
Session 3: Pediatric Foot (SS) 

 

Chair: Carina Price, PhD (University of Salford) 

Co-Moderators:  Dieter Rosenbaum, PhD (Clinical Research & Services, Otto Bock) 

and Russel Volpe, DPM (NYCPM) 

 

1:30PM        Karen Adolph, PhD (invited) 

2:00PM        3-1:  Caravaggi, Paolo, et al. Postural and kinematic alterations in the paediatric 

asymptomatic plano-valgus foot joints 

2:10PM        3-2:  Chard, Angus, et al. Effect of thong style flip-flops and supportive shoes on 

children’s midfoot joint power during the propulsive phase of walking  

2:20PM       3-3:  Evans , Angela M., et al, Paediatric Flatfeet – Identifying the Boomerangs  

2:30PM       3-4:  Holmes, Sarah J., et al, Impact of multilevel joint contractures of the hips, 

knees and ankles on the Gait Profile Score in children with cerebral palsy 

2:40PM       3-5:  McClymont , Juliet, et al.  Average peak plantar pressure and variability in foot 

contact morphology (area) during two dynamic locomotor tasks in infants 

2:50PM       3-6:  Tulchin-Francis, Kirsten, et al. Quantifying Pediatric Foot Deformities using 

Multi-Segment Foot Kinematics & Pedobarograph 

3:00PM       3-7:  Amene, Juliet, et al. Kinematic Foot Types of Planovalgus Feet in Children 

with Cerbral Palsy  

 



Postural and kinematic alterations in the paediatric asymptomatic plano-valgus foot joints 
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INTRODUCTION: Plano-valgus (PV) is a common alteration of foot posture present in the paediatric population, 
characterized by valgus rearfoot, foot pronation and drop of the medial longitudinal arch (MLA). If misdiagnosed, this 
condition has the potential to cause pain and discomfort, and may hinder the lower limb kinematic chain. While a number of 
studies have investigated the kinematics of the paediatric PV foot, e.g. [1], no information is thus far available on postural 
and kinematic alterations of the major joints spanning the MLA - i.e. midtarsal and tarso-metatarsal. 
 
METHODS: 20 children (13 M, 7 F; 13 ± 1 years) with bilateral asymptomatic PV foot were recruited in the study. 
Radiological indicators of PV condition, such as the calcaneal pitch, lateral talo-first metatarsal angle, and talo-navicular 
coverage, were measured from weight bearing X-rays. Gait analysis was conducted on the childrens’ feet with the Rizzoli 
Foot Model [2, 3]. This was applied to measuring double-leg support upright static posture and gait kinematics of the main 
foot joints, including midtarsal and tarso-metatarsal joints, along with MLA deformation. Range of motion and temporal 
profiles of joint rotations were compared to those from a control group of age-matched children with normally-developed 
(ND) feet (4 M, 6 F; age 13 ± 1 years). Mann-Whitney U test was used to assess differences in static posture and kinematic 
global parameters between PV and control. One-dimensional statistical parametric mapping was used to determine 
differences in stance-normalized foot joint rotations between PV and control. Acknowledgement of the Hospital’s IRB was 
granted (protocol n° 7/17) and parents’ informed consent was obtained for all children recruited in the study. 
 
RESULTS: The PV midtarsal joint was more dorsiflexed, everted and abducted than that in the control group, but showed 
reduced median sagittal-plane ROM (PV= 15.9 [12.1 19.2] deg; ND = 22.2 [19.5 24.9] deg; p < 0.01). The tarso-metatarsal 
joint was more plantarflexed and adducted, and showed larger frontal-plane ROM. The MLA showed larger ROM (PV= 58 ± 
18 deg; ND = 37 ± 9 deg; p < 0.05) and was more dropped throughout gait duration. A diagrammatic representation of 
sagittal-plane orientation of foot segments in static posture and at push-off in stance is shown in figure 1. 
 
DISCUSSION: Similar to what reported in previous studies, the PV hindfoot resulted significantly everted and plantarflexed 
with respect to the tibia, and the MLA was more collapsed throughout stance duration. In addition, the Rizzoli Foot Model 
allowed investigation of the postural and kinematic alterations at the midtarsal and tarso-metatarsal joints. It should be 
highlighted that children with PV foot walked more slowly and with a reduced stride length than control, and this might have 
– albeit marginally - affected the differences observed in the joint rotation profiles. 
 
SIGNIFICANCE/CLINICAL RELEVANCE: In the paediatric plano-valgus foot, a hindered windlass mechanism and/or 
insufficient activation of the intrinsic plantar muscles [4] may be responsible for larger dorsiflexion of midfoot joints and 
greater collapse of the MLA during gait. A better understanding of PV midfoot joints postural and kinematic alterations is 
necessary to improve diagnosis and treatment of PV condition. 
 
REFERENCES: 
1. Hosl M, et al. Gait & Posture 2014; 39:23-8. 
2. Leardini et al. Gait Posture 2007; 25(3):453-62 
3. Portinaro et al. J Foot Ankle Res. 2014 20;7(1):754. 
4. Angin S,et al. Gait & Posture, 2014; 40:48:52. 

Figure 1 Diagrammatic representation of the sagittal-plane intersegmental orientation in double-leg support static posture (left), and at push-off (right) for 
the normally-developed (top) and plano-valgus (bottom) feet according to the average intersegmental rotations from the two groups. 
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Effect of thong style flip-flops and supportive shoes on children’s midfoot joint power during the 

propulsive phase of walking  
 

Angus Chard1, Andrew Greene2, Joshua Burns1,3, Richard Smith1 
1The University of Sydney, 2 University of Roehampton, 3Sydney Children's Hospitals Network 

angus.chard@sydney.edu.au 
 

 

INTRODUCTION:  Thongs may be beneficial for children’s developing feet despite increased ankle dorsiflexion and midfoot 

plantarflexion seen during walking[1]. Enclosed footwear limits midfoot joint motion and power[2,3]. Ankle and midfoot joint 

plantarflexion is necessary for the generation of foot and ankle power during the propulsive phase of walking. The splinting 

effect of enclosed footwear significantly reduces the midfoot contribution. This effect may change intrinsic and extrinsic foot 

muscle contraction, thought necessary for developing feet and a child’s arch development. The purpose of this study was to 

evaluate the effect of wearing thongs and supportive shoes on children’s barefoot midfoot joint power during the propulsive 

phase of walking. It is hypothesized that wearing thongs will not affect midfoot power generation while wearing supportive 

shoes will reduce midfoot power generation during the propulsive phase of gait. 
 

METHODS: Walking data were recorded from twelve healthy children aged 8-12 years at 200 Hz. A multi-segment foot model 

was used in an inverse dynamics analysis to derive ankle and midfoot power. Five trials of each participant and each footwear 

condition were collected while walking at self-selected speed with the order of barefoot, thong and supportive shoe randomized. 

A repeated measures ANOVA with a threshold of p<0.05 was used to determine the significance of peak midfoot power 

generation differences. 
 

RESULTS: In the sagittal plane peak power generation at the midfoot was similar when thongs were worn (1.68 W/Kg p>0.696, 

95% CI [1.26, 2.10]) to that seen when children were barefoot (1.525 W/Kg 95% CI [1.067, 2.01]), while supportive shoes 

reduced midfoot peak power generation by 0.525W/kg (42%) to 1.00 W/kg p>0.012, 95%CI [0.50, 1.50] due to a reduced 

plantarflexing angular velocity by 148ᵒ/sec (68%) p<0.0001, and plantarflexion moment by 0.10 Nm/kg (11%) p>0.018.  

 

DISCUSSION: During the propulsive phase of walking, the midfoot functioned in the sagittal plane similarly to barefoot while 

thongs were worn. The supportive shoes, however, limited the power production of the midfoot. The long-term effect of 

wearing such supportive shoes should be investigated to determine what deleterious effects they may have on lower limb health. 
 

SIGNIFICANCE/CLINICAL RELEVANCE: Children’s barefoot midfoot dynamics were unaffected during the thong 

condition, while supportive shoes had a splinted effect on the midfoot, reducing barefoot midfoot power generation. 

Reducing the splinting effect of supportive shoes may be beneficial for children’s midfoot joint dynamics. 

 

REFERENCES:   

1. Chard, A, et al. J Foot Ankle Res. 2013. 6(1): p. 8. 

2. Wegener C. et al. Footwear Sc. 2013. 5(sup1): p. S55-S56.  

3. Smith R. and McConnell J. XXV ISBS Symposium 2007: Brazil. 

  
                     
 
 
 

   

  
 
  

 

 

Figure 1. Sagittal plane midfoot joint power (W/Kg), generation to positive, during the propulsive phase of 

walking, while barefoot (solid line), wearing thongs (dashed line) and supportive shoes (dotted line). 
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Paediatric Flatfeet – Identifying the Boomerangs 
 

Angela M. Evans 1, 2, 3 
1 La Trobe University, Melbourne, Australia; 2 Walk for Life Clubfoot, Dhaka, Bangladesh; 3 Marion Podiatry, 

Adelaide, Australia 
Email: angela.evans@latrobe.edu.au 
 

Disclosures:  AME (Evidence Essentials: www.evidenceessentials.com ; Editorial Board, J Foot Ankle Res ) 
 
 
INTRODUCTION: The paediatric flatfoot is a frequent presentation to clinicians across medical and allied 
health disciplines, and a common concern for parents. It has been hotly debated with respect to the need for, and 
indications directing, intervention. Whilst available level 1 evidence, clarifies the lack of support for bespoke 
foot orthoses for children with asymptomatic flatfeet, there remains regular query as to which degree of 
paediatric flatfoot is ‘normal’, and which are most likely to be problematic in the future? 
 
METHODS: Review of current research for the evidence for treatment of flatfeet reveals a substantial quantity 
of literature focused on diagnosis, clinical significance, and intervention.  
 
RESULTS: This paper examines the paediatric flatfoot and varied influences, including military history, 
hierarchical evidence, and contemporary research findings. It identifies three validated assessment tools for 
clinical use, and normal range parameters. Normative data for paediatric foot posture, utilizing the Foot Posture 
Index (FPI-6), has been expanded to include international populations from the UK, Spain, and Australia for 
ages three to 14 years (n>3000). The paediatric flatfoot proforma (p-FFP) and triage tool (3qq) both provide 
clinical frameworks for intervention and prioritizing respectively. In addition, three morphological attributes of 
the foot are identified as ‘predictive’ of symptoms: heel angle, talo-navicular joint coverage angle, ankle 
range/midfoot stability. 
  
DISCUSSION: From the wider perspective of public health, the concept of the ‘boomerang’ will be introduced 
to emphasise the morphological criteria, which merit clinical attention, and which are most probably associated 
with the painful flatfoot. The evolving issue of paediatric foot strength is also considered. 
 
SIGNIFICANCE/CLINICAL RELEVANCE: Appreciated within the context and range of normal foot 
development, the ‘boomerang’ concept helps clinicians to methodically identify the paediatric flatfoot which is 
more likely to ‘return’ as a problem. This concept is easily understood by parents and school-aged children. 
 
REFERENCES:  
1 Carli A, Saran N, Kruijt J, et al. Physiological referrals for paediatric musculoskeletal complaints: A costly 

problem that needs to be addressed. Paediatr Child Health 2012;17:e93–7. 
2 Redmond AC, Crane YZ, Menz HB. Normative values for the Foot Posture Index. J Foot Ankle Res 

2008;1:6.  
3 Gijon-Nogueron G, Sanchez-Rodriguez R, Lopezosa-Reca E, et al. Normal values of the Foot Posture Index 

in a young adult Spanish population: a cross-sectional study. J Am Podiatr Med Assoc 2015;105:42–6.  
4 Evans A. Mitigating clinician and community concerns about children’s flatfeet, intoed gait, or knock-knees. 

J Paediatr Child Health 2017;53(Nov).  
5 Kerr CM, Stebbins J, Theologis T, et al. Static postural differences between neutral and flat feet in children 

with and without symptoms. Clin Biomech 2015;0.  
6 Moraleda L, Mubarak SJ. Flexible flatfoot: differences in the relative alignment of each segment of the foot 

between symptomatic and asymptomatic patients. J Ped Orthop 2011;31:421–8.  
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Impact of multilevel joint contractures of the hips, knees and ankles on the Gait Profile Score in children 
with cerebral palsy 

Sarah J. Holmes1, Anita J. Mudge3, Elizabeth A. Wojciechowski1,3, Matthias W. Axt2,3 and Joshua Burns1,3 

1The University of Sydney, Faculty of Health Sciences, 2Orthopaedic Department, The Children’s Hospital at Westmead, 
3Paediatric Gait Analysis Service of New South Wales, Sydney Children’s Hospitals Network (Randwick and Westmead) 

Email of Presenting Author (Sarah Holmes): shol1706@uni.sydney.edu.au 
Disclosures:  This research did not receive any funding from agencies in the public, commercial, or not-for-profit sector.
INTRODUCTION:   
     Three dimensional gait analysis (3DGA) generates a large and complex dataset, often presenting a barrier to its effective 
use in clinical decision making when assessing the walking ability in children with cerebral palsy. The Gait Profile Score 
(GPS) is a single index measure of 3DGA kinematic data, helping to enhance clinical interpretation for patients, families and 
clinicians. With the increasing use of gait indices, it is necessary to determine whether these indices can represent the severity 
of such clinical impairments. Therefore, the primary aim of this study was to investigate the extent to which sagittal plane 
multilevel joint contractures influence the GPS in children with cerebral palsy.  
METHODS:  
     Children who attended our gait analysis service from January 2011 to July 2016 and provided informed consent were 
eligible for inclusion in this study (Sydney Children’s Hospitals Network Human Research Ethics Committee 
LNR/12/SCHN/146). Children with a diagnosis of cerebral palsy, who were 18 years or younger and classified as a Gross 
Motor Function Classification System level I-III were included. Previous surgery warranted exclusion from this study.  
     Range of motion in the hip, knee and ankle was measured in the sagittal plane using a goniometer. A contracture was 
defined as any angle below the minimum range of values collected from 50 typically developing children. The children 
underwent 3DGA, walking along an 8m walkway, using a Vicon MX system with eight infrared cameras and three AMTI 
force plates. The GPS was calculated using MATLAB 2016b with a higher score indicating a greater deviation from normal.  
     Analyses were performed with SPSS software v22. The study sample was characterised using descriptive statistics. One 
sample t-tests compared the participant’s range of motion and GPS to normative values. Pearson’s product correlation (r) 
assessed the relationship between patient characteristics, physical examination measures and the GPS. One way analysis of 
variance (ANOVA) assessed the influence of the number and type of contracture on the participants’ GPS (ipsilateral limb). 
Stepwise multiple regression analysed which physical examination measures contributed to an elevated GPS (ipsilateral 
limb). Significance was set at p<.05. 
RESULTS:  
     145 children (mean age: 11 years, 4 months; SD: 2 years, 10 months; range 5-18 years; 83 males) were included. The GPS 
of the participants was significantly higher than the normative values (p<.05). There was a significant correlation (p<.001) 
between an elevated GPS (ipsilateral limb) and reduced range of hip extension (r=-.348), knee extension (r=.353) and ankle 
dorsiflexion (knee extended) (r=.466).  
     As the number of joints affected by contracture increased, the GPS also increased. Children with combined ankle, knee 
and hip contractures had an increased GPS (mean 17.5°, SD 6.2°) compared to the participants with ankle contractures only 
(GPS mean 12.8°, SD 5.1°) or no contractures (GPS mean 11.0°, SD 2.3°) (p<.05). In multiple regression, reduced hip 
extension (beta=-.244, p<.001) and ankle dorsiflexion (knee extended) (beta=-.421, p<.001) range of motion, and knee 
flexion weakness (beta=-.346, p<.001) predicted 47% of the variance in the GPS (r2=.465).  
DISCUSSION:   
     The GPS provides a simple measure for clinicians and families to quantify the impact of contractures on kinematic gait. 
Reduced ankle dorsiflexion (knee extended), knee extension and hip extension range of motion were significantly correlated 
with an increased GPS. This is consistent with previous studies correlating joint range of motion to kinematic variables 
during gait. Children with more joint contractures had a significantly increased GPS compared to those with none or limited 
contractures. This is the first study to use the GPS as a measure of the severity of physical impairments in this population. 
     Restrictions in ankle dorsiflexion (knee extended) range of motion, hip extension range of motion and knee flexion 
weakness, predicted almost half of the variation in the GPS. Targeting and regularly monitoring these impairments may guide 
therapists in referring patients to appropriate and timely medical management.  
     There were some limitations to this study. First, as range of motion and spasticity were highly correlated both measures 
could not be included in the multiple regression analysis. Second, coronal and transverse plane abnormalities were not 
included however are likely to contribute to an elevated GPS. Third, there was a lack of consensus in the literature when 
defining contracture, presenting a barrier to standardising outcome measures for research and for clinicians managing 
possible contractures. Finally, future studies should assess the impact of multilevel contractures on measures of everyday 
function and quality of life. 
CLINICAL RELEVANCE:  
     The GPS demonstrates the impact of multilevel sagittal plane joint contractures on kinematic gait parameters in children 
with cerebral palsy. This supports the use of the GPS as a simplified measure to quantify the contribution of contractures to 
gait limitations and may direct clinicians in deciding appropriate interventions for these children.  
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Average peak plantar pressure and variability in foot contact morphology (area) during two 

dynamic locomotor tasks in infants 

Juliet McClymont1, Carina Price2, Stewart C. Morrison1, Chris J. Nester2. 
1University of Brighton, U.K, 2University of Salford, U.K. 

Presenting Author email: j.mcclymont@brighton.ac.uk 

Introduction: Throughout infancy the foot continually develops as a weight bearing structure and plantar 

pressure profiles of independently walking infants are available (Bosch et al. 2007). However, we lack 

information about how the foot develops prior to independent walking, including the distribution and magnitude 

of average peak pressure and variation in foot contact morphologies (areas) during supported walking (a pre-

cursor to independent walking). We therefore aimed to investigate plantar pressure and contact morphologies 

during supported and independent walking in infants.  

Methods: Ethical approval for data collection was obtained by the Universities of Brighton and Salford and 

informed consent collected from the parent of the infant participants. Contact area parameters were collected 

within two custom designed baby-friendly lab spaces (4m2). Pressure records were collected on a Novel Emed 

XL pressure platform embedded in a 4m2 area. Data has been processed on a total of 6 babies (4 independent 

walkers and 2 supported walkers) and total N = 198 steps during supported and independent walking to date 

(aged 11-15 months). Supported walking was defined as the participant walking willingly whilst the parent 

supporting the child by hand above their head. Each step was extracted individually and masked to define 

rearfoot, mid- and forefoot. As an initial starting point, contact areas were defined when each region was loaded 

and in contact with the pressure mat for more than 50% of the overall stance phase. This method was thought to 

allow for the regular posterior shift (e.g., initial forefoot strike with a posterior shift to the midfoot area) in 

contact area during supported walking. The dataset is comprised of a tally of all steps collected during supported 

and unsupported walking.  

Results: Initial results demonstrate high and comparable variation in contact area during both supported, and 

independent walking. During supported walking, approximately 70% of steps spent >50% of stance time in the 

midfoot, 55% of steps utilised the forefoot and 55% of steps spent >50% of stance phase loading the rearfoot. 

During independent walking, approximately 94% of steps spent >50% of stance time loading the heel and 

midfoot, whilst 82% of steps utilised the forefoot.  

Discussion: Compared to independent walking, supported walking might be characterised by a more variable 

distribution of load exploiting as biomechancial variability develops step-to-step in accordance with dynamic 

systems. However, we used 50% of stance as a cut off for accepting the rear, mid- or forefoot as being in contact 

with the pressure mat, and future work will analyse how sensitive results are to different criteria. Also, regional 

analysis of plantar pressures (i.e. rear, mid-, forefoot) may be sensitive to the effects of assumptions in the 

distribution of pressure. We propose to employ statistical parametric mapping as a more objective approach to 

plantar pressure analysis 

Clinical relevance: Clinical decisions about normal or otherwise development of the paediatric foot require an 

understanding of how and why pressure distributions develop. Variations in contact morphologies presented 

here provide insight into the development of the functional units of the foot as it matures into a weight bearing 

structure.  

References: 

Bosch, K., Gerss J., Rosenbaum, D. 2007. Preliminary normative values for foot loading parameters of the 

developing child. Gait and Posture, 26: 238-247. 

Acknowledgements: This work is funded by the William M Scholl Foundation (UK) as part of the Great 

Foundations initiative (www.greatfoundations.org.uk). 

Figure 1: Pressure images (a,b) represent continuous supported walking in one infant, showing the variation in 

contact area step-to-step, and compared to independent walking (c).  

a b c 
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Quantifying Pediatric Foot Deformities using Multi-Segment Foot Kinematics & Pedobarograph  
 

Kirsten Tulchin-Francis, Ashley Erdman, Sophia Ulman, Jacob Zide, Anthony Riccio 

Texas Scottish Rite Hospital for Children, Dallas, TX 

Kirsten.Tulchin-Francis@tsrh.org 
 

Disclosures:  Kirsten Tulchin-Francis (N), Ashley Erdman (N), Sophia Ulman (N), Jacob Zide (N), Anthony Riccio (N) 

 

INTRODUCTION: Multi-segment foot (MSF) kinematics and plantar pressures have been shown to identify biomechanical 

variances in foot function in children and adults with foot pathology. Structural differences and abnormal kinematic motion 

often dictate changes in plantar pressures, however, direct correlation of measures is often difficult due to complex foot 

deformities and compensatory motion. The purpose of this study was to evaluate the relationship between plantar pressures and 

coronal plane MSF kinematics across a wide range of pediatric and adolescent foot pathology. 
 

METHODS: Fifty patients with foot deformities were enrolled in prospective, IRB approved research aimed at evaluating foot 

structure and function. Foot deformities ranged from severe planovalgus to cavovarus in patients presenting with a variety of 

structural (tarsal coalition, clubfoot sequela), functional (deformity due to trauma) and neurological (cerebral palsy, 

myelomeningocele) diagnoses. Feet were divided into three categories based on the average coronal hindfoot position during 

the single limb stance (SLS) phase of gait using a custom MSF model [1]. Categories were defined using multi-segment foot 

kinematic data of N=20 typically developing individuals without history of foot pathology, musculoskeletal disease, lower 

extremity injury or neuromuscular disorder. Correlations were evaluated between average coronal hindfoot (HF) position and 

coronal forefoot (FF) position during SLS, and the hindfoot to forefoot angle (HFA) and the distribution of lateral to medial 

forefoot peak pressure [LM_FF, defined as (L-M)/(L+M)], based on plantar pressure analysis. 
 

RESULTS: Using the control group (mean ± one stdev) as reference, the subject cohort consisted of 13/50 feet which had 

significant hindfoot valgus (Valgus) during gait, 17/50 feet exhibiting hindfoot varus (Varus), and the remaining feet within 

normal limits (HFNorm).  Due to variation in sagittal and coronal compensations, the average forefoot position during stance 

was not significantly different between Valgus and HFNorm feet (Table 1). However, Varus feet had significantly less 

forefoot inversion compared to both Valgus and HFNorm. There was a moderate correlation between coronal hindfoot and 

forefoot position during SLS (r= -.60).  HFA and LM_FF also demonstrated moderate correlation to hindfoot position (r= -0.6 

and 0.52, respectively), and were able to distinguish between Valgus feet and both HFNorm and Varus feet.  However, these 

variables were not significantly different between Varus and HFNorm. 
 

DISCUSSION:  While anatomical abnormalities and/or changes in kinematic motion often lead to changes in plantar pressures, 

multiple variations in hindfoot and forefoot position, across all three planes, can lead to considerably different plantar pressure 

patterns.  For example, two feet with similar amounts of hindfoot valgus can present with significantly different forefoot plantar 

pressure patterns based on the amount of forefoot compensation.  This study demonstrates that, even in the presence of large 

differences in hindfoot deformity, it is important to look at both motion and plantar pressures to examine the complex foot 

structure. 
 

SIGNIFICANCE/CLINICAL RELEVANCE: The application of a multi-segment foot model and plantar pressures can be 

used to detect variations in complex, 3D foot mechanics in children with pathology. However, it is important that clinicians 

and researchers examine the entire foot complex to identify compensations and deficiencies among all relevant variables. The 

additional information gained can be used to aid clinical decision making and to assess treatment outcomes. 
 

REFERENCES: [1] Tulchin, et al. J Appl Biomech. 2009 Nov;25(4):377-86. 

 

ACKNOWLEDGEMENTS: The authors wish to acknowledge support from the TSRHC Research Program Fund. 
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Table 1: MSF and Plantar pressure measures based on coronal 

hindfoot position during gait 

  

Valgus 

Hindfoot 

(N=13) 

“Normal” 

Hindfoot 

(N=20) 

Varus 

Hindfoot 

 (N=17) 

Ave Cor HF (SLS) -13.6 ± 5.1 -2.9 ± 2.3 12.1 ± 8.9 

Ave Cor FF (SLS) 12.0 ± 8.5 7.4 ± 7.4 -2.9 ± 8.2 *  

HFA  189.0 ± 7.4 177.8 ± 9.4 * 173.6 ± 5.5 * 

LM_FF  -0.3 ± 05 0.3  ± 0.5 * 0.4  ± 0.4 * 

Figure 1: HFA vs. coronal HF position during SLS. Individual Subjects shown as 

single data points. Group mean ± 2 stdev shown as colored rings. 
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Kinematic Foot Types of Planovalgus Feet in Children with Cerebral Palsy  
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Gerald F. Harris1,3 

1Marquette University, Milwaukee, WI, NY, 2Midwestern University, Downers Grove, IL, 3Shriners Hospitals for Children, 

Chicago, IL, 4University of Illinois at Chicago, Chicago, IL 

Email of Presenting Author: jkrzak@midswerstern.edu 
 

Disclosures:  None 

 

INTRODUCTION:  Pes planovalgus (PV) is characterized by flattening of the medial longitudinal arch, along with hindfoot 

valgus. It is the most common foot deformity in ambulatory cerebral palsy and accounts for 25-30% of all surgical 

procedures in children with CP [1].  Previous investigations of the multi-segment foot and ankle kinematics of children with 

PV secondary to cerebral palsy identified variability in foot motion during gait [2].  Such variability in foot and ankle 

kinematics has been addressed by identifying foot types using multi-segmental foot and ankle analysis, principal component 

analysis (PCA) and cluster analysis [3].  Therefore, the purpose of the current project was to identify clinically relevant foot 

types among a sample of typically developing (TD) children and children with PV secondary to cerebral palsy.   

 

METHODS: This retrospective study was approved by an institutional review board (IRB). The study sample (PV group) 

included 31 children (age = 11.5 ± 2.4 yrs) with pes planovalgus (12 unilateral and 19 bilateral, total of 50 feet) and a control 

group of 16 typically developing (TD group) children (32 feet total, age = 11.3 ± 2.0 yrs).  Gait analysis was performed using 

the Milwaukee Foot Model to characterize kinematics of the foot and ankle [4]. Principle component analysis (PCA) was 

used as a data reduction technique on 32 variables. Variables described tibia, hindfoot and forefoot kinematics, as well as 

walking velocity. K-means cluster analysis was performed on the principal components (PCs) and a one-way analysis of 

variance (ANOVA) was done to evaluate the effect of foot type on PC scores.  When a main effect of foot type was 

identified, post-hoc comparisons were made relative to the TD Group (rectus foot type) using Dunnett’s test.  
 

RESULTS:  PCA resulted in 7 PCs accounting for 91% of the variance of the original dataset. The PCs described the 

segmental/planar involvement of the deformity and joint excursions across the gait cycle. K-means clustering identified seven 

foot types (Table 1, Figure 1). Type 1 was identified as the control group with a rectus foot type.  A main effect of foot type 

was not identified for PCs 6 and 7; therefore, post-hoc analysis was not performed on those PC scores.    
 

DISCUSSION:  The current study identified 7 distinct, foot types among a sample of TD children and children with PV using 

multi-segment foot and ankle kinematics as inputs for PCA and K-means cluster analysis. PCA reduced 32 variables 

describing the location and plane of involvement in the foot and ankle to 7 PCs. Cluster analysis identified subgroups of 

participants with PV who presented with variable planes of involvement and severity. This analysis also provided insight into 

the intersegmental relationship between the hindfoot and forefoot in the presence of a midfoot break.   

 

SIGNIFICANCE/CLINICAL RELEVANCE: The current study demonstrated that each subgroup presented unique 

characteristics of PV including segment(s) and plane(s) involved, as well as severity of deformity.  These quantitative 

methods can ultimately be used to analyze severity of deformity and can be used to facilitate treatment planning when used in 

conjunction with other information.    
 

REFERENCES: [1] Andreacchio, A. et al. J Pediatr Orthop 2000; 20:501-5. [2] Kruger K, et al.  Gait and Posture. 2017; 

54:277-283. [3] Krzak JJ, et al.  Gait and Posture. 2015; 41:402-408. [4] Long J et al. J Exp Clin Med 2011; 3(5):239e244. 
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 Figure 1.  Example kinematics of individual foot types 
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