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PHOENIX ANALYSIS:

REANALYS'S OF OLD PURPOSE. This study explores an inexpensive method of obtaining useful information by

| reprocessing individual patient data reported in old clinical studies by means of secon-
STUDIES IN DENTISTRY oy malysie

MATERIALS AND METHODS. Three areas of interest in dental research were chosen
(gnathology, endodontics, and periodontology). A manual search was conducted on Oral
Surgery, Oral Medicine, and Oral Pathology from 1960 to 1970. Only articles reporting in-
dividual patient data (IPD) and published at least 50 years ago were considered. One
article concerning a controversial topic in each area was selected. Three old articles
were chosen to be subjected to new statistical analyses not available at the time of the
original publication. Specifically, the IPD from each selected study was entered into an
electronic database for further analysis, performed via the appropriate current statisti-
cal techniques.
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sis that the roots of immature teeth grow after transplantation. However, a lack of cor-
relation between maximum mouth opening and condyle location was disproved, as was
the notion of intra-individual variation in pulp morphology.

Correspondence to I

Michele Nieri

Department of Experimental and Clinical Medicine,

University of Florence, SOURCES OF FUNDING AND OTHER SUPPORT. The authors declare that they have comple-
Via del Ponte di Mezzo 46-48, 50127, Florence, Italy tely self-funded the study, and that there are no conflicts of interest to report.

E-mail: michelenieri@gmail.com

INTRODUCTION

Any scientific study involves collecting and analysing data. Three subsequent levels of analysis

may be carried out on the same data set according to the following classification™:

— Primary analysis, which is “the original analysis of data in a research study";

— Secondary analysis, which is “the reanalysis of data for the purposes of answering the
original research question with better statistical techniques or answering new guestions
with old data. Secondary analysis is an important feature of the research and evaluation
enterprise [..]"
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— Meta-analysis, the third level of analysis, which is "the statistical analysis of a large col-
lection of analysis that results from individual studies for the purpose of integrating the
findings".

Both primary analysis and meta-analysis have become very common in the medical environ-
ment, while secondary analysis is seldom encountered in the medical literature. Secondary
analysis is not commonly used because it must be performed on individual patient data (IPD),
or raw data, which is rarely available (either on paper or electronically] for use by other inve-
stigators. Hence, secondary analysis is mainly performed on large databases collected by
public agencies?®, or when investigators decide to conduct new analyses on their own data’®.
Nevertheless, secondary analysis may lead to important discoveries, or contradict previously
reported conclusions based on statistics employed in primary analysis that we now know to
be superseded or inappropriate. In such cases, reanalysis reveals that previously drawn con-
clusions may be misleading, which is particularly important to know when suggesting poten-
tial benefits to patients®.

Individual patient data (IPD) has progressively gained importance in the dental and periodon-
tal literature, especially for the purposes of meta-analysis™®*. However, IPD from old scientific
articles has rarely been subjected to reanalysis for other purpose. The databases remain, but
the ways of analysing the information, as well as the clinical issues involved, may change over
time; hence, an old publication may acquire new importance through secondary analysis of
its IPD.

The main objectives of secondary analysis are: to test the hypotheses proposed in the old
studies by applying appropriate modern statistical technigues, and to analyse the same data
in light of new theaories, in order to explore new relationships and new related hypotheses.
Secondary analysis is also a powerful tool for preparing old data for modern meta-analysis,
for example when aggregate parameters were not evaluated in the original publication (e.g.,
standard deviation). Thus, as in the myth of the phoenix, new analysis may breathe new life
into the ashes of old data.

The aim of this article is to illustrate and promote the use of this form of research, by re-
viewing several old articles on different controversial topics from the dentistry literature, and
applying “phoenix” analysis to the individual patient data reported therein.

MATERIALS AND METHODS

One of the authors (MN), experienced in methodological evaluation of scientific articles, se-
lected three areas of interest in dental research (gnathology, endodontics, and periodontolo-
gy). A manual search was conducted on Oral Surgery, Oral Medicine, and Oral Pathology from
1960 to 1970. Only articles reporting IPD were considered. One article concerning a controver-
sial topic in each area was selected.

The IPD from each selected study was entered into an electronic database for further analy-
sis. One author (MN) set up the strategy for the secondary analysis by selecting appropriate
current statistical technigues.

RESULTS

Three articles were selected, dealing with the following topics in gnathology, endodontics and
periodontology, respectively: physiology of the temporomandibular joint (Wooten 1966)%, rela-
tionship between pulpal alterations and periodontitis (Mazur and Massler 1964)* and the pe-
riodontal status of autografted teeth (Galanter and Minami, 1968)®. The outcomes of their
subsequent secondary analysis are described below.
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Data analysis

1. Physiology of the temporomandibular joint (Wooten, 1966]°

Original results

Wooten's was a radiological study on the position of the mandibular condyle at the maximum
opening of the mouth®. Wooten had randomly sampled 100 men from the U.S. Air Force, aged
18 to 30, finding that the condyle, at maximal mouth opening, was sometimes fully anterior to
the articular eminence. This was found on the right side in 70% of cases. He concluded that
the correlation between the location of the condyle and mouth opening is "completely unre-
liable", stating that “the position of the condyle cannot be determined by the distance of
maximal mouth opening".

However, Wooten did not carry out any inferential statistical analysis, and only calculated
descriptive statistics for a few of the variables considered.

Reanalysis

a. The correlation coefficient between the location of the right condyle and the maximum
mouth opening was calculated, and a linear regression was drawn between these va-
riables. It was determined that correlation coefficient between the location of the right
condyle relative to the articular eminence in millimetres and the maximum mouth ope-
ning in centimetres is r = 0.51, 95% CI from 0.35 to 0.64, b = 244 (P <0.0001).

b. Logistic regression was performed to predict the completely anterior location of the ri-
ght condyle with respect to the maximum mouth opening. This analysis was only intro-
duced in the medical literature at the end of the 1970s, and was therefore not available
to Wooten. However, the logistic regression we performed (shown in FIG. 1) showed that
when the maximum mouth opening is 4 cm, the right condyle will be completely anterior
to the eminence in 40% of cases, while a maximum opening of 6 cm is associated with a
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FIG. 1: Logistic regression of the completely anterior position of the right condyle at maximum mouth
opening.

Logit Right Ant = -6.04 + 140 Mouth Op

Mouth Op is the maximum mouth opening in cm. Right Ant is T when the right condyle is completely
anterior to the articular eminence, otherwise it is zero. The logistic regression line gives the estimated
probability of having the right condyle completely anterior to the articular eminence at the various
maximum mouth openings expressed in cm.
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completely anterior condylar location in about 90% of cases. Thus, the conclusion of the
original study, that the position of the mandibular condyle cannot be determined by the
distance of maximal mouth opening, was erroneous; a lack of appropriate statistics had
prevented quantification of this correlation, which, however, becomes clear when appro-
priate statistics are applied.

2. Relationship between pulpal alterations and periodontitis

(Mazur and Massler, 1964]"*

Original results

That article examined the histological characteristics of the pulp of 128 teeth extracted from
25 patients; all the extracted teeth were associated with periodontal lesions of varying seve-
rity". The authors found that: (1) “there was no correlation between the severity of periodontal
disease and the pulpal changes” and that no “correlation exists between age and changes in
the pulp”; and (2) “the pulps of the teeth, regardless of periodontal involvement, presented
very similar pictures” and “the structural morphology of the pulpal tissue is peculiar to the
individual person, no matter what the status of the periodontium". Nevertheless, the authors
provided no statistics in support of their conclusions™, and in fact, the appropriate statistical
techniques for investigating the correlation among variables in a two-level study (patient,
tooth) were not available in 1964.

Reanalysis

a. Anew, secondary analysis was performed by constructing a multilevel model to test their
first conclusion (1)®. Specifically, a two-level analysis (patient and tooth) was performed
to investigate the correlation between pulp alterations, age, race, and periodontal disea-
se. The model confirmed a lack of association between pulp alterations and either perio-
dontal disease (P = 04849), race (P = 0.6844), gender (P = 0.7023), or age (P = 0.2753)
(TABLE 1).

TABLE 1 MULTILEVEL ANALYSIS OF PULP ALTERATIONS, AGE, RACE AND PERIODONTAL

DISEASE.
Estimate Std. error

Intercept [BUU] 1385 0.624

Periodontal, (B 0.044 0.063 04849
Race, (B,) -0126 0.310 0.6844
Gender, (B,) -0n2 0.293 07023
Age, (B,) 0.012 0.01 0.2753
o/ 0.320 0120

ol 0.392 0.054

Model Pulpal, = B, + BPeriodontal, + B,Race, + B.Gender, + B Age, which translates as the following estimate

Pulpalij ranges from ‘mild” =1 to "severe" = 4 Periodontalij ranges from "0 to Y4 of root exposed” = 1to %4 to 1 of root
exposed" = 4 Racej is 0 for ‘white" and 1 for “black’, Genderj is O for “women” and 1 for ‘men’, Agej is reported in years.

In the model, the subscript 'I" refers to tooth level, while the subscript 'j" refers to patient level. o7 and o7 indicate the
variances at patient and tooth levels, respectively
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b. Theintraclass correlation coefficient” was calculated to test Mazur and Massler's second
conclusion (2). This was found to be 047, suggesting that 47% of the observed variation is
explained by the patient features while the remaining 53% is explained by site-level fea-
tures.

Thus, modern multilevel analysis applied to the available IPD enabled us to confirm the au-
thors' first conclusion that there is no correlation between pulp alterations and either age,
race or periodontal disease. However, the new “phoenix" analysis also revealed that the pulp
tissues display considerable site-specific variability (53%), indicating that the characteristics
of the pulp are not “peculiar to the individual person” as suggested by the authors. This is
important to note because the conclusions reported in the original article had influenced all
subsequent studies on this topic, despite not being based on appropriate statistics.

3. Periodontal condition of auto-transplanted immature teeth

(Galanter and Minami, 1968])”

Original results

The authors analysed the periodontal condition of 31 auto-transplanted immature teeth, re-
porting individual data for transplanted teeth and the contralateral, mesial and distal teeth.
They concluded that there were no differences in probing values between transplanted teeth
and other teeth in the same patient. They also stated that "some root growth does occur after
transplantation” and observed that "root lengths were greater and crown-root ratios more
favourable in the transplants that had been in place longer”.

Reanalysis

a. A new analysis was performed, constructing a multilevel model® (three levels: patient,
tooth and site] to test the authors' conclusion that there is no difference in probing dep-
ths (PD) between transplanted and control teeth. The mean probing depth was 24+1.6
mm at transplanted teeth but 2.2+1.3 mm at control teeth. The estimated difference
between transplanted teeth and control teeth was 0.2 mm (95% CI from -0.0 to 04 mm),
and the P-value was close to the level of statistical significance (P = 0.0589), thereby
casting some doubt on the authors' conclusions. In this case statistical analysis revealed
that their null hypothesis can neither be rejected or accepted with any certainty based
on the available data.

b. Their hypothesis that the crown-root ratio diminished over time after transplantation
may be tested using a quadratic model, which was considered a sophisticated approach
in 1968. The quadratic model that is illustrated in FIG. 2 supports the authors’ observa-
tions in this regard.

c. We also employed ordinal logistic regression analysis to investigate the relationship
between crown-root ratio and mobility of the transplanted teeth, something that had
not been considered by the authors. This indicated the probability of a transplanted
tooth having different degrees of mobility for a given crown-root ratio (FIG. 3); specifi-
cally, at a crown-root ratio of 1, the probabilities of observing mobility 0, 1 or 2 were
found to be 22%, 69% and 9%, respectively.

In this case, “phoenix” analysis made it possible to apply statistical tools that were not avai-

lable at the time of original publication, and to quantify some of the authors' observations,
revealing further relationships among the variables.
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FIG. 2: Relationship between year of transplant and
crown/root ratio.

CrownRoot Ratio = 7313 - 249year + 0.02year’

R =062

The variable CrownRoot Ratio indicates the crown-
root ratio of the transplanted teeth. Year is the
time at which the transplant was performed. The
quadratic regression indicates that the ‘older”
transplants have a lower crown/root ratio. Root
development appears to stop at a definitive
crown-root ratio of about 0.9: it is interesting to
note that the crown-root ratio of teeth distal to
the transplanted tooth is, on average, 0.8.

FIG. 3: Relationship between crown-root ratio and
mobility.

Ordinal logistic regression. Vertical lines indicate
mobility = 0. Squares indicate mobility = 1. Dots
indicate mobility = 2.

Mobility is clearly lower at teeth with a lower
crown-root ratio (P < 0.0001).
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DISCUSSION

Secondary analysis is a method of ex novo reanalysis that allows scientific knowledge to
evolve by applying new computer and statistical technology to IPD reported in old scientific
articles. As we have seen, it can be used not only to test the hypotheses formulated in the
original articles, but also to explore new hypotheses on the subject that had not been consi-
dered by the original authors. This is of particular interest, when, as is often the case, old
studies cannot be easily replicated due to ethical concerns (radiation, dangerous interven-
tions, lack of treatment, etc.), long follow-up and/or unrepeatable events.
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Indeed, the original data that were retested for this article had been published more than 50
years ago. Secondary analysis using new statistical methods allowed the original authors’ con-
clusions to either be refuted, confirmed or further clarified by discovering new relationships in
the data. Thus, “phoenix” analysis can lead to reinterpretation of data provided by old articles
that may have influenced clinical behaviour in different areas of dentistry. In cases of mislea-
ding data interpretation, this reanalysis is useful in correcting inappropriate clinical approa-
ches, and in promoting future research to clarify the features of each controversial topic.
Phoenix analysis may also serve as a support for meta-analysis; it enables us to compute
statistical indices that had not been considered by the original authors, and to check the
calculation of the reported indices. For example, several statistical indices were recalculated,
using the originally reported IPD, in a meta-analysis of articles on surgical root coverage®.
This procedure made it possible to correct printing errors, and to obtain data not otherwise
available to the reader. For instance, the topic explored by Wooten® was investigated later by
many other researchers™?; two articles considered the same relationship studied by Wooten
and found correlation coefficients similar to that which we found in the reanalysis: 0.56 and
046 respectively?®?. However, the correlation coefficient for the right condyle was reported in
another study™ as 0.969, which was clearly a misprint, since the correlation coefficient for the
left condyle was 0.692". Nevertheless, a lack of reported IPD prevented us from recalculating
the correlation coefficient for this study. In fact, this information gap may have led subse-
guent investigators to discount Wooten's findings: both Obwegeser et al’® and Muto et al.?®
referenced Wooten's article, but reported only that it dealt with the same subject, while Meti®
did not even quote the article. However, Wooten's data could have been very useful to these
researchers if secondary analysis had been performed.

On another topic, dental literature has consistently reflected a controversy related to the effect
of periodontal disease on the dental pulp?®. To date it is not clear which factors in periodontal
disease can affect pulp inflammation. Several authors who conducted human and animal stu-
dies have suggested that degenerative pulpal changes develop independently of periodontal
disease®?, and Mazur and Massler* thought that the structural morphology of the pulpal tissue
varies on an intra-individual basis, no matter the status of the periodontium. However, secon-
dary analysis of Wooten's work appears to indicate that the characteristics of the pulp are not,
in fact, "peculiar to the individual person” as suggested. If so, further studies comparing pulp
conditions with periodontitis, race, gender, and age may shed light on potential links.

Similarly, information that can be deduced from Galanter and Minami's article on auto-tran-
splanted teeth can still prove useful® Immature root development of donor teeth has been
established as one of the most important factors in the success of tooth transplantation?,
but to date there is not much data on the state of the periodontal tissues around auto-tran-
splanted immature teeth. Hence, the data we do have, including historical data such as Ga-
lanter and Minami's, should be considered a precious resource, which can be mined for infor-
mation via more up-to-date analytical methods, as presented here.

It should be noted, however, that there are certain limitations to the use of secondary analy-
sis. Indeed, this is a post-hoc form of investigation using data sets collected by other investi-
gators. Hence, this method offers few possibilities of clarifying terms and actions that were
not explicitly indicated in the original article?. In other words, secondary analysts are: "priso-
ners of the decision about conceptualization made by those who originally collected the
data"®. Furthermore, the fact that some of the statistical tests performed were not contem-
plated in the original research protocol could give rise to “post-hoc analysis bias".

That being said, publication of IPD does make secondary analysis possible at a minimum cost.
Proper reanalysis may provide precious information, also allowing us to calculate the adequa-
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te sample size for new studies, thereby saving time, effort and money. Phoenix analysis may
prove very useful, as such data represents the collective scientific “memory”, and could even
be a source of new knowledge®. Indeed, the power of science can best be exercised by consi-
dering past experience. Unfortunately, the loss of IPD, and therefore our “memory", occurs all
too often. Phoenix analysis could, however, contribute to building a bridge between the past,
present, and future knowledge in science, while saving significant amounts of time and money.

CONCLUSIONS

Phoenix analysis is a useful and inexpensive method of updating interpretations of old
dental literature and can provide a springboard for further research.
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