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LEARNING OBJECTIVES
Learner will be able fto...

« Perform a patient-centered evaluation involving review of medical
history, patient-rated outcomes and subjective account to
systematically lead to diagnostically appropriate plan of care.

« Describe anatomical and biomechanical principles that form the
framework of post-operative extensor tendon evaluation and treatment.

« Explain how biomechanical dysfunction of the hand can create
functional impairment.

« I|dentify important indications and contraindications for therapeutic
interventions and protocols for post-operative extensor tendon repair

« Identify current research and upcoming trends in tendon repair
rehabilitation

« Ascertain appropriate orthotic device with a basic understanding of
how to fabricate them for extensor tendon repairs
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2011 Levels of Evidence Table

Wong et al, 2017:CPG)
n et al, 2009: AHA Scientific Statement)
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OUTLINE

Intervention

APTA 2014

SECTION 1:
ANATOMY

« BASIC ANA

» Superficial and deep fascial layers

» Allows for efficient venous & lymphatic pump

e Pumpi ANISM ey JoiNt stiffness
Tightness of MCPs
Tightness dorsal fascia
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‘ Anatomy: Basic Anatomy

Listers "

. Wrr'sl‘Anat‘omymwe g

i
Extensor carpi ra

Scanning dorsally

and in short axis, all

the extensor compartment
tendons can be seen

Q r——

Anatomy: Basic Anatomy
Extensor pulley system

Loss of Extensor Retinaculum

* Moment arm EDC increased

» EDC becomes wrist extensor
+ Extensor lag finger MCP joints
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Anatomy: Basic Anatomy

=) jyncturae Tedninum ED

m— Sgittal Bands _— EP ,
g e EDQ

» Extrinsic extensor tendon excursion approximates 50mm

31mm with wrist flexion/extension
16mm with MCP motion

3-4mm PIPj motion

3-4mm DIPj motion

Anatomy: Basic Anatomy
Juncturae Tendinum
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Anatomy: Basic Anatomy
Sagittal Bands & JT

Anatomy: Basic Anatomy
Sagittal Bands

Anatomy: Basic Anatomy
Extensor Hood
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Anatomy: Basic Anatomy

Extensor Mechanism
Lateral
Bands Lateral Bands ED Lateral Bands

Anatomy: Basic Anatomy
Extensor Mechanism

i
ﬂl Central Terminal
slip tendon

Anatomy: Basic Anatomy
Interossei

Palmar interosseous
mm. (unipennatel —__

Cleland, Koppenhaver & Su (2016)
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Anatomy: Basic Anatomy
Interossei

' Finger anatomy

=

Anatomy: Basic Anatomy

Lumbricals .
+ Originate off FDP Ao

tendon o
Insert onto radial Rl '2
side of lateral band
of proximal phalanx

Extends IPJ no
matter what position
MPJ is in

https://casesjournal.biomedcentral.com/articles/10.1186/17
57-1626-1-103

o0
Tranguar
membrane.
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Kinematics: How does
digital extension occur?

o o .‘.. .
Flato, detail from the
School of Athens, Raphael,
1509

Kinematics: How does
digital extension occur?

Kinematics: How does
digital extension occur?

Transverse Intrinsic
retinacular muscle

Triangular ligament

ligament Lateral ﬁ’ Sagittal

‘ | bands
= "'.7_‘. e =<4 - .
Central tendon
insertion

1A
Oblique Vertical
fibers  fibers
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Kinematics: How does
digital extension occur?

C@EW
|
S |

e e e

Anatomy: Basic Anatomy
Blood Supply

» Vascular mesenties provide
blood supply

» 70% of nutrition via synovial
diffusion

» 30% of nutrition via vascular
perfursion (through
mesotendons)

» Tight skin asks as a pump to
provide nutrition and lymph
drainage

‘ Anatomy: Basic Anatomy
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‘ Anatomy: Biomechanics

A

STRENGTH

A personal attribute that can only be measured in milligrams

SECTION 2:

EXAMINATION
* HISTORY
* SYSTEMS REVIEW
» TESTS & MEASURES

EVALUATION
* CASE EXAMPLE

Digits and wrist in
neutral: Og tension
on EDC

Digits and wrist in
extension: 1200g on
EDC

Forces drop to 300g
with 20* flexion of
wrist

©2021 by Gold Standard Seminars, LLC. All
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11



Gold Standard Seminars, LLC.
www.GoldStandardSeminars.com

. Examination

» History: What Happened, Nature of Injury
* Functional Deficits & Demands
* Roles

* Initial measurements:

— Edema, ROM, unaffected hand grip & pinch
strength

‘ Examination

Wound or scar assessment

Sensation

Systems Review

Red and Yellow Flags Erickson, Waggy & Barch, 2016

Edema

Normal vs. Functional ROM

Functional ROM defined as able to do 90% activities

Sollerman Test of Hand Grip Function

Bain et al (2015) range of motion norms:

MCP +19/90 -19/71 48%
PIP  +7/101 -23/87 59%
DIP  +6/84 -10/64 60%

©2021 by Gold Standard Seminars, LLC. All
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Examination

)

Tendon Tendon

Examination:

Systems Review

YELLOW AND FLAGS

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

fi
l

(Goodman CC: Screeninglormealcalproblemsinpatients withy
dsymploms. J Hand Ther. 2010;23:105-125

SECTION 3:
DIAGNOSIS, PROGNOSIS &
INTERVENTION

Common Diagnoses
* Prognosis
* Intervention
= Conservative
= Operative
> Post-Op Rehabilitation

Outcomes

©2021 by Gold Standard Seminars, LLC. All
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Diagnosis & Interventions:

Extensor Tendon Repairs Zones 1-2

Author’s own photos

Diagnosis:
Extensor Tendon Repairs Zones 1-2

Account for 9.3% of all tendon and ligament lesions
in the body

Tendinous mallet finger more common than bony
mallet

Presents with pain & inability to perform full active
extension of DIPJ

Swan neck deformity

Bony mallet always involves an incomplete tendon
avulsion Botero S et al. 2016

Diagnosis:

Extensor Tendon Repairs Zones 1-2
MALLET FINGER/BONY MALLET
AKA baseball finger

Extensor Tendon Rupture
e

Botero S et al. 2016
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Diagnosis:

Extensor Tendon Repairs Zones 1-2

Axial force is applied to the tip of a
straight digit (black arrows)

Followed by extreme passive distal
interphalangeal joint (DIPJ)
hyperextension (white upper arrow)
bony lesions

Extreme passive DIPJ hyperflexion Botero S et al. 2016
(lower white arrow) tendinous
lesions.

Interventions: Extensor
Tendon Repairs Zones 1-2

« Conservative treatment:

* 6-8 weeks full time splinting
» Additional 4 weeks night splinting

* Post-operative treatment:

* 4 weeks full time splinting
+ Additional 4 weeks night splinting

Botero S et al. 2016

Interventions: Extensor
Tendon Repairs Zones 1-2

Conservative treatment:

Immobilize DIPJ only (keep PIPJ free)

Moderate hyperextension immobilization for
tendinous mallets

Straight immobilization for bony

Botero S et al. 2016

©2021 by Gold Standard Seminars, LLC. All
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Interventions: Extensor
Tendon Repairs Zones 1-2

Splinting options:
Volar
Dorsal
Volar-dorsal

Bony mallets are immobilized for 6 weeks

Tendinous mallets are immobilized for 8 weeks

Botero S et al. 2016

Interventions: Extensor
Tendon Repairs Zones 1-2

Open approach vs percutaneous

Extra-articular fixed pinning

Ishiguro technique

Botero S et al. 2016

Interventions: Extensor
Tendon Repairs Zones 1-2

Operative
Tip protector/Clam Shell full time

4-6 weeks : Pin removed
Night splint 4 additional weeks

Botero S et al. 2016

©2021 by Gold Standard Seminars, LLC. All
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Interventions: Extensor
Tendon Repairs Zones 1-2

Interventions: Extensor
Tendon Repairs Zones 1-2

Interventions: Extensor
Tendon Repairs Zones 1-2

©2021 by Gold Standard Seminars, LLC. All
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Interventions: Extensor
Tendon Repairs Zones 1-2

First step Second step

Appearance ‘ >, 1

DIP joiat ina mildly extended position  DIP joiat in a mildly estended position
PIP joint at 30° flexion

Position

Orthosis type Cast Figure-eight

Material thickness 13 mm 1.6 mm

Term 2-3 weeks from the initial visit 34 weeks from the initial visit

Mounting duration Throughout the day Throughout the day

Fig. 1. 2-sep orthoti intervenion,

Saito K, Kihara H, 2018, L4

Interventions: Extensor
Tendon Repairs Zones 1-2

Table 1
Hand therapy progr

Figure—eight-type orthosis group (control group; 1 = 22

St 0wk

Saito K, Kihara H, 2018, L4

Interventions: Extensor
Tendon Repairs Zones 1-2

Goal: extensor lag <10°

Monitor for PIP hyperextension

DIP stiffness - normal after 6 weeks

Passive DIP flexion - increased GRADUALLY
Limit number of exercise sessions if lag develops

Athletic Considerations: return to play initiated when
splinting begins

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

Extensor Tendon Repairs Zones 1-2

Crawford Classification: Active extension and pain/no
pain

Excellent

Thermoplastic splints superior to pre-fabricated splints

Ishiguro method vs fixation with a hook plate

Complications:

Extensor Tendon Repairs Zones 1-2

(N2 4

Complications:

Extensor Tendon Repairs Zones 1-2

©2021 by Gold Standard Seminars, LLC. All
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Conclusions:

Extensor Tendon Repairs Zones 1-2
« Compliance of orthosis use
* Wean once 6-8 weeks complete
* Return to orthosis if extensor lag develops

» Communicate with therapist/MD: splint check, repeat
X-rays

« Avoid full fist grip! (flat fist only) during protected
phase

* Trouble shoot techniques for skin check and
showering (pearls?)

Therapeutic
Interventions/HEP

Extensor Tendon Repairs Zones 1-2

Diagnosis & Interventions:
Extensor Tendon Repairs Zones 3

Author’s own photos

©2021 by Gold Standard Seminars, LLC. All
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Interventions:
Extensor Tendon Repairs Zone 3

* Repaired central slip AND triangular ligament
» Closed injuries can be missed

» Treat non-operatively whenever possible

Interventions:
Extensor Tendon Repairs Zone 3

Complications with this zone:

Scarring into proximal phalanx
Boutonniere deformity
Extensor lag

Joint stiffness

Insufficient tendon excursion

Interventions:
Extensor Tendon Repairs Zone 3

Fixed flexion contracture: Serial cast OR dynamic
orthosis until reach 0* extension

» Static orthosis 6-8 weeks

If able to achieve passive extension: static PIPJ
extension orthosis with DIPJ free 6 weeks
» DIP A/PROM exercises
» Wean off orthosis after 6 weeks,
continue night orthosis 1-4 months

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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Interventions:
Extensor Tendon Repairs Zone 3

Conservative tx:

(RB Evans)

» Maintain PIP in extension
(no early mobilization)

« If lateral bands involved
include DIPJ*

! Pratt & Goblaar Controlled
Active Motion
» 3 wks continuous
extension orthosis
» 3 wks Capener Coil-
passive extension/active
flexion D/C at 6 wks

Interventions:
Extensor Tendon Repairs Zone 3

Splint Requirements SAM Protocol

1PIP and
DIP in full
extension

1Wrist free

1 Template
splints for |
PIP and
DIP
motion
exercise

Evans RB, 2012 RTC level 4

Interventions:
Extensor Tendon Repairs Zone 3

SAM group started early (1-2 post-operative day) for 2
orthoses:
Palmar resting orthosis with DIP/PIP full extension
Template orthosis with PIP/DIP in 30* flexion each
AROM exercises every hour 20x each into orthosis and active
extension to 0*
Remold each week to increase 10* of flexion (extensor lag
dependent)
Conclusion:
38 digits treated 3-6 weeks static splinting vs. 26 digits SAM
SAM had less therapy (51d vs 76 d)
SAM had increased TAM (132 vs 111%)
SAM had less extensor lag (-3 vs -8)

Evans RB, 2012 RTC level 4

©2021 by Gold Standard Seminars, LLC. All
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Therapeutic
Interventions/HEP

Extensor Tendon Repairs Zone 3

Diagnosis & Interventions:

Extensor Tendon Repairs Zones 3

Interventions:
Extensor Tendon Repairs Zones 4-7

Current Opinion
The Evidence
+ Static Orthosis:
64% excellent/good outcomes of 33 fingers
(Newport et al)
40% disappointing results of 35 digits (Chow et al)
* Dynamic Orthosis:
93% good/excellent outcomes of 82 digits wo
rupture (Browne and Ribik)
100% good/excellent outcomes of 54 digits w/o
rupture at 15 weeks (Chow et al)

Canham C, Hammert WC, 2013 SR

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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Interventions:
Extensor Tendon Repairs Zones 4-7

The Evidence
» Active Motion With Volar Blocking Splint
92% excellent/good results of 24 digits at 6 weeks
(Sylaidis et al)

* Relative Motion Splinting
96% excellent/good results of 120 digits at 49 days
(Howell)
No comparative studies between relative motion splinting,
dynamic extension splinting, or early active motion w/volar
block

Canham C, Hammert WC, 2013 SR

Interventions:
Extensor Tendon Repairs Zones 4-7

The Evidence

Static vs. Dynamic vs. Hand-based and Forearm-based
Orthoses with Static vs. Early Active

Outcome measures: TAM, Grip, time back to work, DASH

Conclusion:

All EAM protocols resulted in better TAM vs. dynamic and
static protocols

Optimal orthosis not determined

Wong A et al, 2013 SR

Interventions:
Extensor Tendon Repairs Zones 4-7

1978: Wyndell Merritt cadaver study

1980’s: Zone 4-7 shift from immobilization controlled
passive extension (dynamic extension protocols)

1997 AAHS meeting: Merritt & Howell present 10 yr
study, 180 patients

Conclusions: 98.5% normal flexion

96.2% normal total active motion
Merritt W, 1978
Merritt W, Howell 1997

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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Interventions:
Extensor Tendon Repairs Zones 4-7

2008: Berry and Neumeister presented “Analysis of
Limited Wyndell Merritt Splint for Extensor Tendon
Injuries to Hand Immobilization.”

The authors compared two groups utilizing the
“Wyndell Merritt” ICAM protocol.

Conclusion: These results support the use of the
hand-based “Wyndell Merritt” ICAM protocol without

wrist immobilization

Berry & Neumeister AAHS, 2008

Interventions:
Extensor Tendon Repairs Zones 4-7

Merritt and Howell advocate initiating the ICAM
program within 10 days of the initial tendon repair, with
the best results achieved when the protocol is initiated
immediately or within 3 days of the initial surgery.

Zones IV-VII

ICAM splint is low cost & easy to fabricate

Interventions:
Extensor Tendon Repairs Zones 4-7

Cadaver with ICAM splint in place (B, C)

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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Interventions:
Extensor Tendon Repairs Zones 4-7

ICAM splint with wrist orthosis included

Interventions:
Extensor Tendon Repairs Zones 4-7

a

ICAM splint without wrist orthosis, digits 3 or 4

Interventions:
Extensor Tendon Repairs Zones 4-7

ICAM splint without wrist orthosis digits 2 or 5

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

Extensor Tendon Repairs Zones 4-7

-

ICAM splint without wrist orthosis

CASE STUDY:

Extensor Tendon Repairs Zones 5

» Waitress working in a Manhattan restaurant, full
thickness tear of EDC of middle finger, Zone 5, non-
dominant left hand

+ Splint fabricated Day 3, AROM initiated with splint on
AROM (composite) without splint 4.5 weeks
— Splint worn for protection only

+ PROM initiated week 6 for MPJ stiffness
Strengthening cleared week 7

CASE STUDY:

Extensor Tendon Repairs Zones 5
' -

ICAM Yolk Splint using Taylorsplint™
[ o

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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CASE STUDY:

Extensor Tendon Repairs Zones 5

Return to MD week 12 with full digital AROM
Grip strength near right hand
Grip Strength R Grip Strength L

95-93-105 88-90-89

-

o

7 Yolk Splint using Orficast™0

Therapeutic
Interventions/HEP

Extensor Tendon Repairs Zones 4-7

‘ Zone 7-8 Considerations

» Early motion critical 2* tendons
are synovial

ICAM with static wrist cock-up
(can make SAM slab OR limited ™
wrist hinge orthosis)

Reverse Kleinert

A Double Reverse Kleinert Extension
Splint for Extensor Tendon Repairs in
Zones VI to VIII

©2021 by Gold Standard Seminars, LLC. All
Rights Reserved.
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Diagnosis & Interventions:
Extensor Pollicis Longus Repair and
Tendon Transfers

Author’s own photos

Interventions:
Extensor Pollicis Longus Repair and
Tendon Transfers

Rupture at level of distal
radius

Rheumatoid synovitis,
DRFX, steroid injection,
DMII, uremia, ischemiac

Interventions:
Extensor Pollicis Longus Repair and
Tendon Transfers

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




Gold Standard Seminars, LLC.
www.GoldStandardSeminars.com

Interventions:

Extensor Pollicis Longus Repair and
Tendon Transfers

e Zones TI-TIV

¢ Zone TV-TVII

Therapeutic
Interventions/HEP

Extensor Pollicis Longus Repair

‘ Conclusions

Extensor tendons in all zones but 1, isolated wrist
extensor tendons & musculoskeletal juncture)
tolerate controlled active motion
Gapping & rupture rarely an issue
Zone 3-4 do NOT require continuous
immobilization for 4-6 weeks (Short Arc Motion can
be started at 30%)
Digital joint motion zones 5-7
Wrist position critical to resistive forces from flexor
system
Early referral to therapy critical to outcomes

Evans RB, 2014

©2021 by Gold Standard Seminars, LLC. All
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