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Abstract

Although oral health-related quality of life (OHRQoL) as measured by the Oral Health Impact
Profile (OHIP) is thought to be multidimensional, the nature of these dimensions is not known.
The aim of this report was to explore the dimensionality of the OHIP using the Dimensions of
OHRQoL (DOQ) Project, an international study of general population subjects and prosthodontics
patients. Using the project's Learning Sample (N=5,173), we conducted an exploratory factor
analysis on the 46 OHIP items not specifically referring to dentures for 5,146 subjects with
sufficiently complete data. The first eigenvalue (27.0) of the polychoric correlation matrix was
more than ten times larger than the second eigenvalue (2.6), suggesting the presence of a
dominant, higher-order general factor. Follow-up analyses with Horn's parallel analysis revealed a
viable second-order, four-factor solution. An oblique rotation of this solution revealed four highly
correlated factors that we named Oral Function, Orofacial Pain, Orofacial Appearance, and
Psychosocial Impact. These four dimensions and the strong general factor are two viable
hypotheses for the factor structure of the OHIP.
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Introduction

The Oral Health Impact Profile (OHIP) (1) is currently the most widely used oral health-
related quality of life (OHRQoL) questionnaire. When interpreting OHIP scores, researchers
and clinicians implicitly assume that scores adequately reflect the latent construct OHRQoL,
that is, that the OHIP is a valid measure of OHRQoL. One aspect of this validity is structural
validity, which posits that the number and type of scores provided by the OHIP correspond
to the theoretical structure of OHRQoL. Structural validity must be evaluated empirically,
usually in an iterative process involving revisions to both theory and the questionnaire.
Although the OHIP was originally composed of seven distinct subscales (1), this structure of
OHRQoL has been consistently rejected in subsequent investigations.

Exploratory factor analysis (EFA) is a statistical technique often used to generate hypotheses
about the latent structure of a data set. Previous EFAs have yielded conflicting results for the
OHIP. When the 49-item version was investigated, four factors were identified in the
German general population (2) and in Australian older adults (3). When a 30-item OHIP was
studied, six factors were identified in Italian patients with temporomandibular disorders (4).
With a 19-item instrument (5), four factors were reported in Brazilian edentulous patients
(6) and with 18 items four factors were identified in Japanese workers (7). With the 14-item
instrument (3), four factors were found in Chinese community subjects (8); three factors
were found in Turkish patients with Behcet's disease and recurrent aphthous stomatitis (9)
and in Chinese partially dentate patients with implant-supported prostheses (10). Finally, a
one-factor solution was identified in Brazilian post-partum women and older adults (11).

The variability of previous findings is likely the result of several influences. First, there are
vast differences in the studied populations; patients and general population subjects and
individuals from different countries may not perceive the structure of OHRQoL in the same
way. Secondly, OHIP forms of varying lengths were used in each study and various data
analytic approaches were applied. Thirdly, we would expect sampling error in previous
results, especially in studies with small sample sizes. Finally, factor analysis — like any other
statistical technique — relies on the analyst to interpret results. This subjectivity can
influence how many factors are extracted from the data and how these factors are named and
interpreted.

To conclusively determine the structure of the OHIP, a large sample of important target
populations should be studied, for example, dental patients and general population subjects.
Because the OHIP is used globally, study data should come from different countries.

Finally, because an instrument with more items is better able to identify dimensions, the
long OHIP-49 is more appropriate for a factor analytic study than the abbreviated versions.
The Dimensions of Oral Health-Related Quality of Life (DOQ) Project was designed to have
such a large set of international OHIP-49 data (12).

The aim of this report was to investigate OHIP's factor structure with EFA in the DOQ
Project.
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Materials and methods

Study design, subjects and OHIP data

The study was a secondary data analysis. Data came from the Dimensions of Oral Health-
Related Quality of Life (DOQ) Project (12). The project contains 49-item OHIP (1) data
from general population subjects and prosthodontics patients of six countries with validated
OHIP instruments (13-18). As part of the DOQ Project, we assigned OHIP responses to one
of three data sets (12). The present study used the Learning Sample, containing 5,173
subjects (3,177 general population subjects and 1,996 prosthodontics patients.) We studied
the 46 OHIP items that did not refer to dentures specifically. Some subjects had a large
number of missing responses such that an accurate characterization of an individual's
OHRQoL status was compromised. Therefore, as in previous studies (19), OHIPs with five
or more missing responses were omitted from the analysis. In the 5,146 remaining subjects,
missing responses were imputed with the person's median response.

Each OHIP item describes a situation that impacts OHRQoL and asks subjects to rate how
often they experienced that impact within a certain recall period, most often the last month
(response categories ‘never’, ‘hardly ever’, ‘occasionally’, ‘fairly often’, and ‘very often’).
More details about OHIP and the levels of impaired OHRQoL in prosthodontics patients and
general population subjects are provided in the overview about the DOQ Project (12).

Data analysis

We investigated the dimensionality of the OHIP through an exploratory factor analysis
(EFA) of inter-item polychoric correlations. We determined dimensionality by considering
the ratio of the first-to-second eigenvalue (20), Cattell's scree plot (21), and Horn's parallel
analysis (22). It has been suggested that a ratio of first-to-second eigenvalues greater than
four is evidence of unidimensionality (23). Cattell's method plots the eigenvalues in
decreasing order and retains as many factors as there are eigenvalues above the elbow of the
plot. Horn's parallel analysis modifies Cattell's scree plot by comparing the observed
eigenvalues to eigenvalues from random data, retaining as many factors as the number of
observed eigenvalues that exceed the simulated eigenvalues.

We extracted factors using the iterated principal factors technique and rotated the solution
using oblimin (an oblique rotation technique) (24), leading to correlated factors. Factor
solutions were interpreted with salient factor pattern loadings greater than 0.45. Finally,
using items assigned uniquely to factors, we present Cronbach's alpha for each factor of our
final solution.

In secondary analyses, we investigated whether methodological choices in the factor
analysis change results. First, we applied the principal components method instead of the
iterated principal factors method. Second, we applied promax (25), another oblique rotation,
instead of oblimin rotation.
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OHIP's general factor

The eigenvalues of the polychoric correlation matrix for the complete data suggested a
dominant general factor. The first eigenvalue was 27.0 and the second eigenvalue was 2.6,
yielding a first-to-second eigenvalue ratio of 10.5 (Figure 1). The third eigenvalue was 1.7
and the fourth was 1.3. When one factor was extracted, all OHIP items had large loadings
with the smallest loading equal to 0.49 (Table 1).

Results of the one-factor EFA did not change substantially when performed separately for
patients and general population subjects or for each of the six countries. However, we found
greater variation in the loadings across countries. In Croatia, the country with the smallest
number of subjects, five loadings did not reach the threshold of salient loadings and among
them three were small.

Overall, the overwhelming majority of salient loadings led us to accept that a general factor
underlies OHIP responses.

Extraction of multiple factors

Cattell's scree plot presented a steep drop from factor one to factor two, supporting a strong
general factor. However, Horn's parallel analysis suggested a four-factor solution (Figure 1).
Based on the results of the parallel analysis, we retained the four-factor solution. After
rotation by oblimin, the first factor contained 18 items that seemed to represent Psychosocial
Impact and the factor was named accordingly (Table 2). A second factor contained 10 items
that reflected concerns about Oral Function. The third factor contained only six items, and
problems with aesthetics characterized four of the items. The remaining two items (worried,
self-conscious) describe a lower degree of psychological impact, but conceivably also
correspond to concerns over appearance. We named this factor Orofacial Appearance.
Finally, a fourth factor contained seven items related to pain in the orofacial system, leading
to the name Orofacial Pain. The four factors correlated between 0.45 and 0.70 with each
other and their Cronbach alpha values ranged from 0.85 to 0.95 (Table 3). Five of the
OHIP-46 items did not have salient loadings on any of the four factors.

Secondary analyses

The principal components method did not substantially change the pattern of loadings of the
four-factor EFA. When promax was used for rotation, the overall factor pattern remained
stable and interpretation of findings did not change. Overall, OHIP factorial structure
seemed to be robust against methodological influence.

Discussion

This secondary analysis of international data of prosthodontic patients and general
population subjects from six countries found that the Oral Health Impact Profile could be
characterized by either four correlated dimensions or a strong general factor. The four
correlated latent factors Oral Function, Orofacial Pain, Orofacial Appearance, and
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Psychosocial Impact appeared as dimensions that can be interpreted in light of substantive
knowledge.

The original publication of the OHIP categorized items into seven domains named
Functional Limitations, Physical Pain, Psychological Discomfort, Physical Disability,
Psychological Disability, Social Disability, and Handicap (1). These domains were derived
based on a conceptual model of oral health (26) and items were assigned to domains based
on expert opinion. When experts were asked in a later study to assign items to domains/
dimensions, items could be reproducibly assigned to dimensions but a smaller number of
dimensions was sufficient to group all items (27). This finding supported the
multidimensional model of OHRQoL, but also provided evidence that a model with fewer
than seven dimensions may be sufficient to account for the OHIP's latent structure.

In general, (perceived) oral health is thought to be multidimensional (28), and previous
factor analytic studies, with one exception (11) agreed that OHIP has several latent factors.
Most previous studies presented between three (10) and six factors (4), with four dimensions
often identified — the number we found. Studies using the OHIP-49 found four factors in
German general population subjects (2) and older adults in Australia (3). While the factors
were not named in the Australian study, our findings in Germany were very similar to the
present international study, except that Orofacial Appearance was a weaker factor. Although
factor analytic studies using abbreviated OHIP versions vary in the number and
interpretation of OHRQoL factors, they share many similarities with our findings for the
long OHIP:

1. We identified an Oral Function dimension. This factor encompasses many of the
same items as OHIP's original Functional Limitation (1) domain. This factor was
also found in Chinese partially edentulous patients seeking dental implant therapy
(10), Chinese community subjects (8), and in Japanese workers (7). Another study
of Brazilian edentulous patients called a factor covering similar content
Masticatory Discomfort and Disability (6).

2. We identified an Orofacial Pain dimension. We named this dimension Orofacial
Pain because it contained several different aspects of pain in the orofacial system.
The original OHIP categorized many of our Orofacial Pain items as Physical Pain
(1), a factor also found in Japanese workers (7). In Brazilian edentulous subjects,
the content of this factor was also identified but grouped with psychological
concerns and named Oral Pain and Disconmfort (6). In Chinese partially edentulous
patients seeking dental implant therapy and in Chinese community subjects it was
called (Physical) Pain and Disconfort (8, 10).

3. We identified an Orofacial Appearance dimension. None of the previous EFA
studies identified this factor as a separate dimension. In Japanese workers, a factor
named Psychological Discomfort was identified for which five out of six items
matched our Orofacial Appearance factor (7). Although three appearance items had
the strongest loadings for this factor, the authors decided to call this factor
Psychological Discomfort. This difference in interpretation might indicate that
previous studies stayed within the domain framework provided in the original
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OHIP, which does not contain appearance as a separate concept. Some
investigators did not consider OHIP as well suited to measure esthetical concerns
(29), leading investigators already familiar with the OHIP to develop a stand-alone
instrument to measure orofacial appearance (30). However, other investigators have
recognized an aesthetic component in OHIP items as evidenced by the development
of an abbreviated “OHIP-aesthetic” (31).

4. We identified a Psychosocial Impact dimension. All previous EFA studies
identified psychological and social latent factors. The original OHIP separated this
impact into five dimensions (Psychological Discomfort; Physical, Psychological,
Social Disability; Handicap). Some previous studies differentiated Psychological
Symptoms from Psychosocial Symptoms (9), Psychological Discomfort and
Disability from Social Disability (6), Disability from Handicap (8), and
Psychological Discomfort from Disability & Handicap (7). Others found
Psychological and Social Impact (10) to be a single dimension, as we concluded.

OHIP has also been used together with other OHRQoL questionnaires. Using both the
OHIP-14 (3) and Oral Impact of Daily Performances (32), Functional Limitations, Pain-
Discomfort, and Psychosocial Impacts were identified (33). When the OHIP-14 was used
with the Geriatric Oral Health Assessment Index (34), six factors were found but not named
(35). Another study used OHIP-14 with the European Quality of Life indicator or EuroQol
(EQ-5D+) and found four factors which were not named (36).

Finally, although dimensions were found in the previously mentioned studies and domain
scores have been used in many OHIP applications, researchers often interpreted total OHIP
scores. To provide a framework for interpreting total scores, rules have been developed such
as the population normative values (37) and the Minimal Important Difference to identify
clinically relevant change (38). The use of total scores indicated that researchers considered
OHRQoL summarized by one score as meaningful. Such an interpretation is consistent with
our result that the OHIP has a strong higher-order factor.

Strengths and limitations

In our approach, we assumed that the structure of the OHIP was sufficiently similar across
countries and populations to allow data to be combined for analyses. However, differences
are likely present. For example, in Croatia we detected three factor loadings on the general
factor substantially smaller than 0.45 — findings that are noteworthy compared to the
consistently high loadings in the other countries. Even though Croatia contributed the
smallest number of subjects and sampling variability affected our results, further analyses
are necessary to assess measurement invariance across populations. In general, assessing
differences in item characteristics across populations (cultures) is an important step in the
psychometric evaluation of self-report instruments. Despite the presence of variation across
cultures and populations, our findings present an overall consistent and clinically
meaningful pattern.

Five items (10%) did not meet our saliency criterion for any of our four factors. Some of
these items had lower loadings for all dimensions, and they may represent more general
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consequences (food catching, unable to brush teeth) or symptoms (breath stale) of oral
conditions. Two of the five items (digestion worse and miserable) had loadings of 0.40 and
0.42, respectively, almost meeting our saliency criterion. How these five items relate to the
four dimensions is not clear at this moment. Only the set of 46 items not specifically
denture-related was considered because these items could be answered by all subjects.
Responses concerning dentures and natural teeth were often not straightforward. For
example, subjects with dentures might have responded to questions about natural teeth by
referencing their tooth replacements. Alternatively, subjects without dentures may have
answered questions about dentures by referring to experiences with their fixed
prosthodontics. Finally, exploratory factor analysis provided many options when performing
the analysis. The factor extraction method, the method to determine the number of factors
that should be retained for further analysis, and the factor rotation method are major
methodological parameters. By varying all these methods, we presented some evidence that
our findings are robust against arbitrary methodological influences.

In this exploratory study, we provided (i) substantial evidence for a strong general factor
underlying OHIP items, (ii) evidence for a more differentiated four-dimensional structure of
OHRQoL, and (iii) evidence that the structure of the OHIP is similar across cultures and
populations. The four identified factors were named Oral Function, Orofacial Pain,
Orofacial Appearance, and Psychosocial Impact. The existence of a dimension
characterizing the various physical functions of the orofacial system seems highly plausible
because every organ system has some function. Many individuals suffer from dental, oral,
and orofacial pains. The prevalence of these conditions and their substantial impact on the
individual support the existence of a separate pain factor for the orofacial system. It is also
plausible that the appearance of the orofacial area — dental and craniofacial aesthetics - is a
relevant part of perceived oral health and therefore essential for a complete understanding of
OHRQoL. Finally, dental and oral conditions cause a substantial amount of distress, which
we believe is captured in our dimension Psychosocial Impact.

In the subsequent article in this issue (39), the findings that OHIP scores have four
dimensions with a general strong factor will be tested using confirmatory factor analysis.
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Table 3
Factor intercorrelations and Cronbach alphas in the four-factor solution
Psychosocial Impact (alpha: . Oral Function (alpha: . Orofacial Appearance Orofacial Pain
95) (alpha: .88) (alpha: .85)
Psychosocial | mpact 1
Oral Function .70 1
Orofacial Appearance .58 .55 1
Orofacial Pain .54 45 49 1
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