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INTRODUCTION

THERE is still considerable discussion regarding the etiological factor or factors
in alveolar bone loss . There is suggestive evidence that the less the intake o f

vitamin C, the greater the alveolar bone loss . This investigation was designed

to analyze the relationship of ascorbic acid status and bone height in the human
organism in the hope of obtaining more information on this controversial prob-

lem.

REVIEW OF THE LITERATURE

In order to appreciate the problem and the method of approach, it is neces-
sary to review (1) ascorbic acid and bone physiology and (2) ascorbic acid and

bone pathology.
Ascorbic Acid and Bone Physiology.-There is definite evidence to indicate

that bone status at any one moment is directly related to the interplay of factors

contributing to bone formation and bone resorption.h 2 If these two mechanisms

are operating in equilibrium, then bone is neither gained nor lost . Should bone

formation be less than bone resorption, then bone loss can be demonstrated .

Furthermore, investigations have definitely demonstrated that bone forma-

tion occurs in two phases-the deposition of an osteoid matrix3 and its subse-
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quent mineralization .4 One of the ingredients necessary for osteoid matrix for-
mation is ascorbic acid .5, 6 Therefore, if there is a deficiency of ascorbic acid,
bone formation is delayed and the end result is a reduction in bone .

Ascorbic Acid and Bone Pathology .-Studies of this relationship have been
completed in both lower animals and human beings . A number of these investi-
gations7-19 suggest that ascorbic acid deprivation in lower animals (both young
and adult) produces osteoporosis .

Wolbach and co-workers'-9 assert that the osteoporosis observed in scorbutic
guinea pigs is due primarily to the failure of cells to produce intercellular sub-
stances . This pathologic sequence of events is reversible with the addition of
ascorbic acid. MacLean and his group" believe that the chief bone lesion caused
by vitamin C deficiency is either in the differentiation of mesenchymal cells to
osteoblasts or in the stimulation of the osteoblasts to secrete bone matrix .

Koreki12 demonstrated that vitamin C aids in the control of the rate of phos-
phorus metabolism in teeth and bones . Scorbutic guinea pigs show a reduction
of 47 to 70 per cent in the P32 metabolism in the teeth and 51 to 75 per cent in
bone. This pattern was reversed when vitamin C was introduced .

Cowan and co-workers,13 in a study of guinea pigs, concluded that the alveo-
lar bone level closely parallels ascorbic acid dosage and that the alveolar bone
protective dosage exceeds all other popular recommended levels . Harman and
colleagues14 likewise agree that the integrity of alveolar bone is not maintained
in vitamin C-deficient guinea pigs .

Boyle and his co-investigatorsl5-1' conclude that in both acute and chronic
scurvy a generalized alveolar bone rarefaction occurs as a result of the failure
of osteoblasts to produce bone matrix and the failure of fibroblasts to form col-
lagen. They also showed extensive osteoclastic activity . These pathologic
changes resulted in clinical mobility of the teeth . Other investigations utilizing

guinea pigsl$> 11' and monkeys20 confirm these findings and emphasize the in-
creased osteoclasia .

Robertson and Schwartz21 maintained that the role of ascorbic acid in col-
lagen formation is in the transformation of precollagen to collagen . On the

other hand, there is a decided disagreement among researchers concerning the
relationship between vitamin C and periodontal disturbances in human studies .

Burrill22, 23 and Radusch24 conclude that there is little or no relationship

between ascorbic acid and periodontal pathosis . However, it should be noted
that Burrill studied relatively young persons (medical students) for a short

period of time (seven months) .
Another group of investigators contend that there is an inverse relationship

between periodontoclasia and plasma ascorbic acid levels . Weisberger and co-
workers25 observed that tooth mobility and periodontal pocket formation in
patients with low blood levels of vitamin C were present only in the subjects
over 20 years of age . Blockley and Baenziger?s demonstrated that persons with
normal gingiva showed a mean vitamin C blood level of 0.76 mg. per cent. Per-

sons with inflamed gingiva demonstrated a mean plasma ascorbic acid level of

0.32 mg. per cent, and others with highly inflamed gingiva had an average blood

level of 0 .08 mg. per cent .

~ . ~
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Thomas,27 in a clinical study of fifty-four dental students, suggested that
the group which received an increased daily intake of orange juice had less
gingival pathosis and alveolar bone loss than a control group who were not
provided with supplementation .

In this review of the literature a report dealing specifically with the rela-
tionship between plasma ascorbic acid levels and alveolar bone loss or bone
height was not found .

METHOD OF INVESTIGATION

In this investigation of the relationship of ascorbic acid to alveolar bone
loss, fifty-four dental students (mean age, 27 years) were selected on a volun-
tary basis.27 Before any examinations were made, the students were divided
into an experimental group and a control group of equal numbers on a com-
pletely arbitrary basis by means of self-election. Each student was then given

a complete oral examination . The condition of the gingiva was especially noted.

Histories of the smoking habits of the students were recorded, and a full-mouth

roentgenographic survey was also made of each student .
Following collection of the initial data and throughout the subsequent

twelve-month period, each participant in the experimental group (to be referred
to hereafter as the supplemented group) was instructed to drink 8 ounces of a
standardized orange juice each morning before breakfast . The orange juice was

issued each week in a concentrated form and diluted to specifications24 by the
student . The participants were supervised carefully to ensure cooperation in the
procedure. Except for the additional intake of the 8 ounces of orange juice per
day, there was to be no change in the normal daily diet of each participant .

In contrast to the supplemented group, the control group (to be referred to

hereafter as the nonsupplemented group) was instructed specifically to refrain
from consuming citrus fruit in order to validate the experimental procedure .

This was re-emphasized at frequent intervals during the subsequent experi-
mental year. Except for the elimination of citrus fruits in any form from the
diet, no attempt was made to alter the normal daily dietary habits of this

group . At the end of the experimental period (twelve months) each dental
student was recalled and submitted to a re-examination of the oral structures,
both clinically and roentgenographically, as in the initial procedures .

An impartial examiner was selected to perform the measurements of al-
veolar bone loss . The measurements28 were made with a specially constructed
transparent ruler on which ten radii were marked, each equidistant from the

other (Fig. 1) . The first radius was placed exactly 1 mm . below the upper

margin of the plastic strip, thus allowing for the so-called normal distance of
the alveolar crest to the cementoenamel junction . To obtain the measurement,

the roentgenograms were placed on an illuminated board . The ruler was po-

sitioned on top of the roentgenograms, so that the upper margin coincided with
the interproximal cementoenamel junction and the last radius was superimposed

over the apex of the tooth being measured . This procedure allowed the ex-
aminer to observe the height of the alveolar crest (in percentage) through the
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ruler and to determine whether the alveolar crests were on or between two radii .
Thus, measurements were obtained to the nearest 5 per cent .

Measurements were obtained in this manner for both the mesial and the
distal interproximal surfaces of the lower central and lateral incisors . This area
was chosen because (1) all subjects possessed lower anterior teeth and (2)
roentgenographic distortion is minimized . Those teeth which could not be
measured accurately because of rotation, interproximal caries and restorations,
and indefinite apices were excluded . Roentgenograms were eliminated from

}. . . _ ...`i .

l~-

~

~ . ~

Fig. 1 .-Method of measuring alveolar bone loss.

the study if, because of vertical or horizontal angulation, the teeth could not
be measured accurately and if there was evidence of cervical burnout . Because
of these, one participant in the nonsupplemented group was excluded from the
analysis.

RESULTS

The original data derived from the measurement of alveolar bone height
(in percentages) of the fifty-three dental students are provided in Table I .
The mean values have been pictorialized in Fig . 2. Examination of that chart
reveals that at the start of the study there was a slight (0 .6 per cent) dif-
ference in average alveolar bone heights of the two groups . Further study of
Fig. 2 reveals that the group without vitamin supplementation decreased 1 .5
per cent during the one-year period (93.8 to 92.3), whereas the supplemented
group declined 1 .2 per cent during the same period (94.4 to 93.2) . Thus,
superficially, it appeared that there was a slightly greater alveolar bone loss
(0.3 per cent) in the nonsupplemented group than in the supplemented groups .
Fig. 3 provides this same information on an absolute basis and emphasizes more
vividly the changes of the two groups during the twelve-month period .
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TABLE I. MEAN PERCENTAGE ALVEOLAR BONE HEIGHT VALUE S

NONSUPPLEMENTED GROUP I SUPPLEMENTED GROUP

START END START END

OF OF OF OF
EXPERIMENT EXPERIMENT EXPERIMENT EXPERIMENT

99 98 100 97
99 98 98 9 9
98 99 9S 9 9
98 96 98 98
98 95 98 9 7
98 95 98 9 6
98 94 98 9 6
97 97 97 9 9
97 96 97 9 6
97 94 97 9 5
96 96 96 9 5
96 95 96 95
96 95 96 94
94 93 96 93
94 93 95 93
94 89 94 95
93 92 94 93
93 92 94 93
93 92 94 92
93 89 92 93
92 92 92 91
90 83 91 90
89 90 89 86
89 88 89 85
85 83 88 83
74 76 87 87

86 92

Mean 93.8 92.3 94.4 93.2
Standar d

deviation 5.4 5.3 3.9 4.1

All of the possible combinations have been studied statistically (Table II)
by means of the student "t" test. It is clear from this chart that not one of
the comparisons is statistically significant . For example, the 0 .6 per cent dif-
ference in bone height between the supplemented and nonsupplemented groups
at the start of the study yielded a P value of .500. A statistical evaluation of
the bone height of the two groups at the end of the one-year period shows that
there is no statistically significant difference ( .500) . Finally, the values for
the two groups at the start and at the end of the experiment also yield no
statistically significant difference (P > .2) .

TABLE II . PROBABILITY VALUES FOR THE VARIOUS GROUPS

FINAL INITIAL FINAL

NONSUPPLEMETED SUPPLEMENTED SUPPLEMENTED

Initial nonsupplemented > .200 .50 0
Final nonsupplemented .500
Initial supplemented > .20 0

Thus, within the limits of these data, one might conclude that supplementa-
tion with vitamin C did not appreciably alter the alveolar bone height in these
groups of dental students .
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Fig. 2.-Mean percentage alveolar bone height in supplemented and nonsupplemented groups a t
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Fig . 3 .-Mean percentage alveolar bone loss in supplemented and nonsupplemented groups at
start and end of study.

DISCUSSIO N

It is evident that, from the available data, one cannot conclude any cause-
and-effect relationship between ascorbic acid intake and alveolar bone loss . It
is possible that such a relationship does not exist . On the other hand, there is
the possibility that the samples were too small for true differences to be de-
tected . Also, there is the possibility that the time factor may be the variable
which has not been given sufficient consideration . In other words, it is con-
ceivable that there does, indeed, exist a relationship between ascorbic acid and
alveolar bone loss but that a period of more than one year is required to demon-
strate evidence of this relationship . This possibility indicates the need for a
longitudinal study . Such an investigation was not carried out . However, it
was thought interesting to extrapolate and see what the alveolar bone height
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Fig. 4.-Mean percentage alveolar bone height extrapolations for nonsupplemented and sup-
plemented groups .

patterns would be for these 27-year-old students if they were to continue as
they had for the one-year period .

Fig. 4 shows the findings at the start of the experiment. In whole numbers,
both the supplemented and nonsupplemented groups showed a mean percentage
alveolar bone loss of 6 per cent (alveolar bone height, 94 per cent) . One year
later, the supplemented group lost 1 per cent in alveolar bone height (from 94
to 93 per cent), while alveolar bone height in the nonsupplemented group was
reduced by approximately 2 per cent (from 94 to 92 per cent) . In Fig. 4 these
lines have been extended to age 50 . Since no other information was available, it
was assumed that the patterns would continue in a linear fashion . This as-
sumption may be questioned . However, assuming such a pattern to be correct,
one might estimate that at age 40 the supplemented group would have approxi-
mately 81 per cent alveolar bone height in contrast to approximately 68 per
cent for the nonsupplemented group. In other words, there might conceivably
be a difference, at age 40, of 13 per cent more alveolar bone loss in the non-
supplemented group than in the supplemented group. Extending these extrap-
olations to age 50, one notes that the supplemented group might have lost
approximately 29 per cent of their alveolar bone, whereas the nonsupplemented
group might now be without more than one-half of their alveolar bone (52
per cent) .

It should be recalled that the lines extending beyond age 28 in Fig . 4 are
pure extrapolations. There is no justification for such extensions from the data
in this study. However, we thought that it would be interesting to see if any
comparisons could be drawn between these extrapolations and the situation
which prevails in the population . Accordingly, forty-six male subjects (in the
25- to 54-year age group) were selected from the patients who visited the
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University of Alabama Dental Clinic . Actually, thirty-three subjects, with a

mean age of 35 years, were measured as in this experiment . It was found that

the mean percentage alveolar bone height was 78 per cent. This value has been

plotted in Fig. 5. It is noteworthy that the extrapolated value for the dental
students at age 35 and the findings in a, group of a dental clinic population of
the same age are similar . A similar estimate was made at age 40 . Again, the

difference between the extrapolations of the data for the dental students and the
actual findings of the selected population was only 5 per cent. Finally, a

similar comparison at age 45 revealed that the two values varied by only 1 per
cent . These observations are not intended to replace a much-needed longitudina l
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Fig. 5 .-Mean percentage alveolar bone height extrapolations for nonsupplemented and sup-
plemented groups .

study. However, they seem to indicate (1) that the extrapolated line may be
more real than imaginary and (2) that young dental students without vitamin
supplementation might sometime later (with regard to alveolar bone loss, at
least) be somewhat similar to the patients who were used to establish estimates
of alveolar bone height in later years .

Unfortunately, there are no studies to which one can refer to verify the
extrapolated line for those students who received vitamin C supplementation .

However, information is available in the laboratory of the Section on Oral
Medicine, University of Alabama School of Dentistry, regarding plasma ascorbic
acid levels and alveolar bone height in a group of 170 dental patients ." Those

of the 1.70 subjects with plasma ascorbic acid levels greater than 0 .9 mg. per

cent (seventy-three persons) were put in one group . This was done because,

according to some investigators,30 this level of vitamin C is well within physio-

logic limits. The mean alveolar bone height for the subjects at ages 35, 40, and
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45 were determined for this group with acceptable plasma levels . It is note-
worthy that the scores obtained closely approximate those of the extrapolated
line for the dental students who received vitamin C supplementation (Fig . 6) .
For example, the extrapolated line at age 35 indicates alveolar bone height of
86 per cent. Fig. 6 reveals that the dental patients with plasma levels greater
than 0 .9 mg. per cent averaged 87 per cent alveolar bone height (a difference
of only 1 per cent) . Fig. 6 shows the differences to be 3 per cent at age 40 and
only 6 per cent at age 45. Thus, on the average, alveolar bone loss in patients
with relatively good plasma ascorbic acid levels is quite similar to the extrap-
olations for dental students under vitamin C-supplemented conditions .
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Fig . 6 .-Mean percentage alveolar bone height extrapolations for nonsupplemented and sup-
plemented groups.

An attempt was made also to recheck the nonsupplemented group previously
discussed in Fig. 4. This recheck was made by studying those of the 170 dental
patients (ninety subjects) with plasma ascorbic acid levels less than 0 .1 mg .
per cent . This level, according to many investigators,36 is indicative of poor
ascorbic acid intake . It can be noted (Fig . 6) that these points closely approxi-
mate the extrapolated line for the group of nonsupplemented dental students .
For example, at age 35 the prediction for the students is that alveolar bone
height will be 78 per cent . The group of dental patients yielded a mea.n, of 73
per cent (a difference of 5 per cent) . Likewise, the differences at 40 and 45
years proved to be 5 and 7 per cent, respectively .

SUMMARY

1 . This study was designed to evaluate the effect of vitamin C upon alveolar
bone height .
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2 . Fifty-three dental students were observed for a twelve-month period .
Half of the students refrained from citrus intake ; the other students received
frozen orange juice supplementation daily .

3 . On a mean basis, the nonsupplemented group lost 0.3 per cent more
aleovlar bone than the supplemented group. However, this difference was not
statistically significant .

4 . Extrapolations of the results of the one-year study were made to age 50 .

On a mean basis, nonsupplementation yielded 50 per cent alveolar bone loss in
contrast to only 25 per cent for the supplemented group .

5 . An attempt was made to check the validity of the extrapolations . This

check was first made by measuring alveolar bone loss in the same teeth and by
the same technique in forty-six patients who visited the clinic for dental care .

The mean alveolar bone height values for these subjects at ages 35, 40, and 45
differed from the students at the extrapolated ages of 35, 40, and 45 by 0, 5,
and 1 per cent, respectively .

6 . A further check was made by plotting alveolar bone height of 35-, 40-,
and 45-year-old dental patients with high and low plasma ascorbic acid levels
against the students in this study extrapolated to these same ages . The dif-

ferences ranged from 1 to 7 per cent .
7 . It would be highly desirable to compare these findings with those derived

from a longitudinal study extending over a period of two to three decades .

The authors wish to acknowledge the editorial assistance of Drs . James W. Clark and

Homer Jamison.
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