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Abstract

Introduction In spite of carpal tunnel release’s prevalent
good postoperative results, the number of revision surger-
ies needed should not be underestimated. In this study,
subjective and functional results after carpal tunnel revi-
sion surgery were determined.

Materials and methods Thirty-eight patients were exam-
ined approximately 2 years after their revision surgery of
the carpal tunnel release. The subjective outcome of the
patients was assessed using two different questionnaires
(Amadio and DASH). A clinical examination was under-
taken on selected patients who had persistent complaints.
The clinical assessment analyzed grip strength, thumb
opposition, pulp-to-pulp-pinch, key-pinch, hook-grip, Mo-
berg-Pickup-test, two-point-discrimination, Phalen-test,
and the Hoffmann-Tinel-sign.

Results The subjective assessment showed that after the
revision surgery, patients experienced load induced pain that
occurred during daytime. However, the revision was able to
improve the impaired sensibility. The functional outcome
showed a persistent lack of strength when performing
daily activities. The clinical assessment of the patients with
relevant complaints confirmed the subjective outcome.
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Conclusion The revision surgery can improve the
impaired sensibility, particularly, paresthesia nocturna. The
persistent weakness of the hand can only partly be
improved. In spite of remaining complaints, revision sur-
gery can yield satisfactory results for the patients.
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Introduction

The carpal tunnel syndrome represents the most common
nerve compression syndrome of a peripheral nerve and,
simultaneously, constitutes the most frequent neurological
disorder of the hand [2, 9]. A careful estimate shows that
revision surgeries after carpal tunnel release are needed in
about 0.5% of cases [4]. Since carpal tunnel release surgeries
are performed so frequently, it follows that their revision
surgeries are quite relevant from a clinical point view.

In this study, we examined patients who underwent
revision surgery due to postoperative complaints after
carpal tunnel release. Using two questionnaires (Amadio,
DASH) the subjective results after revision surgery could
be determined. Moreover, patients with relevant persistent
complaints after revision were again clinically examined
evaluating the aspects of function, sensibility and strength.

Materials and methods
Patients

Of the 43 patients who were contacted, 38 patients (aver-
age age 61 years) were able to be examined 2 years after
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the revision surgery was performed (14 men, 24 women).
Thirty-two carpal tunnel release surgeries were performed
in other hospitals, six in our own hospital. All in all 35
were performed using an open technique and 3 endoscop-
ically. The open release was done in 21 cases by making a
short incision that did not exceed 3 cm in length and that
reached from the middle hand to the rascetta. In eight
operations, a long incision was made by opening all the
way from the middle hand to the forearm including the
fascia on the radial or ulnar side. Due to the excellent
healing of the scars it was impossible to determine the kind
of surgical cuts made in six cases. The endoscopic opera-
tions were performed in accordance with the two portal
method after Chow [5]. Thirty-four patients underwent
revision surgery. Two patients were in need of an addi-
tional third surgical intervention. Two females were even
in need of a fourth and fifth operation, respectively.

Pre-operative complaints (before revision surgery)

A total of 95% of patients suffered from impaired sensi-
bility in the area innervated by the median nerve. Pain in
the hand and wrist area during daytime was experienced by
53% of patients, whereas 34% indicated that they were
bothered with typical paresthesia nocturna; 47% of patients
expressed concern over a reduction of strength in the
affected hand. In over half of the patients the complaints
persisted and remained unchanged after the first carpal
tunnel release surgery had been performed and 42% of the
patients even indicated that they experienced a renewed
worsening of symptoms after an initial improvement had
occurred following the surgery. Two patients reported an
immediate postoperative deterioration of symptoms. Intra-
operative complications with a resultant iatrogenic injury
of the median nerve occurred in one female patient. Carpal
tunnel syndrome on both sides was diagnosed in 36% of
cases.

Revision surgery

The indication for revision surgery was the recurrence of
the typical carpal tunnel symptoms. Before the revision
surgery the patients were examined using electro diag-
nostic tools. This examination was performed by a
neurologist. The latency and velocity of the median nerve
was found to be pathologically increased, but there was no
correlation between postoperative outcome and nerve
latency/velocity.

In 26 patients, the carpal tunnel release was performed
on the right hand and in 12 patients on the left. The revision
surgery was performed 1 month to 4 years after the initial
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surgery. Within 6 months, 15 patients underwent revision
surgery. Fifteen other patients had revision surgery in the
time interval between 6 months and 2 years after the first
surgery. Eight patients waited even more than 2 years to
have their revision done.

The revision surgery was always performed using axil-
lary plexus anesthesia and tourniquet. The incision was
done in the extension of the fold of the third interdigital
region reaching from the middle hand to the rascetta and
then extending diagonally to the ulnar side of the forearm.

During the operation 32 patients had synovitis in the
carpal tunnel. As a result, 32 synovectomies were per-
formed. In cases where the median nerve was found to be
freely exposed, we performed a hypothenar-fat-padflap to
cover the nerve. This occurred in four patients. In three
patients, a resection of the palmar cutaneous branch of the
median nerve was made due to the occurrence of neuroma.
The tendon of the palmaris longus was resected in one
case. A Z-plastic was required in ten cases so that scar
tissue could be dissolved.

Intra-operative findings

See Table 1 for the intra-operative findings.

Questionnaires

Patients were asked to complete two different question-
naires: the Amadio questionnaire [1] and the DASH
questionnaire [7]. The Amadio questionnaire is made up of
29 questions pertaining to symptom related complaints,
limitations of function and post-operative satisfaction. The
patient can choose from five possible answers (e.g., none,
hardly, some, significant, great difficulties). The DASH
questionnaire assesses the global functioning of the upper
extremity and is divided into three parts asking the patient
to provide information on function, symptoms and special
activity. Up until the analysis of the questionnaires and the
clinical re-examinations none of the patients had under-
gone a further surgical intervention. Five patients who had
undergone several pre-operations were asked to provide
information with regards to their last surgery.

Table 1 Intraoperative findings

. Incompletes severance of 26
of all patients

flexor retinaculum
“Real” recurrence
Early fibrosis
Late fibrosis
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Intraoperative complication
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Table 2 Intraoperative findings
of patients with significant
remaining complaints (WRB)

Incompletes severance of 12
flexor retinaculum

Early fibrosis 5
Intraoperative complication 1

Table 3 Clinical

L Power grip®
re-examination

Thumb opposition

Complete finger extension

Pulp-to-pulp-, key-, hookpinch

Pick-up test

Dynamic two-point
discrimination

Phalen test, Hoffmann—
Tinel-sign
% Jamar, Sammons Preston,

Complete fist
Chicago, USA

Selection of patients for clinical re-examination

Patients were chosen for clinical re-examination based on
their answers of the Amadio questionnaire section called
“symptom related complaints” (persistent pain, dysesthe-
sia, limitations of function). We selected those patients
who indicated a value of 4 = poor or 5 = very poor at least
once in this particular section.

Eighteen patients were contacted to participate in the
clinical re-examination. Sixteen patients (11 women, 5
men) with an average age of 58 years were re-examined
(88%; see Table 2 for intra-operative results). These 16
patients were part of the group “patients with significant
remaining complaints” (wRB) and compared with the
other 20 patients that make up the group “successful
operation” (OPE).

Clinical examination of the patients with significant
persistent complaints

The methods employed for clinical re-examination are
described in Table 3. Patients were asked to evaluate post-
operative improvement and surgical result. In addition, an
inquiry was made to find out whether or not the patient,
judging retrospectively, would undergo surgery again.

Statistics

The statistical calculations were made using SPSS® 7.5
(SPSS Inc., Chicago, USA). The Mann—Whitney-U-test,
the logical regression and the correlation coefficient were
determined according to Spearman.

Results
Amadio questionnaire
Symptoms related to pain

In spite of 57% of patients being free of pain 18% reported
persistent, very strong pain during day- and nighttime. All
in all, 84% of patients indicated experiencing no, little, or
only moderate pain. Therefore, the revision surgery can be
considered a significant success regarding the reduction of
pain. In comparison with the OPE group a significant dif-
ference (P < 0.001) can be determined (Fig. 1).

Impaired sensibility and weakness

Thirty-six patients were free of paresthesia nocturna or
experienced it only slightly (94%). Thirty-five patients
reported that they either never or only infrequently awoke
during the night due to paresthesia nocturna (92%). Eleven
patients (28%) indicated strong or even very strong persis-
tent symptoms of weakness. Nine patients still complained
of a moderate weakness (23%) and only 17 of patients (44%)
had none or only slight symptoms of weakness. The values
indicating strong or very strong symptoms of weakness were
chosen by patients who also suffered from impaired sensi-
bility. The poor values regarding symptoms of weakness
were found mostly in patients who at the same time suffered
from impaired sensibility. All in all, it could be shown that
there was a significant improvement in the symptoms of
paresthesia while symptoms of weakness partly persisted.

Limitations of function

A total of 26% of patients complained of strong or very
strong limitations of function. The fact that function was

4.5
Max.
4.0 75. Perzentil
Median
3.5 25. Perzentil
3.0
25
20 I p<0.001 ***
e \:‘
1.0
0.5
0.0
OPE wRB

Fig. 1 Differentiation in patients with “successful operations” (OPE)
and “patients with significant remaining complaints” (WRB) in
Amadio-score (symptoms)
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impaired became evident when patients performed daily
tasks that require strength, such as opening a bottle or
carrying a bag. Additionally, activities that necessitate rel-
atively little strength, for example writing a letter, were
reported to be severely or even very severely limited in 23%
of patients. Patients with “successful operations” (OPE)
showed significantly decreased values in the Amadio-score
in comparison to “patients with significant remaining
complaints” (WRB) in the category function (Fig. 2).

Scale of satisfaction

The majority of patients were sufficiently satisfied with the
post-operative results. A total of 94% of patients were
completely or sufficiently content with the symptoms they
experienced at nighttime. Regarding the paresthesia 76% of
patients indicated that they were completely or sufficiently
satisfied. The results concerning the aspects of the pulp-to-
pulp pinch, strength and ability to do daily activity show a
distinct dissatisfaction. The results in postoperative
strength showed that 36% of patients were entirely dis-
satisfied. Of those patients, 31% were concerned about the
pulp-to-pulp pinch and 23% were worried about their
ability to do work around the house.

DASH

The median value of the overall DASH was 35. Part A,
which concerned the limitations of function, yielded a
median value of 34. Part B, providing the information on
symptoms, arrived at a value of 41. Comparing the median
values of part A and B becomes evident that the results for
part B are distinctly worse. Symptoms of pain that are
induced by load and occur during daytime dominate the
complaints in the section on symptoms. In the part of the
questionnaire covering the limitations of function, patients

5.0
Max.
45 75. Perzentil
4.0 Median ]
3 5 25. Perzentil
. Min.
3.0 I
25
p=0.0026 **
2.0 S ‘
15
1.0 l
0.5
0.0

OPE wRB
Fig. 2 Differentiation in patients with “successful operations” (OPE)

and “patients with significant remaining complaints” (WRB) in
Amadio-score (function)
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were mainly concerned with a persistent weakness that
resulted in further limitation when carrying out tasks
requiring strength. Patients with good post-operative
results (OPE) showed significantly lower DASH values
overall, part A and part B, in comparison with patients with
poor post-operative results (WRB; Figs. 3-5).

Clinical examination

Solely one female patient exhibited the phenomenon of the
incomplete fist. The other 15 patients were able to make a
fist. The ability to extend the fingers was present in ten
patients. In four patients, extension of the fingers was
borderline limited and in two patients impossible. The
thumb opposition was possible in all patients. Tests
examining the ability to grip revealed that three patients
were unable to make a pulp-to-pulp pinch. In one of those
three patients the hook and key pinch was also not possible.
The hook pinch was borderline pathological in four
patients, the key pinch only in one patient. Measuring the
strength in the operated hand using Jamar setting 2 (Jamar,
Sammons Preston Inc., Bollingbrook, IL, USA) it could be

100
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Fig. 3 Differentiation in patients with “successful operations” (OPE)
and “patients with significant remaining complaints” (wWRB) in
DASH-score overall
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Fig. 4 Differentiation in patients with “successful operations” (OPE)
and “patients with significant remaining complaints” (wWRB) in
DASH-score part A (function)
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Fig. 5 Differentiation in patients with “successful operations” (OPE)
and “patients with significant remaining complaints” (wWRB) in
DASH-score part B (symptoms)

shown that it was between 45 and 67% weaker (P < 0.05)
than the opposite hand.

Only one female patient experienced severely impaired
sensibility in the dynamic two-point-discrimination. The
clinical re-examination of that patient included the test on
dynamic two-point-discrimination in the area being inner-
vated by the median nerve. The result of it was a median
value of 15 mm. In contrast, all other patients undergoing
this test produced a median value of 6 mm for that same
area.

The Hoffmann-Tinel-sign and the Phalen-test yielded
positive results in over half of all patients. Paresthesia in
the area of palmar cutaneous branch of the median nerve
during daytime and also a pain induced by pressure in the
area of the distal wrist crease were still present in 7 out of
16 patients. When questioning patients during the clinical
re-examination, eight patients indicated a post-operative
improvement of symptoms, whereas, only four answered in
the negative. Asked if they would undergo the last surgery
again, 12 answered in the affirmative in contrast to four
who would refuse it. Six patients reported the operative
results to be poor. However, ten patients provided very
good or satisfactory marks for the post-operative results.

Discussion

The revision of the release of the carpal tunnel is under-
estimated in terms of the number performed and the
technical difficulty required. A recently published study by
a clinic specializing in hand surgery showed that in a time
frame of 26 months, 108 revisions were necessary due to
incomplete severance of the flexor retinaculum [11]. This
high number highlights the clinical relevance of the revi-
sion surgery.

Assmus reported an incomplete severance occurring in
49.2% of patients [2]. In our group of patients this even
happened in 68% of cases. Baranowski et al. reported an

incomplete severance in 60% [12]. Typically, an incom-
plete severance clinically entails an immediate worsening
of symptoms or a re-occurrence of symptoms after several
weeks of experienced improvement. An incomplete sev-
erance occurred in the group of patients with good post-
operative results, as well as, in the group of patients who
still suffered from persistent symptoms. Both groups had a
similar percentage of cases in which an incomplete sever-
ance was present. Our data was able to show that prompt
revision surgery after incomplete severance yields good
post-operative results. We noted that a majority of patients
with incomplete severance also exhibited poor post-oper-
ative results had let several years pass between the initial
surgery and the revision. As a result, poor post-operative
results could be avoided if a revision was performed soon
after the initial surgery. Similar results were found by
Baranowski et al. They recommend that patients with
persistent or early recurrent complaints after carpal tunnel
release should undergo revision surgery after a neuro-
physiological and clinical diagnosis [12]. Most often an
intra- or postoperative complication is the cause of the
persistent or early recurrent complaints [12].

In their study of 56 revisions of the carpal tunnel release
Biichler et al. describe an early onset of an epineural
fibrosis in terms of an “overshooting scarring reaction”.
The authors speculate that the reason for this occurrence is
an individual predisposition. Regarding the post-opera-
tional course of healing the group with the early fibrosis
showed a significantly worse result than the other patients
[4]. A manifestation of early fibrosis took place in eight
cases in our group of patients. Of those eight cases, five
occurred in patients with persistent complaints and three in
patients who experienced good post-operative results. Our
experience shows that good results in patients with early
onset of fibrosis can be achieved when a hypothenar-fat-
padfiap [6] is done to cover the median nerve. Frank et al.
speculate that usage of this kind of a padflap allows the
median nerve to better be movable along a longitudinal
axis and to adhere less to surrounding tissue. The increased
mobility and flexibility of the nerve may lead to better
post-operative results [6].

In cases of correct carpal tunnel release, the flexor ret-
inaculum can sometimes close up again, as a part of the
healing process. This situation is called a “real” recur-
rence. “Real” recurrence can necessitate revision, too.
Assmus found 58 “real” recurrences in his group of 185
patients (31.4%). In 80% of those 58 patients relapse
occurred in patients undergoing dialysis treatment [2].
Assmus and Staub were able to achieve improved results in
patients with carpal tunnel recurrence and who are simul-
taneously undergoing long-term hemodialysis. They
brought about better results by performing a resection of
the superficial flexor tendon [3]. The authors recommend
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that this kind of excision is done in patients who have
received dialysis treatment for more than 20 years or have
tendo- and arthropathy. At the very latest, a resection
should be performed when they have experienced their
second carpal tunnel relapse. In our study, cases with
“real” recurrence showed good results regarding the
recovery of sensibility, as well as, function. The results are
similar to the results of recovery of sensibility of late
fibrosis.

When we evaluated the Amadio questionnaire, we found
that patients were almost completely free of complaints
regarding paresthesia nocturna. Pain occurred mostly dur-
ing daytime and when patients performed tasks requiring
strength. The reduction of available strength can mainly be
explained by atrophy in the thenar muscle. This particular
region functions as an opposition in many hand activities
and plays a significant role even when the thenar muscu-
lature is not directly involved in the activity.

When comparing the results of the Amadio with the
DASH questionnaire we saw that the results of Amadio
were mostly confirmed. However, the DASH questionnaire
clearly emphasizes complaints regarding symptoms.

The results of the clinical re-examination correlate to a
large extent with the analysis of the questionnaires. It was
noticeable that next to the reduction of strength in the
affected hand people also experienced limitations when
performing tasks requiring fine motor skills.

Pain stemming from scars in the area of the incision and
simultaneous discomfort occurring in the area of the
annular ligaments [13] must be clinically differentiated
from neurological symptoms derived from the carpal tun-
nel recurrence. In patients undergoing dialysis treatment
carpal tunnel syndrome and trigger finger concurred fre-
quently [10]. Another study showed that patients with
diabetes mellitus and/or patients with high blood pressure
also have a tendency to suffer of carpal tunnel relapse [8].
When patients only suffer of discomfort due to scarring and
exhibit no neurological symptoms, the usage of silicon
sheets and information on the healing process of scars have
been proven practice [14].

The revision of the carpal tunnel release shows a good
prognosis in improving impaired sensibility, in particular,
paresthesia nocturna. The ability to achieve good results
concerning the complaints of persistent weakness and
reduction of strength is rather limited. Revision surgery
should be especially considered in cases with complaints
lasting several weeks or in cases where a recurrence of
symptoms after initial improvement has taken place. An
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electrophysiological examination is prerequisite for the
diagnosis. A revision in open technique should follow. The
hypothenar-fat-padflap provides a solid coverage of soft
tissue and yields good results in cases where adhesion and
scarring of the median nerve is present. Pain derived from
skin scarring processes does not represent an indication for
surgery. It should be dealt with employing conservative
methods, such as silicon sheet and massaging the scars.
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