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Estudo da associacdo entre dor patelofemoral e retropé varo

Study of the association between rear-foot varus and patello-
femoral pain
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RESUMO

A dor patelofemoral, também denominada dor anterior do joelho estd presente em 25% da populagdo, onde 36%
sdo adolescentes e com maior prevaléncia no sexo feminino e atletas. Objetivo: Verificar a associa¢do entre
a presenca de retropé varo a partir da posi¢do neutra da subtalar e a dor patelofemoral. Casuistica e Métodos:
Foram recrutados 10 voluntdrios com dor patelofemoral unilateral ou bilateral. Os voluntérios foram submetidos
a avaliagdo do alinhamento do retropé a partir da posi¢do neutra da subtalar. Para isso, os voluntarios foram
posicionados em dectbito ventral, com o pé pendente para fora da mesa. Os angulos formado pelas retas que
dividem as pernas e os calcineos ao meio foram medidas através de um gonidmetro universal. O teste de Fisher
foi utilizado para verificar a associacdo entre dor patelofemoral e varismo de retropé maior ou igual ou menor
que 8 graus. Resultados: Os resultados do presente estudo demonstraram que todos os membros com grau de
retropé maior que 8 (75%) apresentavam dor, totalizando 15 joelhos. J4 os joelhos avaliados com retropé menor
ouigual a 8;2 (10%) apresentavam dor e 3 (15%) ndo apresentaram dor. Associacdo estatisticamente significativa
entre o grau de retropé e a presenga de dor foram encontrados (p= 0,009). Discussdo: O varismo de retropé leva
a pronacdo excessiva da subtalar associada a rotacdo interna da tibia com conseqiiente altera¢do do alinhamento
do membro inferior e dor patelofemoral, Concluséo: Os resultados desse estudo sugerem que existe a associacio
entre o retropé varo e a dor patelofemoral.
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ABSTRACT

Patellofemoral pain, also called anterior knee pain, is present in 25% of the population with 36% of them being
adolescents, and with a higher prevalence among females and athletes. Objective: To assess the association between
the presence of rear-foot varus, from the subtalar neutral position, and patellofemoral pain. Patients and Methods:
Ten volunteers with unilateral or bilateral patellofemoral pain were assessed. The volunteers were submitted to
the evaluation of rear-foot alignment from the subtalar neutral position. In order to do so, the volunteers were
positioned in the ventral decubitus position, with the foot hanging parallel to the table. The angles formed by
the straight lines that divide the legs and the calcanei were measured through a universal goniometer. Fisher
test was used to assess the association between patellofemoral pain and rear-foot varus = or < 8°. Results: The
results of this study showed that all limbs with rear-foot varus > 8°(75%) presented pain, totaling 15 knees. Of the
knees that presented rear-foot varus < 8,2 (10%) presented pain and 3 (15%) did not. A statistically significant
association between the degree of rear-foot varus and pain was demonstrated (p= 0.009). Discussion: Rear-foot
varus causes an excessive pronation of the subtalar joint associated to the internal rotation of the tibia, with a
consequent alignment alteration of the lower limb and patellofemoral pain. Conclusion: The results of this study
suggest that there is an association between the presence of rear-foot varus and patellofemoral pain.
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Introduction

The term patellofemoral pain, also called anterior knee pain,
Patello-Femoral Syndrome, subluxation or luxation of the patella,
is used to define a series of affections found in the patello-femoral
jointl,>3. Patellofemoral pain is present in 25% of the population
with 36% of them being adolescents, and with a higher prevalence
among females and athletes*>.

The etiology of patellofemoral pain is multifactorial and many
theories have been proposed to explain it'”8. Among the associ-
ated factors mentioned in literature, is the increase in the Q angle,
tension in lateral knee structures, in the gastrocnemius muscle and
the anterior hip structures, inadequate patellar positioning, vastus
medialis obliquus failure, and weak activation of the posterior fi-
bers of the gluteus medius. Lastly, one can mention the excessive
subtalar joint pronation that leads to biomechanical compensations
with patellofemoral joint overload'*75.

Studies in literature show that 77% of all knee injuries are asso-
ciated to foot and ankle biomechanical alterations!®!"'2, During the
support phase of gait, the excessive subtalar joint pronation leads to
an excessive internal rotation of the tibia, with a consequent increase
of the lateral forces that act on the patella, causing its lateralization,
and altering the knee joint biomechanics and creating pain'®!3,

However, one of the factors that lead to excessive pronation is
the rearfoot varus, which is considered a congenital alteration in
which the calcaneous rests in an inverted position due to a medial
arching of the rearfoot!*. The etiology of this deformity is related to
atibial and/or calcaneous failure in straightening inverted positions,
present in infancy. The rearfoot varus is one of the biomechanical
alterations related to excessive pronation'>!¢. On the other hand,
the measurement of the rearfoot varus is not routinely assessed in
individuals with patellofemoral pain, despite the fact that studies
have suggested that rearfoot varus is a contributive factor to this
type of pain'’.

The ideal foot position in relation to the subtalar joint in the
neutral position is characterized by the alignment of the lines that
divide longitudinally the leg and the calcaneous. There is no con-
sensus in the literature regarding the alignment of the rearfoot, and
an acceptable measurement is considered to be between 2 to 6° of
rearfoot varus'®1%20,

The literature describes two easily applied techniques to mea-
sure the rearfoot alignment from the neutral position of the subtalar
joint?!., The measurement performed in closed kinetic chain was
described by Elveru et al.?> and Root et al.?, and the one performed
in open kinetic chain was described by Wernick and Langer*. In
addition to these measurements, there are other techniques that
present more reliability for the measurement of rearfoot, such as
the three-dimensional analysis of the static and/or dynamic posi-
tion of the foot, but these measurements do not have a clinical
application®.

Objectives

Based on the accepted biomechanical interrelation of the foot

and knee complex dysfunctions, the aim of the present study was
to carry out a pilot study to assess the association between the
presence of rearfoot varus from the neutral subtalar position and
patellofemoral pain.

Material and Methods

After approval from the Ethics Committee in Research of the
Centro Universitario de Belo Horizonte - Uni-BH, a transversal
descriptive pilot study was carried out. Initially, two academicians
from the Physical Therapy Course underwent a training period to get
acquainted with the measurement procedures of rearfoot alignment
from the neutral subtalar position in open kinetic chain, according
to the data provided by Wemick and Langer®. After the training,
ten healthy volunteers were evaluated for the reliability study of
the measurements obtained for the intra-examiner as well as the
interexaminer conditions.

For the measurement, the volunteers were placed on ventral
decubitus, with the lower limb under test extended and the other
crossed over the opposite limb. Afterward, the examiner positioned
the lower limb in the neutral position in relation to the internal and
external hip rotation. Then, the talus was palpated in its medial
and lateral borders with one hand, while the other hand positioned
the forefoot. Then, the subtalar joint was positioned in the neutral
position, being considered the position between the supination and
pronation. Next, two lines were traced, dividing in two halves the
distal third of the leg and the calcaneous. The angle formed by the
intersection of these two lines was measured by a universal goni-
ometer. Another examiner was in charge of helping the goniometer
positioning, and another was responsible for registering the data.
The measurements were repeated three consecutive times, with a
2-minute interval between them. The lines were erased between
measurements, so that they would not interfere with the measure-
ments performed by the other examiner. While one examiner car-
ried out the measurement procedures with a volunteer, the second
examiner evaluated another volunteer.

After the analysis of the measurement reliability, volunteers with
a medical diagnosis of patellofemoral pain aged 18 to 35 yrs were
recruited through explicative posters and file list of patients from
the Clinica Escola do Centro Universitirio Uni-BH. The exclusion
criteria were: individuals with a previous history of foot, ankle,
knee and/or hip fractures. After reading and signing the written
informed consent form, the volunteers were evaluated regarding
the pain pattern, affected side and age.

Then, the examiner who presented the higher reliability in the
measurements carried out in the first phase of the study, evalu-
ated the rearfoot alignment measurement in relation to the neutral
subtalar position. A second examiner helped to trace the bisecting
lines between the tibia and the calcaneous, following the same
procedures mentioned before in the reliability study.

After the data collection, the volunteers were categorized as
having rearfoot varus when the measurement was > 8° of varus.
Fisher’s test was used to analyze the association between the pres-
ence or absence of pain and rearfoot varus, with the significance

7



ACTAFISIATR 2006; 13(2): 70-73

Venturini C, Morato F, Michetti H, Russo M, Carvalho V P -
Study of the association between rearfoot varus and patellofemoral pain

level set at p< 0.05. This statistical method was chosen due to the
reduced sample size of the present study. A descriptive analysis of
age and gender distribution was also verified. The intraexaminer
reliability study of the rearfoot measurement from the subtalar joint
neutral position was evaluated through the intraclass correlation
coefficient (ICC).

Results

The study of the intraexaminer reliability of the rearfoot varus
measurement from the neutral position of the subtalar joint showed
an ICC of 0.90 and 0.86 for the evaluated examiners. For the study of
interexaminer reliability, the ICC obtained was 0.52. The descriptive
analysis of the data showed that 60% of the volunteers evaluated
were females and 40% were males; mean age was 24.7 + 3.2 years.
Of a total number of 20 limbs examined, 85% of them presented
pain, and the female volunteers presented higher incidence of pain
(59%) when compared to males (41%).

The results of the present study showed that all limbs with a
rearfoot varus > 8 (75%) presented pain, totaling 15 knees. Of the
knees that presented rearfoot varus < 8§, only 2 (10%0 presented
pain and 3 (15%) did not present according to Figure 1. As for the
pain variables, 90% of the individuals reported pain when climb-
ing stairs, and walking was the less frequently reported cause of
pain.

According to Fisher’s exact test, the present study demonstrated
a significant association between the presence of pain and rearfoot
varus > 8o (p= 0.009).
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Figure 1

X axis: distribution of the measurement of rearfoot > or < and = 8 degrees and the pres-
ence or absence of pain; Y axis: Distribution of frequency of the individuals

Discussion

The results of the present study demonstrated high intraexam-
iner reliability of the rearfoot varus measurement from the neutral
subtalar joint position after a period of training and familiarization

with the measurement procedure. According to Portney and Walt-
kins?, an ICC higher or equal to 0.90 is the ideal one for its clinical
application, which favors the use of this measurement in physical
therapy practice after a training period and by the same examiner.
Therefore, the second phase of the study was carried out with a
single examiner, thus preventing the error obtained when the two
examiners carried out the measurements demonstrated by the low
CCI disclosed by this analysis (CCI: 0.52).

The results of the present study are also in accordance with El-
veru et al.”’, who used the same methodology to measure the rearfoot
in an open kinetic chain and obtained high intraexaminer reliability.
In opposition, Jonson and Gross® performed the measurement of
the rearfoot in a closed kinetic chain and found an ICC of 0.88;
however, these authors evaluated the intersession reliability with
a two-day interval between the tests.

In the present study, the measurements were carried three con-
secutive times with a 2-min interval between them. Despite the
small interval between the measurements, the examiner intercalated
the measurements with the other examiner between volunteers,
which probably decreased the possibility of comparison between
the repeated measurements. It is likely that the reduced interval
interfered with the obtained results, decreasing the variability of the
consecutive results. Portney and Watkins®® suggest a 24-hr interval
between each evaluation. Therefore a longer time interval between
the measurements in suggested for future studies.

According to Powers? and Vogelbach®, the rearfoot varus
contributes to an excessive pronation and consequently, to patel-
lofemoral pain. The rearfoot varus leads to the excessive pronation
of the subtalar joint, with a consequent excessive internal rotation
of the tibia, altering the force vector that acts on the patella. This,
in turn, generates more tension on the lateral soft tissues with the
resulting patellofemoral pain.

There is no consensus in the literature regarding the reference of
angulation of rearfoot varus that is considered normal or acceptable.
The studies suggest a variation of 2 to 6° as an acceptable angula-
tion. Some studies suggest a cutoff of up to 8o of rearfoot varus'’.
On the other hand, the study by Powers, Maffuci and Hampton!
demonstrated high variability of the measurements obtained from
healthy individuals and those with patellofemoral pain, with a dif-
ference of only 1o when the groups were compared.

The results of the association between patellofemoral pain
and rearfoot varus showed a statistically significant correlation
in the evaluated limbs. However, the limitations of such results
are known, considering the small sample size and the absence of
a control group. These data are in accordance with Gilleard and
Levinger!’, who also used a value > 8° as reference for rearfoot
varus. However, these authors evaluated the difference between the
control group and that with patellofemoral pain, totaling a sample
of 27 female volunteers.

Therefore, based on the preliminary results, it becomes neces-
sary to compare the difference between the two groups of individu-
als, with and without patellofemoral pain, using a larger sample
size. Additionally, one must bear in mind the variability of the mea-
surements obtained in the symptomatic and asymptomatic groups,
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which suggests the necessity to verify the difference between the
asymptomatic and symptomatic sides of individuals with unilateral
patellofemoral pain. On the other hand, it is known that the preva-
lence of bilateral patellofemoral pain is higher than the unilateral
one, which would limit the external validity of results'’.

In the present study, 90% of the individuals reported pain when
climbing stairs. According to Grelsamer and Kelin*, during knee
flexion in a closed kinetic chain, with an angulation between 0
and 90° of flexion, there is an increased compression of the patel-
lofemoral joint, with consequent symptomatology in this region.
On the other hand, the less frequently reported cause of pain was
walking. This can be explained by the fact that, when deambulating,
there is an internal rotation of the tibia due to the excessive subtalar
pronation, which leads to an increased overload on knee structures.
However, during this activity, the rotational forces exerted are lower
than the compressive forces on the knee at the moment of flexion
when climbing stairs.

According to Powers® and McPoil et al.’¥, the measurement of
the rearfoot alignment must be included in the assessment process of
individuals with patellofemoral pain, considering the biomechani-
cal compensations that result from this dysfunction. In the present
study, the high variability of this measurement was observed in the
interexaminer condition. Therefore, it is suggested that the patient’s
evaluation and re-evaluation be performed by the same therapist
during the physical therapy follow-up.

The lack of consensus about the cutoff of the rearfoot angula-
tion that might be considered acceptable, suggest the necessity of
further studies comparing the measurements in a population with
and without patellofemoral pain, and also verifying the difference
between the symptomatic and asymptomatic limbs in individuals
with unilateral patellofemoral pain.

Conclusion

The results of this pilot study suggest that there is an association
between the presence of rearfoot varus and patellofemoral pain,
and further studies are necessary on this subject. Additionally,
the present study results suggest the use of the rearfoot alignment
measurement as part of the physical assessment of individuals with
patellofemoral pain.

References

1. Austermuehle PD. Common knee injuries in primary care. Nurse Pract. 2001;26(10):26,
32-45; quiz 46-7.

2. Hanten WP, Schulthies SS.Exercise effect on electromyographic activity of the vastus
medialis oblique and vastus lateralis muscles. Phys Ther. 1990;70(9):561-5.

3. Karst GM, Willett GM. Onset timing of electromyographic activity in the vastus medialis
oblique and vastus lateralis muscles in subjects with and without patellofemoral pain
syndrome. Phys Ther. 1995 Sep;75(9):813-23.

4. McConnel J. The management of chondromalacia patellae: a long-term solution. Aust J
Physioth. 1986; 32:215-23.

5. McPoil TH, Knecht HG, Schuit D. A survey of foot types in normal females between the
ages of 18 and 30 years. J Orthop Sports Phys Ther. 1988;9:406—409.

6. Ogilvie SW, Rendall GC, Abboud RJ. Reliability of open kinetic chain subtalar joint mea-
surement. The Foot . (1997;7(3): 128-134.

7. Fredericson M, Powers CM. Practical management of patellofemoral pain. Clin J Sport
Med. 2002;12(1):36-8.

8. Tiberio D. Pathomechanics of structural foot deformities. Phys Ther. 1988;68(12):1840-
9.

9. Thomee R, Renstrom P, Karlsson J, Grimby G.Patellofemoral pain syndrome in young
women. |. A clinical analysis of alignment, pain parameters, common symptoms and
functional activity level. Scand J Med Sci Sports. 1995;5(4):237-44.

10. Buchbinder MR, Napora NJ, Biggs EW.The relationship of abnormal pronation to chondro-
malacia of the patella in distance runners. J Am Podiatry Assoc. 1979;69(2):159-62.

11. Donatelli R. Abnormal biomechanics of the foot and ankle. J Orthop Sports Phys Ther.
1987; 9:11-16.

12. Kaufman KR, Brodine SK, Shaffer RA, Johnson CW, Cullison TR. The effect of foot
structure and range of motion on musculoskeletal overuse injuries. Am J Sports Med.
1999;27(5):585-93.

13. Jernick S, Heifitz NM. An investigation into the relationship of foot pronation to chondro-
malacia patellae. Arch Podiatr Med Foot Surg. 1977;1:1-31.

14. Sobel E, Levitz SJ, Caselli MA, Tran M, Lepore F, Lilja E, et al. Reevaluation of the
relaxed calcaneal stance position. Reliability and normal values in children and adults.
J Am Podiatr Med Assoc. 1999;89(5):258-64.

15. Powers CM. The influence of altered lower-extremity kinematics on patellofemoral joint
dysfunction: a theoretical perspective. J Orthop Sports Phys Ther. 2003;33(11):639-
46.

16. Tiberio D. The effect of excessive subtalar joint pronation on patellofemoral mechanics:
a theoretical model. J Orthop Sports Phys Ther. 1987;9(4):160-165.

17. Levinger P, Gilleard W. AN evaluatio of the reafoot posture in individuals with patellofemoral
pain syndrome. J Sport Sci Med. 2004;3(1):8-14.

18. Astrom M, Arvidson T. Alignment and joint motion in the normal foot. J Orthop Sports
Phys Ther. 1995;22(5):216-22.

19. McPoil TG, Brocato RS. The foot and ankle: biomechanical evaluation and treatment.
In: Gould JA, Davies GJ, editors. Orthopaedic and Sports Physical Therapy. St. Louis:
Mosby; 1985. p.313-41.

20. McClay I, Manal K. A comparison of three-dimensional lower extremity kinematics du-
ring running between excessive pronators and normals. Clin Biomech (Bristol, Avon).
1998;13(3):195-203.

21. Lattanza L, Gray GW, Kantner RM. Closed versus open kinematic chain measurements
of subtalar joint eversion: implication for clinical practice. J Orthop Sports Phys Ther.
1988; 9:310-314.

22. Elveru RA, Rothstein JM, Lamb RL.Goniometric reliability in a clinical setting. Subtalar
and ankle joint measurements. Phys Ther. 1988;68(5):672-7.

23. Root ML, Orien WP, Weed JH. Normal and abnormal function of foot: clinical biomechanics.
Los Angeles: Clinical Biomechanics Corp; 1977. v.2.

24. Wernick J, Launger S. A Parctical Manual for a basic approach to biomechanics. New
York: Launger Acrylic Laboratory; 1972.

25. Dahlman BG, Kernozek TW, Palmer-McLean K, Davies GJ. The role of static measu-
rements of the lower extremity in predicting dynamic rearfoot motion and subsequent
injury. Crit Rev Phys Rehabil Med. 2002;14(3):235-46.

26. Portney LG; Watkins MP. Reliability. In: Portney LG; Watkins MP. Foundations of clinical
research applications to pratice. New Jersey: Prentice-Hall; 2000. p.61-75

27. Elveru RA, Rothstein JM, Lamb RL, Riddle DL. Methods for taking subtalar joint measu-
rements: a clinical report. Phys Ther. 1988;68(5):678-82.

28. Jonson SR, Gross MT. Intraexaminer reliability, interexaminer reliability, and mean values
for nine lower extremity skeletal measures in healthy naval midshipmen. J Orthop Sports
Phys Ther. 1997;25(4):253-63.

29. Vogelbach W D, Combs L C. A biomechanical approach to the management of chro-
nic lower extremity pathologies as they relate to excessive pronation. J Athl Train.
1987;22:6-16.

30. Powers CM, Maffucci R, Hampton S. Rearfoot posture in subjects with patellofemoral
pain. J Orthop Sports Phys Ther. 1995;22(4):155-60.

31. Grelsamer RP, Klein JR. The biomechanics of the patellofemoral joint. J Orthop Sports
Phys Ther. 1998;28(5):286-98.

32. Reischl SF, Powers CM, Rao S, Perry J. Relationship between foot pronation and rotation
of the tibia and femur during walking. Foot Ankle Int. 1999;20(8):513-20.

33.McPoil TG, Cornwall MW. The relationship between static lower extremity measurements
and rearfoot motion during walking. J Orthop Sports Phys Ther. 1996;24(5):309-14.

73



