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ABSTRACT

The purpose of this study was comparison betweggtHeof the thumb and the first metatarsal in peogtposed
with hallux valgus (HV) and healthy people. Onedred fourteen middle age (20-30 years-old) per2it8(feet)
based on hallux valgus angle (HVA) divided intontcol group (74 feet), mild HVA (88 feet) and madterHVA
(66 feet). Radiography picture was used for analydWA. Then picture was taken by scanner and rebear
variables measured by using AutoCad software. Tselts of this study did not show significant défeces
between groups in length of the first of metatamsadl distal phalanx of the hallux (p>0.05). Thed#n of the
Proximal phalanx of the hallux in mild and moderaf® groups was significantly shorter than contrabgp
(p=0.001). Also the length of the thumb in mild andderate HV groups was shorter then control gr¢ag0.05).
The maximal amount of hallux deviation was in mitdhderate HV an control group respectively (p=0.00there
wasn’t significant different between 1 and 2 intetatarsal angle (IMA) between control and mild goou
(p=0.732). The angle between 1 and 2 intermetatarsanoderate HV was significantly higher then eoht&and
mild HV groups (p<0.05). Also dislocation of ses#@tdobones there was not significant different betwgroups
(p=0.001). It is concluded, that length of the tfimetatarsabnd phalanxes the hallux cannot considered as an
endogenous risk factor in mild to moderate HV.

Keywords: Hallux valgus, First metatarsophalangeal joint,llltka valgus angle, Intermetatarsal angle, First
metatarsal

INTRODUCTION

Structure of human foot is very sensitive and caxpjet it has full capabilities in weight-bearingdashock
absorbed. Foot problems and suffers in modern tyoai@ common pains and deformities. These def@sire
marked by biomechanics factors infection, and sy&talisease (1). Hallux valgus is commonest deftyrithiat in

middle-age female is more than others. Hallux valgua progressive foot deformity that is charaotel by a
lateral deviation of thumb with corresponding médiaviation of the first metatarsal [2]. Hallux gak is a
common condition in which the first metatarsophgkal (MTP] joint becomes progressively subdueddifento

lateral deviation of the hallux, and bony enlargatr the first metatarsal head and thumb addacsetond finger
and compresses this finger and is located undenadt [2,3]. Late-stage changes may render theukgdhinful and
without functional utility, leading to impaired g4®, 3]. Also if do not treatment as soon as fussiit effects on
other areas of foot and create other abnormalifgan [2, 4].
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Literature review showed various environmental,ajien and anatomical predispositions as causesioptoblem,
but the exact cause of hallux valgus is unknown J3ierefore etiology of hallux valgus deformitissdomplex.
Besides intrinsic factors like heredity [5, 6],tffaot [5, 7], contracture of the Achilles tendat],[hypermobility of
the first metatarsocuneiform joint [7, 8], neuromuigr disorders, including cerebral palsy and =rpK. Finally,
extrinsic factors are also involved; fashion foctwean play an important role as a major extrifesitor [4].

Length first metatarsal and length of the proximlahlanx of the hallux, length of the distal phalarixhe hallux
were reported major intrinsic factors related wthie of hallux valgus deformities [7, 9]. Medicakliature showed
excessively long or excessively short first metahas an etiology of hallux valgus [9]. The ina® protrusion of
the first metatarsal was reported a cause of tHaxhaalgus deformity [9-12]. Paradoxically, an essively short
first metatarsal has also been attributed to tlodogty of hallux valgus [13]. Also, the alteratiomthe length of the
hallux, length of the proximal phalanx of the halland length of the distal phalanx of the hallus ha&en related
with the etiology of hallux valgus, specifically @&xcessive length [10, 14, 15]. Therefore, basedanralateral
reported results in the previous resarches invaiigs this issue is critical and important. Thisdy was designed
to compare length of hallux and the first metatiaisgpeople exposed with hallux valgus and healbepple to
identify the role of first metatarsal and lengthhallux in hallux valgus deformity.

MATERIALS AND METHODS

Participants

The subjects of this study were patients that resssuto the Clinical Radiography Service at thenllgty, and
students of the Payame Noor University of llam wimdunteered to participate in this research dutimg same
period. The present study was performed since dgn@809 until June, 2011. The subjects that padied in
present study had to fulfill the following inclusi@riteria: to be in the 3rd decade of life (20y2ars), the growth
epiphysis had closed, never to have undergone arsimdar surgery of the foot, never to have séffeserious
injury to the foot that might have altered its bommrphology, HVA of 5°-35°, do not have degenemtiv
osteoarticular diseases or neuromuscular imbalatwaiot have deformities of the forefoot that coaftect the
results of the study. A total of 137 subjects (25&) were initially included. Finally 114 subje¢®28 feet) in base
of HVA divided to one of the three study groupscantrol group of feet normal, a group of feet witlld and
moderate HV. The subjects comprising the controligrhad to have HVAess than 15°, The subjects of the mild
HV group had to have HVA greater than 15° and thas 25° and the subjects of the moderate HV giagto
have HVA greater than 25° and less than 35° [4]9,IBerefore control group was included 37 peomlégh 74
foot), mild HV group 44 subjects (with 88 foot) amsbderate HV group was included 33 people (witticas).
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Figure 1. Radiographic parameters were measureda HVA, hallux valgus angle; IMA, intermetatarsal ande; b the lengths of the first
metatarsals;c the length of the proximal phalanx of the hallux;d deviation bony lateral sesamoid

Procedure
The following variables were studied; length of fivet metatarsal, length of the proximal phalarixte hallux,
length of the distal phalanx of the hallux, andginof the thumb (obtained from the sum of the thagf the

178
Scholars Research Library



Afshin Moghadasiet al Annals of Biological Research, 2013, 4 (1):177-182

proximal and distal phalanges of the hallux). Otherasurements were made the HVA, an IMA and amofint
dislocation bony lateral sesamoid.

All measurements were performed by the same rdsear8 dorsoplantar weight-bearing radiograph veden for
each individual, with both feet together, with tée inclined 15° to the vertical and at a tub@lject distance of
1 meter [9, 17]. A digital image of each radiograpds made using a scanner, allowing the exploratiogmages on
positive film. The radiographic measurements werdenusing AutoCAD software (version 2007), of prove
efficacy for this task [9, 18]. All the radiographparameters were measured in accordance with qugyi
described procedures; HVA and IMA angle [16], teedths of the first metatarsals [10], the lengtlthef proximal
phalanx of the hallux as well as the length ofdistal phalanx [19] and amount of dislocation béatgral sesamoid
[20, 21]. Also, dislocation of internal sesamoidnbowith Head of first metatarsal was graded by Acaer
Orthopaedic Foot and Ankle Society’s (AOFASs) methbhis means that O degree or natural positiadedree or
mild position (passing sesamoid of lever first reatsal bone lesser than 50%), 2 degree or modesiion
(passing sesamoid of lever first metatarsal boneerti@an 50%) and 3 degree or sever position (pgs&samoid of
lever first metatarsal bone completely) [20,21p(Fe 1).

A one way analysis of variance (ANOVA) design wampleed to examine the possible differences. In cafse
statistical significance, the post-hoc LSD test wasducted to determine pairwise differences. Tdta dhet all the
assumptions for linear statistics and the Levetesswas used to assess homogeneity of varianeed&etgroups
(p>0.05). Moreover the Kolmogorov-Smirnov test vpesformed as a check of normality (p>0.05). A digant
level was accepted at the 95% confidence (Cl) Idgelall statistical parameters. P-values below50v@ere
considered statistically significant.

RESULTS
Table 1 shows descriptive information of subjectsexample age, height and weight. The results stidhat there
is no significant difference between study groupsedrms of age and weight (p>0.05). But there gnificant

difference in terms of height (p= 0.001) (Table 1).

Table 1 Descriptive information of subjects (Mearx standard deviation)

Groups Age (y) Height (cm)  Weight (kg)
Control 23721 1751%7.3 714411
Mild HV 24324 171.749.8 70.9#2.1

Moderate HV  23.1 #1.9 170.3#10.7 69.4#10.6

In table 2 shows average and standard deviatidength of first metatarsal, length of phalangehafrhb length of
the proximal and distal phalanx of the hallux. H@Ad also IMA. The results showed that there isigoificant
difference between study groups in terms of lergjtifirst metatarsal and distal phalanx of the hal{p>0.05).
Observed difference in other variables were sigaift (p<0.05). Results of LSD test showed that tleraf the
proximal phalanx of the hallux in mild and moderét¥ groups was significantly shorter than in cohigooup
(p=0.001). But observed difference between mild amtlerate HV groups wasn’t significant (p=0.529)sdAin
relation with length of thumb, the results showhkdttthe length of this finger in mild (p=0.003) anwderate
(p=0.006) HV groups was shorter than control groo, there wasn't significant difference betweerdnand
moderate HV groups (p=0.995). In relation with H\#e results showed that there was the most demigtionild,
moderate and control HV groups respectively. Thifeilence was 6.77° between control and mild HV ugprs
15.64° between moderate HV and control groups aBi’&etween mild and moderate groups that théfrehces
was significant (p=0.000). In amount of IMA angheete is no significant difference between contrad anild HV
group (p=0.732). This angle in moderate HV grous wignificantly more than control (p=0.025) anddrilV

groups (p=0.044) (Table 2).
Table 2. Comparison of Radiographic parameters beteen groups

Parameters Control Mild HV ~ Moderate HV F P-value
1MMT length 61.4+5.8* 59.6+6.1 59.816.6 1.94 .146
PFH length 33.243.3 30.6+3.5 30.9+3.3 13.66 .001
DFH length 25.842.9 25.7+3.6 25.4+2.3 331 719
Hallux length 58.9+5.7 56.3t5.9 56.615.2 5.60 .004
HVA 13.1#1.5 19.842.7 28.4+2.1 830.7 .0001
IMA 10.1+2.4 10.3%1.5 10.9+1.4 298 .043

* Radiographic parameters were measured is expressaillimeters

Also in terms of amount of dislocation sesamoid dsothere was significant difference between studiedips
(p=0.001). The result of statistic analysis showet only 6.8% of subject of control group expoaéh moderate
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dislocation and none of them doesn’t exposer wétves dislocation. Around 32% in mild HV group exposvith
moderate and sever dislocation and around 36% hareal position but none of subjects in moderate ditvup

don’t have normal position and 53% of them expag@tht moderate to sever dislocation of sesamoid bdRégure
2).
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Figure 2. Dislocation of sesamoid bones

DISCUSSION

The result of this study showed that there is gmifcant difference in terms of length of first tatarsal between
study groups. Munuera et al. (2008), investigateddffect of length of first metatarsal in HV disedn 2 group
with safe thumb (HVA angle lesser than 15°) anddriV group (HVA angle 15°-30°) and showed that tbngf
first metatarsal in HV group (67.91+4.41) was g¢eedhan control group (65.48+4.67) [9]. The resilthis study
was similar with Coughlin and Shurnas (2003). THetermined that length of first metatarsal in HVigrats was in
normal range and it was not more than persons seite thumb [19]. However, Munuera et al. (2008)ré&gl that
differences in terms of first metatarsal betweentiad and HV group were not significant clinicallyecause these
differences are relatively small. However, thiffedence is important in HV dieses with attendedrnitrease the
length of first metatarsal between groups [9]. Tleaetic factor may be were cause of contradictesylt in our
results with other articles. Some study indicateat genetic context is the most important factar$lV disease.
They reported that genetic was cause of 68% of i¥¥¢ase [17]. Other study indicated that wearingourfortable
shoes is also one of the important factors in HV $® with attended to this results, further reskas needed.

The result of this study showed that the lengtbrokimal phalanx of the thumb as well as lengtihofmb in mild
HV group is significantly shorter than control gpowbut there were no significant differences betwegld and
moderate HV groups. Also in terms of length of a@igthalanx of thumb there was no significant défere between
three groups. Some authors reported that the lesfgthoximal phalanx of the thumb in persons witi I3 greater
than healthy people. In contrast these studiegratiudy reported significant difference betweenléngths of first
phalanx of thumb with HVA [23]. However, some stglindicated that the length of thumb is effecfaetor in
HV disease. Munuera et al. (2008), showed thatehgth of thumb and proximal phalanx of the thumkpérson
with HV is greater than healthy person; but no igent differences between the length of distadlphx of thumb
in two groups was reported [9]. The studies shothatlif the lever of first metatarsal and the hallvas more than
enough long, the pressure received by the halluthe push-off phase of gait, and the pressure ofwiear
generated, is required to shorten that lever. Biiod segmentary deviations of metatarsal in tHejoé plane is
one of the ways to access this aim. The deviatibas must be produced in the first metatarsal &edhiallux to
compensate this excessive length require a joaitatiows movement in the oblique plane, so thatis as a hinge.
When excessive length is combined with a roundeghesiof the head of the first metatarsal (as is freguent in
the hallux valgus deformity) the deviation takeagal at the level of the metatarsophalangeal jdihe hallux
moves in abduction under normal conditions bec#éusalready located a little in this position P4]. It seems that
shorter length of hallux than normal status mayseawof this problem. The deviation in oblique plah o
metatarsophalangeal joint may be created becaushaoof length of lever in the push-off phase oft gaid also
pressure of ground in walking on top of hallux. $&eesults confirm that more and less than eno@idgéngth of
proximal phalanx could be cause of HV.
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The maximum thumb deviation was respectively indnilV, moderate HV and control groups in relatedHiéA
angle. Moreover, there is no significant differebetween control and mild HV groups in amount ofAMBut this
angle in moderate group was significantly more tbamtrol and mild HV. Studies determined severityH¥ using

of radiography evaluation and HVA and IMA evaluatid 6]. The HVA is the intersection of the longitndl axes
of the proximal phalanx and the first MT. The IM#&the intersection of the longitudinal axes offil& and second
metatarsals. A normal HVA and IMT were consideredbe less than 15°, and 9°, respectively. The IMA i
considered to be less than is considered normddl MV is defined as an HVA and IMT less than 20ddal1°,
respectively. Moderate HV is introduced as a HVA & T less than 20°-40°, and 16°, respectively.e&8eHV is
defined as a HVA and IMT more than 40° and 16°peesively [4, 16]. This definition is a little bdifferent in
researches.

The results showed that there was significant diffee between dislocations of sesamoids bone afpgrcOur
results indicated that sesamoid bones in contmligwas normal but mild and moderate HV groups sepavith
moderate to severe dislocation of sesamoid, reispéct The big sesamoid and fibular sesamoid baresunder
first MTP joint between tendons of interensic masabf foot. These bones move on anterior and postehile HV
created and improved. Moreover, fibular sesamaidted in to posterior and caused degenerativetiarian MTP
joint [3]. Scranton and Rutkowski (1980) qualitaliv evaluated the extent of cartilage and subclainbone
damage in 35 cadavers having hallux valgus. Erosfahie plantar surface of the metatarsal head pwasent in
every specimen having completely dislocated ses#sri@b]. Therefore, with attended to gained restithis study
and moderate to severe dislocation of sesamoid shanenild and moderate HV groups we must attended t
dislocations of these bones and to sever of HVAI&MA in HV disease and radiography evaluation.

CONCLUTION

With attended to gained result of this study we saythat persons with mild and moderate HV grdupee shorter
thumb than people with normal thumb. Also HVA, IMiiid sesamoid bones dislocation IN HV people areemor
than healthy people. But there was no significaffiérdnce in length of first metatarsal betweenug® Therefore,

it seems that the length of first metatarsal dasteeffect on HV disease. But the length of thumis wect on HV
disease. The length of first metatarsal and phatdrthumb aren't intrinsic risk factor in createdldnto moderate
HV diseases. The contradictory results betweenltre$ypresent studies with other investigations rhaybecause
that the severity of HV diseases related to lifdestactivity types, age and genetic of subjectdfeBences in
measurements’ instruments and procedures may lee exiplanation for conflicting results. Therefoitejould be
recommended that HV factors of each investigatisnussed individually. The authors considered ghitnitation

of this study was using of two-dimensional imagesvaluate tridimensional elements.
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