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INTRODUCTION

The relationship between bilateral asymmetries involving anatomical,
functional and kinematicfeatureswith runninginjurieshasbeen widdy ac-
cepted (Nigg, 1985; Subotnick, 1981). Orthopaedic surgeons, pediatrists
and coachesall rely on the assumption of symmetry when doing corrective
surgery, prescribingorthotics or correcting symmetricmovement patterns.

Professionalsalso generally believe that bilateral asymmetriesare fun-
damental in explaining running injuries (Clancy, 1980; Smart, 1980; Mc-
Kenzieet d., 1985). It isthought that acute and chronicinjuriesoriginate
from the misalignment o the skeleton, and arecaused by mechanical over-
loading of the locomotor system (Nigg, 1985). The magnitude and the
geometry of the actingforces, are critical to theload exerted on bones, car-
tilage and tendons. Given the plethora of functional and kinematic ir-
regularities possessed by the runner, biomechanical symmetryisaform of
reduced geometry in the acting forces, and may produce asymmetricac-
cumul ated loadswith corresponding damage to the noncontractile tissue.
Evidence has been presented to support associationsbetween leg-length
in equalitiesand runninginjuries(Coplin, 1971). The purpose of thisstudy
was to establish asystematicclassification of runninginjurieswith respect
tobilateral dominance characteristics.
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METHODS

The subject sample included 29 long distance male runners whose train-
ing patternsranged from 2 to 12 years of running, from 6 to 12 months of
consistent training per year,and from 20to160km of training distance per
week, at a pace of 3.67t04.92min/km. They ranged in agefrom 21to 31
years, from 1.64to0 1.89 min height and from55to 79 kg of body mass. The
preferred sidefor each runner wasidentified usingthefollowingquestion-
naire items. writing hand, drawing hand, throwinghand, kickingleg, high
jumpingleg, long jumpingleg, hand grip strength, shoul der height and shoe
wear. Thesedataidentified aclear cut superiority of theright sideinupper
limb dominance with alessdefined yet distinct left side dominancefor the
lower limbs. Theinjury history of each runner was assessed with special
emphasis on the identification of the body side affected as well as the
severity of the symptoms. The degree of injury wasrecorded aseither a
minor disability representing occasional pain, moderate disability causing
an ateration in running styleor amajor disability when the athlete isun-
ableto run. The side of the injury wasindicated by either a +1or -1. A
Cybex I was set at 60°%/s in order to obtain isokineticstrength of the knee
flexors and extensors. At the same time calcaneal flexibility was deter-
mined usingaflexometer. Rearfoot kinematicswere obtained usingaRed
L ake Locam II high speed camera during a treadmill run set at their per-
sonal training pace. After a 10 minute warm up, 10 trials were recorded
at 150 frames per second. Fiverearfoot body markerswere digitized, su-
perior calcaneal tuberocity, inferior calcaneal tuberocity, popliteal center,
achilles tendon and gastrocnemius center. The points were smoothed at
acut off frequency of 6 Hz (Winter et d., 1974) and thefollowingvariables
obtained, lower leg angle, subtalar joint angle, rearfoot angle, angular
velocity and linear velocity (Figure 1). Foot angle was obtained using a
VHS video system (Figure 1).

RESULTS

The multivariate statistical analysis presented in Table 1 identify statisti-
caly significant asymmetries for both talocalcanea flexibility and
isokinetic knee strength. A univariate analysis revealed the range of
talocalcaneal flexibility as the only variable not statistically significant
(Table2). Ankleinversion,eversion and theeversion-inversionratiowere
significantly asymmetrical in the subject sample. 1sokinetic strength of the
flexors, extensors, total strength and theflexor extensor ratio al proved to
be asymmetrical in theinvestigative sample.
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Figure 1: The kinematic referencesystem d the lower extremity
(a posterior surface; b. dorsal surface), and the kinematic parameters
(anglesA, B, T,and 0, Q and V.

TABLE1

Multivariate Test Statisticsdf the Functional Asymmetriesd the Lower
Limbs (n=29)

Multivariate Comparisons WIIk’s Exact DF Sign
Component Set # Lambda F H E F
TCP Asymmetry 1 - 0.25301 30986 2 27 0.000

2 0.23532 2816 3 26 0.000
IKS Asymmetry 3 020492 5238 2 27 0.000

4 0.19832 3503 3 26 0.000
Overall Asymmetry 5 0.13264 40.87 4 25 0.000

6 0.13213 2518 6 23 0.000
#Variables included in each set are defined in Table 2. )
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TABLE 2

Descriptive and Univariaie Sdatstics for the Functional Asymmetrics of
the Lower Limbs {n = 29)
Taksealancal Flexibility [ TCE)y

VWariahjz Pl ultir, Doninani Mondomimant F 2-Tail
[anst) Seld Scan S0 Mean =1 ] Rabio P

EVE{deg) 1.2.56 1021 1% alr 397 HZ.11 funon
IV {degh 1,256 .2l 654 I35 .16 1235 AN i
HAN{deg) " 041 e H.0% 050 o485
EIR 26 052 kig 037 16 67540 000

Ananalysisdf thelower limb kinematics once again proved to revea a
distinct sidedness or asymmetry. Table 3 presents the following variables
at touchdown, absolute rearfoot angle (r) touchdown, absolute lower leg
angle (At) and frontal plane horizontal velocity of thefoot (Vt), the fol-
lowing variables were measured at maximal pronation, absolute rear foot
angle (rp), absolute lower leg angle (Ap), angular velocity of the achilles
tendon angle( 10), foot angle( m) and timeto maximal pronation (Tp), and
the following variables were measured at maximal supination, angular
velocity o the achilles tendon ( ms) and the frontal plane horizontal
velocity of thefoot (Vms). In addition to the abovebasic variablesthefive
following composite variableswere a so included, subtalar joint at touch-
down (Bt), subtalar joint angleat maximal pronation (Bp), relativechange
insubtalar joint angle(Bp), relativechangein rearfoot angle( p) andtime
of foot fall (Table 3). Ananaysisof variance of the kinematic variables
revealed5 of thel0 basi c variablessignificantwith only oneof thefivecom-
posite variablessignificant (Table 3).



TABLE3

Descriptive and Univariate Stetistics for the Kinematic Asymmetries of
the Lower Limbsin the"Running Shoe" Condition (n=29)

Variable Dominant Nondominant F 2-Tail
(unit) Mean SD Mean SD Ratio P
Touchdown
T (deg) -9.37 368 -7.47 4.27 835 0.0007
Al (deg) 815 229 651 211 27.66 0.000
Vt (m/s) 0.27 014 026 0.16 0.67 0.417
Pronation
p ideg) -0.67 293 114 3.23 9.61 0.004
Ap (deg) 10.49 286 8091 271 47.06 0.000
10 (x/s) 311 111 303 1.25 0.18 0.669
e (deg) 4.76 420 399 405 1.08 0.306
Tp (mis]) 9157 1316 8825  17.60 1.88 0.183
Supination
ms (r/s) -3.25 121 -333 1.25 0.26 0.616
Vms (m/s) -0.42 0.12 -0.36 0.14 -4.88 0.036
CompositeVariables
Bt {deg) -1.21 425 -097 4.49 -0.09 0.768
Bp ((deg) 10.83 364 1004 356 1.49 0.232
Bp (deg] 12.05 286 1102 3.46 454 0.042
pdeg) 8.71 240 862 2.94 -0.03 0.856
(ms] 22244 1691 22327  18.00 -0.49 0.487

Negative valuesindicate supinated foot position.

An analysisaf the runninginjuriesasdocumented by our subjectsrevealed
only 13 of 29 subjects(44.8%) had injuries or symptoms affectingoneside
d their body (SIDE): right sidein eight and leftsideinfivesubjects. Based
on the INJLR index, in 15 of the 46 reported injuries (32.6%) both sides
o thebody were affected,four of which the severity of theinjury or thein-
tensity of the symptom was greater on the right side. On the other hand,
only four subjectswerecompletely free o injury in their running careers.
From the 25 remaining subj ects, seven showed symmetricinjury patterns,
whereas9 had the right sideand 9 theleft side affected more than the con-
tralateral. From the 46 reported injuries, 13wered minor (DIS=1) and
29 injuries were of moderated (D1S=2) degree o disability, while only
four were classified as severe (DIS=3). Sx subjects presented a high
index o incidence (INJTOT =4-6), three of which also showed a high
index of total disability (INJDIS=5-9). The meanscoresfor INJTOT and
INJDIS were 240 (+1.75) and 2.86 (+1.99) respectively. Thisindicated
that on average each subject in the sample was affected by approximately
25 different injuries (INJTOT) which resulted in a cumulative degree o
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disabilityof about 3(INJDIS). Ingeneral, it appeared that the sample was
rather highly affected by overuse running injuries.

The injury history datawere cross-tabul ated to reflect number of cases
per injury add body:side affected, and then grouped by major body regions
(Tabled). Thebody regionsmostly affected by therespectiveinjurieswere
knee (n=15) and foot (n=10). Whereas thigh and shank had equal in-
cidence (n=7) and sidedness scores, knee and foot showed a trend of
crossed laterality: the knee was mostly affected on the right side (left =7,
right =11) while the foot segment was mogtly affected on the left side
(left=10, right =6). Overall, the |eft and theright body sidesinthesample
wereaffected by asimilar number of runninginjuries(left=28, right =29).
However, taking functional laterality i nto consideration, these data can be
interpreted as reflecting an overall pattern of compensation in terms of
sites of injuries between the knee and the foot joints: with the knee more
frequently injured on oneside (right for thissample) and thefoot most fre-
guently injured on the contralateral side.

The injuries with high incidence included shin splints (n=6), patel-
lofemoral pain syndrome, hamstring strain, and plantar fasciitis (n=15),
and iliotibial band friction syndrome (n=4). In genera, the patterns o
injury histories of the sample are compared to those of other samples o
longdistance runners (Brody, 1980; Clementset d., 1981; McKenzie et dl.,
1985). With respect toinjurylateralization patterns, there are no available
datato be compared to the resultsof thisanaysis.

Thesubjectsweregrouped into distinct categoriesfor each of thethree
injury indices in accordance to the following manner. For INJLR three
groups were established, the first including subjects with negative (right
side), the second with zero (symmetry), and the third with positive (Ieft
side) scores. For INJTOT three groupswereal so made including subjects
with scores from 0 to L in the first group (amost injury free), 2in the
second (moderate injury history), and from 3to 6 in the third group (high
injury history). Thesubjectsweredividedinto twogroupsfor INJDI S, with
scoresfrom 0 to 2in thefirst group (low total disability) and from 3to9
inthesecond group (hightotal disability). A seriesof multivariateanalyses
of variance were then conducted in order to examine to what extent
selected sets o functional and kinematic quantitative asymmetries dif-
ferentiate significantly among the groups (levels) of each o the threein-
jury factors (indices).



TABLE 4

Incidence and Latcralization of Injury (n=25) according to Anatomic
Regions '

Baody Runnisg Injery ar Symplom " Ingidencs Body  Side

n LR

Trunk Teasacic Strain 1 1 1
Lambar Sgine Strdn 2 - .

Sabeoal | 3 1 0

Pelvin llivpsoas Tendonitis 1 i ¥
Hip Strain i i il

Troachanteric Bursitis 3 1 r

Subtotal 2 4 2 3

Thigh Adductor Strain 1 1 ]
Hamstring Strain 5 1 4

Hamstring Tendonitis 1 1 1

Subtotal 3 7 3 5

Knee Patellofemoral Pain Syndrome 5 3 1
Iliotibial Band Friction Syndrome 4 i i

Torn Cruciate Ligament ] 1 1

Osgwd Shlatters Disease ¥ 2 ]

Patellar Tendonitis i i o

Popliteus Tendonitis i 1 1

Subtotal 4 15 7 11

Shank Shin Splints i F 4
Tibial Bone Bruise i 1 0

Subtotal 5 ) 5 4

Foot Achilles Tendonitis 4 4 7
Plantar Fasciitis L ¥ 3

Metatarsalgia i 1 1

Subtotal 6 10 10 6

Totals 46 28 2

—

Body side affected by the respective injury or symptom
8- Incidence; number of subjects

L- Left side

R- Rightside



The MANOVA option of the ANOVA procedure of SASwasused to
carry-out thisanalysis, the results of which are presented in the summary
Table5. Nosignificant difference wasfound between any of the levelsin
any of the three classifications with respect to either functional or
kinematic asymmetries. The selected sets of functional and kinematic
asymmetriesdid not significantly diierentiate between the injury groups.
This clearly indicated that functional and/or kinematics asymmetries did
not present overall or grouped correlations with the laterality (INJLR),
total injury (INJTOT), and total disability (NJDIS) aspectsof runningin-
juries. significant results were also not produced when angles T and A
were replaced by their compositeangle B in thisanalysis.

TABLES

Summary Statisticsfor theMultivariateAnalysisaf thelnjury History Clas-
sification with Respect to the Functional and the Kinematic Asymmetries
(n=29)

Injury Functional Kinematic
Index Level Vaju& N Asymmetries Asymmetries

INJLR 1 rlqht (e 8 WEQ. 6776 WEO. 6414
0) 12 F=12 F=042

3 Left (+) 9 D=0 901 D=0.9774

INJTOT 1 LOW-1] 10 W=0.8714 W=0.4528
2Moder(2) 10 F=041 F=08

3 High(36) 9 p=0.9093 p=0.6685

INJDIS 1Law(02) 14 . W =0.8782 WEQ. 6769
2High (3-9) F=08 F=0.8

p=05179 p=0.5840

Functional variables; EVE, INV, FLEX, & EXT.
Kinematicvariables. t,At,Vt, p,Ap, 10, Tp, m, ms,Vms.
W- Wilks’ lambda.

F - Fratio; Roa's F approximationto W,

p - probability level.

Theaboveseriesof multivariatecomparisonswere performed to deter-
mineif groupsof runnerswith distinctly different injury patternswereal so
different in terms of selected components of functional and kinematic
asymmetries. Directional asymmetries (left-right) were used in this
analysissince they consist of both the magnitude and the direction of asym-
metry. It wasinitially hypothesized that if an interaction between sel ected
functional or kinematic asymmetries takes place and resultsin the activa-
tion of injury mechanisms then thisinteraction would be detected by mul-
tivariate analysis. However, thisanalytic step was part of the exploratory
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nature of the study. Even though the notion of interplay between
anatomic,functional,and/or kinematic factorsisgenerally accepted asone
o the underlying mechanisms for lower extremity biomechanical
problems, the vast mgjority of the literature supports the importance of
distinct biomechanical factors affecting runninginjury. Thesefactors are
leg length inequality (Subotnick,1981; Friberg, 1982; Klein, 1983), exces-
sive foot pronation during running (angles p and Bp) (Hlavac, 1977;
Brody, 1980; Clementset d., 1981; McKenzie, 1985; Messier and Pittala,
1987, Nigg, 1987), angular velocity of foot pronation () (Messier and Pit-
tala, 1987; Nigg, 19878), subtalar joint functional irregularities(EIR) (Jer-
nick and Heifitz, 1979; Clancy, 1980; Brody, 1980), and kneestrength im-
balances (FER) (Coplin, 1971; Knight, 1980; Subotnick,1985; Taunton et
a., 1987). However, therelationshipsd thesevariablesto runninginjuries
were not statistically documented. Therefore, additional andysiswas un-
dertaken to statigtically assess the importance of each of thesefactors. A
seriesof analysesd varianceprocedureswere performed (Table6) on the
following asymmetry variableswhich were selected to represent the criti-
cal factors described above talocalcanea joint flexibility imbalance
(EIR), isokinetic kneestrength imbalance(FER), rearfoot angleat touch-
down ( Ot), subtalar joint angle at touchdown (Bt), rearfoot angle at max-
imum pronation (2 p), subtalar joint angleat maximum pronation (Bp),
and initial angular velocity of pronation (£ 10)

Data presented in Table 6 revealed no significant differencesfor INJLR
and INJDIS. Thefunctional and kinematic asymmetry variablesdid not
discriminate between the groups of each o these two classifications o
runninginjuries. Theinitial angular velocity 010 presented the only sig-
nificant effect for INJTOT (p=0.031).
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TABLEG

Summary Statisticsfor the Analysisd Varianced thelnjury History Clas-
sification with Respect to Selected Functional and the Kinematic As-

symetries

(n=29)

INJLR INJTOT INJDIS

ASYMM Model  Error F Model Error F Model Error F
DV'S M5 Ms  Value MS MS  Valee MS 2 MS Vilue
Functional Asymmetries
EIR on 007 1e4 a® o0 04 ool 007 013
FER 00L 00005 28 004 0005 08 00000 0005 0@

Kinematic Asymmetrica
Running Shoe (RS)

Tt 343  1hgE 012 GEE 1940 D45 055 1530 006
Bt 1157 1903 06l 6l 1mT oid ies pedl e
Ip 046 1K1 0 01 1aT e 007 k44 O
Bp 1120 LBl 6sT 1464 1354 0T ITOR 1249 184
1o 0.70 s T L 231 0w 400 126 BAE  1Bd

MS- Mean squares.
*P< 00

To obtain an estimate of the extent d qualitative association existing
between running asymmetriesand injury patterns, the threeinjuryindicies
(INJLR INJTOT INJDIS) weresubjected to nonparametric correlation-
al analysis. @ correlation coefficientswere computed for the correlations
between dichotomous data, whereas contingency coefficients were com-
puted for the correlations between data expressed by trichotomous or
higher classification values. Only a few significant correlations emerged.
These were INJLR with ¢m (& =-0.39, p=0.019), INJIDIS with FSW
(C=042, p=0.014), and INIDISwithRAN (C=0.41, p=0.012). There-
fore, it was clearly evident that injury patterns were independent o the
laterality patterns characterizing the functional and the kinematic sym-
metriesof the runners tested in thisstudy. Given the possiblelimitations
of the categorical groupingsemployed in this study for the classification
o injury patterns did not present any significant multivariate or qualita-
tivetrend of relationshipwith the different functiona and kinematicasym-
metries possessed by the runners.
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