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INTRODUCTION

The modification of the foot with the development of the me-
dial longitudinal arch (MLA) was an important evolutionary 
milestone that allowed humans to walk on the floor instead of 
on trees.1,2 MLA provides better support for the weight of the 
body during the stance phase of the gait cycle as it enhances 
the action of the plantar flexor muscles1,3 and allows dissipa-
tion of impact in bipedal motion.4 
The search for an association between the height of the medial 
longitudinal arch and the incidence of injury during sports prac-
tice or military training has been the subject of several studies.5-11 
In the present study, we evaluated the possible association 
between injuries by non-contact of the anterior cruciate ligament 
(ACL) of the knee and the height of the medial longitudinal arch 
of the foot. 
The ACL rupture is a common injury in orthopedic practice, 
occurring at a rate of one new case per 3,000 individuals 
each year.12 This high frequency is one of the factors that has 
motivated the study of this injury and attempts at correction 
with MLA measurements. Since 70% of ACL injuries are due 

to a non-contact event13 – i.e., the injury develops without 
any direct trauma, intrinsic and extrinsic factors are possibly 
associated with ACL injury. 
One point of controversy is the technique used to measure MLA. 
Several methods are available, such as footprints,14,15 radio-
graphic evaluation of the foot16 and anthropometric assessment 
of the foot.5 Surprisingly, the comparison between these different 
forms of measurement of MLA shows little agreement,17,18 which 
creates a challenge about which method should be chosen. In 
our study, we chose to use the anthropometric assessment, 
which seemed to better reflect the measurement of MLA. 
According to our experience, this is the first study that attempts 
to match the height of the medial longitudinal arch of the foot with 
non-contact injuries of the anterior cruciate ligament of the knee.

MATERIALS AND METHODS

This was a case-control study. The case group consisted of 52 
patients and the control group of 53 individuals. The cases were 
selected from the Knee Treatment Group of our Service and our 
controls were randomly recruited from the various subspecialty 
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ABSTRACT 

Objective: To evaluate the association between the height of 
the medial longitudinal arch of the foot and non-contact inju-
ries of the anterior cruciate ligament. Methods: One hundred 
and five patients were included in this case-control study. The 
case group consisted of 52 patients with non-contact injury 
of the anterior cruciate ligament. Fifty-three individuals with 
no history of symptoms regarding to feet or knees comprised 
the control group. An anthropometric assessment of the bony 
arch index was performed, which consisted of measuring the 
ratio of the height between the navicular bone to the ground 
and the distance from the most posterior support point of 

the calcaneus to the first metatarsal-phalangeal joint. Gen-
der, height, weight, body mass index and the frequency of 
sports practice were also evaluated. Results: Subjects in 
the case group had significantly higher medial longitudinal 
arches than individuals in the control group. Conclusion: 
Individuals with rupture of the anterior cruciate ligament had 
higher arches than the corresponding controls, suggesting 
an association between a high medial longitudinal arch of 
the foot and injury of the anterior cruciate ligament. Level 
of Evidence III, Case-Control Study.

Keywords: Foot. Anterior cruciate ligament/injuries. Anthropometry.
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groups in our institution. Inclusion criteria for the study group 
were: diagnosis of ACL rupture confirmed by physical examina-
tion, MRI and surgical findings, and a negative history of contact 
that could have caused the injury. The subjects in the case and 
control groups should not have had previous complaints about 
their feet or ankles. The age of cases and control subjects ranged 
between 18-40 years old. 
The selected method to measure the height of MLA was the 
anthropometric technique described by Cowan et al.5 The bony 
arch index was evaluated (Figure 1), which is the ratio between 
the height of the navicular bone from the ground and the length 
of the foot (distance between the most rear load support por-
tion from the calcaneus to the first metatarsophalangeal joint). 
Measurements were obtained with each individual standing on a 
podoscope. In the case group, the ipsilateral foot was evaluated. 
In the control group, both feet were measured and the average 
between them was calculated. Both cases and controls were 
evaluated for gender, height, weight and weekly frequency of 
sports practice. All participants provided an Informed Consent 
Form before participating in the study, which was approved by 
the Ethics Committee of Hospital de Clinicas de Porto Alegre, 
Porto Alegre, RS, Brazil.

and twice a week in the control group, which ranged between 1 
and 5 (p = 0.203). The average bony arch index was 0.285 ± 
0.053 in the case group and 0.262 ± 0.043 in the control group 
(p = 0.018); this was the only statistically significant difference 
between groups. The standardized effect size was 0.48 (95% 
confidence interval, 0.09 to 0.86), which corresponds to a small 
magnitude. The results are summarized in Table 1.

Figure 1. A) Height of the navicular bone from the floor; B) Foot length.

RESULTS

All statistical analyzes were performed using Statistical Package 
for Social Sciences (SPSS Inc., Chicago, IL). The alpha value 
was set at 0.05. The variable gender was assessed using the 
chi-square test with Yates correction, while weight, height, re-
lationship between navicular height and foot length and body 
mass index (BMI) were assessed by Student’s t-test for inde-
pendent variables. The variable “frequency of sports practice” 
was assessed by the Mann-Whitney test. 
The analysis of gender showed 49 (94.2%) male patients 
in the case group and 44 (83%) males in the control group
(p = 0.134). There were no significant differences between 
groups in height; the average was 1.76m in the case group, 
with a standard deviation (SD) of 0.07m, and 1.75 ± 0.1 m in 
the control group (p = 0.666). The average weight in the case 
group was 75.8 ± 9.7 kg, compared with 74.2 ± 13.8 kg in the 
control group (p = 0.509). The mean BMI was 24.4 ± 2.5 kg/m² 
and 24.0 ± 3.3 kg/m² in the case and control groups, respectively 
(p = 0.498). The average frequency of sports practice was three 
times per week in the case group, which ranged from one to four, 

Table 1. Results.

Variable Case group (n = 52) Control group (n=53) p value 

Gender (M/F) 49 (94.2%) / 3 (5.8%) 44 (83%) / 9 (17%) p = 0.134

Heigh (m) 1.76 ± 0.07 1.75 ± 0.1 p = 0.666

Weight (kg) 75.8 ± 9.7 74.2 ± 13.8 p = 0.509

BMI (kg/m2) 24.4 ± 2.5 24.0 ± 3.3 p = 0.498

Frequency of sports 
practice 

(times per week)
3 (1 a 4) 2 (1 a 5) p = 0.203

Bony arch index 0.285 ± 0.053 0.262 ± 0.043 p = 0.018

DISCUSSION

As the feet are the foundation of the body, it is logical to assume 
that the forces transmitted through them during gait and sports 
practice will influence the incidence of injuries. In a study with 
180 runners, James et al.19 found 232 musculoskeletal injuries 
and concluded that a foot with high arches is not a foot adap-
ted for running. Giladi et al.,7 in a study with 295 recruits of the 
Israeli army, found a higher incidence of stress fractures of the 
lower limbs in people with high arches compared to those with 
flat arches (p <0.05). Kaufman et al.20 reported that individuals 
both with high and flat arches, at static and dynamic evaluation, 
showed an approximately two-fold higher incidence of stress 
fractures when compared to subjects with normal MLA. In this 
study, there was no association between the mobility of the ankle 
or subtalar joint and risk of stress fractures in the lower limbs. 
Cowan et al.5 reported that the flat foot has an odds ratio (OR) of 
1.0 for exercise-induced injuries against 3.0 for normal arch feet 
and 6.1 for feet with high arches. Therefore, in this study, there 
was an increasing trend in risk of injury by increasing the height 
of the MLA. Simkin et al.11 reported that stress fractures of the 
femur and tibia are more common in patients with high arches, 
while stress fractures of the metatarsals are more common in feet 
with flat arches. Mei-Dan et al.15 retrospectively and prospectively 
evaluated 83 female recruits of the Israeli army and found that flat 
arcs are a risk factor for ankle sprain in retrospective evaluation, 
while in the prospective evaluation, despite a detectable trend, 
there was no statistical confirmation for flat arc as a risk factor for 
ankle sprain. Even though these studies have previously found an 
association between the height of MLA and injuries, others have 
not found such association.6,8 By analyzing the above items, we 
realized that there is an attempt to identify a potential association 
between the morphology of the arch and incidence of injuries 
during physical activity.
In our study, we found an association between the height 
of MLA and disruption by non-contact of the ACL, since the 
case group had a higher average arch index than the control 
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group (p = 0.018). It should be noticed that there was no 
statistical difference between the groups in any of the other 
measured variables (weight, height, body mass index and 
frequency of sports practice), thus, reducing the potential for 
confounding factors. As previously mentioned, a high medial 
longitudinal arch has been associated with a number of inju-
ries during physical activity. The same association was also 
demonstrated in our study, specifically regarding non-contact 
injuries of the anterior cruciate ligament. Approximately 70% 
of ACL injuries occur without physical contact,13 i.e., no his-
tory of direct trauma that could have played a causal role in 
the event, which leads to the assumption that intrinsic factors 
are associated with the pathogenesis of ACL injuries. Some 
of these factors have been identified, such as small width of 
the femoral intercondylar notch.21 Therefore, our study may be 
indicative of the existence of another intrinsic factor associated 
with the pathogenesis of LCA injury.
Despite the need for further research, we suggest two possible ex-
planations for the association between MLA height and ACL injury. 
Feet with high arches have a reduced load support area reduced, 
which can modify the transmission of forces through the lower 
limbs, leading to increased stress on the ACL and subsequent 
injury. In this case, the ACL injury would be a stress lesion - i.e., a 
repetitive stress injury that exceeds the capacity for regeneration 
of the human body. Lentell et al.22 reported that individuals with 
chronic ankle instability have diminished proprioception. A similar 
change in proprioception may be present in patients with knee 

REFERENCES
1.	 Day MH, Napier JR. Fossil foot bones. Nature. 1964;201:969-70. 
2.	 Morton DJ. Evolution of the longitudinal arch of human foot. J Bone Joint Surg. 

1924;6:56-90.
3.	 Schultz AH. The relative lengths of the foot skeleton and its main parts in 

primates. Symp Zool Soc Lond. 1963;10:199-206.
4.	 Ker RF, Bennett MB, Bibby SR, Kester RC, Alexander RM. The spring in the 

arch of the human foot. Nature. 1987;325(7000):147-9. 
5.	 Cowan DN, Jones BH, Robinson JR. Foot morphologic characteristics and risk 

of exercise-related injury. Arch Fam Med. 1993;2(7):773-7. 
6.	 Esterman A, Pilotto L. Foot shape and its effect on functioning in Royal 

Australian Air Force recruits. Part 1: Prospective cohort study. Mil Med. 
2005;170(7):623-8. 

7.	 Giladi M, Milgrom C, Stein M. The low arch, a protective factor in stress frac-
tures. Orthop Rev. 1985;14:709-12.

8.	 Lees A, Lake M, Klenerman L. Shock absorption during forefoot run-
ning and its relationship to medial longitudinal arch height. Foot Ankle Int. 
2005;26(12):1081-8. 

9.	 Ogon M, Aleksiev AR, Pope MH, Wimmer C, Saltzman CL. Does arch hei-
ght affect impact loading at the lower back level in running? Foot Ankle Int. 
1999;20(4):263-6. 

10.	Rudzki SJ. Injuries in Australian Army recruits. Part III: The accuracy of a 
pretraining orthopedic screen in predicting ultimate injury outcome. Mil Med. 
1997;162(7):481-3. 

11.	Simkin A, Leichter I, Giladi M, Stein M, Milgrom C. Combined effect of foot arch 
structure and an orthotic device on stress fractures. Foot Ankle. 1989;10(1):25-9. 

12.	Matava MJ, Freehill AK, Grutzner S, Shannon W. Limb dominance as a potential 

etiologic factor in noncontact anterior cruciate ligament tears. J Knee Surg. 
2002;15(1):11-6. 

13.	Noyes FR, Mooar PA, Matthews DS, Butler DL. The symptomatic anterior 
cruciate-deficient knee. Part I: the long-term functional disability in athletically 
active individuals. J Bone Joint Surg Am. 1983;65(2):154-62.

14.	Cavanagh PR, Rodgers MM. The arch index: a useful measure from footprints. 
J Biomech. 1987;20(5):547-51. 

15.	Mei-Dan O, Kahn G, Zeev A, Rubin A, Constantini N, Even A, et al.The medial 
longitudinal arch as a possible risk factor for ankle sprains: a prospective study 
in 83 female infantry recruits. Foot Ankle Int. 2005;26(2):180-3. 

16.	Saltzman CL, Nawoczenski DA, Talbot KD. Measurement of the medial longi-
tudinal arch. Arch Phys Med Rehabil. 1995;76(1):45-9. 

17.	Cobey JC, Sella E. Standardizing methods of measurement of foot shape by 
including the effects of subtalar rotation. Foot Ankle. 1981;2(1):30-6.

18.	Hawes MR, Nachbauer W, Sovak D, Nigg BM. Footprint parameters as a 
measure of arch height. Foot Ankle. 1992;13(1):22-6. 

19.	James SL, Bates BT, Osternig LR. Injuries to runners. Am J Sports Med. 
1978;6(2):40-50. 

20.	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. 

21.	Souryal TO, Freeman TR. Intercondylar notch size and anterior cruciate ligament 
injuries in athletes. A prospective study. Am J Sports Med. 1993;21(4):535-9. 

22.	Lentell G, Baas B, Lopez D, McGuire L, Sarrels M, Snyder P. The contributions 
of proprioceptive deficits, muscle function, and anatomic laxity to functional 
instability of the ankle. J Orthop Sports Phys Ther. 1995;21(4):206-15.

sprains and subsequent ACL injury, suggesting that propriocep-
tive changes are related to the morphology of the MLA. 
A limitation of this study is the choice of method for MLA mea-
surement, since there is disagreement in the literature when dif-
ferent evaluation methods are compared. A widely used method 
is the registration of plant footprint; however, its usefulness has 
been questioned. Cobey and Sella17 found a weak correlation 
in comparison of plantar footprints with radiographic evaluation 
of MLA. Hawes et al.18 also found a weak correlation between 
the plant footprint and direct clinical evaluation of MLA. In our 
study, we used a method of anthropometric evaluation, which 
consisted of measuring the ratio between the height of the 
navicular bone from the floor and the foot length (distance be-
tween the most rear load support portion of the calcaneus to 
the first metatarsophalangeal joint), called the bony arch index. 
According to previous studies, after evaluation of several mul-
tivariate analysis criteria, the bony arch index correlates better 
with injury during physical activity.5 Despite the evidence found 
in this group of patients, further studies with larger athletes 
samples are needed to make definitive conclusions about the 
influence of morphology of MLA on non-contact ACL injuries.

CONCLUSION

In the present study we found an association between feet with 
high medial longitudinal arches and a higher incidence of non-
-contact ACL injuries, suggesting that high MLA can play a role 
as a risk factor for such ligament injuries.
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