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INTRODUCTION 

IT is recognised clinically that direct pressure, protein deficiency (Kermani, 
Siddiqui, Zain & Kazi, 1970) anaemia (Bain, Crawford & Ketcham, 1966), hypoxia, 
infection (Smith & Enquist, 1967) and loss of vasomotor tone plus sensory loss 
are the major factors in the formation and delayed healing of pressure sores in 
paraplegic and tetraplegic patients. 

It is generally accepted that ascorbic acid is necessary for normal synthesis 
and continued maintenance of collagen during repair of tissues. The basic defect 
in collagen synthesis in ascorbic acid deficiency is the inhibited hydroxylation of 
proline and lysine to hydroxyproline amino acids which are incorporated in the 
collagen molecule (Robertson, 1964; Stone & Meister, 1962). In the absence of 
ascorbic acid, proline and lysine combine tb form a high molecular weight poly
peptide called protocollagen. In ascorbic acid deficiency there are also changes 
in the matrix with accumulation of hyaluronic acid (Robertson & Hinds, 1956) 
and reduced uptake of 35S.-sulphate (Reddi & Norstrom, 1954). 

Dunphy and Udupa (1955) studied wound healing in two phases. Firstly a 
'Productive phase' lasting about 5 days, during which time there is a production 
of mucopolysaccharides from mast cells and soluble protein precursors of collagen 
from the fibroblasts. The second or 'collagen phase' lasts from 5 days to the 
completion of wound healing, during which time normal collagen fibres are formed. 

In protein-deficient rats they found a delay in both the productive and collagen 
phases which could be corrected by methionine. In scorbutic guinea-pigs there 
was a long productive phase with ample matrix but little production of collagen. 
Within 48 hours of ascorbic acid administration the wound passes into the collagen 
phase in which hydroxyproline and well-formed collagen can be demonstrated. 

This study was undertaken to assess the role of ascorbic acid in the pathogenesis 
and treatment of pressure sores in paraplegic and tetraplegic patients. 

MATERIALS AND METHOD 

This study was carried out on 18 paraplegic patients varying in age from 
16 to 71 years, nine of whom had pressure sores. The results of their vitamin C 
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saturation tests were compared with the results obtained on eight normal controls 
varying in age from 23 to 35 years. 

The vitamin C saturation test as described by Harris and Abasy (1937) was 
used as follows: 

Each subject was given 1 gram of vitamin C daily and all urine passed between 
the 4th and 6th hours after ingestion of the vitamin C was collected in dark bottles 
containing 30 cc. of glacial acetic acid. Subjects were encouraged to take a good 
fluid intake based on an average of 5 pints per day to ensure a reasonable urine 
output during the test period, and only patients with a negligible residual urine or 
indwelling catheter were included in the series. 

The ascorbic acid content of the 2-hour samples was estimated within 2 hours 
of collection and vitamin C saturation was taken to be complete when the sample 
contained more than 50 mg. of ascorbic acid. Ascorbic acid estimations were 
made by titration using 2 to 6 dichlorophenol-indophenol tablets (B.D.H. Poole). 
A fresh solution was prepared daily. 

It was possible in seven of the patients with pressure sores to obtain small 
biopsies of skin and connective tissue from the edge of the pressure sore. Five 
of these patients had their sore treated by operation immediately following the 
vitamin C saturation test. However, in two cases a further biopsy from an adjacent 
area was possible following saturation with vitamin C. 

The tissues were fixed in formal saline and 6f.L sections were stained with 
Van Geison's, toluidine blue and Voerhoeff's elastic (Mallory, 1942a, b; Pearse, 
1961) stain to show the collagen content and pattern of the fibrous tissue. 

RESULTS 

Seven out of eight controls reached vitamin C saturation by 72 hours, whereas 
six out of nine of the group with sores and five out of the nine of the patients with
out pressure sores took longer than 72 hours to saturate. There is thus some 
difference between the paraplegic and tetraplegic group and the normal controls 
in the vitamin C saturation tests. However, no clear difference emerged between 
those with and without pressure sores. It is also interesting that a standard daily 
dose of 1 g. of vitamin C was used instead of the recommended dose of 70 mg. 
per stone body weight (Harris & Abasy, 1937), and had this latter system been 
used we might well have found more marked difference between the groups. 

Unfortunately the test used is unsatisfactory in some respects due to the 
possible influence of drugs, especially antibiotics, and could be affected by the 
presence of infection. 

There seemed to be no obvious correlation between the different routine 
drugs used and results of the vitamin C saturation test. In three patients with 
indwelling catheters there was a mild urinary infection present, the remainder of 
the patients having sterile urine. There is evidence suggesting that the level of 
urinary ascorbic acid is not affected by the presence of bacteria in the urine 
(Gnarpe, Michaelsson & Deborg, 1968). 

Figures 1 and 2 show the histological picture before and after the administra
tion of ascorbic acid. In the two cases where biopsies were obtained before and 
after vatiman C saturation there was a marked increase in collagen formation. 
In one case the second biopsy was taken only 5 days after the initial dose of ascorbic 
acid. It has been shown experimentally that collagen formation may be markedly 
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FIG. 1 

A, Biopsy from edge of bed sore. x 59'5. B, Higher magnification. 
Note absence of collagen fibres. x 612. 

FIG. 2 

A, Biopsy from same patient of adjacent area 5 days after 5 gm. of vitamin C. x 59' 5 
B, Higher magnification. Note bundle of collagen fibres. Toluidine blue. x 612. 

A-Dermis. B-Connective tissue. 

increased as early as 48 hours after the administration of vitamin C. Though there 
was histological improvement in both these cases there was no correlation with 
their vitamin C saturation tests. The first subject saturated on the 3rd day, the 
second only after 10 days (fig. 3). There was no correlation between the result 
of the vitamin C test and the level of the neurological lesion. There was too great 
an age scatter to determine any association between age and ascorbic acid status 
and there was no correlation between the ascorbic acid status and the duration of 
the paraplegia. 

DISCUSSION 

Pressure, protein deficiency and anaemia together with the loss of vasomotor 
control and sensory loss have already been mentioned as the important aetiological 
factors in the production of pressure sores in paraplegic and tetraplegic patients 
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and correction of these factors remains the prime need in the treatment of pressure 
sores; however, the effects of prolonged ascorbic acid deficiency have been re
cognised for over 220 years (Lind, J. (1747), A Treatise of Scurvy) and the import
ance of ascorbic acid in the production of collagen is well recognised though its 
exact role remains unclear. None of our cases showed clinical evidence of ascorbic 
acid deficiency but the results of the biopsies with improvement of the collagen 
content suggests that in those cases a relative deficiency of ascorbic acid may have 
existed and may have led to delayed healing and the production of altered and 
poorer scar tissue. 

The differences shown in vitamin C saturation between the normal group and 
the paraplegic/tetraplegic group is of some interest. 

In the presence of normal intake it is possible that there is increased utilisation 
or rapid excretion of the vitamin in these patients, making them relatively deficient. 
Further work is necessary to establish one of these factors. 

CONCLUSIONS 

SUMMARY 

I. In some cases of paraplegia and tetraplegia with pressure sores there 
exists a relative deficiency of ascorbic acid which may delay wound healing. 
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Further investigations of histology and leucocyte vitamin C levels would appear 
to be indicated. 

2. There appears to be a difference between the ascorbic acid status of normal 
subjects and some paraplegic and tetraplegic patients; the reason for this is not 
known. 

RESUME 
Dans quelques cas de paraplegie et de tetraph!gie, avec des escarres, il y a presence 

d'une deficience d'acide ascorbique qui peut freiner la cicatrisation. Des recherches 
complementaires devraient etre effectuees dans ce domaine. II semble qu'il y a une 
difference entre Ie taux d'acide ascorbique chez les normaux et les paraplegiques et 
tetraplegiques. 

ZUSAMMENFASSUNG 
I. In einigen Hillen von Paraplegie und Tetraplegie mit Druckgeschwl1ren besteht 

eine relative Insuffizienz von Ascorbic Acid, wodurch die Heilung verzogert wird. Weitere 
Untersuchungen der Histologie und Leukocyten in Kombination mit C. Werten sind 
indiziert. 

2. Es scheint eine Differenz zwischen dem Ascorbic Acid Status normaler Individuen 
und manchen Paraplegikern und Tetraplegikern zu bestehen. Die Ursache hierfiir ist 
unbekannt. 
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