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INTRODUCTION

Carpal tunnel syndrome (CTS) still remains a disabling and 
puzzling condition commonly presented to orthopedic 
surgeons. The American Academy of  Orthopedic 
Surgeons Clinical Guidelines defines CTS as a symptomatic 
mononeuropathy or radiculopathy because of  compression 
of  the median nerve at the level of  the wrist.1,2 CTS is 
the most common form of  median nerve entrapment,3,4 
accounting for about 90% of  all entrapment neuropathies5 
and about 1–3.8% of  the general population.6,7 An 
entrapment neuropathy is a chronic focal compressive 
neuropathy caused by an increase in pressure inside 
the fibro-osseous anatomical structures.8 Physiological 

evidence indicates increased pressure within the carpal 
tunnel, and therefore decreased function of  the median 
nerve at that level.9

According to the biomechanical and histological findings, 
the most characteristic histological finding is non-
inflammatory fibrosis and thickening of  the subsynovial 
connective tissue. It is assumed that trauma or disease 
of  the synovium of  the flexor tendons within the carpal 
tunnel because of  aging process or forceful or repetitive 
movement may lead to degeneration of  the median nerve. 
This ultimately increases the volume of  the carpal tunnel 
contents and eventually compresses the median nerve 
within the tunnel and results in CTS.10
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The management of  CTS in recent practice depends on 
various factors, such as the severity of  the symptoms, the 
stage of  the disease, and the patient’s preference. The initial 
stage of  CTS is managed conservatively by analgesics, wrist 
splints, and oral or local injection of  corticosteroids into the 
carpal tunnel.11 When conservative treatment fails, surgical 
treatment is considered. In the recent literature, surgical 
treatment has been reported to be more effective than other 
conservative treatment.10,11 Surgical decompression of  the 
median nerve by division of  the transverse carpal ligament 
(TCL), which is accepted as the most reliable procedure, is 
the treatment of  choice and results in excellent results in 
almost 75% of  the patients.12-14 In contrast to the theory 
that idiopathic CTS is caused by chronic tenosynovitis of  
the flexor tendons, signs of  acute or chronic inflammation 
have rarely been found in histopathologic studies of  the 
flexor tenosynovium of  patients who were treated with 
surgical release of  CTS.15-21 In addition, the benefit of  flexor 
tenosynovectomy during Carpal Tunnel Release (CTR) for 
the treatment of  idiopathic CTS is also undetermined.

There are many studies favoring and disfavoring tenosynovectomy 
at the time of  CTR. Some studies believe a decrease in both 
carpal tunnel volume and adhesions contributes to the benefits 
and also indicate that because of  significant decrease in pillar 
pain, a flexor tenosynovectomy in the treatment of  CTS would 
likely benefit patients who use the palm of  the hand in heavy 
manual or highly repetitive work by allowing them to return 
to regular duty sooner.22-24 However, other studies observed 
neither an added benefit nor an increased rate of  morbidity in 
association with the flexor tenosynovectomy at the time of CTR. 
Furthermore, they could not identify any clinical correlations 
that might predict which patient would benefit from flexor 
tenosynovectomy on the basis of  gross intraoperative evaluation 
of  the flexor tenosynovium.18,25

Thus, the purpose of  the present study was: (1) To assess the 
role of  flexor tenosynovectomy in the operative treatment 
of  CTS on the basis of  clinical outcome measures, and 
(2) to assess whether the gross appearance of  the flexor 
tenosynovium correlates with pre-operative or post-
operative symptoms or function to determine whether 
a group of  patients who might benefit from flexor 
tenosynovectomy could be identified intraoperatively.

Aims and objectives
The purpose of  the present study was: (1) To assess the 
role of  flexor tenosynovectomy in the operative treatment 
of  CTS on the basis of  clinical outcome measures, and 
(2) to assess whether the gross appearance of  the flexor 
tenosynovium correlates with pre-operative or post-
operative symptoms or function to determine whether 
a group of  patients who might benefit from flexor 
tenosynovectomy could be identified intraoperatively.

MATERIALS AND METHODS

All patients with features of  CTS coming to Manipal 
Teaching Hospital, Department of  Orthopedics 
between July 1, 2019, and December 31, 2020, were 
enrolled in our study. There were 86 hands in 78 patients 
(18 males and 60 females) in our study with a mean age 
of  56.4 (46–70 years). The syndrome was bilateral in 
eight patients. The diagnosis of  CTS was made on the 
clinical basis of  paresthesia, pain, and/or weakness in 
the distribution of  the median nerve at palm and hand. 
The most common presenting symptoms included 
pain (n=58, 67.44%), paresthesia (n=65; 75.58%), and 
weakness (n=21; 24.41%). All patients were examined for 
manual muscle-testing, presence of  visible thenar atrophy, 
evaluation of  2-point discrimination, and Semmes-
Weinstein monofilament testing. The provocative tests 
(Tinel and Phalen) were tested in all patients to assist 
in the diagnosis.26 The criteria for the diagnosis of  CTS 
included a history of  paresthesia in the median-nerve 
distribution, nocturnal hand pain, positive findings on 
physical examination, and a positive electrophysiologic 
study. The criteria for the electrophysiologic diagnosis 
included a median distal motor latency of  >4.5 ms, a 
median sensory nerve conduction velocity of  <50 m/s 
across the carpal tunnel, or a lumbrical/interosseous 
peak latency difference of  >0.5 ms. Electrophysiologic 
studies of  the thenar muscles were utilized to demonstrate 
signs of  denervation and to measure the severity of  
median-nerve compression. All patients included in the 
study met the criteria for CTS by American Association 
of  Electrodiagnostic Medicine Diagnostic.27-29 Standard 
radiographs of  the hand and wrist were taken for all 
the patients to rule out any osseous abnormalities. 
Our exclusion criteria included patients who did not 
consent to the study, patients with evidence of  infection, 
recurrent CTS, inflammatory arthropathy, peripheral 
neuropathy, pregnancy, thyroid abnormalities, acromegaly, 
or any tumors. Patients <18 years of  age or more than 
75 years were also excluded, to meet the guidelines of  
the human subject committees. Informed consent for 
the study was obtained from each patient. Surgery was 
indicated to all patients who had failure or who refused 
conservative management or features of  thenar atrophy 
or denervation. Patients were randomized using a table 
of  random numbers to either CTR with or without flexor 
tenosynovectomy using opaque sealed envelope system 
with 43 patients in each group.

CTR
All the surgeries were performed by a single surgeon in 
the operating room on an outpatient basis using local 
anesthesia (2% lidocaine). In both techniques, adequate 
anesthesia was confirmed before surgery. A curvilinear 
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incision 2–3 mm ulnar to and parallel with the thenar 
crease is made beginning just proximal to Kaplan’s line 
(a line drawn from the apex of  the interdigital fold 
between the thumb and index finger, toward the ulnar 
side of  the hand and parallel to the proximal palmar 
crease, and passing 4.0–5.0 mm distal to the pisiform 
bone) and stopping short of  the volar flexion crease of  
the wrist. After blunt dissection, the TCL was released 
and the gross appearance of  the Median Nerve and the 
flexor tenosynovium was observed. The proper release 
of  carpal tunnel was confirmed by “Fat pad” and “Little 
finger pulp” signs.30 Flexor tendons were then retracted 
radially to inspect the floor of  the canal for ganglia, 
calcifications or osteophytes. The tenosynovium was 
than subjectively graded as mild, moderate, or severe on 
the basis of  the amount of  tenosynovium present, its 
apparent thickness, and the degree of  hyperemia. In the 
group with tenosynovectomy, the visible tenosynovium 
that could be withdrawn into the incision by pulling the 
flexor tendons into the wound was excised, with care 
taken to protect the median nerve. We observed that 
the tenosynovium was more abundant on the flexor 
digitorum superficialis tendons than on the flexor 
digitorum profundus tendons. The tenosynovium 
specimens were sent to the pathology department for 
histopathological examination. In both the groups, the 
wound was then washed, sutured with 3-0 nylon sutures 
and a bulky dressing was placed. Splints were not used 
for any patients.

Post-operative regimen
The patients were allowed to use the hand for light activities 
for the initial 2 weeks. The dressings and sutures were 
removed at 2 weeks and the patients were instructed for 
hand physiotherapy. Patients were then followed up at 
1 month and 6 months after surgery. On each follow-up, 
patients were inquired and evaluated about postoperative 
pain, presence of  infection, paresthesia, grip and pinch 
strength, 2-point discrimination, and any complications. 
Preoperatively and at each follow-up the patients were 
requested to complete a validated self-administered 
questionnaire for the scaled assessment of  the severity of  
symptoms and functional status as described by Levine 
et al.,31 The responses on this questionnaire are assigned 
a score of  1–5 points, with 1 point as the best score and 
5 points as the worst score.

Statistical analysis
For the study design to achieve at least 95% power with 
the use of  an unpaired t test with a large effect size of  0.8 
and an alpha (α) of  0.05, it was determined that at least 
38 samples were required in each group. With a total of  
43 samples in each group in our study, these numbers were 
sufficient for the analysis. Statistical analysis was performed 

with use of  the SAS statistical package (SAS Institute, Cary, 
North Carolina) and included paired and unpaired t testing, 
multiple analysis of  variance, and determination of  Pearson 
correlation coefficients.

RESULTS

There were 43 patients in each group of  CTR with and 
without tenosynovectomy. There were no significant 
differences between the two groups with respect 
to age, gender, handedness, duration of  symptoms, 
electrodiagnostic findings, or bilaterality (Table 1).

On physical examination preoperatively, the Phalen 
sign was positive in 55 hands (63.95%), the Tinel sign 
was positive in 62 hands (72.1%), and thenar atrophy in 
28 hands (32.55%). The average 2-point discrimination was 
6 mm and on Semmes-Weinstein monofilament testing, 
10 (11.62%) patients showed diminished sensitivity to 
light touch, 31 (36.04%) exhibited diminished protective 
sensation, and 26 (30.23%) showed a loss of  protective 
sensibility.

The grip strength of  the involved and uninvolved hands 
was measured with use of  all five settings of  the Jamar 
dynamometer (Asimov Engineering, Los Angeles, 
California). The maximum grip was used for the statistical 
analysis. Preoperatively, the sensory latency averaged 
4.2 msec and the motor latency averaged 5.3 msec in the 
group with synovectomy and the sensory latency averaged 
4.4 msec and the motor latency averaged 5.6 msec in the 
group without synovectomy.

Compared to the pre-operative status, the symptom-
severity and functional assessment scores improved both 
in the group treated with tenosynovectomy (P<0.0002 
and P=0.05, respectively; paired t-test) and in the group 
treated without tenosynovectomy (P=0.0003 and P=0.004, 

Table 1: Demographic variables
Variables With 

tenosynovectomy
Without 

tenosynovectomy
Sex

Male 10 12
Female 33 31

Age in years
Mean (56.4) 49–65 46–70

Clinical 
presentation

Pain 28 (65.11%) 30 (69.76%)
Paresthesia 30 (69.76%) 35 (81.39%)
Weakness 7 (16.27%) 14 (32.55%)
Phalen’s test 30 (69.76%) 25 (58.13%)
Tinel’s sign 34 (79.06%) 28 (65.11%)
Thenar atrophy 12 (27.90%) 16 (37.20%)
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respectively; paired t-test). Specifically, the mean symptom-
severity score improved from 3.2±0.78 to 1.5±0.62 
points in the group treated with tenosynovectomy and 
from 2.8±0.58 to 1.4±0.63 points in the group treated 
without tenosynovectomy. The mean functional status 
score improved from 3.1±0.62 to 1.5±0.68 points in 
the group treated with tenosynovectomy and from 
2.9±0.57 to 1.7±0.48 points in the group treated without 
tenosynovectomy. At 6 months follow-up, there were no 
significant differences between the two groups with regard 
to the symptom-severity or functional status scores (P=0.64 
and P=0.52, respectively; unpaired t-test). There were no 
differences between the two groups with regard to finger 
motion, wrist motion, grip strength, or scar sensitivity.

The tenosynovium in the operating room were graded as 
mild in 11 wrists, moderate in 53 wrists, and severe for 22 
wrists. However, on histologic analysis, the tenosynovium 
was graded as mild in 14 wrists, moderate 58 wrists, and 
severe in 14 wrists. Statistical analysis showed no significant 
correlation between the gross intraoperative grading and 
the histologic grading (r=0.34). However, majority of  
the specimen (n=81, 94.18%) demonstrated an absence 
of  acute inflammation as indicated by the absence of  a 
neutrophilic exudate in the specimens.

Patient’s satisfaction score
The overall patient satisfaction score was quite good. At 
2 weeks follow-up, it was 3.9±0.13 in the tenosynovectomy 
group and 4.1±0.14 in the group without tenosynovectomy, 
which was not significant difference (P<0.35). At 6 months 
follow-up, the patient satisfaction scores were 4.6±0.24 and 
4.8±0.18 in the group with and without tenosynovectomy, 
which was not significant.

Evaluation of sensation
Before surgery, the mean score for the Semmes-Weinstein 
monofilament evaluation of  the median nerve distribution 
was 4.64 and 4.83 in the group with and without 
tenosynovectomy. At 2 weeks follow-up, the sensation 
improved significantly in both groups (P<0.05) but there 
was no significant difference between the two groups 
(P=0.32). At 6 months follow-up, the sensibility was 3.12 
and 2.94 in the group with and without tenosynovectomy, 
which was not significant.

Scar sensitivity
Preoperatively, the group with and without tenosynovectomy 
could withstand loads of  3.12 kg and 3.27 without 
discomfort. At 2 weeks follow-up, they could tolerate 
only 1.96 and 2.05 kg respectively which was significant as 
compared to pre-operative status (P<0.05). At 6 months 
follow-up, they were able to tolerate 2.93 and 2.98 kg, 
respectively, which was not significant.

Grip and pinch strength
Preoperatively, the group with and without tenosynovectomy 
had the grip strength of  31.2 kg and 32.4, respectively. At 
2 weeks follow-up, the grip strength decreased significantly 
in both groups (17.4 kg and 18.3 kg) (P<0.05). At 6 months 
follow-up, the grip strength increased to 28.5 kg and 29.8 kg 
respectively, which was not significant.

Similarly, preoperatively, the group with and without 
tenosynovectomy had the pinch strength of  7.2 kg and 
7.4 kg, respectively. At 2 weeks follow-up, the pinch strength 
decreased significantly in both groups (3.45 kg and 3.82 kg) 
(P<0.05). At 6 months follow-up, the pinch strength increased 
to 6.85 kg and 6.92 kg, respectively, which was not significant.

Complications
One of  the patients in the tenosynovectomy group had 
symptoms consistent with reflex sympathetic dystrophy, 
redness, swelling, and increased sweating. The symptoms were 
mild and resolved after physiotherapy. There were two cases 
of  wound infections post operatively (1 in each group) which 
resolved with local wound care and oral antibiotics. None of  the 
patients in either group had any nerve or artery injury (Table 2).

DISCUSSION

The cause of  CTS has been proposed as the result of  
either an increase in the volume of  the contents within 
the canal or a decrease in the size of  the carpal canal. The 
previous studies have shown no significant differences 
with regard to the thickness, histological characteristics, 
and biomechanical behavior of  the TCL between patients 
with and without CTS.22,32 Many authors believe that CTS 
is caused by an increase in the volume of  contents within 
the carpal tunnel because of  tenosynovium, lumbrical, or 
superficialis muscles or is the result of  swelling within the 
tunnel that is caused by either internal or external pressure, 
that leads to chronic tenosynovial thickening and fibrosis.20

Many authors relate a nonspecific chronic tenosynovitis as 
a cause of  this syndrome; however, the histologic studies 
have failed to demonstrate any inflammatory changes 
in the removed tenosynovium but rather non-specific 
fibrous changes and edema are noted.15,20-22 Our study also 
demonstrated no correlation between the gross and histologic 
appearance of  the tenosynovium before and after surgery.

The main objective of  our study was to assess the role of  
routine flexor tenosynovectomy in the treatment of  CTS. 
The rationale of  tenosynovectomy is to remove the flexor 
tenosynovium that is contributing in increasing the volume 
within the carpal canal, thus removal of  this tenosynovium 
should give more space for the median nerve and there 
by relief  from symptoms. Previously, tenosynovectomy 
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with release of  TCL has been indicated for conditions like 
granulomatous infection, rheumatoid arthritis, gout, and 
amyloid deposition in patients receiving dialysis.

In the study by Freshwater, they compared two groups 
of  patients with CTS, one group with a CTR alone, and 
the other group with CTR, tenosynovectomy, external 
neurolysis of  the median nerve, and instillation of  
triamcinolone acetonide. The authors found no significant 
difference between the two groups with regard to signs, 
symptoms, electromyographic data or complications.33

In our study, we found no difference between the two groups 
with regards to preoperative demographic, symptom-severity 
and functional assessment scores, patient satisfaction score, 
Semmes-Weinstein monofilament evaluation, scar tenderness, 
grip, and pinch strength and complications. In our study, we 
choose a self-administered questionnaire which is a validated 
tool specifically designed to assess patients with CTS.31

Limitations of the study
One of  the limitation in our study was a lack of  standard 
evaluation form in our country. A larger population and a longer 
follow-up would have been better to evaluate the outcome.

CONCLUSION

Our results favor the theories by Phalen in his landmark 
article of  1966, which suggested that “thickening or 
fibrosis of  the flexor synovialis within the carpal tunnel 
was the most common cause of  the syndrome, and routine 
synovectomy is not advisable.”34 Thus, we conclude that 
routine flexor tenosynovectomy during surgical CTR in 
patients with CTS does not provide any added benefit nor 
does it increase any morbidity. Thus, tenosynovectomy is 
not recommended as it only increases the intraoperative 
time and blood loss.
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