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The aim of this study was to evaluate the measurement properties of the Short Musculoskeletal Function 

Assessment (SMFA) and Lower Extremity Functional Scale (LEFS) in patients who sustained a tibial shaft 

fracture, by comparing them with the scores of a general health-related quality of life instrument scale 

(i.e., EuroQoL-5D). 

Data of 136 patients participating in a multicenter randomized controlled trial comparing incisions for 

intramedullary nail entry in adults with a tibial shaft fracture were used. Patients completed the SMFA, 

LEFS, EQ-5D and an anchor question at 2 and 6 weeks, and at 3, 6 and 12 months. Reliability (internal 

consistency), construct validity, responsiveness (longitudinal validity), floor and ceiling effects, minimal 

important change (MIC), and smallest detectable change (SDC) were determined. 

The SMFA and LEFS (sub)scales showed adequate internal consistency (0.84 <α< 0.94). Construct and lon- 

gitudinal validity were also adequate (correctly predicted hypotheses between 83%-100%). Floor effects 

were not present. Ceiling effects were present at 

12 months for the SMFA lower extremity dysfunction and bother subscales (22% and 19%, respectively) 

and the LEFS (19%). MICs could not be determined with the available data. The SDC was 13.84 points for 

the SMFA and 38.74 points for the LEFS. 

This study confirms that the SMFA and LEFS are reliable, valid, and responsive instruments for monitoring 

functional limitation in patients after sustaining a tibia shaft fracture during at least the first six months 

post-injury. An anchor-based MIC for the SMFA remains to be determined. 

© 2021 The Authors. Published by Elsevier Ltd. 

This is an open access article under the CC BY license ( http://creativecommons.org/licenses/by/4.0/ ) 
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igh for patients. This is due to the high proportion of patients 

ith lifelong disabilities of some lower leg injuries in combination 

ith the patients’ relatively young age. [ 1 , 2 ] 

In order to monitor outcome, functional recovery, and qual- 

ty of life after lower-limb injury or (surgical) treatment, patient- 

eported outcome measures (PROMs) are becoming increasingly 

mportant instruments. For this purpose numerous disease-specific 

nd region-specific PROMs are being used. [3–5] 

The SMFA is a patient-reported questionnaire, designed to de- 

ect differences in functional status of patients who have a broad 

ange of musculoskeletal disorders. In its original language version 

he SMFA is proven to be a valid, reliable, and responsive ques- 

ionnaire. [3] Psychometric properties of the SMFA were tested in 

 variety of populations of patients: patients with ankle arthritis 

6] , hip/knee osteoarthritis [7] , rheumatoid arthritis [7] , severely 

njured patients (ISS > 15) [8] , and patients with various muscu- 

oskeletal disorders. [ 3 , 9 , 10 ] Van Son et al. translated and cultur-

lly adapted the Dutch version of the SMFA. [11] They additionally 

dapted some items in order to avoid double-barrelled items. [11] 

Whereas the SMFA is developed for patients with any muscu- 

oskeletal disorder, the Lower Extremity Functional Scale (LEFS) is 

 region-specific PROM. The measurement properties of LEFS in- 

icate that it is a reliable, valid, and responsive tool for assessing 

unctional status in several populations with lower extremity mus- 

uloskeletal conditions. [12] Furthermore, the LEFS was found to 

e responsive in patients with total hip or knee replacement [13] , 

eneral lower extremity dysfunction [14] , osteoarthritis [15] , and 

nkle fractures. [16] The LEFS was translated into Dutch from its 

riginal language by Hoogeboom et al. [15] 

Patient reported outcome measures are useful for measuring 

he trajectory of functional recovery after sustaining a tibial shaft 

racture. For this specific population of patients the measurement 

roperties of the SMFA and LEFS are not fully known. The aim 

f this study was to evaluate the measurement properties of the 

MFA and LEFS (sub)scores in patients that sustained a tibial shaft 

racture by comparing them with the scores of a general health- 

elated quality of life instrument scale ( i.e. , EuroQoL-5D). 

This study is registered at the Netherlands Trial Regis- 

er (NTR5091). The study was approved by the Medical Re- 

earch Ethics Committees Erasmus MC (Ref.No. MEC-2014-335 and 

L49144.078.14) and Local Ethics Boards of all participating cen- 

ers. 

aterials and methods 

tudy data 

All 136 patients who were included in a multicenter random- 

zed controlled trial comparing two incisions for intramedullary 

ail entry in adult patients with a tibial shaft fracture were used. 

tudy population 

Patients were recruited from September 6, 2015 until June 12, 

018. Patients aged between 16 years and 65 years presenting with 

 tibial shaft fracture (AO type 42) to the Emergency Department 

f one of 13 participating hospitals in the Netherlands were eli- 

ible for inclusion. Exclusion criteria were 1) polytraumatized pa- 

ients; 2) concurring injury affecting treatment and recovery; 3) bi- 

ateral tibial fractures; 4) pathological or recurrent fracture of the 

ibia; 5) Gustilo Anderson type IIIC open fractures or open wound 

n knee; 6) pre-existing knee pathology (e.g., menisci or cruciate 

igament); 7) pre-existing functional impairment influencing reha- 

ilitation (e.g., wheelchair-bound); 8) rheumatoid arthritis; 9) bone 

isease resulting in delayed union (except osteoporosis); 10) prob- 
1003 
ems ensuring follow-up (e.g., no fixed address or cognitive impair- 

ent); and 11) insufficient comprehension of the Dutch language. 

uestionnaires 

Patients were asked to complete Dutch versions of the SMFA 

11] , LEFS [15] , and EuroQoL-5D (EQ-5D-3L) [17] questionnaires at 

wo and six weeks, and at three, six, and 12 months after tibial 

ailing. 

The Dutch SMFA consists of 53 items, each scored using a 5 

oints Likert scale. It is divided in three subscales: a 23-item Dys- 

unction lower extremity (LE) scale, a 9-item Dysfunction upper 

xtremity (UE) scale and a 15-item Bother scale. The SMFA score 

s calculated for each subscale using the formula: ( (sum of all 

tems/number of items)-1) ∗maximum score). The overall score as 

ell as the subscale scores range from 0 to 100 points. Higher 

cores refer to greater disability. 

The LEFS is developed to measure function in patients with a 

ide range of lower-extremity orthopedic conditions [4] . It is a 

elf-reported measure and consists of 20 items, each with a max- 

mum score of 4. The total possible score of 80 indicates a high 

unctional level. The total score is calculated using the formula: ( 

sum of all items/number of items)/80). 

The EQ-5D-3L is a validated instrument for measuring health- 

elated quality of life [5] . The EQ-5D utility score (EQ-US) ranges 

rom 0 to 1 and is determined from five 1-item domains: mobility, 

elf-care, usual activities, pain/discomfort, and anxiety/depression. 

ach item has three possible answers. In addition, the individual’s 

ating of his/her quality of life state is recorded by means of a stan- 

ard Visual Analog Scale (EQ-VAS), which ranges from 0 to 100. 

igher scores represent better health-related quality of life. 

Baseline characteristics collected were age, gender, Body Mass 

ndex (BMI), American Society of Anesthesiologists (ASA) classifi- 

ation, and smoking. Fracture details collected were affected side, 

O classification, and presence of a fibula fracture and additional 

njuries. 

tatistical analysis 

Data were analyzed using the Statistical Package for the Social 

ciences (SPSS) version 25 (SPSS, Chicago, Ill., USA). The Receiver 

perating Characteristic (ROC) curve and Youden Index were an- 

lyzed using MedCalc version 14.10.2 (MedCalc Software, Ostend, 

elgium). Measurement properties of the (sub)scales were deter- 

ined in compliance with the COnsensus-based Standards for the 

election of health Measurement Instruments (COSMIN) guidelines. 

18] Data are reported following the STrengthening the Reporting 

f OBservational studies in Epidemiology (STROBE). [19] Since raw 

ata for individual items were analyzed, missing responses to the 

uestionnaires were not imputed. 

Descriptive statistics were used in order to describe the main 

haracteristics of the study participants. Measurement properties 

f the SMFA, LEFS, and EQ-5D (sub)scores were determined by 

omparing them with those of the general health-related quality 

f life instrument EQ-5D. 

Reliability was determined by evaluating internal consistency. 

nternal consistency is a measure of the extent to which items in a 

sub)scale are correlated (homogeneous), thus measuring the same 

oncept. [20] For each (sub)scale, correlation between the items 

as calculated using Cronbach’s alpha. Internal consistency can be 

onsidered sufficient if the Cronbach’s alpha value is between 0.70 

nd 0.95, provided that the scale is unidimensional. [20] This anal- 

sis requires a sample size of 10 per item in the instrument, with 

 minimum of 100 patients. [20] The six week data were used, 

ince the largest heterogeneity in the degree of recovery and con- 
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equently the largest variability in scores were expected at that 

ime. 

Validity is the degree to which a questionnaire measures the 

onstruct it is supposed to measure. As there was no gold standard 

n the current study, the validity of the instruments was expressed 

n terms of the construct validity. Construct validity represents the 

xtent to which scores on a specific questionnaire relate to other 

easures in a way that is in agreement with prior theoretically 

erived hypotheses concerning the concepts that are being mea- 

ured. [20] The six weeks data were used. Continuous data were 

ested for normality using the Shapiro-Wilk test. As not all of the 

sub)scales were normally distributed, Spearman rank correlations 

etween the (sub)scales of the SMFA, LEFS, and EQ-5D were deter- 

ined in order to assess the construct validity. Strengths of cor- 

elation were categorized as high (r > 0.6), moderate (0.3 < r < 0.6),

r low (r < 0.3). [21] Construct validity was considered sufficient 

f at least 75% of the results were in accordance with predefined 

ypotheses in a (sub)sample of at least 50 patients. [20] The hy- 

othesized correlations between the (sub)scale scores are shown 

n Supplemental Table S1A and were made in consensus between 

wo authors (MSL and EMMVL). 

Responsiveness refers to the ability of a questionnaire to detect 

linically important changes over time. [20] In addition, the effect 

ize (ES) and standardized response mean (SRM) were determined 

s measures of the magnitude of change over time. 

Longitudinal validity can be considered as a measure of respon- 

iveness. Longitudinal validity refers to the extent to which change 

n one measurement instrument relates to corresponding change 

n a reference measure. [22] Analogous to construct validity, lon- 

itudinal validity was assessed by testing predefined hypotheses 

bout expected correlations between changes in SMFA, LEFS, and 

Q-5D (sub)scale scores. Change scores were calculated as the dif- 

erence in score from six weeks follow-up to the final measure- 

ent at 12 months. Normality was tested using the Shapiro-Wilk 

est. Since all change scores deviated from a Normal deviation, 

pearman correlation coefficients were calculated. Longitudinal va- 

idity was considered sufficient if at least 75% of the results were 

n accordance with predefined hypotheses in a (sub)sample of at 

east 50 patients. [20] The hypothesized correlations are shown in 

upplemental Table S1B and were made in consensus between two 

uthors (MSL and EMMVL). 

The Effect Size (ES) and Standardized Response Mean (SRM) 

ere determined as measures of the magnitude over time. The 

S was calculated as the mean change in score between two time 

oints ( i.e. , score at 12 months – score at six weeks) divided by 

he standard deviation of the first measurement [23] . The SRM was 

alculated as the mean change in score between two time points 

 i.e. , score at 12 months – score at six weeks) divided by the stan-

ard deviation of this change. [23] A value of 0.2-0.4 is considered 

 small, 0.5-0.7 a moderate, and ≥ 0.8 a large effect. [21] Large 

ffect sizes were expected a priori, since at six weeks most pa- 

ients were expected to have functional limitations, whereas at 12 

onths large improvement or even full recovery was expected for 

ost patients. 

Floor and ceiling effects are present if more than 15% of the 

tudy population rates the worst (floor effect) or best (ceiling ef- 

ect) possible score on any questionnaire (sub)scale. [24] In the 

resence of floor and ceiling effects, items might be missing from 

he upper or lower ends of the scale, reducing content valid- 

ty. Likewise, patients with the highest or lowest scores cannot 

e distinguished from one another, indicating limited reliability. 

20] Floor and ceiling effect were determined for each follow-up 

oment separately. 

The Minimal Important Change (MIC) is defined as the small- 

st measurable change in outcome score that is perceived as sig- 

ificant by patients. [25] An anchor-based method was used as 
1004 
his gives a better indication of the importance of the observed 

hange to the patient. [20] In addition to the questionnaires, pa- 

ients were asked to complete an transition item (anchor question) 

t six weeks and at three, six, and 12 months evaluating their per- 

eption of change in the general condition of the affected leg. The 

uestion was: ‘How would you judge the condition of your affected 

eg at this point, compared with the last time you completed this 

uestionnaire?’ The item scored from 1 ‘much better’ through 2 

slightly better’, 3 ‘no change’, 4 ‘slightly worse’, or 5 ‘much worse’. 

The anchor or transition item was judged as adequate if a 

pearman’s rank correlation between the anchor and the change 

core of the questionnaire was > 0.29. [26] The corresponding 

hange score ( i.e. , score at time of completion of the transition 

tem minus the score at the previous follow-up moment) of pa- 

ients who answered the transition item as ‘slightly better’ can be 

onsidered the MIC. [27] 

As an alternative, the MIC was also calculated for the 

sub)scores by plotting the Receiver Operating Characteristics 

ROC) curve of the change in score for patients who scored ‘slightly 

etter’ on the transition item versus patients who scored ‘no 

hange’. The area under the ROC curve is provided as measure of 

iscriminatory power. The ROC cutoff point ( i.e. , the associated cri- 

erion of the Youden index) reflects the MIC. This MIC is shown 

ith its 95% confidence interval (CI) after bootstrapping (10 0 0 

eplicates and 900 random-number seeds). 

In addition to the MIC, the Smallest Detectable Change (SDC) 

as determined. SDC is defined as the smallest intra-personal 

hange in score that represents (with p < 0.05) a ‘real’ difference 

bove measurement error. [28] As patients need to be assumed 

o be stable in the interim period, this was based on the change 

cores of patients who answered ‘no change’ on the transition 

tem. First, the standard error of measurement (SEM) was calcu- 

ated by dividing the standard deviation of the mean difference 

etween both measurements (SD change ) by the square root of two 

29] . SEM can be considered as a measure of absolute measure- 

ent error [20] . For the individual patient, the SDC was calculated 

s 1.96 x square root of 2 x SEM (herein, SEM = SD change / square

oot of 2). [20] Ideally, for evaluative purposes, the SDC should be 

maller than the MIC. [20] 

esults 

atient demographics 

A total of 136 patients was enrolled. They had a median age 

f 35 (P 25 -P 75 24-53) years and a BMI of 24.5 (P 25 -P 75 21.8-26.9)

g/m 

2 . The majority of the patients was male (n = 99; 73%) and had

n American Society of Anesthesiologists (ASA) classification of I 

 n = 108; 81%). A total of 40 (29%) patients smoked at the age of

rauma. The right side was affected in 74 (54%) patients. Most frac- 

ures were closed ( n = 109; 80%), AO type 42A ( n = 92; 68%) and also

ad a fibula fracture ( n = 114; 89%). A minority of 27 (20%) patients

ad additional injuries (not affecting their recovery from the sus- 

ained tibial shaft fracture). 

hanges in outcomes scores over time 

During the one-year follow-up, all outcome scores consistently 

mproved over time. The median SMFA total score decreased from 

3 (P 25 -P 75 33-51) at two weeks to 6 (P 25 -P 75 1-14) at 12 months

 Fig. 1 ). Decreases were noted for both the SMFA Dysfunction lower 

xtremity subscale (from 63 (P 25 -P 75 19-74)) to 4 (P 25 -P 75 1-14) 

nd the SMFA Bother subscale (from 32 (P 25 -P 75 23-47)) to 8 (P 25 -

 75 2-7)). The SMFA Dysfunction upper extremity subscale showed 

o change in outcome scores over time. The LEFS score increased 

rom 26 (P -P 16-39) at two weeks to 89 (P -P 74-98) at 12
25 75 25 75 
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Fig. 1. SMFA (A-D), LEFS (E), and EQ-5D (F-G) (sub)scales at each follow-up visit in 

patients with a tibial shaft fracture. 

m

w

P

f

Table 1 

Internal consistency of the instruments in patients with a tibial shaft fracture. 

(Sub)scale N N items Cronbach’s alpha 

SMFA (total) 99 53 0.94 a 

Lower extremity dysfunction 112 23 0.94 

Upper extremity dysfunction 112 9 0.84 

Bother 108 15 0.90 

LEFS (total) 113 20 0.93 

EQ-5D EQ-US 116 5 0.66 

EQ-VAS 115 1 N.D. b 

EQ-5D, EuroQoL-5D; EQ-US, EuroQoL-5D Utility Score; EQ-VAS, EuroQoL-5D Vi- 

sual Analog Scale; LEFS, Lower Extremity Functional Scale; N.D., not determined; 

SMFA, Short Musculoskeletal Functional Assessment. 

Data are shown for the six weeks follow-up. The maximum number of patients 

was 136. 
a Value should be interpreted carefully, since the total scale is not unidimen- 

sional. 
b The EQ-VAS consists of a single item. Internal consistency does not apply to 

a single-item domain. 
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onths. Finally, the health-related quality of life improved from 2 

eeks to 12 months, with EQ-US scores increasing from 0.43 (P 25 - 

 75 0.31-0.69) to 0.93 (P 25 -P 75 0.81-0.93), EQ-VAS score increasing 

rom 70 (P 25 -P 75 60-80) to 80 (P 25 -P 75 74-90). 
Table 2 

Construct validity of the instruments in patients with a tibial shaft fractur

(Sub)scale SMFA 

Total UE dysfunction LE dysfunctio

SMFA (total) 1 0.95 [99] 0.61 [99] 

LE dysfunction 0.95 [99] 1 0.48 [112] 

UE dysfunction 0.61 [99] 0.48 [112] 1 

Bother 0.82 [99] 0.64 [108] 0.43 [108] 

LEFS (total) −0.89 [98] −0.89 [111] −0.49 [111] 

EQ-5D EQ-US −0.64 [96] −0.56 [108] −0.37 [108] 

EQ-VAS −0.59 [95] −0.53 [107] −0.27 [107] 

Data are shown for the six weeks follow-up. The maximum number of 

correlation coefficients (r) with the number of patients included in the corr

0.3 < r < 0.6 moderate correlation, and r < 0.3 low correlation. Bold and 

EQ-5D, EuroQoL-5D; EQ-USUS, EuroQoL-5D Utility Score; EQ-VAS, EuroQoL-

Functional Scale; N.D., not determined; SMFA, Short Musculoskeletal Funct

1005 
eliability 

The internal consistency for the SMFA and all subscales was ad- 

quate (Cronbach’s alpha between 0.84 and 0.94). Internal consis- 

ency was also adequate for the LEFS (alpha = 0.93) but inadequate 

or the EQ-5D (alpha = 0.66). Cronbach’s alpha could not be de- 

ermined for the EQ-5D-VAS because internal consistency does not 

pply to a single-item domain. 

onstruct validity 

Construct validity is shown in Table 2 . Construct validity was 

dequate for all questionnaires. The Spearman’s rank correlation 

oefficients of the SMFA were consistent with 16 of the 18 (89%) 

heoretically derived hypotheses. The hypotheses of the SMFA 

ower and upper extremity dysfunction scales were confirmed in 

 of the 6 (83%) values. All correlations were correctly predicted 

or the SMFA bother scale (6/6), as were the correlations of the 

EFS (6/6). For the EQ-US and EQ-VAS 5 out of 6 (83%) correlations 

ere as hypothesized. 

esponsiveness 

ongitudinal validity 

Spearman’s rank correlation coefficients for longitudinal validity 

re shown in Table 3 . For the SMFA the correlations were in line

ith the predefined hypotheses in 16 out of the 18 (89%) values, 

ndicating sufficient longitudinal validity. For all three SMFA sub- 

cales 83% (5/6) hypotheses were predicted correctly. Longitudinal 

alidity was also sufficient for the LEFS, EQ-US and EQ-VAS with 
e. 

LEFS EQ-5D 

n Bother Total EQ-US EQ-VAS 

0.82 [99] −0.89 [98] −0.64 [96] −0.59 [95] 

0.64 [108] -0.89 [111] −0.56 [108] −0.53 [107] 

0.43[108] −0.49 [111] −0.37 [108] −0.27 [107] 

1 −0.64 [107] −0.67 [105] −0.54 [103] 

−0.64 [107] 1 0.59 [109] 0.43 [108] 

−0.67 [105] 0.59 [109] 1 0.48 [111] 

-0.54 [103] 0.43 [108] 0.48 [111] 1 

patients was 136. Construct validity is shown as Spearman’s rank 

elation between square brackets. r > 0.6 represents high correlation, 

underlined correlations were not hypothesized correctly. 

5D Visual Analog Scale; LE, Lower Extremity; LEFS, Lower Extremity 

ional Assessment; UE, Upper Extremity. 
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Table 3 

Longitudinal validity of the instruments in patients with a tibial shaft fracture. 

(Sub)scale SMFA LEFS EQ-5D 

Total UE dysfunction LE dysfunction Bother Total EQ-US EQ-VAS 

SMFA (total) 1 0.93 [88] 0.302 [88] 0.65 [88] −0.77 [87] −0.30 [85] −0.15 [81] 

LE dysfunction 0.93 [88] 1 0.25 [103] 0.44 [97] −0.78 [102] −0.30 [99] −0.15 [94] 

UE dysfunction 0.302 [88] 0.25 [103] 1 0.19 [97] -0.12 [102] −0.21 [99] 0.05 [94] 

Bother 0.65 [88] 0.44 [97] 0.19 [97] 1 −0.47 [96] −0.34 [94] −0.26 [89] 

LEFS (total) −0.77 [87] −0.78 [102] −0.12 [102] −0.47 [96] 1 0.35 [100] 0.24 [95] 

EQ-5D EQ-US −0.30 [85] −0.30 [99] −0.21 [99] −0.34 [94] 0.35 [100] 1 0.19 [98] 

EQ-VAS −0.15 [81] −0.15 [94] 0.05 [94] −0.26 [89] 0.24 [95] 0.19 [98] 1 

Responsiveness is shown as Spearman’s rank correlation coefficients (r) of change in scores between six weeks and 12 months with the 

number of patients included in the correlation between square brackets. The maximum number of patients was 136. 

r > 0.6 indicates high correlation, 0.3 < r < 0.6 moderate correlation, and r < 0.3 low correlation. Bold and underlined correlations were 

not hypothesized correctly. 

EQ-5D, EuroQoL-5D; EQ-USUS, EuroQoL-5D Utility Score; EQ-VAS, EuroQoL-5D Visual Analog Scale; LE, Lower Extremity; LEFS, Lower Ex- 

tremity Functional Scale; N.D., not determined; SMFA, Short Musculoskeletal Functional Assessment; UE, Upper Extremity. 

Table 4 

Responsiveness: standardized response mean (SRM) and Effect Size (ES) of the instruments in patients 

with a tibial shaft fracture. 

(Sub)scale N Mean change SD change SRM SD 6 weeks ES 

SMFA (total) 88 −23.54 10.45 −2.25 14.89 −1.58 Large 

LE dysfunction 103 −33.28 16.88 −1.97 19.83 −1.68 Large 

UE dysfunction 103 -2.31 7.31 -0.32 9.12 −0.25 Small 

Bother 97 −16.90 11.69 −1.45 16.89 −1.00 Large 

LEFS (total) 104 38.25 17.55 2.18 19.00 2.01 Large 

EQ-5D US 107 0.20 0.20 1.04 0.22 0.93 Large 

VAS 102 6.38 15.51 0.41 14.03 0.45 Small 

Change scores were calculated from six weeks to 12 months. The maximum number of patients was 136. 

EQ-5D, EuroQoL-5D; EQ-US, EQ-5D Utility Score; EQ-VAS, EQ-5D Visual Analog Scale; LE, Lower Ex- 

tremity; LEFS, Lower Extremity Functional Scale; N.D., not determined; SD, Standard deviation of mean 

change; SRM, standardized response mean; SMFA, Short Musculoskeletal Functional Assessment; UE, Up- 

per Extremity. 
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00% (6/6), 83% (5/6) and 100% (6/6) correlations as hypothesized, 

espectively. 

tandardized Response Mean (SRM) and Effect Size (ES) 

The SRM and the ES of the SMFA, LEFS, and EQ-5D and their 

ubscales are reported in Table 4 . For the SMFA and the lower ex- 

remity dysfunction and bother subscales, the magnitude of change 

ver time was large (SRM between -2,25 and -1.45; ES between 

1.58 and -1.00). For the SMFA upper extremity dysfunction sub- 

cale the magnitude of change over time was small (SRM -0.32; ES 

0.25). The magnitude of the change of the LEFS was large with 

 SRM of 2.18 and an ES of 2.01. The EQ-US and EQ-VAS showed a

arge (SRM 1.04; ES 0.93) and small (SRM 0.41; ES 0.45) magnitude 

f change over time, respectively. 

loor and ceiling effects 

Floor and ceiling effects for all instruments are shown in Fig. 2 . 

one of the questionnaires and their subscales showed a floor ef- 

ect at any point in time. All the measures can therefore be used 

o accurately interpret the change in status in patients with poor 

unction and health-related quality of life. The SMFA total score 

howed no ceiling effect. However, for the SMFA lower extrem- 

ty dysfunction and bother subscales 22% and 19% of all patients, 

espectively, reported the best score at 12 months follow-up. The 

MFA upper extremity dysfunction subscale shows a ceiling effect 

t each follow-up, increasing from 51% at two weeks to 90% at 

2 months follow-up. A ceiling effect of the LEFS is present at 12 

onths (19%). The EQ-VAS has no ceiling effect, but a ceiling effect 

f the EQ-US is seen from 3 months (15%) onwards. 
1006 
inimal Important Change (MIC) and Smallest Detectable Change 

SDC) 

The number of patients per transition item for the different 

ime intervals is shown in Supplemental Table S2. Anchor-based 

IC and distribution-based SDC values are shown in Table 5 . Over- 

ll, 146 transition items were reported as ‘slightly better’ and 103 

s ‘no change’. None of the transition items were judged as ade- 

uate since the Spearman’s rank correlation between the anchor 

nd the change scores of the questionnaires were all < 0.3. There- 

ore the MICs for the evaluated instruments are potentially unreli- 

ble and should be interpreted with care ( r between -0.14 [EQ-US] 

nd 0.24 [SMFA total]; data not shown). 

The SDC was 13.84 points (SEM 4.99) for the SMFA total score 

nd 38.74 points (SEM 13.97) for the LEFS, 0.51 (SEM 0.19) for the 

Q-US and 22.99 (SEM 8.29) for the EQ-VAS. 

iscussion 

Clinimetric properties of the SMFA and LEFS have previously 

een tested in a heterogeneous population of patients with lower- 

imb conditions and some homogeneous populations of patients 

ith lower-limb conditions. For evaluation of patients with tib- 

al shaft fractures, measurement properties of these questionnaires 

ere not fully known. Data of the current study confirm that the 

MFA and LEFS are reliable, valid, and responsive in the study 

opulation. The MIC of these questionnaires should be interpreted 

ith care. Both questionnaires are useful for monitoring patients 

unctional limitation after sustaining a tibia shaft fracture for at 

east the first six months. 

Reliability of the SMFA and LEFS was supported by adequate in- 

ernal consistency. The Cronbach’s alpha values of the SMFA and 

ts subscales are comparable with published values of the original 
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Table 5 

Minimal important change and smallest detectable change values of the instruments in patients with a tibial shaft fracture. 

(Sub)scale Scoring Anchor-based approach Distribution-based approach 

Range N MIC A AUC MIC B Sensitivity (%) Specificity (%) N SD change SEM SDC 

SMFA (total) 0;100 116 8.12 [6.36;9.88] 0.55 [0.47;0.62] 0.92 [-2.89;3.77] 85.3 25.7 74 7.06 4.99 13.84 

LE dysfunction 0;100 127 11.62 [9.13;14.10] 0.54 [0.47;0.61] 7.6 [1.09;29.36] 59.8 53.5 86 12.00 8.48 23.52 

UE dysfunction 0;100 127 1.29 [0.23;2.35] 0.53 [0.47;0.60] 2.8 [-2.7;11.1] 83.5 22.1 86 7.23 5.11 14.16 

Bother 0;100 124 6.08 [4.29;7.87] 0.53 [0.46;0.60] 10.0 [0.3;20.0] 39.5 74.7 83 2.87 6.02 16.68 

LEFS (total) 0;100 127 7.32 [3.65;10.99] 0.54 [0.47;0.61] 12.5 [-13.8;31.3] 38.6 76.1 88 19.76 13.97 38.74 

EQ-5D US -0.329;1.000 122 0.09 [0.05;0.14] 0.55 [0.48;0.62] 0.1 [-0.3;0.1] 47.5 65.5 87 0.26 0.19 0.51 

VAS 0;100 128 3.64 [1.60;5.68] 0.55 [0.48;0.62] 0.0 [-14.9;10.0] 55.5 57.3 89 11.73 8.29 22.99 

Anchor-based and distribution-based methods for Minimal Important Change (MIC) and Smallest Detectable Change (SDC) values, respectively. The MIC and the Area under the Receiver 

Operating Curve (AUC) are shown with 95% confidence intervals between brackets. 

MIC is calculated as mean change score for all respondents reporting “slightly better” on the transition question (MIC A ) and as criterion in the Receiver Operating Curve (MIC B ) . . 

AUC, Area under the Receiver Operating Curve; EQ-5D, EuroQoL-5D Assessment; EQ-US, EuroQoL-5D Utility Score; EQ-VAS, EuroQoL-5D Visual Analog Scale; LE, Lower Extremity; LEFS, 

Lower Extremity Functional Scale; MIC, Minimal Important Change; N.D., not determined; SD change , Standard deviation of mean change; SDC, Smallest Detectable Change; SEM, standard 

error of measurement; SMFA, Short Musculoskeletal Functional; UE, Upper Extremity. 
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Fig. 2. Floor (A) and ceiling (B) effects of the instruments at each follow-up visit in 

patients with a tibial shaft fracture. 
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anguage version and translated versions. [ 3 , 7 , 9–11 , 30 ] The Cron-

ach’s alpha value for the LEFS was also high (0.93) and in concor- 

ance with literature. [12] 

The SMFA and LEFS showed adequate construct validity. The 

MFA total score and SMFA bother scale were highly correlated 

ith the EQ-US ( r -0.64 and r -0.67, respectively). The SMFA and 

ts subscales showed a moderate to low correlation with the EQ- 

AS (-0.27 < r < 0.54). These observations are new and suggest 

hat sustaining a tibial shaft fracture does not necessarily affect a 

atient’s general health perception. 

The LEFS scores correlated highly with the SMFA total score ( r - 

.89). This confirms the correlation between these two instruments 

ound by Pinsker et al. in a population of pre- and postoperative 

nkle arthrodesis and arthroplasty patients. [6] The moderate level 
1008 
f correlation between the LEFS and EQ-US ( r 0.59) differs from a 

ublished study in patients with an ankle fracture ( r 0.73). [31] In 

he latter study questionnaires were sent three years after surgery, 

hich may explain the higher correlation between the LEFS and 

he EQ-US. 

Longitudinal validity was adequate for the SMFA total score and 

EFS as reflected by the percentage of correctly predicted hypothe- 

es (both 100%). The correlations of the LEFS with the SMFA sub- 

cales indicate that changes in lower extremity function have a 

oderate effect on the bother scale ( r -0.47) and little effect on up- 

er extremity dysfunction ( r -0.12). The latter correlation has also 

een found by De Graaf et al. [32] 

The large SRM and ES for the SMFA and LEFS indicate that 

oth instruments can excellently detect clinical change over time. 

he large SRM value for the SMFA lower extremity dysfunction 

cale (-1.97) is similar to values found by Busse et al. in tibial 

haft fractures [33] , tibial plateau fractures [34] , and ankle frac- 

ures. [10] The SRM of the SMFA bother scale was also compara- 

le to values found in patients who sustained an ankle fracture. 

10] In groups with various musculoskeletal disorders and nonop- 

ratively treated patients the responsiveness of the SMFA is much 

ower. [35] The excellent ability of the LEFS to detect change over 

ime has been shown before in patients with various lower limb 

njuries. [12] The EQ-US and EQ-VAS showed a moderate and low 

S, respectively. This implies that sustaining a tibial shaft fracture 

as only limited effect on health-related quality over time. 

None of the questionnaires showed a floor effect, which is in 

ine with other studies. [ 12 , 35 ] The SMFA total score showed no

eiling effect, however, the SMFA lower extremity dysfunction and 

other scale did so at 12 months. The presence of ceiling ef- 

ects can be expected when instruments are used in time points 

hen participants have much disability and improve over time af- 

er an injury or treatment. Treatment effects in this patient popu- 

ation can therefore be measured with the SMFA within the first 6 

onths after surgery, but effects can be missed later in the follow- 

p. [ 10 , 33 , 34 ] Likewise, the LEFS can detect functional improve-

ent during the six months post-surgery (ceiling effect reached 

t 12 months (19%)). The latter finding is new, since earlier studies 

n the measurement properties of the LEFS had a follow-up period 

f 26 weeks or less. [ 15 , 16 , 36 ] Whereas a ceiling effect of the EQ-

S was present at three months and onwards, the EQ-VAS did not 

ave a ceiling effect at all in the current study. The EQ-VAS can 

hus be used to measure health-related quality of life on the long 

erm in patients that sustained a tibial shaft fracture. 

The SDC is a measure of the variation in a scale due to mea- 

urement error. Thus, a change score can only be considered to 

epresent a real change if it is larger than the SDC. The SDC val- 

es of the SMFA total scale have been reported in three stud- 

es. [ 6 , 9 , 32 ] In patients with stable ankle arthritis the SDC was

.60 [6] which is lower than the SDC found in the current study 

SDC 13.84). In addition to the stable condition of the patients, 

he average follow-up time ranged from 7 months to 2.5 years af- 

er surgery, which may explain the lower SDC. The SDC’s reported 

y Reininga et al. and De Graaf et al. were higher, but the differ- 

nce in factor structure of the SMFA hampers a comparison with 

ur results [ 9 , 32 ]. The reported SDC values of the LEFS show much

ariation (ranging from 2.18 for Spanish LEFS scores in patients di- 

gnosed with lower extremity musculoskeletal conditions [37] to 

8.1 in patients with knee osteoarthritis [38] , as displayed in the 

ystematic review by Mehta et al. [12] All values are much lower 

han the SDC found in the current study (SDC 38.74). Explanations 

or this difference include more heterogeneity of the patient popu- 

ation [ 36 , 37 ], shorter follow-up time [ 36 , 37 , 39 ], and smaller sam-

le size. [40] 

The most important clinimetric property for interpreting change 

ver time is the minimum important change (MIC). For the SMFA 
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o studies have evaluated this measurement property using an 

nchor-based method. Due to the inadequate correlation between 

he transition item “slightly better” and change scores, the true 

IC remains undetermined. The sample size of 136 patients in 

his study should have been adequate to determine the MIC. In 

ddition, there were enough (n = 146) transition items reported as 

slightly better”. The time between 2 subsequent follow-up mo- 

ents varied from 4 weeks to 6 months. The drawback of the 

nchor-based approach is that it is based on retrospective judge- 

ent of change and is susceptible to recall biases. [41] 

This study shows that when taking into account the SDC and 

IC, the change score should exceed 13.8 points for the SMFA (to- 

al score) and 38.7 points for the LEFS to have a clinically rele- 

ant change on the questionnaire in patients that sustained a tib- 

al shaft fracture. The MIC for the SMFA remains to be determined. 

he known anchor-based MIC value of the LEFS (9 [ 4 , 42 ]) only ex-

eeds the SDC found in two studies (2.18 points for the Spanish 

EFS [37] and 8.0 points in patients with anterior knee pain [40] . 

f the SDC is smaller than the MIC, it is possible to distinguish a 

linically important change from measurement error with a large 

mount of certainty. However, this is much more difficult if the 

DC is larger than the MIC, since there is a considerable chance 

hat the observed change is caused by measurement error. 

This study has some limitations. The relatively long interval 

etween two subsequent follow-up moments (four weeks to six 

onths) hindered an adequate test-retest analysis. It may also have 

ed to recall bias with regard to the transition item and thus af- 

ected correct anchor-based MIC and SDC calculations. For future 

tudies that aim to determine the MIC for the SMFA in patients 

hat sustained a tibial shaft fracture we recommend to shorten 

he intervals between the questionnaires (in combination with the 

nchor-based questions). 

In order to monitor outcome, functional recovery, and quality 

f life after lower-limb injury or (surgical) treatment, PROMs are 

ecoming increasingly important instruments. By using these in- 

truments different treatment strategies and their outcome can be 

ompared. The SMFA and LEFS are useful instruments for monitor- 

ng functional limitation in patients after sustaining a tibia shaft 

racture during at least the first 6 months post-injury. Both instru- 

ents are reliable, valid, and responsive. The MIC could not be de- 

ermined reliably. 
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