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Muscle Spindle Injury Could Cause Tourniquet Paralysis.
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Abstract:

Objective:Knee surgery with a pneumatic tourniquet may result in
quadriceps femoris muscle weakness. A patient with quadriceps femo-
ris paresis was studied for two months after surgery.

Methods: Follow-up ENMG and lumbar magnetic stimulation (MEP).

Results: Six weeks after surgery, there was no discernible lesion of
femoral or other nerve motor axons in ENMG or MEP. The paresis
subsided after an eight-month follow-up, and the patient recovered
completely in two years.

Conclusion: The tourniquet’s high pressure may injure muscle spindles.
Reduced la-afferent activity can significantly impair voluntary motor
effort.
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Introduction:

The benefit of using a femoral pneumatic tourniquet during knee
surgery is a bloodless procedure. Tourniquet use, however, may result
in hemodynamic, metabolic, or local problems [1]. Several clients
suffer from postoperative thigh weakness, particularly when a strong
tourniquet and a lengthy tourniquet period are employed [2]. When pre-
and post-operative examinations were examined in a systematic ENMG
research of patients who had anterior critical ligament procedures
with tourniquet, the alterations in neurography were minimal. The
vastus medialis muscle’s EMG interference pattern of maximum
voluntary effort had the most noticeable modification. In comparison to
preoperative readings, the maximum voluntary activation was lowered

to roughly 50% postoperatively. None of these individuals experienced
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any obvious quadriceps femoris muscle weakening. In needle EMG,
there were no postoperative indications of axonal damage, such as
fibriOOation potentials [3]. Six weeks following bilateral knee surgery
with a pneumatic tourniquet, a patient developed virtually entire

bilateral quadriceps femoris paresis. This case is documented.

Discussion:

Axonal compression syndrome has been linked to postoperative
quadriceps femoris muscle weakness after procedures involving
pneumatic tourniquets [2]. The patient presented here is an extreme
occurrence, having nearly complete bilateral quadriceps femoris
postoperative paresis for two months before gradually improving
thereafter. The M-responses of the vasti muscles tested with lumbar
MEP were normal despite the practically complete inability to engage
these muscles voluntarily, proving that no specific axonal compression
condition was present. There were only sporadic fibriOOation
potentials; nevertheless, in six weeks, axonal loss should cause
widespread fibriOOation activity [5].

The e saphenous nerve conduction values were normal, indicating that
the femoral nerves’ A beta fibres were in good condition. The remaining
leg nerves showed normal nerve conduction, F- and H-responses, and
no axonal involvement or conduction block of the motor nerve fibres
or sensory A alpha or A beta nerve fibres. Thin sensory A delta and
C nerve fibre involvement was indicated by pain and allodynia in the
lower extremities. Eight months after surgery, there was a decent but
not perfect interference pattern in the vasti muscles, and two years later,
the right vastus medialis muscle’s EMG had completely normalised.
The arrangement or amplitude of the vastus medialis muscle’s motor
unit potentials showed no evidence of collateral reinnervation. The
follow-up study’s lumbar MEP latencies were normal but had lower
amplitude. 9 months after surgery may show atrophy from inactivity.

However, there was hypersensitivity of the A delta fibres presenting as
altered cold pain threshold on the dorso-lateral foot areas two years after
surgery. QST study was not conducted in the acute stage, but QST two
years postoperatively did not reveal any residual neuropathy of the thin
sensory nerve fibres.The normal saphenous nerve conduction results
show that the femoral nerves’ A beta fibres are intact. The remaining
leg nerves showed normal nerve conduction, F- and H-responses, and
no axonal involvement or conduction block of the motor nerve fibres
or sensory A alpha or A beta nerve fibres. Thin sensory A delta and
C nerve fibre involvement was indicated by pain and allodynia in the
lower extremities. Eight months after surgery, there was a decent but
not perfect interference pattern in the vasti muscles, and two years later,
the right vastus medialis muscle’s EMG had completely normalised.
The arrangement or amplitude of the vastus medialis muscle’s motor
unit potentials showed no evidence of collateral reinnervation. The
lumbar MEP latencies were normal, but the follow-up examination 9
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months after surgery showed decreased amplitude, which might be a
sign of atrophy from lack of use.

However, there was hypersensitivity of the A delta fibres presenting
as altered cold pain threshold on the dorso-lateral foot areas as F- and
H-responses were normal in the other leg nerves, without any signs of
axonal involvement or conduction block of the motor nerve fibres or
sensory A alpha or A beta nerve fibres. QST study was not performed in
the acute stage, but QST two years postoperatively did not reveal any
residual neuropathy of the thin sensory nerve fibres. Thin sensory A delta
and C nerve fibre involvement was indicated by pain and allodynia in
the lower extremities. Eight months after surgery, there was a decent but
not perfect interference pattern in the vasti muscles, and two years later,
the right vastus medialis muscle’s EMG had completely normalised.
The arrangement or amplitude of the vastus medialis muscle’s motor
unit potentials showed no evidence of collateral reinnervation. The
lumbar MEP latencies were normal, but the follow-up examination 9
months after surgery showed decreased amplitude, which might be a
sign of atrophy from lack of use.

However, there was hypersensitivity of the A delta fibres presenting as
altered cold pain threshold on the dorso-lateral foot areas two years
after surgery. QST study was not conducted in the acute stage, but QST
two years postoperatively did not reveal any residual neuropathy of the
thin sensory nerve fibres.

Experimental experiments with a clinically appropriate cu inflated
pressure have shown localised necrosis of muscle fibres beneath the
pneumatic tourniquet [6]. The potential amputation of muscle spindles
beneath the tourniquet, however, was not investigated. Different muscle
fibres may respond to pressure differently. The most vulnerable fibres
appear to be Type IIB rapid glycolytic fibres [6]. Static beta motor
axons innervate the fast glycolytic extrafusal muscle fibres as well
as the long chain fibres of the muscle spindles [7]. Hus theEven at
pressure levels that are clinically significant, long chain fibres may be
particularly susceptible. It is likely that the pneumatic tourniquet’s high
pressure affected the proprioceptive aerent function, particularly the Ia
and II-aerents of the patient’s leg muscle spindles. Intrafusal capillaries
are less permeable than extrafusal ones and are enclosed by a tight

membrane in muscle spindles.

His might put people at risk for developing “intrafusal His might put
people at risk for developing “intrafusal

The condition known as “compartment syndrome” may even result
in severe hypoxia and complete necrosis of the muscle spindle under
the tourniquet. Damage to the muscle spindles, which include somatic
C-nerve fibres, may result in postoperative pain [9]. The sleeves of the
muscle spindles are where the long nuclear chain fibres protrude [10].
If the spindles are in necrosis, the denervation of these tiny but crucial
muscular fibre fragments may be the cause of the irregular fibriOOation

potentials seen in the patient’s quadriceps femoris muscles’ EMG.

How might the inadequate quadriceps femoris postoperative voluntary
activation be explained? Normal adjustments to motor neuron

exitability are made by persistent inward currents (PICs). A descending
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neuromodulatory pathway that releases the monoamines serotonin
and noradrenaline controls the PIC. The motor neurone exitability is
very low without PIC. However, descending PICs have poor focusing
and require local synaptic integration to meet the demands of various
motor activities. The length sensitive muscle spindle Ia aerents and la
interneurons are the intermediaries via which the PIC is extraordinarily

sensitive to reciprocal inhibition [10].
Conclusion:

Hus, the first paresis of the quadriceps femoris muscles may result from
reciprocal inhibition from the posterior thigh muscles, which lack the
appropriate proprioceptive activation due to the reduced muscle spindle
afferent firing. On the other hand, proprioceptive activity from the

muscle may also be necessary for motor neuron activation.

As demonstrated in acute sensory axonal neuropathy, an initial drop in
aerent firing appears to lead to a severe suppression of muscle activation
in voluntary effort [11]. As in our patient, it takes several weeks for
symptoms to go away. In knee procedures, it is advised to keep the
tourniquet pressure as low as feasible. front cruciate It is even possible

to operate on ligaments without using a tourniquet.
References

1. Smith TO, Hing CB (2010) Is a tourniquet beneficiaO in total
knee replacement surgery? A meta-analysis and systematic
review. Knee 17:3. 141-147.

2. Saunders KC, Louis DL, Weingarden SI, Waylonis GW (1979)
Eect of tourniquet time on post-operative quadriceps function.
Clin Orth Rel Res 143: 194-199.

3. Kokki H, Vaitdinen KU, Miettinen H, Parviainen A, Kénénen M,
et al. (2000) Tourniquet-induced ENMG changes in arthroscopic
anterior cruciate ligament reconstruction. Annales Chirurgiae and
Gynaecologiae
89:313-317.

4.  Hinze MC, Wiedmann-Al-Ahmad M, Glaum R, Schmelzeisen R,
Sauerbier S (2010) Bone engineering-vitalisation of alloplastic
and allogenic bone grais by human osteoblast-like cells. Br J Oral
Maxillofac Surg 48: 369-373.

5. Willmott AD, White C, Dukelow SP (2012) Fibrillation potential
onset in 16. peripheral nerve injury. Muscle Nerve 46: 332-340.

6. Pedowitz RA, Fridén J, HorneOO LE (1992) Skeletal muscle
injury induced 18. by a pneumatic tourniquet: An enzyme- and
immunohistochemical study in rabbits. J
Surg Res 52: 243-250.

7.  Banks RW, Barker D (2004) He muscle spindle, In: Engel, A.G.,
FranziniArmstrong, C. (Eds) myology, third ed. McGraw-Hill,

Medical publishing division, New York, pp: 489-509.

Page 02


https://primepubmed.com/clinical-neurology-and-neurosurgery-research/

Clinical Neurology And Neurosurgery Research

10.

https://primepubmed.com/clinical-neurology-and-neurosurgery-research/

Kennedy WR, Yoon KS (1979) Permeability of muscle spindle
capillaries and capsule. Muscle Nerve 2: 101-106.

Lund JP, Sadeghi S, Athanassiadis T, Salas NC, Auclair F, et
al. (2010) Assessment of the potential role of muscle spindle
mechanoreceptor aerents in chronic muscle pain in the rat
masseter muscle. PLoS ONE 5: el1131.

Heckmann CJ, Hyngstrom AS, Johnson MD (2008) Active

properties of motoneurone dendrites: Diuse descending

neuromodulation, focused local inhibition. J Physiol 586: 1225-
1231.

11.

12.

Cole JD, Sedgwick EM (1992) He perceptions of force and
movement in man without large myelinated sensory
aerents below the neck. J Physiol (London) 449: 503-515.

Daniel DM, Lumkong G, Stone ML, Pedowitz RA (1995) Eects

of tourniquet use in anterior cruciate ligament reconstruction.
Arthroscopy 11: 307-311.

Page 03


https://primepubmed.com/clinical-neurology-and-neurosurgery-research/

