Flexor Tendon Forces
Flexor Tendon Forces

» Motion path of the digits
— Littler, 1973 : equi-angular spiral path ?

An Update

F. Schuind (Brussels, Belgium)

T = ag mtheta €=271828...
Equi-angular : constant phi angle (m = trigonometric cotangent of phi)
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* Motion path of the digits » Motion path of the digits

— Gupta et al.., 1998 : ¥ — Restoration of such a delicate finger motion
« 3-D hand motion analysis x pattern after flexor tendon laceration and repair
« Confirmation of equi-angular path » And frequently skin repair, fracture osteosynthesis
hypothesis 1 of fracture, revascularization / replantation ...
* Numerous examples of equi : « Rarely achieved !
spirals in nature : shells, eggshell, . 3
horn of a ram
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* Successful flexor tendon repair : Successful flexor tendon repair :
— Restoration of normal active finger motion — Restoration of normal active finger motion
— Within reasonable delay after repair — Within reasonable delay after repair
— Without further surgery — Without further surgery
* These objectives are met in a minority of cases These objectives are met in a minority of cases
» Sometimes : severe stiffness imposing amputation Sometimes : severe stiffness imposing amputation
(index) (index)
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Prevention of stiffness related to flexor tendon
adherences

— Early mobilization of tendon relative to its tendon sheath,
to minimize adherences formation and to speed up tendon
callus strength (Strickland et al., 1995)

— Especially important for zone Il lesions in adults
— Risks :
« Suture rupture
« Gap formation possibly causing severe adherences
— Many protocols of early passive or active mobilization
— Biomechanical questions :
« Forces present during active or passive motion

+ Resistance of tendon repair
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» Mathematical calculations in static situations
(An et al., 1985 ; Evans and Thompson, 1993) :
— Forces up to 3.5 times the external force (pinch)

— Example : 10N grasp > index FDP 3.2 to 3.5N,
index FDS 1.5 to 2.1N, 1st IOD 0 to 1.2N, IOP 0.0
to 0.5N, lumbrical 0.0 to 0.9N

— Forces during unresisted motion ? During dynamic
activities ? In the presence of adherences ?
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e In vivo measure ts in normal subjects

— Five patients, during median neurolysis for
carpal tunnel syndrome
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* Forces applied to tendon sutures :

— Mathematical calculations of forces present during
simulated grasp or pinch (equilibrium of internal
and external forces in static situations)

— In vivo measurements in normal subjects
— Animal studies of suture and adhesions friction
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* In vivo measurements in normal subjects

— Five patients, during median neurolysis for
carpal tunnel syndrome
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« In vivo measurements in normal subjects

— Five patients, during median neurolysis for
carpal tunnel syndrome
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* In vivo measurements in normal subjects * In vivo measurements in normal subjects

— Five patients, during median neurolysis for — Five patients, during median neurolysis for
carpal tunnel syndrome carpal tunnel syndrome
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* In vivo measurements in normal subjects * In vivo measurements in normal subjects

— Five patients, during median neurolysis for — Five patients, during median neurolysis for
carpal tunnel syndrome carpal tunnel syndrome
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e Other studies of in vivo measurements of tendon Other studies of in vivo measurements of tendon forces :
forces :
— Dennerlein et al., 1998, 1999 : index FDS tendon forces
while tapping on a keyboard (median neurolysis, carpal
tunnel syndrome patients) : forces 4 to 7 times the applied
force : much more than estimated by static analysis
— Same authors, 2005 :
« Important inter-individual variability
« Significant (~ 10N) passive forces during active finger extension flexor tendon forces with rubber band
« Insists on the force-velocity relationship of (Kleinert method)

;:\g’:IFEIIVtI;%}dODI;WCOmI’aCIIﬂg muscle, enerating O Non-in\_/asive method Df )
forces than expected 1 measuring tendon forces : ultrasonic
— Powell and Trail, 2004 : wave propagation (Pourcelot et al.,

PApghos

* Same magnitude as our results ! -”_”»’_‘ )

« Important inter-individual variability Friction of flexor tendons on pulleys :
probably significant under high loads
(Schweizer et al., 2003)




Flexor Tendon Forces

* Animal studies of suture and adhesions
friction :
— Gliding resistance
« Difference between proximal and distal forces applied
to tendon, proximally and distally to tendon suture
— Total resistance = gliding resistance + digital

resistance (finger edema, etc — maximal during the
first week)
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* Animal studies of suture and adhesions
friction :
— Zhao et al., 2004 .
« Peak gliding resistance :
— Mean 2.1N
— 44% of peak total digital resistance
— Maximum at 7 days

Percentage of Intemal Giding Resistance to
"Total Digit Resistance
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In vitro studies of gliding resistance :

« Increased friction proportional to amount of suture material, in
particular nylon

— Strick et al., 2004 :

« No more friction after 4 than after 2-strand repair
— Tanaka et al., 2004 :

« No more friction after locking than after grasping suture technique
— Silva et al., 2009 .

« No significant difference in tested suture materials (Supramid,
Ethibond, FiberWire)

* NB - poor knot-holding characteristics of FiberWire
(Waitayawinyu et al., 2008)
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» Animal studies of suture and adhesions
friction :
— Zhao et al., 2004 -
« Canine FDP laceration
and suture

« Measurement of gliding
resistance at 1, 3, 5, and 7
days
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» Animal studies of suture and adhesions
friction :

— Finger resistance to passive motion :
« Related in part to early postoperative edema
« Resistance maximal between 5th and 7th p.o. day (Cao
and Tang, 2006), after edema subsidence

« Resistance drastically reduced by a few passive
flexion-extension cycles
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« Strength of tendon repair :
— Ideal suture : high strength, low friction
— How to increase suture strength ?
« Stronger, thicker suture material
« Core suture : 4 (or more) strands instead of 2
« Better tendon grasping (« cross-stitch »)

« Circumferential epitendinous suture, 2-4mm or more from repair
site

— Limitations : tendon bulk and gliding

— No need to repair partial palmar flexor tendon lacerations,
up to 90%
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» Conclusions (1) :

— Fine three dimensional digital motion following
equiangular spiral path

— High forces during active motion, especially
during resisted motion

— Palmar wrist flexion : may increase flexor tendon
forces

— In addition, passive finger resistance (edema, first
5 days) and gliding resistance, high at 7 days (and
then ?? not studied)

Conclusions (2) :

— Ideal suture : high strength, low friction

— Limitations : tendon bulk and gliding

— Tang’s technique of pulley excision ???

— Rehabilitation should begin at day 5 ?? (Zhao et al., 2004,
Cao and Tang, 2006)

— Gentle passive mobilization in flexion-extension before
active motion

— No remaining benefit of Kleinert’s method
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