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Abstract1)

Differential item functioning (DIF) based on Rasch model can be used to examine whether the items

function similarly across different groups and identify items that appear to be too easy or difficult after

controlling for the ability levels of the compared groups. The Oswestry low back pain disability

(Oswestry) has traditionally been proved as an effective instrument measuring disability resulting from

low back pain (LBP). In this study, DIF method was used to explore whether items on the Oswestry

perform similarly across two different groups (participants with LBP and no LBP). A series of Rasch

analyses on the 10 items of the Oswestry were performed using Winsteps
Ⓡ

software. Forty-two

participants with back pain were recruited from 3 rehabilitation hospitals in Gainesville, Florida. Another

42 participants with no LBP were recruited from several public places in the rehabilitation hospitals.

Based on the DIF analysis across the two groups, several items were found to have an uniform DIF.

Participants with no LBP had more difficulty on lifting and personal care items and participants with

LBP had more difficulty on sleeping and social life items. For non-LBP group, a high ceiling effects

(83% of participants with non-LBP) was detected, which was not be able to be effectively measured with

the Oswestry items. Although 4 items of the Oswestry function differently across the two groups, all

items of the Oswestry were well targeted the LBP group.

Key Words: Assessment; Item response theory; Low back pain; Measurement; Rasch analysis;

Rehabilitation.

Introduction

The Oswestry low back pain disability ques-

tionnaire (Oswestry), or versions of it, has been used

for decades to measure disability resulting from low

back pain (LBP). The Oswestry was created by John

O’Brien in 1976 and originally called the Oswestry

disability index. Fairbanks et al (1980) had first pub-

lished the Oswestry in physiotherapy in 1980. A lat-

est version from several updates through replacing an

item with employment item was created (Fritz and

Irrgang, 2001). Despite the many revisions, the

Oswestry only provides an indication of how LBP

impacts on an individual’s ability to manage daily life

tasks. It often fails to provide detail information on

test items other than the summated score. A search

performed by using MEDLINE found 161 citations in

which disabilities resulting from LBP were evaluated

by using the Oswestry (Fairbank and Pynsent, 2000).

Today, the Oswestry, or versions of it, is the most

widely accepted condition-specific outcome measure

for LBP.

Like other classical test theory (CTT)-based in-

struments measuring function domain of a model of

disablement, the Oswestry produce a summated score

to represent the functional limitation pertaining to

LBP. The score provides only an overall sense of

disability resulting from LBP as a whole and no item

level psychometrics such as how individual patients

respond on the individual items (Davidson, 2008; Lu
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et al, 2013). Such information about individual test

items is essential to precisely assess the domain of

function within an instrument. Of the item level psy-

chometric properties, an information on whether the

items respond similarly across different groups and

identify items would be valuable to determine items

that appear to be too easy or difficult for the groups

(i.e., differential item functioning). This would allow

investigators suggest that the particular items can be

removed to avoid potential biases that might result

against a particular subgroup. Although the Oswestry

is widely used to assess outcomes and classify pa-

tients with low back problems, no previous differ-

ential item functioning (DIF) investigations have per-

formed on the Oswestry.

Compared to conventional CTT-based models, the

Rasch model (1-parameter item response theory mod-

el) focus on item level statistics rather than the test

as a whole. The Rasch model estimates person ability

measure based on the probability of choosing a re-

sponse category of item by conjoining item difficulty.

The estimated item difficulty and person measure al-

ways represent invariant and consistent measures on

the latent traits over time. It never changes like a

ruler by using a unit of measurement called a logit

(i.e., log-odds unit). The invariant logit scale is based

on the rationale that patients with low disability will

have higher probability of getting low response cat-

egory on difficult item while patient with high dis-

ability will have lower probability of getting higher

response category on easy items. The invariant prop-

erty of item difficulty would allow one to estimate

person ability with respect to the items used with an

instrument and item statistics under different groups

remain unchanged (Taherbhai and Young, 2004). In

turn, these item characteristics should be consistent

across different patient groups. This leads to the in-

vestigation in the consistency of item performance

across groups such as DIF procedure.

DIF is a statistical procedure identifying items that

appear to be having difficulty levels that are depend-

ent on membership to a particular group after con-

trolling for the ability levels of groups being com-

pared (Finch and Hernandez Finch, 2014; Huang,

2014; Teresi, 2001). The DIF has become central to

the investigation in the health-related measurement

field to compare response patterns across gender,

ethnicity, educational level, age, countries, severity

groups and varied diagnostic groups of different item

functioning across two groups (Fleishman and

Lawrence, 2003; Haley et al, 2004). The Rasch model

has a strong assumption that item discrimination pa-

rameters are equal across all items. This assumption

makes Rasch model allows to detect uniform DIF

where there is a relative advantage for one group

over the other group through the entire ability range

and non-uniform DIF where one group has a relative

advantage over the other group at particular person

ability range but has a relative disadvantage at other

person ability range.

The purposes of this study are: 1) to demonstrate

how the Rasch measurement model can be used to

determine the dimensionality of the Oswestry items,

2) to inspect the hierarchical order of the Oswestry

items, 3) to display how the Oswestry items function

differently across the groups with and without LBP.

Methods

Participants

Eighty-four participants with and without LBP (42

participants for each group) participated in this study.

Each group was recruited separately. The criteria for

participants with LBP included if anyone else is: 1)

currently having LBP, 2) having previous treatments

for LBP, 3) having ability to read and understand

English, and 4) being age 18 years or older. The

participants with LBP were recruited from 3 out-pa-

tient rehabilitation clinics in Gainesville, Florida;

Shands Hospital at University of Florida, Shands

Orthopaedics and Sports Medicine Institute and

Shands Rehabilitation Hospital. All selected partic-

ipants presenting to the recruiting sites between
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November 3, 2009 and June 30, 2010 were recruited

and scheduled for the data collection. The participants

were asked to complete the Oswestry following a

screening for the inclusion criteria. During the same

data collection period, forty-two participants without

LBP were recruited from multiple public sites in

Gainesville, Florida. The criteria for participants with-

out LBP included if anyone else is: 1) currently hav-

ing no LBP, 2) able to read and understand English,

and 3) 18 years of age or older. This study was ap-

proved by the Institutional Review Board at the

University of Florida (Approved by IRB #17-2009).

The mean age was 53.7 years ranging from 18 to

74 years for LBP group and 48.7 years ranging from

19 to 78 years for non-LBP group. The participants

included 29 females (69%)/13 males (31%) for back

pain group and 27 females (64.3%)/15 males (35.7%)

for non-LBP group. The participants with more than

a year of back-related problems were nearly 60%.

Instruments and measurements

The Oswestry is one of the most widely accepted

and currently used self-report instruments measuring

the impact on patients’ ability to manage daily life

tasks (Fritz and Irrgang, 2001). The Oswestry gen-

erally provides an indication of perceived disability

resulting from back pain. The latest version of the

Oswestry used in the present study contains ten

items of pain intensity, personal care, lifting, walking,

sitting, standing, sleeping, employment/home-making,

and traveling. Participants were responded on a 6

point (5 to 0) ordinal scale according to how much

difficulty they experience in daily life. For each test

item, the possible score would be 5 (more disabled)

to 0 (least disabled) and 50 to 0 for summated total

score. The total score (i.e., sum of all item responses)

is converted to a percentage score ranging from 0

(no disability) to 100 (most severe disability).

Goodness of fit statistics (fit statistics) were ob-

tained using Winsteps
Ⓡ

software program ver. 3.57.2

(Linacre, Chicago, IL, USA) to determine the di-

mensionality of the Oswestry. The dimensionality can

be determined by the fit statistics from the Rasch

measurement model (Bond and Fox, 2001). For each

item, the fit statistics was produced by scrutinizing

mean square standardized residuals (MnSq), which

represents observed variance divided by expected

variance. The original logit measures was converted

to 0-100 scale by using the UMEAN and USCALE

commands in WinstepsⓇ software program which

lead to direct comparisons between logit measures

and the original scores of the Oswestry. The optimal

value of the residuals for an item is 1.0. Wright and

Linacre (1994) suggested that acceptable criterion of

the residuals would be between .6 and 1.4 for general

survey study. The criterion for the optimal range is

determined by the intended purpose of the measure

and the degree of rigor desired (Wright and Linacre,

1994). An item with low or high residual values sug-

gests that the item may be redundant or not be be-

longing to the trait being measured.

The person measure and item difficulty for both

groups were determined by applying a series of

Rasch analyses. Rasch analysis linearly transformed

the raw scores of the Oswestry to the logit estimates

and places test items and persons on the same linear

continuum along with the item difficulty and person

measures (i.e., person-item map). That is, plotting

measure of items and persons on the linear con-

tinuum can reveal how well the Oswestry items cap-

ture the disability levels expressed the two known

groups. By using the person-item map, ceiling or

floor effects will visually be inspected.

In addition, the DIF method used in this study was

based on the differences between two parameters

calibrated on the same item from two groups (Wright

and Stone, 1979). Given the pairs of item calibrations

and associated estimates of the standard error of es-

timate from the Rasch model, a t-statistic can be

constructed for each item using the formula:

where di1 and di2 are the item difficulty of item i in
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Items Difficulty (logits) Infit MnSq
a

ZSTD
b

Outfit MnSq ZSTD

Lifting 56.78 .76 -1.1 .73 -1.2

Standing 55.39 1.11 .6 1.08 .4

Employment 51.67 .60 -2.3 .58 -2.3

Pain 51.55 1.25 1.2 1.18 .8

Social life 49.45 1.05 .3 1.04 .3

Sitting 48.24 1.31 1.4 1.33 1.4

Travel 46.73 .80 -.9 .87 -.5

Walking 44.41 1.28 1.2 1.17 .7

Sleeping 43.01 1.04 .3 1.01 .1

Personal care 41.66 .90 -.4 .83 -.7

a
mean square standardized residuals,

b
Z-score standardized.

Table 1. Fit statistics of the Oswestry for low back pain group

Items Difficulty (logits) Infit MnSq
a

ZSTD
b

Outfit MnSq ZSTD

Lifting 68.79 1.24 .8 1.32 1.0

Pain 59.29 .49 -1.8 .51 -1.6

Standing 59.23 .95 .0 .92 -.1

Personal care 55.85 .86 -.3 .73 -.7

Walking 53.36 .98 .1 .91 -.1

Employment 50.28 1.75 1.8 1.15 .5

Sitting 43.85 1.05 .3 .70 -.4

Travel 43.85 1.39 1.0 1.08 .3

Social life 29.25 1.33 .8 .92 .3

Sleeping 25.16 .47 -1.1 .24 -.5

amean square standardized residuals, bZ-score standardized.

Table 2. Fit statistics of the Oswestry for non-low back pain group

the calibration based on group 1 and 2, si1 is the

standard error of estimate for di1, and si2 is the

standard error of estimate for di2. A graphical repre-

sentation method equivalent to the t-statistic method

was also proposed in the method.

Results

Dimensionality

In order to investigate an evidence confirming the

extent to which item represent a unidimensional con-

struct, the fit statistics from the Rasch analysis were

inspected. Table 1 and Table 2 presents the

Oswestry items in order of item calibrations as well

as the fit statistics for participants with and without

LBP. The item calibrations for all the items more

varied in the non-LBP group than LBP group. The

Table 1 represents that all the items fits to the

Rasch model except for the employment item.

However the fit statistic of employment item was a

nearly acceptable range for survey data.

The Table 2 represents that three items (pain,

employment, and sleeping item) show unacceptable

fit statistics for non-LBP group. Therefore, these 3

items were considered as either measuring other

constructs than disability resulting from LBP or not

fitting to the Rasch model.
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Figure 1. Item-person map of the Oswestry for non-back pain group (left) and back
pain group (right) (The graph represents the person ability measures on the left side
and item difficulty measures on the right side of each map in the 0-100 converted
score from logits with the Rasch analysis. Each analysis is anchored the average
person ability measure to compare item difficulties for both groups. The average item
calibrations and person measures for both groups were presented in dotted and solid
line respectively. The items with high/low fit statistics were highlighted.).

Hierarchical order of the Oswestry 

items

Figure 1 presents the hierarchical order of item

difficulty of the Oswestry for the both groups. The

items are displayed on the right side in order of the

most difficult at the top and the easiest at the bot-

tom, while the person ability are listed on the left

side with the same fashion from the lowest at the

bottom to the highest at the top. The lifting item

was the most difficult for both groups, while per-
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Figure 2. Differential item functioning (DIF)
plots for the Oswestry items across two
groups (The dashed lines represent the
upper and lower 95% confidence intervals.
The dashed circled items-lifting, personal
care, sleeping, social life items-represent DIF
responding differently across the groups. The
measures are converted to 0∼100 score from
logits following the Rasch analysis.).

sonal care item of the back pain group and sleep-

ing item of the non-LBP group was the easiest

task. This logical fashion of the item hierarchy of

the Oswestry for the groups was supported by the

empirical evidences. The average item calibrations

which presented with dotted line for both groups

were exactly the same (48.89±4.98 for non-LBP

and 48.89±2.26 for LBP group). In addition, the

average person ability measures for both groups

were differently measured and depicted in a solid

line. The average person ability measures were

about 70.73±14.57 for the non-LBP and 53.68±5.69

for the LBP group. For the non-LBP group, an

obvious ceiling effect (26 of 42 participants) was

detected, while all items were able to capture only

the participants with low ability level. For the LBP

group, the items were well targeted the middle

level of participants indicating that the Oswestry is

sensitive to measure the LBP group. The item dif-

ficulty calibrations well matched person ability

measures for the LBP group, while the calibrations

of the non-LBP group were poorly targeted the

persons.

DIF analysis based on Rasch model

In general, participants with non-LBP had high-

er scores than participants with LBP except sit-

ting, sleeping, social life, travel and employment

items. Figure 2 presents the DIF plots of the

Oswestry items for the two groups. Items demon-

strated significant DIF were labeled with dotted

circles. Four (lifting, personal care, social life and

sleeping items) out of ten items were located out-

side of 95% confidence interval. That is, difficulty

ratings between those two groups were different

for these items. There were tendencies for

non-LBP group to select higher ratings (low abil-

ity) on lifting and personal care items and for LBP

group to select lower ratings on social life and

sleeping items. Similarly the LBP group had a

tendency to rate higher ratings for the social life

and sleeping items.

Discussion

Overall, the Oswestry was found to show con-

struct validity except for the employment item when

it applied to participants with LBP, however a few

items of the instrument were failed to show the val-

idity when it applied to participants with no LBP.

The employment item for the both groups and

pain/sleeping items for non-LBP group were prob-

lematic fit statistics indicating that the responses to

these items were erratic than expected. That is,

those items might be measuring another latent trait

or in need of further clarification to fit the Rasch

model. In this study, the criterion for determining

items that did not fit the Rasch model was infit or

outfit MnSq≥1.4 or ≤.6 in which several researchers

previously presented (Bond and Fox, 2001; Davidson,

2008; Velozo and Peterson, 2001). Although the fit

statistics of the employment item for back pain
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group presented a problematic criterion, it was nearly

an acceptable range (.58). This item was the one

that had replaced with the ‘sex’ item when Fritz and

Irrgang (2001) revised a new version of the

Oswestry disability index. This finding would prompt

further investigations to clarify if the employment

item is appropriate within the Oswestry. As also

previously stated, the pain and sleeping item of the

non-LBP group was also misfitted. These two items

have traditionally been reported as problematic items

within the Oswestry (Lu et al, 2013; White and

Velozo, 2002). However that was a surprising find-

ing, because the Oswestry was not originally created

for either normal populations or other impairment

groups.

An empirical evidence of the item difficulty hier-

archical order of the Oswestry supported in the logi-

cal fashion. That is, participants with LBP had a

tendency to rate their disability on the difficult items

more severly relative to the easy item. For example,

lifting heavy objects is typically one of the leading

causes of back related injury compared to the injury

from during sleeping or walking. One can expect

that the participants would report their disability

more severly on the difficult item than sleeping or

walking item. However, a surprising finding in the

present study was that participants with no LBP ap-

peared to have higher item calibrations (68.79) than

participant with LBP (56.78) on lifting item when

they were compared simultaneously (Figure 1).

Several reasons may be postulated for participants

with no LBP having tendency to rate their perception

to the lifting function with more severe than partic-

ipant with LBP. Since participants with no LBP

might have not been exposed to LBP conditions and

no idea of lifting strategies, these participants may

have more of the tendency to view ‘lifting’ function

as being more challenging than viewed by partic-

ipants with LBP. Or participants with LBP may

view the function as being less challenging than the

view of participants with no LBP. That is, there

may be more strategies aimed at dealing with proper

body mechanics in the participants who were re-

cruited from patients currently enrolled for re-

habilitation programs. Other items showed similar

item hierarchy several studies reported (Davidson,

2008; Lu et al, 2013; White and Velozo, 2002).

As described in Figure 2, four items displayed

uniform DIF by the group membership. That is,

across the entire ability level, the DIF analysis

showed that participants with no LBP perceived their

lifting and personal care function to be lower (i.e.,

more difficulty) than perceived by participants with

LBP (68.79 vs. 56.78). In turn, although these partic-

ipants have no current LBP or history of LBP, their

perception to these functions are lower than the oth-

er group. This finding was somewhat unexpected

because one can believe that participants with no

LBP would logically be responded with the easiest

response category on those items. This unexpected

response was probably due to overly estimated the

definition of ‘heavy, medium or light weights’ from

the statement of the 3rd response category on lifting

item (i.e., pain prevents me from lifting heavy

weights, but I can manage light to medium weights

if they are conveniently positioned). In fact, nearly

20% of the participants (8 out of 42) with no LBP

selected 2 or higher ratings despite no specific func-

tional disabilities. This may mean that participants

with no LBP may be more apprehensive to lift-

ing/personal care functions because they may not

have been exposed to such functional limitation or

considered their perception to the functions. Similarly,

participants with LBP perceived sleeping and social

life function to be more difficult than perceived by

participants with no LBP (43.01 vs. 25.16 for sleep-

ing and 49.45 vs. 29.25 for social life item re-

spectively). In contrast, Davidson (2008), in a study

of the Rasch analysis of three versions of the

Oswestry disability index questionnaire, found DIF

on the walking item by age. The study showed that

persons in 65 year or older group had a tendency to

rate their walking ability with higher score (more

disability) than expected when the group was com-
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pared to younger group.

A limitation of the current study is the application

of the Oswestry instrument to participants with no

back pain despite the use of known groups validity.

The instrument was not designed to detect any po-

tential disability conditions but to measure disability

resulting from LBP. However the primary purpose of

this study was to apply the Rasch measurement

model to detect DIF items. Further research on the

analysis of DIF is needed to test whether the

Oswestry items equivalently operates within back re-

lated groups across other group membership.

Conclusion

The goals of this study were to demonstrate how

to apply Rasch measurement model to generate item

difficulty, the hierarchical order and DIF analysis of

the Oswestry items with the use of known groups.

The Oswestry items showed an acceptable fit sta-

tistics for participants with LBP, while three items

misfit for participants with no LBP. The hierarchical

order of item difficulty was logically supported by

the empirical evidences. Four items (lifting, personal

care, social life and sleeping items) were detected as

uniform DIF indicating the items were differently

function across the group membership. Despite the

uniform DIF of the Oswestry items across the two

groups, all items of the Oswestry were well targeted

participants with low back pain.
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