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• I. Obeid5
• E. Acaroglu6

• A. Alanay7
•
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Abstract

Purpose Designed for patients with adolescent idiopathic

scoliosis, the SRS-22 is now widely used as an outcome

instrument in patients with adult spinal deformity (ASD).

No studies have confirmed the four-factor structure (pain,

function, self-image, mental health) of the SRS-22 in ASD

and under different contexts. Factorial invariance of an

instrument over time and in different languages is essential

to allow for precise interpretations of treatment success and

comparisons across studies. This study sought to evaluate

the invariance of the SRS-22 structure across different

languages and sub-groups of ASD patients.

Methods Confirmatory factor analysis was performed on

the 20 non-management items of the SRS-22 with data

from 245 American English-, 428 Spanish-, 229 Turkish-,

95 French-, and 195 German-speaking patients. Item

loading invariance was compared across languages, age

groups, etiologies, treatment groups, and assessment times.

A separate sample of SRS-22 data from 772 American

surgical patients with ASD was used for cross-validation.

Results The factor structure fitted significantly better to the

proposed four-factor solution than to a unifactorial solu-

tion. However, items 14 (personal relationships), 15 (fi-

nancial difficulties), and 17 (days off work) consistently

showed weak item loading within their factors across all

language versions and in both baseline and follow-up

datasets. A trimmed SRS (16 non-management items) that

used the four least problematic items in each of the four

domains yielded better-fitting models across all languages,

but equivalence was still not reached. With this shorter

version there was equivalence of item loading with respect

to treatment (surgery vs conservative), time of assessment

(baseline vs 12 months follow-up), and etiology (degen-

erative vs idiopathic), but not age (\ vs C50 years). All

findings were confirmed in the cross-validation sample.

Conclusion We recommend removal of the worst-fitting

items from each of the four domains of the SRS-instrument

(items 3, 14, 15, 17), together with adaptation and
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standardization of other items across language versions, to

provide an improved version of the instrument with just 16

non-management items.

Keywords Adult deformity � Scoliosis Research Society-

22 (SRS-22) � Outcome � Factor analysis � Structural and
cross-cultural validity

Introduction

It is now generally accepted that patients’ perceptions of

their health-related quality of life (HRQL) are of utmost

importance when assessing the outcome of treatment for

spinal disorders. To this end, various condition-specific

instruments have been developed. One such instrument, the

Scoliosis Research Society-22 (SRS-22) questionnaire, was

designed for assessing health-related quality of life in

patients with adolescent idiopathic scoliosis (AIS) [1–5].

The questionnaire has subsequently become the outcome

instrument of choice also in patients with adult spinal

deformity (ASD). The SRS-22 is a multidimensional

instrument covering the four non-management domains of

pain, function, self-image, and mental health (five items

per domain), along with two items to assess the patient’s

satisfaction with management of their condition. The

domains selected for inclusion were believed to be relevant

in capturing the wide-ranging impact of scoliosis on vari-

ous aspects of the patient’s life. On the back of short-

comings in the factor structure of the instrument identified

by Rasch analyses of data from AIS patients [6–8], a

shorter, unidimensional, and linearly scaled 7-item version

(SRS-7) of the instrument was recently proposed [9].

However, the authors conceded that although this was

useful for assessing global changes in patient outcomes

over time, a multidimensional instrument was likely better

for assessing changes associated with individual aspects of

the disease, such as cosmesis, pain, and function [9]. The

longer version therefore continues to be considered an

appropriate outcome instrument. Since its introduction, no

studies have confirmed the four-factor structure of the non-

management items of the SRS-22 in patients with ASD, or

evaluated the validity of this structure in different contexts

(different aetiologies of deformity, age-groups, languages,

time-points of assessment, etc.). There are still many

unknowns in the diagnosis, classification and treatment of

adult spinal deformity, and progress in the evaluation and

management of these disorders requires the pooling and

sharing of data in large multicentre, international studies

and registries. Since spinal deformities are often long-

lasting conditions, it is also necessary that longitudinal

studies of change are carried out over extended periods of

time, to monitor the natural history and/or response to

treatment. Demonstration of factorial invariance of the

SRS-22 instrument in different languages, diagnostic sub-

groups and age-groups, and also over time, is therefore

essential if we are to make precise interpretations of

treatment success and draw comparisons across studies.

Qualitative examination of the various official language

versions of the SRS-22 reveals subtle differences in the

wording used for some of the items and challenges the

content validity of others. The differences appear to have

arisen during the various refinements made to the SRS-22

over time (but not necessarily made concurrently in all

current language versions). It is not known whether this has

an impact on the psychometric properties of the instrument.

A recent systematic review of the psychometric prop-

erties of 17 published translations (‘‘official versions’’) of

the SRS-22 instrument [10] concluded that further attention

should be given to the construct validity of the SRS-22 in

terms of its cross-cultural validity (i.e., the extent to which

the performance of an item in an adapted instrument ade-

quately reflects its performance in the original version) and

structural validity (i.e., the extent to which the scores

adequately reflect the dimensional nature of the construct

being measured).

The aim of this study was to evaluate the factor structure

of the English [2, 5], Spanish [11, 12], French [13], Turkish

[14], and German [15] versions of the SRS-22 outcome

instrument in patients with ASD. We aimed to evaluate

whether these versions showed the same four-factor

structure for the non-management domains as the original

version of the instrument created for AIS patients and

whether this structure was invariant over time, etiology of

deformity, treatment group, and patient-age.

Methods

Analyses were carried out using the 20 non-management

items of the SRS-221 from baseline and 12-month ques-

tionnaire data. Data in the Spanish, Turkish, French and

German languages came from a total of 947 patients with

adult spinal deformity (recruited into the European Spine

Study Group’s (ESSG) prospective multicentre study)

(Table 1). The ESSG comprises representatives from seven

spine centres in Spain, Turkey, France, and Switzerland

that collectively administer a multicentre international

database of data from patients over 18 years of age with

1 The official Spanish and Turkish versions contained the SRS-22R

formulation of item 18, whilst that of SRS-22 was used in all other

languages (http://www.srs.org/professionals/online-education-and-

resources/patient-outcome-questionnaires).
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spinal deformity defined as any one of the following:

coronal plane deformity [20�; sagittal vertical axis

[50 mm; pelvic tilt[25�; thoracic kyphosis[60� [16]. A
comparable data set containing SRS-22 data in the English

language (N = 245) from the ‘‘Multicenter, Prospective

Adult Symptomatic Lumbar Scoliosis (ASLS)’’ study,

funded by the National Institutes for Health

(R01AR055176-01A2) in the USA (Table 1), was included

to allow comparison with data collected in the original

language version of the SRS questionnaire.

A third English language data set (N = 772; 645 (84%)

female, age 50 ± 17 years), from the USA Adult Defor-

mity Outcomes (ADO) database, was used for subsequent

cross-validation of the models.

Statistical analyses

The factor structure of the 20 non-management items of the

SRS-22 questionnaire was tested using confirmatory factor

analysis (CFA), with structural equation modelling soft-

ware AMOS 24.0. CFA assesses the contribution of each of

the questionnaire’s questions or ‘‘items’’ (‘‘Item Loading’’)

and measures the adequacy of the measurement model

(‘‘Goodness of Fit’’). Item loading indicates the strength of

the relationship between each item and its underlying

factor, where values\0.6 are considered poor (analogous

to a correlation coefficient). The various Goodness of Fit

measures included the root mean square error of approxi-

mation (RMSEA), the ratio of Chi squared to degrees of

freedom (v2/df) and the Comparative Fit Index (CFI). A

model is considered to have a good fit if RMSEA is less

than 0.05, v2/df is less than 2, and CFI is greater than 0.9

[17].

The analyses comprised systematic comparisons of dif-

ferent models. The comparability of the language versions

was tested by constraining (forcing) item loading to be

equal across languages and then testing whether this con-

strained model was as good a fit to the empirical data as

one in which items were allowed to load ‘‘freely’’ (un-

constrained) and potentially differ between the languages.

The Chi squared difference test was used to assess the

significance of the difference between constrained and

unconstrained models; no significant difference confirmed

equivalence of item loading for the different languages.

The same type of model comparisons (i.e. item loading

‘‘constrained to be the same’’ in different subgroups versus

‘‘free, unconstrained’’) were made for the two measure-

ment time-points (baseline and 12 months’ follow-up) and

for various clinical sub-groups (degenerative and idio-

pathic etiologies; B50 years and[50 years old; conserva-

tive and surgical patients). Again, Chi squared difference

tests were used to assess equivalence of item loading across

these groups.

The following models were evaluated:

Model 1 was a one-factor model that assumed all items

loaded on a common factor i.e. ‘‘all 20 items measured the

same construct’’.

Model 2 was the hypothesized four-factor structure with

five questions per factor and with item loading estimated

for the total sample; in model 2a item loading was esti-

mated freely for the Spanish (n = 428), Turkish (n = 229),

French (n = 95), German (n = 195), and English

(n = 245) subsamples separately.

Model 3 comprised the best fitting item loading that

represented all five language versions, i.e. items were

constrained to have the same loading across the different

languages.

After analysing these three models, four items were

identified as being weak, i.e., they consistently had a low

loading on their factor in all five languages and/or in

baseline and follow-up data (see later). As such, an item-

trimmed model, with just four items per factor was pro-

posed (from hereon in, the 16-item version). Omission of

the weakest items from model 2 was expected to signifi-

cantly improve the model fit.

Model 4 comprised the four-factor structure for the

16-item version, with the item loading estimated for the

total sample; in model 4a, item loading was estimated

freely for the Spanish (n = 428), Turkish (n = 229),

French (n = 95), German (n = 195), and English

(n = 245) subsamples separately.

Model 5 comprised (for the 16-item version) the best

fitting item loading that represented all five languages, i.e.,

items were constrained to have the same loading across the

different languages.

Model 6 constrained the item loading to be the same in

groups of surgical (N = 487) and conservatively-treated

(N = 705) patients.

Model 7 constrained the item loading to be the same in

groups of degenerative deformity (n = 190) and idiopathic

deformity (n = 615) patients (for non-English versions of

the questionnaire only, as this information was not avail-

able for the USA sample).

Model 8 constrained the item loading to be the same in

groups of younger (aged B50 years) and older ([50 years)

patients.

The next two models (Models 9 and 10) were longitu-

dinal models including the data of 727 patients who had

completed the SRS questionnaire at both baseline and

follow-up. These models evaluated the stability of the

factorial structure over time. Model 9 estimated loading for

each item freely at baseline and follow-up whereas model

10 constrained the loading of each item to be the same at

both baseline and follow-up.

Eur Spine J (2018) 27:685–699 687
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Cross-validation

A second large US sample of English-speaking patients

who all received surgery was used for cross-validation of

the models. Models 1, 2, 4, 7, 8, 9, and 10 were replicated

with a sample of 772 patients who had completed the SRS-

22 at baseline and 604 who had completed it at both

baseline and follow-up.

Results

Table 2 shows the fit indicators and results of the nine CFA

models that were tested. The one-factor model (Model 1)

did not yield a good fit to the empirical data (RMSEA 0.14,

CFI 0.65). The proposed four-factor structure with

dimensions of function, pain, self-image, and mental health

with five items each (Model 2) had reasonable fit param-

eters (RMSEA 0.09, CFI 0.87). Compared with model 1,

model 2 had a significantly better fit as shown by the Chi

squared difference test (Dv2(7) = 2544.61, p\ 0.001). In

model 2a, item loading was estimated freely for the

Spanish, Turkish, French, German, and English subsamples

separately and the fit indices of that model approached

acceptable levels (RMSEA 0.04). However, in model 3

with the restriction that item loading of each individual

question should be the same across the five languages there

was a significant decrease in the model fit (Model 3 com-

pared with Model 2a: Dv2(64) = 261.80, p\ 0.001). Thus,

this model comparison indicated non-equivalence of lan-

guage versions.

The standardized item loading from the CFA of model

2a (unconstrained item loading estimated separately for the

different language versions) is shown in Table 3. Model 2a

revealed items that should be considered for omission (due

to poor fit) in order to build a trimmed, optimized model of

the SRS instrument; these items are marked bold in

Table 2. The three items Q14 (self-image), Q15 (function),

and Q17 (pain) consistently showed weak item loading

within their factors across language versions and also in

baseline and follow-up datasets (Table 2). All five ‘‘mental

health’’ items showed reasonably high loading within their

factor, but Q3 showed the lowest contribution and, in the

interests of maintaining the same number of items for each

factor, it was therefore chosen for removal. Other items

such as Q8, Q10, and Q11 showed weak item loading in

some language versions, but loading was not consistently

low. Figure 1 shows the 16 questions that were retained

(four per domain) in the trimmed 16-item version.

In model 4 the trimmed 16-item version of SRS was

tested and achieved significantly better model fit than the

20-item version [Model 4 compared with Model 2:

Dv2(64) = 746.51, p\ 0.001]. In model 4a, loading was

estimated freely for the Spanish, Turkish, French, German,

and English subsamples separately and the results showed

significantly better fit in this trimmed 16-item version of

SRS compared with the respective 20-item SRS [Model 4a

compared with Model 2a: Dv2(320) = 897.33, p\ 0.001].

However, equivalence of language versions was still not

reached in the trimmed 16-item SRS: comparison of model

5 (where the item loading was constrained to be the same

across the five language versions) and model 4a showed a

significant decrease of model fit [Model 5 compared with

Model 4a: Dv2(48) = 202.88, p\ 0.001].

Equivalence was, however, good with respect to the type

of treatment being received [surgical or conservative)

Table 1 Demographic and baseline clinical data of the patients

Model Total Turkish Spanish French German English

N 1192 229 428 95 195 245

Age (years) 42 ± 19 31 ± 13 38 ± 15 50 ± 13 61 ± 19 60 ± 10

Gender (F:M; % F) 963:229 (81%) 159:70 (69%) 360:68 (84%) 76:19 (80%) 144:51 (74%) 224:21 (91%)

Height (m) 1.65 ± 0.09 1.65 ± 0.11 1.64 ± 0.09 1.65 ± 0.10 1.66 ± 0.09 –

Weight (kg) 63.0 ± 13.2 63.1 ± 15.4 60.7 ± 10.9 66.1 ± 14.1 66.6 ± 13.9 –

SRS subtotal score 3.4 ± 0.7 3.6 ± 0.6 3.5 ± 0.7 2.8 ± 0.6 3.2 ± 0.6 3.2 ± 0.5

Etiology –

Idiopathic 623 (66%) 158 (69%) 345 (81%) 56 (59%) 64 (33%)

Degenerative 190 (20%) 20 (9%) 29 (7%) 16 (17%) 125 (64%)

Other 134 (14%) 51 (22%) 54 (12%) 23 (24%) 6 (3%)

Treatment

Surgical 487 (41%) 87 (38%) 109 (25%) 82 (86%) 82 (42%) 127 (52%)

Conservative 705 (59%) 142 (62%) 319 (75%) 13 (14%) 113 (58%) 118 (48%)

– Information not available in English language dataset

688 Eur Spine J (2018) 27:685–699
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[Model 6 compared with Model 4: Dv2(110) = 107.63,

p = 0.546]. In addition, equivalence was good with respect

to the etiology of the deformity (idiopathic or degenerative)

[Model 7 compared with Model 4: Dv2(110) = 99.89,

p = 0.745]. Equivalence was less good with respect to

patient age. Comparison of model 8 with model 4 showed a

significant difference in v2 [Dv2(110) = 153.19 (110),

p = 0.004].

The trimmed 16-item model using the data of the 727

patients available at both baseline and the one-year follow-

up yielded an acceptable fit to the empirical data (model 9;

RMSEA 0.06, CFI 0.93). Moreover, the constraint that

individual items should have the same loading at baseline

and follow-up did not decrease model fit [Model 10 com-

pared with Model 9: Dv2(12) = 17.95, p = 0.117]. Thus,

equivalence of item loading and factor structure over time

was confirmed, yielding a model with acceptable fit

(RMSEA 0.05, CFI 0.93; see Fig. 2 for item loading).

Cross-validation

The data from the patients in the US sample used for cross-

validation showed item loading that was very similar to

those of the other samples. Moreover, the decisions

regarding item selection were confirmed in the cross-vali-

dation sample: consistent with the other data, Q15, Q17,

Q14, and Q3 showed the weakest loading within the four

five-item subscales (cf. Table 2 last two columns). The fit

indicators of Models 1, 2, 4, 7, 8, 9, and 10 are shown in

Table 4. Again, omission of Q15, Q17, Q14, and Q3 sig-

nificantly increased the model fit. In model 4, the trimmed

16-item version of SRS was tested and achieved signifi-

cantly better model fit than the 20-item version [Model 4

compared with Model 2: Dv2(64) = 583.25, p\ 0.001].

Similar to the previous analyses, equivalence was good

with respect to the etiology of deformity (idiopathic or

degenerative) [Model 7 compared with Model 4:

Dv2(110) = 114.72, p = 0.360] but less good with respect

to the age of the patients; comparison of model 8 with

model 4 showed a significant difference in

v2(Dv2(110) = 143.29 (110), p = 0.018). The trimmed

16-item model using the data available at both baseline and

one-year follow-up for 604 patients yielded an accept-

able fit to the empirical data (model 9). However, the

constraint that individual items should have the same

loading at baseline and follow-up did decrease model fit

[Model 10 compared with Model 9: Dv2(12) = 87.26,

p\ 0.001]. Thus, equivalence of item loading and factor

structure across time was not confirmed in the US cross-

validation sample. The considerably lower loading of Q4 at

baseline than at follow-up (Table 2) likely contributed to

this result. The fit of model 10 was, however, nonetheless

good (RMSEA 0.05, CFI 0.93).T
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Discussion

In a recent systematic review, Monticone et al. [10]

described the psychometric properties of 17 published

translations of the SRS-22 instrument. The absence of any

description of the cross-cultural validation procedures, for

any of the languages investigated, prevented the authors

from understanding whether the constructs underlying the

original instrument were adequately reflected in the

translations [10]. Further, the 4-factor structure of the SRS-

22, originally designed for patients with AIS, has not been

evaluated in any language in patients with ASD. The pre-

sent study aimed to rectify this situation, by performing

confirmatory factor analysis of the 4-factor structure on

English, Spanish, German, French, and Turkish versions of

the SRS-22 in patients with ASD. We showed that,

although the 4-factor structure was upheld, the fit of the

items was not perfect.

Q5. What is your current level of activity?

Q9. What is your current level of work/school activity?

Q12. Does your back limit your ability to do things
around the house?

Q18. Does your back condition limit your going out with
friends/family?

Q1. Which one of the following best describes the
amount of pain you have experienced during the
past 6 months?

Q2. Which one of the following best describes the
amount of pain you have experienced during the last
month?

Q8. Do you experience back pain when at rest?

Mental
Health

Q7. In the past 6 months, have you felt so down in the
dumps that nothing could cheer you up?

Q13. Have you felt calm and peaceful during the last
six months?

Q16. In the past six months, have you felt down
hearted and blue?

Q20. Have you been a happy person during the past
six months?

Q4. If you had to spend the rest of your life with your
back shape as it is right now, how would you feel about it?

Q6. How do you look in clothes?

Q10. Which of the following best describes the
appearance of your trunk, defined as the human body
except for the head and extremities?

Q19. Do you feel attractive with your current back
condition?

Q11. Which one of the following
(None; Non-

narcotics weekly or less (e.g., aspirin, Tylenol,
Ibuprofen); Non-narcotics daily; Narcotics daily; Other)

Self-
Image

Pain

Function

best describes your 
pain medication use for back pain?

Fig. 1 Trimmed model including the 16 remaining questions and constraining the structure to be the same in all four languages (good fit to the

baseline data: Model 5 in Table 2, RMSEA = 0.04, CFI = 0.90)
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Over the last two decades, a lot of work has gone into

developing the SRS-outcome instrument and cross-cultur-

ally adapting it in many different languages [10]. Of all the

instruments used in the assessment of patients with ASD,

the SRS-22 is the one that has been subjected to the most

thorough and extensive evaluation of its clinimetric qual-

ities [18]. Numerous clinical studies have used it as their

primary outcome measure [19]. For these reasons, we

chose to view the problems identified with the instrument

as the impetus for improving it (see later) rather than an

indication of the need for an entirely new instrument. This

was expected to promote continuity in the interpretation of

data collected in past and future studies. Few other out-

come instruments have been subjected to scrutiny of their

measurement properties across their different language

versions [20], and even fewer have been shown to satisfy

the quality criteria [21] in relation to their factor structure;

the relatively minor and easily-rectifiable deficiencies in

the SRS-22 must hence be viewed from this perspective.

The 20 non-management items of the SRS-22 have

different response formats in relation to what they provide

information about: frequency, intensity, days, percentages,

types of medication, etc. This can be a problem in factor

analysis, because some error relates specifically to the

format itself. With differing response formats the compa-

rability between items is often lower, making it less likely

that items which are expected to load together on a com-

mon factor will actually do so. Given that the response

formats differ so much across the 20 items of the SRS-22,

the four-factor SRS had a surprisingly good fit.

When estimates were compared across the five differ-

ent languages, there was no language version that obvi-

ously ‘‘did not work’’, in the sense that the relative item

loading was very different from the item loading for the

other languages. Nonetheless, some items showed slightly

weaker loading in some language versions than in others.

The three items that consistently showed weak item

loading within their factors, across all language versions

of the instrument and in both baseline and follow-up

datasets, were Q14, Q15, and Q17 (Fig. 1). Question 14

(Do you feel that your condition affects your personal

relationships?) in the ‘‘self-image’’ domain, is somewhat

ambiguous and it is perhaps not clear as to what is

intended by the term ‘‘personal relationships’’. Previous

exploratory factor analyses of the data of patients with

AIS have observed that this item often loads (more)

strongly on the function domain [10, 13, 22, 23], perhaps

because the typical adolescent patient interprets it as

referring to the ability to meet friends and carry out

normal activities with friends and family [13]. It was

suggested that in an adult population the item may instead

target the interference of the back condition with intimate

relations, which is closer to the Self-image concept [13].

The results of the present study in adult patients do not,

however, support this argument.

Question 15 (Are you and/or your family experiencing

financial difficulties because of your back?) in the ‘‘func-

tion’’ domain, has repeatedly been identified as problematic

in other studies of the SRS [5, 14] and has previously been

recommended for removal [14]. It is somewhat unclear

why it should be included in a domain assessing ‘‘func-

tion’’, and it would also appear to have little relevance to

the present-day patient, especially in countries with the

necessary social security support to acquire orthoses,

obtain treatment, medical care, disability allowance, etc.

With respect to item 17 (In the past 3 months, have you

taken any sick days from work/school due to back pain and,

if so, how many?) it might be questioned why this was

chosen for inclusion in the ‘‘pain’’ domain. Being unable to

perform normally and hence taking time off work tends to

be more of a ‘‘behavioral’’ or ‘‘functional’’ issue and might

be expected to better represent the ‘‘function’’ domain. A

previous exploratory factor analysis of the Japanese version

of the SRS-22 found that this item loaded more heavily on

‘‘function’’ than ‘‘pain’’ [24]. Another flaw of this item lies

in its response scale, in that the distance between responses

is not proportional (i.e., the difference between ‘‘1’’ and

‘‘2’’ days, and ‘‘2’’ and ‘‘3’’ days, is not the same as

between ‘‘3’’ and ‘‘4 or more’’ days, where the ‘‘more’’

could be up to 3 months). A response scale similar to that

used for other disability items (e.g., as recommended by

Deyo et al. [25] and subsequently used as a single item in

the Core Outcome Measures Index [26, 27]) might have

been more appropriate here. And finally, in the official

English version of the SRS-22R (http://www.srs.org/pro

fessionals/online-education-and-resources/patient-outcome-

questionnaires), item 17 states ‘‘work, including house-

work’’, but the word ‘‘housework’’ was not included in any

of the language versions investigated here, presumably

because its introduction into the SRS-22R was not explicitly

mentioned in the paper describing the revision [5], and

hence the older formulation without ‘‘housework’’ was

retained.

Based on the aforementioned shortcomings of questions

14, 15 and 17, we opted to remove them from the original

set of 20 non-management items. In order to maintain the

structure of four domains, with an equal number of items

representing each, we also elected to discard the lowest-

loading item from the ‘‘mental health’’ domain (item 3).

The resulting trimmed, 16-item model performed signifi-

cantly better than the 20-item model. For the 16-item

model, there was equivalence of item loading within the

four-factor structure across treatment type (surgical or

conservative), aetiology (degenerative or idiopathic ASD)

and time of assessment (baseline and follow-up). However,

even the 16-item instrument—although performing
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significantly better than the 20-item version—still did not

show equivalence in item loading across languages or age

groups (although the age comparison was also confounded

by language, because age-levels differed across the

language samples; Table 1). This suggests that further

work is still required to improve the comparability of the

wording of these 16 items, and to ensure their content is

relevant to patients of all ages. Some items were

Function

Q5. What is your current level of activity?
(Bedridden; Primarily no activity; Light labor and light sports;
Moderate labor and moderate sports; Full activities without
restriction) .69
Q9. What is your current level of work/school
activity? (100, 75, 50, 25, 0 % normal) .73

Q12. Does your back limit your ability to do
things around the house? (Never, Rarely,
Sometimes, Often, Very often)

.83

Q18. Does your back condition limit your going
out with friends/family? (Never, Rarely,
Sometimes, Often, Very often)

.70

.79***

Q5

.72

Q9.72

Q12
.84

Q18

.65

Function

Baseline Follow-up

Pain

Q1. Which one of the following best describes the
amount of pain you have experienced during
the past 6 months? (None; Mild; Moderate; Moderate to
severe; Severe) .90
Q2. Which one of the following best describes the
amount of pain you have experienced during
the last month? (None; Mild; Moderate; Moderate to severe;
Severe)

.92

Q8. Do you experience back pain when at rest?
(Never, Rarely, Sometimes, Often, Very often?)

.61

Q11. Which one of the following best describes
your pain medication use for back pain?(None; Non-
narcotics weekly or less (e.g., aspirin, Tylenol, Ibuprofen); Non-
narcotics daily; Nacotics weekly or less less (e.g. Tylenal III,
Percocet); Narcotics daily; Other)

.48

.51***

Q1

.90

Q2.94

Q8
.65

Q11

.48

Pain

Mental
Health

Q7. In the past 6 months, have you felt so down
in the dumps that nothing could cheer you up?
(Very often; Often; Sometimes; Rarely; Never) .79
Q13. Have you felt calm and peaceful during
the last six months? (All of the time; Most of the time;
Some of the time; A little of the time; None of the time)

.66

Q16. In the past six months, have you felt down
hearted and blue? (Never; Rarely; Sometimes; Often; Very
Often)

Q20. Have you been a happy person during the
past six months? (None of the time; A little of the time;
Some of the time; Most of the time; All of the time)

.87

.73

.64***

Q7
.83

Q13.72

Q16

Q20

.88

.75

Mental
Health

Self-Image

Q4. If you had to spend the rest of your life with
your back shape as it is right now, how would
you feel about it? (Very happy; Somewhat happy; Neither
happy nor unhappy; Somewhat unhappy; Very unhappy)

.60
Q6. How do you look in clothes? (Very good;
Good; Fair; Bad; Very bad) .72

Q10. Which of the following best describes the
appearance of your trunk, defined as the
human body except for the head and
extremities? (Very good; Good; Fair; Poor; Very Poor)

.73

Q19. Do you feel attractive with your current
back condition? (Yes, very; Yes, somewhat; Neither
attractive nor unattractive; No, not very much; No, not at all)

.72

.35***

Q4

.68

Q6.82

Q10
.85

Q19

.81

Self-Image

Fig. 2 Trimmed model including the 16 remaining questions and constraining the structure to be the same at baseline and follow-up (good fit to

the data: Model 10 in Table 2, RMSEA = 0.05, CFI = 0.93)
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particularly weak in some of the languages (Q4 (rest of life

with current back shape) in English; Q8 (back pain at rest)

in German and English; Q10 (appearance of the trunk) in

German and French; and Q11 (medication usage) in Ger-

man, English and Turkish; see Table 3), and the wording of

these items should be double-checked and where necessary

improved or made more consistent for those language

versions. Q11 in particular seems to differ in relation to the

complexity of the language used in the response options

(‘‘strong/weak painkillers’’ versus ‘‘narcotics/non-nar-

cotics’’), and whether specific examples of types of medi-

cation are given (no examples in Spanish, different

examples of non-narcotics and narcotics in the other lan-

guages). Other items that appeared to fit reasonably well,

but nonetheless clearly enquired about different concepts in

the different languages should also be addressed [e.g. item

18 (going out with friends/family), which used the SRS-22

‘‘R’’ wording in Spanish and Turkish but not in English,

German or French]. Part of these discrepancies may have

arisen because revision of the English version of the SRS-

22 to produce the SRS-22R was not accompanied by the

simultaneous revision of other language versions. If no

SRS-22R version for the given language was found in the

literature at the start of our study (as was the case for

French and German in the ESSG, and for the US English

data too), then the wording of the items from the original

SRS-22 (or its predecessor, the SRS-30) was used. Com-

plicating matters further, it would seem that not all the

amendments made in creating the current ‘‘SRS-22R’’

(http://www.srs.org/UserFiles/file/outcomes/srs-22_sample.

pdf) have been specifically documented in the publication

describing the revision [5]. For example, as mentioned

above, the addition of the word ‘‘housework’’ to item 17 in

the current SRS-22R does not appear to be documented

anywhere, and the specification of ‘‘pain medication for

back pain’’ (item 11, medication) is simply mentioned in

passing in the discussion of Lai et al. [22]. Consequently,

neither of these two modifications were included in any of

Table 4 Fit indicators for Models 1, 2, 4, 7, 8, 9, and 10 in the cross-validation sample

Model N v2 df v2/df RMSEA CFI Dv2 (df) p

Baseline

Model

1

One-factor model (all 20 items measure the

same construct), total sample

772

Baseline

2886.17 169 17.08 0.14 0.64

Model

2

Four factors (20 items with 5 items each on

function, pain, self-image, and mental

health), total sample

772

Baseline

1056.41 162 6.52 0.08 0.88 Model 2 better than

Model 1? Yes:

1829.76 (7)

\.001

Model

4

Trimmed model (16 items with 4 items each

for function, pain, self-image, mental

health; items 3, 14, 15, 17 excluded), total

sample

772

Baseline

473.16 98 4.83 0.07 0.94 Model 4 better than

Model 2? Yes:

583.25 (64)

\.001

Model

7

Same as Model 4 but with items constrained

to have the same loading in degenerative

(129) and idiopathic (478) patients

607

Baseline

523.01 208 2.51 0.05 0.93 Model 7 as good as

Model 4 with 607

patients? Yes:

114.72 (110)

0.360

Model

8

Same as Model 4 but with items constrained

to have the same loading in younger

[B50 years (248)] and older [[50 years

(524)] patients

772

Baseline

616.45 208 2.96 0.05 0.93 Model 8 as good as

Model 4? No:

143.29 (110)

0.018

Longitudinal

Model

9

Same as model 4, where loading of the same

item can be different at baseline and

follow-up (free estimation, trimmed model

with 16 items)

604 1110.58 432 2.57 0.05 0.94

Model

10

Same as Model 4, but where loading of the

same item has to be the same at baseline

and follow-up (constrained, trimmed model

with 16 items)

604 1197.84 444 2.70 0.05 0.93 Model 10 as good as

Model l 9? No:

87.26 (12)

\0.001

v2 Chi-square value indicates the minimum discrepancy between empirical covariance structures and those implied by the model, df degrees of

freedom, v2/df minimum discrepancy divided by its degrees of freedom, as an indicator of fit, p p value of minimum discrepancy divided by its

degrees of freedom, which should be smaller than 2 [17], CFI comparative fit index

CFI higher than 0.90 in the mediation model reflects acceptable fit between the model and the data [17], RMSEA value below 0.05 reflects a good

fit of the model [17]. To test the fit between two nested models the difference in v2 and df Dv2(df) was calculated (v2 difference test). p indicates a
significantly better fit of the model with lower v2 value
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the language versions used in the present study (even the

Spanish and Turkish, which otherwise used the official

SRS-22R formulation). For item 11, all versions simply

enquired about ‘‘medication usage for your back’’, and this

may explain its generally low loading on the pain domain

in all languages. Future iterations of the instrument,

specifying pain medication for back pain, may improve this

item’s loading. Similarly, the official Spanish version of

the SRS-22R (http://www.srs.org/UserFiles/file/outcomes/

srs-22_spanish.pdf) does not include the word ‘‘shape’’ in

item 4, in enquiring how one would feel about spending the

rest of one’s life with the back (shape) one has now. This

Table 5 Suggestions for improving the current quality of the different language versions of the SRS-22 evaluated in the present study

Item

number

Domain Item content (in brief) Recommendation

1 Pain Pain 6 months No change

2 Pain Pain 1 month No change

3 Mental

health

Nervous Remove

4 Self-image SSWB shape Add ‘‘shape’’ to Spanish version

5 Function Current activity Remove ‘‘Wheelchair’’ from response 1 in German and Turkish; add ‘‘light sports’’ to

response 2 and remove sporting examples from response 4 in German, French, and

Turkish

6 Self-image How you look? No change

7 Mental

health

Down in dumps No change

8 Pain LBP rest No change

9 Function Current activity work/

school

Ensure school is included in the question (in some French versions, this might be missing);

improve language in German version—‘‘Auf welcher Ebene’’ is not native German

sounding.

10 Self-image Appearance trunk No change

11 Pain Medication use Make sure question is ‘‘PAIN medication use for back PAIN’’ in all languages (add the

words PAIN in each place). Give examples of the types of medication in each category

(narcotic/non-narcotic) in Spanish version. Perhaps add the option for ‘‘other’’ and the

frequency of usage, for patients who do not know what category their pain medication

falls into. The examiner can then code it accordingly.

12 Function Ability household Improve the language in German version (to make it clear it is referring to household jobs

not just things you do when you are at home; ‘‘doing things around the house’’ would

imply housework, but not for example sitting watching TV)

13 Mental

Health

Calm and peaceful No change

14 Self-image Personal relationships Remove

15 Function Financial problems Remove

16 Mental

health

Downhearted No change

17 Pain Sick days work/school Remove

18 Function Going out with

friends/family

Develop 22-R version of this item (does your back condition limit your going out with

friends/family) and its corresponding response options in German and French

19 Self-image Feel attractive? Improve the language in the German version (‘‘Zustand Ihres Ruckens’’ does not sound

native; use ‘‘Ruckenerkrankung’’?)

20 Mental

health

Happy? No change

21a Satisfaction Satisfied with results of

back management

Add ‘‘back’’ to Spanish version. Remove ‘‘keine Behandlung’’ from 3rd response option

of German versions (a ‘‘not applicable’’ option is NOT the same as a mid-scale response

to the question)

22a Satisfaction Have same management

again?

Change ‘‘wahrscheinlich’’ to ‘‘ja, wahrscheinlich’’ for 2nd response option in German

version; remove ‘‘keine Behandlung’’ from 3rd response option of German versions (a

‘‘not applicable’’ option is NOT the same as a mid-scale response to the question)

a Not formally evaluated in the present study, but apparent discrepancies indicated here
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was because the version that was used to create the Spanish

version (published in the Appendix of Asher et al. [2]),

item 4 did not contain the word shape (despite the fact that

‘‘shape’’ was in the original longer SRS-30 versions). Only

in the introduction to their article in 2003 [3] was the

addition of the word ‘‘shape’’ to item 4 and its inclusion in

the self-image (rather than pain) domain mentioned. Even

though this item showed an adequate fit in the Spanish

data, the discrepancy should be amended in the official

Spanish version of the instrument to improve comparability

with the other languages. A summary of all our recom-

mended changes is shown in Table 5.

In their systematic review, Monticone et al. [28] advised

that, following confirmatory factor analyses to verify the

structure of the cross-cultural adaptations of the SRS-22,

more extensive studies of their psychometric properties

(e.g., responsiveness) should be carried out. The present

study suggests that this should perhaps be done using the

shorter, more structurally valid version of the instrument

shown in Fig. 1. Studies of the test–retest reliability of this

shorter version as a stand-alone instrument in each lan-

guage should also be carried out, to ensure that the

reduction in the number of items does not serve to threaten

this psychometric property of the instrument.

The present study has a number of weaknesses that must

be acknowledged. First, although we used the official

versions of the SRS instrument in the different languages,

in carefully comparing the wording it became apparent that

there were discrepancies in the exact expressions used as

well as inaccuracies in the translations. This was partly the

result of ‘‘revisions’’ not being clearly detailed in the lit-

erature or introduced in all languages simultaneously (see

earlier), but also partly due to deficiencies in the cross-

cultural adaptations themselves. The same may well apply

to other spine outcome instruments that have been trans-

lated into many languages; few have been subjected to the

level of scrutiny applied here that would allow us to draw

comparisons [20]. Second, the data were extracted from an

existing database rather than collected prospectively for the

given research question, and the characteristics of the

patients differed somewhat across the languages, particu-

larly regarding aetiology of the deformity and, hence, age.

Although no restrictions have been published regarding the

applicability of the instrument depending on age-group,

aetiology, disease severity, etc., further studies should

evaluate whether equivalence in item loading across lan-

guages is improved when these factors are held constant.

In conclusion, we recommend removal of the worst-

fitting item in each of the four domains of the SRS-22

(items 3, 14, 15, 17), together with adaptation and stan-

dardization of the other items across language versions, to

provide an improved version of the SRS instrument. This

would include the 16 non-management items plus the two

management items, forming a new SRS-18. We would

hope that, in the fullness of time, and if shown to be reli-

able and responsive to the effects of treatment, the SRS-18

would become the commonplace instrument of choice in

patients with ASD. Algorithms could be generated to

convert the scores derived from one version to those for

another version (as described by [29]), to allow compar-

isons across different versions for each of the languages.
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