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• Systematic Reviews of L3 & L4 studies - SR L3/4 (e.g. Burns et al., 2018; SR L4)
• Clinical Practice Guideline – CPG ( e.g. Wong et al., 2017; CPG)
• Official/Consensus Statement – (e.g. Easton et al., 2009; AHA Scientific Statement)
• Scoping Review – (e.g. Keisler & Carter, 2015; Scoping Review)

2011 Levels of Evidence Table

INTEGRATED MODEL

Participation Restriction

Soci
al

Activity Limitation

Physical

Psychological

Impairments
Somatic Psych

Personal 
Factors

Demographic
• Age
• Gender
• Education
• Occupation

Cognitive
• Concept of Injury
• Illness Experience
• Value/Preference
• Belief/Feeling

Environmental Factors
Social
• Role
• Work
• Family
• Peer
• Support

Health-related
• Access to care
• Available evidence
• Clinician’s 

Professionalism
• Clinician's Character 

Therapeutic 
Relationship

OCCUPATIONAL THERAPY PRACTICE 
FRAMEWORK 

AOTA, 
2014
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Learning Objectives

• Identify the rehabilitation protocols associated with each zone and the 
evidence behind using each protocol

• Explain rationale for when to progress the patient through each flexor 
tendon protocol

• Design a treatment algorithm to target complex zone 2 tendon repairs

• Identify complications to repairs in real time and devise effective 
strategies to maximize function

At the end of this module the learner will…

OUTLINE

Section 1: Anatomy

Section 2: Examination & Evaluation

Section 3: Diagnosis, Prognosis & 
Intervention 

Section 4: Outcome

APTA 2014
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• BASIC ANATOMY
• BIOMECHANICS
• KINEMATICS

SECTION 1:                  
ANATOMY

11

• Type I collagen & tenocytes 
make up fascicles of tendon

• Endotendon covers fascicles

• Paratendon covers 
endotendon

• Visceral and epitenon (fluid 
environment)

Anatomy: Basic Anatomy

12

Anatomy: Basic Anatomy
Blood Supply
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13

Anatomy: Basic Anatomy

1. Townley, 2010
2. Puhaindran, 2008

14

FDP

• Origin: Anterior 
interosseous membrane, 
prox-med ¾ of ulna

• Insertion: Base of distal 
phalanges of 2-5th digits

• Strongest finger flexor 
(flexes all 3 joints)

• Common muscle belly

CAVEAT!

Anatomy: Basic Anatomy

Anatomy: Basic Anatomy

Schannen 2017
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16

Anatomy: Basic Anatomy

Yammine, 2018

17

Flexor 
digitorum 
profundus
(FDP)

Flexor 
digitorum 
superficialis 
(FDS)

Camper’s 
Chiasm

Flexor digitorum 
superficialis 
(FDS)

Flexor digitorum 
profundus
(FDP)

Side view

Volar  view

Photo courtesy of Lisa Owen, Right Hand Therapy, 2019

Anatomy: Basic Anatomy

Anatomy: Basic Anatomy
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Anatomy: Basic Anatomy

On US imaging the pulleys 
appears as a thin hypoechoic 
band superficial to the flexor 
tendon sheath (arrows) in the 
long axis. In the axial plane, 
lateral expansions are oblique 
and appear very hypoechoic 
(arrows).A1C

1
A2C2C3A5 A3A4

A
1

A
3 A

2

Anatomy: Basic Anatomy

21

A1

A2

A3

A4

A5

MCP
joint

PIP
joint

DIP
joint

A2

C1 C2 C3MCP 
joint

PIP
joint

A4 DIP
joint

Photo courtesy of Lisa Owen, Right Hand Therapy, 2019

Anatomy: Basic Anatomy
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Anatomy: Basic Anatomy

Flexor Tendon Excursion

FDS FDP

Straight Fist

Hook Fist

Composite Fist

Straight Fist 28mm

13mm

23mm

27mm

24mm

34mm

Max FDS glide in straight fist
Max FDP glide in composite fist
Max differential glide in hook fist

Anatomy: Biomechanics

24

Index, long, ring, small digits

• Zone I: Distal to FDS insertion

• Zone II: Proximal to A1 pully to FDS insertion
• “No Man’s Land”
• Only zone that contains both FDS/FDP

• Zone III: Transverse carpal ligament to A1 pully

• Zone IV: Carpal tunnel

• Zone V: Proximal to carpal tunnel

Thumb
• Zone I: Distal to FPL insertion

• Zone II: Neck of P1 to metacarpal neck

• Zone III: Thenar muscles

• Zone IV: Carpal Tunnel

• Zone V: Proximal to carpal tunnel

Anatomic Zones of Digits and Thumb

Zone I

Zone II

Zone III

Zone IV

Zone V

Zone TI

Zone TII

Photo courtesy of Lisa Owen, Right Hand Therapy, 2019

Anatomy: Basic Anatomy
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Index, long, ring, small digits
• Zone II: Proximal to A1 pully to FDS insertion

• “No Man’s Land”
• Only zone that contains both FDS/FDP
• Subzones a-d

Anatomy: Basic Anatomy

Tendon healing

Intrinsic healing: Tenocytes 
within the tendon

26

Extrinsic healing: Healing 
stimulated by the synovial fluid and 
inflammatory cells

Forms scarring and adhesions

Local edema caused by healing = Increased 
resistance in flexor tendon movement

Author’s own photo, 2019

Anatomy: Physiology

1. Inflammatory: 3-5 days after injury

• Strength of tendon = strength of suture repair

27

2. Proliferative: Starts at 5th day to 6th week
• Day 7-21 tendon most likely to rupture
• By 21 days tendon repair strength increases 2* newly 

laid collagen (Type III)

3. Remodeling: Continues until ~ 112 days
• Type I collagen synthesis begins
• Full post repair strength is achieved**

** Does not regain full pre-injury strength

Anatomy: Physiology
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Anatomy: Physiology

• Promote intrinsic healing Decrease adhesion 
formation, extrinsic healing

• Encourage longitudinal orientation of adhesions

• Decrease joint stiffness

Controlled stress:

Improves tensile strength

Improves tendon excursion

Improves repair site cellularity

Improves penetration of synovial fluid into the tendon

Reorganizes, elongates, re-orientates extrinsic scar

Anatomy: Physiology
Controlled Stress to the Healing Tendon

• Type of injury

• Level of injury

• Repair technique

• Work of flexion

• Patient factors 30

Anatomy: Physiology
Controlled Stress to the Healing Tendon
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Animal research on tendon strength s/p repair
• Mechanical stimulation after inflammatory phase enhances 

ultimate strength & excursion of tendon (Voleti, 2012)

• Work of Flexion (WOF): summation of forces necessary to 
move the tendon along its excursion distance

– Edema factors

– Local edema contributes to 20-25% increase of total 
resistance to gliding of the flexor tendon

– Increase WOF 10-30% with prolonged edematous tissue

31
Author’s own photo, 2019

Anatomy: Physiology

Savage, 1988

Movement Recorded Force (Mean Value)

FDS FDP

Wrist flexion, flex fingers into palm 7.2N 5.7N

Wrist 0*, flex fingers into palm 3.2N 4.7N

Wrist 30* flexion, extend fingers 4.8N 4.0N

Wrist 0*, extend fingers 3.1N 4.6N

Active wrist flexion, fingers relaxed 2N 2N

Active wrist extension, fingers relaxed 3N 2N

Isolated PIP flexion 9N 1N

Isolated DIP flexion <1N 19N

“Grasping” 6N 40N

Anatomy: Kinematics
Force Analysis of the Flexors

Activity Normal Tendon Tensile Demand

PROM 500gm

Light grip 1500gm

Strong grip 5000gm

Tip pinch 9000gm Index FDP

Strickland, 2000

Anatomy: Kinematics
Force Analysis
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34

• 1940’s Mason described 3 weeks immobilization (1)

• 1977-1980 Duran, Stickland, Lister found early 
excursion produced less adhesions & improved 
functional outcomes (2,3)

• Various post-op protocols combining A/PROM (4,5)

History: 
What do we Know & Where do we go

1. Mason, 1941
2. Duran & Houser, 1975
3. Lister, 1975
4. Strickland, 1980
5. Aoki, 1997

• Biomechanical benefits of wrist motion & flexor tendon 
excursion (1) called synergistic wrist motion (SWM)

• Early active motion (EAM) with place & hold vs. passive 
motion protocol study
– 94% Patients in SWM protocol had >125* TAM vs 

62% in passive prototcol (2)

• Indiana Protocol based on these concepts (3)

History: 
What do we Know & Where do we go

1. Savagae, 1988
2. Trumble, 1993
3. Strickland, 1993
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• As surgical repairs became stronger, rehab protocols 
became more aggressive

• Work by Evans demonstrated controlled motion & 
tension improve healing better than no motion, no 
tension, or a combination of either

– Led to development of EAM protocols (1,2)

History: 
What do we Know & Where do we go

1. Evans, 1997
2. Klein, 2003

• Over last decade surgery technique & evidence to 
support EAM now calls for true active flexion in lieu of 
place-and-holds 
– Need a min. of  4 strand repair

• WALANT procedure enabled observation of tendons 
gliding intraoperatively

• Jury still out on which protocol is best… (2)

History: 
What do we Know & Where do we go

1. Tang, 2015
2. Neiduski RL & Power RK, 2019 SR

39

General relationship 
between different 
suturing
techniques and 
strength, gapping 
resistance, 
complexity, handling 
and gliding resistance

Relationship between 
ultimate force and time 
of four and eight
strand repairs  

Current Techniques: 
What do we Know & Where do we go
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Estimated Length of Tendon Repair with Epitendinous
Suture

40

Type of Repair 0 wks 1 wk 3 wks 6 wks

2 strand 2500gm 1200gm 1700gm 2700g
m

4 strand 4300gm 2150gm 2800gm 5200g
m

6 strand 6000gm 3000gm 4000gm 7200g
m

Current Techniques:
What do we Know & Where do we go

Operative Approach: Zig Zag vs Midaxial

41

Current Techniques: 
What do we Know & Where do we go

• Ideal suture is strong, minimally reactive, easy to 
handle & knot (1)

Stainless steel
FiberWire
Braided Polyester

• Ventilation of pulley system (2,3)

• Tensioning the repair (3,4)

• Non-repair of the FDS
1. Trail et al, 1989
2. Moriya, 2016
3. Tang, 2018
4. Wu, Tang, 2018

42

Suture Type 3 wk 6 wk

Kessler 2 strand 33.4+/-
7.7N

42.7 +/- 17.8N

Tajima 2 strand 14.5+/-
5.2N

22.1+/-6.7N

Savage (modified to 4 strand) 35.3+/-6.3N 32.6+/-9.1N

8 strand 52.6+/-
12.4N

70.9+/-26.1N

Three figure 8 sutures Load to failure 93.6N

Tang 6-strand Load to failure 53.6N

Comparison of Strand Repair Strengths, Load to Failure

Current Techniques:
What do we Know & Where do we go
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43

Current Techniques: 
What do we Know & Where do we go

• Wide Awake Local Anesthesia No Tourniquet 
(1-4)

• Decreased rupture rate of 7% (4)

• Active full fist flexion/extension allows for 
observation of gapping and ensuring sutures are 
tied tightly enough (4)

• Decreased need for tenolysis because of pulley 
venting (2,3) 1. Leblanc et al, 2007

2. Tang, et al 2016
3. Lalonde et al, 2016
4. Higgins & Lalonde, 2016

SECTION 2:

• HISTORY
• SYSTEMS REVIEW
• TESTS & MEASURES

• CASE EXAMPLE

EXAMINATION

EVALUATION

• History

• Functional Deficits & Demands

• Roles

• Initial measurements: 

– Edema, ROM, unaffected hand grip & pinch 
strength45

Examination
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Anatomy: Basic Anatomy

Tendo
n

Proximal Phalanx

Tendon

Proximal Phalanx

Examination:

YELLOW AND RED FLAGS

Goodman CC: Screening for medical problems in patients with upper 
extremity signs and symptoms. J Hand Ther. 2010;23:105–125

Please read and refer back to the 
following article for upper extremity 
screening:

Examination:
Systems Review
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Common Diagnoses
• Prognosis
• Intervention

 Conservative
 Operative

 Post-Op Rehabilitation

SECTION 3:
DIAGNOSIS, PROGNOSIS & 
INTERVENTION 

Outcomes

50

Diagnosis & Interventions:
Flexor Tendon Repairs Zones 1-5

Author’s own photos

51

Diagnosis:
Flexor Tendon Repairs Zones 2

Author’s own photos
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52

• Children <7 yo: Immobilize 0-3 weeks then place in DBO

• 3-4 weeks: Therapy 1-2x/week for gentle PROM, tenodesis, 
and light play (no sustained gripping)

• 4-6 weeks: discontinue DBO, slowly increase sustained grip 
activities, followed by light resistance

Interventions: Rehabilitation Zone 2

Immobilization

Cifaldi et al, 1991

53

Interventions: Rehabilitation Zone 2

Immobilization

Cifaldi et al, 1991

Children >7 yo, non-compliant or mentally ill: 

• Immobilize 0-4 weeks then place in DBO or short arm cast

• If given DBO, can go to therapy for PROM by therapist (no 
active)

• 4 weeks: Therapy 2x/week for exercises performed every hour 
10 reps, wrist 10* of extension. Patient taught passive digital 
flex/ext, tendon gliding & tenodesis

• 4-6 weeks: discontinue DBO, blocking of FDS/P (4-6x/day 10x 
each), start resistance1 week later if tendon is NOT gliding well

Interventions: Rehabilitation Zone 2

Washington Regimen (Modified 
Kleinert)

• Early Stage: 0-3 weeks
• Orthosis: DBO wrist 45* flexion, MCPJ 10-20* flexion
• Rubberband traction fingernail from wrist (or just proximal to)
• Palmar pulley used to ensure full FDP excursion

• Exercise: Every hour, patient actively extends fingers to limits 
of orthosis 10x, relaxes, allowing rubber bands to flex fingers

Chow J, 1988
Image is presenter’s own
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55

• Intermediate Stage: 2-4 weeks
• Exercise: Discharge PROM for PIP and DIP extension if full 

active extension has been achieved
• Continue passive flexion, active extension with RB hourly

• Late Stage: 4-8 weeks
• Orthosis: D/C RB traction at 4 weeks and orthosis completely 

at 6 weeks
• Exercise: Active flexion, passive flexion/active extension

• Week 8: blocking and gentle resistance

Chow J, 1988

Interventions: Rehabilitation Zone 2

Washington Regimen (Modified 
Kleinert)

56

Follow up series of 78 digits (6 mo- 5 years)

Strickland formula for TAM:
80% digits rated excellent
18% rated good
2% fair

3 ruptures unrelated to the protocol

Chow J, 1988

Outcomes: Rehabilitation Zone 2

Washington Regimen (Modified 
Kleinert)

Interventions: Rehabilitation Zone 2

Duran & Houser

• Early Stage: 0-4.5 weeks

• Orthosis: DBO 20* wrist flexion, MCPJs in flexed position with 
rubber band traction

• Exercise: Isolate FDP and FDS passive glide 6-8 reps 2x/day 
as well as PROM to all digits and injured digit 25 reps every 2 
hours
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58

Interventions: Rehabilitation Zone 2

Duran & Houser

• Intermediate Stage: 4.5-7.5 or 8 weeks

• Orthosis: At 4 weeks orthosis replaced with a wrist band which 
rubber band traction is attached

• Exercise: Active extension begins within limits imposed by 
rubber bands. At 5.5 weeks active flexion (blocking, FDS and 
composite fist) initiated with removal of wrist band

59

Interventions: Rehabilitation Zone 2

Duran & Houser

• Late Stage: 7.5-8 weeks
• Orthosis: Discharged
• Exercise: Blocking for isolated FDP and FDS 4-6x/day 10 reps 

each
• After 1 weeks, if active flexion has NOT improved, upgrade to 

functional activities
• Strengthening 7.5-8 weeks, including sustained grip, light 

resistance, putty scraping, lifting quart of milk

• NOTE: The tendon that is gliding well does not need additional 
resistance

Dorsal Blocking Orthosis: 20* of flex or ext at wrist

40-50* MCPJ flexion

IPJ full extension

60

Day 3 PO: wound care & 
splint fabrication

PROM exercises within DBS
Every two hours throughout the day

The passive range of motion exercises :

25 reps of passive flexion/ extension of the PIPJ

25 reps of passive flexion/ extension of the DIPJ

25 reps composite flexion/ extension of the entire 
digit

Interventions: Rehabilitation Zone 2

Modified Duran
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Days 3-21:
Continue PROM digital flexion /AROM digital extension within 
splint

Splint 24 hours/day

Wound care/scar modification PRN

3.5 weeks

Continue exercises as above

Add active flexion and extension exercises WITHIN SPLINT

61

Interventions: Rehabilitation Zone 2

Modified Duran

Glide FDS and FDP separately

1x8-10 reps 3x/day

62

Interventions: Rehabilitation Zone 2

Modified Duran

4.5 weeks

Exercises every 2 hours OUTSIDE OF SPLINT

Wrist and finger flexion followed by wrist and finger extension

Composite fist followed by MP extension with the IP joints flexed,        
followed by IP extension

Composite fist with wrist extension and flexion

Early Passive Mobilization (Modified Duran)

63

4 weeks

NMES & ultrasound initiated (encourage excursion & scar breakdown)

Continue AROM, PROM WITHIN SPLINT

Interventions: Rehabilitation Zone 2

Modified Duran
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42 days (week 6)

DBS discontinued

AROM exercises continued

Add dynamic/static extension splinting PR

Start PROM, blocking exercises to IPJs

64

Interventions: Rehabilitation Zone 2

Modified Duran

Pyramid of Progressive Force Application

Interventions: Rehabilitation Zone 2

Modified Duran

Pyramid of Progressive Force Application

(Current PIP + DIP flexion) minus (Previous PIP + DIP flexion) 
divided by (Previous DIP flexion)  =
% resolution of active lag between therapy sessions

Absent </- 5* discrepancy 
between A/PROM

Responsive >10% 

Unresponsive <10%

Interventions: Rehabilitation Zone 2

Modified Duran
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67

56 days (week 8)

Strengthening initiated 

Week 10
• Patients may begin to use the involved hand in all activities of daily 

living.

Week 14-16

Full use of hand for all ADLs, weights, lifting, sports

Interventions: Rehabilitation Zone 2

Modified Duran

68

• PIPJ contractures most common complication

• Consider to remove traction at night & strap digits into extension

• Static PIPJ extension orthosis between digit and orthosis

• Use of palmar pulley or MCPJs in 20* of flexion

Interventions: Rehabilitation Zone 2

Considerations After Passive 
Programs

1. Burge and Brown, 1990

69

• Kleinert vs  Passive protocol: (1)
192 patients with zone 2 injuries (2 strand repair)
Kleinert group had 87% vs 75%  Buck Gramcko and
DASH scores (29.6 vs 41.7)

• Modified Kleinert or place and hold protocol
4 strand repair RTC zone 2
Place and hold group statistically better TAM and patient 
satisfaction

Outcomes of 
Passive/Active Protocols

1. Kitis et al, 
2. Trumble et al, 
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• Sandow Full flexion place and hold (2011)

• Evans EAM modified place and hold (2014)

The following protocols are based on the WALANT procedure

• Lalonde True EAM (2013)

• Tang  True EAM (2015)

Interventions: Rehabilitation Zone 2

Early Active Motion

Custom Orthosis: Wrist 20* extension, MCPJ flexed 80*, IPJs 0*

Exercises: Passive flexion of fingers into full fist followed by actively holding 
the flexed position. 10x every hour 5 sec holds, full active extension within 
orthosis. This follows passive warm-ups (Duran & Houser)

6 weeks light active flexion initiated, orthosis D/C

8 weeks light strengthening initiated; no heavy gripping or lifting until 12 
weeks post-op

Interventions: Rehabilitation Zone 2

Early Active Motion: Sandow

1. Sandow et al 2011
2. Lalonde, 2019

72

Requires at least 4 core sutures with epitendinous suture

Day 3-5

Dorsal blocking splint fabricated (to be worn at all times)

PROM flexion/ active extension performed within splint every 2 hrs

Remove DBS for modified place/hold OR ½ active fist exercises 
(depending on  edema)

Interventions: Rehabilitation Zone 2

Early Active Motion: Evans

1. Evans, 2014
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73

In therapy, splint removed for wound care and 
PROM to digits into flexion

5-14 days:
Tenodesis exercises outside of orthosis

Interventions: Rehabilitation Zone 2

Early Active Motion: Evans

1. Evans, 2014

74

Modified Composite 
Finger Flexion
Wrist 45* ext, MCP 
80*, PIP 70*, DIP 40*

50g of 
external 
pressure

FDS 605g

FDP 41g

Full Composite Finger 
Flexion
Wrist 45* ext, MCP 
85*, PIP 95*, DIP 75*

50g of 
external 
pressure

FDS 1650g

FDP 2050g

1. Evans, 2014

Interventions: Rehabilitation Zone 2

Early Active Motion: Evans

75

21-25 days

AROM outside of splint, including lateral “blocking”

28-35 days

NMES/US may be initiated if scar tissue is limiting AROM

7-8 weeks

Light strengthening may be initiated

Lateral blocking

Interventions: Rehabilitation Zone 2

Early Active Motion: Evans

1. Evans, 2014
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76

Interventions: Rehabilitation Zone 2

Lateral vs. Palmar blocking

Osanami Y et al, 2020 L3

Delayed Repair of FDP only
Early active started day 5
Day 20

WARM UP FIRST
• Heat
• Edema control
• Debridement
• Passive flexion/active extension 

(progressed today to full extension)
• Hyperflexion of MPJ with full 

extension (cleared today) of PIPJs 
of 4-5th digits

• Tenodesis 10 to 2/3 fist

CASE STUDY:
Rehabilitation Zone 2

Delayed Repair of FDP only
Early active started day 5
Day 20

TENDON GLIDING
10X SLOW

START WITH HOOK FIST

GOAL: FULL ACTIVE FIST BY 6 
WEEKS

CASE STUDY:
Rehabilitation Zone 2
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79

24 yo R hand dominant male cut his finger on glass.
4 strand repair with epitendinous core suture.

Day 2: DBS wrist in 30* extension, MPJ 50* flexion, IPJ at neutral

Day 5:  Place and hold within DBS along with modified Duran A/PROM 
every 2 hours

Day 18: Tenodesis initiated outside of splint per MD

Day 21: AROM initiated

CASE STUDY:
Rehabilitation Zone 2

80

Place and 
holds within 
DBS

Tenodesis 
exercises 
outside of DBS

Week 7: Light strengthening initiated

Week 12: Full use of hand for ADLs

CASE STUDY:
Rehabilitation Zone 2

Outcomes 

Grip Strength R Grip Strength L

78-75-77 55-60-58

AROM 5th digit

MP
PIP
DIP

0/85
-8/75
0/55

CASE STUDY:
Rehabilitation Zone 2
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82

Methods:
• 2011 62 patients (76 digits) with zone II flexor tendon repairs using dorsal 

blocking orthosis
• 2012 40 patients (45 digits) with zone II flexor tendon repairs using 

Manchester short orthosis

Interventions: Rehabilitation Zone 2

Manchester Orthosis

1. Tang, 2018, 

Short arm splint (SAS): 
• Allowed for max wrist ext/flex to 45*
• MPJ block at 30*

Results:
• SAS less contractures at week 6 than DBS   (-

15* vs -28*)
• Week 12 (-6* vs -18*)
• Final review SAS     arc of flexion (59* vs 30*)      

excellent/good Strickland grades
• 3 ruptures in DBS group, 2 ruptures SAS

Interventions: Rehabilitation Zone 2

Manchester Orthosis

1. Tang, 2018, 

• 4-6 strand repair with epitendinous suturing, venting 
of A2 and A4 pulleys

• Manchester orthosis fabricated

• No movement allowed day 3-5

• Warm-ups & exercises days 3-5 performed passively

Interventions: Rehabilitation Zone 2

“True”Early Active Motion: 
Lalonde

1. Lalonde, 2019
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“you can move it but you can’t use it!”

• Day 4-14
– 10 reps every hour

– Edema control

– Active IPJ extension with MPJ blocked in flexion

– Active flexion up to 1/3 of fist (initiating movement at DIPJ 1st)

NO TENSION, PAINFUL OR FORCEFUL MOVEMENTS

NO PAIN MEDICATION

Interventions: Rehabilitation Zone 2

Early Active Motion: Lalonde

1. Lalonde, 2019, 

Finger Method

• Half fist 1-2 weeks (5th finger)

• 2/3 fist 3rd weeks (3-4th finger)

• Full fist 3.5-4 weeks (2nd finger)

Interventions: Rehabilitation Zone 2

Early Active Motion: Lalonde

2-4 WEEKS

• Active synergistic exercise program in Manchester orthosis

• Working towards half fist with 45* wrist extension

• Full IPJ extension with full MPJ flexion

• Full fist position achieved by week 6

• Discharge orthosis week 6

Interventions: Rehabilitation Zone 2

Early Active Motion: Lalonde

1. Lalonde, 2019, 

4-8 WEEKS
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Tang uses 6-strand, sufficiently tensioned repair with core 
sutures, ventilation of pulleys and slight bulk to the repair

Custom Orthosis: Short arm dorsal block (similar to 
Manchester)

Exercises weeks 1-2: True active motion up to 1/3rd fist; 
increasing to 2/3rd fist by week 3. Full AROM at week 4 
(depending on how difficult active flexion is)

Avoid any motion against marked resistance

Interventions: Rehabilitation Zone 2

Early Active Motion: Tang

1. Tang, 2018, 

• Zone 1-2 injuries treated either with modified Kleinert or true active 
motion:

4 weeks statistically significant difference in TAM in favor or EAM

12 weeks there was no difference

• Peck compared DBO vs Manchester orthosis

Both groups performed true active motion

No difference in TAM between groups

Statistically significant improvements in DIPJ flexion/PIPJ extension

3 ruptures in forearm DBO, 2 ruptures in Manchester orthosis

89

Outcomes: Rehabilitation Zone 2

1. Neiduski & Power, 2019 (SR)

• 94 patients in 4 different protocols: early passive, place and hold (2 
protocols), and true EAM zone 2

Greatest TAM and grip strength in place and hold groups (1)

• Authors of SR determined insufficient evidence to support true 
EAM or ANY protocol as superior (1)

• Adhesion formations can still be a problem despite EAM (1,3)

• Tenolysis rates 5-10% (2)

90

Outcomes: Rehabilitation Zone 2

1. Neiduski & Power, 2019 (SR)
2. Tang,2018
3. Giesen et al., 2018
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Early Active Motion Protocols are becoming less stringest but have 
common themes:

1. Warm-up exercises come first prior to any active motion

2. Consider delaying active motion if there is considerable edema

3. For compliant patients, active motion exercises performed hourly

4. Re-assess active vs. passive motion at every visit

91

Conclusions: Rehabilitation Zone 2

– The greatest achievements in ROM are obtained between 3 ½ - 7½ wks

– Digital nerve repairs considerations

– Extension splint for PIPJ contractures

– Prevent contractures in first place: Hyperflex MPJ with passive PIPJ 
extension

– More repetitions applied safely appear to promote better tendon gliding 
than fewer repetitions 92

Interventions: Rehabilitation Zone 2
Considerations

• Edema present? Consider delaying AROM

• Emphasis on differential tendon gliding

• Monitor interossei tightness and retrain hook fist

• Passive warm ups prior to active exercise

• Intrinsic stretch 

• PATIENT BUY IN!

• MEASURE! Your protocol is not a cookbook and your patient’s repair is not a recipe

93

Pearls to increasing tendon excursion

Interventions: Rehabilitation Zone 2
Considerations
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Watch for cheating!

• Neighboring finger 
crosses over to 
help affected finger 
flex

• Using interossei to 
assist affected 
finger into flexion

Interventions: Rehabilitation Zone 2
Considerations

• Vitamin C supplements pre and post-op 1000mg per DRFX AAOS CPG

• Active warm up (Hi-Volt in water while performing tendon gliding) (Level V)

• Coban milking technique (Level V)

• Astym (post 6-8 weeks repair) (Level V)

• Cupping (post 6-8 weeks repair) (Level V)

• Iontophoresis (dexamethasone/ potassium iodide/saline) (Level V)

• Lateral “blocking” prior to 6 weeks (Level V) 95

Interventions: Rehabilitation Zone 2
Considerations (Level 5 Evidence)

Dorsal Blocking Orthosis

96

Interventions:
Rehabilitation Zone 2
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Dorsal Blocking Orthosis and Manchester

97

Interventions:
Rehabilitation Zone 2

Use of a Relative Motion Orthosis for 
Regaining PIP Joint Flexion or Extension,
Clinical Pearl No. 26 – August 2013

98

Interventions:
Rehabilitation Zones 1-3

Relative Motion Orthosis:  When, Why & How

Author’s own Photo

Interventions:
Rehabilitation Zones 1-3

Hirth, M et al. 2016 

Is there evidence for RMS???
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Exercise orthosis
Exercise orthosis 6 cases incorporated RM 

into
orthosis design and 
exercises at 3 wk to 
decrease > 30 PIPJ
extensor lag after metacarpal 
or proximal phalanx fracture,
closed, and open reduction

A soft or thermoplastic 
material may be used to 
design the orthosis; 
however, the efficacy of 
the soft material to 
provide adequate 
blocking force is 
unknown

Relative Motion Orthoses in Management of Various Hand Injuries: 
A scoping review (2016)

Hirth, M et al. 2016 

Interventions:
Rehabilitation Zones 1-3

RMS as a block to gain PIPJ flexion

101

Interventions:
Rehabilitation Zones 1-3

Author’s own Photo

RMS to gain PIPJ extension for extensor lag

Author’s own Photo

Interventions:
Rehabilitation Zones 1-3
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Protective orthosis
Flexor tendon repair No patient data on RM use 

after
flexor tendon repairs*

Cadaver study, Thanik 2015

Zone 3
No gapping or ruptures 
reported

Interventions:
Rehabilitation Zones 1-3

Thanik, 2017 (Abstract submitted to AAHS 2015)

104

105
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106

Protected Early Motion Orthosis- O’Connell 2018

Interventions:
Rehabilitation Zones 1-3

Ultrasound s/p zone II FDP/S repair

107

Interventions:
Rehabilitation Zones 1-3

Case Series:
PEAMO
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Outcomes 

Patient repair 
zone

Digit Day rehab 
initiated

Quickdash
12 wks

PIP AROM
DIP AROM
12 wks

Grip strength 
12 wks

1. FDS/P zone 3 2nd Day 3 8% -5/85
0/60

55#

2. FDS/P zone 2 5th Day 4 12% -15/80
0/55

40#

3. FDP zone 2 5th Day 3 0% (16 
weeks)

0/87
0/57

90# (*16 weeks)

4. FDS/P zone 2 4th Day  5 15% 0/75
0/45

75#

5. FDS/P zone 2 2nd Day 2 0% 0/80
0/56

45#

6. FDS/P zone 2 3rd Day 3 0% -5/85
0/58

47#

Case Series:
PEAMO

Is this the future…

or is this plain crazy?
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Interventions:
Rehabilitation Zone 2

Henry S, Howell J, 2019 Case Series

Retrospective case series on 10 patient

Splints, with or without wrist immobilization, following 
surgical repair of flexor tendon lesions of the hand: A 
systematic review

L.Woythal, P.Hølmer, S.Brorsob, 201i

• Lack of high quality evidence to support immobilizing wrist or not

Interventions:
Rehabilitation Zone 2

Journal of Hand Surgery, 2019;24(4):405-411

Flexor Subzone II A-D ROM Progression during Healing on a No-Splint, No-
Tenodesis Protection, Immediate Full Composite Extension Regimen

38 males, 13 femails mean age 39yo

3 weeks mean AROM PIP 93 DIP 44 TAM 221

6 week mean AROM PIP 98 DIP 51 TAM 236

NO RUPTURES

NO PIPJ CONTRACTURES

Interventions:
Rehabilitation Zone 2
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How do we grade the success 

(or unsuccess) of our tendon repair?

This Photo by Unknown Author is licensed under CC BY

Outcomes

What we know…

• 67% of patients following tendon repair admit to removing their 
postoperative protective splints to wash and dress

• A tendon has the least tensile strength 3-5 days post 
operatively. Days 5-21 tensile strength increases slowly as the 
collagen matures & cross-linking continues

• Decreased ROM with passive protocols 

• Higher risk of rupture in the active protocols

• Overall rupture rates have decreased with time
116

Outcomes

Factors that influence the outcome after 
flexor tendon repair

• Mobilization protocols

• Splinting technique

• Wound care

• Age

• Level & mechanism of injury 

• Comorbid conditions 

• Individual patient considerations 

• Compliance!

Outcomes
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Outcomes can be hindered by:

• Scarring, adhesion formation

•Joint stiffness 

•No healthcare or access to therapy

Outcomes

Evaluating the Rehabilitation Process: 
Buck-Gramcko, Stickland, ASSH, and TAM recovery protocols

119

1. Integration of the measurement of 
tendon gliding & function

2. Whether to include the MCPJ 
measurement

3. Method of measurement (angular or 
linear)

4. Representation of joint posture during 
motion 

Outcomes

TAM (ASSH) 260*

Excellent 100%

Good >75%

Fair >50%

Poor <50%

Outcomes

Strickland/Glogova
c

TAM of PIP/DIP

Excellent 85-100%

Good 70-84%

Fair 50-69%

Poor <50%

Moieman & Elliot DIP 74* (or norm of 
contralateral digit)

Excellent 85-100%

Good 70-84%

Fair 50-69%

Poor <50%

Moieman & Elliot, 2000



Gold Standard Seminars, LLC. 
www.GoldStandardSeminars.com

©2021 by Gold Standard Seminars, LLC. All 
Rights Reserved. 41

Intra-operative photographs of a Zone V injury.  

Diagnosis:
Flexor Tendon Repairs Zones 1, 3-5

• Laceration or avulsion of the FDP tendon distal 
to insertion of FDS tendon

• Also known as a Jersey Finger

• Type I: FDP retracts into palm

• Type II: Tendon retracts to level of PIP

• Type III: Large bony avulsion fragments that 
prevents tendon from retracting past the A4 pully

• Type IV: Simultaneous avulsion fractures, 
avulsion of tendon from bony fragment

• Type V: Distal phalanx fx along with avulsion of 
FDP

122

Type III injury with 
large bony 
fragment

Combined 
Type II and 
Type IV 
injury

Diagnosis:
Flexor Tendon Repairs Zones 1

• Complications: 

– Floppy digit

– Decreased pinch strength

– PIPJ hyperextension

– Fusion of DIPJ

123

“Jersey finger"
Fused DIPJ

Diagnosis:
Flexor Tendon Repairs Zones 1
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• Surgical options:
– Pullout button
– Internal suture
– Bone anchors

• Therapy considerations:
– 10* of motion in the 

DIPJ= 1-2mm glide of 
FDP tendon

– Are of hypo-vascularity 
adjacent to volar plate of 
DIPJ (may explain loss 
of DIPJ flexion s/p sx

Surgical Options

Interventions:
Surgery

1. Evans, 2014
2. McGrouther, 1981

• Immobilization

• Early passive motion

• Early AROM

• LEAF (Evans, 2005)

Interventions:
Rehabilitation

Limited extension active flexion (LEAF) therapy

• Proposed by Evans, 2005

• End to end repair, advancement or reinsertion into bone

• Wrist 30-40* flexion, MCPJ 30* flexion, PIPJ 0*, DIPJ 40-45* 
flexion

• Every hour: Full passive DIPJ flexion 3-5 minutes

• With therapist: Place and hold DIPJ flexion

• Week 4 splints removed, passive force applied

Outcomes:

Mean of 47* 
motion at 
DIPJ

Interventions:
Rehabilitation

Evans, 2005 
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Outcomes Zone 1

• Excellent motion 62-74*

• Good motion 51-61*

• Fair motion 37-50*

• Poor motion 0-36*

127

Outcomes:

Moieman & Elliot, 2000

• Occurs between distal edge of flexor retinaculum and proximal 
edge of A1 pulley

• Surgery: 

– Proximal injuries receive carpal tunnel release to retrieve 
ruptured tendon

– Distal injuries receive AI pulley release to retrieve ruptured 
tendon

– Figure 8 suture technique

Diagnosis:
Flexor Tendon Repairs Zone 3

Caulfield, 2008
Al-Qattan, 2011

129

•Rehabilitation (Al-Qattan, 2011)

•Daily mobilization exercises within splint:

Day 3
Active flexion 2/3 of flexion arc; last 1/3 performed passively using 
unaffected hand

4 weeks
Splint removed, Active flex/ext without resistance

6 weeks
Resistive flexion exercises 90% fingers had excellent 

outcomes
5 % good outcomes
5% fair outcomes 
No ruptures reported by Al-
Qattan.

Diagnosis:
Flexor Tendon Repairs Zone 3
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• Zone IV: Flexor tendons within the carpal tunnel

• Protected by thick flexor retinaculum

• Median nerve injury along with flexor tendon injuries = “spaghetti wrist”

130

Diagnosis:
Flexor Tendon Repairs Zone 4

Nerve repair: DBS  with wrist in 30* flexion and increased by 10* into 
extension at week 4 and week 5.

• Consider MPJ block of 4-5th digits if ulnar nerve has been repaired

• Consider night webspacer to avoid potential web space contracture if 
median nerve has been repaired

• Tendon gliding & blocking exercises at week 3 (glide through CT)

131

Thumb webspacer Anti-claw splint

Intervention:
Flexor Tendon Repairs Zone 4

Author’s own photos

Zone V is the proximal border of the transverse carpal ligament to 
the musculotendinous junction in the proximal part of the forearm

Vascular or nerve injuries common

Sensory re-education to preserve cortical sensory representation 

132

Diagnosis:
Flexor Tendon Repairs Zone 5

Tang, 2012 
Rosen 2003
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Intervention:
Flexor Tendon Repairs Zone 5

Images courtesy of Aileen Gavina

134

Intervention:
Flexor Tendon Repairs Zone 5

Images courtesy of Aileen Gavina

• Retraction of the FPL occurs more significantly & 
rapidly

• Makes surgical approximation of ruptured 
tendon more difficult >48 hrs s/p injury

• More difficulty than FDS/FDP repairs due to 
this

• Role of FPL vinicula unknown in limiting 
tendon retraction (Kasashima, 2002)

• Rate of rupture 2x in Zone T-II compared to 
Zone I

Diagnosis:
Flexor Pollicis Longus
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Diagnosis:
Flexor Pollicis Longus

Pop Quiz

Attritional rupture of the FPL, secondary to a bone spur on the scaphoid, 
is called:

a. Lindburg’s sign

b. Mannerfelt lesion

c. Ollier’s lesion

d. Vaughn-Jackson syndrome

Diagnosis:
Flexor Pollicis Longus

• Glesen, 2009 and Siotakova, 2004 reported advances in FPL repairs 
improving tensile strength

• Resulted in 0% rupture with early active motion in T-I and T-II repairs

• Early active mobilization protocols are the same as for zone II rehab

Intervention:
Flexor Pollicis Longus

Author’s own photos
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139

“What can I do to speed up healing?”

What the research says (or doesn’t say)

• Diet? (David, 2014)

• Low-intensity Ultrasound?

• Ascorbate injections (Hung 2013)

• Blood flow restriction therapy?

140

Intervention

Rupture (1,2)

141

• Adherence of the flexor tendon (5)

• Tethering of the extensor tendons (3)

•Severe edema can cause restricted extensor tendon movement 
and secondary adhesions (2)

• Inadequate access to health care

Complications 

1. Savage, 2014
2. Star, 2013
3. Elliot, 2013
4. Korstanje, 2012
5. Toker, 2014

• Lumbrical Plus
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• Flexor tendon rehabilitation has evolved in the past 2 decades

• Ultrasonography, diet modification and other recent developments 
in flexor tendon research have assisted in our advances in 
knowledge

• Pharmacological agents being investigated but no conclusive 
evidence

142

Conclusions

1. Wu 2014
2. Tang, 2013

When All Else Fails…

TENOLYSIS
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• Adhesions limit digital function & hand therapy has 
plateaued 

• Indications:

– No absolute indications for this surgery
– Motivated patient
– Healed fractures/osteotomies
– Mature soft tissue coverage
– Intact tendons
– Full PROM (and preferably full extension of affected digit)

Intervention: Tenoylysis

Pillukat T, et al; 2015 

• Therapy starts day 1- day 2

• Change post-op dressing

• Initiate tendon gliding

• Every waking hour 10-15x slowly, moving through complete ROM

• Gentle overpressure to stretch joints

• Blocking day 5-7

• Functional activities day 10-14 (paper crumbling, rice grips and 
spread- patient can don a glove)

• Scar modification techniques day 17-21

• Light strengthening day 25-28

Intervention: Tenoylysis

Case Study: Tenoylysis
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148

Functional deterioration can still occur:

Flexor tendon ruptures observed 0-8% of cases

•Tendon rupture
•Loss of pulleys
•Scar formation

•Secondary complications include:

Improvement of ROM in literature: 59-84% 

Outcomes: Tenoylysis
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