045-0
http://dx.doi.org/10.1589/jpts.24.739
http://www.ncbi.nlm.nih.gov/pubmed/12634016?dopt=Abstract
http://dx.doi.org/10.1016/S0091-7435(02)00028-2
http://www.ncbi.nlm.nih.gov/pubmed/12043175?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23663793?dopt=Abstract
http://dx.doi.org/10.1016/S1836-9553(13)70160-7
http://www.ncbi.nlm.nih.gov/pubmed/24396196?dopt=Abstract
http://dx.doi.org/10.1589/jpts.25.1393
http://www.ncbi.nlm.nih.gov/pubmed/23296743?dopt=Abstract
http://dx.doi.org/10.1007/s00198-012-2256-7
http://dx.doi.org/10.1589/jpts.24.449
http://www.ncbi.nlm.nih.gov/pubmed/21614943?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/3734861?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/2697808?dopt=Abstract
http://dx.doi.org/10.1016/0197-4580(89)90010-9
http://dx.doi.org/10.1016/0197-4580(89)90010-9
http://www.ncbi.nlm.nih.gov/pubmed/964327?dopt=Abstract
http://dx.doi.org/10.1007/BF00235249
http://www.ncbi.nlm.nih.gov/pubmed/10630286?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/23712088?dopt=Abstract
http://dx.doi.org/10.1159/000350031
http://www.ncbi.nlm.nih.gov/pubmed/2603841?dopt=Abstract
http://dx.doi.org/10.1093/ageing/18.5.327
http://www.ncbi.nlm.nih.gov/pubmed/19349593?dopt=Abstract
http://dx.doi.org/10.1093/gerona/glp033
http://www.ncbi.nlm.nih.gov/pubmed/9114535?dopt=Abstract
http://dx.doi.org/10.1016/S0897-1897(97)80034-1
http://www.ncbi.nlm.nih.gov/pubmed/11126093?dopt=Abstract
http://dx.doi.org/10.1007/s12019-000-0024-7
http://www.ncbi.nlm.nih.gov/pubmed/12535321?dopt=Abstract
http://dx.doi.org/10.1034/j.1600-0838.2003.00300.x
http://dx.doi.org/10.13066/kspm.2014.9.1.75
http://www.ncbi.nlm.nih.gov/pubmed/8452142?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/9224435?dopt=Abstract
http://dx.doi.org/10.1093/gerona/52A.4.M232
http://www.ncbi.nlm.nih.gov/pubmed/9875999?dopt=Abstract
http://dx.doi.org/10.3122/jabfm.11.6.445
http://www.ncbi.nlm.nih.gov/pubmed/9440412?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(98)90202-7
http://www.ncbi.nlm.nih.gov/pubmed/19716637?dopt=Abstract
http://dx.doi.org/10.1016/j.clinbiomech.2009.07.012
http://www.ncbi.nlm.nih.gov/pubmed/12757574?dopt=Abstract
http://dx.doi.org/10.1046/j.1365-2389.2003.51268.x
http://dx.doi.org/10.1046/j.1365-2389.2003.51268.x
http://www.ncbi.nlm.nih.gov/pubmed/17641451?dopt=Abstract
http://dx.doi.org/10.2114/jpa2.26.325
http://www.ncbi.nlm.nih.gov/pubmed/2265670?dopt=Abstract
http://dx.doi.org/10.1080/07340669008251531
http://www.ncbi.nlm.nih.gov/pubmed/7487452?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/7487452?dopt=Abstract
http://dx.doi.org/10.1016/S0003-9993(95)81035-8
http://www.ncbi.nlm.nih.gov/pubmed/8514809?dopt=Abstract
http://dx.doi.org/10.1016/0021-9290(93)90027-C
http://www.ncbi.nlm.nih.gov/pubmed/10368408?dopt=Abstract

