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ABSTRACT

BACKGROUND

Prolonged immobilization of the body following Spinal Cord Injury (SCI) is associated with certain metabolic changes in calcium
(Ca) metabolism leading to hypercalciuria. This is associated with an increased risk of developing urinary calculi, urinary tract
infection, & osteoporosis. Excretion of excess 24 hours urinary calcium in these cases can be reduced with weight bearing in
the form of tilt table standing along with passive and active strengthening exercises.

MATERIALS AND METHODS

A prospective study was conducted on 18 patients with spinal cord injury hospitalized for post-acute rehabilitation program after
observing all ethical formalities. Urinary calcium excretion was measured for 24 hours period before and after a structured
weight bearing given on tilt table for 1 hour a day and passive and active upper limb strengthening exercise program given half
an hour daily, for 2 weeks.

RESULTS

All the patients belonged to traumatic SCI with immobilization ranging from 2 to 8 months and the structured treatment program
lead to significant reduction in hypercalciuria. The level of lesion, diagnosis and different periods of immobilization did not
influence the outcome significantly.

CONCLUSION

This being a short term longitudinal study, the demographics differed from larger earlier studies. Majority of our patients (94%)
were young males of 15-50 years age. Paraplegics constituted 72% of our patients while 28% were quadriplegics. The significant
reduction in hypercalciuria after a standard regimen of tilt table standing coupled with exercises in all the cases established the
value of the treatment. There was no correlation between the periods of immobilization to the change in urine calcium excretion
in response to our treatment. It was a short term, small sample study and needs further validation with a larger study of longer
duration to establish the efficacy of tilt table standing coupled with exercises.
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BACKGROUND

Acute immobilization following spinal cord injury (SCI)
causes lack of mechanical load on skeleton leading to efflux
of calcium. This results in depressed parathyroid hormone
production, increased calcitonin release, hypercalciuria,
osteoporosis and associated fractures. Consequently,
hypercalciuria is associated with an increased risk of urinary
calculi, urinary tract infection, & osteoporosis.>3 The
reversal of these deleterious effects with weight bearing has
also been documented in spinal cord injured patients
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although the mechanism of improvement is not fully
understood.*>6

Leslie SW! defined hypercalciuria as urinary excretion of
more than 250mg of calcium per day in women & more than
275mg of calcium per day in men while on a regular
unrestricted diet. Watanabe Y et al.” found that intravenous
Pamidronate prevented femoral bone loss in healthy males
during 90 days bed rest but resistive exercises showed no
effect while Bauman WA et al.® were convinced that
pamidronate failed to prevent long term bone loss in persons
with complete SCI. Rittweger J et al.? concluded that whole
body vibration with resistive exercises helped in prevention
of bone loss in healthy males. Atalay A and Turhan N°
studied two high level quadriplegics in acute phase of
rehabilitation and found that use of alendronate helped in
preventing hypercalciuria and maintaining a successful clean
intermittent self-catheterization program. However, drug
interventions were not the considerations in our study.
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Many studies have been done over the years on
prolonged standing and weight bearing program showing
the reduction of hypercalciurial! but no guidelines exist
about the frequency and duration of the exercises required
to achieve the desired goal. So far, no Indian study has been
done on this subject.

Aims and Objectives
1. To assess the hypercalciuria in spinal cord injury
patients immobilized in bed.
2. To assess the effects of weight bearing along with
strengthening exercises on urinary calcium level in
these patients.

MATERIALS AND METHODS

A Prospective Study on 18 subjects with spinal cord injury
was done who were hospitalized for post-acute rehabilitation
in spinal injury ward of the Department of Physical Medicine
& Rehabilitation of multispecialty hospital of a metro city in
India during the study period. Patients of both the sexes
ranged from 15 to 65 years. Complete neurological
examination was done to ascertain the level of injury, type
of lesion, period of immobilization, and the diagnosis.
Patients were examined for cause of the lesion as well as for
any co-existing disease including pulmonary tuberculosis,
diabetes, renal disease, urinary tract infection and calculi,
cardiac disease, hypertension and heterotrophic ossification
or myositis ossificans. An informed consent was taken from
all the patients and all the ethical formalities were observed.
A routine 24 hours urinalysis was performed for calcium
excretion before starting and after completion of the therapy
program of 15 days.

A structured program of tilt table standing and active-
passive exercises was instituted for six days a week for two
weeks. Tilt table standing at an angel of 45-60 degrees or
more was given for an hour along with strengthening
exercises for half an hour a day for two weeks. Use of dumb
bells, ankle cuffs and spring exerciser was incorporated for
upper and lower limbs respectively. All patients were allowed
to carry out their routine exercises on mat and wheelchair.
Close check was maintained for orthostatic hypotension. No
dietary regulation was permitted during this period. No drug
or food supplement known to affect bone calcium
metabolism was allowed. Serum creatinine and serum urea
was measured to monitor the renal functions.

Pre-treatment and post-treatment 24 hours’ urinary
calcium level was analysed by using SPSS for Windows,
version 15. Paired t-test and Wilcoxon Signed rank test was
used for statistical analysis of data within the groups. Mann-
Whitney tests and Kruskal Wallis tests were applied for
analysis of data between the groups. Correlation between
period of immobilization and change in urine calcium level is
calculated by using Spearman-rank correlation. The results
were considered significant at the p <0.001.

Inclusion Criteria
Adult patients of Spinal cord injury (traumatic and non-
traumatic, with complete and incomplete lesion) admitted to
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spinal injury ward with good spinal stability with informed
Consent and willingness to enrol in the study

Exclusion Criteria

Subjects with heterotrophic ossification, bladder calculi,
active urinary tract infection, diabetes mellitus and cardiac
disease hypertension were excluded from the study.

RESULTS

All of our patients were in the age group of 10 to 70 years
(Mean Age 33.27+11.95) and 94% were males. (Table 1 &
Table 2).

Age Group (Years) | No. of Cases | Percentage
10-30 8 44.44
30-50 9 50
50-70 1 5.56
Total 18 100
Table 1. Age Distribution

(Mean Age= 33.27+11.95)

Gender No. of Cases Percentage
Male 17 94.44
Female 1 5.56
Total 18 100
Table 2. Gender Distribution

All had traumatic origin with five having quadriplegia

and thirteen paraplegias (Table 3).

Type of Lesions No. of Cases | Percentage
Quadriplegia
27.7

(Cervical) > 8

Paraplegia (Dorsal & 13 7922
Lumbar)

Total 18 100

Table 3. Level of Lesion

These patients had immobilization ranging from 2

months to 8 months prior to entering the study (Table 4).

Period (in months) | No. of Cases | Percentage
1-3 4 22.22
3-6 8 44.44
6-9 6 33.33
Range 2-8 months 18 100
Table 4. Period of Immobilization
(Prior to Entry in Study)

In our study, hypercalciuria was found across the age,

gender, level of injury and irrespective of the period of
immobilization, prior to entry in the study. (Table 5 and
Table 6).

A significant change in 24 hours’ urinary calcium
excretion was observed in all the patients from pre-
treatment (333.5+43.29) to post treatment on 16™ day
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(143.05 + 69.80) in response to tilt table standing and
exercises (p value<0.001) (Table 5).

Sl. No. Pre-Treatment Post-Treatment
(n=18) (n=18)

1. 276 144

2. 324 34

3. 353 76

4, 308 150

5. 280 58

6. 340 58

7. 375 260

8. 324 220

9. 390 264

10. 320 140

11. 419 140

12. 340 64

13. 279 173

14, 308 159

15. 382 76

16. 302 176

17. 291 191

18. 392 192
Result 333.5 (+43.29) 143.05 (+69.80)
p Value <0.001

Table 5. 24 Hour Urine Calcium Level (in mg.)

Data was analysed to obtain the correlation between
the period of immobilization to the change in value of urine
calcium level after treatment and no significant correlation is
obtained between the period of immobilization to
the change in value of urine calcium level in response to tilt
table standing and exercises (r=0.13 and p=0.58). (Table 6)

Urine Period of )
Calcium Immobilization | r P
Value
(mgs) (months)
n-18 | 190.44+76.10 4,97+2.01
Range | (100-306) (2-8) 0.13 1 0.58
Table 6. Period of Immobilization Related
to Change in Urine Calcium Level (After Treatment)

(r= Correlation)

DISCUSSION
This study was done to evaluate hypercalciuria in SCI
population and effect of tilt table standing and exercises on
it. Urinary excretion of more than 250mg of calcium per day
in women & more than 275mg of calcium per day in men
while on a regular unrestricted diet is defined as
hypercalciuria.t

The relationship between immobilization and
hypercalciuria has long been established.?1%131415 Claus
Walker et al. showed a 46% increase in calciuria following
only three days of bed rest in normal men.!3 The reversal of
this with weight bearing has also been documented in spinal
cord injured patients.*>® but no standard guidelines exist

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 5/Issue 48/Nov. 26, 2018

Original Research Article

concerning the frequency and duration of the sessions that
are required to achieve the desired goal and as such no
Indian study is available on this subject.

Though Issekutz et al.2 studied healthy non-ambulatory
individuals, our results compare favourably with theirs for
the effects of standing on hypercalciuria. Our study was a
short term longitudinal study and included only 18 patients,
hence age and sex ratios cannot be compared on this count
with other studies.'® All our patients belonged to traumatic
SCI and presented with hypercalciuria while Eng 1] et al. also
found that traumatic SCI accounts for larger proportion of
patients while non-traumatic SCI does not even report to
Rehabilitation centre.

A significant decrease in 24 hours urinary calcium
excretion was obtained in all our patients from pre-
treatment (333.5+43.29) to 16% day post treatment (143.05
+ 69.80) of exercises and tilt table standing (p value<0.001)
and is consistent with the past studies.”:1819 Kaplan PE gave
20 minutes of standing with dietary regulation of calcium
and obtained reduction of urinary calcium level by 76 mg'’
while we administered tilt table standing for 1hour daily for
2 weeks without dietary regulation and observed significant
reduction in Calciuria (190.44+76.10).

Kaplan PE (1981) studied only quadriplegics and found
that tilt table exercises are effective in reducing
hypercalciuria but strengthening exercises did not have any
great effect on hypercalciuria in first six months,® while in
our study the combined treatment was given, and it proved
effective in all patients irrespective of period or level of
injury. However, our study matches favorably with the study
done by Eng JJ et al. on paraplegics.'®

In our study the level of lesion, diagnosis and different
periods of immobilization have not significantly contributed
to the change in urine calcium level which may be attributed
to a small sample size. No significant correlation was seen
by us between the period of immobilization to the change in
urine calcium excretion in response to tilt table standing and
exercises (r=0.13 and p=0.58). As was also observed by
Clause-Walker et al. in their 1972 study on quadriplegics.®

CONCLUSION

Hypercalciuria occurs in all the patients of traumatic SCI on
bed rest. A structured tilt table standing and exercises
regimen has significant effect on urinary calcium excretion
of these patients with paraplegia and quadriplegia. This
protocol may be used as guideline in the treatment of SCI
patients.

There is no correlation between the periods of
immobilization to the change in urine calcium excretion in
response to our treatment. Our study requires further
validation with larger sample size and longer follow up for
validation and the effect of this on co-morbidities associated
with hypercalciuria like osteoporosis and urinary tract calculi.

Acknowledgments

Active contribution made by Late Mrs. S. Bhagi, Senior
Physiotherapist, in clinical work is gratefully acknowledged.

Page 3333



Jebmh.com

The study was conducted with the internal resources of the
institution and no financial contribution was received from
any outside source. It was part of a dissertation submitted
for award of masters degree to the second author.

REFERENCES

[1] Leslie SW. Medscape Google search on internet:
Hypercalciuria 2006:3-46. Last Updated Jul 15, 2017,
accessed on 18/07/2018.

[2] Issekutz B, Blizzard 1], Birkhead NC, et al. Effect of
prolonged bed rest on urinary calcium output. J Appl
Physiol 1966;21(3):1013-1020.

[3] Whedon GD. Disuse osteoporosis: physiological
aspects. Calcif Tissue Int 1984;36 Suppl 1:5146-S150.

[4] O’Sullivan SB, Schmidt TJ. Traumatic spinal cord
injury. Chap- 27. In: O'Sullivan SB, Schmidt TJ, eds.
Physical rehabilitation assessment and treatment. 4t
edn New Delhi: Jaypee Brothers 2001:873-875.

[5] Claus-Walker J, Spencer WA, Carter RE, et al. Bone
metabolism in quadriplegia: dissociation between
calciuria and hydroxyprolinuria. Arch Phys Med Rehabil
1975;56(8):327-332.

[6] Claus-Walker J, Campos RJ, Carter RE, et al. Calcium
excretion in quadriplegics. Arch Phys Med Rehabil
1972;53(1):14-20.

[7] Watanabe Y, Ohshima H, Mizuno K, et al. Intravenous
pamidronate prevents femoral bone loss and renal
stone formation during 90-day bed rest. J Bone Miner
Res 2004;19(11):1771-1778.

[8] Bauman WA, Wecht JM, Kirshblum S, et al. Effect of
pamidronate administration on bone in patients with
acute spinal cord injury. J Rehabil Res Dev
2005;42(3):305-313.

[9] Rittweger J, Beller G, Armbrecht G, et al. Prevention of
bone loss during 56 days of strict bed rest by side-
alternating  resistive  vibration exercise. Bone
2010;46(1):137-147.

J. Evid. Based Med. Healthc., pISSN- 2349-2562, eISSN- 2349-2570/ Vol. 5/Issue 48/Nov. 26, 2018

Original Research Article

[10]Atalay A, Turhan N. Treatment of immobilization
hypercalciuria using weekly alendronate in two
quadriplegic patients. International Urology and
Nephrology 2008;40(2):259-261.

[11]Abramson AS, Delagi EF. Influence of weight-bearing
and muscle contraction on disuse osteoporosis. Arch
Phys Med Rehabil 1961;42:147-151.

[12]Abramson AS. Bone disturbances in injuries to the
spinal cord and cauda equina (paraplegia) their
prevention by ambulation. J Bone Joint Surg Am
1948;30A(4):982-987.

[13]Donaldson CL, Hulley SB, Vogel M, et al. Effect of
prolonged bed rest on bone mineral. Metabolism
1970;19(12):1071-1084.

[14] Chantraine A. Clinical investigation of bone metabolism
in spinal cord lesions. Paraplegia 1970;8:253-259.
[15]Freeman LW. The metabolism of calcium in patients
with spinal cord injuries. Anna Surg 1949;129(2):177-

184.

[16]Dave PK, Jayaswal A, Kotwal PP. Spinal cord injuries -
a clinico-epidemiological study. Indian J Orthop
1994;28:39-45.

[17]Kaplan PE, Roden W, Gilbert E, et al. Reduction of
hypercalciuria in tetraplegia after weight-bearing and
strengthening exercises. Paraplegia 1981;19(5):289-
293.

[18]Kaplan PE, Gandhavadi B, Richards L, et al. Calcium
balance in paraplegic patients: influence of injury
duration and ambulation. Arch Phys Med Rehabil
1978;59(10):447-450.

[19]Eng 1], Levins SM, Townson AF, et al. Use of prolonged
standing for individuals with spinal cord injuries. Phys
Ther 2001;81(8):1392-1399.

[20] Claus-Walker ], Carter RE, Campos RJ, et al. Sitting,
muscular exercises, and collagen metabolism in
tetraplegia. Am J Phys Med 1979;58(6):285-293.

Page 3334



