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Abstract
Purpose The aim of this study was to validate the use of the Short Musculoskeletal Function Assessment (SMFA) question-
naire in patients with a spine fracture.
Methods Cross-sectional cohort of individuals that had sustained a spine fracture (C1-L5) one year earlier. Patients were 
asked to fill out SMFA, Oswestry Disability Index (ODI), EQ-5D-3L and EQ-VAS. Spearman’s rank correlation coefficient 
(rho) was used to assess convergent validity for each patient-reported outcome measure (PROM). Bland–Altman plots were 
used to assess PROM agreement.
Results 82 patients completed all questionnaires. The correlations between SMFA Dysfunction and Bother indices and ODI 
were 0.89 and 0.86, with EQ-5D-3L index 0.89 and 0.80, and with EQ-VAS 0.80 and 0.73, respectively. The correlation 
for separate categories of the SMFA dysfunction index (daily activities, emotional status, arm and hand function, mobility) 
ranged between 0.71–0.87 for ODI, 0.72–0.84 for EQ-5D-3L index, and 0.67–0.77 for EQ-VAS. A selection of the ten items 
of SMFA that had the highest correlations with ODI resulted in a correlation of 0.91. The agreements between SMFA indices 
and ODI in Bland–Altman plots were good with small differential biases and minimal proportional biases, but worse for 
SMFA and EQ-5D-3L index and EQ-VAS.
Conclusion The SMFA indices are highly correlated with ODI in patients with a spine fracture. The Dysfunction index and 
Bother index, or selected SMFA items, may be used to assess outcome in patients with spine fractures as an alternative to 
ODI.

Keywords Spine fracture · Vertebral fracture · Patient-reported outcome measures · Musculoskeletal function assessment · 
Short musculoskeletal function assessment · Oswestry disability index

Introduction

Patient-reported outcome measures (PROMs) that accurately 
measure the impact of spinal injury are important tools to 
determine optimal treatment and cost-effectiveness [1]. One 
of the most commonly used condition-specific PROMs for 
spinal disorders is the Oswestry Disability Index (ODI) [2, 
3]. Although developed to measure disability in individuals 
with degenerative low back pain, ODI has been extensively 
used in the context of spinal trauma [2, 3].

The Short Musculoskeletal Function Assessment 
Questionnaire (SMFA) is a self-administered question-
naire developed to measure functional outcome for a wide 
variety of musculoskeletal disorders [4]. SMFA has been 
translated to several languages and has been shown to be 
a reliable and validated PROM in the context of different 
types of musculoskeletal disorders [5, 6] Although being a 
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condition-specific PROM, SMFA has the advantage, simi-
larly to generic PROMs, of being able to compare outcomes 
between different types of disorders and treatments within 
the musculoskeletal system, while still being sensitive for 
changes that generic PROMs may fail to detect [4, 5, 7]. 
Although patients with spine disorders have been included 
in previous studies of SMFA [4, 8], a comparison has never 
been made with ODI.

The aim of this study was to validate the use of SMFA in 
patients with spine fracture.

Methods

Study design and setting

This is a prospective, observational cohort study on data 
collected from consecutive patients.

Study population, data collection and follow‑up

Inpatients with a spine fracture from the first cervical ver-
tebra (C1) to the fifth lumbar vertebra (L5) admitted to 
the Karolinska University Hospital in Huddinge between 
January 1st 2016 and October 31st 2017 were eligible for 

inclusion. Patients were treated with either operative or non-
operative treatment.

One year after the spine fracture, according to the rou-
tines of the Swedish Fracture Register, all patients were sent 
questionnaires by regular mail. The flow chart of the study 
is shown in Fig. 1. For this report, 82 patients with complete 
data for the planned analyses were included.

Patient‑reported outcome measures (PROMs)

Short musculoskeletal function assessment (SMFA)

SMFA is a condition-specific questionnaire developed to 
assess outcome for a wide range of musculoskeletal dis-
orders [4]. It consists of 46 items divided into two parts, 
corresponding to the patient’s dysfunction and bother. The 
‘dysfunction’ part consists of 34 questions related to dif-
ficulties performing different types of activities of daily 
life. The dysfunction items are divided into four catego-
ries–daily activities, emotional status, arm and hand func-
tion and mobility. The ‘bother’ part consists of 12 ques-
tions where the patient grades how bothered they are during 
certain activities. Each item is graded from 1–5 with 1 
being good function and 5 being poor. The final scores 
of the dysfunction and bother parts are then converted 

Fig. 1  Flow chart of the study
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into their respective indices, the ‘Dysfunction index’ and 
‘Bother index’, ranging from 0–100 with the formula 
[

(actual score− lowest possible score)∕possible range

of score] × 100 with higher score indicating poorer out-
come [4].

EQ‑5D‑3L

The EQ-5D-3L is a generic health-related quality of 
life questionnaire developed by the EuroQol Group [9]. 
EQ-5D-3L has five items relating to five dimensions of 
health – mobility, self-care, usual activities, pain/discom-
fort and anxiety/depression that are graded in three levels 
(no problems, moderate problems or severe problems). 
The EQ-5D-3L index reflects the societal perspective 
of health and ranges from approximately 1 (best) to 0 
(worst) in the Swedish experience-based value set using 
the time-trade-off method [10]. EQ-5D-3L is also accom-
panied by a visual analogue scale (EQ-VAS), where the 
patient rates his or her health on a scale from 0 to 100, 
where 0 equals worst and 100 equals the best possible 
health.

Oswestry disability index (ODI)

ODI is a condition-specific questionnaire specifically devel-
oped to assess outcome in patients with low back pain [2]. 
Each of the ten ODI items has six answers and is graded 
0–5, with 0 corresponding to no disability and 5 to highest 
disability. The items are converted into an index by the for-
mula (total score∕ total possible score) × 100 giving a range 
from 0–100 with higher score indicating poorer outcome 
[11].

Missing data

Both ODI and SMFA have strategies for handling missing 
data. If only one item was missing for the ODI the index 
formula was adjusted so the total score equaled 45 instead 
of 50 [11], and patients with two or more missing items 
were excluded [12]. If more than one value was answered 
for an item, the highest score was counted [11]. Missing 
values for the Dysfunction index of SMFA was replaced 
by substituting with the mean value for that category if 
the missing data for that category was less than 50% [4]. 
If more than 50% of a single category in the Dysfunction 
index was missing the patient was excluded. For the Bother 
index substitution is not possible, since each question repre-
sents a unique situation and patients with any missing item 

on the Bother index were excluded. Patients with any miss-
ing data on the five dimensions of EQ-5D-3L were excluded 
from the study. Patients with unanswered EQ-VAS were 
included in the study (n = 6).

Statistics

Histograms were used to visually inspect for normality 
of data. Continuous data are presented descriptively with 
means, medians, quantiles, minimum, maximum and stand-
ard deviations. Categorical data are presented as numbers 
and percentages.

Ceiling and floor effects were considered present if more 
than 15% of the patients achieved the best and worst score 
respectively for each PROM [13]. Spearman’s rank correla-
tion coefficient was used to determine convergent validity 
between PROMs. Spearman’s rho of 0–0.29 was considered 
as negligible, 0.30–0.49 as low, 0.50–0.69 as moderate, 
0.70–0.89 as high and 0.90–1.0 as very high [14]. Confi-
dence intervals for the Spearman correlations were calcu-
lated using Fisher Z-transformation [15]. Bland–Altman 
plots (means plotted against mean difference) including the 
limits of agreement defined as the range expected to include 
95% of the differences between instruments (± 1.96 × stand-
ard deviation of difference) were used to visually determine 
the agreement between PROMs [16].

We investigated whether a subset of the SMFA items 
could be used as substitute for ODI. To test this a correlation 
matrix was made for all individual items of SMFA and ODI, 
using Spearman’s correlations. The ten individual items 
of SMFA with the highest correlation with the individual 
items of ODI were chosen and an index was generated, by 
us named the SMFA Modified index, ranging from 0–100 
was calculated similarly to the Dysfunction and Bother index 
using the formula: 

[

(actual score− lowest possible score)∕

of score] × 100.
To ease comparisons with SMFA and ODI in plots and 

tables the EQ-5D-3L index was inverted and multiplied by 
100, and EQ-VAS inverted.

All statistical analyses were performed using RStudio 
software version 4.1.0 for Windows (R Foundation for Sta-
tistical Computing). Significance was set to p < 0.05.

Ethics

The study was conducted in accordance with the ethical 
principles of the Helsinki Declaration and was approved by 
the Regional Ethical Review Board in Stockholm, Sweden 
(Dnr 2016/897–31/1).



1474 European Spine Journal (2023) 32:1471–1479

1 3

Results

Patients and descriptive data

Characteristics of the cohort are summarized in Table 1. The 
results of the PROMs at follow-up are shown in Table 2. 
All PROMs followed a similar pattern with indices skewed 
towards full health. Ceiling effects was seen for the ODI, 
EQ-5D-3L and some of the separate categories in the SMFA. 
For the SMFA Dysfunction, Bother and Modified index no 
ceiling effect were present.

Table 1  Demographics and injury characteristics

SD = standard deviation
*The first thoracic vertebra (Th1) is included in the cervical spine 
module in the Swedish Fracture register
PROMs = patient-reported outcome measures

Variable Total N = 82

Sex
Female 23 (28%)
Age at the time of injury (years)
Mean (SD) 58.2 (20.4)
Region
Cervical (C1-Th1)* 36 (44%)
Thoracic (Th2-Th12) 14 (17%)
Lumbar (L1-L5) 21 (26%)
Multiple levels 11 (13%)
Concomitant extremity fractures, n (%)
Yes 4 (5%)
No 78 (95%)
Neurology, n (%)
Intact 68 (83%)
Radicular symptoms 9 (11%)
Incomplete spinal cord injury 3 (4%)
Complete spinal cord injury 2 (2%)
Mechanism of injury, n (%)
Bicycle accident 7 (9%)
Fall 59 (72%)
Horse riding accident 1 (1%)
Motor vehicle accident 11 (13%)
Pathological fracture 1 (1%)
Other 3 (4%)
Treatment, n (%)
Operative 37 (45%)
Non-operative 45 (55%)
Time to PROM from fracture event (months)
Mean (SD) 14.0 (1.69)
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SMFA‑ODI crosswalk

The Spearman correlations between all individual items of 
SMFA and ODI was summarized in a matrix. The 10 items of 
SMFA that had the highest correlation with the 10 ODI items 
were collected to generate the SMFA Modified index (Appen-
dix 1). Item 9 and 10 of ODI both had the highest correlation 
with item 25 of SMFA, so the item with the second highest 
correlation (item 21 of SMFA) was chosen as the correspond-
ing item for item 9 of ODI. Both item 1 and 6 of ODI had the 
highest correlation with item 36 of SMFA. Item 36 of SMFA 
was chosen as the corresponding item of item 1 of ODI and 
the item with the second highest correlation, item 23 of SMFA, 
was chosen as the corresponding item of item 6 of ODI.

Convergent validity

Correlations between PROMs are summarized in Table 3. 
All correlations were moderate to high. All SMFA indices, 

including the indices for each separate category (daily activi-
ties, emotional status, arm and hand function, mobility) were 
highly correlated with ODI (Spearman’s rho 0.71–0.91). 
All SMFA indices had moderate to high correlations with 
both the EQ-5D-3L index and EQ-VAS (rho 0.72–0.89 and 
0.67–0.82 respectively).

The Spearman correlations for patients with a cervical spine 
fracture only were moderate to high when comparing the SMFA 
indices and ODI, EQ-5D-3L and EQ-VAS (rho 0.60–0.88) 
(Table 3). The Spearman correlations for patients with a tho-
racic or lumbar fracture only were high between all PROMs (rho 
0.79–0.93) with the strongest correlations seen between ODI 
and the SMFA Modified index (rho = 0.93) (Table 3).

The SMFA indices are plotted against ODI in Fig. 2. All 
SMFA indices follow a pattern similar to ODI.

Agreement

The Bland–Altman plot for the SMFA Modified Index and 
ODI is shown in Fig. 3. Similar patterns were seen for all 

Table 3  Spearman’s rho correlations (95% confidence intervals) 
between Short Musculoskeletal Function Assessment (SMFA) indices 
and Oswestry Disability Index (ODI), EQ-5D-3L and EQ-VAS. Data 

shown for the whole cohort, and stratified into patients with cervical 
fractures only, or thoracic or lumbar fractures only

SMFA = Short Musculoskeletal Function Assessment, ODI = Oswestry Disability Index, EQ-5D-3L and EQ-VAS inverted to make rho value posi-
tive

SMFA 
indices

Whole cohort Cervical Thoracic/Lumbar

ODI rho (CI) EQ-5D-3L rho 
(CI)

EQ-VAS rho 
(CI)

ODI rho (CI) EQ-5D-3L rho 
(CI)

EQ-VAS rho 
(CI)

ODI rho (CI) EQ-5D-3L rho 
(CI)

EQ-VAS rho (CI)

SMFA 
Dys-
function 
Index

0.89 
(0.84 − 0.93)

0.89 
(0.83 − 0.92)

0.82 (0.72 − 0.88) 0.86 
(0.74 − 0.93)

0.84 
(0.71 − 0.92)

0.80 (0.62 − 0.90) 0.91 
(0.83 − 0.95)

0.92 
(0.85 − 0.96)

0.88 (0.78 − 0.94)

SMFA 
Bother 
Index

0.86 
(0.79 − 0.91)

0.80 
(0.71 − 0.87)

0.77 (0.66 − 0.85) 0.81 
(0.65 − 0.90)

0.73 
(0.53 − 0.85)

0.73 (0.51 − 0.86) 0.89 
(0.80 − 0.94)

0.85 
(0.74 − 0.92)

0.81 (0.66 − 0.90)

SMFA 
Daily 
Activi-
ties Cat-
egory

0.87 
(0.81 − 0.92)

0.84 
(0.76 − 0.89)

0.77 (0.66 − 0.85) 0.81 
(0.65 − 0.90)

0.76 
(0.57 − 0.87)

0.66 (0.40 − 0.82) 0.91 
(0.84 − 0.95)

0.88 
(0.78 − 0.94)

0.84 (0.71 − 0.92)

SMFA 
Emotion 
Status 
Cat-
egory

0.79 
(0.70 − 0.86)

0.76 
(0.65 − 0.84)

0.72 (0.60 − 0.82) 0.67 
(0.44 − 0.82)

0.67 
(0.44 − 0.82)

0.61 (0.33 − 0.79) 0.86 
(0.74 − 0.92)

0.84 
(0.72 − 0.92)

0.81 (0.65 − 0.90)

SMFA 
Mobility 
Cat-
egory

0.79 
(0.69 − 0.86)

0.80 
(0.70 − 0.87)

0.73 (0.60 − 0.82) 0.76 
(0.58 − 0.87)

0.70 
(0.48 − 0.83)

0.66 (0.40 − 0.82) 0.83 
(0.69 − 0.91)

0.87 
(0.76 − 0.93)

0.86 (0.74 − 0.93)

SMFA 
Arm and 
Hand 
Function 
Cat-
egory

0.71 
(0.58 − 0.80)

0.72 
(0.60 − 0.81)

0.67 (0.53 − 0.78) 0.60 
(0.34 − 0.78)

0.73 
(0.52 − 0.85)

0.66 (0.40 − 0.82) 0.83 
(0.69 − 0.91)

0.79 
(0.64 − 0.89)

0.80 (0.64 − 0.90)

SMFA 
Modi-
fied 
Index

0.91 
(0.86 − 0.94)

0.86 
(0.79 − 0.91)

0.81 
(0.72 − 0.88)

0.88 
(0.77 − 0.94)

0.82 
(0.62 − 0.90)

0.78 
(0.59 − 0.89)

0.93 
(0.87 − 0.96)

0.90 
(0.82 − 0.95)

0.88 (0.77 − 0.94)
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other SMFA indices and ODI (data not shown). There were 
small negative differential biases for all SMFA indices indi-
cating that the ODI tends to score slightly lower compared to 
SMFA indices. There was a small proportional bias indicat-
ing larger differences between SMFA and ODI in patients 
with larger scores.

The SMFA indices and the EQ-5D-3L index showed large 
negative differential biases as well as a significant propor-
tional bias in the Bland–Altman plots (data not shown). The 
SMFA indices and the EQ-VAS showed good agreement, 
with a slight positive differential bias, minimal proportional 
biases, but with wider limits of agreement compared to 
SMFA indices and ODI (data not shown).

Discussion

SMFA indices are highly associated with ODI and EQ-
5D-3L in patients who have sustained a spine fracture. 
Both the Dysfunction index and the Bother index, as well 
as our suggested Modified index of SMFA had high cor-
relations with ODI and good agreement visualized on the 
Bland–Altman plots. The relationship became slightly 
higher when only analyzing patients with a thoracic or 
lumbar fracture. SMFA scores follow ODI scores closely 
and seem sensitive enough to detect the disabilities asso-
ciated with a spine fracture, irrespective of fracture site, 
similarly to ODI.

In our study we found small differential biases indicat-
ing that SMFA on average yields higher scores compared to 
ODI. This may in part be explained by the sheer number of 
items in SMFA, (46 vs 10), some of which are related, and 
the number of steps for each item being fewer for SMFA 
(1–5 for SMFA and 0–5 for ODI). SMFA also contains more 
items that could be influenced by other musculoskeletal 

Fig. 2  Scatter plots of the Short Musculoskeletal Function Assessment (SMFA) Dysfunction index, SMFA Bother index and the SMFA Modi-
fied index versus Oswestry Disability Index (ODI) stratified according to sex

Fig. 3  Bland–Altman plot comparing the Short Musculoskeletal 
Function Assessment (SMFA) Modified index and the Oswestry Dis-
ability Index (ODI). The y-axis represents the difference between 
scores and the x-axis represents the mean of both scores. The solid 
horizontal line represents the mean difference, and the dashed hori-
zontal lines represents the 95% limits of agreement
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conditions and may therefore give a higher range of scores. 
There was a small proportional bias between the SMFA indi-
ces and ODI, which was most prominent for the Modified 
index. Although the differential and proportional biases were 
small, the limits of agreements were wide, so it may not 
be advisable to use these instruments interchangeably for 
individual patients, as the scores may differ significantly.

The SMFA indices and the adjusted EQ-5D-3L index 
did not display a normal distribution of the differences and 
showed a significant proportional bias, with larger differ-
ences for worse health related quality of outcomes in the 
Bland–Altman plots. This may be explained by the adjusted 
EQ-5D-3L index not being equal in range of values and not 
being responsive enough to detect the smaller differences in 
disability compared to SMFA and ODI. EQ-VAS had a small 
positive differential bias, but the limits of agreement were 
very wide, so it may not be advisable to use interchangeably 
with SMFA for individual patients.

Compared with ODI the SMFA Dysfunction, Bother 
and Modified index didn’t display a ceiling effect [13, 17]. 
This shows that SMFA may be better at differentiating 
more minor disability in patients than ODI. Previous stud-
ies have shown that ODI is most effective in patients with 
more severe symptoms [11]. Future studies comparing 
SMFA with ODI in patients with spinal disorders should 
aim to also include patients with severe symptoms.

This study is important in the context of national qual-
ity registries in Sweden, since data collection of spine 
fractures has been transitioned from the Swedish Spine 
Registry (Swespine) to the Swedish Fracture Register [18]. 
With the transition, the data collection expanded to also 
include non-operatively treated patients, whereas before 
only operatively treated were collected. Swespine uses 
ODI as the condition-specific instrument, but the Swed-
ish Fracture Register uses SMFA. Unlike ODI, the SMFA 
can compare outcome in patients with multiple musculo-
skeletal injuries, and could be used to compare outcome 
in patients with different types of musculoskeletal diseases 
[4, 7]. However SMFA has not been used in spine disease 
related studies before and, prior to this study, no compari-
son between SMFA and ODI have been made.

There are some limitations that should be acknowl-
edged. Our data collection was limited to one center, only 
included the outcome for previous inpatients and only 
reflects one follow-up timepoint. Patients from multiple 
centers and repeated measurements, both in close proxim-
ity for measuring reliability and at different timepoints to 

detect change over time, as well as a wider range of health 
utilities would have increased the strength of our study.

The response rate was 54%, although only 80% of the 
returned questionnaires were complete (43% of total). A 
reason for the low response rate could be that patients were 
part of routine care and no reminders were sent. The inter-
est for filling in questionnaires may therefore be low. How-
ever, when compared to the response rate in the Swedish 
Fracture Register overall, the response rate in this study is 
higher [19, 20]. It is reasonable to believe that our patients 
that had been treated as inpatients at a referral center may 
have more severe injuries than the average patient with 
a spine fracture. Whether this affects the response rate 
is unknown. Nevertheless, investigating a relationship 
between different questionnaires may not be affected by 
the response rate [19, 21].

In this study we did not use the modified version of 
ODI designed for neck-pain, Neck Disability Index (NDI) 
[22], in patients with a cervical fracture. Despite this, the 
correlations were strong which is to be expected, since 
there is an overlap in the items in ODI and NDI. A previ-
ous study by Spiegel et al. [23] found that the correlation 
(rho) between NDI and ODI in patients with neck pain 
was 0.755.

Conclusion

The SMFA indices are highly associated with ODI in 
patients with a spine fracture. The Dysfunction index 
and Bother index, or selected SMFA items, may be used 
to assess outcome in patients with a spine fracture as an 
alternative to ODI. SMFA may be better at differentiating 
outcomes in patients with less severe symptoms compared 
to ODI. The SMFA also has the advantage over ODI of 
being able to compare outcomes between individuals with 
multiple musculoskeletal injuries, as well as comparing 
interventions of spine injuries to that of other types of 
musculoskeletal injuries.

.

Appendix 1. Items of SMFA with the highest 
Spearman correlations with ODI generating 
the Modified index.

 See Table 4
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