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However, the Arch Height Index Measurement 
Systems consists of sets of calipers to make key 
foot measurements to calculate AHI, which 
is time consuming and requires a trained 
investigator to make reliable measurements. 
This study developed a camera-based method 
to quantify AHI with the goal of reducing 
experimental time and increasing anatomical 
data by using a trained convoluted neural 
network model (DeepLabCut) to identify key 
landmarks of the foot. This method offers an 
inexpensive, reliable, and quick technique 
to track and study changes in foot structure 
throughout pregnancy and postpartum. 

Methods
Our camera-based AHI measurement 

used mirrors at 45angles and a webcam to 
capture the top and side view of both feet 
simultaneously (Figure 1).  We collected 
foot images from five non-pregnant female 
participants (25.8  1.6 years) and three 
pregnant female participants (36.0  1.4 years) 
at 12 weeks of pregnancy. We did not expect 
to detect foot structure differences during 
this stage of pregnancy2. We acquired photos 

Introduction
Musculoskeletal pain is a frequent symptom 

in pregnancy in which 71% of patients 
report low back pain, 38% report hip pain, 
22% report knee pain, and 40% experience 
foot pain1,2. This pain also extends into the 
postpartum period in which two-thirds of 
patients report pain in multiple parts of the 
body2,3. Foot structural changes and pain are 
one of the most common musculoskeletal 
conditions experienced during pregnancy and 
postpartum, yet these patients rarely receive 
specialized care. One of the key stabilizers of 
the foot is the spring ligament. Insufficient 
support from this ligament leads to flatfoot 
deformity and painful foot symptoms. 
Symptomatic flatfoot during pregnancy is 
hypothesized to result from increased body 
mass and circulating hormones that promote 
ligament laxity in preparation for childbirth.

Accurately and reliably tracking foot 
structure is critical to understand the effects 
of pregnancy on foot structure and to identify 
patients at increased risk of long-term pain 
and disability. The Arch Height Index (AHI) 
is a reliable research tool that quantifies foot 
structure using a custom measurement jig. 
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Figure 1. Camera-based AHI measurement photo with 58 DeepLabCut trackers on key landmarks of the foot. Dashed lines represent key measurements.
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measurements. We also detected differences (p    0.05) 
between sitting and standing position measurement 
comparisons. Our preliminary data demonstrates 1) 
camera-based AHI measurements produce foot structure 
measurements that strongly agree with caliper-based 
measurements in larger female cohorts and 2) camera-
based AHI measurements are sensitive to foot side and 
foot loading. These findings support using camera-based 
AHI measurements to longitudinally track foot structure 
throughout pregnancy.

Significance
This study provides clinicians with an easy to use and 

low-burden tool to longitudinally measure foot structure 
and potentially administer into clinics to screen for risk 
factors of foot pain. This technique is simple to implement, 
independent of investigator, takes less than 3 minutes, and 
does not require ionizing radiation.
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while participants were sitting and standing with feet 
approximately shoulder width apart to detect changes in 
foot structure due to loading. We used these measurements 
to train a convoluted neural network (DeepLabCut) 
to identify 58 key landmarks of the foot and calculated 
foot structure including AHI—which is the ratio of the 
dorsum height at 50% of the foot length and truncated 
foot length (Figure 1). We compared our camera-based 
AHI measurements against a recent report that used the 
caliper-based AHI measurement and tested for left-right 
and sit-standing differences within our data using paired 
t-tests.

Results & Discussion
Our camera-based AHI measurements compared 

favourably to caliper-based measurements reported by 
Weimar and Shroyer’s study of foot structure within 79 
females (21.53  1.5 years) (Table 1.)4. Our camera-based 
AHI measurements also fell within one standard deviation 
of results of Butler’s study using a caliper-based AHI 
measurements on 50 female recreational runners5. We 
detected significant differences (p  0.05) between left and 
right foot upon standing position dorsum height and AHI 

4. Weimar, Wendi, and Justin Shroyer. Arch height index normative values of college-aged women using 
the arch height index measurement system. Journal of the American Podiatric Medical Association, vol. 
103, no. 3, May 2013, pp. 213–217
5. Butler RJ, Hillstrom H, Song J, et al. Arch height index measurement system: establishment of reliability 
and normative values. J Am Podiatr Med Assoc. 2008 Mar-Apr;98(2):102-6. 

Table 1. Camera-based AHI Measurements and Literature Comparison.

Measurement Present Study Weimar and Shroyer, 20214

Sitting Left Foot Right Foot Left Foot Right Foot

Dorsum height (cm) 6.58  0.50 6.73  0.53 6.23  0.44 6.4  0.49

Truncated foot length (cm) 17.62  0.66 17.56  0.79 17.60  0.92 17.37  0.86

Total foot length (cm) 23.00  0.82 22.88  0.93 23.80  1.10 23.80  1.10

Arch Height Index 0.374  0.026 0.383  0.027 0.355  0.031 0.369  0.034

Standing Left Foot Left Foot Left Foot Left Foot

Dorsum height (cm) 6.15  0.43 6.30  0.38 6.00  0.47 6.05  0.47

Truncated foot length (cm) 17.89  0.70 17.59  0.72 17.79  0.84 17.70  0.87

Total foot length (cm) 23.29  0.89 23.12  0.91 24.1  1.11 24.1  1.10

Arch Height Index 0.344  0.023 0.359  0.022 0.338  0.031 0.343  0.033
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