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Summary

Carpal Tunnel Syndrome (CTS) can be due to a variety of di¤er-

ent pathological conditions. These etiological and epidemiological

di¤erences may explain the non-homogeneous response to ordinary

conservative therapeutical options observed in this syndrome. The

aim of our study was to investigate on the possibility of identifying

di¤erent sub-groups of patients among conservatively treatable CTS

with di¤erent susceptibility to physiotherapeutic treatments. We de-

cided to utilize an objective approach measuring somemedian motor

nerve function parameters.

Short term variations of Compound Motor Action Potential

(CMAP) from the thenar eminence were compared in two groups

of 55 hands (CTS patients and normal controls) after performance of

two di¤erent types of end range passive movement.

We found a di¤erent distribution of CMAP amplitude modifica-

tions within a sub-group of patients that suddenly improved more

than the controls after two series of 10 end range passive flexions or

after two series of ten end range passive extensions.

Amplitude changes proved to be much more useful than latency

variation studies in the provocative test neurophysiological ap-

proach. The method we propose appears to be useful for better sur-

gical indication and/or for improvement of conservative therapeutic

choice.
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Introduction

A variety of conditions may cause carpal tunnel

syndrome (CTS) by increasing volume of tissue within

the carpal tunnel and/or decreasing of the section area

of carpal canal. CTS is associated in fact with inflam-

matory arthritis, Colles’ fracture, amyloidosis, Kien-

boeck’s disease, change of hormonal balance (preg-

nancy, diabetes, ipotiroidism, steroid or estrogens

therapy) [6, 16] and with repetitive and forceful activ-

ities that cause thickening of the synovial lining of the

tendons that traverse the carpal tunnel along with the

median nerve [21].

Controversy still exists regarding the pathophysi-

ology, assessment, diagnosis and treatment of CTS

[14, 20]. In a multiperspective, multicentre follow-up

study on untreated CTS published in 2001 several af-

fected hands unexpectedly improved spontaneously.

This study also showed that cases with initial low se-

verity might tend to get worse, whereas severe patterns

may improve [11].

Because of the high prevalence of CTS (reported

to be between 2,7% and 5,8% of the general popula-

tion) [3, 9] accurate diagnosis and e¤ective treatment

are important to physician, therapist, employers, and

third-party payers.

Especially useful are those criteria that may help to

predict the natural clinical course of the disease (to-

ward spontaneous improvement or not) and to select

the best individual treatment. In fact, in some cases an

earlier surgical decision might save time, pain, further

examination, working days and finally money.

The solution of this clinical enigma is often based on

a long or short period of conservative treatment with

a monitoring of symptoms and signs and sometime

neurophysiological parameters.

Several conservative treatments may be used for

this purpose: NSAD, Steroids (oral or infiltrative),

physical therapy (ultrasound, ionophoresis), immo-

bilization, mobilization, change of daily activities (er-

gonomical interventions, work changes), tendon and

nerve gliding exercises, general conditioning therapies

such as yoga or stretching.

Data concerning usefulness of these treatment

methods aren’t satisfactory: in fact only oral steroids,

splinting, ultrasound, yoga and carpal bone mobili-

zation show real short-term benefit. The other non-

surgical treatments don’t seem to produce improve-



ments according to the 2002 Cochrane Review which

analysed the e‰cacy of non-surgical treatment (steroid

injection excluded) for CTS [10].

Especifically regarding nerve and tendon gliding ex-

ercises it has been shown that neurodynamic mobili-

zation doesn’t change significantly the symptoms while

carpal bone mobilization causes a short term im-

provement without any statistical di¤erence between

the two methods [18].

Moreover, according to other authors there is a

tendency towards a decrease in surgical operations

(only 57%) in patients who underwent tendon mobili-

zation as opposed to patients that received only con-

ventional treatment (71% surgery) [15, 19].

Akalin prospectively analysed a randomized group

of 28 patients treated with splinting alone versus

splinting and tendon and nerve mobilization and

found better outcomes in the second group but with no

statistical di¤erence [2].

Our impression is that the lack of any statistical

significance reported in the literature concerning the

usefulness of methods that logically would appear

e¤ective may be due to a bias in patient selection. In

our experience, there are in fact several sub-group of

patients that may show a di¤erent clinical evolution

pattern based on the treatment of tendon and nerve

mobilization.

To verify our hypothesis we used a simple neuro-

physiological method: the study of compound motor

action potential (CMAP). Our method evaluates the

short-term variations of this parameter following two

di¤erent types of passive movement and compares

these variations in patients and controls. Our aim was

to check the possibility of finding a few easy markers

correlated with a di¤erent sensitivity to treatment of

nerve and tendon mobilization in two di¤erent move-

ment directions.

Methods

38 consecutive patients (55 hands) who had been referred to

the Neurophysiological Laboratory of the Neurosurgical Clinic of

the Siena University, Medical School, for evaluation of CTS were

studied (group B). All of them exhibited symptoms of CTS (eg. Pain,

numbness, tingling). A screening history and physical examination

was conducted to ensure that the referring diagnosis of CTS was

warranted, and to exclude those individuals who were not suitable

for the study (i.e. those with peripheral neuropathy or obvious en-

trapment neuropathy other than median nerve).

55 hands of 32 hospital sta¤ and healthy adult age matched vol-

unteers served as control subjects (group A). These individuals did

not show any signs or symptoms of CTS and their conventional NCS

were within normal limits.

Procedure

A standard electrodiagnostic examination including conventional

motor and sensory median and ulnar nerve NCS was performed in

both groups.

The active recording position at the motor point of the thenar

eminence was carefully controlled for the exact stimulation on the

motor point in order to decrease pseudofacilitation phenomena that

could be due to change of muscle length [17].

After having measured the baseline medial nerve distal motor

latency (DML) and maximal compound muscle action potential

(CMAP) from the thenar muscles at rest, 2 series of 10 passive wrist

flexions were performed, followed by two series of 10 wrist ex-

tensions. After each series of ten passive movements a new mea-

surement of DML and maximal CMAP of the median nerve was

obtained. Both passive movements (flexion and extension) were per-

formed until the end range of motion in the required direction.

Amplitude values (negative to positive peak) were measured after

exercise performance were normalized and expressed as percen-

tage of rest amplitude. The mean of the two values obtained after

the first and the second flexion series and similar mean value after

the two extension series were expressed as number value M-test,

and values obtained were arbitrarily classified as worsened (lower

or equal to 95% of rest value), unchanged (between 95% and 105%)

and improved (equal or superior to 105%). Statistical analysis was

performed with parametric and non-parametric test (Chi-square,

Fisher’s exact test and McNemar’s) by the SPSS program (SPSS

Inc.).

Results

Table 1 and Fig. 1 show mean and standard devia-

tions of Distal Motor Latency and amplitude changes

in patients and controls. The first analysis doesn’t

show any significant di¤erence.

A normalization of values expressed as percentage

of rest value (Fig. 2) showed a more elevated standard

deviation in the patient group as compared to normal

controls. In our opinion, this increased variation in

patients is due to the presence of subjects with di¤er-

ent disease typologies and therefore with di¤erent re-

sponses after movement performance.

To test if the distribution of the various responses

after repeated movements could be di¤erent in sub-

group of patients, we calculated the mean of the two

values obtained after two series of extension and after

two series of flexion movements. Obtained values were

classified as worsened if they were lower than 95% of

rest value, unchanged if between 95% and 105% and

improved if superior to 105%.

The contingency table obtained (Table 2) is com-

posed of three groups, classified according to CMAP

change after repeated passive movements. The statis-

tical analysis showed a di¤erence in patient distribu-

tion via-à-vis normal controls in both directions of

movement.
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Moreover, comparing distributions of patients after

flexion and extension we found a clear di¤erence be-

tween the two movement directions. In Fig. 3, in fact,

in the histogram of changes after flexion movements

we may see a worsening of a wide group of patients

without a significant behavioural change in control

subjects. End range passive extension on the other

hand resulted in a wider distribution also towards im-

provement in the patient group.

Figure 4 and Table 3 compare the presence of co-

variations (after flexion and extension) and their con-

sistency between the two groups.

11 hands (32%) of patients and only 3 hands (5%)

of controls showed worsening both with repeated flex-

ion and extension movements. In total 31 hands of

patients (56%) showed worsening in one and no varia-

tion in the other direction of movement or worsening

in both directions. In the control group only 8 hands

(14,5%) showed a similar response.

Regarding improvements 12 a¤ected hands (22%)

were improved after extension and unchanged after

flexion against the 12% of controls (7 hands) showing a

probable general tendency but without any statistical

significance.

Table 1. Modifications of mean distal motor latency (DML) and amplitude (AMP) of Compound Motor Action Potential (CMAP) registered

from thenar eminence in patients and control subjects. Values were obtained at rest and after each of two groups of 10 repeated end range passive

flexion movement (10 Flex) and two groups of 10 repeated end range passive extension movements (10 Ext). Standard deviation (SD)

CMAP Changes

CONTROLS PATIENTS

Rest 10 Flex 10 Flex 10 Ext 10 Ext Rest 10 Flex 10 Flex 10 Ext 10 Ext

DML ms (SD) 3.49

(0.50)

3.50

(0.51)

3.49

(0.49)

3.53

(0.50)

3.51

(0.51)

4.62

(0.95)

4.62

(0.88)

4.64

(0.89)

4.65

(0.89)

4.66

(0.86)

AMP ms (SD) 10.0

(2.98)

10.0

(3.19)

10.1

(3.18)

10.1

(2.87)

10.1

(2.94)

6.93

(3.47)

6.72

(2.85)

6.61

(2.77)

6.79

(3.01)

6.57

(2.80)
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Fig. 1. Graphic representation of Table 1 value. Same Abbrevia-
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Fig. 2. Normalized CompoundMotor Action Potential in Normal Controls (white) and Patients (dashed) shows a wider standard deviation in

the patient category
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Discussion

According to the literature, recent prospective

studies have shown that in a consistent group of pa-

tients a¤ected by CTS a spontaneous improvement

can be observed [11]. On the other hand, studies ana-

lyzing the e‰cacy of non surgical treatments in CTS

show a very low success rate for the majority of the

di¤erent conservative methods, [20] even though a

tendency towards improvement with the use of non

surgical and non infiltrative methods is generally ac-

cepted [10].

Most of the studies aimed at verifying the e‰cacy of

the di¤erent conservative approaches in the treatment

of CTS fail to show a statistical significance: this could

be due, in our opinion, to a wide variation of responses

in the samples studied.

Owing to a progressively improved health educa-

tion many patients a¤ected by CTS certainly receive

an early diagnosis and seek prompt treatment. On the

other hand, many patients still come late to a clinical

evaluation [13, 22].

It is well known that CTS can be caused by several

di¤erent diseases. Therefore, since there are many dif-

ferent stages of the disease and many di¤erent physi-

opathologic entities, it seems logical to suppose that

there are wide di¤erences in treatment responses in the

group of patients studied.

In fact, the group of patients studied showed im-

portant variations in the amplitude of PAMC and sig-

nificantly di¤erent responses as compared to the con-

trol group.

Moreover, within the group of patients studied, it

seems possible to distinguish single and consistent sub-

groups of variations. Thirty-two percent of patients

as compared to only 5% of controls showed worsening

both with repeated movements of flexion and exten-

sion. Also, 22% of patients, compared with only 12%

of controls, showed improvement after extension ex-

ercises and no variations after flexion exercises.

It is surprising that a series of flexion and extension

Table 2. Contingency table of three arbitrary categories of changes of

compound muscle action potential after test movement

Flexion Extension

Control Patients Control Patients

CMAP < 95% 7 13 8 20

95% < CMAP < 105% 38 22 37 23

105% < CMAP 10 20 10 12
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Fig. 3. Histogram of Table 2 values. White: normal control.
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2=improved; 1=no variation; 0=worsened
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Fig. 4. As in Table 3. Covariation of compound motor action po-

tential above 105%, below 95% or unchanged with respect to base-

line in the two movement directions

Table 3. Co-variation of compound motor action potential above

105% (improved), below 95% (worsened) or unchanged with respect

to baseline in the two movement directions

Flexion " " $ " $ # $ # #
Extension " $ " # $ " # $ #
Controls 3 3 7 3 30 1 2 3 3

Patients 0 0 12 0 9 3 1 12 18

" improved; # worsened;$ unchanged
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movements actually creating an increase in pressure

within the carpal tunnel in the range of 30–110 mmHg

[4], can determine an amplitude increase and hence an

improvement in the impulse conduction in the motor

axons of patients with CTS.

Since only a sub-group of patients showed such a

response, it seems to be worth using this method to

optimize the criteria for selection of best physiother-

apeutic treatment for each patient.

In fact, the conservative treatment with exercises of

nerve and tendon mobilization could be a good choice

for many patients, but not for all. In our study, for

example, a sub-group of patients, showed severe wor-

sening (at least transitory) after a series of these

exercises.

In the case reports of other authors individual

patient sensitivity to a specific treatment could have

been known in advance if a dynamic neurophysiologic

evaluation like the one we propose had been per-

formed at the start point of treatment selection in order

to obtain a more homogenous group of patients for

study with more reliable statistical results.

A dynamic test as proposed by us could also be used

as provocative test to discover alterations remaining

undetectable by using conventional neurophysiologic

studies.

The validity of neurophysiologic methods using

provocative tests is still under debate in the literature:

the question is whether these tests could really be

helpful detecting patients otherwise negative at EMG

examination. Currently a significant percentage of pa-

tients with CTS (ranging from 16 to 51% according to

di¤erent authors) are not discovered by common neu-

rophysiologic tests: this is particularly true for the mild

forms of CTS [1].

The poor results presently obtained by provocative

tests could be due to the fact that they almost always

analyse only response latency, which usually shows

very weak and poor relevant variations, as we demon-

strated in our study [23].

The di¤erent contributions of axonal attenuation,

ischemia, demyelination and remyelination to the

pathophysiology of carpal tunnel syndrome is still

unresolved but recent evidence showed that demyeli-

nation may not be a critical factor for the slow down

of impulse conduction in mild to moderate carpal

tunnel syndrome. Hence it is reasonable to suppose

that latency variations are not the ideal parameter to

be studied by provocative tests.

Sometimes a surgical decision is made only on the

basis of clinical symptoms with negative neurophys-

iologic examination [7]. Surprisingly, surgical proce-

dures performed without considering the outcome of

neurophysiologic examinations don’t show di¤erent

long term results [5, 8]. Anyway, the aim is to reduce as

much as possible therapeutic decisions made only on

the basis of clinical symptoms, without confirmation

of positive objective, reliable, sensitive and specific di-

agnostic tests so that the failure rate of surgery is re-

duced and unnecessary surgical risk is avoided.

In our study, only a few subjects showed an ampli-

tude decrease of PAMC both in flexion and extension

in the control group (but the normal subjects were

chosen in a pseudo-random manner). However, these

people when subsequently investigated for the pres-

ence of typical symptoms of CTS revealed mild symp-

tomatology in 3 out of 4 cases. These subjects behaved

in a way similar to a sub-group of patients treated with

early surgical intervention. Probably there is a sub-

group of people, like pregnant women [12], who could

benefit from a preventive surgical treatment. In such

particular cases, a provocative test like the one we

propose, could be very useful to best identify those

people to be operated on.
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