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ABSTRACT

Though Brody’s navicular drop test is a clinicaglid predictor of navicular height to characteriaech of human
foot, normative values have not been yet provatatl also the effect of demographic variables ornicudar drop
were not explored. The purpose of this study waitbout the normalative values of navicular drofpBrody’s
Navicular drop test. And to correlate the effecagk, gender, BMI and foot length on navicular drbp2 healthy
subjects, 51 males and 61 females of age 20 ()9ye&xs, height 1.6 (1.5, 1.7) m, weight 55 (4762, kg. ND
measurement of both feet were taken, all demogcaghidiia were measured to see any correlation exitst WD.
Results revealed that normative median value foRNDor male was found to be 6 (3, 8) and female faasd to
be 4 (3, 5). Normative median value for NDLT forlenand female was found to be 4 (3, 6) and 3 (2, 5)
Spearman’s rhog|) for age versus NDRT(right foot) was found to tEs(Qp=0.1), age versus NDLT (left foot) was
found to be 0.17 (p=0.07). Spearman’s rp) for height versus NDRT and NDLT were found t® (p=0.45)
and 0.15 (p=0.1) respectively. Spearman’s rho feighit versus NDRT and NDLT were found to be 0.2(4
and 0.32 (p=0.001) respectively. Spearman’s rhoBbtl versus NDRT and NDLT were found to be 0.2 (p3D
and 0.25 (p=0.01) respectively. Spearman’s rhonfi@an foot length (MFL) versus NDRT and NDLT wetmdioto
be 0.08 (p=0.4) and 0.19 (p=0.048) respectivelye Rlormative values of ND for male and female wéverg All
the demographic parameters did not show co-relatidth ND except a low co-relation with BMI with Ndhd a
borderline statistical significance with MFL and ND was demonstrated.
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INTRODUCTION

The structure and the movements of the foot arehesrucial for a person’s wellbeing and for opfifuaction of
the body [1]. Because the medial longitudinal gitdi.A) is the primary shock-absorbing structure loé tfoot, this
area of the foot is particularly important for fdanhction [2].

The medial longitudinal arch (MLA) plays an impartarole in shock absorbance and energy transfeinglur
walking [3,4]. Arch function depends on the shapthe foot [4], bony structure [5], ligamentouslstiy [6,7], and
muscular fatigue [8] while factors like race [9,¥0ptwear [11,12], age, and gender [13] are founthfluence the
formation of MLA.
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The feet are vulnerable to structural deficits sastexcessive pronation and supination due toninainate force
applied to the medial longitudaharch during daily activiti¢ [14, 15, 16]. An increased amount of pronation due
ligament laxity and repetitivetresses may cause the medingitudinal arch to diminish. The potential for injuo
the lower extremity is directly reled to the height of the MLA17]. These injuries occur gradually over time ¢
result of repetitive loading, causing creep anddrgsis within the ligamentous system of the [18, 19, 20].

High-arched and loverched foot types seem to be a risk factor for wserinjuries in sport activities. The hi
arched cavus foot has been associated with low faEk syndrome and knee pain, while the low argbladus
foot has been linked with pattogies including Moxn’'s neuroma, plantar fascitis, hallux abducto ws)
chrondanalcia patella and shin splii [20, 21.22]. Dahle [23]found knee pain more common in football play
with pronated or supinated foot types, compareth wéutral foot tye. Williams [24]found higt-arched runners to
have more ankle, bony, and lateral sided injurnésl|e low-arched runners had more knee, medial sided, ari
tissue injuries. Thus quantificatiarf medial arch plays a vital role in categorizimgmogenous group in reseal
studies and also in analyzing te#ect of biomechanics of gait variables changeseoked during locomotion and
understand the efficacy of varioaghotic prescriptions on the basis of foot arch types.

Height of navicular bone isnportant inmaintaining the integritypf medial longitudinal arch as it is situated &
medial side of the tarsus, between the talus bedmddthe cuneiform bones in frc

Navicular height measurement is commonly used tasm@& medial ch height. Different methods have be
purposed by researchdos characterizing MLA. Visual assessment of MLAsHzeen propos: [25]. But found not
to be reliable and valid [26, 27Though many foot print meths are getting advocated for efficacy, navicular d
test and arch indexruncated navicular heic have been proven to be valid and reli [20,28-31,40]. Navicular
drop is defined as the change in height of theawdar bone when the foot moves fronbtalar neutral non weight
bearing to a relaxedeight bearin stance [31§lespite their proven validity, the effect of fodtes on the relativ
drop was not taken into account correlated [32]Brody’s Navicular drop test is a valid predictdrnavicular
height in non weight bearing and weight bearingtfmsto characterize the arches of the foot, hceverormative
values has not been provided. Br [33], Beckett [34], and Mueller [3%]ave merely reported 15, 13, and 10 r
respectively, as pper limit range for normal navicular drop. Brodsported values of ND fewer than 10mm
normal and values over 15mm as abnormal. Fu [1] recommended that normal values have not yet
confirmed as foot length, age, gender, and Body MassxI@MI) may influence the navicular drc

Thus this study waaimed to find normalative values of navicular deopd also to see the effect of demogra,
measures such as body weidtgight, BM|, foot length, age on navicular drop.

MATERIALSAND METHODS

Fig.1 Materialsrequired for the study
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METHODOLOGY

It is across sectional study, convenient sampling methiaghtzd, samples based on the pilot study conducted®
subjects the sample size estimation was 112 witta&éptable margin of error estimating true population mes
Materials needed for the study given in [Figurevéfe Index card, Vernier caliper, Custom made Bagkrdevice
Marker, Weighing machine, Stadiome

The study was approved by the institutional ethezahmittee. Inforred @mnsent from the participants v taken.
Subjects selected for this studsere tealthy individuals, both male and femaled age group betwe 18-30 yrs.
Exclusion criteria were subjects with recent fraetof foot (within 6 months), foot deformitierecent injury to
foot, any neuromuscular disease of lower extre andlow back pain within 1 year of duratioSubjects who met
inclusion and exclusion criteria were selected fioe study. Demographic data was obtained from lad
participants. Navidar drop was measur using Brody methodThe purpose and procedure of the study
explained to all the subjects.

PROCEDURE:

Individual subject was placed in a sitting position with tHekt flat on a firm surface with the hip and knélezed
to 90 degree and ankle joints in neutral posi [Figure 2] Subtalar neutral position is achieved when t
depressions are equal on medial and lateral sidheofinkl [36][Figure 3]The examiner takes measurement
Kneeling in front of the subjectVhile the subject was still on a sitting position, a dats marked on the navicul
tuberosity [Figure4]An index card was placed and was marked at thed t&f navicular tuberosi [Figure5]. Then
the subject was asked to bear an equal weight tinthe foo and was asked to stand. The new position of naai
tuberosity was marked in index c [Figure6] The difference between the marks in index card maasured wit
vernier caliper in millimetefrigure?’. Both right and left feet was assessed.

Fig. 2 Subject in a sitting position with hip and knee 90 degree and anklein neutral position.

MEASURING FOOT LENGTH
Custom made Bronnack device was used for meastirénfpot length in this study [3t

The subject was asked to bear equal weight onthe feet. One end of brannock device is held at#ieaneun
and the other end to the tip of the great toe whielasures the foot length. [Figure
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Fig.5 Navicular height on an index card in sitting.
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Fig.6 A new position of navicular tuberosity in standing position marked on a
Index card.

Fig.7 Measurement of ND by using vernier caliper in mm.

Fig.8 M easurement of foot length using custom made Brannock Device.
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STATISTICAL ANALYSIS

The subjects included for the study were 112 indlgdoth male and female who were healthy, takemfAlvas
Education Foundation. Statistical Package for $&@ences, Version-16 (SPSS-16) has been useanfiyzing
the collected data. Normality of the collected dats established by Kolmogorov—Smirnov. The dadia'tifollow
the normal distribution; hence we expressed debegistatistics median (IQR) and 95% confidencerivel. Left

and right Navicular drop was compared using wiladosigned-rank test. Difference between male andiferwas
established by Mann-Whitney U test.

The co-relation between the demographic parametedsNavicular drop and the demographic parametas w
established by Spearman rank co-relation.

RESULTS

112 healthy subjects of age 20 (19, 22) years hibdig (1.5, 1.7) m, weight 55 (47.25, 62) kg BMIL2 (18.6,23.5),
Mean foot length (FL) 24.1 (22.5,25.4) given in Teab. Out of which 51 were male and 61 were fenodlege 19
(18, 22) years and 20 (19, 21) years respectiwdiyeight 1.7 (1.7, 1.8) m and 1.57 (1.5,1.6) npeesively, of
weight 60 (54, 68) kg and 50 (44.5, 57) kg, BMI12518.2,23.6) for male and 19.8 (18.4,23.1) fordéamFL for
male 25.5 (24.5,26) and 22.7 (22,23.9) for femah® were participated in this study illustratedlable 2. As the
data doesn't follow the normal distribution the ahtendencies was expressed in median (IQR) &% €l.

Subject participated in this study was tested f@ M right and left foot between male and femalel dhe

normative values are shown in Figure 9. The subjeetre also tested for the foot length.

As there was no significant difference in right defi foot length, median foot length was takenegivn Table 3.
MFL for male was 25.5 (24.5, 26) cm and for females 22.7 (22, 23.9) cm. Overall Static ND rangexmfr2-
11mm. 93.8% of the population had an NDRT less 8ram and greater than 2mm. 96.4% of the populdtazhan
NDLT less than 9mm and greater than 2mm.

Table 1 narrates median values of demographic data

PARAMETERS | MEDIAN (IQR) | 95%ClI

N 112

Age 20 (19,22 19.620.7
Weigh' 55 (47.25,6: | 53.657.¢
Height 1.6 (1517) | 1.61-1.64
Bmi 20.2 (18.6,23.5)] 204217
Mean FL 24.1(225,25.4) 23.8-24]5

Table 2 narrates demogr aphic characteristics between male and female.

PARAMETERS MALE FEMALE p-value
n=51 n=61

Age 19 (18,22) 20 (19,21) 0.7
(19.621.1 (19.7-20.6

Height 1.7 (1.7,1.8) 1.57 (1.5,1.6) | <0.001
(1.6-1.7) (1.5-1.6)

Weight 60 (54,68) 50 (445,57) <0.001
(58.7-64.7) (48.8-53.3)

BMI 21.5(18.7,23.6)| 19.8 (18.4,23.1)] <0.35
(20.4-22.3) (19.9-21.8)

Mean FL 25.5(24.5,26)| 22.7(22,23.9) | <0.001
(25.1-25.9) 22.7-23.3)

Spearman’s rhopj for age versus NDRT was found to be 0.15 (p=Catjg versus NDLT was found to be 0.17
(p=0.07). Spearman’s rhe)(for height versus NDRT and NDLT were found to®@7 (p=0.45) and 0.15 (p=0.1)
respectively. Spearman’s rho for weight versus NER#@ NDLT were found to be 0.2 (p=0.04) and 0.32(p01)
respectively. Spearman’s rho for BMI versus NDRT &DLT were found to be 0.2 (p=0.03) and 0.25 (p40].

respectively. Spearman’s rho for MFL versus NDR@ &DLT were found to be 0.08 (p=0.4) and 0.19 (p48)
respectively. (Table no 4)
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ND between male and female

p=0.003

6(3.8)

MALE FEMALE

Figure 9 produces normalative values of ND on right and left foot.
NORMATIVE DATA OF NAVICULAR DROP

Table 3 narrates values of median foot length.

NAVICULAR DROP | MEDAIN(IQR) | 95%ClI
Right 5 (3,6) 0.46-0.54
Left 4(3,5) 0.39-0.47

CORRELATION OF DEMOGRAPHIC PAREMETERSWITH ND

Tableno.4 showsthat the co-relation between demographic parameter swith navicular drop on both right and left foot.

DEMOGRAPHIC NDRT NDLT
PARAMETERS | SPEARMAN'S RHOp) | SPEARMAN'S RHOp)
Age 0.15 (p=0.1 0.17 (p=0.07
Heigh 0.07 (p=0.4% 0.15 (p=0.1
Weight 0.2 (p=0.04)* 0.32 (p=0.001)**
BMI 0.2 (p=0.03)* 0.25 (p=0.01)*
Mean FL 0.08 (p=0.4) 0.19 (p=0.048)*

*- Significant at (p < 0.05); **-Significant at (g 0.01)

According to Porteny and Watkin's criteria low degrof positive association was found between weighsus
NDRT and NDLT with spearman’s rh)(0.2 (p=0.04) and 0.32 (p=0.001) respectively.wladegree of positive
association between BMI versus NDRT and NDLT witleaman’s rhop) 0.2 (p=0.03) and 0.25 (p=0.01)
respectively. No association was found betweenvagsus ND and height versus ND. However, whilerrteting
results caution should be taken for MFL versus NDAtTcording to Porteny and Watkin’s criteria it si®a low
co-relation with borderline statistically signifitep=0.048[Table no.4].

DISCUSSION

This study investigated the normative value of Ni anfluence of age, gender, height, weight, BMHt doot
length on ND. Normative median value for NDRT foalmwas found to be 6 (3, 8) and female was foonget4
(3, 5). Normative median value for NDLT for maledafemale was found to be 4 (3, 6) and 3 (2, 5)s®tudy
found that the overall normative median value faemand female showed a minimal difference of 1mneneas
the difference between male and female, right efiddot showed 2mm and 1mm respectively.
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Brody [33] has suggested the uppermost value oimb®, considered as abnormal as and lower than 10mm
considered as a normal value. Brody Navicular despis a static measurement of ND. Though Brodyrtwd given

a separate value for right and left feet, the stadgports the Brodys borderline value. This studg given a
separate value for right and left feet for botherahd female. Mueller [35] has suggested a borgedf 10mm for

the static ND. The result of this study matchesMheller recommendation; however they have sugdesiat there
might be change in dynamic ND as foot length mégcafthe ND.

The median ND for male right foot was 6 (3, 8) nfor,left foot was 4 (3, 6) mm whereas female rifgut was 4
(3, 5) and for left foot was 3 (2, 5). But Nield&2] measured a dynamic ND using a VSA and fountean ND of
5.3 (+ 1.8) mm for male and 5.2 (L.6) mm for female.

Mark. W.conwell [30] has suggested the height & NB between foot flat and heel-off was 7.9 mm. Bhealy
reported that the NB seems to undergo significantical as well as medial displacement during taace phase of
normal walking. Menz Hb [20] has suggested thatstiatic ND test is the best measure of the foohation which
can be a useful tool for measuring foot pronation.

Male participants had a mean drop of 6mm in riglet fand 4mm in left feet where as 4mm for right seed 3mm
of left for female respectively. Bandholm [37] refenl a significant difference in static ND of 2.8mbetween
injured and healthy participants and the staticwi3 not adjusted for foot length which he purpdsgabthetically
to be the cause of injury. Reduction of ND valuddémale compared to males might be attributed tallemfoot
length. In this study female mean foot length wa¥@m and male mean foot length was 25.5cm.

The study of demographic parameters such as aggtheeight, BMI and foot length which were comgarwith

ND have resulted in either no co-relation or a viemy co-relation. A very low co-relation was fouletween
weight and BMI to navicular drop. BMI versus NDRMABNDLT with spearman’s rhg) 0.2 (p=0.03) and 0.25
(p=0.01). Similarly, low degree of positive asstioia was found between weight versus NDRT and NDih
spearman’s rhopj 0.2 (p=0.04) and 0.32 (p=0.001) respectivelyeldén [32] suggested that age and BMI has no
significant co-relation in NDHowever, this study did not include participantshwBMI larger than 29.6 and
participants older than 30 years. Therefore ittils snknown that whether BMI larger than 29.6 midiave an
influence on ND. In this study a very low co-retatiwas found between ND and BMI.

Arzu Erden [39] found the level of navicular drdgY), was greater in individuals with a higher thormal weight
in males and in total subjects (p male ND= 0.00%tpl ND= 0.001). This study showed no co-relatimiween
MFL and NDRT. However, MFL and NDLT showed a lowrmabation with borderline statistical significarithis
study was static ND test but Nielsen [32] suggetheatithe dynamic navicular drop is influenced bgtflength and
gender. Hence, further studies can be done toftigets the dynamic ND relating with foot length.

CONCLUSION

The normative values of ND for male and female vealeulated where male ND values were higher coethty
female. All the demographic parameters taken didshow co-relation with ND except a low co-relatioetween
weight and BMI with ND and a borderline statistisajnificant co-relation between MFL and NDLT was
demonstrated. The study supports the null hypatheesi rejects the alternate hypothesis.
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