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ABSTRACT 

Purpose:  Although  the function  of  subjects  with  chron ic  ankle instab il i ty  (CAI)  has  been  

examined,  structural  ana lys is by ul trasound scanning of  the struc ture s surrounding the ank le 

is  l imited .  Before such s tructural  comparisons be tween injured and uninjured people can be  

made i t  i s  impor tan t  to  invest igate a  re l iab le measurement protocol  of  structures possib ly 

rela ted to  CAI.  The a im of  this s tudy was to  invest iga te the in ter - intra  examiner  rel iabi l i ty  

of  ul trason ic character i s t ics of  selected s truc tures in  heal thy subjects.   

Methods:  Eleven hea lthy par t icipan ts were assessed by an experienced sonographer  and  

inexper ienced cer t i f icated examiner .  Ul trasound  images were col lec ted of  the ATFL leng th  

and ankle muscles of  gas trocnemius media l i s  (GM),  t ib ia l i s  anter ior  (TA) and  peroneals .  

Thickness was measured  for  the muscles,  whilst  cross-sect ional  area (CSA) was measured  

for  the peroneals.  Inexperienced examiner  repea ted the measurements a  week la ter .   

Results:  In ter -examiner  rel iab il i ty  was exce llent  for  al l  s t ructures ( ICC 3 , 1  = 0.91-0,98) .  

Intra-examiner  re l iabi l i ty  shows exce llen t  agreement for  al l  s truc tures ( ICC 3 , 1=0.92-0.98)  

except  GM (good  agreement)  ( ICC3 , 1  = 0.82) .  LoA, rela t ive to  structure  s ize ,  ranged from 

1.38% to 6 .88% for  inte r -rel iabi l i ty  and  from 0.07% to  5 .79% for  intra -rel iabi l i ty .   

Conclusion:  This study shows a h igh level  of  in ter - in tra  examiner  re l iab il i ty  in  measuring  

the struc tures possib ly rela ted to  CAI.  Future research has been planned  to  invest iga te the 

structural  analys is  in  CAI by using appl ied MSUS pro t oco l .  

Key Words:  Ultrasound Imaging ,  Ankle ,  Muscle Tissue,  Ligaments ,  Cross -Sectional  

Anatomy  

 

 

 

 

 

 

 



1.INTRODUCTION  

Lateral  ank le spra in  (LAS) i s  the most  common ankle in jury and fol lowing their  f irs t  ank le -

spra in ,  up  to  34% of  people exper ience at  least  1  re - spra in  wi thin  3  years  [1] .  Up  to  74% of  

people wi th  a  pr ior  LAS exper ience repea ted bouts of  the join t  “giving  way” and  

mechanica lly  lax ity  of  injured l igaments  and/or  functional ly  neuromuscular  contro l  loss are 

among the  poten tial  r i sk  factors for  chron ic ankle instabi l i ty  (CAI)  [2;  3 ] .  

The Anter ior  Talof ibu lar  Ligament (ATFL)  i s  the most  f requent ly  injured l igament  during  

an LAS [2]  and  c l in ica l  eva lua tion  of  the  ATFL provides information  on jo int  ins tabi l i ty .  

This can be  e l ici ted us ing manual  jo int  stress  tes ts ,  which  involve  c l inicians  inducing  

passive movement of  the ind ividual’ s ankle ,  taking i t  to  the end of  i ts  range  of  motio n  to  

assess l igament integri ty  [4] .  Indeed,  i t  has been showed tha t  these c l inical  tes ts  are not  

rel iable nor  accurate enough to  determine the  exten t  of  ta locrural  jo int  laxi ty  [5;  6] .  

Alterna tively,  stress rad iographs measure the amount of  ta lar  movement rel a t ive to  the t ibia  

when the  ank le  i s  s tressed  in  an  an ter ior  or  invers ion d irect ion and al lows for  a  more 

quanti ta t ive assessment [7] .  However ,  stress rad iography involves ion iz ing radia t ion and a  

sui tab le faci l i ty  i s  no t  a lways avai lab le [7] .   

Musculoskeletal  u l trasound scanning (MSUS) offers an a l te rnat ive and  can provide sta t ic  

and dynamic images of  s tructures around  the a nk le [8] .  Croy et  al .  ident i f ied grea ter  ATFL 

length  in  ind ividuals wi th  CAI  compared to  un injured people  [9] ,  and MSUS has simi lar ly  

been used  to  evalua te  l igament lax ity  during  the manual  an ter io r  drawer tes t  and  stress  

radiography  [10 ;  11] .  Jo int  s tab il i ty  has also  been quant if ied us ing MSUS by  measuring  the  

dis tance be tween the bony landmarks  of  lateral  mal leolus and talus [9] .   

Muscular  st ructure and neuromuscular  funct ionali ty  also con tr ibu te to  ankle stabil i ty  and 

previous s tudies showed that  t ib ial is  anter ior  (TA),  gastrocnemius media l i s  (GM) and  

peroneal  longus (PL) d i ffer  in  those with  CAI versus con trols [12-14] .  Analys is  of  ank le 

muscle arch itecture may help to  exp la in  these var ia t ions of  neuromuscular  funct ional i ty ,  

such  as muscle  th ickness and cross  sec tional  area (CSA)  which  a re  associa ted  with  muscle  

force [15]  and muscle  weakening/atrophy  or  st rengthen ing /  hypert rophy [16] .  The  "go ld 

standard" for  measur ing  muscle i s  magnetic  resonance imaging (MRI)  and computer ized  



tomography  but  these  a re of ten inaccessib le  [17] .  MSUS has been shown to  be  va lid  for  

assessing muscle  CSA [18]  and th ickness [19]  compared to  da ta f rom MRI.   

Addi t iona lly ,  several  studies have fai led  to  measure  muscle contr ibut ions to  CAI in  a  way  

that  ref lec ts  the  different  moment arms and act ivat ion pa tterns that  d if ferent  ankle muscle  

have,  ins tead measur ing the ank le p lantar  f lexors  as a  whole ra ther  than as separate  muscles 

[19-22] .  I t  fol lows tha t  rel iabi l i ty  of  measures of  the ind ividual  muscles has ye t  to  be shown.   

The purpose  of  the  s tudy  was  to  invest iga te  in ter  and in tra -examiner  rel iabil i ty  o f  MSUS of  

the se lec ted structures  a round the ank le in  un injured sub jec ts .  Th is  was a  precursor  to  study  

on indiv iduals who have  experienced  LAS.  

2.MATERIALS and METHODS  

2.1.Data Col lect ion  

A sample of  e ight  females and three males (mean age of  30.50±4.57 years,  mean BMI of  

23.09±2.63)  was recru ited from a  universi ty  students and staff  popula t ion.  Par t ic ipants  who  

were over  18 years old  and had no se lf - reported lower l imb d isorders or  systemi c d isease  

affec ting the musculoskele tal  system (e .g .  diabetes,  rheumato id ar thr i t is)  were inc luded.  

Ethics approval  was obtained from the Univers i ty’s Research Ethics Panel  (Reference no:  

HSR1617-106) .  Wri t ten  informed consent  was obtained from each par t ic ipant  before data  

collect ion.  

Ult rasound scanning of  par t icipants was performed by an exper ienced sonographer  with  5  

years (RA) (examiner  1)  and inexperienced cer t if icated  physiotherap is t  (BO)  who had  

at tended tra ining  in  MSUS scanning  of  the foo t  and ankl e over  a  s ix -week per iod  (examiner  

2) .  

2.2.Scanning Protoco l  

Ultrasound images were  collec ted by a portable  Venue  40 MSUS system (GE Heal thcare,  

UK)  with  a  5–13  MHz wideband l inear  array probe.  The scanning was  performed 

independently  in  random order  by ea ch examiner  within the same session for  inter -examiner  

rel iabi l i ty ,  and inexperienced examiner  repea ted the measurements a  week later  for  the  



in tra-examiner  re l iab il i ty .  The  researchers were  bl ind  to  any pr ior  measurements dur ing  

scanning sessions.   

Length of  ATFL: The par t icipant  sat  on the examination bed wi th  ex tended legs and a 

neutra l  foo t  posit ion with  0°  of  dors if lexion /plantar  f lex ion which was main tained by  

holding in  an ank le  by a foot  or thosis  (AFO) during scanning (Figure  1) .  The  examiner  

placed  the transducer  locat ing i t s  poster ior  edge  over  the  dis ta l  la tera l  malleolus  to  image  

the ATFL between la tera l  mal leo lus and ta lus.  ATFL measurement was taken from the or igin  

at  the anterola teral  aspect  of  the la teral  malleolus and ends at  the peak of  the  talus  

represent ing the s i te  where the ta lar  neck meets the an ter ior  border  o f  the lateral  ta lar  

ar t icular  surface [9] .  In  the second posit ion,  scanner  maintained the ankle in  maximum 

plantar  f lexion and inversion  posit ion by ho lding talus to  be  sure of  extending the l igament  

maximally  during  scanning and  placed  the  transducer  in  the same way as the  scanning of  

ATFL in the neutra l  posi t ion (Figure 1) .  The US images of  ATFL in t wo posi t ions are shown 

in  Figure  1 .   

Thickness  and  CSA of  Peroneals:  Thickness and  CSA of  peroneals  were  measured  

separately  as PL and PB. Prev iously,  MSUS imaging of  peroneals  were performed a t  50% 

of  the distance  be tween f ibula head and la teral  malleolus,  but  the s truc tural  fea tures of  PL 

and PB was no t  observed independent ly  [23] .  Fol lowing pi lot  tes t ing  of  this s tudy,  we 

detec ted  tha t  PL was no t  suff icien tly  c lear  a t  50% of  the  dis tance  be tween f ibu la  head  and 

latera l  malleolus  and determined  that  30% dis tance from the f ibula head to  la teral  mal leo lus 

would be more appropriate  loca tion  for  measures  of  CSA and thickness of  peroneals 

separately .  PL and PB CSA were measured with  the transducer  in  t ransverse direc t ion and 

the transducer  p laced in  the longitud ina l  direct ion for  thickness  measurement .  Provided that  

the l ine between PL and  PB was clear ,  the image was saved  for  the th ickness measurement 

(Figure 2) .  S ide and  middle boundar ies of  muscle f ibres  in  the image were used to  save the  

imaging  of  Peroneals (Figure 2) .  

TA Thickness:  The scanning point  of  TA th ickness was performed a t  20% distance between  

the f ibu la  head and la teral  malleo lus by us ing a tape s imi lar ly  the pro tocol  in  [23]  and with  

the probe posi t ioned  transversely .  The  probe was changed to  a  long i tudina l  posi t ion  for  



measurement of  th ickness  when the maximum achievab le end po int  l ine  of  TA was imaged.  

The th ickness  of  TA was measured as the d is tance be tween the superf ic ia l  and deep  

boundaries of  muscle f ibers  in  the middle  of  the  image  (Figure 3 )[23] .  

GM  Thickness:  GM thickness  was  scanned at  1/3  of  the d istance  from the t ib ial  la tera l  

condyle to  the latera l  malleolus,  similar  to  [24] ,  and the probe moved media l ly  to  the GM.  

At the area,  the maximum achievab le th ickness of  GM was searched af ter  the probe was  

brought into  the  longitud inal  posi t ion.  The  distance be tween  superf icia l  and deep  boundaries 

of  muscle f ibers  in  the middle  of  the image was  measured for  the  GM th ickness (Figure 4) .  

2.3.Data Analysis  

Each ul trasound image was measured by each examiner  using ImageJ sof tware (Nat ional  

Inst i tu te  for  Health ,  Bethesda ,  MD, USA) .  An average of  three measurements was calcula ted  

for  each assessment.  In trac lass Correlat ion Coeff ic ien t  ( ICC) and Limits of  Agreem ent  

(LoA) were used to  analyze  rel iab il i ty .  ICC values were interpreted  according to  the 

suggest ion  of  Koo e t  a l  [25] .  In  add it ion,  Bland Altman analyses were showed as graphics.  

3.RESULTS  

Inter -examiner  re l iabi l i ty  was excel len t  for  al l  s tructures ( ICC 3 , 1 =0.91-0 ,98) .  LoA, re lat ive  

to  s truc ture s ize ,  ranged from 1.38% to  6 .88% for  in terre l iabi l i ty .  PB thickness  had the  

lowest  ICC (0.91) .  The  mean thickness measurements were 1 .42 cm 2  and 1.36 cm 2  for  

examiner  1  and examiner  2 ,  respect ive ly (Table 1) .  The CSA  of  peroneals  had the highest  

ICC (0.98)  and the mean  CSA measurements were 4 .42 cm 2  and 4.26 cm 2  for  examiner  1  and  

examiner  2 ,  respec tive ly (Table 1) .  Bland Al tman Analysis of  inter -  examiner  re l iabi l i ty  

was shown in  Figure  5 .  

Intra-  examiner  re l iabi l i ty  shows excel lent  agreement fo r  al l  s tructures ( ICC 3 , 1=0.92-0 .98)  

except  GM which showed good agreement  ( ICC 3 , 1=0.82) .  LoA, rela t ive to  s truc ture  s ize,  

was 0 .07% to 5 .79% for  selected s truc tures.  GM thickness had the lowest  ICC (0.82)  and  

the mean thickness measurements were 1 .68 cm 2  and 1.68 cm 2  for  test  1  and tes t  2 ,  

respect ive ly (Table 2) .  The CSA of  peroneals  had the h ighest  ICC (0 .98)  and  the  mean CSA 



measurements 4 .42 cm 2  and 4.32 cm 2  for  test  1  and tes t  2 ,  respect ive ly (Table 2) .  Bland  

Altman Analys is of  in tra-examiner  rel iabi l i ty  was shown in  Figure 6 .   

4 .DISCUSSION  

This study showed h igh  inter -examiner  re l iabil i ty  when assessing selec ted ank le  l igament 

and muscles us ing MSUS. For  in tra-examiner  re l iab il i ty  there was lower  rel iabi l i ty  but  s t i l l  

excel len t  agreement fo r  al l  s tructures excep t  GM th ickness,  which equated to  good rather  

than excel len t  agreement.   

Cl inica l  assessments such as the anter ior  drawer  and tala r  t i l t  tes t  [26]  are large ly subject ive  

and objec tive  measures such  as ATFL leng th have been used  to  quantify  ankle join t  lax ity  

or  ins tabi l i ty  [4;  5] .  The  high leve l  of  inte r  and intra  examiner  rel iabi l i ty  ident if ied in  this  

study,  coupled with  grea ter  accessib il i ty  of  MSUS and re l iabi l i ty  of  even novice examiner s,  

suggests that  MSUS of  ATFL is re l iab le means of  evalua ting ankle l igaments for  c l in icians .  

The high leve ls o f  in tra  examiner  re l iabi l i ty  o f  ATFL length is  a  common thread in  the 

l i tera ture  [27]  and this s tudy indicates  that  rel iabil i ty  i s  no t  sensi t ive examiner  experience  

(assuming min imum tra ining has occurred,  s ix  weeks  in  this case) .   

There was lower agreement when the  ankle was in  i t s  st ressed posi t ion compared to  the  

neutra l  posi t ion.  This perhaps ref lects  the  subject ive  nature of  def ining “end  of  range  of  

motion”  and indeed Croy et  a l  [9]  sought to  address this by using a dev ice to  induce ankle 

motion.  We used manual  manipula t ion of  the ankle as this be tter  ref lec ts what i s  poss ible  

in  a  c l in ical  se t t ing and  because devices are no t  eas i ly  avai lab le,  nor  validated  as be ing 

sui tab le for  inducing the  correc t  motion ( i .e .  d irect ion and range) .   

Peroneal  muscles,  spec if ica l ly  the ac t ivat ion of  PL as a  possib le in jury mechanism for  LASs 

or  the under lying cause of  CAI [12;  28-32] .  However ,  bo th higher  and lower PL ac tivat ion 

[12;  29-35]  has been reported in  CAI,  albei t  during var ious funct ional  or  sport- related  tasks.  

Thus,  a  structural  ana lys is of  PL and PB may offer  some addit ional  ins ights where funct ional  

tasks do no t .  A low level  of  in ter -examiner  agreement ( la rge LoA) was  observed for  the  

CSA measurements (6 .88% and 4.95%).  Muscle  boundarie s between muscles and locat ion 

var iab il i ty  of  PL compared to  PB might be  fac tors a ffec t ing  th is .  However ,  CSA of  PL and  



PB had high in ter  ( ICC of  0 .97 and 0.98)  and intraexaminer  agreement ( ICC of  0 .93 and  

0.94) .  Our da ta  might  therefore  vary  from resu lt s  employing d ifferent  measurement 

loca tions than the pro tocol  used by Crofts  e t  a l  [23] .   

We have observed excel lent  in ter  and good in tra-examiner  rel iab il i ty  for  GM th ickness.  The  

resu lt  of  in tra -examiner  measurement may be due to  the d iff iculty  in  detect ion of  the poin t  

of  maximum GM th ickness,  due  to  i t s  geometr ic  nature.  Earl ier  rel iabi l i ty  tes ts  of  MSUS 

based  measures of  GM have included  older  adu lts  [36] ,  young  chi ldren  [37]  and post  st roke 

patients [38] ,  or  focused  instead on  the  dif ferences between  res t ing and contrac ted GM [39] .  

Some research also focused  on ly on the lower leg  [40] ,  poster ior  lower  leg [22]  or  group of  

ankle f lexors [19] ,  and this i s  the f ir s t  to  repor t  direc t ly  on  only the GM.  

Some of  the l imi tat ions of  the  study  were the inc lus ion un injured ra ther  than in jured  ankles,  

and subject  & assessor  numbers.  Others have advocated tha t  pennat ion  angle of  muscle 

f ibres may ref lec t  muscle performance due to  i t s  proper ty  of  being inverse ly proport ional  

to  force and shor tening speed  [41]  and this  could  be  considered  in  fu ture  work  to  

complement CSA and th ickness.   

5.CONCLUSION 

This study  indicated a  high  level  of  in ter - in tra  examiner  re l iabi l i ty  in  measur ing  the  

structures possib ly related to  CAI in  hea lthy sub jec ts .  These measures can be used in  future 

work on injured ankles  to  study the po tent ia l  contr ibu tions of  struc tural  da mage and 

functional  adap tat ions to  CAI.   
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Figure 1: Probe location and ultrasound images of Anterior Talofibular Ligament in neutral and 

stressed position 

 

 

 



 

Figure 2: Probe location and ultrasound images of Peroneus Longus and Peroneus Brevis 

 

 

 

 

 

 



 

Figure 3: Probe location and ultrasound images of Tibialis Anterior 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 

Figure 4: Probe location and ultrasound images of Gastrocnemius Medialis 
 

 



 

Figure 5: Bland Altman Analysis of inter-examiner reliability, respectively: ATFL length in neutral and 

stressed position, Tibialis Anterior thickness, Gastrocnemius Medialis thickness, Peroneus Longus (PL) 

and Brevis (PB) thickness, Cross Sectional Area (CSA) of PL, PB and Peroneals 



 
 

Figure 6: Bland Altman Analysis of intra-examiner reliability, respectively: ATFL length in neutral and 

stressed position, Tibialis Anterior thickness, Gastrocnemius Medialis thickness, Peroneus Longus (PL) 

and Brevis (PB) thickness, Cross Sectional Area (CSA) of PL, PB and Peroneals 

  



Table 1.  Interclass Correlation Coefficient and Correlation Analysis to show inter - 

examiner reliabil i ty 

 
 

Examiner 1 

(mean ± SD) 

 

Examiner 2 

(mean ± SD) 

 

ICC
3,1

 

95% CI 95% LoA 

 (cm or cm
2

) 

LoA (% 

average 

structure 

size) 

 

Correlation 

Lower Upper Lower Upper 

ATFL L (neutral) 1.89±0.28 1.88±0.25 0.96 0.86 0.99 -0.15 0.23 2.12 0.939 

ATFL L (stressed) 2.19±0.26 2.12±0.24 0.93 0.68 0.98 -0.29 0.13 3.52 0.910 

TA T 2.34±0.45 2.42±0.47 0.97 0.88 0.99 -0.23 0.37 2.97 0.948 

GM T 1.63±0.20 1.68±0.17 0.92 0.70 0.98 -0.14 0.24 2.95 0.880 

PL T 0.67±0.17 0.68±0.21 0.94 0.77 0.98 -0.18 0.20 1.38 0.904 

PB T 1.36±0.24 1.42±0.24 0.91 0.69 0.97 -0.20 0.32 4.08 0.851 

PL CSA 1.14±0.36 1.22±0.35 0.97 0.81 0.99 -0.13 0.29 6.88 0.955 

PB CSA 2.82±0.75 2.96±0.89 0.98 0.89 0.99 -0.24 0.53 4.95 0.985 

Peroneals CSA 4.26±1.11 4.42±1.24 0.98 0.93 0.99 -0.37 0.69 3.66 0.980 

ICC3,1 >0.8 were classed as good, ICC3,1 >0.9 as excellent, ATFL: Anterior Talofibular Ligament, TA: Tibialis Anterior, GM: 

Gastrocnemius Medialis, PL:Peroneus Longus, PB: Peroneus Brevis,  L: Length, T: Thickness, CSA: Cross-Sectional Area, Values are mean 

± SD in cm. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Table 2.  Intraclass Correlation Coefficient and Correlation Analysis to show intra - 

examiner reliabil i ty 

 
 

Examiner 1 

(mean ± SD) 

 

Examiner 1 

(mean ± SD) 

 

ICC
3,1

 

95% CI 95% LoA 

(cm or cm
2

) 

LoA (% 

average 

structure 

size) 

 

Correlation 

Lower Upper Lower Upper 

ATFL L (neutral) 1.88±0.25 1.85±0.24 0.96 0.87 0.99 -0.13 0.15 0.68 0.967 

ATFL L (stressed) 2.12±0.24 2.11±0.24 0.92 0.72 0.98 -0.19 0.20 0.33 0.917 

TA T 2.42±0.47 2.33±0.40 0.93 0.76 0.98 -0.24 0.41 3.48 0.942 

GM T 1.68±0.17 1.68±0.18 0.82 0.45 0.95 -0.22 0.21 0.07 0.817 

PL T 0.68±0.21 0.72±0.19 0.91 0.69 0.97 -0.22 0.13 5.79 0.908 

PB T 1.42±0.24 1.42±0.26 0.94 0.78 0.98 -0.18 0.18 0.14 0.936 

PL CSA 1.22±0.35 1.21±0.41 0.93 0.78 0.98 -0.27 0.28 0.14 0.945 

PB CSA 2.96±0.89 2.87±0.70 0.94 0.79 0.98 -0.46 0.63 2.90 0.967 

Peroneals CSA 4.42±1.24 4.32±1.12 0.98 0.94 0.99 -0.32 0.52 2.21 0.988 

ICC3,1 >0.8 were classed as good, ICC3,1 >0.9 as excellent, ATFL: Anterior Talofibular Ligament, TA: Tibialis Anterior, GM: 

Gastrocnemius Medialis, PL:Peroneus Longus, PB: Peroneus Brevis,  L: Length, T: Thickness, CSA: Cross-Sectional Area,  Values are 

mean ± SD in cm. 

 

 

 


