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C arpal tunnel syndrome (CTS) has reached
epidemic proportions. It is estimated that
release of the transverse carpal ligament is among
the ten most commonly performed operations in
the United States, resulting in a significant contri-
bution to national health care costs." These figures
become staggering when the hidden costs are con-
sidered, including time off work, lost wages, and
diminished workplace productivity.’ The current
non-surgical regimens designed to manage carpal
tunnel syndrome—including splinting, non-steroi-
dal anti-inflammatory medication, steroid injec-
tions,” and ergonomic workstation modification—
are frequently ineffective, often leading to recom-
mendation for surgical treatment.’

Even following surgery, results may be less
than satisfactory. There may be significant postop-
erative morbidity due to hypersensitive scar, debil-
itating pain in the thenar and hypothenar emin-
ences, loss of grip strength which may be pro-
longed, and recurrence of symptoms on return to
work.” Dividing the transverse carpal ligament al-
ters the mechanism of the thenar and hypothenar
muscles and may cause bow-stringing of the flexor
tendons.® In an effort to minimize these effects, en-
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ABSTRACT: While developments continue in the surgical
management of carpal tunnel syndrome, little emphasis has
been placed on the evaluation of a comprehensive non-surgical
treatment. In this study, 197 patients (240 hands) presenting for
treatment of carpal tunnel syndrome were divided into two
groups. Patients in both groups were treated by standard con-
servative methods, and those in one group were also treated
with a program of nerve and tendon gliding exercises. Of those
who did not perform the nerve and tendon gliding exercises,
71.2% underwent surgery compared with only 43.0% of patients
who did perform them. Patients in the experimental group who
did not undergo surgery were interviewed at an average fol-
low-up time of 23 months (range, 14-38 months). Of these 53
patients, 47 (89%) responded to this detailed interview. Of the
47 who responded, 70.2% reported good or excellent results,
19.2% remained symptomatic, and 10.6% were non-compliant.
Thus, a significant number of patients who would otherwise
have undergone surgery for failure of traditional conservative
treatment were spared the surgical morbidity of a carpal tunnel
release (p = 0.0001).
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doscopic carpal tunnel release has been developed
and proclaimed to be a major advance.” However,
reports have described major surgical complica-
tions, and further study is required to assess the
true role of endoscopy in the management of carpal
tunnel syndrome.®

In order to improve the efficacy of non-surgical
treatment for carpal tunnel syndrome, development
of a supplemental approach to standard conserva-
tive treatment was needed. To formulate this new
approach it was decided to reconsider the “static
model” of compression neuropathy that currently
guides most non-surgical treatment decisions.

Studies by Wilgis and Murphy’ and by Mc-
Lellan and Swash' have described the normal lon-
gitudinal movement of the median nerve through
the carpal tunnel. With digital flexion, the median
nerve slides proximally into the forearm, and when
the fingers extend, it slides distally toward the
hand.” Extension of the fingers with extension of
the wrist is the position in which the median nerve
is displaced farthest under the transverse carpal lig-
ament into the hand. It has also been demonstrated
by McLellan and Swash' that hyperextension of
the wrist causes the median nerve to slide distally
by 10-15 mm relative to a fixed bony landmark in
the carpal tunnel. Displacement of the median
nerve during flexion of wrist and fingers is two to
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FIGURE 1. The five discrete positions in which fingers are
placed in tendon gliding exercises: A, straight; B, hook; C, fist;
D, tabletop; and E, straight fist.

four times greater at the wrist than in the upper
arm. Active and passive extension of the wrist and
fingers causes the nerve to move approximately 11
mm distally. Flexion of the wrist and fingers moves
the nerve 4 mm proximally.”’ Longitudinal sliding
prevents local stretching of the median nerve that
would otherwise occur during wrist and finger
movement."’

Szabo et al.”” showed the differences between
median nerve and digital flexor tendon excursion
in the carpal tunnel and the linear relationship that
exists between median nerve displacement and that
of the flexor tendons."” This would result in fric-
tional and shear forces between the tendons and
the nerve with normal finger and wrist motion. It
is conceivable that with chronic repetitive use of the
fingers, shearing may result in localized hyperpla-
sia and fibrosis of the investing tenosynovium
around the median nerve and flexor tendons in the
tunnel. This would retard movement of the median
nerve and the flexor tendons in the tunnel, result-
ing in disturbance of the normal gliding between
structures in the carpal tunnel. Ochoa and Marrott"”
felt that the hourglass deformity resulting from dis-
placement of axoplasm and telescoping of myelin
away from the center of the compression is due to
shear forces."” This cannot be explained on the basis
of a static model of compression, as shear stresses
are evident only in a dynamic model. How is shear
generated using a static model?

Armstrong et al.," in a study of normal cadav-
eric hands, demonstrated that in the central region
of the carpal tunnel, presumably at the point of
maximal compression, there is an increase in the
density of synovium and connective tissue adjacent
to the median nerve, associated with thickening of
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the epineurium. There is also arteriolar and venular
smooth-muscle hypertrophy and endothelial thick-
ening. Even “normal hands” seem to experience
some degree of reactive change within the carpal
tunnel. Exaggeration of these reactive changes
could dramatically increase the pressure on the me-
dian nerve and its vascular supply, perhaps causing
symptoms of compression neuropathy.”* These his-
tologic changes have been corroborated in clinical
observations."”

Lundborg and Rydevik® and Sunderland® in-
dicated that stretching of a nerve might damage the
perineurium and affect its permeability. With
chronic hypoxia, leakage of proteins and inflam-
matory cells into the fascicles from injured extra-
neural and epineural blood vessels leads to fibrosis
of the nerve. With tension-creating elongation of
the nerve of as little as 7%, the cross-sectional area
of the nerve fascicle is reduced, causing an increase
in intra-fascicular pressure and decreased intra-fas-
cicular blood flow, especially in epineural and peri-
neural venules.” Lundborg et al.** also described
a “miniature compartment syndrome” occurring
inside the protective perineural sheaths because of
venous outflow obstruction within the nerve. They
described this phenomenon as being secondary to
chronic pressure and perineural fibrosis and result-
ing in localized neural ischemia.

Sunderland and Bradley” indicated that even
small increments of stretch on a nerve could seri-
ously impede its normal electrical properties.
LaBan et al.** described the tethered median nerve
stress test for chronic carpal tunnel syndrome, in-
dicating that when the disease is chronic, the me-
dian nerve becomes tethered in place in the carpal
tunnel and that by hyperextending the wrist as well
as the index finger, one can reproduce symptoms
of neuropathy. It is thus postulated that the inabil-
ity of the nerve to glide through its normal path
could result in traction injury.

A study by Seradge et al.”” demonstrated that
intermittent active wrist and digital flexion and ex-
tension exercise reduces the pressure in the carpal
tunnel. We hypothesized that it might be possible
to affect the clinical course of CTS in at least some
patients by using a specific series of exercises. Pos-
tulating that adhesions to the median nerve exist
preoperatively, we proposed a regimen that ac-
tively forces the median nerve and the flexor ten-
dons to their maximal excursion through the carpal
tunnel. Totten and Hunter’® have described a pro-
gram for postoperative nerve gliding, which is used
to minimize scar adhesions and maximize nerve ex-
cursion through the carpal canal, and have reported
that the program is effective in the management of
postoperative carpal tunnel syndrome, with relief
of pain and low recurrence rates. There is, however,
only brief reference to the use of this program as
part of a comprehensive non-surgical conservative
regimen. We postulated that by employing these
nerve and tendon gliding exercises, symptom res-
olution could be affected by 1) stretching the ad-
hesions in the carpal canal, 2) broadening the lon-
gitudinal area of contact between the median nerve



and the transverse carpal ligament, 3) reducing ten-
osynovial edema by a “milking action,” 4) improv-
ing venous return from the nerve bundles, and 5)
reducing pressure inside the carpal tunnel. The ob-
jective of this study was to ascertain whether symp-
tom resolution could be effected in patients with
carpal tunnel syndrome who would otherwise have
probably required surgical intervention.

MATERIALS AND METHODS

This investigation of non-surgical management
of carpal tunnel syndrome included 197 patients
(240 hands) seen between 1988 and 1993. There
were 43 patients with bilateral symptoms and 154
patients with unilateral symptoms. All patients pre-
sented with symptoms of median nerve compres-
sion. Symptoms included volar wrist pain that
tended to be more pronounced at night, numbness
in either the median nerve distribution or all five
digits, dropping of objects, and loss of dexterity.
Physical examination of each patient included tests
for Tinel’s and Phalen’s signs as well as two-point
discrimination and Semmes-Weinstein threshold
tests. Patients who went on to have surgery were
treated conservatively for an average of 4 months
(range, 1-6 months). There was wide variation in
the duration of symptoms and treatment prior to
presentation to our clinic (see Tables 1 and 2).

The patients were divided into two study
groups: 1) a control group of patients presenting
between 1988 and 1991, and 2) an experimental
group of patients presenting from 1992 through
1993. Patients who had obvious thenar atrophy,
pregnancy-related CTS, or recurrent CTS following
a previous carpal tunnel release were excluded
from the study. Patients with obvious thenar atro-
phy were excluded because in most cases surgical
release is recommended, and symptoms in patients
due to pregnancy may resolve following delivery.
Patients who had previously undergone carpal tun-
nel release were excluded because the goal of this
study was to examine the role of the nerve and ten-
don gliding exercises on patients who had not yet
undergone carpal tunnel surgery. It should be
noted that patients with other underlying disease
(e.g., rheumatoid arthritis or diabetes) were not ex-
cluded from the study. In both the experimental
and control groups, similar percentages of patients
received the traditional treatments of splinting,
non-steroidal anti-inflammatory medication, and
steroid injections. In addition to these traditional
treatments, the experimental group was instructed
in the series of nerve and tendon gliding exercises
developed by Totten and Hunter.

The exercises were designed to maximize the
excursion of the digital flexors and the median
nerve through the carpal tunnel. In tendon gliding
exercises the fingers are placed in five discrete po-
sitions (Figure 1)—straight, hook, fist, tabletop, and
straight fist. In addition, the median nerve is mo-
bilized by putting the hand and wrist through six

FIGURE 2. Six positions for mobilizing the median nerve.
A, The wrist is in neutral, with the finger and thumb in flex-
ion. B, The wrist is in neutral, with the fingers and thumb
extended. C, The wrist and fingers are extended, with the
thumb in neutral. D, The wrist, fingers, and thumb are ex-
tended. E, The wrist, fingers, and thumb are extended, with
the forearm in supination. F, The wrist, fingers and thumb are
extended, the forearm is in supination, and the other hand
gently stretches the thumb.

additional positions (Figure 2). Each position was
maintained for 7 seconds and repeated five times
at each session, with a total of three to five sessions
per day. In conjunction with the exercises, patients
were also encouraged to perform contrast baths at
least twice a day (optimally, three to five times a
day). The patient would keep the hand in warm
water for 4 minutes and then in cold water for 1
minute. Heat has been shown to increase localized
blood flow by vasodilation and also increases con-
nective tissue extensibility, facilitating the gliding of
the nerve and tendons. Cold produces analgesia,
reducing inflammation and edema.”’

Both groups of patients, the control (n = 104)
and the experimental (n = 93), were matched with
respect to gender, age, and duration of symptoms
(Table 1). The only difference between the control
and experimental groups was occupation, the pro-
portion of clerical and white collar workers being
significantly greater in the experimental group and
the number of manual laborers significantly greater
in the control group (p = 0.001). A comparison of
all patients who underwent surgery and all patients
who did not have surgery was also performed (Ta-
ble 2). There was no difference in the demographic
breakdown (i.e., gender, age, occupation, and du-
ration of symptoms) for these patients.

Both groups were initially followed for an av-
erage of 4 months, and those patients in the ex-
perimental group who did not undergo surgery
were followed for an average of 23 months (range,
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TABLE 1. Demographic Features of Patients in the Control
and Experimental Groups (N = 197)

TABLE 2. Demographic Features of Patients in the Surgery
and No-surgery Groups (N = 197)

Experi- No
Control mental o Surge Surge ..
o = 104) (n = 93) Sigm,fcance o :glg) pis 238"3% S;gmfmnce
No. (%) No. (%)  Difference No. (%) No. (%) Difference

Gender: Gender:

Male 29 (279) 21 (22.6) Male 26 (22.8) 24 (28.9)

Female 75 (721) 72 (774) p=049 Female 88 (77.2) 59 (711) p=042
Age (years): Age (years):

<30 5 (4.8) 8 (8.6) <30 7 (6.1) 6 (7.2)

30-39 38 (36.5) 31 (33.3) 30-39 42 (36.8) 27 (32.6)

40-49 33 (31.7) 29 (31.2) 40-49 32 (28.1) 30 (36.1)

50+‘ 28 (27.0) 25 (269) p=075 50+ 33 (29.0) 20 (24.1) p = 0.62
Duration of Duration of

symptoms: symptoms:

<6 mo 32 (30.8) 27 (29.0) <6 mo 30 (26.3) 29 (34.9)

6—12 mo 17 (164) 19 (20.4) 6-12 mo 17 (149) 19 (22.9)

1-2 yr 26 (250) 18 (19.4) 1-2 yr 26 (22.8) 18 (21.7)

2+ yr 25 (24.0) 26 (28.0) 2+ yr 36 (31.6) 15 (18.1)

Unknown 4 (38 3 (32 p=082 Unknown 5 (44 2 (24 p=015
Type of work: Type of work:

Clerical/white collar 44 (423) 65 (69.9) Clerical/white collar 57 (50.0) 52 (62.7)

Manual 40 (38.5) 15 (16.1) Manual 32 (28.1) 23 (27.7)

Homemaker/retired 16 (154) 11 (11.8) Homemaker/retired 20 (175) 7 (8.4)

Unknown 4 (3.8) 2 (22) p=0.001 Unknown 5 (4.4) 1 (1.2) p =012

14-38 months). Of the 53 patients in the experi-
mental group who did not undergo surgery, 47
(89%) responded to a detailed telephone interview.
The patients in the control group who did not un-
dergo surgery were not followed long-term. Pa-
tients were asked about their symptoms, level of
function, and whether they would consider surgery
if the physician recommended surgical intervention
as an alternative. Results were considered “excel-
lent” when a patient was completely asymptomatic
and “good” when a patient had occasional symp-
toms that were relieved by reinstating the exercise
program. Results were rated “fair”” when a patient
had frequent symptoms but still obtained some im-
provement by reinstating the exercise program.
When a patient had continuous symptoms that did
not respond to reinstating the exercise program, the
results were considered “poor.”

In evaluating the results of this study, all data
were taken from the patient’s records. Because this
was a retrospective study, in some instances certain
information was not recorded. All signs, symptoms,
and treatments that were not specifically noted in
the records were considered not present or not per-
formed.

Patient demographics are reported for the total
number of patients (N = 197), not the total number
of involved hands, whereas clinical signs and treat-
ments are reported for the total number of involved
hands (N = 240).

The primary endpoint of this study was sur-
gery. The decision to operate was based on several
factors, specifically, 1) patient’s perception that con-
servative treatment had not altered their symptoms
to any great extent, and 2) the absence of improve-
ment in clinical signs. All evaluations and surgery
were performed by the primary surgeon. The dif-
ference in the proportions between the experi-
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mental and control groups, on the one hand, and
the surgery and non-surgery groups, on the other,
were evaluated using a chi-square test for signifi-
cance.” In the categories where there were found
to be significant differences, chi-square analysis was
also performed with the unknowns omitted. This
was done because of the large number of un-
knowns in some categories.

RESULTS

In examining the overall effectiveness of nerve
and tendon gliding exercises in the conservative
treatment of carpal tunnel syndrome, it is worth
noting that only 43.0% of patients in the experi-
mental group underwent surgical release compared
with 71.2% of patients in the control group (Table
3). This represents a significant decrease in the
number of patients who went on to surgery (p =
0.0001).

Tables 1 and 2 show that age and duration of
symptoms do not appear to be significant deter-
mining factors in whether the patient was more
likely to require surgery in either the control or the
experimental group. When demographic data were
analyzed according to occupation, a significantly
higher percentage of manual laborers were found

TABLE 3. Number of Patients Having Surgery in the
Control and Experimental Groups (N = 197)

Experi- Total Significance

Control mental No. of of
No. (%) No. (%) Patients Difference
Surgery 74 (71.2) 40 (43.00 114
No surgery 30 (28.8) 53 (57.0) 83

Total patients 104 (100.0) 93 (100.0) 197  p =0.0001




in the control group compared with the experi-
mental group. However, when surgery patients
were compared with non-surgery patients (Table 2),
clerical workers were found to be no more likely to
require surgery than were manual workers.

Table 4 shows that there was no significant dif-
ference between the control group and experi-
mental group with regard to results of testing for
Phalen’s sign, Tinel’s sign, and two-point discrim-
ination. More than 80% of affected hands exhibited
a positive Phalen’s sign, approximately 70% had a
positive Tinel’s sign, and 14% had abnormal two-
point discrimination. Table 5 shows that there was
no difference in Semmes—Weinstein monofilament
test results between the two groups when the un-
knowns were omitted from the analysis (p = 0.13).

TABLE 4. Physical Findings, Treatiment Regimens, and
Results of Electrodiagnostic Tests on Hands in the Control
and Experimental Groups (N = 240)

Experi-
Control mental 3
(n=124) (n=116) S’S"‘ch““ce
No. (%) No. (%) Difference
Physical Findings
Phalen’s sign:
Positive 105 (84.7) 94 (81.0)
Negative 14 (11.3) 21 - (18.1)
Not available 5 (4.0 1 (09) p=011
Tinel’s sign:
Positive 81 (65.3) 86 (74.1)
Negative 37 (29.8) 27 (23.3)
Not available 6 (4.9) 3 (26) p=029
Two-point discrim-
ination test:
Positive 18 (14.5) 17 (14.7)
Negative 99 (79.8) 84 (72.4)
Not available 7 (7)) 15 (129 p=014
Semmes—Weinstein
threshold test:
Positive 26 (21.0) 41 (35.3)
Negative 49 (39.5) 45 (38.8)
Not available 49 (39.5) 30 (259) p=0.02*
Treatment Regimens
Splinting:
Positive 114 (91.9) 116 (100.0)
Negative 0 0
Not available 10 (8.1) 0 p = 0.01%
Cortisone injection:
Positive 63 (50.8) 51 (44.0)
Negative 61 (49.2) 65 (56.0) p=035
Non-steroidal anti-
inflammatory
medication:
Positive 101 (81.5) 102 (87.9)
Negative 10 (8.0) 9 (7.8)
Not available 13 (10.5) 5 43) p=019
Electrodiagnostic
Tests
Electromyography:
Positive 42 (33.9) 28 (24.1)
Negative 65 (52.4) 47 (40.5)
Not available 17 (13.7) 41 (354) p =0.0017
Nerve conduction:
Positive 94 (75.8) 65 (56.0)
Negative 17 (13.7) 15 (12.9)
Not available 13 (10.5) 36 (31.1) p=0.003*

*See Table 5 for these results when unknowns were omitted.

TABLE 5. Adjusted Values for Specific Findings for Hands
in the Control and Experimental Groups after the Omission
of Unknowns

Experi-

Control mental Signt}:;ance
No. (%) No. (%) Difference
Semmes-Weinstein
threshold test:

Positive 26 (347) 41 (47.7)

Negative 49  (65.3) 45 (52.3) p =013
Splinting:

Positive 114 (100.0) 116 (100.0)
Electromyography:

Positive 42 (39.3) 28 (37.3)

Negative 65 (60.7) 47 (62.7) p =092
Nerve condition:

Positive 94 (84.7) 65 (81.2)

Negative 17 (15.3) 15  (18.8) p =053

There were, however, a large number of unknowns
for this clinical sign (32% of the total number of
hands) which, when included in the analysis, re-
sulted in a significant difference between the two
groups (p = 0.02). This is also true of the two di-
agnostic tests: 24% of hands did not have electro-
myographic tests and 20% did not have nerve con-
duction tests, and when these hands were excluded
from the analysis, the difference was not significant
—i.e., for electromyography p = 0.92, and for nerve
conduction p = 0.53 (Table 5). When the unknowns
were included, approximately 66% of affected
hands (76% in the control group compared with
56% in the experimental group) had nerve conduc-
tion findings that documented CTS, and 29% (34%
in the control group compared with 24% in the ex-
perimental group) had a positive electromyo-
graphic findings. This represents a significant dif-
ference (p = 0.0001) between the two groups for
both these tests. This difference is due to the large
number that were not tested, especially in the ex-
perimental group. The reason a large number were
not tested (58 for electromyography, 49 for nerve
conduction) was that the tests were ordered only if
a patient failed conservative treatment and surgery
was considered. In addition, a significant number
of false-negative electromyographic and nerve con-
duction results have been reported in the litera-
ture.” In certain cases in our study, these tests were
ordered by a referring physician prior to the pa-
tient’s presentation for treatment.

Table 4 also compares traditional conservative
treatments. Nearly all patients” hands were splinted,
half had cortisone injections, and most were given
non-steroidal anti-inflammatory medication. No
significant difference was found between the two
groups in use of anti-inflammatory medication or
local cortisone injection. There was a significant dif-
ference for splinting (p = 0.1); however, when the
unknowns (ten hands) were omitted from the anal-
ysis, there was no difference between the two
groups (Table 5). It is probable that splinting was
performed on all hands, but for ten hands in the
control group splinting was not recorded.
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TABLE 6. Physical Findings, Treatment Regimens, and
Results of Electrodiagnostic Tests on Hands in the Surgery
and No-surgery Groups (N = 240)

No
Surgery Surgery .
(n=130) _(n=110) S"Fcance
No. (%) No. (%) Difference
Physical Findings
Phalen’s sign:
Positive 113 (86.9) 86 (78.2)
Negative 13 (10.0) 22 (20.0)
Not available 4 (3.1) 2 (1.8) p=0.08
Tinel’s sign:
Positive 95 (73.1) 72 (65.5)
Negative 27 (20.8) 37 (33.8)
Not available 8 (6.1) 1 (0.9) p=0.01%
Two-point discrim-
ination test:
Positive 22 (169) 13 (11.8)
Negative 97 (74.6) 86 (78.2)
Not available 11 (85) 11 (10.0) p=0.52
Semmes - Weinstein
threshold test:
Positive 42 (32.3) 26 (23.6)
Negative 43 (33.1) 51 (46.4)
Not available 45 (34.6) 33 (30.0) p=0.1
Treatment Regimens
Splinting:
Positive 120 (92.3) 110 (100.0)
Negative 0 0
Not available 10 (7.7) 0 p = 0.01*
Cortisone injection:
Positive 62 (47.7) 52 (47.3)
Negative 68 (52.3) 58 (527) p=1.0
Non-steroidal anti-
inflammatory
medication:
Positive 106 (81.5) 97 (88.2)
Negative 8 (6.2) 11 (10.0)
Not available 16 (12.3) 2 (1.8) p=0.01*
Electrodiagnostic
Tests
Electromyography:
Positive 49 (37.7) 21 (19.1)
Negative 72 (554) 40 (36.4)
Not available 9 (69) 49 (44.5) p = 0.00001*
Nerve conduction:
Positive 109 (83.8) 50 (45.4)
Negative 14 (10.8) 18 (16.4)
Not available 7 (54) 42 (382) p=0.0001*

*See Table 7 for these results when unknowns were omitted.

Patients who underwent surgery were com-
pared with those who did not in an attempt to de-
termine whether there was a variable that resulted
in these patients failing conservative treatment. Ta-
ble 6 compares physical findings, treatment regi-
mens, and results of electrodiagnostic tests in these
two groups. There was no significant difference be-
tween the two groups for most of the clinical signs:
Approximately 82% had a positive Phalen’s sign,
15% had positive two-point discrimination results
(>5> mm) and approximately 28% had positive
Semmes-Weinstein results (>3.61). The only clini-
cal sign for which there was a significant difference
was a positive Tinel’s sign (p = 0.01). Table 7 shows
that this significance disappeared if the unknowns
were omitted from the analysis (p = 0.06). As in the
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comparison of hands in the control group with
those in the experimental group, comparison of
hands in the surgery and no-surgery groups re-
vealed differences in electromyographic and nerve
conduction findings (p = 0.00001 for electromyo-
graphic findings, and p = 0.0001 for nerve conduc-
tion findings). There were, as expected, a large
number of hands in the no-surgery group that were
not tested. Table 7 shows that, when the unknowns
were omitted from analysis, the difference between
electromyographic findings for the two groups dis-
appeared (p = 0.53), but a difference between nerve
conduction findings remained (p = 0.01). This could
be because of the large discrepancy in numbers be-
tween the two groups.

Table 6 also compares traditional conservative
treatments between the surgery and no-surgery
groups. In these two groups more than 92% of
hands were splinted, 47% received cortisone injec-
tions, and more than 80% were treated with non-
steroidal anti-inflammatory medication. There was
no difference between the two groups for cortisone
use, but there was a significant difference for both
splint use and use of anti-inflammatory medication
(p = 0.01 for both). However, when the unknowns
were omitted from the analysis (Table 7), the dif-
ferences between the two groups disappeared (p =
0.55 for anti-inflammatory medication).

A three-way frequency analysis (log linear
model statistical analysis) was done for the 197 pa-
tients to assess the multi-level interactions among
patients in the control and experimental groups, in
the surgery and no-surgery groups, and in the four
occupational categories.

The overall three-way (2 X 2 X 4) chi-square
result was statistically significant (chi-square 174.3,
df 15, p < 0.0001), suggesting disparate frequency
patterns among the 16 cells. A multi-way frequency
table analysis is similar to a factorial analysis of
variance (ANOVA). Any omnibus test compels
closer inspection to uncover underlying causes. The
highest order interaction—the three-way control/
experimental by surgery/no-surgery by occupa-
tional status—was statistically not significant (chi-
square 0.67, df 3, p = 0.88) as was the two-factor
interaction surgery/no-surgery by occupational
status (chi square 6.2, df 3, p = 0.10). This latter re-
sult indicates that there was no statistically signif-
icant difference in the percentage patterns of sur-
gery/no-surgery across the four occupational
groups.

The other two two-factor interactions were sta-
tistically significant. Control/experimental by sur-
gery/non-surgery had a chi-square of 15.7 (df = 1,
p < 0.0001). Seventy-one percent of patients in the
control group underwent surgery, whereas only
43% of those in the experimental group did so.

The second statistically significant two-factor
interaction was control/experimental by occupa-
tional status (chi-square 17.8, df 3, p < 0.0005). Of
occupations of patients in the control group, 42.3%
were clerical, 38.5% were manual, 15.4% were
homemaker/retired, and 3.8% were unknown. In
the experimental group the percentages were 71%



clerical, 16.1% manual, 10.8% homemaker/retired,
and 3% unknown. It was the disparity between the
clerical and manual groups that contributed pre-
dominantly to the chi-square statistic.

Follow-up. Of 53 patients (with 71 affected
hands) in the experimental group who did not have
surgery, only 6 patients (11.3%; with 8 affected
hands [11.3%]) could not be located. Of the 47 pa-
tients contacted, 33 patients (62.3%; with 44 affected
hands [62.0%]) reported a good or excellent result,
whereas 9 patients (17.0%; with 12 affected hands
[16.9%]) felt that their recovery was only fair or
poor. Five patients (9.4%; with 7 affected hands
[9.9%]) were non-compliant, that is, they did not
perform the exercises once they were released.
None of these 47 patients had yet undergone carpal
tunnel surgery.

DISCUSSION

The results of this study indicate that at initial
four-month follow-up there was a significant im-
provement in symptoms related to the patient’s car-
pal tunnel syndrome in a large percentage of pa-
tients in the experimental group. This improvement
was long-term, in that even at 23 months average,
none of these patients went on to have surgery. The
number of patients who did not undergo carpal
tunnel surgery in the nerve and tendon gliding
group compared with the control group was statis-
tically significant. Both the control and experi-
mental groups were well matched with respect to
patient demographics, clinical presentation, and the
traditional methods employed in the management
of their cases.

Although predictive statements cannot be
made as to which patients would eventually re-
quire surgery in either the control or the experi-
mental group, it is possible that a combination of
factors might predict which patients will go on to
surgery. The decision to operate on these patients
was based solely on their continuing symptoms,
which closely matched those on presentation. Ex-
pansion of this study to include a multivariate anal-
ysis, prospective double-blind model, and vali-
dated outcome instruments is planned. A limitation
of this study is that not all clinical signs, test results,
and treatments were recorded for every patient,
and the groups were treated at different times.
However, the study suggests that use of the nerve
and tendon gliding exercises may significantly de-
crease the number of patients going on to surgery
at an average of 23 months’ follow-up. Further fol-
low-up will determine whether the number of pa-
tients in the experimental group who do not go on
to surgery holds up over a longer period of time.

During the course of the long-term evaluation
of these patients, it has become clear that rather
than being a steadily progressive disorder, carpal
tunnel syndrome is a condition characterized by re-

missions and exacerbation. In many cases, the
symptoms can be managed non-surgically. It is

TABLE 7. Adjusted Values for Specific Findings for Hands
in the Surgery and No-surgery Groups after the Omission
of Unknowns

No
Surgery Surge A
=130 (=110 S&" ‘f‘“"“
No. (%) No. (%) Difference

Tinel’s sign:

Positive 95 (77.9) 72  (66.1)

Negative 27  (221) 37 (33.9) p = 0.06
Splinting:

Positive 120 (100.0) 110 (100.0)
Non-steroidal anti-

inflammatory
medication:

Positive 106 (91.4) 97 (915

Negative 10 (8.6) 9 (8.5) p =055
Electromyography:

Positive 49 (40.5) 21 (34.4)

Negative 72 (59.5) 40 (65.6) p =053
Nerve conduction:

Positive 109 (88.6) 50 (73.5)

Negative 14 (11.4) 18 (26.5) p =001

probable that a certain percentage of patients will
have resolution of their symptoms with traditional
treatment methods, however, there is a subset of
patient whose disease becomes progressive and
whose symptoms become chronic. These patients
may benefit from surgical release.”

Recent studies of carpal tunnel syndrome have
focused on several aspects of the disorder. These
include epidemiologic features,” new ways of delin-
eating the disease by electrophysiologic methods,”
the study of endoscopic carpal tunnel release,’
modification of environmental and occupational
factors,”** pressure measurement,” advanced im-
aging of the carpal tunnel®* and, most recently,
outcome analysis following treatment for carpal
tunnel syndrome.®

Treatment of carpal tunnel syndrome by con-
servative methods (splinting, non-steroidal anti-in-
flammatory medications, steroid injection, and
workstation modification) all too frequently
fails.""* To date, there is no recognized, standard-
ized consistent, conservative treatment program for
its management. In addition, no recognized hand
exercise program has been shown to affect the nat-
ural course of the disease and patient’s symptoms.

Classical models of compressive neuropathy
are static and do not take into account the move-
ment of the compressed median nerve through the
point of stenosis.” In addition, studies have not
looked at the effect of stretching on the median
nerve as it is tethered at the point of maximal com-
pression in vivo. Stretching of the nerve may occur
because of compression from the overlying trans-
verse carpal ligament and adhesions between the
median nerve and surrounding structures, as flexor
tendon excursion is nearly five times greater than
that of the nerve.

Guiding the wrist and the fingers through a
program of nerve and tendon gliding exercises may
help maximize the relative excursion of the median
nerve in the carpal tunnel and the excursion of the
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flexor tendons relative to one another. When the
exercises are performed, remodeling and stretching
of the investing, adhesive tenosynovium around
these structures may occur, thus diminishing their
adherence to the structures inside the canal. In ad-
dition, by bringing the nerve through its maximal
excursion, there may be redistribution of the point
of maximal compression on the median nerve in-
side the carpal canal by allowing varying points of
the nerve to be exposed to the maximal compres-
sive area underneath the transverse carpal liga-
ment. This “milking’” effect would promote venous
return from the median nerve, thus decreasing the
pressure inside the perineurium. In time, increasing
the motion of the median nerve may restore the
linear relationship between median nerve and
flexor tendon displacement.

The results of this study suggest that a pro-
gram of nerve and tendon gliding exercises coupled
with traditional non-surgical approaches reduces
symptoms. A significant number of patients who
would have otherwise undergone surgery, having
failed traditional approaches to non-surgical man-
agement, were spared the morbidity and expense
of surgical carpal tunnel release. Longer follow-up
analysis is in progress and will be reported on com-
pletion. Nerve and tendon gliding exercises may
also be useful in patients with occupational carpal
tunnel syndrome who have “classic”” symptoms
with negative electrodiagnostic results. Additional
randomized prospective studies are underway to
verify these hypotheses.

More effective non-surgical treatment could
have a significant effect on the total number of pa-
tients undergoing carpal tunnel release nationwide.
This in turn may engender enormous cost savings
with respect to surgical and hospital fees and time
lost from work. In our study, patients performing
these nerve and tendon gliding exercises were en-
couraged to continue working during participation
in the non-surgical program. It is estimated that
more than 200,000 carpal tunnel releases are done
annually in the United States, at an estimated cost
of $3.5 billion. Since much of this cost is due to
surgical treatment of CTS” and the attendant loss of
productive work time, we need to develop more
efficient methods of non-surgical treatment for this
ever-spreading epidemic.

REFERENCES

1. Tanaka S, Wild DK, Seligman PJ, Behrens V, Cameron L,
Putz-Anderson V. The U.S. prevalence of self-reported car-
pal tunnel syndrome: 1988 National Health Interview Sur-
vey Data. Am ] Public Health. 1994;84:1846-8.

2. Palmer DH, Hanrahan LP. Social and economic costs of car-
pal tunnel surgery. In: Jackson DW (ed). Instructional
Course Lectures. Am Acad Orthopaedic Surgeons. 1995;44:
167-72.

3. Weiss APC, Sachar K, Gendreau M. Conservative manage-
ment of carpal tunnel syndrome: a reexamination of steroid
injection and splinting. ] Hand Surg. 1994;19A:410-5.

4. Kaplan §J, Glickel SZ, Eaton RG. Predictive factors in the
non-surgical treatment of carpal tunnel syndrome. ] Hand

178 JOURNAL OF HAND THERAPY

10.

11,

12.

B

14.

15.

16.

17;

18.

19.

20.
21

22,

24.

25.

26.

27.
28.
29.

30.

31.

Surg. 1990;15B:106-8.

. Hunter JM. Recurrent carpal tunnel syndrome, epineural

fibrosis fixation, and traction neuropathy. Hand Clin. 1991;
7:491-504. Vol. 7. Philadelphia, WB Saunders, 1991:491-
504.

. Richman JA, Gelberman RH, Rydevik BL, et al. Carpal tun-

nel syndrome: morphologic changes after release of the
transverse carpal ligament. ] Hand Surg. 1989;14A:852-7.

. Agee JM, McCarroll HR, Tortosa RD, Berry DA, Szabo RM,

Peimer CA Endoscopic release of the carpal tunnel: a ran-
domized prospective multi-center study. ] Hand Surg. 1992;
17A:987-95.

- Brown RA, Gelberman RH, Seiler JG III, et al. Carpal tunnel

release: a prospective, randomized assessment of open and
endoscopic methods. ] Bone Joint Surg. 1993;75A:1265-75.

. Wilgis EFS, Murphy R. The significance of longitudinal ex-

cursion in peripheral nerves. Hand Clin. 1986;2:761-6.
McLellan DL, Swash M. Longitudinal sliding of the median
nerve during movements of the upper limb. ] Neurol Neu-
rosurg Psychiatry. 1976;39:566-70.

Wright TW, Glowczewskie F, Wheeler D, Miller G, Cowin
D. Excursion and strain of the median nerve. ] Bone Joint
Surg. 1996;78A:1897-903.

Szabo RM, Bay BK, Sharkey NA, Gaut C. Median nerve
displacement through the carpal canal. ] Hand Surg. 1994;
19A:901-6.

Ochoa D, Marotte L. The nature of the nerve lesion caused
by chronic entrapment in the guinea-pig. ] Neurol Sci. 1973;
19:491-5.

Armstrong TJ, Castelli WA, Evans FG, Diaz-Perez R. Some
histological changes in carpal tunnel contents and their bio-
mechanical implications. ] Occup Med. 1984;26:197-201.
Kerr CD, Sybert DR, Albarracin N5. An analysis of the
flexor synovium in idiopathic carpal tunnel syndrome: re-
port of 625 cases. ] Hand Surg. 1992;17A:1028-30.
Schuind F, Ventura M, Pasteels JL. Idiopathic carpal tunnel
syndrome: histological study of flexor tendon synovium. J
Hand Surg. 1990;15A:497-503.

Fuchs PC, Nathan PA, Myers LD. Synovial histology in car-
pal tunnel syndrome. ] Hand Surg. 1991;16A:753-8.

LaBan MM, MacKenzie JR, Zemenick GA. Anatomic obser-
vations in carpal tunnel syndrome as they relate to the teth-
ered median nerve stress test. Arch Phys Med Rehabil. 1989;
70:44—6.

Kwan MK, Wall EJ, Massie J, Garfin SR. Strain, stress and
strength of peripheral nerve. Acta Orthop Scand. 1992;63:
262-72.

Lundborg G, Rydevik B. Effects of stretching the tibial nerve
of the rabbit. ] Bone Joint Surg. 1973;55B:390-401.
Sunderland S. The nerve lesion in the carpal tunnel syn-
drome. ] Neurol Neurosurg Psychiatry. 1976;39:615-26.
Lundborg G, Myers R, Powell H. Nerve compression injury
and increased endoneurial fluid pressure: a “miniature
compartment syndrome.” ] Neurol Neurosurg Psychiatry.
1983;46:1119-24.

. Sunderland S, Bradley KC. Stress-strain phenomena in hu-

man peripheral nerve trunks. Brain. 1961;84:102-19.

LaBan MM, Friedman NA, Zemenick GA. “Tethered” me-

dian nerve stress test in chronic carpal tunnel syndrome.

Arch Phys Med Rehabil. 1986;67:803—4.

Seradge H, Jia YC, Owens W. In vivo measurement of car-
al tunnel pressure in the functioning hand. ] Hand Surg.

1995;20A:855-9.

Totten PA, Hunter JM. Therapeutic techniques to enhance

nerve gliding in thoracic outlet syndrome and carpal tunnel

syndrome. Hand Clin. 1991;7:505-20.

Lehmann JE, Warren CG, Scham SM. Therapeutic heat and

cold. Clin Orthop. 1974;99:207.

Fleiss JL. Statistical Methods for Rates and Proportion. 2nd

Ed. New York: Wiley, 1981:23.

Brumback RA, Bobele GB, Rayan GM. Electrodiagnosis of

compressive nerve lesions. Hand Clin. 1992;8:241-54.

Harter BT, McKiernan JE, Kirzinger SS, Archer FW, Peters

CK, Harter KC. Carpal tunnel syndrome: surgical and non-

surgical treatment. ] Hand Surg. 1993;18A:734-9.

Johnson SL. Ergonomic hand tool design. Hand Clin. 1993;



32.

33.

34.

9:299-311.

Zimmerman NB, Zimmerman SI, Clark GL. Neuropathy in
the workplace. Hand Clin. 1992;8:255-62.

Gelberman RH, Hergenroeder PT, Hargens AR, Lundborg
GN, Akeson WH. The carpal tunnel syndrome: a study of
carpal canal pressures. ] Bone Joint Surg. 1981;63A:380-3.
Murphy RX, Chernofsky MA, Osborne MA, Wolson AH.
Magnetic resonance imaging in the evaluation of persistent
carpal tunnel syndrome. ] Hand Surg. 193;18A:113-20.

35.

36.

Lundborg G, Gelberman RH, Minteer-Convery M, Lee YR,
Hargens AR. Median nerve compression in the carpal tun-
nel: functional response to experimentally induced con-
trolled pressure. ] Hand Surg. 1982;7A:252-9.

Amadio PC, Silverstein MD, Ilstrup DM, Schleck CD, Jen-
sen LM. Outcome assessment for carpal tunnel surgery: the
relative responsiveness of generic, arthritis-specific, disease-
specific, and physical examination measures. ] Hand Surg,
1996;21A:338-46.

July —September 1998 179



