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Lecture 4: Biomechanics of muscle and ligament injuries at the ankle and the knee joint

Dr Daniel T.P. Fong 方迪培博士
Reader in Sports Medicine and Biomechanics, Loughborough University
Adjunct Associate Professor, The Chinese University of Hong Kong
Editor-in-Chief, Sports Biomechanics Journal
BSc (Physics), MSc (Exercise Science), PhD (Orthopaedics and Traumatology)

Calf strain / 
Achilles tendon rupture

Ankle lateral
Ligamentous sprain Hamstring strain

Anterior cruciate ligament
rupture

Loughborough? Lufbra? and Leicestershire?

24Professor 

12Reader 

44Senior Lecturer 

31Lecturer 

34University Teacher 

Academics (~150)

~300PhD 

~700MSc/Postgraduate 

~3000Undergraduate/MSci

Students (~4000)

Sports Biomechanics Journal, Taylor and Francis (@sportsbiomechj) Muscle? Tendon? Ligament? 何謂肌肉? 何謂肌腱? 何謂韌帶?

 Muscle: contract and shorten to 
produce muscular force.

 Tendon: connects muscle to 
bone. Transfer muscle force to the 
bone to initiate movement.

 >>> musculotendinous (or 
muscle-tendon) unit / junction

 Ligament: connects bone to bone. 
Maintains joint stability.

Muscle 肌肉

Collateral ligament

Ligament 韌帶

Patellar Tendon

Tendon 肌腱

Calcaneus

Fibula
(lateral side)

Talus

Tibia
(medial side)

Tarsal-metatarsal joints

Metatarsal-phalangeal
joints

Navicular

Cuneiforms (3)

Cuboid

Metatarsals (5)

Phalanges (5)

1. Tibia is thicker, sharing 5/6 bodyweight.
2. Fibula is thinner, sharing 1/6 bodyweight.
3. Fibula extends to a lower position, to the 
lateral malleolus (very easy to identify). 

1st: Proximal and distal phalange (Hallux)
2nd-5th: Proximal, intermediate and distal phalange

Talocrural joint
(also tibiotalar joint)

(Plantarflexion/Dorsiflexion)

Subtalar joint
(Inversion/Eversion)

Transverse-tarsal joints

Rear-foot / hind-foot

Mid-foot

Fore-foot

Functional anatomy of the human foot and ankle joint Calf strain (pulled calf) and Achilles tendon rupture

 Main propellant to push off.

 Forceful contraction, especially 
eccentric, may cause Achilles 
tendon rupture.

 Symptoms and Signs

 Sudden onset pain

 Hear/feel a ‘pop’ sound

 Heel area swollen and bruised

 Palpable defect in the tendon

 Weak plantarflexion

 Unable to lift up toes

 walk properly

 ‘Dropped’ foot during walking
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Injury mechanism: eccentric contraction / action

 Foot backward, heel on ground.

 Knee forcefully extended.

Injury mechanism: biomechanics

• “False-step mechanism” – a rearward step posterior to their centre of mass. 
• sudden ankle dorsiflexion with internal plantarflexion moment during push-off.

Basketball Football/Soccer

My personal experience Management

 Suture or reattach the Achilles 
tendon back to calcaneus.

 Walker boot with adjustable 
plantarflexion angle

 Eccentric exercises

What is an ankle sprain?

Prof Patrick Yung
容樹恒教授

[Mok KM et al (2021), Foot, 48: 101853.]

Anterior talofibular ligament
(ATFL)

Syndesmotic ligament
(Anterior inferior tibiofibular ligament)

Posterior talofibular
ligament (PTFL)

Calcaneofibular ligament (CFL)

Lateral ligamentous sprain, 85%
High ankle sprain, 10%
(Syndesmosis sprain)

“Ankle sprain” is just 
an injury mechanism, 
not diagnosis. It can 
break a lot of different 
things (Yung, 2004).

12

Mechanism of ankle sprain injury in football/soccer (qualitative)

Impact by opponent on the medial aspect of 
the leg just before or at foot strike, resulting 
in a laterally directed force causing the 
player to land with an inverted ankle.

Forced plantarflexion when the injured 
player hit the opponent’s foot when 
attempting to shoot or clear the ball.

[Andersen et al, AJSM, 2004, 32(1):S69-79.]

What is the mechanism of lateral ankle sprains?
- Sudden twisting, turning, or rolling
- Excessive inversion / supination

- When a plantar-flexed foot is forcefully inverted
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Ankle inversion sprain mechanism (with quantity)

[Fong DTP et al (2009). AJSM, 37(4), 822-827]

• 48° inversion and 10° internal rotation. (normal?)

• Peak inversion velocity = 638 deg/s. (speedy motion 
ruptures the viscoelastic ligaments?)

• Dorsiflexion but not plantarflexion (not supination?)

• Laterally shifted center of plantar pressure. (foot 
rolling over lateral edge?)

Ankle inversion sprain mechanism (latest update)

Peak inversion angle of 67.5 deg (2.0 - 142) 
Peak inversion velocity of 974 deg/s (468 - 1752) 
Mean inversion velocity of 337 deg/s (117 - 1400) 
Followed by internal rotation, no plantarflexion.

Filip Lysdal Yuehang Wang
(Harry 王悅航)

Eamonn
Delahunt

Dominic
Gehring

Kyle Kosik Tron
Krosshaug

Yumeng Li

Kam-Ming
Mok

Kati Pasanen Alexandria
Remus

Masafumi
Terada

Daniel Fong

Another injury aetiology (or etiology) – delayed peroneal reaction

• Ankle sprain happens within 40ms
after touchdown.

• Peroneal reaction time is 57-69ms 
(healthy) and 82-85ms (instability).

• Eversion torque at 135ms, eversion 
motion at 176ms.

Incorrect landing
(non-vertical)

Delayed peroneal reaction

How much torque would cause ankle lateral ligament rupture?

4.3 Nm inversion torque

• 4.3Nm start overstretch ATFL.

• 10-12Nm introduce discomfort.

• 41-45Nm cause total rupture.
[Markolf et al, 1989; Aydodan et al, 2006]

• 11Nm internal rotation torque and 23Nm inversion torque 
was observed in an injury case.

[Wei F, Fong DTP, et al (2015). Computer Methods in Biomechanics and 
Biomedical Engineering, 18(3), 243-248.]

23Nm inversion torque

11Nm internal rotation torque

Self-check for possible fractures – Ottawa Ankle Rules

 Inability to bear weight > also need x-ray.

 ~100% Sensitivity, moderate specificity, reduced unnecessary x-rays, less waiting time.

 Better specificity after 5-7 days when swelling is reduced.

Sensitivity and specificity

Type I error

Type II error
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Sensitivity and specificity: which one is more important?

Go X-ray Go home

98% sensitivity ~70% specificity

Acute management: RICE, PRICE, POLICE, versus PEACE & LOVE

Hamstring strain 大腿肌肉撕裂

 Also called “pulled muscle”.
 Over-elongation, usually contracting (e.g. eccentric).

 Hip flexion plus knee extension, as hamstring spans across 
these two joints, e.g. clearing hurdles.

 Terminal swing phase in sprinting, forceful kick missing a ball.
 Acute sharp pain. Pop sound/feeling.
 Limp, stop, and fall. Cannot walk afterwards.

 Localised tightness, discolouration, swelling.

Lolo Jones (Hurdles) Carlo Cudicini (Football)

Injury mechanism of pulled hamstring

Elongation of 50mm (5 cm), or ~110% original length

 Biceps femoris stretches to 110% of the length 
in upright standing position.

 Semimembranosus reaches 107.5%.

 Semitendinosus reaches 108.2%.

 Can be longer in the final swing clearing hurdle 
with maximum knee extension and hip flexion.

Jurgen Klopp pulled hamstring while confronting officials (30 Apr 2023) Hamstring strain injury risk factor 大腿肌肉撕裂風險因子

 Aponeurosis is a layer of flat broad tendons.

 High variability of size, not related to muscle size and strength.

 Large muscle with small aponeurosis is suggested as a risk 
factor, as the mechanical strain is concentrated to a small area.

(Evangelidis et al, 2015)

ExtrinsicIntrinsic

Inadequate warm-up Previous hamstring strain injury

Fatigue 
Agonist-antagonist strength 
imbalance (H:Q ratio)

Dehydration
Bilateral asymmetry (one 
significantly weaker limb)

Lack of flexibility

Older age 

Hamstring muscle weakness

Ethnicity (Black African, 
Caribbean)

 A meta-analysis on 34 studies identified older age, 
previous history of hamstring strain, and increased 
quadriceps peak torque as risk factors.

 Hamstring:Quadriceps strength ratio was not associated.
(Freckleton & Pizzzari, 2013)
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Eccentric exercise for hamstring 大腿離心運動 (收縮+拉長)

Nordic hamstring curl

Anterior cruciate ligament / meniscus tear 前十字/交叉韌帶及半月板撕裂

Michael Owen, English Footballer
ACL Rupture during World Cup 2006

Anterior cruciate ligament

• Internal ‘brace’

• Anterior stability

• Rotational stability

Ka-Ho Cheng, Hong Kong Wushu Athlete
Injury during practice, 19 Oct 2005

Meniscus

• Internal cushion

• Maintain even pressure 
distribution

• Protect cartilage

Left knee, front view

Loss of knee 
extension
(Contracture)

Common symptoms 常見病徵

• Intensive pain

• Locking of the joint

• Reduced range of motion 
(contracture)

• Usually with an acute inciting event

• Feel or “hear” a pop sound during 
the injury

• Cannot continue to play

• Anterior tibial translation

• 75% of patients would have severe 
haemarthrosis (internal bleeding)

• Immediate swelling (~ 2 hours) 
indicates possible ACL injury

• Swelling in 24+ hours > Meniscus? 
(less blood supply to meniscus) Knee tap to release the blood

• !!! If the knee cannot fully extend, 
need early treatment, or may suffer 
from long-term loss of full extension.

Injury mechanism (non-contact) 受傷機制 (非接觸式)

(Hewett & Myer 2006, American Journal of Sports Medicine, 34(2):299-311)

What does it hurt?

• Anterior cruciate 
ligament (ACL)

• Lateral meniscus

• Medial collateral 
ligament (MCL)

Knee-In Toe-Out

Injury mechanism (contact) 受傷機制 (接觸式)

• Abbey D’Agostino rupturing ACL during 2016 Rio 
Olympics 5000m race

• Virgil van Dijk rupturing ACL during a premier league 
football match in 2021

A Model-Based Image-Matching (MBIM) methods to study mechanism

Tron Krosshaug Roald Bahr
Prof Hideyuki Koga
古賀英之教授
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Findings from 10 cases in handball and basketball

[Koga et al 2010, American Journal of Sports Medicine, 38(11):2218-2225]

1

2

3

(1) 10-13° abduction (valgus) at 40ms. (2) 8° internal rotation at 40ms. (3) 17° external rotation afterwards

ACL injury mechanism as suggested by Hideyuki Koga (2011)

[Koga et al 2011, Clinical Journal of Sport Medicine, 21(3):271-274]

LatMed LatMed LatMed LatMed

Left knee
Viewing from the front

A. Unloaded knee.
B. Valgus (abduction) torque stressed MCL and compresses lateral meniscus.
C. The compression and quadriceps contraction cause posterior translation of lateral femoral condyle (tibial internal rotation) and 

rupture the ACL in the first 40ms. (the cause?)
D. Without ACL’s contribution to the joint stability, medial femoral condyle translated posteriorly, resulting in tibial external rotation 

after 40ms until 170ms. (the result?)

Physical examination 臨床檢查

Lachman test Anterior drawer test

Pivot shift test McMurray test

Is it necessary to have X-Ray and MRI? 是否需要照X光或磁力共振顯影?

X-ray

• Mainly for fracture
• Cannot see soft tissues

Magnetic Resonance Imaging (MRI)

Normal: solid black band showing the intact ACL
Torn: Disrupted ligament or patterns in lighter colour.

Arthroscopy for diagnosis/treatment 使用關節鏡進行診斷及治療

Two portals for the 
scope (camera) and the tool

Screen to show the image
from the scope

Intact ACL

Partial tear Partial meniscectomy 

Partial tear

ACL reconstruction 前十字韌帶重建手術

• Remove the torn ACL
• Drill tunnels at femur / tibia

• Pass the graft through 
the tunnels

• Fix the graft with screws

Considerations

• Age
• Severity of injury
• Current/future sports level
• Acceptance to surgery
• Compliance to rehabilitation
• Surgeon’s expertise
• Use of braces/tapes
• Changes to other sports

31 32
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ACL reconstruction graft choice 前十字韌帶重建替代物的選擇

• Autograft: a site to another, same patient.
• Allograft: one person to the patient.
• Xenograft: from one species to another.

• ~140% of ACL strength, good healing

Bone

Bone

Tendon

• ~70% of ACL strength, 
healing is less promising

• ~100% of ACL strength
• Graft is bigger
• Bone at one side
• Patellar strength down to 80%
• Less harm to H/Q strength ratio?

Tendon

Double-bundle/ALL/Kangaroo tendon? 雙束前十字韌帶/ALL/袋鼠肌腱?

• Double-bundle ACL 
reconstruction 
proposed by 
Freddie Fu (傅浩強)
from Pittsburgh.

Yuichi Hoshino:

• Technical difficulty.

• Not much additional 
benefits.

• Double donor site 
morbidity.

Double-bundle ACL reconstruction
ALL reconstruction

Use of Kangaroo tendon for ACL reconstruction

Knee Ligament Arthrometer KT1000/KT2000

Pulling force (lb)

Displacement (mm)

Static translational / rotational stability in living human patients

Torque sensor

Motion tracker
(Control tracker on the thigh)

Project funded by Innovation and Technology Fund
6 degree-of-freedom, 134N / 5Nm

Prof Savio Woo with his Universal Force-
Moment Sensor at University of Pittsburgh

Biomechanical evaluation on cadaveric specimen

Weight balance

Torque gauge

Navigation system

Dynamic functional test

41

X-ray motion analysis

42

Harvard (Guoan Li) Pittsburgh (Scott Tashman / William Anderst)

CUHK (Michael Ong)

37 38
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How to prevent ACL injury? 如何預防前十字韌帶創傷?

Nordic hamstring curl 
北歐式腿後彎舉

Walking lunges 箭步蹲 Bounding 羚羊跳

How to prevent ACL injury? 如何預防前十字韌帶創傷?

Dr Daniel T.P. Fong 方迪培博士
Reader in Sports Medicine and Biomechanics, Loughborough University
Adjunct Associate Professor, The Chinese University of Hong Kong
Editor-in-Chief, Sports Biomechanics Journal
BSc (Physics), MSc (Exercise Science), PhD (Orthopaedics and Traumatology)

Lecture 5: Biomechanics forensic investigation and prevention of ankle sprain How much am I relevant to this topic?

• I started ankle sprain research 
since 2004 (20 years now).

• I published the first ankle sprain 
biomechanics case report in 2009.

• I invented a patented anti-sprain 
system in 2012.

• My article came first when 
searched ‘ankle sprain’ in 
PubMed, sorted ‘Best Match’ 
(also ‘ankle injury’ and ‘sports 
biomechanics’).

• BJSM called me ‘Ankle authority’.

• I co-authored consensus and 
position statements with the 
International Ankle Consortium.

My first start in this research topic

• Ankle sprain is very common in sports (Fong et al, 2007).

• Citations as of 25 Jun 2024: Google Scholar = 1984, Scopus = 
942, Clarivate = 912

John BergfeldRoald BahrAnnunziato Amendola

Brian DonleyKai-Ming ChanBruce Beynnon

Lars KonradsenJon KarlssonJames Griffith

Christer RolfPer RenstromGideon Mann

Patrick YungNiek van DijkBruce Twaddle

Prof KM Chan: Go outside and see the world first

• 20+ experts from ISAKOS and 
FIMS met in HK in 2004.

• Different ways to treat ankle 
instability

• Can we try prevent?

43 44

45 46

47 48



9

Considerations along the research direction

Yes? No?1. Is it worth preventing ankle sprain?

Risky group? Cause? Process?2. What must we know first?

Devices? Exercise?3. How can we tackle the problem?

Hopefully yes, so sports 
scientists can do things to help 
rehabilitation?

4. Can prevention and rehabilitation be combined?

1. Is it worth preventing ankle sprain?

• Most common injuries since 1977 (as reported by Garrick).
[Fong DTP et al, Sports Medicine, 2007;37(1):73-94]

• 1 in 6 would seek consultation.
[Chan KM et al, 1984, BJSM, 18(3):195-202]

• Repeated sprains (> 5 times) may lead to ankle instability.
[Yeung MS et al, BJSM, 1994;28(2):112-116]

• In the UK, annual cost to treat is £1-2 billion. 

• Half (49%) are re-injuries. 

• If this is reduced by 1%, we save £5-10 million a year.

• So, why not worth?

How can biomechanics contribute to injury prevention?

Sportsroad: https://www.sportsroad.hk/archives/476782

2. What must we know first?

1. Establishing the extent 
of the sports injury problem

• Epidemiology (What?)

2. Establishing aetiology
and mechanism of injuries

• Risk factors (WHO?)
• Aetiology (WHY?)
• Mechanism (HOW?)

3. Introducing preventive 
measures

• Prophylactic devices, 
exercise intervention, 
game rules, landing skills

4. Assessing effectiveness 
by repeating step 1

• Re-do epidemiology

Sequence of injury prevention

Risk factors of inversion ankle sprain

ExtrinsicIntrinsic

Use of shoes with air cells ↑ (4.3x)Previous sprain history ↑ (4.9x)

Do not stretch before exercise ↑ (2.6x)Overweight ↑ (3.9x)

Use of high top shoe ×Inferior single leg balance ↑ (2.4x)

Use of orthosis ↓Foot size with increased width ↑

Use of artificial turf for football ↑Increased calcaneal eversion 
range ↑

Increased exercise intensity in football ↑Reduced ankle dorsiflexion range ↑

Player positions in football and 
basketball ×

A posteriorly positioned fibula ↑

Laterally shifted centre of plantar 
pressure at initial contact in gait ↑

Ankle instability ×

High general joint laxity ×

 Also categorised into modifiable and non-modifiable risk factors.

 Note: Risk factors only correlate with ankle sprain injury. There is no 
causal relationship.

 Another note!!!: Risk factors are not injury risk, which must be a 
comparison of the injury number between two groups, presented as Odds 
Ratios (OR) or Relative Risk (RR)

Risk factor study designs

NOW

PAST

FUTURE

Case control study design
(Retrospective)

Cohort study design
(Prospective)

Injured
(Case)

Healthy
(Control)

Risk factors

Pros: Even numbers between groups.
Cons: Unsure if it is risk factor or result.

Injured Healthy

Cohort

Measure the potential risk 
factors at the beginning

Pros: with exposure, thus incidence.
Cons: Large sample needed.

Intervention / RCT
(Prospective)

Athletes at risk
(with risk factor)

More
injuries

Less
injuries

Without
intervention

With
intervention

Pros: show causal relationship.
Cons: 1 modifiable risk factor only. 

!!! Can be considered unethical if no 
intervention is given to those at risk.

49 50

51 52

53 54



10

The two widely accepted aetiologies

Incorrect landing
(non-vertical)

Delayed peroneal reaction

Delayed ankle muscle reaction in football

[Fong DTP et al (2020). Journal of Experimental Orthopaedics, 7, 54]
[Sun W et al (2021). Research in Sports Medicine, 29(4), 364-372]
[Huang Z et al (2021). Research in Sports Medicine, 29(6), 557-570]

Sirius Huang
黃展煜

Dr SUN Wei
孫威博士

Edwin Chan 陳志鏗

Delayed ankle muscle reaction and landing posture in badminton

Dr Yuehang Wang
(Harry)
王悅航博士

Mechanism – how to best study it?

The first ever biomechanical injury case report, 1977

Develop a forensic video analysis method to study ankle sprain

[Mok KM, Fong DTP et al (2011), Gait and Posture, 34(1), 71-75][Fong DTP et al (2009), AJSM, 37(4), 822-827]

The Model-Based Image-Matching method explained

55 56

57 58

59 60



11

The Model-Based Image-Matching method explained

Trim > De-interlace > Correct distortion > Synchronise Draw the sports court in Poser.
Locate the cameras by the images.

The Model-Based Image-Matching method explained

Scaled skeleton model (Zygote) 
to match the injured athlete Match the skeleton on the 

synchronised images frame by frame.

Validity and reliability

• 2 researchers.
• 5 trials.
• 5 cadaveric specimen.
• *With/without shoes.

Utilise the method to analyse more ankle sprains

Dr Frankie Wade (SDSU)
Sports Biomech Editor

[Fong DTP, Mok KM, Thompson IM, Wang Y, Shan W, King M (2023). Journal of Sport and Health Science, 12(1), 139-144.]

Ankle sprain mechanism in badminton (funded by Badminton World Federation)

Izzy Thompson
now PhD student in Southampton

Dr Harry Wang 王悅航博士

張競丹

Detecting the injurious motion by motion sensor

[Chu VWS, Fong DTP et al (2010). J Biomech, 43(10), 2035-2038]

The white dot turns red when 
the twisting speed exceeds the 

threshold

[Fong DTP et al (2021). IEEE Sensors Journal, 21(3), 3757-3762.]
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3. How can we tackle the problem?

• Warm-up exercises
• Pre-seasonal conditioning / functional training

• Sports-specific technique training
• Landing skill training

• Prophylactic devices
• Change of game rules
• Education

By stimulating the peroneal muscles

[Fong DTP*, Wang D, Chu VWS, Chan KM (2013). Journal of Biomechanics, 46(6), 1088-1091.]

Prof WANG Dan (Dana) 王丹教授
(Shanghai University of Sport)

4. Can prevention and rehabilitation be combined?

Twitter: @dtpfong
URL: http://danielfong.org Dr Filip Lysdal

Post-Doc Fellow, 2021

Now Lecturer at St Mary’s University

4. Can prevention and rehabilitation be combined?

Prevention: difficult to implement!

What is prehabilitation?

• Pre-operative / Pre-surgery Rehabilitation

• Rehablitation for preventing the next injury

• “Prevention and Rehabilitation” as a NRC theme

https://www.lboro.ac.uk/research/national-
rehabilitation-centre/

Gait re-training to promote vertical landing

Dr Zoe Bamber
PhD 2015-2022

Now Assistant Professor, 
University of Nottingham

[Bamber et al (2021). Journal of Rehabilitation and Assistive Technologies Engineering, 8, 20556683211021526.]
[Bamber et al (2021). Cyborg and Bionic Systems, 2021, 9801097.]
[Bamber ZA, Wheeler P, He X, Ling SKK, Yung PSH, Fong DTP (2021). Research in Sports Medicine, 29(4), 323-335.]

Dr HE Xin 何欣博士
(CUHK / Uni of Sydney)

Gentler heel strike to prevent ankle sprain

Morgan White
MSc SB 2021

Now PhD at Strathclyde 

Wei Shen (Derek) 
沈瑋

PhD 2020-2024

Human Monkey Dog Sheep Horse

Femur

Knee

Tibia

Meta-tarsal

Phalanges

Ankle
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Gentler heel strike to prevent ankle sprain

Twitter: @dtpfong
URL: http://danielfong.org Tai Chi for stronger ankles!

Hao Sun 孫浩
PhD 2019-2024

Qian Qian 錢茜
PhD 2022-

Tackling arthrogenic muscle inhibition (AMI) in chronic ankle instability

 AMI: natural response to protect a joint 
from further damage.

 Cause decreased muscle activation, 
reduced strength, and slower reaction.

 Measured by Hoffmann reflex (h-reflex), 
superimposed burst (SIB) technique, or 
transcranial magnetic stimulation.

ZHANG Ping
張萍

ZHANG Jingdan
張競丹

Stella WANG
王卓然

Follow my research @dtpfong / danielfong.org

Prof Boyi Dai
戴伯頤教授

Dr Daniel Fong
方廸培博士

Lunch / Workshop 2 (CUHK Campus, Esther Lee Building)

Workshop 2: Biomechanics measurement of the ankle joint
13:30-15:00 / Cheng Yu Tung Building

Workshop 3: Biomechanics measurement of the knee joint
15:00-16:40 / Cheng Yu Tung Building

(You will run on a treadmill and/or perform some sports movements. 
Sportswear is advised.)

Derek Shen
沈瑋
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