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Aims: To develop and test labeled magnitude (LM) scales that are 
sensitive to variations in pain associated with dentin hypersensitiv-
ity (DH). Methods: Qualitative methods were used first to obtain 
words that describe the pain of DH. Magnitude estimation was then 
used to determine the position of these descriptive terms by relative 
magnitude along four vertical LM scales. To assess their DH, pa-
tients used the four LM scales following dentin stimulation with 4ºC 
and 25ºC water. The LM scales were then compared to visual analog 
scale (VAS) ratings by using eight pain scenarios of varying sever-
ity. Finally, participants with DH completed the four horizontal LM 
scales and VAS after dentin stimulation with 4°C and 25°C water. 
Within-subject t tests were used for comparisons between scales and 
water temperatures, and between-subject t tests were used for com-
parisons between participants with and without DH. Results: Par-
ticipants showed comparable differentiation between 4ºC and 25ºC 
water on VAS and three of the LM scale measures. Responses on the 
fourth LM scale showed better differentiation than VAS between the 
two water temperatures. Participants used a greater portion of the 
LM scales than VAS when rating low-level pain scenarios. Conclu-
sion: LM scales were shown to provide some advantages compared 
to standard VAS when used to evaluate DH-associated pain. These 
advantages may be generalized to other low-level pain conditions. J 
OROFACIAL PAIN 2013;27:72–81. doi: 10.11607/jop.954
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The complex, subjective nature of pain makes its assessment 
challenging.1,2 Therefore, many pain-measurement tools have 
been developed in the last 40 years for use in research and 

clinical settings. The most commonly used scales involve partici-
pants indicating pain intensity by using verbal descriptors (ie, cat-
egory scale) or marking a point on a line (ie, visual analog scale 
[VAS]). Category scales have the advantage of being easy to use and 
intuitive with minimal instructions. Disadvantages include a limited 
number of verbal descriptors, forcing the respondent to rate percep-
tually different pain intensities under the same category. Another 
problem is the uneven spacing between categories, such that the per-
ceived intensity of a shift from, for example, “weak” to “mild” pain 
is less than from “strong” to “intense” pain.3 

A VAS typically has two verbal descriptors labeling each end of a 
100-mm linear scale and spans the entire range of pain experience 
from, for example, “no pain” to “worst pain imaginable.” Partic-
ipants are free to mark anywhere along the line. However, with-
out intermediate labels to guide responses, additional variability is 
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introduced by nonsystematic variation as to where 
participants place the mark.3 Another problem is 
that the low end of the pain range is compressed to 
approximately the bottom third of the scale in an ef-
fort to capture the full range of pain intensity on the 
line. Therefore, clinical studies of low to moderate 
intensity pain conditions such as dentin hypersen-
sitivity (DH) are prone to utilize only a relatively 
small portion of the entire scale, subjecting studies 
to floor effects. 

Starting in the 1970s, investigators began to 
combine verbal descriptors and numerical measure-
ments into category ratio scales of pain. Gracely 
and colleagues4 quantified the perceived magnitude 
of various sensory and affective pain descriptors by 
using a cross-modality matching method with both 
magnitude estimation and handgrip force. Subse-
quent studies demonstrated the validity of this tech-
nique when applied to tooth pain produced either 
by electrical stimulation or cold applied to exposed 
dentin.5 Heft and Parker3 proposed combining such 
category ratio scales with line scales by using labels 
placed at distances “reflecting the spacings between 
words as the subjects perceive them.” Their graphic 
rating scale of pain intensity had six descriptors 
ranging from “faint” to “intense” aligned along a 
horizontal line at intervals determined by magni-
tude estimation of perceived differences between 
the words. Green et al subsequently developed a 
similar, but vertical, scale with six descriptors rang-
ing from “barely detectable” to “strongest imagina-
ble” aligned at distances determined by magnitude 
estimation.6 

The aim of this multi-study project was to de-
velop and test labeled magnitude (LM) scales that 
are sensitive to variations in pain associated with 
DH. First, focus groups were conducted with people 
suffering from DH to discern terms used to describe 
the pain. Magnitude estimation experiments then 
used these terms to determine the position of terms 
along new, labeled scales. Finally, both experimental 
and paper-and-pencil tests were performed with the 
scales to confirm sensitivity of the scales to low and 
moderate pain.

Materials and Methods

The University of Washington Institutional Review 
Board reviewed and approved all study protocols, 
and informed consent was obtained for all par-
ticipants for each of the five experiments that took 
place from June 2007 to July 2009. Demographic 
data on participants for all these experiments are 
shown in Table 1. Unless otherwise noted, within-

subject t tests were used for comparisons between 
scales and water temperatures. Between-subject t 
tests were used for comparisons between groups. 

Experiment 1: Quantitative and Qualitative  
Assessment of Dentin Stimulation Pain 

The goals of Experiment 1 were: (A) to determine 
if individuals with DH could differentiate between 
water of differing temperatures (4°C and 25°C) ap-
plied to their sensitive teeth and (B) to develop a 
list of descriptive terms used by DH sufferers to de-
scribe the pain associated with their condition by 
using stimuli clinically relevant to their condition. A 
dentin-stimulation task, followed by focus groups, 
was conducted with 26 individuals suffering from 
DH. Figure 1 provides a flowchart representation of 
the structure of Experiment 1. 

Participants and Recruitment. Participants (n = 26)  
were healthy adults from 18 to 75 years of age with 
at least three teeth affected by DH due to facial/
cervical erosion, abrasion, and/or gingival reces-
sion. Participants were not suffering from gross oral 
neglect or chronic pain conditions that could alter 
pain perception. Persons taking regular medications 
that could alter pain perception (including analge-
sics and mood-altering medications) or who had 
completed recent dental treatment were excluded 
from the experiment. Recruitment was performed 
using flyers posted at various campus locations and 
in a local newspaper. 

Participant Screening. Participants were first 
screened by telephone and in person for the pres-
ence of at least three “sensitive teeth” and absence 
of other chronic pain conditions. Participants com-
pleted a screening session with a trained dentist who 
performed a clinical examination to exclude pain 
due to cracked or chipped teeth, failed restorations, 
dental caries, gingival inflammation, etc. The den-
tist then delivered an evaporative air blast from a 
standard dental unit syringe on those teeth identi-
fied as sensitive and/or displaying cervical erosion, 
abrasion, or recession of exposed dentin. 

After each air blast, the dentist and assistant to-
gether assigned a score to each tested tooth. The 
score was based on: (1) the participants’ ratings on 
a standard 100-mm VAS, labeled on the left with 
“no pain” and on the right with “worst imaginable 
pain”; (2) an observable physical reaction to the air 
puff by the participant (indicated by the dentist as 
“yes” or “no”); and (3) an indication by the partici-
pant (“yes” or “no”) that the air puff was “definitely 
painful.” DH teeth were considered those that elic-
ited a rating of at least 30 mm on the VAS and at 
least one of the other two criteria. Each participant 
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was required to have at least three suitable teeth to 
qualify to return for the stimulation phase and focus 
group. In total, 86 individuals completed an in-office 
screening, of which 30 were determined to be eligi-
ble to participate in the water stimulation phase. 

Water Stimulation Phase. Twenty-six of the eligi-
ble individuals returned 2 to 4 weeks later to par-
ticipate in a stimulation phase and focus group. A 
trained dental assistant applied water of two dif-
ferent temperatures (4°C and 25°C) to as many as 
three teeth designated as having DH identified dur-
ing the screening session. The assistant isolated each 
tooth with cotton rolls prior to the water applica-
tion and then applied 0.5 mL of water for 1 sec-
ond with a tuberculin syringe. The assistant applied 
the water of one temperature to a particular tooth, 
waited for 10 minutes, and then applied the water 
of the second temperature to the same tooth. After 
each water application, participants were asked to 
rate the pain associated with that application on the 
100-mm horizontal VAS. 

The order of testing was counterbalanced, such 
that half the participants were presented with the 
4°C water first and then the 25°C water. The re-
maining participants received the water at the two 
temperatures in the reverse order. 

Table 1    Demographic Information for Experiments 1 Through 5 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5

M 
(n = 4)

F 
(n = 22)

DH Controls

M 
(n = 3)

F 
(n = 17)

M 
(n = 16)

F 
(n = 24)

M 
(n = 5)

F 
(n = 22)†

M 
(n = 2)

F 
(n = 18)

M 
(n = 8)

F 
(n = 16)

Mean age, years (SD) 37.2 (7.8) 30.6 (11.8) 29.4 (14.8) 35.9 (14.0) 29.3 (9.7) 37.3 (11.8) 27.6 (10.9) 36.6 (14.8) 34.3 (17.0) 35.6 (16.8) 26.0 (6.9) 36.1 (11.0)

Hispanic/Latino(a) 0 0 1 2 0 1 0 1 0 2

Ethnicity 

Caucasian 0 11 2 16 5 12 3 11 10 7 3 18

African American 1 0 0 0 2 1 0 0 0 1 0 0

Asian 0 0 0 1 0 2 0 4 5 13 2 2

Hawaiian/Pacific Islander 0 0 0 0 0 0 0 0 0 1 0 0

More than one 1 1 0 1 1 1 0 2 1 1 0 0

Unknown/Not reported 2 10 0 0 0 0 0 0 0 1 0 1

Education level*

High school diploma 0 2 – – – – 0 1 2 2 1 0

Some college 0 3 – – – – 1 5 6 11 1 4

Associate degree 0 1 – – – – 1 2 2 1 0 4

Bachelor degree 2 5 – – – – 1 6 2 5 3 7

Master degree 0 0 – – – – 0 1 3 2 0 2

Doctorate degree 0 0 – – – – 0 2 1 3 0 5

Unknown/Not reported 2 11 – – – – 0 0 0 0 0 0

*Educational information was not obtained in Experiment 2.
†One participant did not report his/her sex in Experiment 5.
SD, standard deviation; M, male; F, female.

Telephone screening
• Current DH
• Medications

Clinical screening (n = 86)
• VAS calibration task
• Dental examination
• VAS to air blast
• Dentist observation of reaction to air blast (yes/no)
• Subject report of pain to air blast (yes/no)

Water stimulation (n = 26)
• Water (4°C and 25°C) applied
• 100-mm VAS completed after each water application

2–4 weeks

Focus groups (n = 26)
• Participants assigned consecutively to one of 

the four groups
• Discussed terms used to describe pain of DH

Same day

Fig 1    Structure of Experiment 1 including screening ses-
sions and focus groups. Adults with DH who were ini-
tially screened via telephone and in person completed a 
dentin stimulation session (n = 30) with 4°C and 25°C 
water. The first 26 participants were assigned to one of 
four focus groups.
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Focus Groups. Participants (n = 26) were assigned 
consecutively to one of four focus groups as they be-
came eligible to participate in the groups, such that 
the first seven participants constituted the first focus 
group, and so forth. Focus groups contained be-
tween five and eight members, the number of groups 
generally recommended in the literature.7 After the 
dentin stimulation, participants met in their respec-
tive focus groups with a moderator and note-taker. 
The moderator led the group in a semi-structured 
group discussion, focusing primarily on obtaining 
qualitative descriptions of DH. Participants were 
asked to provide terms to describe the pain of DH 
at its most severe and least intense. 

Specific categories of descriptors were not sug-
gested to participants. The focus-group discussions 
were recorded and transcribed into written form. 
Transcripts were reviewed and analyzed by two in-
vestigators to identify consistent themes with regard 
to descriptive terms associated with DH.

Experiment 2: Magnitude Estimation and 
Ranking Tasks of DH-Related Pain Terms 

The goal of Experiment 2 was to determine the rela-
tive magnitude of each of the terms obtained in the 

Experiment 1 focus groups. Both individuals with 
DH and pain-free controls completed a magnitude 
estimation task with the descriptive terms obtained 
in Experiment 1. 

Participants and Recruitment. Native English–
speaking adult participants completed Experiment 
2 in two groups. Pain-free controls (n = 24) were 
recruited through flyers posted throughout the Uni-
versity of Washington campus. Individuals with DH 
(n = 20) were participants in Experiment 1 who had 
consented to be contacted for future studies. 

Magnitude Estimation Task. After giving their 
consent, participants were then given instructions 
for the magnitude estimation task, which indicated 
how to assign a numeric value to each term. For 
each group of words, one word judged by the inves-
tigators to represent a moderate level of the given 
theme (Intensity, Duration, Tolerability, Descrip-
tion) was selected as the modulus for that group and 
given a value of 12, as has been used in prior stud-
ies.8 This gave participants an anchor point against 
which they could compare the remaining words and 
give relative ratings. 

Participants were instructed to assign further val-
ues proportionally, such that terms they perceived 
as three times as strong as the modulus term were 

Table 1    Demographic Information for Experiments 1 Through 5 

Experiment 1 Experiment 2 Experiment 3 Experiment 4 Experiment 5

M 
(n = 4)

F 
(n = 22)

DH Controls

M 
(n = 3)

F 
(n = 17)

M 
(n = 16)

F 
(n = 24)

M 
(n = 5)

F 
(n = 22)†

M 
(n = 2)

F 
(n = 18)

M 
(n = 8)

F 
(n = 16)

Mean age, years (SD) 37.2 (7.8) 30.6 (11.8) 29.4 (14.8) 35.9 (14.0) 29.3 (9.7) 37.3 (11.8) 27.6 (10.9) 36.6 (14.8) 34.3 (17.0) 35.6 (16.8) 26.0 (6.9) 36.1 (11.0)

Hispanic/Latino(a) 0 0 1 2 0 1 0 1 0 2

Ethnicity 

Caucasian 0 11 2 16 5 12 3 11 10 7 3 18

African American 1 0 0 0 2 1 0 0 0 1 0 0

Asian 0 0 0 1 0 2 0 4 5 13 2 2

Hawaiian/Pacific Islander 0 0 0 0 0 0 0 0 0 1 0 0

More than one 1 1 0 1 1 1 0 2 1 1 0 0

Unknown/Not reported 2 10 0 0 0 0 0 0 0 1 0 1

Education level*

High school diploma 0 2 – – – – 0 1 2 2 1 0

Some college 0 3 – – – – 1 5 6 11 1 4

Associate degree 0 1 – – – – 1 2 2 1 0 4

Bachelor degree 2 5 – – – – 1 6 2 5 3 7

Master degree 0 0 – – – – 0 1 3 2 0 2

Doctorate degree 0 0 – – – – 0 2 1 3 0 5

Unknown/Not reported 2 11 – – – – 0 0 0 0 0 0

*Educational information was not obtained in Experiment 2.
†One participant did not report his/her sex in Experiment 5.
SD, standard deviation; M, male; F, female.
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to be assigned the number 36, while those half as 
strong were to be assigned the value 6, etc. The full 
instructions for this task were comparable to those 
used in prior work.8 

The order of the group of words presented (In-
tensity, Duration, Tolerability, Description) was 
counterbalanced across participants. Each group of 
words was repeated three times. To avoid partici-
pant fatigue, participants completed this task over 
two sessions, with two groups of words per session. 

For each descriptive term, the geometric mean of 
participants’ magnitude estimates was calculated. 
For each scale, the resulting magnitude estimates for 
the descriptive terms were subsequently multiplied 
by a constant to produce ratings that spanned a 
100-mm scale. Constants selected were whole num-
bers that when multiplied by the mean (geometric) 
magnitude for the highest term resulted in the num-
ber closest to 100 without exceeding that value. 

Experiment 3: Initial Testing of Labeled  
Magnitude Scales 

The goal of Experiment 3 was to conduct a prelimi-
nary test of the ability of participants to use LM 
scales to discriminate between water of two tem-
peratures placed on sensitive teeth. 

Participants and Recruitment. Participants were 
those individuals with DH (n = 20) who had previ-
ously participated in Experiment 1. 

Pain Calibration Task. Participants first complet-
ed a four-item written oral pain-related calibration 
task containing the four LM scales (Table 2) to help 
standardize participants’ interpretation of oral pain 
and ensure they understood how to use the scales 
appropriately. A research team member sat with in-
dividuals and explained the use of the scale for each 
sensation described. The order in which the four 
LM scales was presented was determined by Latin 
Square to ensure equal order of presentation and 
reduce the influence of order effects on the study 
results. Calibration items were presented in a fixed 
order for each participant. 

Water Stimulation Phase. Following calibration, 
participants underwent dentin stimulation with wa-
ter of two temperatures (4°C and 25°C), applied 
to each of two teeth considered to have DH as de-
termined in Experiment 1 and by the participant’s 
own report. The most sensitive of the two teeth was 
stimulated first, with water at either 4°C or 25°C, 
counterbalanced across participants. In the subse-
quent 10-minute interval, participants completed 
the four LM scales. Following the 10-minute inter-
val, the other water temperature was presented to 
the same tooth followed by completion of the four 
LM scales. A similar procedure was repeated for the 
second most sensitive tooth applying water temper-
atures in the reverse order. 

Experiment 4: Scale Orientation Study 

The goals of Experiment 4 were: (1) to examine any 
differences in ratings that may occur on LM scales 
presented either horizontally or vertically and (2) to 
assess the sensitivity of the LM scales for non–oral 
pain sensations. Experiment 4 also served as the first 
direct comparison of the LM scales and VAS. 

Participants and Recruitment. Participants (n = 40)  
were adults aged 18 and above who were recruited 
through on-campus flyers. 

Procedures. Participants completed paper-and-
pencil measures, rating the pain associated with 
eight hypothetical pain scenarios on both the LM 
scales and VAS. Half (n = 20) of the participants 
completed the LM scales in the vertical orientation 
(“no pain” at the bottom, highest pain descrip-
tor near the top; Fig 2), while the remaining half 
completed the scales in a horizontal orientation 
(“no pain” at the left, highest pain descriptor to the 
right); participants were randomly assigned to scale 
orientation. VAS measures were presented in the 
horizontal orientation for all participants, consist-
ent with previous studies. Scales were presented in 
the same fixed order for each participant (Intensity, 
Duration, Tolerability, Description, VAS). 

Table 2    Mean Labeled Magnitude Scale Scores—Instruction Set from Experiment 3

Item
Percent 

felt before

Mean score (SD)

Intensity Duration Tolerability Description

1. The touch of a pill on your tongue 100% 2.3 (6.7) 6.8 (12.5) 4.3 (11.9) 4.2 (10.8)

2. The pain of a canker sore on the inside of your lower lip 95% 42.1 (17.9) 65.5 (20.8) 32.8 (16.4) 48.1 (24.0)

3. The pain from biting your tongue 90% 61.9 (5.0) 46.2 (12.8) 26.6 (13.2) 66.9 (19.5)

4. The pain of a persistent toothache 80% 56.3 (12.6) 71.8 (14.8) 54.8 (18.0) 64.0 (15.9)

SD, standard deviation.
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Experiment 5: Comparison of LM Scales with 
VAS Using Direct Stimulation 

The goals of Experiment 5 were (1) to compare the 
ability of the LM scales and VAS to distinguish be-
tween sensations resulting from 4ºC and 25ºC wa-
ter stimulation and (2) to determine participants’ 
preferences for the LM scales or VAS in measuring 
the pain associated with DH. 

Participants and Recruitment. Participants in-
cluded 15 individuals with DH from Experiment 1 
as well as 13 newly enrolled participants recruited 
and screened as described for Experiment 1. 

Procedures. Experiment 5 participants were 
asked by the study dentist to identify teeth or ar-
eas that were sensitive. The dentist then delivered 
an evaporative air blast from a standard dental unit 
syringe on teeth identified as sensitive and/or dis-
playing cervical erosion, abrasion, or recession of 
exposed dentin. Immediately after the air blast, the 
participant rated the pain experienced on a 100-mm 
VAS. Participants were determined to be eligible for 
this portion of the study if they had at least two 
teeth with DH. (Participants screened during Ex-
periment 1 were re-screened to be certain their DH 
pain levels remained adequate for participation in 
Experiment 5.)

Eligible participants (n = 28) underwent dentin 
stimulation as described in Experiment 3. Water of 
two temperatures (4°C and 25°C) was applied to 
each of the two teeth identified with DH. Each tooth 
was stimulated with water of one temperature at a 
time. Participants waited 10 minutes between each 
water stimulation, during which time they com-
pleted pain assessments by using the four LM scales 
and one VAS for that particular stimulation. Pres-
entation of the scales, whether LM scales or VAS 
first, was counterbalanced across participants. In 
addition, the order of presentation of the two water 

temperatures was randomized and counterbalanced 
for each participant. 

After completing the water stimulation, partici-
pants (n = 25) completed individual interviews con-
sisting of questions about the LM scales and VAS. 
Participants were shown their individual completed 
LM scales and VAS and asked, “Did you find one 
type of scale easier to complete than the other?” In-
terviews were audiorecorded and transcribed into 
written documents. The written transcripts were 
then analyzed for themes. 

RESULTS

Experiment 1 

Participants assigned higher VAS ratings to the 4°C 
water (mean 57.6; SD 23.0) in comparison to the 
25°C water (31.0; SD 26.4), regardless of the order 
in which the water was presented (t = 5.2, P < .01). 

When asked about the water stimulation in the 
focus groups, most individuals noted that the 4°C 
water was “worse,” “more intense,” and “more 
painful” compared with the 25°C water. Many were 
able to determine that the 4°C was colder. Results 
from the focus groups were consistent with the VAS 
ratings. 

The most common terms describing the pain of 
DH in the focus groups were grouped into themes. 
Four common themes emerged: intensity, duration, 
tolerability, and description. Intensity included such 
terms as “sharp,” “faint,” and “stabbing.” Duration 
terms included “temporary,” “lingering,” and “sud-
den.” Tolerability, the theme describing how well 
participants were able to endure the pain of DH, in-
cluded terms such as “annoying,” “uncomfortable,” 
and “unbearable.” Description terms included those 
that encompassed both intensity and duration. For 

Chronic

Lingering
Quick

Temporary

No pain

90 mm

Stabbing 75 mm
Sharp 63 mm

Dull 36 mm

Dim 15 mm
No pain 0 mm

Unbearable 85 mm

Unnerving 56 mm

Uncomfortable 37 mm

Tolerable 18 mm
No pain 0 mm

Throbbing 76 mm
Shooting 87 mm

Ache 48 mm

Twinge 25 mm

No pain 0 mm

60 mm
48 mm

31 mm

0 mm

DURATION INTENSITY TOLERABILITY DESCRIPTION

Fig 2    Labeled magnitude (LM) scales resulting from magnitude estimation task in Experiment 2. Magnitude estimates 
from individuals with (n = 20) or without DH (n = 24) were used to determine the position of labels along four scales. 
The resulting LM scales with corresponding placement of each term in millimeters (mm) from the bottom of the scale are 
shown. The mm values are for reference only and were not shown to participants.
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example, “twinge” suggested experiencing a low level 
of pain for a short time, while “ache” was suggestive 
of a higher level of pain for a longer period of time. 

Experiment 2 

Magnitude estimates did not differ significantly be-
tween the DH and control groups for most terms 
(P > .05). However, in the one case where the two 
groups differed on a term (“unbearable”), the mean 
rating from the DH group was used, as the final 
scales are designed for use in a DH patient popula-
tion. Some terms produced nearly identical magni-
tude estimates (eg, “throbbing” and “jolt”). In these 
cases, focus-group transcripts were reviewed and the 
term appearing most frequently was used. The re-
sulting four LM scales with corresponding values for 
each term in millimeters (mm) are shown in Fig 2. 

Experiment 3 

Participants’ mean scores for each of the four LM 
scales for the calibration task are shown in Table 
2. Figure 3 shows the mean LM scales ratings from 
Experiment 3. Participants gave higher mean rat-
ings for the 4ºC than for the 25ºC water stimulation 
for each of the four scales. This was true for both 
the most sensitive tooth tested (Intensity, t = 4.7,  
P < .001; Duration, t = 2.3, P < .05; Tolerability,  
t = 4.1, P < .001; Description, t = 4.4, P < .001) and 
the second most sensitive tooth tested (Intensity,  
t = 5.7, P < .001; Duration, t = 4.9, P < .001; Tol-
erability, t = 4.4, P < .001; Description, t = 4.9,  
P < .001). Although the mean ratings given by the 
participants tended to be higher on all scales for 

the first stimulated tooth (identified as the most 
sensitive) when compared with the second tooth, 
these differences were not statistically significant  
(P > .05). 

Experiment 4 

The eight pain scenarios included both low-level 
(paper cut, splinter, sunburn, bruise) and high-level 
(broken bone, chronic back pain, migraine head-
ache, childbirth) non–oral pain sensations. No sig-
nificant differences were found between LM scales 
presented horizontally or vertically (t < 2.0) or for 
VAS ratings (P > .05) following the different orien-
tations. Data from the two orientations, therefore, 
were collapsed for further analyses. Figure 4 shows 
both low-level (Fig 4a) and high-level (Fig 4b) pain 
scenarios as rated on the LM scales and VAS. 

Ratings on the VAS for the low-level pain scenar-
ios remained in the bottom third of the scale, with 
the means ranging from 18.1 to 32.6 mm, and av-
eraging 23.9 mm across all four low-level scenarios. 
For the LM scales, however, higher mean ratings 
on the four low-level pain scenarios were observed 
for three of the four scales. Intensity ranged from a 
mean of 25.4 to 44.0 mm, averaging 36.3 mm across 
all low-level pain scenarios; Duration, from 37.0 to 
53.8 mm, and 45.9 mm overall; Tolerability, from 
16.9 to 32.2 mm, and 23.2 mm overall; Description, 
from 32.2 to 45.5 mm, and 38.5 mm overall. 

A 4 (item) × 5 (scale) analysis of variance iden-
tified significant main effects of item and scale, 
as well as item by scale interactions (P < .0001). 
Planned comparisons confirmed that, collapsing 
across items, Intensity, Duration, and Description 
produced significantly higher ratings than did VAS  
(P < .0001), while Tolerability did not differ from 
VAS (P = .71; Fig 4a). 

A comparable 4 (item) × 5 (scale) analysis of 
variance for high-level pain scenarios also identified 
significant main effects of item and scale, as well as 
item by scale interactions (P < .0001). By collapsing 
across items, planned comparisons confirmed that 
Duration, Tolerability, and Description produced sig-
nificantly higher ratings than did VAS (P < .02), while 
Intensity did not differ from VAS (P = .45; Fig 4b). 

Experiment 5 

The mean ratings involving the stimulation of the 
participants’ most sensitive teeth are shown in Table 
3. Participants consistently rated the pain associated 
with placement of the 4ºC water as significantly more 
painful on each of the four LM scales as well as on the 
VAS when compared with the 25ºC water (Table 3). 
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Fig 3    Mean ratings of pain after dentin stimulation by 
using labeled magnitude scales in Experiment 3. Partici-
pants (n = 20) underwent dentin stimulation with water 
of two temperatures (4°C and 25°C), applied to each of 
two teeth diagnosed with DH. T bars represent standard 
error. *Indicates a significant difference between water 
temperature on the same scale and with the same tooth 
(P < .05). 
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The Description LM scale showed the greatest 
mean difference between 4ºC and 25ºC temperature 
water (t = 6.9, P < .001; Fig 5). The mean of the De-
scription difference score (mean = 32.3, SD = 24.6) 
was significantly larger than that of the mean VAS 
difference score (mean = 24.3, SD = 22.7; t = 2.2,  
P < .05). These results were replicated with the sec-
ond most sensitive tooth tested. 

Due to scheduling difficulties and equipment fail-
ures, five participant interviews were either not com-
pleted or recorded, resulting in a final sample size of 
23 for the qualitative portion of the study. Three 
participants did not express a preference for one 
scale over the other. Seven participants expressed a 
clear preference for the VAS, while 13 expressed a 
preference for the LM scales. 

Participants who preferred the VAS to the LM 
scales noted that the VAS was more familiar to them, 
and that the words presented on the LM scales were 
sometimes confusing. These individuals were more 
likely to describe the LM scales as “categorical,” 
and noted that the categories did not always fit their 

pain experiences. Participants with a preference for 
the LM scales over the VAS, meanwhile, reported 
that having descriptors allowed them to be more 
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Fig 5    Labeled magniute (LM) scale and visual analog 
scale (VAS) difference scores from Experiment 5. Mean 
difference scores (rating of 4°C water applied to exposed 
dentin – rating of 25°C water applied to exposed dentin) 
are presented from participants (n = 28) in Experiment 5. 
T bars represent standard error. *Indicates significant dif-
ference by Wilcoxon signed rank test. 
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Fig 4    Labeled magnitude (LM) scale 
and visual analog scale (VAS) ratings 
for pain scenarios in Experiment 4. (a) 
Low-level pain data are presented from 
the four pain scenarios in Experiment 4. 
Participants (n = 40) rated the scenarios 
on both the LM scales and VAS measures. 
Related-sample Wilcoxon t tests showed 
that all LM scale mean ratings except 
Tolerability were significantly higher 
than VAS on low-level pain scenarios  
(P < .001; Tolerability P = .90). (b) High-
level pain LM Duration, Tolerability,  
and Description scales were significantly 
higher than VAS mean scores (P <. 01). T 
bars represent standard error. *Indicates 
a significant difference from VAS ratings.

a

b

Table 3    Mean Labeled Magnitude Scale and Visual Analog Scale Scores for Dentin Stimulation in Experiment 5

4°C 25°C Mean difference t value P value

Intensity 50.9 (16.6) 22.9 (19.9) 28.0 (21.6) 6.9 <.001

Duration 49.4 (16.0) 25.4 (19.0) 24.0 (16.5) 7.6 <.001

Tolerability 35.6 (19.0) 16.5 (13.4) 19.1 (17.1) 5.9 <.001

Description 54.2 (24.8) 21.9 (19.5) 32.3 (24.6) 6.9 <.001

VAS 49.3 (22.7) 25.1 (21.2) 24.3 (22.7) 5.6 <.001

Values reflect mean (standard deviation).
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precise in their measurements, and that they found 
the VAS to be vague and open-ended. 

Discussion

The current series of studies aimed to develop and 
test a set of four LM scales specific for the assess-
ment of the pain associated with DH. Pain intensity 
scales, such as VAS, are commonly used in the meas-
urement and assessment of various acute and chron-
ic pain conditions. While these scales have proven 
useful in the measurement of high-intensity pain 
conditions such as postoperative pain,9,10 the nature 
of low-level pain may not be fully captured by these 
standard measures. The goal of the current set of 
studies was to develop scales that would encourage 
participants to use a greater portion of the 100-mm 
scales, thereby avoiding floor effects seen when us-
ing the VAS with such low-level pain conditions, as 
well as to broaden the scope of the pain assessment 
beyond Intensity to cover other condition-specific 
dimensions that characterize the DH pain response. 

When discriminating between water of two tem-
peratures, both the LM scales and VAS showed good 
differentiation between cold (4°C) and room-temper-
ature (25°C) water. However, the magnitude of the 
difference between water temperatures was greatest 
for the “description” LM scale, whose terms com-
bined both temporal and intensity aspects of pain. 

In comparing the VAS and LM scales on eight 
hypothetical pain scenarios, participants utilized a 
greater portion of the 100-mm measures of the LM 
scales than the VAS, particularly when rating low-
level pain, such as a bruise, paper cut, and splinter. 
Using the LM scales for low-level pain may thus re-
duce floor effects seen with the VAS. 

Historically, line-based pain scales have been 
presented either horizontally3 or vertically.6 In the 
current study, no significant differences emerged on 
ratings given on vertically and horizontally present-
ed LM scales. This suggests that the LM scales may 
be presented in either orientation. When presented 
in conjunction with the VAS, however, users may 
want to present all scales on the horizontal orienta-
tion for ease of use by participants. 

Many scales,4,5,6,8,11 including the standard VAS, 
focus only on the aversiveness or only on the per-
ceived intensity of the pain experience. In doing so, 
the scales fail to take into account other aspects 
of clinical pain. The McGill Pain Questionnaire 
(MPQ), in contrast, is the most comprehensive pain 
assessment in frequent use.12,13 This questionnaire 
consists of four major classes of terms used to de-
scribe pain: Sensory, Affective, Evaluative, and Mis-

cellaneous. These terms are further divided into 20 
different subclasses. Within the subclasses, the terms 
are rank ordered according to intensity ratings (on 
a 1 to 5 scale). Participants choose a word in each 
subclass that describes their pain experience. Ad-
ditionally they are asked to choose words that de-
scribe the pattern of the pain as well as the strength 
of the pain. Scores for each class (Sensory, Affec-
tive, Evaluative, and Miscellaneous) are obtained 
by adding the rank values of words selected in each 
subclass comprising that particular class. The MPQ 
has demonstrated reliability and validity for numer-
ous pain conditions, and it is sensitive to differences 
in pain arising from reversibly inflamed versus ne-
crotic tooth pulp.14,15 

Because of concerns that standard measures, 
including the MPQ, were targeted to more acute, 
higher-intensity pain experiences, unique lists of 
terms were developed to describe the episodic, low-
level pain of DH. This was accomplished by con-
ducting focus groups with people suffering from the 
condition on the same day that their pain was elicit-
ed by application of cold water to exposed dentin. A 
number of the terms elicited in this way do overlap 
with terms in the MPQ. “Throbbing,” “shooting,” 
“stabbing,” “dull,” “sharp,” and “aching” all appear 
in the Sensory Class of terms on the MPQ. These 
terms are found on the Intensity and Description 
LM scales. “Unbearable” appears at the high end 
of the Evaluative Class in the MPQ and was also 
at the high end of the Tolerability LM scale. How-
ever, many of the terms used to describe the pain of 
DH do not appear on the MPQ. Consistent with the 
concern that other scales are not geared to low-level 
pain, the non-overlapping terms include many at the 
low end of the LM scales such as “dim” (Intensity), 
“twinge” (Description), “tolerable” (Tolerability), 
and “uncomfortable” (Tolerability). The LM scale 
Tolerability term “unnerving” also does not appear 
on the MPQ. Perhaps because of the rapid onset and 
offset normally associated with DH, the LM Dura-
tion scale terms are not the same as those in the 
MPQ. LM Duration terms instead include the words 
“temporary,” “quick,” “lingering,” and “chronic.” 
The MPQ, however, does contain synonyms such 
as “continuous,” “steady,” “constant,” “brief,” “mo-
mentary,” and “transient.” Yet, these terms do not 
fall into one of the 20 subclasses of the MPQ, but 
instead fall under a separate category about how the 
pain changes with time. This may be due in part to 
the fact that the relative intensity of DH pain expe-
rience is low, but also that the character and, there-
fore, manifestation of pain is condition-specific. 

The LM scales further differ from the MPQ in 
allowing participants to mark intermediate points 
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on the four scales for cases in which the labels listed 
do not exactly match the pain level experienced. 
Both the MPQ and the LM scales order terms based 
on intensity ratings gathered from developmental 
work. Developmental work on the MPQ found in-
tensity (magnitude), but not rank ordering, differ-
ences between patient and physician ratings. In the 
magnitude estimation work presented here, there 
was good agreement between patients with hyper-
sensitivity and healthy controls in the perceived 
magnitude of the terms. The LM scales, therefore, 
utilize magnitude differences between terms opera-
tionalized as distance along a 100-mm line. 

When asked in interviews about the ease of use 
of the LM scales and VAS, patients gave mixed re-
sults. Evidence emerged for more individuals to pre-
fer the LM scales, with comments such as, “I found 
the [scales] with words in them to be more helpful 
. . . it was much easier for me to describe what I 
was feeling.” Specifically, 13 out of 23 participants 
expressed preference for the LM scales, in compari-
son to 7 who preferred to use the VAS. However, 
some participants noted that they were more fa-
miliar with the VAS, and that they needed to spend 
more time completing the LM scales. These results 
suggest the need for clear instructions for the LM 
scales, particularly for those participants unfamiliar 
with the scales. 

One limitation in the current study involved the 
use of many of the same participants in both the 
development and testing phases of the study. While 
additional participants were included in Experi-
ment 5 who did not participate in Experiments 1 
through 4, further testing of the LM scales is needed 
to ensure that the current results are generalized ap-
propriately. Currently, larger clinical studies using 
the LM scales and VAS are being conducted with 
unique patient samples, which will provide further 
data regarding the utility of the LM scales. 

Results from this series of studies provide valuable 
information regarding the experience and measure-
ment of DH, a low-grade, episodic pain condition. 
The LM scales, alone or in combination with the 
standard VAS, can provide information regarding 
the intensity, duration, tolerability, and description 
of the pain associated with this condition, afford-
ing reduced opportunity for the floor effects seen 
when low-grade pain is measured with the VAS. 
These scales permit participants to rate broader and 
condition-specific aspects of their pain, allowing 
researchers and clinicians to better understand not 
only the DH pain condition but also other low-level 
pain conditions, and ideally to evaluate the effec-
tiveness of treatment-based management strategies.
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