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Abstract

Background: The commonest application of the double
crush hypothesis is its association to median nerve entrapment
at the wrist. The double crush concept has gained popularity
because it provides a reason to evaluate the cervical spine
and roots when treating carpal tunnel syndrome (CTS). It is
more likely for CTS to occur as DCS rather than occurring
by itself. Up to 90% of CTS patients are misdiagnosed, whereas
only 10% have the problem at their wrists.

Aim of Study: To examine the validity of DCS hypothesis
in CTS patients, to support or disregard the theory.

Patients and Methods: This study was conducted on 80
patients; 40 patients claiming failed carpal tunnel release
operation (Group I) and 40 cases presenting with brachialgia
(Group II). Diagnostic work up included neurological exam-
ination, Phalen test, Tinel sign, electromyographic examination
(EMG) and nerve conduction studies (NCS) and cervical MRI.
Group I patients had undergone the EMG and NCS at our
laboratory pre and post operatively.

Results: EMG and NCS showed 10 cases with CTS (25%),
20 (50%) with DCS and 10 (25%) with cervical radiculopathy
in group I, while group II patients showed 10 cases (25%)
with CTS and 30 (75%) with DCS. In all patients, 50 cases
(62.5%) showed DCS. On comparing the EMG and NCS
preoperative results of Group (I), with their postoperative
follow-up results, there was a high statistically significant
difference (p-value <0.001) with 34 cases (85%) who showed
improvement of the NCS results, while 6 cases (15%) deteri-
orated postoperatively. There was a high statistically significant
difference between both; CTS and DCS (p-value <0.001),
denoting a positive correlation between the two syndromes.

Conclusion: The DCS hypothesis was supported, while
the concept of frequent failure of CTS release surgery was
not supported for the benefit of DC hypothesis.
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Introduction

DCS has usually meant “Compression of an axon
at one location makes it more sensitive to effects

of compression in another location, because of
impaired axoplasmic flow” (Upton and McComas)

[1]. Similarly, Mackinnon [2] mentioned that "Local
damage to a nerve at one site along its course may

sufficiently impair the overall functioning of the

nerve cells so that they become more susceptible

than would normally be the case to trauma at other

sites".

The most common application of the double
crush hypothesis is the association of median nerve
entrapment at the wrist, which is the most common
entrapment among entrapment neuropathies, with
proximal cervical root compression. The double
crush concept has gained some popularity among
chiropractors because it seems to provide a rationale
for evaluating the condition of the cervical spine
and roots when treating CTS (Leahy) [3].

Theories for DCS included connective tissue
changes that may lead to soft tissue degeneration
at both wrist and cervical spine or upper extremity
weakness and pain in patients with cervical radic-
ulopathy can cause changes in the biomechanics
and patterns leading to increased upper extremity
edema and consequently increased carpal tunnel
pressure. Another mentioned theory is common
extrinsic factors involving mechanical stress to the
cervical spine that might simultaneously lead to

Abbreviation:

CTS : Carpal tunnel syndrome.

DCS : Double crush syndrome.

EMG : Electromyography.

NCS : Nerve conduction studies.

MUPs : Motor unit potentials.

SPSS : Statistical Package for the Social Sciences.
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accel erated spondylosis and evident entrapment
syndrome (Murray-Leslie and Wright; Bednarik
and colleagues; Pecina and colleagues) [4,5.6].

The DCSis often seenin clinical practice. The
two conditions occur together more than would be
likely of CTS to occur aone. Up to 90% of all
CTS patients are misdiagnosed. Only 10% of all
CTS patients have the problem in their wrist (Rus-
sell) (7.

The DCS explains why some CTS patients have
pain in the forearm, elbow, upper arm, shoulder,
chest and upper back. Moreover, it explains the
claims of failed attempts at surgical release by
many patients when neither the surgery nor the
CTS diagnosis was faulty or wrong (Upton and
McComas) [1].

The existence of DCSis still debatable and
controversial. Some authors suggested low inci-
dence of DCS and others, especially recently sug-
gested much higher percentages. However, the
relationship has not been definitively explained.
All the present literature and studies about the
DCS are assumptions and specul ations without an
exact solid cellular and neurophysiological basis
(Upton and McComas; Mackinnon; Russdll) [1,2,7].

This study aimed at examining the validity of
DCS hypothesisin CTS patients, to support or
disregard the theory.

Subjectsand Methods

Thisisacross sectional study conducted on 80
adult patients divided into two groups; Group |
included 40 patients claiming failed carpal tunnel
release operation and Group |1 included 40 cases
presenting with brachialgia.

They were referred to the Clinical Neurophys-
iology Unit of Kasr Al-Aini Hospital from the
Neurology, Orthopedic, Rheumatology, General
Surgery and Neurosurgery Departments from the
period of January 2017 to December 2017.

The age of the patients ranged from 20 to 60
years. They presented with upper limb symptoms,
with or without neck pains. Patients with conditions
contraindicating MRI such as pregnant females,
patients with history suggestive of any other neu-
rological illness and those with chronic systemic
disease or connective tissue disorder were excluded.

The used EMG machine was the Dantec ma-
chine software version 1.6 (made in Denmark)
Model (Key point). Parameters for motor nerve

conduction studies included sweep S5msec/div,
sensitivity 1000uv, stimulus duration 0.2msec,
stimulus frequency 1Hz, high frequency filter 10kz,

and low frequency filter 5Hz. Parameters for sen-

sory nerve conduction studies included sweep 2-
Smsec/div, sensitivity 10uv, stimulus duration
0.2msec, stimulus frequency 1Hz, high frequency
filter 10kz, and low frequency filter 2Hz. The EMG
parametersincluded gain 50 g/ p& vertica divi-
sion, monitor time 0.2sec and pass (0.1-50Hz)

value of low and high cuts respectively.

Diagnostic workup included history taking,
neurological examination, Phalen test, Tinel sign
and cervical MRI. Also motor and sensory NCS
were carried out pre and postoperative for group
() patients and only once (on referral) for group
() patients, while EMG examination for the ab-
ductor pollicis brevis muscle, was done only for
patients first diagnosed as severe CTS by NCS
examination, according to the guidelines grading
criteria of the Clinical Neurophysiology unit of
Kasr Al-Ainy Hospital (2017).

The guidelines grading criteria of the Clinical
Neurophysiology unit of Kasr Alainy hospital stated
the diagnosis of early CTS when abnormal findings
are only seen on comparative studies mainly with
the ulnar nerve (>0.5ms), mild CTS when the peak
latency of the sensory studiesis >3.5 with preserved
amplitude, and the stimulating distance is 13cm,
moderate CTS when abnormal sensory studies and
prolonged distal motor latency are found, and
severe CTSif any of the aforementioned NCS are
found with evidence of axonal loss as defined by
either an absent sensory response or absent or low-
amplitude CMAP (less than 2mv), or aneedle
EMG examination showing fibs or positive sharp
wave potentials at rest or neurogenic MUPs on
mild volitional activity.

EMG examination of the cervical radicles was
carried out according to the recommendation of
Narayanaswami [8] by evaluation of the cervical
roots via examining two muscles supplied by the
same root but different peripheral nerve supply.
Thisincluded evaluation of C5, 6 innervated mus-
cles by examining the deltoid and biceps brachii
muscles, C7 by examining triceps brachii and
pronator teres muscles and C8, T1 roots by exam-
ining the first dorsal interosseus and extensor
indices proprius muscles.

Their study recommended motor NCS to detect
any axonal loss by CMAP drop of amplitude indi-
cating the severity of the cervical radiculopathy
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through examination of all nerves supplied by the
corresponding root innervated muscles.

Sensory NCS recommended by Narayanaswami
[8] included median sensory NCS of thumb for
examining C5, 6 roots, 3rd digit for examining C7
root and 5th digit for examining C8, T1. Pregangli-
onic lesion is diagnosed nd cervical radiculopathy
was confirmed if the corresponding sensory NCS
were normal.

Statistical analysis:

Data were coded and entered using the statistical
package for the Social Science (SPSS) version 25
IBM, USA; 2017 [9]. Data was summarized using
mean and standard deviation for quantitative var-
iables and frequencies (number of cases) and rela-
tive frequencies (percentages) for categorical var-
iables. Comparisons between groups were done
using unpaired #-test (Chan, 2003a) [10], For com-
paring categorical data, Chi square (X ) test was
performed. Exact test was used instead when the
expected frequency is less than 5 (Chan, 2003b)
[11]. p-values less than 0.05 were considered sta-
tistically significant.

Results

The age of the patients ranged from 20-60 years
with a mean of 36.78£7.75. These were 56 female
patients (70%) and 24 males (30%). Sixty-five
patients (81.25%) were complaining of numbness
in the hand, especially during sleep causing patients'
awakening and 25 patients (38.46%) complained
of diminished sensation after a long period of
numbness. Fourty-six patients (70.77%) out of the
previously mentioned 65 reported dull-aching pain
in the arm and forearm. Out of the remaining 15
patients (18.75%), 9 patients (11.25%) were com-
plaining of severe hand weakness, and the other 6
(7.5%) presented with evident hand muscles wast-
ing in addition to weakness.

Neurological examination showed weak hand
grip in 65 of the studied patients (81.25%), and
normal hand grip in 15 patients (18.75%), dimin-
ished sensation in 42 patients (52.5%) and normal
sensory examination in 38 patients (47.5%). Out
of the 42 patients with diminished sensation, 31
patients (73.68%) showed diminished dermatomal
sensation, while 11 cases (26.32%) showed dimin-
ished sensation of the median supply area. Forty-
six patients (57.5%) showed either positive Phalen
test or Tinel sign. There were abnormal cervical
MRI results in 35 of cases (43.75%), as shown in
Table (1).
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Table (1): Neurological, clinical and cervical MRI data of all

patients.
Complete neurological Nurnber of Percentage
examination patients (%)
(N=80)
Motor power:
Weak hand grip 65 81.25
Normal hand grip 15 18.75
Sensory examination:
Normal 38 47.5
Diminished sensation 42 52.5
Diminished dermatomal 31 73.68
sensation
Diminished sensation of 11 26.32
median supply area
Phalen test or tinel sign:
Positive 46 57.5
Negative 34 425
Cervical MRI results:
Abnormal imaging results 35 43.75
Normal imaging results 45 56.25

All studied patients showed 20 cases with iso-
lated CTS (25%), 50 cases with DCS (62.5%) and
10 cases with cervical radiculopathy solely (12.5%).

Grading results of all studied CTS patients;
Group I (preoperative), and Group II showed 30
cases with mild CTS (37.5%), 41 cases with mod-
erate degree (51.25%) and 9 cases (11.25%) with
severe degree. There were no patients diagnosed
as early CTS. Each of the two groups classification
results are demonstrated in Table (2).

Table (2): Electrophysiological grading results of CTS among
studied patients.

Group I G I All studied
(Preoperative) roup patients
(N=40) % (N=40) % (N=80) %
Early degree 0 0 0 0 0 0
Mild degree 2 5 28 70 30 375

Moderate degree 32 80 9 225 41 51.25
Severe degree 6 15 3 7.5 9 11.25

On comparing the preoperative results of the
NCS and EMG of Group (I) with their postoperative
follow-up results, there was a high statistically
significant difference (p-value <0.001) showing
marked improvement after the CTS release opera-
tion, as follows; 34 cases (85%) improved by EMG
and NCS; 32 cases (94.12%) changed from mild
and moderate degrees of CTS to normal motor
values and only 2 patients (5.88%) changed from
severe to moderate degree, whereas 6 patients
(15%) showed deteriorated results (Table 3).
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Table (3): Comparison of NCS resultsin Group (1) before and
after carpal tunnel release operation.

Group |

p-vaue
(N=40) %
Improvement of NCS results 7/ )
Deterioration of NCS results 6 15
Improvement (N=34):
From mild/moderate to normal 32 94.12 <0.001
From severe to moderate degree 2 5.88

Deterioration of EMG results appeared in the
form of fibs or positive sharp wave potentials at
rest, and/or neurogenic MUPs on mild volitional
activity, together with absent CM AP responses of
median NCSin 2 (5.88%) out of the 6 deteriorated
patients, which matches the finding during surgery
of scar tissue in the carpal tunnel in 1 (2.94%)
case, and formation of palmar cutaneous neuroma
in 1 (2.94%) case. Small median CMAP amplitude
(axonal loss) in 4 of them (94.12%), which matched
the finding of incomplete release of the transverse
carpal ligament in 2 (5.88%) patients, and inflam-
matory tenosynovitisin 2 (5.88%) cases during
the carpal tunnel release surgery.

On comparing the electrophysiological results
of theisolated CTS and DCS, there was a high
statistically significant difference between both
(p-value <0.001), denoting a positive correlation
between the two syndromes (Fig. 1). Another sta-
tistically positive correlation was found between
the DCS diagnosis and brachialgia ( p-vaue
<0.021). Also ahighly positive statistical signifi-
cance was found between the EM G results of
radiculopathy and CTS (p-value <0.001). However,
there was no statistical significance between the
EMG findings of DCS and cervical MRI results
(p-value >0.146).
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Fig. (1): Correlation between isolated CTS and double DCS.

Discussion

The compression of a nerve axon at one location
makes it more sensitive to effects of compression
in another location, because of impaired axono-
plasmic flow. Based on this fact, Upton and Mc-
Comas [1] raised the hypothesis of the "Double
crush syndrome”. An example of thistheory isthe
coexistence of C6 radiculopathy and CTS which
was studied by Upton and McComas [12].

In generdl, the incidence of double crush in
patients with definite CTS has tended to be lower
than that suggested, whereas, some authors found
its existence in much higher percentages as 83%
of the patients studied by Flatt [13]. It has gained
popularity among chiropractors like Russell [7]
because it seemsto provide arationale for evalu-
ating the cervical spine when treating CTS.

In this study, the aim was to examine the validity
of DC hypothesisin CTS patients to support or
disregard the theory. The mean age of the studied
patients was 36.78+7.75 years. This was more or
|ess consistent with the studies of many other
authors as Radhakrishnan and colleagues, Salemi
and colleagues [14,15] respectively, and who stated
that double crush syndrome existed in subjects
aged 40 or more and specifically females. The
percentage of females in this study was 70% and
that of males was 30%. This went in agreement
with many studies for CTS and DCS suggesting
femal e predominance in both conditions (Golov-
chinsky; Kwon and colleagues) [16,17].

The present study stated that 65 patients
(81.25%) out of the total number were complaining
of sensory manifestations especially during sleep
causing patients awakening. Out of these, 25
patients (38.46%) had diminished sensation after
along period of numbness. This agrees with
Mackinnon [2] who concluded that the main symp-
tom of CTS patientsis usually numbness.

The current study showed a positive statistical
correlation between the electrophysiological diag-
nosis of DCS and patients complaining of brachi-
algia (p-value <0.021). Thisfinding matched the
study by Morgan and Wilbourn [18] supporting the
DC theory, and who had often defined cervical
radiculopathy whether by symptoms or by radio-
logical evidence. Although their results matched
the current study results, their strategy was inac-
curate, as they concluded their results depending
on the patients' symptoms or radiological findings
that showed only anatomical abnormalities but not
functional ones.
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This study believes that electrophysiological
techniques are more reliable and precise means for
identifying cervical radiculopathy and CTS, asit
measures the functional aspect rather than the
anatomical, a belief supported by Kwon and col-

leagues [17].

According to the neurophysiological results,
the percentage of isolated CTS patientsin the
current study was 25%, that of DCS was 62.5%
and that of isolated cervical radiculopathy was
12.5%. Out of the total number of patients, 43.75%
had abnormal imaging results.

Golovchinsky [16] found that the two conditions
occurred together more often than one condition
alone. On the other hand, Kwon and colleagues
[17] found that the frequency of e ectrophysiolog-
ically determined CTS and the level of cervical
radiculopathy were not consistent with the DC.
They noted that nerve conduction abnormalities
were common but the double crush was not sup-
ported by the distribution of the abnormalitiesin
relation to the diseased root. This study found a
high statistically significant difference between
isolated CTS patients and DCS patients ( p-value
<0.001), and another highly positive significant
difference between the EMG results of cervical
radiculopathy and CTS (p-value <0.001), denoting
a positive relation between the two syndromes.
This disagrees with the retrospective study con-
ducted by Morgan and Wilbourn [18] who investi-
gated the association between cervical radiculop-
athy and CTS and reported failed significant
association.

These contradictory results in the incidence of
DCS between many authors could be due to the
fact that the exact neurophysiological and cellular
mechanisms of this phenomenon is not yet clearly
established and all of the present explanations are
rather assumptions.

Conclusion:

The double crush hypothesis was supported by
this study. It is crucia to investigate for DCS, as
itisaclinically significant consideration which
makes the results of treatment of patients complain-
ing of upper limbs symptoms less predictable and
often areason for claimed failure of CTS surgery.
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