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Options for patient after Acute ACL injury?



Options for patient after Acute ACL injury

Acute ACL Injury 

Surgery
Non surgical 

Rehabilitation

Bracing protocol 
management 

Aim for Anatomical 
healing

ACL competence

Non-anatomical healing

ACL incompetence

ACL Deficient 

ACL  Healing 

ACL Reconstruction 

1

3rd

option

2



Bracing the ACL injured 
knee at 90 degrees



Can the ACL heal? What does the internet say?



Google ACL



Pub Med



? Spontaneous healing of the ACL

Is this possible?

No surgery

No Brace

The ENIGMA of Spontaneous

Healing of the ACL 



Prehistoric theory of “ACL spontaneous 
healing”

Pain, bleeding, knee flexed, no ice, no anti-inflammatories, no 
drainage of the knee + no crutches = the ACL has an opportunity to 
spontaneously heal



Modern Day management?



Some examples of “Spontaneous healing”



25-year-old male professional Rugby player



21-year-old female skier



Spontaneous healing: the literature

• Several Publications

• Costa-Paz et al : 2012
• Pitsillides et al: 2021
• Razi et al: 2021 (combined MCL/ACL)

• Mater Clinic experience: 2014: Armstrong et al

• 1000 ACLs
• 21 spontaneous healing
• 19/21 were combined ACL/MCL



Some examples of the ACL-heal project



16-year-old male rugby player

acute 9 weeks 6 months 9 months



42-year-old female skier



48-year-old female netballer



37-year-old male soccer player



17-year-old male Rugby player



17-year-old female rugby player



28-year-old female AFL



27-year-old female netballer



23-year-old male Ultimate Frisbee player



25-year-old male soccer



43-year-old female skier



29-year-old male martial arts 



22-year-old male AFL



How did it all start??

• April 2014

• 19-year-old netballer

• Terrified of ACLR surgery



Dr. Mervyn Cross  OAM.MD.MBBS.FRACS



Patient 1. 19 yr. old female: 2014
intrasubstance proximal ACL disruption

acute 6 months 



Patient # 1: Brace fixed at 90 degrees for 4 weeks and then 
extend over next 4 weeks



Patient 2: March 2016
26-year-old Rugby



Patient 2 :ACL/MCL



Patient #2:  9 months post ACL/MCL injury



Patient 3: 29-year-old 
March 2017



Acute MRI: combined MCL/ACL



Braced Day 1



MCL healed 



ACL Healed



Patient 4: 16-year-old male
March 2018



Patient 4: ACL healed



Patient 5: May 2018



Patient 5. combined ACL/MCL



Braced Day 1



6 month follow up MRI





What was the explanation???



The 3 Orthopaedic Principles!

1. The HISTOLOGY of Ligaments

2. The Synovial Envelope : rich BLOOD SUPPLY

3. Principle of anatomical REDUCTION



Principle 1: HISTOLOGY

Ligaments HEAL!!!   The “Epiligament”



Principle 1

Histological justification of Bracing Hypothesis

“Epiligamentization”

“Involution of the stumps”



Late presentation: Day 28 



Principle 2: rich blood supply

The SYNOVIAL Envelope of the ACL



“Cocoon” of a vascular Synovial envelope 

ACL is “Intra-articular”  yet “extra-synovial”



“Cocoon Analogy”: vascular Synovial envelope



“Sausage analogy”

The skin is the Synovial Membrane.

The meat is the ACL 



Principle 3.

The principle of Anatomical REDUCTION?



Closed REDUCTION of the ACL



REDUCTION of injured tissues

• REDUCE the injury

• Approximate the injured ACL tissues!!

• Maintain the REDUCTION and rest first 4 weeks 



Reduction of injured tissue: Mallet finger



The ACL anatomy and function

• The ACL controls the “screw home” mechanism from 30 degrees to 
full extension

• Full extension= “close pack” position of knee joint



Anatomical justification of bracing 

Jordon et al. 
AJSM (2007)



Arthroscopic Images of the normal ACL 

90 degrees Flexion30 degrees flexion



Anatomical justification of Bracing: MRI experiment

30 mm 26 mm 24 mm

Full extension 60 degrees flexion 90 degrees Flexion



Why Brace at 90 degrees? The ACL  is most 
approximated 

• Recognize 
• REDUCE and maintain REDUCTION
• Rest
• Rehabilitate

• 90 degrees significantly approximated!

• It reduces the “Gap Distance”  



What BRACING studies have been 
published??



Other studies involving Bracing : capacity of the ACL to 
heal!!

• Fujimoto et al: 2002

• Inclusion criteria

• Minimally injured “contiguous” ACL
• Low-demand athletic patient
• No meniscal tears

• Knee braced at 20 degrees Flexion

• Braced within 4-weeks of injury
• 2-3 months bracing period



Fujimoto et al: capable of healing but with a “sag”

ACL healing with “SAG”



ACL “Jack Brace”: combined Swiss and USA collaboration

Allowed full ROM!!
Allowed weight bearing 
Braced up to 3 weeks post 
injury

Dr. Roland Jacob et al
2016



ACL “Jack Brace”: capable of healing but with a “sag”

ACL heals but heals 
in a LENGTHENED 
state= “SAG”



When did the ACL-Heal research start??

• The Landmark patient= Patient #6

• The first ISOLATED COMPLETE disruption of the ACL

• April 2019 

• Now have braced 173 patients



The “landmark patient”

• Isolated rupture ACL

• 17-year-old Rugby Union football player

• Mother and 2 brothers ACLR surgery



Patient 6. 17 yr. old male: rugby union:
acute injury April 2019

acute 9 weeks
6 months



Patient # 6 : research commenced



”Exuberant Bridge of Healing”



”Remodeling” of The Bridge of Healing

Acute:
“Rupture Zone”

9 weeks
“Healing Zone”

6 months
“Remodelling”

9 months
“Maturity”



How many patients so far?

• 235 patients

• 26 New Zealand

• 1 South Africa

• 208 Australia

• 193 NSW
• 8 Victoria
• 5 Queensland
• 1 ACT
• 1 South Australia



What are the exclusion criteria??

• Absolute Contraindications

• Displaced Bucket-handle tear meniscus
• Osteochondral Loose Body
• Severe PLC injury
• Past or Present DVT
• Strong family history of Thrombosis/Thromboembolism
• Presenting 3 weeks or more after acute ACL injury

• Relative Contraindications

• Medical conditions
• Mobility
• Social support
• Right knee and Driving



Severe PLC injury



Meniscal tears

• Patient 9: ACL evolution of healing



Meniscal tears

• Patient 9: evolution of MM tear healing



ACL + meniscal tears

• Patient 9



Doppler Ultrasound: to exclude DVT



Commence Xarelto anti-coagulation day 1

• Xarelto (Rivaroxaban) 10mg daily

• Commence Day 1 of CBP

• Week 1-8 inclusive

• Aim is to mitigate risk of DVT

• Children do not need this medication as very low risk of DVT in young 
children



Delay in diagnosis of ACL injury

• The Ruptured ACL we hypothesize should be considered a “FRESH Wound”. The “clock is ticking” to REDUCE 
the injured ACL tissues to we hypothesize facilitate healing.

• If there is a delay greater the 21 days, the novel CBP is not an option unfortunately for the ACL injured 
patient.

• The “ruptured ACL” should be considered like any other Orthopaedic injury. If there is a delay in REDUCTION 
of the injured tissues, they will NOT heal. The “window of tissue healing opportunity” is lost.

• For example,

• Displaced Fractures of bone
• Displaced Tendon injuries. E.g., Mallet finger

• Significant Lacerations of skin and soft tissue where the tissues are separated/displaced



Delayed Presentation : 16 female day 28

ACL stumps starting 
to INVOLUTE



Fitting the Brace



Fitting the Brace



Fitting the Brace



?? PRP injection



What exactly is the protocol? First 4 weeks 



Training in the first 4 weeks



Training while navigating the Bracing protocol: 
Week 1-4



Training while navigating the Bracing protocol



Training in the first 4 weeks



Hydrotherapy



Muscle stimulation



? Mobility Aids



Mobility aids



Showering



Embracing Life



Embracing Life



Embracing Life



Embracing Life



Embracing Life



Weeks 6-8



Training during the Bracing protocol



Weeks 9-12



Follow-up at 12 weeks

• Clinical examination

• MRI examination



Clinical and MRI result at 12 weeks



Clinical and MRI result at 12 weeks



Post Bracing: best Practice ACL Rehabilitation



Alter-G running



Running and Agility



Return to Sport: 9-12 months



Serial MRI for New Zealand elite female 
Rugby player



What are the Results so far???

• Recognition that certain types of acute ACL injuries “heal 
better” than others!

• Feb 2021: Patient 38 

• 6-month clinical and MRI review



Patient 38

• Patient 1-38

• 11 poorer outcomes

• ?? Why



Acute MRI Classification system

• It is all about ANATOMY!

• This obeys the “KISS principle”

• Type 1- no avulsion

• Type 2- partial Femoral avulsion

• Type 3- complete Femoral avulsion



Type 1 ACL injuries: no avulsion



Type 2 ACL injuries: partial femoral avulsion



Type 3 ACL injury: complete femoral avulsion



Displaced and Non-displaced ACL injuries

• Non-displaced ACL= all ACL tissue is within the intercondylar notch



• Displaced ACL = variable % of ACL tissue “outside” the intercondylar 
notch



There is a SPECTRUM of INJURY!!

Mild Moderate Severe

Spontaneous 
Healing

?Heal with a 
Bracing Protocol

ACLR Surgery or 
repair



Acute ARC results

ACL Rupture 
Classification (84) 

Type 1

Non-femoral 
avulsion (39)

Non-displaced (22)

Displaced (17)

Type 2

Partial femoral 
avulsion (45) 

Non-displaced (10)

Displaced (35)
Type 3

Complete avulsion 
(0)  



Type 1 injuries: Intra-substance injury

• Non-displaced



Type 1- intrasubstance 



Type 1 intrasubstance
22-year-old male AFL footballer

acute
9 weeks 6 months



Patient 10: return to sport



Type 1 Rupture: proximal injury



Type 1 Rupture: 
28 yr. old female AFL footballer



Type 1Rupture: 
24 Male skier



Type 1Rupture: 
33 female skier



Type 1 Displaced lateral



Type 1Displaced lateral:  
37 Male soccer player



Type 1Displaced :lateral 
20 Male rugby player



Type 1 Displaced anterior: small “flipped 
bundle”



Type 1 Displaced anterior: Flipped-small: 
23 Male AFL



Type 1 Displaced anterior: large “flipped 
bundle”



Type 1 Flipped-large : 
35 female soccer



Type 1 Flipped- large : 
Female 49 soccer



Type 2 acute ACL injuries: 
partial FEMORAL avulsion injuries

Non-displaced

Displaced



Type 2 Rupture: non-displaced



Type 2 Rupture: non-displaced



Type 2Rupture: 
25 Male soccer



Type 2Rupture: 
Male 21 soccer



Type 2 Displaced : lateral



Type 2 Displaced: lateral
Male 58 soccer



Type 2 Displaced : lateral
female 25 skateboarding



Type 2 Displaced : anterior :Flipped-small



Type 2Flipped-small  
Female 14 skiing



Type 2 Flipped-small : 
Male 15 soccer

Single-bundle heal : stable



Type 2 Displaced : anterior :Flipped-large



Type 2 Flipped-large:  
Female 20  Netballer

Single bundle Heal: unstable



Type 2Flipped-large 
Male 17 rugby



Type 3 complete Femoral avulsion



Type 3: complete Femoral avulsion  

• Type 3

• Not Braced

• Referred for ACLR 



There is a SPECTRUM of INJURY!!

Mild Moderate Severe

Spontaneous 
Healing

?Heal with a 
Bracing Protocol

ACLR Surgery or 
repair



Spectrum of Healing

Anatomic
Non 

anatomic 
No 

healing



There is a “Spectrum of healing”

• Normal Thickness- Taut



Spectrum of Healing

• Normal Thickness - SAG



Spectrum of healing

• Reduced Thickness-Taut



Spectrum of Healing

• Reduced Thickness-SAG



Non-contiguous healing: “mal-union” healing

• Healing to Lateral Wall



Non-Contiguous healing

• Healing to PCL



Non-contiguous healing 

• Lateral Wall and PCL



No healing= “Non-Union” 



Follow-up ACL Repair Classification 

84 patients 

Healing  

82

Contigious fibres

74

Normal thickness

43

Taut 

26

Sag 

17

Reduced thickness

31

Taut 

8

Sag 

23

Non-contigious 
fibres 

8

Attachment to 
lateral wall 

4

Attachment to PCL 

1

Attachment to 
lateral wall and PCL 

3

Non-healing  

2 



ACLOAS: “Roemer et al” 2014

• Is a published and validated Radiological classification system



ACLOAS : Kanon study

• Rehabilitation alone

• N=26 patients 

• Definition of healed= ACLOAS score of 0,1 or 2.

• 56% healed ACL at 2 years

• 58% healed ACL at 5 years



ACLOAS results for CBP + rehabilitation



CBP + rehabilitation



Type 1 ACL injury: healing outcomes

Type 1 injuries

39

Healing 

39 

Contigious fibres

39

Normal thickness

36

Taut 

22

Sag 

14

Reduced thickness

3

Taut 

1

Sag 

2

Non-contigious 
fibres 

0

Attachment to 
lateral wall 

Attachment to PCL 

Attachment to 
lateral wall and PCL 

Non-healing  

0 



Type 2 ACL injury: healing outcomes

45 Type 2 Injuries 

Healing

43  

Contigious fibres

35

Normal thickness

7

Taut 

4

Sag 

3

Reduced thickness

28

Taut 

7

Sag 

21

Non-contigious 
fibres

8 

Attachment to 
lateral wall 

4

Attachment to PCL 

1

Attachment to 
lateral wall and PCL 

3

Non-healing  (2) 



How many “crossed over” to Surgery?

• 14 ACLR 

• 11 Type 2 displaced

• 3 Type 1

• 1 Arthroscopy : Partial LM

• 1 Arthroscopy: “cyclops lesion”



Conclusions

• The ACL has great capacity to heal

• Certain acute ACL injuries heal better than others!

• Bracing the knee at 90 degrees flexion makes the healing even better!

• There is a subset of acute ACL injuries that can achieve “anatomical healing” 

• There is a subset that will still need either ACL repair surgery acutely or ACL 
reconstructive surgery



Hypotheses: MRI factors

• Is there a femoral avulsion?

• How displaced are the ACL tissues??

• Will the minimally injured ACL heal with rehabilitation alone?

• Can the moderately injured ACL be “resuscitated by closed reduction?

• The severely injured/”moribund” ACL needs open reduction/surgery.



3D MRI: will enhance diagnostic accuracy!

3D MRI Heart



Hypothesis: “Patient factors”

• Patient Factors

• How acutely are they braced? “Time to brace”

• If delayed……. “malunion” or “non-union” of the ACL injury

• Beighton’s score and recurvatum



Prospective “multi-centre” RCT trial 

• Commence 2023

• Ethics approval: University of Melbourne

• RCT comparing Rehabilitation alone Versus CBP + Rehabilitation
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Thank the patients



Thank the patients



Thank the patients



Thank the patients



Thank the patients



Rehabilitation alone- No Brace
Type 1 Rupture and non-displaced- 3-year follow-up MRI

Type 1 Rupture and non-
displaced acute injury

ACL deficient clinically and MRI



There is a SPECTRUM of INJURY!!

Mild Moderate Severe

Spontaneous 
Healing

?Heal with a 
Bracing Protocol

ACLR Surgery or 
repair



Minimally disruptive ACL injuries

No avulsion

Intra-substance injury

Continuity of variable amount 
of ACL ligamentous tissue

Minimal de-tensioning

Arguably may not need a 
Brace? 

Do NOT need ACLR surgery



Moderately disrupted ACL injuries

No femoral avulsion injury

Complete disruption/fracture of 
ACL 

Variable degree of De-tensioning 
of femoral and tibial stumps

Variable “Gap Distance” 
between the stumps

Injured ACL remains within the 
synovial envelope 

Arguably can be “resuscitated” 
and healed with a Bracing 
Protocol



Severely disrupted ACL Partial or complete Avulsion at 
femoral origin

Large % of the ruptured ACL 
displaced anteriorly or laterally

“FLIPPED BUNDLE”

The displaced Flipped Bundle 
cannot by definition be reduced 
and participate in healing 

This injury is moribund and 
cannot be resuscitated to full 
healing

Options

1. Non anatomic healing
2. ACL repair
3. ACLR


