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Abstract
Objectives The aim of this study was to investigate the reliability and responsiveness of the Feline Musculoskeletal 
Pain Index (FMPI) using the collective results of multiple clinical studies and iteratively refine the FMPI for future use.
Methods Data were compiled from previously conducted studies involving client-owned cats with degenerative 
joint disease (DJD) and which used the FMPI. The reliability of the FMPI was assessed using the data from the initial 
visits of those studies. For the assessment of responsiveness of the FMPI, only placebo-controlled studies that 
used analgesic treatments were included. Treatment groups from each study were combined and categorized as 
‘placebo’ group and ‘analgesic’ group. Then, the mean change from baseline in score of each FMPI item and across 
all items within and between these groups was assessed. Based on the results of the reliability and responsiveness 
of the FMPI, stepwise elimination was used to remove the items that were least able to distinguish between the 
placebo and analgesic groups. Finally, after the stepwise elimination, a proposed new FMPI-short form (FMPI-sf) 
was constructed and its reliability was reassessed using the data sets described above. Individual and combined 
data sets of the studies were also used to compare the responsiveness of the original FMPI and the FMPI-sf.
Results The data from 180 cats from four studies were included. The original FMPI had a reasonable reliability, but 
low/no responsiveness. The elimination process of FMPI items refined the responsiveness of the instrument while 
maintaining its reliability. When the responsiveness was compared between the original FMPI (17 items) and the 
FMPI-sf (nine items), the treatment effect between groups was always greater when the FMPI-sf was used.
Conclusions and relevance The proposed FMPI-sf may be able to better distinguish between placebo and analgesic 
effects in cats with DJD.
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Introduction
As veterinary healthcare has advanced, many companion 
animals are living longer and the prevalence of chronic 
conditions has increased. In cats, one of the most common 
chronic conditions is degenerative joint disease (DJD); 
this condition is associated with negative consequences 
including pain, mobility impairment and decreased qual-
ity of life.1 Research studies investigating DJD in cats 
have demonstrated that this condition is common, with 
an estimated 30–90% of cats affected with radiographic 
signs, and up to 45% of all cats affected with at least 
moderate clinical signs associated with chronic pain.2–6 
As such, assessment of chronic pain should be considered 
fundamental to feline medicine; however, the behavio-
ral changes present with DJD-associated pain develop 
gradually, are often subtle and may be most evident in 
the home environment. Thus, in spite of the high preva-
lence of disease in cats, DJD remains underdiagnosed and 
undertreated.7

Several recent studies have described the develop-
ment of tools for assessing chronic pain in cats, including 
objective measures such as activity monitoring and gait 
analysis.8–11 These tools show promise, but have practical 
limitations for clinical use. Thus, the detection of behav-
ioral changes still relies heavily on owner report. Clinical 
metrology instruments (CMIs) have been designed to 
standardize the collection of owner reports and facili-
tate clinical research. There are currently four owner- 
completed CMIs for use in cats with DJD;12–16 these are  
the Feline Musculoskeletal Pain Index (FMPI), Client 
Specific Outcome Measure (CSOM), Montreal Instrument 
for Cat Arthritis Testing (MI-CAT), and the Feline Physical 
Function Formula (FPFF).

The FMPI is the most widely studied of the CMIs; it 
has been evaluated for construct validity, internal consist-
ency, reliability and discriminatory ability.16 In its most 
recent version,17 it consists of a series of 17 fixed items 
regarding individual behaviors likely to be affected by 
DJD-associated pain.14 Owners are asked to rate their 
cat’s ability to perform each of these behaviors on a Likert 
scale, and summary scores are generated based on their 
responses. To date, one weakness of the FMPI is a rela-
tive lack of responsiveness (ability to detect the effect of 
an analgesic treatment) in the form of clinically relevant 
changes, compared with placebo treatment, after admin-
istration of analgesics, particularly when other outcome 
assessments such as accelerometry have shown an effect.14

As the FMPI has been used as an outcome assessment 
in several recent studies, this is an appropriate time for 
refinement of the FMPI.14,18,19 All 17 items included in 
the current version of the FMPI were selected based on 
significant differences in answers obtained from owners 
of cats with DJD-associated pain compared with owners 
of healthy, non-painful cats; however, not all items may 
be responsive to treatment effects. In addition, growing 

awareness of DJD and associated pain in cats is likely to 
drive interest in owner assessments and development of 
novel therapeutics. Thus, the objective of this study is to 
investigate the reliability and responsiveness of the FMPI 
using the collective results of multiple clinical studies and 
iteratively refine the FMPI for future use.

Materials and methods
This study used data collected previously at the 
Translational Research in Pain (TRiP) Program (formerly 
the Comparative Pain Research Laboratory) at North 
Carolina State University (NCSU). All data were col-
lected in accordance with the Institutional Care and Use 
Committee guidelines (IACUC #s 06-056; 08-124; 08-125; 
11-102; 14-009; 14-043), and procedures were carried out 
under informed, written owner consent. The work in the 
original studies involved the use of only client-owned 
cats, and followed established internationally recognized 
best practice standards of individual veterinary clinical 
patient care.

Study overview
To investigate the reliability and responsiveness of the 
FMPI, we used data from three published studies14,18,19 
and one unpublished study that included client-owned 
cats with DJD and which used the FMPI; details are shown 
in Table 1. These included studies focused on CMI devel-
opment14 and studies evaluating the efficacy of potential 
therapeutics (supplement, low-dose non-steroidal anti-
inflammatory drug [NSAID; low-dose]18 and anti-nerve 
growth factor antibody [antibody]19). In these studies, all 
cats had a history of DJD-related mobility impairment and 
joint pain detected during veterinary orthopedic exami-
nation. The presence of DJD was confirmed by radio- 
graphs and radiographic features considered indicative 
of the presence of DJD including osteophytes, entheso-
phytes, sclerosis, subluxation and mineralization. In each 
study, cats did not receive any analgesics for at least 2 
weeks prior to study enrollment. All owners of cats that 
participated in the studies signed a study consent form 
before enrollment and agreed that patient data could be 
used for research. All cats enrolled in the previous studies 
were included in the present study; however, cats were 
excluded from analysis if FMPI data were not available.

Internal consistency, test-retest reliability and repeat-
ability were assessed to investigate the reliability of the 
FMPI (see Table 2 for brief definitions of terms). For inter-
nal consistency, data from the initial visit were evaluated. 
In the supplement data, the FMPI was not repeated before 
cats started receiving treatment; therefore, this study was 
included only for the evaluation of internal consistency. 
In the other studies, the FMPI was repeated 2 weeks after 
the initial visit at the end of the baseline period (baseline 
visit), and these data were used for test-retest reliability 
and repeatability (Bland–Altman analysis).
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For the assessment of responsiveness of the FMPI, 
only studies that used analgesic treatments for muscu-
loskeletal pain were included;14,18,19 therefore, the unpub-
lished supplement trial was excluded from the analysis. 
The three included studies were all placebo-controlled, 
double-blind, randomized studies, and all cats were re-
assessed 2–3 weeks after treatment (Table 3). The cats that 
received meloxicam [CMI and low-dose] or anti-nerve 
growth factor (NGF) monoclonal antibody (mAb) (anti-
body) were combined and categorized as having received 
an analgesic (‘analgesic’ group). The cats that received a 
placebo from each study were combined and categorized 
as the ‘placebo’ group. The mean change from baseline in 
score of each FMPI item and across all items within and 
between these groups were assessed to investigate the 
responsiveness of the FMPI. Based on the results of the 
reliability and responsiveness of the FMPI, stepwise elim-
ination was used to remove the items that were least able 
to distinguish between placebo and analgesic groups. 
Finally, after the stepwise elimination, a proposed new 
FMPI-short form (FMPI-sf) was constructed and its reli-
ability was reassessed using the three data sets described 
above. Individual and combined data sets of three stud-
ies were also used to compare the responsiveness of the 
original FMPI and the new FMPI-sf.

To assess the discriminatory ability of the FMPI-sf, 
FMPI data from musculoskeletally normal cats were also 
gathered from another published study.20 The average 
FMPI score across 17 items and FMPI-sf items that were 
obtained at the initial visit from normal cats and DJD cats 
(from the above four studies) were calculated, and then 
they were compared.

FMPI score conversion
In the included studies, scoring of the FMPI data had been 
performed in various ways (for statistical reasons) as pre-
viously described.20 To align each study, the scoring for 
each was converted to a 0–4 scale (0 = activity performed 
normally; 4 = activity was impossible to perform). For 
example, if the original study employed a 5 (normal) to 1 
(impossible) scale for each item, the data were converted 
as shown in Table 4.

Statistical analysis
Statistical analysis was performed using JMP software 
(JMP Pro 14; SAS), except for the calculation of intraclass 
correlation coefficient (R package version 0.84.1: available 
at https://cran.r-project.org/web/packages/irr/index.
html). Cronbach’s α was used to investigate the internal 
consistency of each FMPI item and was calculated for 

Table 1 Studies used to evaluate the reliability of Feline Musculoskeletal Pain Index (FMPI) items and which analyses 
each study was included in (internal consistency, test-retest reliability and Bland–Altman analysis). The time interval 
between visits and number of cats in each analysis are also shown

Time between initial 
and baseline visits

Total number of cats

 Internal consistency Test-retest reliability Bland–Altman analysis

Supplement (unpublished study) – 59  
Clinical metrology instrument 
(CMI)14

2 weeks 29 25* 25*

Low-dose18 2 weeks 58 58 58
Antibody19 2 weeks 34 34 34
Total number of cats 180 117 117

*Four cats were excluded at the baseline visit in the CMI study because they did not meet study inclusion criteria of that study

Table 2 Definition of validity testing terms

Internal consistency Measure of how closely related a set of items are as a group based on the correlations 
between different items

Responsiveness The ability of a questionnaire to detect clinically important changes over time
Discriminatory ability Ability to differentiate one from the other
Reliability The extent to which the same test or procedure will yield the same result either over time or 

with different observers
Repeatability How well a questionnaire can reproduce an outcome in unchanged conditions
Construct validity The extent to which a test measures the concept or construct that it is intended to measure
Sensitivity The ability of a test to correctly identify patients with the disease
Specificity The ability of a test to correctly identify patients without the disease

https://cran.r-project.org/web/packages/irr/index.html). Cronbach
https://cran.r-project.org/web/packages/irr/index.html). Cronbach
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FMPI data collected at the initial visit. Interpretation of 
the data was based on the following criteria: unaccep-
table (0.5 >α); poor (0.6 >α ⩾0.5); questionable (0.7 >α 
⩾0.6); acceptable (0.8 >α ⩾0.7); good (0.9 >α ⩾0.8); and 
excellent (α ⩾0.9).21 A score above 0.70 was taken as an 
indication of sufficient homogeneity of the items in the 
FMPI.22 Test-retest reliability for all FMPI items was 
assessed using intraclass correlation coefficient (ICC) 
and repeatability of each FMPI item was assessed using 
Bland–Altman analysis. These were calculated between 
the initial and baseline visits. Strength of agreement was 
based on: poor (0.0 <ICC <0.2); fair (0.2 ⩽ICC <0.4); 
moderate (0.4 ⩽ICC <0.6); strong (0.6 ⩽ ICC <0.8); and 
near complete (0.8 ⩽ICC).23 A paired t-test was performed 
to assess the difference in each FMPI score between the 
initial and baseline visits. For the assessment of respon-
siveness of the FMPI, unpaired t-tests or Mann–Whitney  
U tests were used to evaluate the difference from baseline 
in score between groups (placebo vs analgesic). Paired 
t-tests or Wilcoxon rank-sum tests were used to evalu-
ate the treatment effect within subject (baseline vs revisit 
after treatment). Mann–Whitney U tests were used for the 
evaluation of the discriminatory ability of FMPI; P <0.05 
was considered significant. The Shapiro–Wilk test was 
used to evaluate the normality of FMPI scores. Parametric 
tests were used when data were normally distributed, 
and non-parametric tests were used when data were not 
normally distributed. No adjustment for multiple com-
parisons was made in order to maximize the chances of 
selecting items that appeared responsive. The decision 

to not correct for multiple comparisons when examining 
the responsiveness of items was made a priori, as in this 
case we accepted an increased type 1 error rate in favor 
of reducing the type 2 error rate. That is, we sought to 
avoid spurious elimination of questions and so allowed 
for greater spurious inclusion. This decision was made 
because we foresaw much greater reduction in utility in 
the exclusion of potentially relevant questions than in the 
inclusion of potentially useless ones.

Based on the results of the reliability and respon-
siveness analyses, the FMPI items were eliminated in a 
stepwise manner. Selection of items for removal was as 
follows: first, an item was removed if responsiveness data 
showed that the placebo effect was larger than the active 
drug effect. If multiple items had higher placebo effects 
than active drug effects, we started by removing the item 
with a higher P value. Next, an item was removed if 
prevalence of impairment (of that item) in the popula-
tion of cats with DJD was <50% based on our prevalence 
data.20 After each item was removed, statistical analysis 
was performed on the remaining items to calculate the 
group difference across the set of remaining items. After 
the stepwise elimination, a proposed new FMPI-sf was 
constructed. The internal consistency, test-retest reliabil-
ity and Bland–Altman analysis were used to reassess reli-
ability of FMPI-sf using the combined data sets of three 
studies. The individual and combined data sets of three 
studies were then used to compare the responsiveness of 
the original FMPI and the new FMPI-sf.

Results
Animals
Demographic data are reported in the relevant publica-
tions and available from the authors on request. However, 
there was no difference in age, sex, body weight and 
scores at the initial visit between placebo and analgesic 
groups. In this report, we simply report on the number 
of cats in each evaluation.

Internal consistency of the FMPI
Across studies, 180 cats were included for the evaluation 
of internal consistency. Table 5 shows the α of each FMPI 

Table 3 Studies used to evaluate the responsiveness of Feline Musculoskeletal Pain Index (FMPI) items. The number of 
cats in each study, the analgesic and route of administration and the treatment period between assessments are shown

Study Total number of cats 
(analgesic; placebo)

Analgesic Dosage, route Treatment period

Clinical metrology 
instrument (CMI)14

25 (10; 15) Meloxicam 0.1 mg/kg, then 0.05 mg/kg q24h PO 2 weeks

Low-dose18 58 (29; 29) Meloxicam 0.035 mg/kg q24h PO 3 weeks
Antibody19 34 (23; 11) Anti-NGF mAb 0.4 or 0.8 mg/kg, single dose SC 3 weeks

NGF = nerve growth factor; mAb = monoclonal antibody

Table 4 Example of score conversion of Feline 
Musculoskeletal Pain Index (FMPI) from the original study 
to the present study

Original 
FMPI score

Converted 
FMPI score

Description in FMPI

5 0 Normal
4 1 Not quite normal
3 2 Somewhat worse than normal
2 3 Barely, or with great effort
1 4 Not at all
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item and the overall FMPI. As some homes did not have 
stairs or other pets, the response number varies and the 
number of responses for each item is shown. Overall, the 

original FMPI had an α of 0.903, ranging from 0.891 to 
0.905 for each item. Four items had an α of more than 0.90 
and the others had an α of just below 0.90.

Test-retest reliability and repeatability of the FMPI
Across the studies, 117 cats were included for the evalua-
tion of internal consistency. The ICC for all 17 items was 
0.814 (P <0.001) with a 95% confidence interval of 0.757 
to 0.858. Table 6 shows the Bland–Altman analysis of each 
FMPI item. Based on Bland–Altman results, the score at 
the baseline visit was significantly higher than that at 
the initial visit in two items (walk/move and stretch); 
however, the difference was relatively small with an aver-
age of 0.09 and 0.16 points for walk/move and stretch, 
respectively (the plots are available in Figure 1 in the sup-
plementary material).

Responsiveness of the FMPI
In total, there were 55 and 62 cats in the placebo group 
and analgesic group, respectively. There were no signif-
icant differences in scores for each item and across 17 
items between groups at baseline visit (Table 7).

When compared with the baseline value, a significant 
treatment effect was seen across many items in both the 
placebo and analgesic groups (Table 8). Two types of 
items were of interest from this analysis: (1) items where 
a significant difference was found between the treatment 
groups; and (2) items where a significant effect was found 
within the analgesic group and not the placebo group. 

Table 5 Internal consistency of each Feline 
Musculoskeletal Pain Index (FMPI) item (n = 180) using 
Cronbach’s α. Numbers of answers for each item reflect 
differences in the home environments for some cats  
(ie, absence of stairs or other pets in a home)

Item α Number of cats

Walk/move 0.896 180
Run 0.893 179
Jump up 0.897 180
Kitchen counter 0.902 173
Jump down 0.894 180
Stairs up 0.891 133
Stairs down 0.894 133
Toys 0.899 176
Other pets 0.896 161
Get up 0.893 180
Sit down 0.896 180
Stretch 0.894 170
Groom 0.899 180
Interaction 0.899 180
Touch 0.903 180
Eat 0.905 180
Litter box 0.902 174
Overall 0.903 133

Table 6 Bland–Altman analysis of initial to baseline agreement for each Feline Musculoskeletal Pain Index (FMPI) item 
(n = 117 cats) 

Item Bland–Altman (bias: 95% CI) t-test (P value) Number of answers

Walk/move 0.09 (0.005–0.18) 0.04* (baseline >initial) 117
Run −0.03 (−0.14 to 0.08) 0.62 115
Jump up 0.01 (−0.1 to 0.12) 0.84 117
Kitchen counter −0.04 (−0.13 to 0.04) 0.33 110
Jump down −0.006 (−0.13 to 0.12) 0.93 116
Stairs up 0.09 (−0.02 to 0.20) 0.13 92
Stairs down 0.04 (−0.08 to 0.16) 0.52 81
Toys 0.05 (−0.09 to 0.20) 0.46 113
Other pets 0.16 (−0.0009 to 0.32) 0.051 104
Get up −0.01 (−0.12 to 0.10) 0.83 116
Sit down 0.09 (−0.02 to 0.20) 0.11 116
Stretch 0.16 (0.02 to 0.29) 0.02* (baseline >initial) 106
Groom 0.06 (−0.04 to 0.16) 0.21 117
Interaction −0.03 (−0.13 to 0.07) 0.50 117
Touch −0.05 (−0.17 to 0.07) 0.39 117
Eat −0.03 (−0.10 to 0.04) 0.33 117
Litter box −0.04 (−0.12 to 0.05) 0.35 112
Average of 17 items 0.03 (−0.03 to 0.09) 0.37 117

Initial and baseline refer to the first and second (respectively) times the FMPI was administered. The difference between the initial and baseline 
visits were assessed using a paired t-test: a significant difference (*P <0.05) was found for two items (walk/move and stretch; for both items the 
baseline scores were higher (more impaired) than the initial visit scores 
CI = confidence interval
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Between groups there were significant differences for 
‘jump down’ and ‘get up’, favoring the analgesic group, 
while both ‘stretch’ and ‘grooming’ showed a significant 
change in the analgesic group and not the placebo group.

Elimination of FMPI items
No significant difference was seen between the groups 
across the scores for 17 items.

The change in the placebo group was larger than the 
change in the analgesic group in six items, and these were 
removed one by one (Table 9). Additionally, two items were 
removed due to a relatively small change from baseline or 
a low prevalence of impairment in our population of cats. 
After stepwise elimination, nine FMPI items were retained. 
The nine items that ultimately remained were: jumping up 
and down; jumping up to kitchen counter; playing with 
toys; interaction with other pets; getting up from a resting 
position; sitting down; stretching; and grooming.

Comparing the 17-item FMPI and nine-item FMPI-sf
The mean FMPI score across the 17-item FMPI for the 
DJD cats was 1.51 ± 0.65 and for the normal cats (n = 16) 
was 0.004 ± 0.015. The mean FMPI score across the nine-
item FMPI-sf for the DJD cats was 1.78 ± 0.76 and for 
the normal cats was zero. There was a significant dif-
ference between the DJD cats and the normal cats in 

Table 7 Comparison of the mean score in each Feline 
Musculoskeletal Pain Index (FMPI) item between groups 
at baseline 

Item Placebo 
(average ± SD)

Analgesic 
(average ± SD)

P value

Walk/move 1.6 ± 0.8 1.5 ± 0.9 0.45
Run 2.2 ± 1.1 1.9 ± 1.2 0.21
Jump up 2.4 ± 0.9 2.4 ± 1.0 0.90
Kitchen counter 3.5 ± 0.9 3.4 ± 1.1 0.53
Jump down 2.0 ± 0.9 2.3 ± 0.9 0.07
Stairs up 1.9 ± 1.0 1.7 ± 0.9 0.51
Stairs down 1.7 ± 1.0 1.8 ± 0.9 0.72
Toys 2.2 ± 1.2 2.2 ± 1.3 0.97
Other pets 2.0 ± 1.4 1.9 ± 1.4 0.59
Get up 1.4 ± 0.9 1.5 ± 1.0 0.41
Sit down 1.1 ± 1.0 1.2 ± 1.0 0.63
Stretch 1.4 ± 1.2 1.7 ± 1.3 0.35
Groom 1.2 ± 1.2 1.3 ± 1.2 0.80
Interaction 1.0 ± 1.0 0.7 ± 0.9 0.17
Touch 1.0 ± 1.0 1.0 ± 1.0 0.66
Eat 0.1 ± 0.4 0.2 ± 0.5 0.64
Litter box 0.7 ± 0.8 0.8 ± 1.0 0.58
Average of  
17 items

1.6 ± 0.64 1.6 ± 0.69 0.97

Higher value = more impairment. Mann–Whitney U tests were used for 
each item

Table 8 Comparison of the mean change (± SD) in score from baseline for each Feline Musculoskeletal Pain Index 
(FMPI) item within and between groups 

Item Placebo  
(average ± SD)

Placebo (P value: 
within group)

Analgesic  
(average ± SD)

Analgesic (P value: 
within group)

P value (between 
groups)

Walk/move −0.53 ± 0.72 0.0003* −0.52 ± 0.78 0.0002* 0.94
Run −0.70 ± 1.0 0.0005* −0.50 ± 1.0 0.008* 0.30
Jump up −0.52 ± 0.79 0.0009* −0.85 ± 1.0 <0.0001* 0.11
Kitchen counter −0.25 ± 0.62 0.34 −0.48 ± 1.2 0.21 0.21
Jump down −0.33 ± 1.0 0.045* −0.95 ± 0.85 <0.0001* 0.0004†

Stairs up −0.76 ± 0.72 0.0009* −0.67 ± 0.85 0.0039* 0.61
Stairs down −0.59 ± 0.80 0.004* −0.60 ± 0.78 0.0061* 0.98
Toys −0.60 ± 1.0 0.002* −0.84 ± 1.1 0.0005* 0.23
Other pets −0.71 ± 1.2 0.007* −0.95 ± 1.2 <0.0001* 0.32
Get up −0.39 ± 0.76 0.003* −0.74 ± 0.85 <0.0001* 0.02†

Sit down −0.31 ± 0.81 0.04* −0.55 ± 0.88 0.0005* 0.13
Stretch −0.35 ± 0.79 0.26 −0.64 ± 1.1 0.0205* 0.11
Groom −0.25 ± 0.62 0.26 −0.55 ± 0.95 0.0186* 0.053
Interaction −0.45 ± 0.74 0.02* −0.35 ± 0.73 0.0027* 0.46
Touch −0.42 ± 0.83 0.02* −0.42 ± 0.82 0.0016* 0.99
Eat −0.05 ± 0.45 0.62 −0.08 ± 0.46 0.1659 0.75
Litter box −0.30 ± 0.74 0.005* −0.44 ± 0.79 0.0012* 0.32
Average of  
17 items

–0.43 ± 0.42 <0.0001* −0.59 ± 0.49 <0.0001* 0.057

Mann–Whitney U tests were used for each item when comparing within group. Wilcoxon rank-sum tests were used for each item when 
comparing between groups, except for the average of 17 items
Negative values = improvement 
*Significant difference from baseline (P <0.05)
†Significant difference between groups (P <0.05)
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both the 17-item FMPI (P <0.001) and nine-item FMPI-sf 
(P <0.001).

When the original 17-item FMPI and the nine-item 
FMPI-sf (see the ‘Feline Musculoskeletal Pain Index – 
short form’ in the supplementary material) were com-
pared in three studies, the difference in the mean change 
from baseline score between groups was always greater 
when the FMPI-sf was used (Table 10). In the antibody 

study (anti-NGF mAb), the significance was seen for both 
the original FMPI and the FMPI-sf; however, the differ-
ence between groups was greater with the FMPI-sf. In 
contrast, in the two studies using an NSAID, while the 
difference between groups was greater using the FMPI-sf, 
significance was not reached in either study. After the 
reduction of items, the ICC was 0.837 (P <0.001) with 
a 95% confidence interval of 0.781 to 0.879 and no sig-
nificant difference was observed in the mean of FMPI-sf 
scores between initial and baseline visits. Additionally, 
the internal consistency of all items in FMPI-sf was more 
than 0.8, which was higher than the minimum standard 
of reliability of 0.7 (Table 11).

Discussion
In this study, we used a data-driven approach to assess 
the reliability and responsiveness of the original FMPI, 
and subsequently refined the instrument to improve the 
responsiveness. The original 17-item FMPI seemed to 
have a reasonable reliability, but low/no responsiveness. 
The FMPI-sf was constructed by reducing the number of 
items from 17 to nine, which increased the responsiveness 
of the instrument while maintaining its reliability. Thus, 
the proposed FMPI-sf may be able to better distinguish 

Table 9 Elimination process of Feline Musculoskeletal Pain Index (FMPI) items, and the comparison of the mean change 
from baseline across the remaining items and the group difference

Number of items retained Items removed Placebo (average ± SD) Analgesic (average ± SD) P value

17 NA −0.43 ± 0.42 −0.59 ± 0.49 0.057
16 Run −0.41 ± 0.41 −0.60 ± 0.48 0.027*
15 Interaction −0.41 ± 0.42 −0.62 ± 0.49 0.016*
14 Stairs up −0.39 ± 0.42 −0.61 ± 0.48 0.011*
13 Walk/move −0.38 ± 0.43 −0.62 ± 0.48 0.0057*
12 Touch −0.38 ± 0.44 −0.64 ± 0.50 0.0041*
11 Stairs down −0.37 ± 0.44 −0.64 ± 0.50 0.0026*
10 Eat −0.40 ± 0.46 −0.70 ± 0.54 0.0022*

9 Litter box −0.41 ± 0.48 −0.72 ± 0.58 0.0022*

Wilcoxon rank-sum tests were used for each item. Negative value = improvement; NA = not applicable
*Significant difference (P <0.05) 

Table 10 Comparison of the mean change from baseline in Feline Musculoskeletal Pain Index (FMPI) score between 
groups, when using the 17-item FMPI and nine-item FMPI

Study Number of 
items

Placebo (average ± SD) Analgesic (average ± SD) P value

Clinical metrology instrument (CMI)14 17 −0.46 ± 0.50 −0.52 ± 0.72 0.79
 9 −0.52 ± 0.51 −0.69 ± 0.85 0.53
Low-dose18 17 −0.39 ± 0.39 −0.43 ± 0.42 0.69
 9 −0.33 ± 0.45 −0.56 ± 0.52 0.079
Antibody19 17 −0.49 ± 0.42 −0.82 ± 0.39 0.027*
 9 −0.49 ± 0.49 −0.94 ± 0.46 0.013*

Wilcoxon rank-sum tests were used for the CMI and antibody studies, and paired t-tests were used for the low-dose study
*Significant difference (P <0.05)

Table 11 Internal consistency of each Feline 
Musculoskeletal Pain Index-short form (FMPI-sf) item 
(n = 117) using Cronbach’s α

Item Cronbach’s α

Jump up 0.823
Kitchen counter 0.839
Jump down 0.831
Toys 0.834
Other pets 0.829
Get up 0.814
Sit down 0.824
Stretch 0.817
Groom 0.833
Overall 0.844
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between placebo and analgesic effects in cats with DJD. 
However, a future prospective study is needed to further 
assess responsiveness.

Consistent with previous work, our results showed 
that the original 17-item FMPI seems to have an excel-
lent internal consistency with an overall α of more than 
0.90.16,24 Generally, better internal consistency is reflected 
by a higher α. However, in empirical studies, a maximum 
α value of 0.90 has been recommended as optimal.22 If 
items have an α of more than 0.90, it suggests there may 
be redundancies in the questionnaire, and the number of 
items could be reduced.22 The α values for each item in 
the original FMPI were all near or above 0.90, while those 
of the FMPI-sf are below 0.90.

Overall, the original 17-item FMPI seems to have a rea-
sonable reliability. In this study, the ICC between the initial 
and baseline visits across the 17 FMPI items was in near-
complete agreement (0.814), and this result was similar to 
the previous study.14 Based on paired t-tests, there were 
significant differences in two items between the scores 
at the initial and baseline visits (ability to ‘walk/move’ 
and ‘stretch’). In both cases, scores for the baseline visits 
were higher (indicating more impairment); this may be 
explained by increased owner attention to the performance 
of these behaviors after filling out the FMPI at the initial 
visit. These results were corroborated by the Bland–Altman 
bias scores, where the bias was close to zero across each of 
the individual items and the total score, and the limits of 
agreement encompassed the majority of the points. The 
least agreement was seen with scores between one and 
two; ratings of cats at the extremes of the scale were in close 
agreement. However, overall differences were relatively 
small, suggesting that the FMPI results from the initial visit 
could serve as the baseline value.

Previous studies have investigated which behaviors 
are responsive to analgesic treatment in cats with DJD 
and associated pain.25,26 Although no placebo group 
was included for comparison, these studies showed that 
owner-rated positive changes were seen in some behav-
iors including jumping, gait stiffness, grooming habits 
and temperament. Indeed, in the present study, a sig-
nificant treatment effect was observed in the majority 
of items in the 17-item FMPI in cats receiving analge-
sics. However, similar changes were also detected in 
cats receiving placebo. As a consequence, there was no 
significant difference in FMPI scores across 17 items 
between these groups. The lack of responsiveness may 
be explained by the caregiver placebo effects, known to 
be high in studies of client-owned cats with DJD.17 This 
effect appears to be higher than in similar studies with 
dogs. Our results, showing improvement in the placebo 
group for most FMPI items, highlights the difficulty in 
developing outcome assessments for use with cats. The 
FMPI-sf should be tested in new clinical trials using 
known analgesics.

After the stepwise elimination of FMPI items, nine 
items were retained to construct the FMPI-sf. As shown, 

the FMPI-sf had an acceptable reliability, similar to the 
original FMPI. Therefore, the reliability of the instrument 
did not suffer in any way from the reduction of items and 
the procedures described above improved responsive-
ness of the instrument while maintaining the reliability.

The original FMPI was clearly able to discriminate 
between musculoskeletally normal cats and mildly to 
severely impaired DJD cats.24 The FMPI-sf also showed 
good discriminatory ability when applied to our data. 
However, this should be confirmed in a study using a 
new cohort of affected animals and healthy controls. 
Furthermore, placebo-controlled studies using NSAIDs 
failed to demonstrate responsiveness of the original FMPI 
in cats with DJD-associated pain. When the original FMPI 
and the FMPI-sf were compared for the individual stud-
ies (CMI, low-dose, antibody), the difference in the mean 
change from baseline score between groups of cats with 
DJD pain that were treated with placebo or active treat-
ment was always greater when the FMPI-sf was used. 
This difference (treatment effect) was significant when 
cats were given an anti-NGF mAb, but not when given 
an NSAID. We do not know if this difference in detected 
efficacy is due to a true difference between treatments or 
to features of the study design, or a combination of both. 
There was a difference in patient populations between the 
CMI study and the other studies; the CMI study included 
mildly to severely impaired cats, and more than half of 
the population were mildly impaired. In contrast, the 
other studies enrolled moderate to severely impaired cats 
(resulting in recruitment of more highly impaired cats 
than the CMI study). Therefore, the improvement after 
treatment might be less easily detected in the CMI study. 
Overall, the responsiveness appears to be improved when 
the FMPI-sf is used.

Recently, our research group proposed a clinical check-
list that could be used to identify cats likely to have DJD-
associated pain.20 The checklist was derived from the 
FMPI and 17 items were reduced to six items based on 
the sensitivity and specificity of each item. All six items 
involved movement and included: running; jumping up; 
jumping down; stairs up; stairs down; and playing with 
toys. On the other hand, the FMPI-sf contains items that 
involve not only movement but also the owner’s rating 
of their cat’s ability to perform the activities of daily liv-
ing and social relationships. While the checklist serves 
as an effective screening tool, this highlights that chronic 
pain impacts multiple dimensions in cats, and behavioral 
changes in those dimensions need to be assessed in out-
come measures.27

As an important limitation, this study is a retrospec-
tive design and includes data from studies that were per-
formed in only a single site, which could result in a case 
selection bias. Prospective studies using the FMPI-sf will 
evaluate the performance of the instrument in other pop-
ulations of cats. Further, future work will investigate the 
FMPI-sf’s relationship with objective outcome measures 
including activity monitoring and gait analysis.
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Conclusions
The present retrospective study showed that the original 
FMPI seemed to have a reasonable reliability, but low/
no responsiveness. The stepwise elimination of items was 
performed to refine the responsiveness of FMPI, and the 
FMPI-sf was proposed. The proposed FMP-sf seemed to 
have better responsiveness while maintaining its reliabil-
ity. Although a future prospective study is needed, the 
proposed FMPI-sf may be able to better detect analgesic 
effects in cats with DJD.
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