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Abstract 

The a<m of th<s study <s to <nvest<gate the val<d<ty and rel<ab<l<ty of 
the Lower L<mb Assessment Score (LLAS) by adapt<ng <t <nto the 
Turk<sh language. The Turk<sh vers<on of the LLAS (TR-LLAS) has 
been developed through a mult<-stage process <n accordance w<th 
<nternat<onal gu<del<nes. The Be<ghton Scor<ng System and the TR-
LLAS were used <n the assessment of part<c<pants. All part<c<pants 
were assessed by two <ndependent raters who were bl<nded to each 
other's f<nd<ngs. The TR-LLAS was re-adm<n<stered to a subgroup of 
part<c<pants (87 <nd<v<duals) one week after the <n<t<al assessment to 
evaluate test-retest rel<ab<l<ty. To assess the rel<ab<l<ty of the scale, 
test-retest and <nter-rater rel<ab<l<ty analyses were performed us<ng 
the Intraclass Correlat<on Coeff<c<ent (ICC). To exam<ne cr<ter<on 
val<d<ty, the relat<onsh<p between the TR-LLAS and Be<ghton total 
scores was <nvest<gated. The study <ncluded 103 part<c<pants (77 
females, 26 male). The test-retest rel<ab<l<ty of the scale was good 
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(ICC [2,1]=0.875, p<0.001), and the <nter-rater rel<ab<l<ty was good 
(ICC [2,1]=0.798, p<0.001). A s<gn<f<cant and moderate pos<t<ve 
correlat<on was found between the Be<ghton and TR-LLAS scores 
(rₛ=0.518, p<0.001). Our results demonstrate that the TR-LLAS <s a 
rel<able and val<d measurement tool. The TR-LLAS has been 
presented to cl<n<cal pract<ce as a pract<cal assessment tool for 
evaluat<ng lower extrem<ty hypermob<l<ty. 
 

Introduction 

Hypermob*l*ty *s a cond*t*on *n wh*ch the act*ve or pass*ve range of mot*on of a jo*nt *s greater than 
expected for the *nd*v*dual's age, gender and ethn*c*ty [1]. Jo*nt hypermob*l*ty *s a descr*pt*ve term 
rather than a d*agnos*s, and *t can be class*f*ed accord*ng to the number of jo*nts affected. If *t *s observed 
*n one or a few jo*nts (usually fewer than f*ve), *t *s def*ned as local*sed jo*nt hypermob*l*ty. The 
*nvolvement of f*ve or more jo*nt reg*ons *s termed general*sed jo*nt hypermob*l*ty (GJH). Add*t*onally, 
per*pheral jo*nt hypermob*l*ty, wh*ch *s observed only *n the hands and/or feet, *s cons*dered a separate 
form of hypermob*l*ty [1]. 

It *s reported that jo*nt hypermob*l*ty *s seen *n approx*mately 10-20% of the general populat*on, w*th 
a h*gher prevalence *n certa*n populat*ons, part*cularly adolescents and women [2]. Genet*c factors play 
a s*gn*f*cant role *n jo*nt hypermob*l*ty, wh*ch can vary depend*ng on age, gender, and ethn*c or*g*n [3-
5]. In add*t*on, env*ronmental factors such as trauma and *ntense phys*cal tra*n*ng may also contr*bute 
to the onset of hypermob*l*ty [1,6]. 

Hypermob*l*ty may often be asymptomat*c; however, there *s ev*dence that *t may be assoc*ated w*th 
secondary effects *nvolv*ng certa*n musculoskeletal symptoms and compl*cat*ons. Hypermob*le jo*nts 
may be prone to macro- and m*crotrauma due to excess*ve movement and jo*nt *nstab*l*ty [7,8]. 
Recurrent musculoskeletal pa*n *s a common symptom of suscept*b*l*ty to trauma *n hypermob*le jo*nts; 
chron*c pa*n may develop as a long-term compl*cat*on of jo*nt hypermob*l*ty [1,9]. Decreased 
propr*ocept*on [10] and muscle weakness [11,12] are also common along w*th jo*nt hypermob*l*ty *n 
certa*n jo*nts. In add*t*on, hypermob*le *nd*v*duals may exper*ence var*ous orthopaed*c problems (such 
as flex*ble pes planus, foot valgus deform*t*es, scol*os*s, dorsal kyphos*s and lumbar lordos*s) as a result 
of *ncreased flex*b*l*ty and sens*t*v*ty to mechan*cal effects *n musculoskeletal t*ssues [1,13]. 

The Be*ghton score *s a w*dely used assessment tool for detect*ng general hypermob*l*ty [14-17]. 
However, as *t only evaluates a l*m*ted number of jo*nts and exam*nes the relevant jo*nts *n a s*ngle 
plane, *t may be *nsuff*c*ent *n captur*ng f*nd*ngs spec*f*c to the lower extrem*t*es [18]. For th*s reason, 
the Lower L*mb Assessment Score (LLAS), a tool spec*f*cally des*gned for the lower extrem*t*es, has 
been developed for the assessment of hypermob*l*ty. The LLAS prov*des more deta*led *nformat*on 
about lower extrem*ty hypermob*l*ty by evaluat*ng both accessory and phys*olog*cal movements of the 
h*p, knee, ankle, and foot jo*nts [19]. Stud*es conducted *n both ped*atr*c and adult populat*ons have 
shown that LLAS *s more effect*ve than the Be*ghton score at d*st*ngu*sh*ng lower extrem*ty 
hypermob*l*ty, w*th a cut-off value of ≥7/12 [19,20]. The LLAS *s a val*dated and cl*n*cally appl*cable 
*nstrument for the *dent*f*cat*on and comprehens*ve assessment of lower l*mb hypermob*l*ty. It has been 
reported that the measurement tool exh*b*ts h*gh *nter-rater rel*ab*l*ty [20]. In ex*st*ng l*terature, the 
LLAS has been ut*l*zed to evaluate jo*nt hypermob*l*ty across d*verse cl*n*cal and research contexts, 
*nclud*ng the assessment of measurement rel*ab*l*ty *n ped*atr*c populat*ons and the screen*ng of 
local*zed hypermob*l*ty *n adult athlet*c cohorts to explore *ts potent*al *nfluence on *njury *nc*dence 
[21-23]. 
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G*ven the potent*al compl*cat*ons assoc*ated w*th hypermob*l*ty, early d*agnos*s and a thorough 
assessment of the cond*t*on are of cr*t*cal *mportance. Hypermob*l*ty assessment *s essent*al for 
prevent*ng hypermob*l*ty-related *njur*es and develop*ng appropr*ate treatment methods. It *s cr*t*cally 
*mportant for cl*n*c*ans and researchers to ut*l*ze assessment *nstruments w*th establ*shed *nternat*onal 
val*d*ty and rel*ab*l*ty to ensure standard*zed outcomes. Consequently, met*culous ver*f*cat*on of the 
translat*on and adaptat*on *s essent*al to ensure these *nstruments are *mplemented correctly. Wh*le the 
cl*n*cal ut*l*ty of the LLAS has been well-documented, expand*ng *ts cross-cultural adaptat*ons *s 
essent*al to standard*ze local*zed jo*nt hypermob*l*ty assessments across d*verse l*ngu*st*c populat*ons. 
For th*s reason, the pr*mary a*m of th*s study *s to translate the LLAS *nto Turk*sh and to analyse the 
val*d*ty and rel*ab*l*ty of the Turk*sh vers*on of the LLAS (TR-LLAS) *n the Turk*sh populat*on. 

Materials and Methods 

Design 

Th*s study has been approved by the Non-Intervent*onal Cl*n*cal Research Eth*cs Comm*ttee of Kütahya 
Health Sc*ences Un*vers*ty (No: 34005) and prospect*vely reg*stered on Cl*n*calTr*als.gov (Reg*strat*on 
number: NCT05558202) pr*or to part*c*pant enrollment. The study was des*gned to evaluate the test-
retest rel*ab*l*ty, *nter-rater rel*ab*l*ty, and cr*ter*on val*d*ty of the TR-LLAS. Th*s study was planned 
and conducted *n accordance w*th the COSMIN Study Des*gn checkl*st [24]. All part*c*pants *ncluded 
*n the study were *nformed *n deta*l about the procedures and prov*ded wr*tten *nformed consent. The 
procedures were performed *n accordance w*th the pr*nc*ples set out *n the Declarat*on of Hels*nk*. 

Participants 

The study populat*on cons*sts of young adults w*th no lower extrem*ty pathology. Conven*ence 
sampl*ng was used to select part*c*pants. The cr*ter*a for *nclus*on *n the study were be*ng aged between 
18-25 and volunteer*ng to part*c*pate *n the study. The exclus*on cr*ter*a were def*ned as follows: us*ng 
an ass*st*ve dev*ce or orthos*s for the lower extrem*t*es; hav*ng undergone surgery *nvolv*ng the lower 
extrem*t*es; hav*ng exper*enced pa*n related to the lower extrem*t*es *n the last s*x months; and hav*ng 
*nflammatory or degenerat*ve d*sease. 

Accord*ng to the COSMIN study des*gn checkl*st, the sample s*ze should be seven t*mes the number of 
*tems and ≥100. Accord*ngly, the target sample s*ze was 100 part*c*pants [24]. Part*c*pants were 
*nformed about the study v*a soc*al med*a and announcements. A total of 103 part*c*pants (77 women, 
26 men) who met the *nclus*on cr*ter*a were *ncluded. The part*c*pant flow d*agram *s *llustrated *n 
F*gure 1. 
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F;gure 1. Flow d<agram of part<c<pant select<on. 

Assessment tools 

Pat$ent demograph$c/cl$n$cal data 

Part*c*pants' age, gender, he*ght, body we*ght, body mass *ndex (BMI), dom*nant hand, and comorb*d 
cond*t*on(s) were recorded on a data form. 

Be$ghton scor$ng system 

The Be*ghton Scor*ng System *s a 9-*tem tool used to assess jo*nt mob*l*ty, w*th 1 po*nt awarded for 
each pos*t*ve *tem. The Be*ghton score evaluates the follow*ng: greater than 10° of extens*on *n the 
knees and elbows (b*lateral), more than 90° of extens*on *n the 5th metacarpophalangeal (MCP) jo*nts 
(b*lateral), contact of the left and r*ght thumbs w*th the flexor surface of the *ps*lateral rad*us, and 
forward trunk and h*p flex*on to place the palms on the floor. The total score ranges from 0 to 9 [17]. 

Lower L$mb Assessment Score (LLAS) 

The LLAS *s a val*d and rel*able *nstrument developed spec*f*cally to measure lower l*mb 
hypermob*l*ty. It *s a 12-*tem scale encompass*ng the h*p, knee, ankle, and foot jo*nts, and *s 
adm*n*stered b*laterally to both lower extrem*t*es. Each *tem *s scored d*chotomously as 0 or 1. A score 
of ‘1’ *s ass*gned *f the spec*f*c jo*nt exceeds the predeterm*ned anatom*cal angular l*m*t, *nd*cat*ng 
hypermob*l*ty. Conversely, a score of ‘0’ *s g*ven *f the jo*nt rema*ns w*th*n the normal range of mot*on 
or does not reach the hypermob*l*ty threshold. The total score obta*ned for each lower l*mb ranges from 
0 to 12. In*t*ally developed for ped*atr*c populat*ons, the *nstrument was subsequently val*dated for adult 
use. In the or*g*nal vers*on of the LLAS, the cut-off score for lower l*mb hypermob*l*ty assessment was 
determ*ned as ≥7/12. Unl*ke general*zed assessments such as the Be*ghton score, the LLAS focuses 
spec*f*cally on the lower extrem*t*es, prov*d*ng a more deta*led reg*onal analys*s. Th*s targeted approach 
makes *t a h*ghly sens*t*ve and advantageous tool for cl*n*cal evaluat*ons and reg*on-spec*f*c 
hypermob*l*ty prof*l*ng [19,20]. 
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Procedure 

Demograph*c *nformat*on was obta*ned us*ng a data form. Part*c*pants were asked to wear cloth*ng that 
would not restr*ct normal jo*nt movement when attend*ng the assessment. Assessments were conducted 
*nd*v*dually *n a pr*vate room, and no warm-up exerc*ses were performed beforehand. Each assessment 
began w*th the assessor prov*d*ng both verbal and v*sual *nstruct*ons on the correct appl*cat*on of the 
test. 

All part*c*pants were assessed by two *ndependent phys*otherap*sts (EA and MYA) who were bl*nded 
to each other's f*nd*ngs, w*th a m*n*mum of 30 m*nutes and a max*mum of 4 hours between assessments. 
To m*n*m*se recall b*as, second assessments were conducted by EA 7 days after the *n*t*al assessment 
[16]. The repeated assessments were scheduled at the same t*me of day as the *n*t*al assessments. 

Translation Procedure 

The TR-LLAS has been developed and val*dated through a mult*-stage process *n accordance w*th 
*nternat*onal gu*del*nes [24,25]: 

1. Translat*on of the Engl*sh vers*on *nto Turk*sh: The or*g*nal Engl*sh vers*on of the scale was 
*ndependently translated *nto Turk*sh by three researchers who are nat*ve Turk*sh speakers w*th cl*n*cal 
exper*ence and a good command of Engl*sh. These three translat*ons were then synthes*sed *nto a 
prel*m*nary Turk*sh draft. 

2. Back-Translat*on and Or*g*nal Cons*stency Check: Subsequently, the synthes*sed prel*m*nary 
Turk*sh draft was retranslated *nto Engl*sh by a translator. Th*s back-translated vers*on was compared 
w*th the or*g*nal Engl*sh scale to *dent*fy any translat*on errors or *ncons*stenc*es. Dr. J*ll Ferrar*, who 
developed the or*g*nal scale, rev*ewed the back-translated vers*on to check for conceptual equ*valence. 

3. Synthes*s: A synthes*s was created by exam*n*ng the or*g*nal Engl*sh vers*on, the Turk*sh draft, and 
the translated Engl*sh vers*on. Th*s vers*on was rev*ewed by a l*ngu*st *n terms of express*on and 
rev*sed, result*ng *n consensus on the LLAS Turk*sh pre-f*nal vers*on. 

4. P*lot Test: The content val*d*ty of the pre-f*nal TR-LLAS was assessed through an expert rev*ew 
process *nvolv*ng 10 phys*otherap*sts who were not *nvolved *n the subsequent data collect*on. Dur*ng 
th*s p*lot test*ng phase, part*c*pants *ndependently evaluated each *tem for clar*ty and comprehens*b*l*ty 
us*ng a three-po*nt scale (“easy to understand,” “understandable,” and “d*ff*cult to understand”). Items 
*dent*f*ed as “d*ff*cult to understand” were d*scussed and rev*sed based on expert feedback to *mprove 
l*ngu*st*c clar*ty and cultural appropr*ateness. Rev*s*ons were made by consensus among the research 
team follow*ng cons*derat*on of all expert suggest*ons. 

5. Development of the F*nal Vers*on: Based on feedback from p*lot tests, necessary m*nor rev*s*ons 
were made and the f*nal TR-LLAS was created. TR-LLAS *s *ncluded *n the Append*x. 

6. F*rst *mplementat*on of TR-LLAS: TR-LLAS was adm*n*stered to a total of 103 part*c*pants (77 
women, 26 men). Part*c*pants were assessed by two phys*otherap*sts. 

7. Second *mplementat*on of TR-LLAS (Retest): TR-LLAS was re-adm*n*stered to a subset of 
part*c*pants (87 *nd*v*duals) one week after the *n*t*al assessment. Data collected from these part*c*pants 
was used to evaluate the test-retest rel*ab*l*ty of the Turk*sh vers*on. 

Statistical analysis 

The data obta*ned *n the study were analysed us*ng the IBM SPSS Stat*st*cs vers*on 21.1 (IBM Corp., 
Armonk, NY) software package. A s*gn*f*cance level of p<0.05 was accepted for all stat*st*cal tests. 
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Descr*pt*ve stat*st*cs were presented as m*n*mum and max*mum values, mean, and standard dev*at*on 
for cont*nuous var*ables, and as percentage d*str*but*ons for categor*cal var*ables. The normal*ty of 
cont*nuous var*ables was assessed us*ng the Kolmogorov-Sm*rnov test. The relat*onsh*p between TR-
LLAS scores of r*ght and left extrem*ty was analysed us*ng Spearman's correlat*on coeff*c*ent. 

To assess the rel*ab*l*ty of the scale, analyses of test-retest rel*ab*l*ty and *nter-rater rel*ab*l*ty were 
conducted. Test-retest rel*ab*l*ty and *nter-rater rel*ab*l*ty were assessed us*ng the *ntraclass correlat*on 
coeff*c*ent (ICC). The ICC values were *nterpreted as follows: <0.50 *nd*cates poor rel*ab*l*ty, 0.50–
0.75 *nd*cates moderate rel*ab*l*ty, 0.75–0.90 *nd*cates good rel*ab*l*ty, and >0.90 *nd*cates excellent 
rel*ab*l*ty [26]. 

The standard error of measurement (SEM) and m*n*mal detectable change (MDC) were calculated us*ng 
test-retest data, us*ng the formulas g*ven below [27]. 

SEM = SD × √(1 − ICC) 

MDC = SEM × 1.96 × √2 

To exam*ne the cr*ter*on val*d*ty of the TR-LLAS, the relat*onsh*p between the TR-LLAS and Be*ghton 
total scores was analysed us*ng Spearman's correlat*on coeff*c*ent (rₛ). The correlat*on coeff*c*ent values 
has been *nterpreted as no relat*onsh*p (r = 0.00–0.09), weak relat*onsh*p (r = 0.10–0.39), moderate 
relat*onsh*p (r = 0.40–0.69), strong relat*onsh*p (r = 0.70–0.89), or excellent relat*onsh*p (r = 0.90–1.00) 
[28]. 

Results 

The demograph*c character*st*cs of the part*c*pants are presented *n Table 1. 74.8% of part*c*pants (n = 
77) were female, wh*le 25.2% (n = 26) were male. Regard*ng dom*nant s*de d*str*but*on, 94.2% of 
part*c*pants (n = 97) were r*ght-handed, wh*le 5.8% (n = 6) were left-handed. 

Table 1. Character<st<cs of part<c<pants. 

 M3n-Max 
(N = 103) 

Med3an 
(N = 103) 

x̄ 
(N = 103) 

Sd 
(N = 103) 

Age 19-25 21 20.88 1.52 

BMI 15.9-34 21.8 22.19 3.27 

Be3ghton score 0-9 2 2.97 2.37 

M:n-Max: M:n:mum-Max:mum values; x̄: Mean; Sd: Standard dev:at:on; BMI: Body Mass Index. 

The d*str*but*on of Be*ghton scores and TR-LLAS scores for the r*ght and left lower extrem*t*es was 
assessed us*ng the Kolmogorov-Sm*rnov test. Accord*ng to the Kolmogorov-Sm*rnov test results, *t was 
determ*ned that the Be*ghton scores and TR-LLAS scores for the r*ght and left lower extrem*t*es d*d 
not show a normal d*str*but*on (Kolmogorov-Sm*rnov: r*ght TR-LLAS, p<0.001; left TR-LLAS, 
p<0.001; Be*ghton, p<0.001). Therefore, non-parametr*c tests were preferred *n the analyses. The *tem-
level test-retest and *nter-rater absolute agreements for the dom*nant l*mb are graph*cally presented *n 
F*gure 2 and F*gure 3, respect*vely. 
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F;gure 2. Stacked bar chart <llustrat<ng the <tem-level test-retest agreement of the TR-LLAS. 

 
F;gure 3. Stacked bar chart <llustrat<ng the <tem-level <nter-rater agreement of the TR-LLAS. 

The analys*s us*ng the W*lcoxon S*gned-Rank test revealed no stat*st*cally s*gn*f*cant d*fference 
between r*ght and left extrem*ty scores (p=0.083). Th*s *nd*cates that the LLAS measurements for both 
extrem*t*es are s*m*lar. The relat*onsh*p between TR-LLAS scores of r*ght and left lower extrem*ty was 
assessed us*ng Spearman's correlat*on coeff*c*ent. An excellent relat*onsh*p and s*gn*f*cant correlat*on 
was found between lower extrem*ty TR-LLAS scores (rₛ = 0.999, p<0.001). Therefore, *n the TR-LLAS 
scor*ng, the score for the dom*nant extrem*ty out of 12 po*nts was used *nstead of the sum of both 
extrem*t*es out of 24 po*nts. 

The test-retest rel*ab*l*ty of the scale was found to be good (ICC [2,1] = 0.875, 95% conf*dence *nterval 
[CI]: 0.815-0.916, p<0.001). The Standard Error of Measurement (SEM) was calculated as 0.3771, 
wh*le the M*n*mum Detectable Change (MDC) value was found to be 1.045. The *nter-rater rel*ab*l*ty 
analys*s determ*ned that the TR-LLAS had good rel*ab*l*ty (ICC [2,1] = 0.798, 95% conf*dence *nterval 
[CI]: 0.715-0.858, p<0.001). 



Health Sci. Q. 564 
   

 

 This work is licensed under  a Creative Commons Attribution 4.0 International License. 
 

The relat*onsh*p between Be*ghton and TR-LLAS scores was assessed us*ng Spearman's correlat*on 
coeff*c*ent. A s*gn*f*cant and moderate pos*t*ve correlat*on was found between Be*ghton and TR-LLAS 
scores (rₛ = 0.518, p<0.001, n = 103). 

Discussion 

Th*s study was planned to adapt the LLAS *nto Turk*sh. To our knowledge, our research *s the f*rst 
study to evaluate the psychometr*c propert*es of the adapted Turk*sh vers*on. Our results demonstrate 
that the TR-LLAS *s a rel*able and val*d measurement tool for assess*ng lower l*mb hypermob*l*ty. 

The Be*ghton scor*ng system's cl*n*cal feas*b*l*ty, eff*c*ency of adm*n*strat*on, and h*gh *nter-rater 
rel*ab*l*ty account for *ts w*despread adopt*on *n cl*n*cal pract*ce [14-17,29]. However, a pr*mary 
l*m*tat*on of the Be*ghton score *s *ts exclus*ve focus on the sag*ttal plane, whereas hypermob*l*ty may 
man*fest across all three anatom*cal planes *n the lower extrem*ty jo*nts. Furthermore, the assessment 
tool does not *nclude a homogeneous evaluat*on of both upper and lower l*mb jo*nts, w*th the *tems 
predom*nantly focus*ng on upper l*mb evaluat*on. Moreover, *ts adequacy *n determ*n*ng hypermob*l*ty 
*s h*ghly quest*oned, pr*mar*ly due to *ts l*m*ted scope *n assess*ng lower extrem*ty jo*nts. In th*s 
context, the LLAS *s a tool developed to address these l*m*tat*ons of the Be*ghton score. 

Stud*es have demonstrated that LLAS *s val*d and rel*able *n determ*n*ng hypermob*l*ty *n adults and 
ped*atr*c populat*ons. In the or*g*nal vers*on of the LLAS, the cut-off score for the assessment of lower 
l*mb hypermob*l*ty was determ*ned as ≥7/12 [19,20]. Accord*ng to th*s cut-off value, the test's 
sens*t*v*ty was reported as 68%, spec*f*c*ty as 86%, pos*t*ve l*kel*hood rat*o (+LR) as 4.84, and negat*ve 
l*kel*hood rat*o (-LR) as 0.37 [20]. These reported results *nd*cate that the assessment tool y*elds a 
relat*vely low *nc*dence of both false pos*t*ve and false negat*ve results. These f*nd*ngs *n the l*terature 
demonstrate that LLAS *s useful *n cl*n*cal pract*ce for accurately determ*n*ng whether an *nd*v*dual 
has lower extrem*ty hypermob*l*ty [30]. 

In add*t*on to these d*agnost*c accuracy values, LLAS prov*des a more comprehens*ve assessment by 
evaluat*ng mult*-d*rect*onal movements of the jo*nts *n the lower extrem*t*es. Furthermore, unl*ke the 
Be*ghton scor*ng system, LLAS evaluates both phys*olog*cal (osteok*net*c) and accessory 
(arthrok*net*c) movements. Moreover, *t prov*des more deta*led *nformat*on compared to the Be*ghton 
score, espec*ally for pat*ents whose cl*n*cal presentat*on *s dom*nated by lower extrem*ty *nstab*l*ty. 
These features make LLAS an advantageous assessment tool for evaluat*ng lower l*mb hypermob*l*ty. 

The results of our study demonstrated that the Turk*sh vers*on of the scale has good test-retest rel*ab*l*ty. 
S*m*larly, a study ut*l*z*ng the LLAS *n the ped*atr*c populat*on reported th*s value as excellent for two 
d*fferent raters [21]. The sl*ght d*vergence observed *n the test-retest rel*ab*l*ty of TR-LLAS, relat*ve 
to prev*ous f*nd*ngs, *s l*kely *nfluenced by var*ous factors. These factors may be due to sample 
character*st*cs or m*nor d*fferences *n the appl*cat*on env*ronment. Add*t*onally, d*fferences *n cl*n*cal 
exper*ence, fam*l*ar*ty w*th the scale and appl*cat*on style among evaluators may have *mpacted the 
results. Th*s f*nd*ng supports the use of the *nstrument as a cons*stent and rel*able assessment tool for 
reassess*ng the cond*t*on of the same *nd*v*dual dur*ng cl*n*cal follow-up processes [26]. On the other 
hand, another study *n the l*terature reported moderate rel*ab*l*ty coeff*c*ents for dom*nant and non-
dom*nant extrem*t*es [22]. However, the relevant study compared *n-person mode assessment w*th 
telehealth assessment methods. In th*s context, the ma*n object*ve of the study was to evaluate the 
compat*b*l*ty of remote and face-to-face assessments rather than measur*ng t*me-dependent cons*stency. 
Furthermore, factors such as the adm*n*strat*on of telehealth assessments by parents and the length of 
t*me between assessments *n the relevant study may l*m*t the comparab*l*ty of rel*ab*l*ty values w*th 
our results. Conversely, *n our study, methodolog*cal cons*stency was ensured by conduct*ng all 



Health Sci. Q. 565 
   

 

 This work is licensed under  a Creative Commons Attribution 4.0 International License. 
 

assessments under standard*zed cond*t*ons w*th*n a predef*ned t*me *nterval, performed exclus*vely by 
expert cl*n*c*ans. 

The results of our study *nd*cate that the *nter-rater rel*ab*l*ty of the TR-LLAS *s at a good level. 
Cons*stent w*th these f*nd*ngs, prev*ous stud*es ut*l*z*ng the LLAS have reported ICC values w*th*n the 
'good' rel*ab*l*ty range [19,21]. These results demonstrate that measurements performed w*th the TR-
LLAS y*eld cons*stent results when adm*n*stered by d*fferent raters. Furthermore, th*s ev*dence 
supports the success of the TR-LLAS adaptat*on process and *nd*cat*ng that the cl*n*cal rel*ab*l*ty of the 
assessment tool *s ma*nta*ned [26]. Moreover, the results of test-retest and *nter-rater rel*ab*l*ty analyses 
suggest that TR-LLAS w*ll contr*bute s*gn*f*cantly to the standard*zat*on of cl*n*cal assessment 
outcomes. 

Another *mportant f*nd*ng of our study *s that TR-LLAS showed a s*gn*f*cant and moderate correlat*on 
w*th the Be*ghton score *n the cr*ter*on val*d*ty analys*s. S*m*larly to these results, one study 
demonstrated a h*gh level of agreement between LLAS and cl*n*cal op*n*on *n each cohort, *nclud*ng 
the control group, the l*kely hypermob*le group, and the known hypermob*le group [20]. A study 
*nvest*gat*ng the relat*onsh*p between the LLAS and the Be*ghton score revealed a strong correlat*on *n 
both the 'poss*ble' and 'known' hypermob*le groups, whereas a moderate correlat*on was observed *n the 
control group [19]. The d*fference *n correlat*on between the control group and the hypermob*le groups 
may be due to the anatom*cal d*str*but*on of jo*nt hypermob*l*ty. S*nce the Be*ghton score allocates only 
two of *ts n*ne po*nts to the lower extrem*t*es, hypermob*l*ty *n other jo*nts of the lower l*mbs may 
rema*n undetected. Therefore, the correlat*on between Be*ghton and LLAS scores *n the control cohort 
may be low. These f*nd*ngs demonstrate that the scale accurately measures the structures *t *s 
theoret*cally des*gned to assess. 

To contextual*ze the psychometr*c propert*es of the TR-LLAS, the current f*nd*ngs can be evaluated 
alongs*de foundat*onal LLAS stud*es. The psychometr*c f*nd*ngs of the present study al*gn w*th those 
reported *n both the or*g*nal ped*atr*c evaluat*on and the subsequent adult val*dat*on [19,20]. 
Furthermore, *t *s pert*nent to cons*der tools der*ved from s*m*lar conceptual frameworks, such as the 
Upper L*mb Hypermob*l*ty Assessment Tool (ULHAT). A recent study val*dat*ng the Turk*sh vers*on 
of th*s tool (TR-ULHAT) s*m*larly demonstrated favorable rel*ab*l*ty and concurrent val*d*ty, y*eld*ng 
psychometr*c outcomes that are h*ghly cons*stent w*th our present f*nd*ngs [31]. The cons*stent and 
favorable psychometr*c propert*es observed *n both the TR-LLAS and the TR-ULHAT suggest that 
these reg*onally adapted, l*mb-spec*f*c scales may offer rel*able and complementary approaches for 
assess*ng jo*nt hypermob*l*ty *n Turk*sh-speak*ng populat*ons. 

Desp*te *ts contr*but*ons, *t should be noted that the present study *s subject to certa*n l*m*tat*ons. Our 
study was l*m*ted to young adults *n order to ensure homogene*ty, wh*ch has restr*cted the 
general*sab*l*ty of the f*nd*ngs to ped*atr*c and ger*atr*c populat*ons. The sample *n our study cons*sted 
of young adults aged 18-25 years; ped*atr*c and ger*atr*c populat*ons were not *ncluded *n the study. 
Th*s *s because jo*nt hypermob*l*ty *s developmentally at *ts peak dur*ng the ped*atr*c per*od, whereas 
*t demonstrates a phys*olog*cal decl*ne *n the ger*atr*c per*od due to connect*ve t*ssue changes. The 
l*terature *nd*cates that jo*nt range of mot*on shows a natural tendency to decrease w*th age and that 
connect*ve t*ssue propert*es change [32,33]. A pr*mary *nd*cator of th*s s*tuat*on *s the use of d*fferent 
cut-off values to d*agnose hypermob*l*ty *n d*fferent age groups [29]. Therefore, when test*ng the 
psychometr*c propert*es of the Turk*sh adaptat*on of the LLAS, the sample was l*m*ted to a young adult 
populat*on *n order to el*m*nate the var*at*on created by growth and development factors and to ensure 
data homogene*ty. It *s recommended that future stud*es analyse the psychometr*c propert*es of the TR-
LLAS us*ng samples from d*fferent age groups. It *s also recommended that the performance of the TR-
LLAS *s compared *n cl*n*cal subgroups, *ts construct val*d*ty *s evaluated *n deta*l us*ng factor analys*s, 
and spec*f*c*ty and sens*t*v*ty values for the Turk*sh populat*on are determ*ned us*ng Rece*ver 
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Operat*ng Character*st*c (ROC) analyses. F*nally, med*cat*on use was not *ncluded among the var*ables 
assessed *n th*s study. Future research could *ncorporate systemat*c documentat*on of med*cat*on use to 
account for *ts potent*al *nfluence on cl*n*cal assessments of jo*nt mob*l*ty and neuromuscular funct*on. 

Conclusion 

The present study demonstrates that the TR-LLAS *s a val*d and rel*able *nstrument for evaluat*ng lower 
l*mb funct*on *n Turk*sh-speak*ng populat*ons. By prov*d*ng a culturally adapted and psychometr*cally 
val*dated vers*on, th*s study f*lls a s*gn*f*cant gap *n the assessment of general*zed jo*nt hypermob*l*ty 
w*th*n th*s demograph*c. The TR-LLAS serves as a standard*zed tool that supports cons*stent evaluat*on 
across cl*n*cal and research sett*ngs, wh*le *ts d*chotomous scor*ng format fac*l*tates t*me-eff*c*ent 
assessments, potent*ally enhanc*ng *ts w*despread adopt*on. 

In cl*n*cal pract*ce, the *ntegrat*on of the TR-LLAS allows cl*n*c*ans to standard*ze the screen*ng and 
mon*tor*ng of pat*ents w*th suspected lower-l*mb hypermob*l*ty. By prov*d*ng a structured and 
object*ve assessment, *t supports more accurate track*ng of funct*onal status over t*me and enhances 
cl*n*cal dec*s*on-mak*ng. Beyond *ts cl*n*cal ut*l*ty, the ava*lab*l*ty of the TR-LLAS fac*l*tates 
compar*sons between Turk*sh and *nternat*onal stud*es, thereby support*ng future mult*center and cross-
cultural research. However, these f*nd*ngs should be *nterpreted w*th*n the context of the study des*gn 
and sample character*st*cs. Future research should *nvest*gate the respons*veness of the TR-LLAS to 
therapeut*c *ntervent*ons across d*verse cl*n*cal populat*ons and evaluate add*t*onal measurement 
propert*es, such as long*tud*nal performance. In conclus*on, the present f*nd*ngs prov*de strong ev*dence 
that the TR-LLAS *s a val*d, rel*able, and pract*cal *nstrument for the assessment of general*zed jo*nt 
hypermob*l*ty *n Turk*sh-speak*ng *nd*v*duals. 
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Append;x (;n Turk;sh) 

 

 

TR-Lower L;mb Assessment Score  
 

 Sağ Sol 

Pas<f kalça fleks<yonunda d<ğer bacağın yatakla temasının 
kes<lmemes< (SUPİN POZİSYONDA) 

 

  

Kalça ve d<z fleks<yonda topuklar b<rleş<kken femur lateral 
kond<ller<n<n yatağa teması (SUPİN POZİSYONDA) 

 

  

Femoral kond<ller yatakla temas hal<nde <ken pas<f olarak 
topukların en az 3 cm kaldırılab<lmes< (SUPİN 
POZİSYONDA) 

 

  

Kalça ve d<z 90o fleks<yonda, ayak yatakta sab<t <ken 
anter<ora doğru t<b<adan kuvvet uygulandığında t<b<anın 
bel<rg<n şek<lde anter<ora gelmes< (SUPİN POZİSYONDA) 
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Kalça ve d<z 90o fleks<yonda, malleol ve ayak b<leğ< sıkıca 
tutulup t<b<a <ç ve dış rotasyona çevr<ld<ğ<nde t<b<al 
tüberkülün toplam 2 cm’den fazla hareket etmes< (SUPİN 
POZİSYONDA) 

 

  

D<z 45o fleks<yonda <ken ayak b<leğ< dors<fleks<yona 
<t<ld<ğ<nde ayak b<leğ<n<n 15 dereceden fazla dors<fleks<yona 
g<tmes< (SUPİN POZİSYONDA) 

 

  

D<z 45o fleks<yonda <ken b<r el <le t<b<anın anter<oru stab<l<ze 
ed<l<p, d<ğer el <le, topuk poster<or ve plantar yüzüne anter<ora 
doğru b<r <tme uygulandığında kalkaneus ve talusun anter<ora 
hareket<n<n h<ssed<lmes< (SUPİN POZİSYONDA) 

 

  

Ayaklar yatak ucunda <ken topuğun poster<or yüzey<nden 
tutulup <nvers<yona hareket ett<r<ld<ğ<nde talusun lateral 
kısmının çok bel<rg<n olması (SUPİN POZİSYONDA) 

 

  

Ayaklar yatak ucunda m<dtarsal eklem subtalar eklemden 
<zole ed<l<p ön ayağa <nvers<yon yönünde kuvvet 
uygulandığında en az 45 derecel<k <nvers<yonun görülmes< 
(SUPİN POZİSYONDA) 
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Ayaklar yatak ucunda, arka ayak stab<l<ze ed<l<p ön ayak 
abdüks<yon/addüks<yon ve dors</plantar fleks<yona hareket 
ett<r<ld<ğ<nde tüm düzlemlerde 1’er cm den fazla hareket 
olması (SUPİN POZİSYONDA) 

 

  

Ayaklar yatak ucunda, baş parmağa dors<fleks<yon yönünde 
kuvvet uygulandığında 90 dereceden fazla dors<fleks<yon 
görülmes< (SUPİN POZİSYONDA) 

 

  

Hasta ayakta dururken ayağını <nvers<yona get<rmes< ve o 
poz<syonda tutması ve tekrar normal duruş poz<syonuna 
gelmes< <sten<r ve ayak gözlen<r. Hareket yapılırken ayak 
arkının aşırı derecede ve kolayca azalması ve talusun med<ale 
taşması 

 

  

TOPLAM PUAN 
  

 

 

 




