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Tibial Strain with and without the Fibula 
 

Rui Ding1, Timothy R. Derrick1 
1Iowa State University, Ames, IA 

Email of Presenting Author: rding@iastate.edu 
 

INTRODUCTION:  In many finite element analysis studies, the leg segment is composed of a tibia, without a fibula. 

However, researchers have found that the fibula is capable of some weight bearing, resulting in relief of the strain in tibia by 

5%-15%1. It has also been found that the interosseous membrane plays a role in distributing the load between the tibia and 

fibula2,3. The purpose of this research is to find the difference in strain at the mid-shaft of tibia and fibula in three levels of 

finite element models, the models with tibia only, with tibia and fibula, and with tibia, fibula and interosseous membrane.  

 

METHODS: 3D geometry and material properties of tibia and fibula were obtained from the VAKHUM project4. The model 

included 97809 nodes, and 87387 hex8 elements. The software suite FEBio5 was used for finite element analysis. The bones 

were modeled as a linear isotropic material with young’s moduli estimated from CT scams. The Poison ratio was set to 0.3. 

The properties of additional materials were obtained from literature. Articular cartilage was added to tibia and fibula at the 

proximal tibiofibular joint by extruding the elements of the joint contact area in a local-normal direction by 0.7mm to make 

the two bones “just touching”6. The cartilage was modeled as a nearly incompressible Mooney-Rivlin material7. Tension only 

linear springs were used to model the interosseous membrane8, the proximal anterior tibiofibular ligamentous complex 9, 

proximal posterior tibiofibular ligamentous complex 9, distal anterior tibiofibular ligament10 and distal posterior tibiofibular 

ligament10. The center of the distal surface of tibia was fixed in all three translation directions, and a node on the medial side 

of the proximal tibia was fixed in the anterior-posterior and medial-lateral directions. Another node on the medial malleolus 

was fixed in anterior-posterior direction, so the bone would not rotate in the transverse plane11. The fibula was fixed in a 

similar way with bone bottom node and other two nodes on the lateral side of the bone. But the distal bottom of fibula was 

not fixed in medial-lateral direction. A downward axial load of 60kg (588.6N) was applied to the point that was just anterior 

to the center of knee joint and center of ankle joint in the sagittal plane on the proximal surface of tibia3. The strain along the 

axial direction of three elements on medial, lateral and posterior sides of tibia, and three elements from the anterior, lateral 

and posterior side of the fibula were selected to be compared among each condition3. 

 

RESULTS AND DISCUSSION:  The strain values from the three models are listed in table 1. The strain on the mid-shaft of 

tibia and fibula was in the similar range of gauge study3. And similarly, the strain decreased a lot but did not turn to zero after 

removing the interosseous membrane. Interosseous membrane plays an important role in the weight bearing function of 

fibula. One study that found the strain at fibula was zero after incision of interosseous membrane2. This may be due to the 

difference of position/direction of loading and precision of instrument. The current models have the fibula fixed at the distal 

end. This may differ from the real condition with support of the lateral surface of talus. This might be the reason why the 

strain in tibia didn’t change much when the fibula was removed. The talus will be included in the model to further study the 

relationship of tibia, fibula and interosseous membrane in weight bearing.  

 

SIGNIFICANCE/CLINICAL RELEVANCE:  This study provided an initial picture of the function of fibula and interosseous 

membrane in weight bearing using finite element analysis, helping understand the repair of tibia and fibula fracture12. 
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FIGURES AND TABLES:   

Table1: Strain in different conditions (με) 

Models Tibia Fibula 

 Medial Lateral Posterior Medial Lateral Posterior 

Tibia alone -287.3 28.3 -50.2 N/A N/A N/A 

Tibia with Fibula -284.5 25.0 -52.8 23.7 -5.1 6.7 

Tibia with Fibula and Membrane -286.4 25.3 -52.0 69.7 -38.1 1.4 

Negative value means compression, and positive value means tension. 
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Single-leg balance training – lifting ankle training beyond one single joint 
 

Uwe G. Kersting1, Anderson S.C. Oliveira2, Natalie Mrachacz-Kersting1, Priscila B. Silva1 
1SMI®, Department of Health Science and Technology, Aalborg University, Aalborg, Denmark 

2Department of Production and Mechanical Engineering, Aalborg University, Aalborg, Denmark 
 

Email of Presenting Author: uwek@hst.aau.dk 
 

Disclosures:  none 
 
INTRODUCTION:  Wobble board training is a well-known intervention for the prevention and rehabilitation of ankle injury, 
in particular in cases where a chronically instable ankle (CAI) has developed. Epidemiological studies provide strong support 
of re-injury rates being reduced by this kind of training. The common belief is that the ankle joint is mainly affected in regard 
to strength, stiffness or reflex-mediated muscular activity. Recently, various groups have indicated that this kind of training 
involves more complex motor control mechanisms, in fact a variety of these [1], requiring a holistic view on ‘joint 
adaptation’. The purpose of this paper was to illustrate the multi-faceted effects of ankle training on a wobble board by 
reporting various aspects of whole body effects and putting these into perspective. 
 
METHODS: All included studies were based on 4-6 weeks of single-leg wobble board training. Subjects were exposed to 
exercises in 30-min sessions, three times per week, with increasing difficulty. To assess training effects balance tests on firm 
surfaces, on the wobble board and sport specific cutting and landing tasks were used. Outcome measures were based on 
inverse dynamics modelling and extensive electromyographical studies. For statistical analyses, repeated measures ANOVAs 
were applied as well as correlational analyses.   
 
RESULTS:  Results showed that wobble board training leads to significantly improved performance on the task itself 
(standing on the board) but no related improvements of standing on a firm surface. Training effects were a reduced and 
slower movement of the ankle but also the free leg, the upper body and arms [2]. Muscle activity was reduced with increased 
duration of training, but more so for the ankle muscles than for the thigh and hip muscles. Generally, these specific training 
effects were accompanied by adaptations to landing technique after jumps [3], reactive muscle activation in particular during 
perturbed cutting movements and a reduction of mechanical loading of the ankle and knee joints which are commonly 
interpreted as being protective [4]. Further, we showed a cross-educational effect of these adaptations to the untrained body 
side. 
 
DISCUSSION:  Based on these studies we suggest that isolated, single-leg wobble board training leads to overall motor 
control adaptations rather than a strengthening of the ankle joint alone. We propose that these adaptations of motor control 
system are suitable to explain the protective effect balance training being shown in epidemiological studies. We also suggest 
that single-leg balance tests on firm surfaces may not be the optimal tests to assesses dynamic balancing performance. We 
therefore believe that tests on unstable surfaces should be included in risk factor assessments as they will likely have a greater 
predictive value. Future research should address this question. 
 
SIGNIFICANCE/CLINICAL RELEVANCE: Balance training on unstable surfaces - not necessarily on a wobble board, 
despite the fact that we mainly used this mode of training - leads to whole body adaptations which partly explain the 
protective effect of ankle disk training. These exercises should be initiated with the opposite if the injured ankle is not fully 
functional again to further improve rehabilitation programs.  
 
REFERENCES:  
1. Van Dieen, J., van Leeuwen, M. Faber, G.S. Journal of Neurophysiology 114(5): 2015, DOI10.1152/jn.00434.2015 
2. Silva, P.B.; Oliveira, A.S.C., Mrachacz-Kersting, N., Laessoe, U., Kersting, U.G. Gait & Posture, Vol. 44, 2016, p. 149-

154. 
3. Silva, P.B; Oliveira, A.S.C.; Mrachacz-Kersting, N., Kersting, U.G. Scandinavian Journal of Medicine & Science in 

Sports, 2017, in press. 
4. Oliveira, A.S.C.; Silva, P.B.; Lund, M.E., Farina, D.; Kersting, U.G.  Journal of Orthopaedic and Sports Physical Therapy, 

Vol. 47, No. 11, 2017, p. 853-862. 
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Ankle Fracture Management: A Unique Cross-Departmental Quality Improvement Project 
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 2 
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INTRODUCTION:  In light of recent BOAST 12 (August 2016) published guidance on management of ankle fractures, the 

project aimed to highlight key discrepancies throughout the care trajectory from admission to point of discharge at a district 

general hospital. Wide breadth of data covering three key domains: accident and emergency, radiology, and orthopaedic 

surgery were subsequently stratified and recommendations on note documentation, and outpatient follow up were made. 

 

METHODS: A retrospective twelve month audit was conducted reviewing results of ankle fracture management in 37 

patients. Inclusion criterion involved all patients seen at Darent Valley Hospital (DVH) emergency department with 

radiographic evidence of an ankle fracture. Exclusion criterion involved all patients managed solely by nursing staff or 

having sustained purely ligamentous injury. Medical notes, including discharge summaries and the PACS online radiographic 

tool were used for data extraction. 

 

RESULTS:  Cross-examination of the A & E domain revealed limited awareness of the BOAST 12 recent publication 

including requirements to document skin integrity and neurovascular assessment. This had direct implications as this would 

have changed the surgical plan for acutely compromised patients. The majority of results obtained from the radiographic 

domain were satisfactory with appropriate xrays taken in over 95% of cases. However due to time pressures within A & E, 

patients were often left without a post manipulation XRAY in a backslab. Poorly reduced fractures were subsequently left for 

a long period resulting in swollen ankles and a time dependant lag to surgical intervention. This had knock on implications 

for prolonged inpatient stay resulting in hospital acquired co-morbidity including pressure sores. 

 

DISCUSSION:  The audit has highlighted several areas of improvement throughout the disease trajectory from review in the 

emergency department to follow up as an outpatient. This has prompted the creation of an algorithm to ensure patients with 

significant fractures presenting to the emergency department are seen promptly and treatment expedited as per recent 

guidance. This includes timing for xrays taken in A & E. Re-audit has shown significant improvement in both documentation 

at time of presentation and appropriate follow-up strategies. Within the orthopaedic domain we are in the process of creating 

an ankle fracture pathway to ensure imaging and weight bearing status are made clear to the consulting clinicians in an 

outpatient setting.  

 

 

SIGNIFICANCE/CLINICAL RELEVANCE: As a result of the ankle fracture algorithm we have adapted the BOAST 12 

guidance to shape an intrinsic pathway to not only improve patient management within the emergency department but also 

create a standardised format for follow up.   
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Talocural manipulation effects walking speed in a young and older population 
 

Akshay A Patel, Helen R Branthwaite, Nachiappan Chockalingam 

Staffordshire University Stoke-on-Trent UK 

Email of Presenting Author: h.r.branthwaite@staffs.ac.uk 
 

Disclosures:  This work was a part of the PG dissertation completed by Akshay Patel; Helen Branthwaite and Nachiappan 

Chockalingam were involved in the design and supervised this study.

INTRODUCTION:  The aging process has been shown to have a detrimental impact on both kinetic and kinematic variables 

of the talocural joint in older adults (Arnold et al., 2014). These changes can alter walking speed with slower speeds correlating 

to increased hospital admissions (Middleton et al 2015) and increased risk of falls associated with restriction in the talocural 

joint (Menz et al 2006). Ankle Manipulation is a common manual therapy performed to improve talocural range of motion 

(Loudon et al 2013). Therefore, the aim of this paper is to assess the effect of talocural manipulation on walking speed in a 

young and older population with the view for it to be used as an intervention to reduce risk of falls in the elderly. 

 

METHODS:  Ethical approval was granted from Staffordshire University. 10 young (mean age 35.8±11.1 years; sex ratio 5:5 

male:female; mean height 170±8.9centimetres; mean weight 74±12.1 kilograms) and 10 older (mean age 72.5±7.2 years; sex 

ratio 5:5 male:female; mean height 164±12.7 centimetres; mean weight 67.6±6.7 kilograms) were recruited from a local 

population, Hertfordshire, UK. A quasi-experimental pre-test post-test study was used to measure the immediate effects of  

talocural manipulation (Figure 1) on walking speed. A 10 metre walkway was used to assess walking speed prior to and 

immediately after talocural manipulation. This consisted of a straight, flat indoor space with markers to indicate the distance at 

each end. An acceleration phase of 2.5 metres was used before participants walked the 10 metres at a self-selected pace. Infrared 

timing gates, Brower Timing Systems (TC Timing System) were used to capture walking speed within the 10 metre distance, 

which was repeated 3 times to gain an overall average. A paired sample t-test, 95% confidence with bonferoni correction, was 

used to test significance of walking speed changes pre and post manual therapy intervention. 

 

RESULTS:  The younger group improved the walking speed after manipulation from mean 1.25 to 1.29 ms-1. (SD= 0.55, 

percentage change = ↓3.37%, p>0.01) The older group also improved with mean walking speed increasing from mean 0.94 to 

1.02 ms-1 (SD= 0.83, percentage change= ↓8.22%, p>0.02).  

 

DISCUSSION:  There is an improvement of walking speed immediately after a Talocural manipulation in young and older 

adults. This improvement for the older adult cohort changes the risk stratification from ‘at risk of hospital admission in 1 year’ 

to ‘less likely to be hospitalised’ on the walking speed schematic (Middleton, et al., 2015). This could reduce the risk of falling. 

The results of this study encourages continued exploration of talocural manipulation as an intervention for falls management. 

Additionally further work is also required to explore the lasting effects of manipulation. 

 

SIGNIFICANCE/CLINICAL RELEVANCE: Improved walking speed after talocural manipulation could reduce hospital 

admissions and reduce the risk of falling in older adults.  

 

REFERENCES:   

 
Arnold, J.B., et al. Gait Posture. 2014. 39 (2). p.689-694. 

Middleton, A., et al Journal Aging and Physical Act 2015. 23(2), pp.314-322. 

Loudon, J.K., et al. BritJSportMed. 2013. 0. p.1-6. 

Menz, H.B. Gerontology. 2015.  61. p.381-388. 

 

   
FIGURE 1 Talocural manipulation applied as the intervention. 
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The effect of ankle arthritis and total ankle arthroplasty on COP position at toe-off. 
 

Daniel Schmitt1, Cherice Hughes-Oliver2, Angel Zeininger1, Robin Queen2, 3 
1Evolutionary Anthropology, Duke University, Durham NC, 2Biomedical Engineering and Mechanics, Virginia Tech, 

Blacksburg, VA, 3Orthopaedic Surgery, Virginia Tech Carilion School of Medicine, Roanoke, VA.  

Email of Presenting Author: rmqueen@vt.edu 
 

Disclosures:  None for all authors. 

 

INTRODUCTION:  End–stage ankle osteoarthritis (OA) leads to pain, disability, low self-report scores on physical and 

emotional well-being, and significant changes in ankle mechanics including changes in loading, ankle plantarflexion, and 

mechanical energy recovery.1-4  Few studies, however, have examined the center of pressure (COP) in ankle OA. Horisberger 

et al.5 reported reduced loading in specific regions but did not study the path of the COP. This study tests the hypothesis that 

patients with ankle OA will toe off from a more proximal position (COP will move less anterior) in the affected foot and that 

a distal COP position will be restored following surgery. 

 

METHODS: Data were collected from 4 embedded force plates, during 7 self-selected speed level walking trials along a 10 

meter walkway for 93 subjects (43 female and 50 males) with unilateral ankle OA who progressed to total ankle arthroplasty 

(TAA). The force plate data were used to calculate anterior-posterior and medial-lateral position of the COP relative to foot 

length and width based on caliper measurements for both the surgical (S) and nonsurgical (NS) limbs.  Testing was 

completed within 2 weeks prior to TAA and again one and two years following TAA. Hindfoot alignment was characterized 

in each patient as valgus, varus, or neutral through radiographic assessment (32 neutral, 22 valgus, and 39 varus patients). 

This study was approved by the institutional review board and informed consent was obtained for all subjects. 

 

RESULTS:  There were no differences in walking speed by hindfoot alignment before or after surgery. The initial location of 

the COP and the mediolateral distribution of the COP as measured by the coronal index and the number of midline crosses 

did not differ between hindfoot alignment groups or across time. COP beginning on average at 15.8% ± 7.9 of foot length and 

CI at -0.005 ± 0.019, which indicates limited mediolateral translation. The final location of the COP differed between the NS 

and S limbs (p = 0.03) with the COP final position being 92.5% ± 0.06 and 88.7% ± 0.06 of foot length, respectively (Figure 

1). Within hindfoot alignment categories this pattern held for neutral (92.8% vs. 87.8%; p =0.003) and varus subjects (91.5% 

vs. 87.6%; p = 0.003), but not for valgus subjects (93.6% vs. 91.9%; p=0.51). TAA restored hindfoot alignment to neutral 

and increased the final COP position for the S limb to 90% or higher at both post-operative time points (Figure 1). 

 

DISCUSSION:  As would be predicted by changes in toe-off mechanics, patients with severe ankle OA limit the extent of the 

anterior-posterior position of the COP and, therefore toe-off in a relatively proximal position on digits I and II.  This can lead 

to abnormal loading of the metacarpophalangeal and proximal interphalangeal joints and further joint damage.   

 

SIGNIFICANCE/CLINICAL RELEVANCE: Surgical intervention shifts the final location of the COP to a more distal 

location and to a position closer to that of asymptomatic limb. COP position is an effective measure of disability and could be 

useful in identifying and understanding changes in function following surgical intervention.  

 

REFERENCES:  1Valderrabano, V., et al. Clinical Biomech. 2007, 22: 894-904, 2Nüesch, C., et al. Clinical Biomech. 

2012 27: 613-618, 3Schmitt, D., Gait & posture, 2015. 42: 373-379, 4Queen, R. M., et al. CORR. 2017. 1-8, 5Horisberger, 

M.. Clinical Biomech, 2009, 24: 303-307. 

 

FIGURES AND TABLES:  Figure 1 

  

 

 

 

 

 

Figure 1: Final COP location between the 

surgical and non-surgical side and across 

time.  An asterisk (*) indicates a significant 

difference between the surgical and non-

surgical side. 
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Surface-to-surface interaction at the joints of the ankle complex and foot in varus and valgus deformities 
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1Drexel University, Phila., PA, USA, 2University of Lübeck, Lübeck, Germany, 3Clinique de l’Union, Saint Jean, France 

sieglers@drexel.edu 

Disclosures:  Sorin Siegler (N), Maui Jepsen (N), Francois Lintz (N)

INTRODUCTION:  Hindfoot malalignment is recognized as a major cause of pathology in the foot and ankle and has 

considerable influence on its biomechanics. Current measurements based on 2D radiographas are subjected to anatomical and 

operator bias based on inaccuracies due to projections on a 2D plane. Recent developments incuding Weight Bearing Computed 

Tomography (WBCT) and semi automated 3D measurements of hindfoot malalignment provided a significant improvement.3,4 

However they do not provide information regarding the specific surface-to-surface interactions that occur in the various joints 

of the ankle complex and foot. In this study a 3D biometric tool based on distance mapping, which describes this interaction, 

is applied to WBCT data to characterize the effect of hindfoot valgus and varus deformities on the individual joints of the ankle 

complex and foot. 

METHODS: In this retrospectvie cohort study, 30 bilateral data sets (10 normal feet, 10 varus, 10 valgus) from WBCT 

(PedCAT; CurveBeam LLC, Warrington, PA) were obtained by a specialized foot and ankle unit. The images were processed 

to produce three dimensional models of the tibia, fibula, talus, calcaneus, navicular, cuboid, cuneiforms and the metatarsals. 

The models were imported into a 3D CAD software (Geomagic Control, Morrisville, North Carolina, United States) in order 

to calculate the surface-to-surface interactions at the various joints. Color-coded distance maps, representing interarticular 

surface distances, were generated for the Ankle Joint, Subtalar Joint, Transverse Talar Joint (Chopart joint), Cuneonavicular 

joint, and the Metatarsocuneiform joint. The results from the deformed feet were compared to normal feet. 

RESULTS: In HINDFOOT VALGUS (Fig. 1) the antero-medial side of the talus is closer to the medial malleolus as this bone 

moves into slight external rotation and plantarflexion. The calcaneus is externally rotated relative to the talus resulting in surface 

approximations on the lateral side of the posterior articular facet as well as an impingement of the sinus tarsi. In the Chopart 

joint a strong approximation on the superior side of the calcaneocuboid joint and the lateral side of the talonavicular joint 

occurs. At the cunei-navicular joint, similar to normal, there is a significant approximation of the lateral cuneiform to the 

navicular. At the metatarsal-cuneiform joints there is a strong approximation at the 2nd and 3rd metatarsals joint surfaces. In 

HINDFOOT VARUS (Fig. 1) the medial and lateral sides of the talus are closer to their respective malleoli and anteromedial 

side of the talar dome approximates the tibial plafond, as the talus moves into inversion and slight dorsiflexion. The calcaneus 

is internally rotated and inverted relative to the talus resulting in surface approximations on the medial side of the calcaneus 

bridging the gap between the posterior and middle articular facet and at the lateral side of the posterior articular facet of the 

calcaneus. The cuboid is displaced inferior to the navicular resulting in contact on the lateral facet of the calcaneocuboid joint. 

Also, a strong approximation at the talo-navicular joint can be observed on the medial side. At the cunei-navicular joint, the 

lateral cuneiform surface is displaced away from the navicular surface compared to normal.  

DISCUSSION:  Current 2D1,4 and 3D measurements based on WBCT3 can provide accurate classification of hindfoot valgus 

and varus deformities. The application of distance mapping in this study was successful in characterizing the specific surface-

to-surface interactions at the joints. The observations based on these biometric measurements show that there are significant 

differences in surface-to-surface interaction between the hindfoot deformities. These differences may help explain certain 

pathologies associated with hindfoot varus and valgus deformities such as sinus tarsi impingement, 2nd and 3rd metatarsalgia 

associated with valgus deformity, and the frequent association of hallux valgus with pes plano valgus.2 

SIGNIFICANCE AND CLINICAL RELEVANCE: Color-coded distance maps applied to WBCT provide an effective tool 

to assess the effect of hindfoot deformities on articular joint surface interaction in the foot and ankle. The application of these 

maps may be used to enhance diagnostics and in the future help evaluate the effectiveness of therapy in restoring normal 

alignment. 

REFERENCES: 1. Berquist TH. Imaging of the Foot and Ankle. Lippincott Williams & Wilkins; 2011.; 2. JUNG, H.-G. 

(Ed.). (2016). Foot and Ankle Disorders. Springer Berlin Heidelberg.; 3. Lintz F, Welck M, Bernasconi A, et al. Foot Ankle 

Int. 2017;38(6):684-689; 4. Saltzman CL, el-Khoury GY. The hindfoot alignment view. Foot Ankle Int. 1995;16(9):572-576
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