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Abstract
Obj ect ive: To analyze the consequences of lexor retinaculum (FR) section on the kinetic 
behavior of the scaphoid, triquetrum and capitate bones under axial load.
Mat erial  and met hod: A 6 degree-of-freedom electromagnetic motion tracking device 
with sensors at tached to the scaphoid, t riquet rumcapitate and radius was used to monitor 
spat ial changes in carpal bone alignment  as a result  of isomet rically loading the main 
motor writs muscles. Six wrists from fresh cadavers were used, in which the principal 
motor tendons were subj ected to loads proport ional to physiological cross sect ional area 
of each muscle. The experiment was carried out with the wrist in the neutral position, 
before and after the FR section.
Result s: After FR section, the scaphoid showed less lexion (P = .05) and a higher degree 
of radial inclination (P = .03) compared to the same experiment with the FR intact. The 
kinetic behavior of the triquetrum did not change signiicantly.
Discussion: According to the results of this study, the isolated section of the FR did not 
produce greater instabilit y of the scaphoid. If  so, the scaphoid should have a higher 
degree of lexion, but exactly the opposite movement happens.
Conclusion: Resection of the FR alters the kinetic behavior of the scaphoid under axial 
load, but  does not  produce greater instabilit y in the carpus. Pillar syndrome may not  be 
as a result  of scaphoid instabilit y, but  due to another type of dysfunct ion that  needs to 
be determined in future studies.
© 2010 SECOT. Published by Elsevier España, S.L. All rights reserved.
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Introduction

Carpal tunnel syndrome is one of the most  frequent ly-t reated 
hand surgery pathologies. In cases where symptomatology is 
progressive, with pain and signiicant paresthesias, the 
t reatment  of choice is surgical decompression of the median 
nerve by resection of the anterior annular ligament or lexor 
retinaculum (FR) of the carpus. Despite the fact that the 
majority of pat ients improve with surgical t reatment , there 
is a signiicant number of patients who present disabling 
postoperative symptoms, with constant pain in the proximal 
palmar scar together with loss of st rength. This is the so-
called “ pillar pain syndrome” . There has been speculat ion as 
to whether this type of complicat ion is related to an alleged 
carpal instability.1-4 According to this hypothesis, the FR 
would help to prevent  scaphoid collapse by prevent ing its 
lexion under axial load. With the aim of clearing this up, a 
trial study was undertaken on the spatial changes of the 
scaphoid, t riquet rum and capitate bones produced by 
applying an isometric axial load, in a neutral position, before 
and after resecting the FR. 

Material and method

Six upper limbs belonging to fresh cadavers donated by the 
Faculty of Medicine at the Autonomous University of 
Barcelona were used to carry out  this study. The mean age 
of the specimens was 77 years (range: 55-88 years); there 

were 3 males and 3 females, 4 left  arms and 2 right  arms, 
all with a type I lunate, that  is, without  an independent  
distal art icular facet  for the hamate bone. Preparat ion of 
the anatomical part consisted of skin and subcutaneous 
tissue resection, identiication and isolation of the major 
wrist  motor tendons in the middle third of the forearm, 
maintaining the retinaculum of the extensors and lexors 
intact. The tendons of the extensor carpi radialis longus 
(ECRL), abductor pollicis longus (APL), extensor carpi ulnaris 
(ECU), lexor carpi radialis (FCR) and lexor carpi ulnaris 
(FCU) in the middle third of the forearm were thus isolated. 
All ingers were disarticulated at the metacarpophalangeal 
joint. The dorsal carpal ligaments were identiied and a 
limited capsular resection was undertaken so as to not 
damage the extrinsic dorsal radio-piramidal and transverse 
radiocarpal ligaments, or int rinsic ligaments so that  sensors 
could be correctly itted. The extensor carpi radialis brevis 
tendon had to be resected so that  the scaphoid sensor could 
be correct ly posit ioned. The anatomical part  was placed in 
a support  that  was specially designed for this study, in an 
upright  and neut ral supine posit ion with two Steinman nails 
placed in the radius and ulna. The wrist  posit ion was 
cont rolled by an int ramedullary Kirschner wire in the third 
metacarpal. This wire was connected to a semicircular 
device j oined to the upper part  of the support , which 
allowed the wrist  to be placed in any posit ion for it s 
subsequent isometric load. The support had a proximal-
distal sliding mechanism in it s upper part  that  allowed 
adj ust ing the curvature cent re of the semicircular guide of 

PALABRAS CLAVE

Carpo; 

Escafoides; 

Túnel carpiano; 

Inestabilidad carpiana

Estudio experimental de las consecuencias de la sección del retináculo lexor sobre 
la estabilidad del escafoides

Resumen

Obj et ivo: Valorar de forma experimental las consecuencias de la sección del retináculo 
lexor (RF) en el comportamiento cinético del escafoides, piramidal y hueso grande, bajo 
carga axial.
Mat erial  y mét odo: Utilizando sensores de posición y orientación, tipo Fastrak™, se rea-
lizó un registro de los cambios de orientación espacial del escafoides y piramidal en re-
lación al radio, al aplicar una carga axial. Para ello se utilizaron 6 muñecas de cadáver 
f resco, cuyos principales tendones motores fueron suj etos a cargas proporcionales al 
área seccional isiológica de cada músculo. El experimento se llevó a cabo en condiciones 
de carga isométrica, con la muñeca en posición neutra, antes y después de seccionar  
el RF.
Result ados: Tras la sección del RF, el escafoides manifestó una menor lexión (p = 0,05) y 
una mayor inclinación radial (p = 0,03) que cuando la misma carga se aplicó en la muñe-
ca con RF íntegro. El comportamiento cinético del piramidal no cambió signiicativa-

mente.
Discusión: Según los resultados de este trabajo, la sección aislada del RF no genera una 
mayor inestabilidad del escafoides. Si fuese así, el escafoides debería presentar un ma-
yor grado de lexión y en cambio ocurre todo lo contrario.
Conclusión: La sección del RF modiica el comportamiento cinético del escafoides bajo 
carga axial, pero no genera mayor inestabilidad carpiana. El síndrome del pilar no debe-
ría ser entendido como la consecuencia de la desestabilización del escafoides, sino de 
otro tipo de disfunción a determinar en futuros estudios.
© 2010 SECOT. Publicado por Elsevier España, S.L. Todos los derechos reservados.
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the device to the carpal rotation axis at capitate head level 
(ig. 1). The tendons were connected to a system of pulleys 
with a thick nylon thread, to which weights were applied to 
simulate muscle forearm contraction. The Fastrak™ system 
(Polhemus Inc., Colchester, Vermont, USA) was used to 
register movement  changes in the carpal bones. This 
consisted of placing sensors in the bones to be studied and 
creating an electromagnetic ield where we could 
dynamically detect  the posit ion (in Cartesian coordinates X, 
Y and Z) and orientat ion (Euler angles: azimuth, elevat ion 
and rotat ion) in real t ime of each mobile element  to be 
studied. Four sensors were used for this study, operating on 
a 30Hz refresh rate frequency and with a short  range 
t ransmit ter (specially designed for follow-up areas) that  
covered a radius of 2.54cm to 60.9cm. The precision of this 
system was 0.08cm for posit ion and 0.15º for spat ial 
orientation. The sensors were irmly placed on the dorsal 
area of the radius, scaphoid, t riquet rum and capitate bones 
using nylon screws, and avoiding the use of metallic ixings, 
which could interfere with the electromagnetic ield. 
Following recommendations from previous publications,5-7 
the load applied to each tendon was proport ional to the 
t ransverse sect ional area of ??the corresponding muscle and 
to the electromyographic activity present when ists are 
clenched. A load with an equivalent  weight  of 1.5 Newton 
(N) was placed on each tendon so as to mimic muscular tone 
at rest. Weights equivalent to 9.8N for APL, 24.5 N for ECRL, 
14.7 N for ECU, 13.7 N for FCR and 21.5 N for ECU were used 
to mimic muscle cont ract ion. The t ransmit ter coordinate 
system and 4 receptors were calculated according to the 
longitudinal axis of the radius. The Z axis was deined along 
the longitudinal axis of the radius, the Y axis was established 
along the frontal plane perpendicular to the Z axis, and the 
X axis was located in the sagittal plane, perpendicular to 
the Z and Y axes. Consequently, the rotation around the Z 
axis (azimuth) corresponded to pronation and supination, 
rotation around the Y axis (elevation) corresponded to 

lexion and extension, and rotation around the X axis 
(rotat ion) corresponded to radial and ulnar t ilt .

To assess the FR section effect, we compared the spatial 
position changes caused by axial load of the sensors located 
in the radius, scaphoid, t riquet rum and capitate bones, 
before and after its section. Five consecutive determinations 
were carried out  in all cases and the mean was used to 
determine the sensor changes of posit ion. These 
measurements were statistically analysed using the Wilcoxon 
test  for paired data, with SPSS v15 software. The dif ference 
was considered statistically signiicant when p<0.05.

Results

The data collected and stat ist ical analysis are summarised 
in tables 1, 2 and 3. With the FR whole, the application of 
an axial load determined a synchronous bone movement in 
the lexed proximal row. The scaphoid lexes an average  
(± standard deviat ion) of 2.41º±0086º and the t riquet rum, 
2.41º±0.80º. Aside from the lexion, we also detected 
rotat ions on the t ransversal plane as scaphoid supinat ion 
(0.60º±0.71º) and pyramidal pronat ion (0.14º±0.77º).

After the FR section, although the overall movement 
direction in its pronation/supination and lexion/extension 
was the same as when the FR was intact, the scaphoid 
magnitude of rotation registered statistically signiicant 
changes, with a lesser lexion (p<0.05) and greater radial 
tilt (p<0.03) (table 4). In contrast, the kinetic behaviour of 
the triquetrum after the FR section was not statistically 
different to that registered with a complete FR.

Discussion

Carpal tunnel syndrome is the most  common peripheral 
compression neuropathy in the upper limbs.1,8 There are 
more than 7,000 art icles related to carpal tunnel syndrome 
and yet  the best  diagnost ic and t reatment  method for this 
pathology, together with the results of the dif ferent  surgical 
t reatments used, are st il l disputed.9

The t ransverse palmar carpal ligament , also called the 
anterior annular ligament or (more commonly) lexor 
retinaculum (FR), has been classically deined as the palmar 
carpal tunnel limit . This st ructure originates on an ulnar 
level in the pisiform and uncinate apophysis of the hamate 
bone, and on a radial level in the scaphoid and t rapezius 
ridge. According to Cobb et  al,10 the FR is made up of three 
segments: irstly, by the proximal segment, formed by a 
thickening of the antebrachial fascia; secondly, the transverse 
carpal ligament ; and in the distal area, by the aponeurosis 
between the thenar and hypothenar muscles. Based on this 
study, Cobb et  al emphasised the importance of carrying out  
greater release in cases of median nerve compression.

Despite the fact that carpal tunnel surgery is considered 
curat ive, there are many pat ients who have postoperat ive 
complicat ions, such as scar pain, so-called pillar syndrome, 
recurrence of symptoms and loss of st rength. These 
symptoms appear regardless of which type of surgery has 
been carried out , and whether this is open or endoscopic.9,11-13 
We are still unable to establish precisely what the causes of 

Figure 1 Anatomical part  placed in an upright  and neut ral 

supine position on the support speciically designed for this 
study. The Fastrak™ sensors were placed on the radius, 
t riquet rum, capitate bone and scaphoid with a screw and a 

nylon clamp.
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these complicat ions are. It  is obvious that  carpal tunnel 
decompression must have some kind of biomechanical 
effect  on the carpal. There are dif ferent  studies in the 
medical literature that have assessed the effect of FR 
resect ion on the t ransverse carpal arch st ructure, the 
kinetic behaviour of the scaphoids and carpal tunnel 
volume.2-4,14,15 However, the relat ionship of these changes to 
possible dysfunct ions that  can appear after the operat ion 
continue is unknown.

García-Elías et al2 carried out  a cadaver study on the 
mechanical characterist ics of the t ransverse carpal arch 
and analysed the elast ic propert ies of the ligaments involved 
in this structure. In this study, they concluded that FR is not 
a vitally important  st ructure in maintaining the carpal arch, 
given that  its resect ion only reduces the st ructural rigidity 
of the arch by 7.5%. However, the intercarpal ligaments that  
connect  the distal row bones are essent ial for maintaining 
carpal tunnel stabilit y. In another study on 31 pat ients 
published by the same group,3 the dynamic behaviour of the 
t ransverse carpal arch was assessed, as determined by the 
distance between two Kirschner wires placed on the uncinate 
apophysis of the hamate bone and on the t rapezius, when 
lexing and extending the wrist and before and after FR 
resection. Despite the fact that an increase in distance 
between the wires was recorded after the procedure (an 
average of 11%), no substant ial change was found in the 
dynamic behaviour of the t ransverse carpal arch.

Guoa et  al14 used a 3-dimensional model of the wrist ’s 
inite elements and carried out a computerised carpal 
biomechanical analysis after the FR was sectioned. In this 
study, they concluded that such sectioning provoked an 
overall radial t ilt  increase of the carpal bones and that  the 
load distribution on a carpal joint level was modiied.

Ishiko et al15 carried out  a cadaver t rial study to determine 
the kinetic repercussion on the scaphoid in ulnar and radial 
deviat ion movements, when the t ransverse carpal ligament  
is sect ioned. They analysed scaphoid behaviour in 6 cadaver 
forearms before and after sect ioning the t ransverse carpal 
ligament , using a computerised camera to monitor this. The 
data obtained from this study showed statistically-signiicant 
changes in scaphoid posit ion when the wrist  was placed in a 
posit ion of ulna deviat ion start ing from 15º. A stat ist ically-
signiicant change in scaphoid extension with the wrist at 5º 
of radial deviat ion and with 5º or more of ulnar deviat ion 
was also found. Once the FR had been sectioned, a larger 
scaphoid extension starting from 15º of ulnar deviation was 
found. Once the skin incision had been closed, there was a 
reduced movement of scaphoid extension, but this 
movement was still greater and with statistically-signiicant 
dif ferences from 20º of ulnar deviat ion. In that  study, they 
concluded that FR sectioning alters the scaphoid kinetic 
behaviour and that  this alterat ion could have long term 
consequences, and cont ribute to some of the complicat ions 
related to carpal tunnel syndrome surgery.

Bones under axial load in the proximal row tend to rotate 
synchronously,7 despite there being signiicant differences 
in magnitude of rotat ion between the three bones in the 
proximal row. Due to the peculiar arrangement of the 
palmar ligaments and scaphoid t rapezium and t rapezoid 
dorsoradial ligaments, the scaphoid can rotate more in 
lexion and pronation than in lunate, while the triquetrum 

is the bone most irmly connected to the distal row. If the 
dorsal scapholunate ligaments or the lunopiramidal palmar 
ligament  are intact , these angular rotat ion dif ferences 
cause torque and progressive intercarpal coaptat ion 
between the scaphoid and the lunate, and between the 
lunate and the pyramidal, hence cont ribut ing to it s stabilit y. 
If  there is scapholunate ligament  inj ury, the scaphoid is no 
longer const rained by the rest  of the carpal bones and, due 
to its slant with respect to the radial axis, tends to collapse 
in an abnormal position of pronation and lexion; 
simultaneously, the lunate is drawn into an abnormal 
extension under the inluence of the ulnar arcuate ligament. 
This anomalous situation is known as DISI (from the English 
terminology init ials “ dorsal intercalated segment  
instability”). Scaphoid inlexion is restricted proximally by 
the scapholunate ligament  and distally by scaphoid 
t rapezium and t rapezoid ligaments.16 Consequent ly, when 
we discuss scaphoid instabilit y, we refer to scaphoid collapse 
in lexion and pronation.

When we analyse results obtained from the cadaver trial 
study carried out, we see that on applying an isometric axial 
load, there is a t ri-dimensional movement  at  carpal bone 
level, similar to those described by Kobayashi et  al.7 Using a 
trial kinetic analysis model with a biplaner radiographic 
method, those invest igators concluded that  the carpal 
bones under load produced a lexion movement, ulnar tilt 
and supinat ion. The agreement  of the results obtained from 
our study compared to those of Kobayashi et al conirm the 
validity of our t rial model, by obtaining similar results with 
different measurement methods. We see from our study 
that there is a synchronous lexion movement in the proximal 
row. The scaphoid moves in a supine direct ion and t ilt s 
radially, while the pyramidal pronates and t ilt s to the ulnar. 
This movement  produces an increase in the coaptat ion of 
the art icular surfaces between the scaphoid and lunate, 
and between the lunate and pyramidal. This coaptat ion 
decreases the tension generated at  interosseous ligament  
level and has a potent ial protect ive effect  on these ligaments 
against  a possible lesion. In the distal row, the capitate 
bone lexes, supines and tilts radially. The magnitude of 
supinat ion of the distal row is 4 t imes greater than the 
magnitude of the proximal. This difference causes an 
increase in stabilit y at  the midcarpal j oint  level through 
tension of the palmar midcarpal ligaments.

When the FR is sectioned, there are statistically-
signiicant differences at the scaphoid level. Under isometric 
load, the scaphoid magnitude of lexion decreases around 
27%. The scaphoid radial tilt degree also signiicantly 
increases. This increase in carpal bone radial tilt conirms 
the indings of Guoa et al.14 The reason for the biomechanical 
behaviour changes of these bones is probably related to the 
disruption of the FR connection to the pisiform and the 
hamate, and to the scaphoid and trapezium (ig. 2). Once 
sect ioned, the load dist ribut ion that  crosses through the 
carpal is modiied in such a way that muscles that provoke 
a radial tilt - FCR, APL and ECRL- predominate when 
referring to tilts. The decrease in scaphoid lexion could be 
related to the restrictive effect that the FR has on scaphoid 
extension.

In this study, we see that  resect ion of the anterior annular 
ligament  causes a change in the biomechanical scaphoid 
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behaviour in such a way that  when this is sect ioned, there 
is less scaphoid lexion and radial deviation movement not 
only in the proximal but also the distal row. Despite this 
change in kinetic behaviour, if the scaphoid is destabilised, 
it would present greater degrees of lexion and pronation 
under axial load, an effect not observed in our study.

To summarise, FR resection alters scaphoid kinetic 
behaviour under axial load, but does not cause greater 
instability due to this. We have yet to see up to which point 
this change can explain the appearance of certain types of 
dysfunct ions appearing after the operat ion in carpal tunnel 
syndrome surgery.
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Figure 2 Anatomical preparation showing the lexor 
ret inaculum of the wrist ,  connect ions to the t riquet rum and 

the union between the aponeurosis of the thenar and hypothenar 

muscles. aFlexor retinaculum, bFlexor retinaculum connection 
to the t riquet rum and cFlexor carpi ulnaris.
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