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Abstract

Purpose To assess score agreement between the Atroshi-Lyrén 6-item symptoms scale and the Boston 11-item symptom
severity scale and compare their responsiveness in patients with carpal tunnel syndrome before and after carpal tunnel
release surgery.

Methods This prospective cohort study included 3 cohorts that completed the A-L and Boston scales (conventional score
1-5) on the same occasion: a preoperative and short-term postoperative cohort (212 patients), a mid-term postoperative
cohort (101 patients), and a long-term postoperative cohort (124 patients). Agreement was assessed with Lin’s concordance
correlation coefficient and Passing-Bablok regression analysis. Analyses using item response theory were conducted on
responses from the preoperative/short-term postoperative cohort including testing of item infit/outfit. Reliability was assessed
with Cronbach alpha. Overall and sex-specific effect sizes were calculated using Cohen’s d.

Results Lin’s CCCs were high (0.81-0.91). Passing-Bablok analysis showed constant and proportional differences in all
cohorts except preoperative to short-term postoperative change. Both scales showed high reliability (alpha, 0.88-0.93).
The IRT-based analyses showed infit/outfit values within the desired range. With IRT-based scoring, the A-L scale had
significantly higher responsiveness than the Boston scale, overall (d, 2.02 vs 1.59), in women (d, 2.22 vs 1.77) and in men
(d, 1.74 vs 1.36).

Conclusion The Atroshi-Lyrén 6-item symptoms scale and the Boston 11-item symptom severity scale show good agreement
but are not equivalent in measuring CTS-related symptoms severity. When using IRT-based scoring, the Atroshi-Lyrén scale
demonstrated significantly higher responsiveness.

Keywords Carpal tunnel syndrome - Carpal tunnel release surgery - Item response theory - Patient-reported outcome
measures - Symptom severity scale

Introduction

In patients with carpal tunnel syndrome (CTS), change in
symptom severity is usually the most important treatment
outcome and often used as primary endpoint in randomized
D Kamelia Mollestam clinical trials of treatment effectiveness [1-4]. Symptom

kamelia mollestam @skane.se severity is usually measured with patient-reported outcome
measures. The Boston 11-item symptom severity scale,
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other items in that scale [10]. We developed a 6-item symp-
toms scale that demonstrated good internal consistency,
test—retest reliability and validity in a comparison with the
Boston scale and it did not exhibit differential item func-
tioning with regard to gender [10]. The responsiveness of
the 6-item scale has also been established [11]. Since its
introduction, the Atroshi-Lyrén (A-L) 6-item CTS symptoms
scale has been translated to various languages and used in
clinical studies [12—14]. It is not known whether the scores
of the Boston and the A-L scales are equivalent to enable
direct score comparisons across studies that have used either
scale. In addition, the two scales have not been compared
with regard to responsiveness, which is probably the most
clinically relevant psychometric property. When choosing
a condition-specific patient-reported outcome measure for
use in clinical research or practice it would be important
to consider the responsiveness as well as efficiency of the
measure. The purpose of this study was to assess the score
agreement between the A-L 6-item CTS symptoms scale and
the Boston 11-item symptom severity scale in patients with
CTS before and after carpal tunnel release (CTR) surgery
and compare their responsiveness. Since the A-L scale was
developed using IRT, we hypothesized that the A-L scale
would demonstrate higher responsiveness than the Boston
scale.

Materials and methods

We conducted a prospective cohort study at one orthopedic
department in Southern Sweden. The department is the only
facility in which carpal tunnel release surgery is performed
in a region with 300,000 inhabitants. The study included
data from 3 cohorts of patients who completed both scales
on the same occasion. All patients were diagnosed with CTS
by orthopedic or hand surgery specialists based on history
and physical examination with or without nerve conduction
tests. The inclusion criteria were a diagnosis of CTS and
subsequent surgery with unilateral carpal tunnel release as
the only procedure (ie, no concomitant procedures). All sur-
geries were done under local anesthesia and tourniquet. Post-
operatively, a soft dressing was applied until suture removal
at 12-14 days and patients received instructions about range
of motion exercises and use of the hand as tolerated; hand
therapy was not routinely prescribed.

Study cohorts
Cohort 1 (preoperative/short-term postoperative cohort)
comprised 317 patients (329 hands) who completed the

scales at the hospital either immediately before surgery or
within 8 weeks before surgery, and 239 patients (284 hands)
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who completed the scales at 3 weeks to 17 months after
surgery, from May 2017 through October 2018) (Fig. 1).
Of these, 212 patients (235 hands) completed the scales
both before and after surgery (Table 1). Postoperatively the
scales were sent to the patients by mail. In patients who had
surgery on both hands during the study period, the second
surgery was usually performed after a minimum interval of
3 months.

Cohort 2 (mid-term postoperative cohort) comprised 101
patients (101 hands) who participated in a randomized pla-
cebo-controlled trial of steroid injection and subsequently
had surgery [1]. The patients completed the scales as part
of a follow-up conducted on all trial participants at 5 years
after randomization [15]. The questionnaires were mailed to
the patients. All trial participants provided follow-up data.

Cohort 3 (long-term postoperative cohort) comprised 124
patients who participated in a randomized controlled trial of
open versus endoscopic CTR [16]. The patients completed
both scales (questionnaires mailed to the patients) 12 to
14 years after surgery. Of the initial 128 participants 3 had
died and 1 declined to answer the follow-up questionnaire.

In all 3 cohorts the questionnaires included the Boston
scale, the A-L scale, and the 11-item disabilities of the arm,
shoulder and hand (QuickDASH) scale. In the preoperative/
short-term postoperative cohort, the Boston items in the pre-
operative questionnaire were placed first followed by the
QuickDASH items and then the A-L items. In the postop-
erative questionnaire this order was used in 140 hands, but
the two scales were placed in reverse order (separated by
the QuickDASH) in 144 hands; this was randomly done
according to surgery date. For the mid-term and long-term
postoperative cohorts, the Boston items were placed before
the A-L items separated by the QuickDASH.

Scales

The Boston scale consists of 11 items that, referring to a
specific side (right or left hand), inquire about the sever-
ity and frequency of pain, numbness and tingling as well
as about other issues such as weakness and ability to hold
small objects. Each item has 5 response choices score from
1 (no symptom) to 5 (most severe). The mean scale score is
the mean value of all item scores. In conventional scoring a
missing item response is usually replaced by the score mean
for the other items. Although no rules exist about how many
missing values are allowed for a conventional score to be
computed, we allowed a maximum of 2 missing responses
in this study. The final mean Boston symptom severity score
may be any value between 1.0 (best) to 5.0 (worst).

The A-L scale consists of 6 items that inquire about
severity and frequency of night and daytime numbness and
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Preoperative/short-term postoperative cohort

Mid-term postoperative cohort

Long-term postoperative cohort

Preoperative <1.5y Postoperative 5y Postoperative 13 y Postoperative
350 hands 294 hands 101 hands 128 hands
1 declined
Analyzed Analyzed Analyzed Analyzed
(conventional + IRT) (conventional) (conventional) (conventional)
329 hands 284 hands 101 hands 124 hands
Preoperative + Postoperative
Analyzed
(conventional + IRT)
235 hands*
* In the analyses of the Boston and A-L scales (for the QuickDASH scale 231 hands were included).
Fig. 1 Flow chart of number of hands analyzed in the 3 cohorts
T}?ble 1, Chgrac}tleristic}sl of Characteristic Preoperative® Short-term Mid-term Long-term
the patients In the 3 cohorts postoperative®  postoperative  postoperative
of patients with carpal tunnel
syndrome treated with carpal Number of hands (patients) 329 (317) 284 (239) 101 (101) 124 (124)
tunnel release Female sex, n (%) 202 (61) 174 (61) 76 (75) 93 (75)
Age at surgery, mean (SD) y 56 (15) 59 (15) 53 (11.5) 45 (8.6)
Dominant hand operated, n (%) No data No data 81 (80) 99 (80)
Right hand operated, n (%) 187 (57) 162 (57) 79 (78) 105 (85)
Time from surgery, mo
Mean (SD) NA 9.6 (4.4) 68 (8) 153 (15)
Median (range) NA 7.4 (0.6-17) 69 (46-84) 149 (136-188)

Scales completed immediately before surgery in 201 hands and within 8 weeks before surgery in 128

hands

®For 235 hands (212 patients) the scales were completed both preoperatively and postoperatively

NA Not applicable

tingling and pain (also referring to a specific side). Although
the scale has been scored with IRT-based scoring it can also
be scored conventionally on a scale from 1 (no symptoms)
to 5 (most severe symptoms), with only 1 missing item
response allowed with conventional scoring. Similarly, with
conventional scoring the final mean A-L symptoms score
may be any value between 1.0 (best) to 5.0 (worst).

The QuickDASH is an 11-item measure of upper extrem-
ity-related disability [17, 18]. The QuickDASH is not dis-
ease-specific but region-specific, and most items inquire
about activity limitation. The QuickDASH score may range
from O (no disability) to 100 (most severe disability), with
only 1 missing item response allowed in conventional
scoring.
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Missing data

The preoperative/short-term postoperative cohort initially
comprised 350 hands preoperatively and 294 hands post-
operatively, of which 21 and 10 respectively had missing
values precluding calculation of a conventional score for
one or both CTS scales and these were therefore excluded.
No missing values occurred in the mid-term and long-term
postoperative cohorts. Hands for which conventional CTS
scores could be calculated but had 2 or more missing item
responses on the QuickDASH were not excluded.

Statistical analyses

The data from each of the 3 cohorts were analyzed sepa-
rately (cohorts were not combined).

Conventional scoring: In each cohort we calculated the
mean score and SD for all scales. We calculated the unad-
justed difference between the Boston and A-L scale scores.
In the preoperative/short-term postoperative cohort we also
conducted a multivariate multiple linear regression analysis
to determine whether age, sex, and time from surgery could
be confounders in the difference of the change (preoperative
to postoperative) scores between the Boston and A-L scales.
We compared the scores according to the order in which the
scales were placed in the questionnaire but found no differ-
ences and therefore we did not consider this factor further.

Score agreement: Absolute agreement in conventional
scores between the Boston and A-L scales was assessed with
Lin’s concordance correlation coefficient [19]. For assessing
the difference in systematic error in measurement between
the two scales, the Passing and Bablok regression analysis
was used [20, 21].

IRT analyses: The IRT analyses were performed only on
responses from the preoperative/short-term postoperative
cohort. In the analyses of the Boston and A-L scales we used
data from all hands with preoperative responses (n=329), as
well as data from the hands that had both preoperative and
short-term postoperative responses (n=235). In the analy-
ses of the QuickDASH scale we included all hands with
responses to at least 6 of the 11 items (n=231).

In the development of the A-L scale [10] we used the
partial credit model (PCM) as the item response model.
However, based on the results of the development study
we would expect the PCM to have a rather poor fit with
the Boston scale items, and therefore, given the purpose of
this study, we chose a more general model, the generalized
partial credit model (GPCM) [22]. The PCM and GPCM
are commonly used item response models for ordered poly-
tomous data (ie, items that have multiple response options
representing for example different levels of symptom sever-
ity). They model the probability of choosing the higher of

@ Springer

two adjacent response options, conditional on the latent
trait (symptom severity in this study). The GPCM also has
a discrimination parameter that can be considered as an item
weight; a larger discrimination parameter for a certain item
implies a stronger association between the latent trait and
the expected score on that item (ie, an item with a large
discrimination parameter is better at distinguishing between
lower and higher levels of symptom severity) (Appendix).
We used the software ConQuest (version 4.0) for parameter
estimation [23]. For parameter estimates in the GPCM we
used weighted likelihood estimation (WLE) [24]. Param-
eter estimation was done in two steps. First, item parameters
were estimated from the full preoperative data to maximize
the amount of data in the item parameter estimation. In the
second step, these pre-estimated item parameters were used
to estimate preoperative and postoperative symptom severity
for the hands that had both preoperative and postoperative
responses. By following this procedure, we ensure that the
item parameters are as robust as possible and that preopera-
tive and postoperative symptom severity estimates are on
the same scale. Item fit was evaluated using the infit and
outfit statistics (Appendix). Expected values for both infit
and outfit is 1, and it is desired that fit values should be
approximately between 0.75 and 1.33, in accordance with
Wilson [25].

Reliability: To analyze reliability we estimated the Cron-
bach alpha coefficient.

Responsiveness: We calculated the overall and sex-spe-
cific effect size for each scale in patients who had both pre-
operative and postoperative scores. As a measure of effects
size we used Cohen’s d (mean difference in preoperative and
postoperative scores divided by the pooled SD) with 95% CI.
This was calculated for both the conventional and the IRT-
based scores, using STATA version 16.0 (Stata Corporation,
College Station, TX). We then compared d for the Boston
and A-L scales using the z-test.

Results
Conventional scoring

In all 3 cohorts the mean A-L score was marginally (0.1 to
0.2 score units) lower than the mean Boston score (Table 2).
The percentage mean difference (Boston as reference) was
—9.8% at the short-term, —5.1% at the mid-term and —6.1%
at the long-term follow-up. The multivariate multiple lin-
ear regression analysis of change scores among patients
with both preoperative and short-term postoperative scores
showed that age, sex and time since surgery were not con-
founders in the difference of the change (preoperative to
postoperative) scores between the Boston and A-L scales.
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Score agreement

Lin’s concordance correlation coefficients were high, rang-
ing from 0.81 to 0.91 (Table 3). The Passing-Bablok regres-
sion analysis showed a statistically significant constant and
proportional difference in all cohorts, except in Cohort 1
preoperative-to-postoperative change where it showed con-
stant agreement but proportional disagreement.

IRT

All item infit and outfit values for the Boston and A-L scales
were within the 0.75-1.33 range, indicating acceptable fit
(Table 4). All QuickDASH items showed acceptable fit, with
values ranging from 0.98 to 1.05. The mean Boston score
was —0.12 (SD 1.02) preoperatively and —1.68 (SD 0.94)

Table 2 Scale scores

Preoperative mean (SD)

Short-term postop-
erative mean (SD)

Mid-term postop- Long-term postop-
erative mean (SD) erative mean (SD)

. . Scale
(conventional scoring)
Boston 3.12(0.76)
Atroshi-Lyrén 3.06 (0.84)
Score difference  —0.06 (0.40)
QuickDASH 46 (22)

1.69 (0.75) 1.56 (0.66) 1.41 (0.65)

1.51 (0.72) 1.47 (0.66) 1.30 (0.55)

—0.19 (0.36) —0.09 (0.28) —0.11 (0.23)
19 (20) 17 (20) 10 (16)

See Table 1 for number of hands in each cohort

Boston and Atroshi-Lyrén scale scores range from 1 (no symptoms) to 5 (most severe symptoms) and
QuickDASH scale score ranges from 0 (no disability) to 100 (most severe disability)

Table 3 Concordance correlation and Passing-Bablok agreement between the Boston and Atroshi-Lyrén scales

Preoperative Short-term postoperative Short-term change Mid-term postoperative Long-term postoperative
CCC 0.87 (0.85 to 0.89) 0.85 (0.82 t0 0.89) 0.81 (0.77 to 0.86) 0.90 (0.87 to 0.94) 0.91 (0.89 to 0.94)
A —0.33 (-0.58 to —0.19) 0.21 (0.06 to 0.29) 0.07 (=0.03t0 0.18)  0.08 (0.01 to 0.25) 0.31 (0.23 t0 0.39)
B 1.10 (1.05 to 1.17) 0.77 (0.71 to 0.86) 1.10 (1.01 to 1.17) 0.92 (0.75 t0 0.99) 0.69 (0.61 to 0.77)

Values within parentheses are 95% confidence intervals (CI)

A is the constant difference and B the proportional difference between the two scales, a CI including 0 or 1 implies constant or proportional

agreement, respectively

CCC Lin’s concordance correlation coefficient

Table 4 Infit and outfit values for average item locations in the Boston and Atroshi-Lyrén (A-L) scales in the item response theory (IRT)-based

analyses
Boston A-L
Preoperative Preoperative
Item Infit  Outfit Item Infit  Outfit
1 Pain—night, severity 1.02 1.01 1 Pain—night, severity 097 094
2 Pain—wakening, frequency 1.00  0.97 2 Pain—daytime, severity 1.00  0.99
3 Pain—daytime, severity 1.02 1.01 3 Numbness/tingling—night, severity 099 0.96
4 Pain—daytime, frequency 1.01 1.01 4 Numbness/tingling—daytime, severity 099 099
5 Pain—daytime, duration 1.03 1.10 5 Pain—wakening, frequency 1.02 1.02
6 Numbness—severity 1.03 1.04 6 Numbness/tingling—wakening, frequency 1.00  0.98
7 Weakness—severity 1.01 1.01
8 Tingling—severity 1.01 1.01
9 Numbness/tingling—night, severity 1.03 1.01
10 Numbness/tingling—wakening, frequency 1.02 1.00
11 Gripping small objects 0.99 1.02
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postoperatively, and the mean A-L score was —0.03 (SD
1.02) preoperatively and —2.33 (SD 1.24) postoperatively.

Reliability

The Cronbach alpha estimates were high for all scales. The
preoperative and postoperative alpha for the Boston scale
were 0.88 and 0.93, for the Atroshi-Lyrén scale 0.89 and
0.91 and for the QuickDASH 0.91 and 0.94.

Responsiveness

Cohen’s d was large for all scales (> 1.3 for the CTS scales
and > 0.9 for the QuickDASH) with both conventional and
IRT-based scoring (Table 5). The A-L scale had larger over-
all and sex-specific d values than the Boston scale with both
conventional and IRT-based scoring; the A-L scale’s larger
IRT-based d values were statistically significant (p <0.001).
For all scales d was smaller among men than among women.

Discussion
Our study shows that in patients with CTS the mean con-

ventional scores for the A-L scale were consistently lower
than the Boston scale by 0.1 to 0.2 score units before and

Table 5 Overall and sex-specific responsiveness of the scales

after surgery. However, this small difference is not consid-
ered clinically relevant. Thus, in pre-post intervention study
design the mean change scores for both scales are expected
to be near to equivalent. In a previous study, high agree-
ment was found between these scales with an intraclass
correlation coefficient of 0.80 [10]. Agreement analysis in
this study demonstrated that, despite a high absolute agree-
ment by Lin’s CCC (0.81-0.91), the Passing-Bablok analy-
ses showed constant and proportional differences in almost
all comparisons. However, there was constant agreement
between the two scales in the change in scores from baseline
to short-term postoperatively, and the proportional differ-
ence was only marginally statistically significant.

The A-L scale has previously demonstrated good con-
struct validity and reliability for measuring symptoms sever-
ity in CTS, both after surgical treatment [10, 14] and after
steroid injection [12]. This was also the case in our present
study (Cronbach alpha estimates 0.89-0.91). A study that
used IRT (Rasch model) to compare the A-L and Boston
scales in patients with surgically treated CTS suggested that
the A-L scale had better psychometric properties based on
analysis of item thresholds and differential item functioning
[14].

In the present study all the Boston items had good infit
when estimated from the preoperative data, which was not
the case when the A-L scale was developed. However, this

Conventional scoring IRT scoring
Scale Preoperative  Postoperative d (95% CI) Preoperative Postoperative d (95% CI)
mean (SD)  mean (SD) mean (SD) mean (SD)
All hands (n=235)
Boston 3.03(0.72) 1.68(0.73)  1.86(1.64-2.08) —0.12(1.02) —1.68 (0.94) 1.59 (1.38-1.80)
A-L 2.98(0.82) 1.47(0.68)  2.00(1.77-2.21) -0.03 (1.02) —2.33(1.24) 2.02 (1.79-2.24)¢
QuickDASH?* 44 (22) 18 (19) 1.25(1.04-1.45) -0.15(1.24) —1.82 (1.55) 1.19 (1.00-1.39)
Women (n=141)°
Boston 3.05(0.71) 1.59(0.65)  2.14(1.84-2.43) -0.10(1.01) —1.76 (0.86) 1.77 (1.49-2.04)
A-L 3.01(0.81) 1.40(0.62) 2.22(1.93-2.52) -0.01(1.03) —2.46 (1.17) 222 (1.92-2.52)¢
QuickDASH? 47 (22) 17 (19) 1.47 (1.19-1.74)  0.05 (1.21) —1.78 (1.49) 1.35 (1.09-1.61)
Men (n=94)°
Boston 3.0(0.74) 1.82(0.81)  1.52(1.20-1.85) —0.15(1.04) —1.55 (1.03) 1.36 (1.04-1.67)
A-L 294 (0.84) 1.58(0.76)  1.70(1.37-2.04) —0.06 (1.01) -2.12(1.33) 1.74 (1.41-2.08)¢
QuickDASH?* 39 (21) 19 (20) 0.95 (0.65-1.26) —0.44 (1.24) —1.89 (1.64) 0.99 (0.69-1.30)

Boston and Atroshi-Lyrén (A-L) scale scores range from 1 (no symptoms) to 5 (most severe) and the QuickDASH from 0 (no disability) to 100

(most severe)

Cohen’s d values shown as absolute values

#No conventional QuickDASH scores because of >2 missing items in 11 women hands (5 preoperative and 6 postoperative) and 3 men hands (2
preoperative and 1 postoperative); 4 hands (3 women and 1 man) with >5 missing QuickDASH items were not included in the IRT analyses

bRight hand operated on in 82 (58%), mean time (weeks) from surgery 30.7 (SD 15.5)
“Right hand operated on in 54 (57%), mean time (weeks) from surgery 30.6 (SD 15.2)

4p<0.001 (A-L vs Boston)
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is not surprising given that we use a more general model
in this study. In that development work, the starting point
was the Boston scale items estimated on preoperative data.
However, in that work two items were removed from the
Boston scale before item parameter estimation (based on fac-
tor analysis), and that might have altered the scale enough to
explain the difference in fit patterns. Another surprising find-
ing was the coefficient alpha estimates being higher for the
postoperative data than the preoperative data for all scales.
This is counterintuitive as the spread (SD) is smaller in the
postoperative measures. However, the results may be due to
the presence of outliers, as it has been found that coefficient
alpha estimates can be severely inflated by outliers in rating
scale item responses [26].

If the two scales are not equivalent, which one should be
used for measuring symptoms severity related to CTS? A
scale may be highly reliable and valid but with low respon-
siveness [21]. We believe that it would be advantageous to
use the scale that has demonstrated higher responsiveness.
Our study showed that the A-L scale had higher respon-
siveness than the Boston scale especially when using IRT-
based scoring. The fact that many Boston items did not fit
the PCM in the original study [10] may be indicative of
“noise”, which could be a plausible explanation to its lower
responsiveness. Another advantage of the IRT-based scoring
is that it can use data even from patients with more missing
responses than allowed with conventional scoring. Consider-
ing that responsiveness of the A-L was high with both scor-
ing methods, conventional scoring would be more feasible
in clinical practice.

There was a statistically significant difference in both
overall and sex-specific responsiveness between the A-L
and Boston scales when using IRT-based scoring. Previous
studies of both scales have shown no differential item func-
tioning with regard to sex [10, 27]. In this study the Quick-
DASH had similar responsiveness with both conventional
and IRT-based scoring. It is important to note that even
though the QuickDASH had good item fit and reliability,
that is, the scale meets some of the criteria to measure an
intended construct, it is not specifically intended to measure
CTS symptoms severity. A previous study has also shown
higher responsiveness of the A-L scale than the Quick-
DASH, probably because the former is a disease-specific
measure of symptoms [11].

One limitation is that our study only involved patients
whose symptoms severity required surgical treatment. Thus,
our results are generalizable mainly to surgically treated
patients.

In conclusion, our study shows good agreement between
the A-L 6-item CTS symptoms scale and the Boston 11-item
symptom severity scale in measuring symptoms severity
related to CTS. When using IRT-based scoring, the A-L
scale demonstrated significantly higher responsiveness than

the Boston scale. As the more responsive and efficient meas-
ure, the A-L scale would be the preferable measure when
evaluating symptoms severity in CTS.
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