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ABSTRACT 
Objectives: In this study we have analyzed the effect 

C.T.S. of focal median nerve injury carpal tunnel syndrome (CT) 
on F wave. We have determined the F wave parameters in 
C.T.S. patients and evaluate the relationship between F wave 
and severity of injury of CT and MRI finding of the wrist and 
cervical spine finding. 

Methodology: The study was conducted on all 
patients(104) referred from out-patients clinic in the same 
hospital to electrophysiologic examination in Rheumatology, 
Physical Medicine and Rehabilitation Dep. and Radiology 
department, Al Hussein University Hospital as clinical assessed 
as a carpal tunnel syndrome,  Standard electro diagnostic study 
was made on all of them bilaterally. MRI of carpal tunnel and 
cervical spine done for selected patients with C.T. S. According 
to F wave parameters, patients were divided into three groups, 
absent F-wave, abnormally prolonged F-wave and normal F-
wave. According to electrophysiological testing results, the 
patients were grouped into mild, moderate or severe C.T. S. 

Results: Absent F wave was presented in 8 hands 
(7.7%), prolonged latency in 9 hands (8.6%) and normal F wave 
in 87 of 104 hands (83.7%). the mean F wave latency were 
statistically different between the C.T.S. patients and the normal 
values (CI 95%, p<0.0001). Also, the entire F wave latencies 
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were significantly prolonged in the severely injured group 
(p=0.0001). 

Discussion: F wave determination could show injury to 
proximal and also severe injury to distal parts of median nerve 
and especially axonal injury. According to abnormalities of this 
test the surgical release of nerve for prevention of irreversible 
changes must be considered. Results of our study supported the 
adding of F wave parameters study to standardize 
electrophysiological evaluation of C.T. S.  

INTRODUCTION 
Carpal tunnel syndrome (C.T.S.) is a common clinical problem and 

frequently requires surgical release and sometimes starts as primarily 
(idiopathic) C.T.S. or associated with some disease activity that doesn’t 
need surgical interference.  

Numerous nerve conduction tests are used for the electrodiagnosis of 
carpal tunnel syndrome (C.T.S.), with a wide range of sensitivity and 
specificity reported for each test in clinical studies.  

Distal motor latency: Stimulate the median nerve at the wrist and 
record at the abductor pollicis brevis muscle. A markedly prolonged distal 
latency may be measured. However, in over 50% of patients with C.T.S., 
distal median motor latency is within the normal limit (Preston.1999). 

The diagnosis of carpal tunnel syndrome (C.T.S.) is based on 
sensory nerve conduction over palm-wrist segment and terminal latency of 
median nerve. The median orthodromic sensory latencies were prolonged 
and sensory nerve action potential amplitude abnormalities were seen in 
patients with carpal tunnel syndrome (Murthy & Meena 1999). 

Classic abnormalities in these tests are abnormal sensory conduction 
over the tested segments and prolonged terminal latency. With more severe 
C.T.S. cases, Electro-diagnostic study usually shows some secondary axonal 
loss. Axonal injury is reflected in reduced amplitude and area of the 
compound motor unit action potential (CMAP) in response to the 
stimulation at any point along the nerve.  

The F-wave is a long latency muscle action potential seen after 
supra-maximal stimulation to a nerve. Although elicitable in a variety of 
muscles, it is the best obtained in the small foot and hand muscles. It is 
generally accepted that the F-wave is elicited when the stimulus travels 
antidromically along the motor fibers and reaches the anterior horn cell at a 
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critical time to depolarize it. The response is then fired down along the axon 
and causes a minimal contraction of the muscle. Conventionally, ten to 
twenty F-waves are obtained and the shortest latency F-wave among them is 
used (Cvetkovic & Petkovic 2003). 

Electrophysiological examination of about half of the symptomatic 
persons showed median neuropathy (defined as distal motor latency above 
4.2 ms or wrist-digit sensory latency above 3.7 ms) in only 18% of those 
with symptoms of C.T.S. (Ferry et al., 1998). 

F-wave is a late response recorded from muscle elicited by electric 
impulse conveyed antidromically to alpha-motor neurons of the spinal cord. 
F-wave latency and frequency are assessed in routine electroneurography 
providing information of conduction in the proximal segment of the nerves. 
F-wave amplitude is rarely analyzed, while it could add valuable 
information on excitability of motor neurons in different disease states. This 
study was conducted to determine whether F-wave amplitude is indicative 
of the level of the peripheral nervous system lesion (Kostera-Pruszczyk, et 
al., 2004). 

F waves are not sensitive in detecting compressive neuropathy. If the 
stimulus is applied distal to the lesion, the F wave latencies may be 
prolonged, establishing the presence of a lesion, but the result does not 
indicate the location because of the long length of the nerve included in the 
conduction pathway (Jablecki et al., 2002).  

The study showed that slowing of median nerve proximal motor 
conduction in patients with carpal tunnel syndrome (C.T. S) could be 
considered as an indicator of an additional proximal lesion (double crush 
syndrome) median nerve proximal conduction velocity slowing in patients 
with C.T.S. is restricted to the fibers that distally pass through the carpal 
tunnel and does not necessarily imply an additional proximal lesion 
(Anastasopoulos, & Chroni., 1997). 

MATERIALS AND METHODS  
All patients' and controls were subject to the following electro-

diagnostic test of median (orthodromic) nerve conduction studies the 
apparatus used was Medelec, Working, Surgery and England. Serial 
No.3253 and MRI of cervical and carpal tunnel imaging: 
MRI apparatus: 

MRI was performed on closed 1.5 Tesla superconducting magnet 
(Magnetum vision: Siemens) Using surface coil on the receive mode. 
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Technique: 
Wrist protocol: 1-coronal T2 & STATA images 
2-axial T1 &T2WI 
Cervical protocol: 1-Sagittal T1&T2WI  
2-Axial Gradient Echo-Image 
In this study we analyzed the effect C.T.S. of focal median nerve 

injury on F wave and evaluated the relationship between F wave and 
severity of injury and its correlation with MRI of carpal tunnel and cervical 
spine. 
Exclusion criteria: 

All patients were excluded from the study that has previous surgery 
for C.T. S, and / or clinical, radiological findings of cervical radiculopathy 
and every risk factor for neuropathy (i.e. diabetes mellitus, Hypothyroidism, 
rheumatoid arthritis, chronic renal failure, connective tissue disorders). 
Inclusion criteria: 

The symptomatic persons were examined by the same physician 
who, based only on the history and clinical findings, diagnosed each person 
as having clinically C.T.S. or not. The diagnosis of clinically C.T.S. 
required the presence of recurring nighttime or activity-related numbness or 
tingling involving the palmer aspect of at least two radial fingers. The 
presence of positive Tinel or Phalen's test and of median nerve sensory or 
motor deficit was considered supportive of the diagnosis. The control 
persons were examined to verify the absence of hand symptoms. 

All of the patients had standard electrodiagnostic study was made 
and using the criteria of the American Association of Electrodiagnostic 
Medicine (AAEM). All patients were studied bilaterally. Two of the 
following criteria for abnormal values were accepted to identify the patients 
with C.T.S.: 

1) Antidromic sensory conduction velocity for the wrist-second digit 
segment less than 48.2 m/s,  

2) The difference between median and ulnar sensory nerve distal 
latencies with recording from the fourth digit (recording-stimulation 
distance was kept 14 cm) exceeding 0.5 ms, 

3) Distal motor latency to abductor pollicis brevis muscle greater 
than 4.2 ms. 
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According to F wave parameters, patients were divided into three 
groups, absent F-wave, abnormally prolonged F-wave and normal F-wave. 
According to following:  

Mild C.T.S.: Prolongation of median distal sensory latency >3.5 ms 
or relative prolongation of median compared to ulnar distal sensory latencies 
over identical distances.  

Moderate C.T.S.: Reduced median SNAP amplitude (<50% 
compared to unaffected side or <25mv) or prolonged median motor distal 
>4.5 ms. 

 Severe C.T.S.: Reduced median CMAP amplitude (<50% 
compared to unaffected side or <4mv) denervation of median innervated 
muscles on needle exam (Aurora et al., 1998). 

According to AAN (American Academy Neurology) diagnostic 
features includes parameters studied included:  

1. Motor Conduction Studies:  
A) Motor distal latencies of median and ulnar, 
B) Amplitude of the negative component of compound action 

potential (CMAP),  
C) Median and ulnar conduction velocities  
2. Sensory Conduction Studies: 
A) Sensory onset latencies of median and ulnar nerves by 

orthodromic stimulation,  
B) Peak to peak amplitude of sensory nerve action potential (SNAP). 
3. Palm-wrist conduction studies: 
The median and ulnar nerves were stimulated in the palm between 

2nd and 3rd and 4th and 5th metacarpal bones respectively at a point, 8 cm 
distal to the recording electrodes. The onset latencies were measured both 
for median and ulnar nerves. Median and ulnar nerve palmer latency 
differences were also calculated. 

4. EMG of abductor pollicis brevis and first dorsal interosseous was 
done if indicated. 

The criteria for electrodiagnosis of C.T.S. included: 
1. Abnormal sensory conduction studies across the wrist of the 

median nerve in the symptomatic limb (sensory latency > 2SD mean of 
control, and amplitude <2SD mean of control. 
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2. Abnormal median sensory nerve conduction across the wrist over 
a short (8cm) conduction distance or abnormal median sensory conduction 
across the wrist when compared to ulnar nerve conduction (>2SD of 
control).  

3. Abnormal median motor latency in the symptomatic hand (>2SD 
of control) was also considered, if the patient fulfilled any one of the above 
two criteria (Jablecki, et al., 1993). 

RESULTS 
Demographic data in patients with carpal tunnel syndrome and 

control group showed that there is no significant differences between 
patients and control, group where p>0.05 table 1. 
 
Table (1): Demographic data in patients with carpal tunnel syndrome and control 
group. 
 

 Cases  
Mean ± S D  

Control  
Mean ± S D  T-Test p value 

Age (ys) 28.10±10.27 26.45±2.54 1.69 NS 
Weight (kg) 68.10±11.37 74.24±5.24 1.59 NS 
Height (cm) 162.30±8.19 165.54±7.58 0.87 NS 
Duration (Ms)  4.70±3.60 0 0  
 
NS = non significant differences where p>0.05. 
 
Table (2): Clinical data in patient and control group. 
 
 Mean ± S D cases Mean ± S D control T-Test P value 
ESR 25.50±14.66 8.25±6.88 3.25 <0.04* 
WBCS 7.69±1.43 4.76±1.44 2.98 <0.05* 
RBCS 4.76±0.51 4.88±1.54 1.87 NS 
HB 13.34±1.54 13.8±1.68 0.44 NS 
Platelets 326.45±54.28 245.68±44.65 1.89 NS 
FBS 75.24±13.57 67.59±14.71 0.97 NS 
PPBS 102.79±14.57 98.74±8.46 1.07 NS 
RF 0 0 - - 
 
NS = non significant differences where p>0.05. 
* = significant differences where p<0.05. 

As regard to laboratory finding in the study group it was showed that 
there was significant differences between patients and control groups  in the 
ESR and WBCS count (p<0.05 table 2). While, RBCS, HB, Platelet, FBS 
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and PPBS there was no significant differences between both groups where 
p>0.05.  

On neurological examination, a total of 46 hands (65.71%) out of 70 
hands had positive Tinel’s sign and 55 hands (78.57%) had positive 
Phalen’s test. In 29 hands (41.43%) C.T.S. was mild, in 24 hands (34.28%) 
moderate and in 17 hands (24.29%) it was severe. Among 35 studied 
patients, 29 (82.85%) were female and 6 (17.15%) were male.  Absent F 
wave was resented in 8 hands (11.42%), prolonged latency in 9 hands 
(12.86%) and normal f wave in 53 of 70 hands (75.72%). The mean F wave 
latency was 27.15±2.9 msec.  
 
Table (3): Electromyographic data in patients and control group. 
 
 Mean ± S D cases Mean ± S D control T-Test P value 
Amplitude  7.16±1.25 2.71±1.13 8.34 0.01** 
Distal Latency 6.35±1.70 3.07± 0.49 4.65 0.01** 
F- wave    36.02±9.37 24.06±1.43 2.78 0.04* 
Mild 28.36±11.36 24.6±1.30 2.57 <0.05* 
Moderate 37.51±2.41 23.8±1.50 3.98 0.02** 
Sever 42.2±14.35 23.8±1.50 4.66 0.01** 
 

Table 3: showed that the normal mean F wave latency calculated 
24.06±1.43 for control and 36.02±9.37 msec for patients with C.T. S. The 
mean F wave latency were statistically different between the C.T.S. patients 
and the normal values (CI 95%, p<0.04). There was significant mean F 
wave latency in hands with mild C.T.S. was 28.36±11.36msec and the 
normal mean F wave for this group was 24.6±1.30 msec.  

These data for moderate C.T.S. group was 37.51±2.41 msec and 
24.1±1.53 msec. All of the F wave latencies were significantly prolonged in 
the severely injured group 42.2±14.35 msec, normal  mean calculated for 
this group was 23.8±1.5 msec) compared to the moderate and mild injuries 
(p=0.01). Table 4: showed the relation between MRI finding of cervical and 
carpal tunnel in patients with C.T.S. with electromyographic finding reveled 
that there no  
Table (4): Relation between MRI and EMG of C.T.S.  
 Latency p value Amplitude p value F-wave p value 
MRI 0.76 NS 3.75 NS 4.25 NS 
RF 0.44 NS 10.14 0.01** 14.25 0.01** 
CRP 12.45 0.01** 12.8 0.01** 13.54 0.01** 
ESR 25.56 0.01** 13.56 0.01** 14.57 0.01** 
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There was significant relation between MRI and EMG of C.T.S. 
where p>0.05. But electromyography had a positive relation laboratory 
finding where P<0.05 table 4.  
MRI Results: 
 

 
 

 

Fig. (1 a): bilateral foraminal narrowing with C.T. S. 
 
 

Fig. (1 b): bilateral foraminal narrowing with C.T. S. 
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Fig. (2): MRI of carpal tunnel with small diameter Posterior disc protrusion/ 
osteophyte complex and degenerative. 

 

DISCUSSION  
In this study the analyses of the effect of C.T.S. of focal median 

nerve injury on F wave and evaluated the relationship between MRI of 
carpal tunnel, cervical spine and F wave and severity of injury. 

F-wave conduction time, F-wave conduction velocity, and F-ratio in 
the localization of level of lesion of peripheral motor neurons Cvetkovic and 
Petkovic (2003). 

The median nerve MRI imaging in the C.T.S. patients emitted a 
higher signal compared with the controls, and also, the differences in the 
amplitude and the distal latency of the median sensory branch, as well as in 
the amplitude and the F-wave latencies of the median motor branch than 
control group. p<0.05.; There was no difference in the size of the carpal 
tunnel in women with idiopathic C.T.S. compared with healthy controls, as 
the focal narrowest point was equally located in both groups near the canal 
outlet (Pierre-Jerome et al., 1997).  

The median orthodromic sensory latencies were prolonged and 
sensory nerve action potential amplitude abnormalities were seen in patients 
with carpal tunnel syndrome. Prolongation of the conduction across the 
wrist in the median nerve was seen correlate with MRI of the wrist joint 
(Murthy & Meena 1999).  

Anastasopoulos & Chroni (1997), give another explanation to F 
wave in which Slowing of median nerve proximal motor conduction in 
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patients with carpal tunnel syndrome (C.T. S) could be considered as an 
indicator of an additional proximal lesion (double crush syndrome) median 
nerve proximal conduction velocity slowing in patients with C.T.S. is 
restricted to the fibers that distally pass through the carpal tunnel and does 
not necessarily imply an additional proximal lesion  

In C.T. S, we can determine the severity and duration of nerve 
compression and the degree of demyelization and axonal degeneration by 
comparing responses evoked by stimulation proximal and distal to lesion 
site  

Ferry, et al. (1998), reported that conduction block is a sign of 
demyelinating injury, and this finding suggests that a conservative treatment 
such as splinting or steroid injections could be a proper method for patient 
managing, but axonal loss (with  prominent decrease in CMAP amplitude) 
is a clue to necessary surgical release of nerve  

The results of Fisher & Hoffen (1997) study support indications and 
information about the type of affected nerve fibers of the median nerve and 
injury severity are important, it has significant correlation with axonal injury 
that we called "severe" injury. The different effect C.T.S. of demyelinating 
and axonal injury on F-waves and suggest physiological compensation in 
those hands with the more pronounced neuropathic dysfunction. 

Mesrati, & Vecchierini et al. (2004) stated that F-waves are 
particularly useful for the diagnosis of polyneuropathies at a very early stage 
and for the diagnosis of proximal nerve lesions. F-wave recording is indeed 
one of the rare methods in routine examination allowing at the same time 
the functional assessment of motor fibers on their proximal segment, and 
contributing to the evaluation of motor-neuronal excitability. So, F wave 
determination, as a simple and valuable method, allows the discrimination 
between demyelinating injury and axonal degeneration and increases the 
diagnostic yield in C.T.S...  

Results of our study supported the adding of F wave parameters 
study to standardize electrophysiological evaluation of C.T.S... It helps for 
distinguishing C.T.S. severity. 

Musluoglu et al. (2004) stated that MRI provides anatomical 
information that correlate well with electrophysiological findings in regard 
of the severity of median nerve compression. 

Bak et al. (1997), neither symptoms nor electrophysiological 
findings in C.T.S. were related to specific MRI parameters  
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 Andre et al. (1999), there is discordance between clinical and EMG 
findings, MRI is helpful to identify patients who would benefit from 
surgical intervention. 

Zagnoli et al. (1999), support our results (When electrodiagnostic 
abnormalities suggest more severe disease than expected or are otherwise 
discordant with clinical findings, demonstration by magnetic resonance 
imaging of high median nerve signal and/or median nerve enlargement may 
help to select those patients most likely to benefit from surgical treatment. 

Horch et al. (1997), MRI is accurate and reliable for diagnosis and 
postoperative follow-up of carpal tunnel syndrome. In cases with obvious 
clinical symptoms and yet not measurably impaired median nerve 
conduction values, it may be helpful in making a decision for surgical 
decompression. The study concluded that F wave prolongation in 
association with axonal injury. 

As a conclusion, F wave determination could show injury to 
proximal and also severe injury to distal parts of median nerve and 
especially axonal injury. According to abnormalities of this test and other 
symptoms and signs, the surgical release of nerve for prevention of 
irreversible changes could be considered. 
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 العضلات فى حالات مستخدام جهاز رسإتقيم الحزمة الموجية اف ب
 المغناطيسي  للفقرات ن الأوسط مقارنة مع الرنيبختناق العصإزمة متلا

 العنقية
 و التميمي مجاهد حجازي ،مصطفى الحكيم عبد سامي ، ملكري عبدا سماعيلإمحمد

  * ياسين نظير هللا عبدا
  جامعة الأزهر ، آلية الطب،*ة الأشعة التشخيصيو الروماتيزم والتأهيل يقسم

يم            بأثير إصابة العص  ت تحديد :الغرض من البحث   ة اف وتق ة الموجي ى الحزم  الأوسط عل
ا و إصابة العص ة بينه رنيبالعلاق ع ال ة م صل ن الأوسط مقارن ة ومف رات العنقي سي للفق  المغناطي

  .الراسخ
انون من                 :طريقة البحث  ضا يع ة مري ة وأربع ى مائ اق العص   إأجرى هذا البحث عل  بختن

ة اف         ة الموجي يم الحزم سيولوجية وتق صاب الف ة الأع م دراس ط وت ة(الأوس ة وغي ,طبيعي  رطويل
ة                  نوتم عمل الرني  ) موجودة ة الموجي يم الحزم م تق ة ومفصل الراسخ وت رات العنقي  المغناطيسي للفق

  . ومتقدمةةمتوسط، اف بعد دراسة الأعصاب الفسيولوجية إلى بسيطة
سعة                وجد أن الحزمة المو    :النتائج ة في ت ة مرضي وطويل جية اف غير موجودة في ثماني

ة    دتوج  . في سبعة وثمانين مريضا    ة وطبيعي يمرض ة ذات قيم ة      إ علاق ة الموجي ين الحزم حصائية ب
   . الأوسط المتقدمةبختناق العصإاف الطويلة و متلازمة 

  


