
Dr. Andrew Belis FASPS, FACFAS

President; Florida Podiatric Medical Association 

Fellowship Director; OCF Foot & Ankle Reconstruction & Trauma 

Surgery Fellowship

Board of Directors; American Society of Podiatric Surgeons

Fellow; American College of Foot and Ankle Surgeons

Faculty; Family Medicine Residency Program Florida State University 

Board Certified; Foot Surgery

Board Certified; Reconstructive Rearfoot and Ankle Surgery

Orthopedic Center of Florida

Vice President; Board of Directors

12670 Creekside Lane

Fort Myers, FL 33919

(239) 482-2663 (BONE)

http://ocfla.net/andrew_m_belis.php

@drandrewbelis

Tendon Transferé

To Do, or not To Do?



Disclosures

Consultant:
Å Bioventus
Å Arthrex



Objectives
ÅAnatomy and function of tendons

Å Indications for tendon transfer

ÅContraindications for transfer of 

tendons

ÅConcepts in tendon transfer with 

understanding various fixation 

techniques

ÅVarious Surgical techniques in tendon 

transfers around the foot and ankle 

Attendees should 
increase their 
knowledge in the 
following:



Schematic of Tendon

ÅCollagen organized 
hierarchically:
ïFibrils

ïFibers

ïFascicles

ÅCellular content is 
dominated by 
tenocytes



Collagen

ÅType I is most abundant:  95%

ÅType II is in the tendon sheets

ïFound abundantly in pathologic tendon

ïFirst collagen formed during healing



Support Structures

ÅStraight Course

ÅParatenon

Å IeΧAchilles

ÅAngled Course

ÅTendon Sheath

ÅSynovial Sheath

Å IeΧmost ankle 

tendons



Stress and Strain Curve

Collagen fibers:

Å As Age increases:

Å maximum load capacity decrease

Å tear resistance decrease

Å peak values in the third decade 

Å Elastin:

Å contributes to the flexibility of a 
tendon, 

Å can elongate up to 70% of its 
length without rupture

Å breaks at 150% of its length.

Resting State

Fibers straighten

Rupture



Axis of Motion/Fulcrums

Å Fulcrums:  

Å increase the angle of application 

Å improve the efficiency of tendon 

function

Å Ieésesamoidsare fulcrums for FHB

Å Ieécuboid is fulcrum for PL

Å The ratio of torque for muscles/tendon 

Å (1:4)  anterior leg : posterior muscles. 

Å long lever arm of the forefoot 

increases the force of the anterior leg 

muscles. 

Å The proximity of a tendon to a joint axis will 

determine whether its force is primarily 

stabilizing or rotary

Å The cross-sectional mass will determine the 

strength of the force (96,97 and 98).



Tendon Transfer

Årelocates the insertion of a 
functioning muscle tendon-unit 
(MTU) in order to restore lost 
movement and function of another 
site.



Indications

ÅPermanent peripheral nerve injury*
ÅLate stage nerve injury with motor end-plate fibrosis
ÅOthers Indications:
ïLoss of muscle post trauma
ïCentral neurogenic deficits:
ÅSpinal Cord Injuries
ÅCerebral Palsy

ïTendon ruptures (RA)
ïRare disorders (Polio or Leprosy)



Applications for Tendon Transfers

1. Post Poliomyelitis
2. Leprosy
3. DuchenneMuscular 

Dystrophy
4. Cerebral Palsy
5. Multiple Sclerosis
6. DiscogenicDisease
7. Sciatic Nerve Palsy

8. Common Peroneal Nerve 
Palsy

9. Flexible Flatfoot
10.Forefoot Equinus
11.Flexible Hammertoes
12.Ankle Stabilization
13.Achilles tendon repair 

augmentation



Principles and Pre-Requisites

8.  Single function per transfer

7.  Synergy

6.  Straight line of pull

5.  Donor that is expendable

4.  Donor of adequate strength

3.  Donor of adequate excursion

2.  Soft tissue equilibrium

1.  Supple joints



1. Supple Joints

ÅJoint being moved by tendon transfer must 
have a maximum passive ROM pre-op

ÅTendon transfers fail in stiff joints

ÅIf contracture release is necessary, it should be 
done prior to tendon transfer

ÅPre-op PT and aggressive post op PT



2. Soft Tissue equilibrium

ÅTendon transfer should pass through healthy 
tissue (no inflammation, scar, or edema) to 
minimize adhesions

ÅAfter acute injury, allow time to pass before 
transfer

ÅIf necessary, excise scar and replace with flap



3. Donor of Adequate Excursion

ÅExcursion should be adequate to achieve 
desired movement (should be similar to 
original muscle)

ÅTenodesistechnique can be used to augment 
excursion



4. Donor of Adequate Strength

ÅStrength should be adequate but not too 
strong to overpower antagonist muscles

ÅEvaluate relative strength as apposed to 
absolute strength



5. Expendable Donor

ÅThere should be another remaining muscle 
that can continue to adequately perform the 
ǘǊŀƴǎŦŜǊǊŜŘ ǘŜƴŘƻƴΩǎ ƻǊƛƎƛƴŀƭ ŦǳƴŎǘƛƻƴ



6. Straight Line of Pull

ÅStraight line of pull is most effective

ÅDirection changes diminishes force

Åά9ƴŘ-to-ŜƴŘέ ǘǊŀƴǎŦŜǊ ǿƛƭƭ ǊŜǎǳƭǘ ƛƴ ōŜǘǘŜǊ ŦǳƴŎǘƛƻƴ ŀƴŘ ŦƻǊŎŜ 

ǘƘŀƴ ǘƘŜ άŜƴŘ-to-ǎƛŘŜέ ǘǊŀƴǎŦŜǊ ōŜŎŀǳǎŜ ǎǘǊŀƛƎƘǘŜǊ ƭƛƴŜ ƻŦ Ǉǳƭƭ

Å If direction change is necessary, tendon should be passed 

around a fixed smooth structure that acts like a pulley



7. Synergy

ÅCertain muscle groups usually work together 
(in phase)

ÅThis synergistic transfer is more effective than 
non-synergistic



8. Single function per transfer

ÅSingle muscle unit should be used to restore a 
single function

ÅTransfer to restore multiple functions will 
compromise strength and movement



Contraindications

ωLack of donorAbsolute 
Contraindication:

ωMuscle strength  < Grade 5

ωRe-innervated muscles

ωUnderlying progressive neuromuscular disease

ωStiff joints

Relative 
Contraindication:



General Principles

ÅPatient factors

ïNot all patients require the same function/motion

ïAge

ïFunctional disability with poor prognosis

ïUnderstand nature and limitations of surgery

ïMotivated with post op PT



Donor Muscle Factors

ÅAmplitude of Donor Muscle

ïShould match unit being replaced

ïIncreased by increased number of joints crosses

ïFree fascialattachments to donor tendons

ïInsert tendon closer to joint being moved (but 
need increased power due to leverage)



Donor Muscle Factors

ÅPower of Donor Muscle
ïTendon transfer loses at least 1 grade of strength
ÅGrade 5 are satisfactory

ÅGrade 4 (85% strength) may be sufficient

ïMaximize strength pre-op

ïOverly powerful muscle will cause an imbalance

ïIncreased strength by inserting farther from joint



Donor Muscle Factors
Polio 

Foundation
Lovett Kendall

5 normal 100% Against full resistance

4 good 75% Againstpartial resistance

3 fair 50% Against gravity

2 poor 25% With gravity removed

1 trace 10% Contracture without movement

0 absent 0% None



Tensioning Tendon Transfer

ÅPlace under maximum tension in the position 
that reverses the proposed activity
ï(Listers4th Edition)

ïMy preference is in the neutral position of the 
joint being worked on due to creep
ÅIeΧ90degrees of ankle position for FHL transfer



Selected Arthrodesis

ÅSimplify poly-articular systems

ÅStabilize joints

ÅIeΧPIPJ fusion for digital FDL transfer



Maximizing Success
1. Incision should not cross path of transferred tendon

2. Avoid interference with normal structures

3. Tendon should insert around joint at 90 degrees to maximize power and excursion

4. Insert distance away from joint to improve power (at expense of decreased excursion)

5. Create strong insertion (tendon-tendon or tendon-bone) to maximize mobilization

6. Tension set to maximal muscle contraction.  (Overcorrect bcsome stretch is normal)

7. Initial immobilization in a position to relieve tension at insertion of transfer

8. Consider the Reverse order:

1. Prepare recipient site

2. Tunnel

3. Then harvest muscle/tendon



Fixation Techniques

Side to side anastamosis



Fixation Techniques

ÅEnd to end

ÅGift Box techniques



Fixation Techniques

Tendon to bone:

Å Trephine plug

Å Biotenodesisscrew

Å Tendon with osseous 
insertion

Å Screw and washer

Å Soft tissue anchors into 
bone



Post Op Management

1. Rehabilitation = surgical execution (equally important in success)

2. Goals of Rehabilitation/physiotherapy:
1. Regain joint mobility lost during splinting

2. Training tendon to glide in a new course

3. Teaching new neural pathways and new tendon function

3. The greater the disability, the greater the motivation, so the 

easier the retraining

4. Children managed with static protocols/longer protective phase



The stages of tendon healing are:



Planning a tendon transfer
ÅWhat works 

ÅWhat is available

ÅWhat is needed

ÅMatching

ÅStaging



FF Transfers



45

MTPJ Balancing

ÅGirdlestone-Taylor 

ÅFlexor tendon transfer

ÅFor reducibly 

contracted toes

ÅIf rigid contracture:

ÅPIPJ arthroplasty

ÅPIPJ arthrodesis



Flexor Tendon Transfer



Flexor Tendon Transfer with Interference Screw 



FDL Tendon


