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Abstract Background: Limited evidence informs whether
pre-operative values of two-point discrimination (2PD) in
patients with carpal tunnel syndrome predict response to
surgery. Questions/Purposes: The primary aim of this study
was to determine the predictive value of pre-operative 2PD
scores on outcomes following carpal tunnel release (CTR).
In particular, we sought to evaluate whether a clinically
relevant 2PD threshold exists that can predict symptomatic
response after surgery. Methods: Patients who underwent
CTR between 2014 and 2018 were retrospectively reviewed.
Static 2PD scores in each digit, as well as Quick Disabilities
of the Arm, Shoulder, and Hand (QuickDASH) and Levine-
Katz scores, were collected from pre- and post-operative
records. Pearson correlation coefficients assessed the rela-
tionship between pre-operative 2PD, early post-operative
2PD, and patient-reported outcome scores. Poor 2PD was
defined as 2PD greater than 10 mm. Results: Eighty-nine
hands in 73 patients with a mean follow-up of 1.8 years were
analyzed. Mean pre- and post-operative 2PD was 7.2 mm
and 6.4 mm, respectively, in the most affected digit when
measurable. Twenty patients had poor 2PD scores pre-
operatively and 14 post-operatively. There was a positive
correlation between pre- and early post-operative 2PD
scores but no correlation between pre-operative 2PD score

Level of Evidence: Level III, Prognostic Study
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and final post-operative functional scores. Only 30% of
patients with poor pre-operative 2PD scores demonstrated
improvement, compared with 69% of patients with measur-
able 2PD. Conclusion: We found that greater pre-operative
2PD scores predicted greater early post-operative 2PD
scores but did not lead to worse functional outcome scores
post-operatively. Patients with poor pre-operative 2PD
scores were likely to demonstrate improvement in functional
outcomes scores, while having less reliable improvement in
2PD after CTR. Patients with poor 2PD should be counseled
that improvement of tactile perception is less predictable.
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Introduction

Carpal tunnel syndrome (CTS) is one of the most common
diagnoses encountered by hand surgeons, with a prevalence
of approximately 4% in the general population [4]. Several
clinical tests are used to objectively measure nerve function
in patients affected by CTS, including the static and moving
two-point discrimination (2PD) tests and the Semmes-
Weinstein monofilament test [11, 13]. Specifically, the We-
ber static 2PD test assesses sensation in the most distal
aspect of the median nerve distribution to quantify the path-
ological loss of sensation caused by CTS [15]. Since 2PD
testing correlates with digital innervation availability and
capacity, some practitioners use this test as an objective
measure of disease severity. The American Society for Sur-
gery of the Hand (ASSH) divides 2PD values into the
following categories: normal (less than 6 mm), fair (6 to
10 mm), and poor (11 to 15 mm), as well as protective, if
only 1 point can be perceived beyond 15 mm, or anesthetic,
if no point is perceived beyond 15 mm [1].
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There are limitations of the 2PD test; it is time-con-
suming, requiring each digit to be tested, and it is not
sensitive to sensory changes until conduction has ceased
[11, 16]. Beyond the administration and interpretation of
2PD testing, the utility of 2PD scores in CTS has also
been questioned. Multiple studies have reported that 2PD
can be unaffected despite the presence of other clinical
indicators in patients with CTS [3, 11, 12]. Phalen’s and
Durkin’s tests are often cited as more diagnostically sen-
sitive in patients with CTS, and it is known that 2PD
scores correlate to age, though this might not be reflective
of symptom severity [13]. For these reasons, many prac-
titioners favor the use of these clinical examinations over
objective tests that stratify disease severity, including 2PD
and the Semmes-Weinstein monofilament test, particularly
given that the strength of association between the static
2PD test and CTS symptom severity is unclear.

It remains unknown whether pre-operative 2PD scores
predict CTS symptom severity and response to surgery.
The primary aim of this study was to determine the pre-
dictive value of pre-operative 2PD scores on early post-
operative symptom severity following carpal tunnel re-
lease (CTR). Secondary aims included correlation of pre-
operative 2PD scores with post-operative recovery of
2PD. We hypothesized that a clinically relevant 2PD
threshold exists that can predict symptomatic response
after surgery.

Materials and Methods

All patients diagnosed with CTS based on CTS-6 score
who underwent surgery by a single fellowship-trained
surgeon between 2014 and 2018 were retrospectively
reviewed. The CTS-6 score is a validated 6-item score
that is highly responsive to changes in CTS symptoms
[2]. Patients who failed conservative management using
nighttime wrist immobilization were offered surgery based
on patient preference and surgeon’s clinical indication.
Pre- and post-operative Quick Disabilities of the Arm,
Shoulder, and Hand (QuickDASH) score (QDS), Levine-
Katz symptom severity score (LKSSS) and Levine-Katz
functional status score (LKFSS), and static 2PD values for
the affected hand were recorded.

Patients were contacted by telephone at a minimum of
6 months after surgery to have the questionnaires repeated
for final symptom severity follow-up. Patients were ex-
cluded from the study population if no pre- or post-
operative 2PD scores were obtained. The primary outcome
was post-operative improvement in the QDS. Secondary
outcomes included improvement in the LKSSS, LKFSS,
and post-operative 2PD scores of the most affected digit at
final clinical follow-up.

Evaluation of static 2PD was performed in the affected
hand using a caliper and was recorded as the smallest
distance at which two points could be distinguished using
standardized pressure sufficient to blanch skin. Starting at
5 mm, the calipers were placed over the volar aspect of
the fingertip and progressively opened until the final
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threshold value was determined for all five fingers of the
affected hand. Three or more correct responses at a given
value were deemed a correct measurement of 2PD. All
testing was performed by the surgeon (D.F.) or her physi-
cian assistant (E.H.). Values of greater than 10 mm were
considered poor discrimination based on the ASSH
criteria, and we did not distinguish between higher 2PD
values beyond this point; those readings were classified as
poor and excluded from means reported in the descriptive
statistics. The most affected finger of the radial three
digits was used to define pre-operative 2PD of the median
nerve in the affected hand [9]. Improvement in post-
operative 2PD score from baseline was defined as delta
2PD.

Surgical technique was consistent across all cases,
through an open approach to the carpal tunnel through a
15-mm incision centered over the transverse carpal ligament
(TCL). The release of the TCL proceeded from proximal to
distal and was localized just radial to the hook of hamate.
Complete release was confirmed with the use of dissecting
scissors both proximally and distally. Wounds were closed
with 5-0 nylon horizontal sutures, and patients were placed
in a sterile, soft dressing and were seen at 2-week, 6-week,
6-month, and 12-month clinical visits. Patients who did not
return to the clinic were called for post-operative follow-up.

Demographic data were reported as means for continu-
ous data and percentages for categorical data. Continuous
variables were evaluated with Student’s ¢ test and categorical
variables with the 2-tailed Fisher’s exact test. Pearson cor-
relation coefficients assessed the relationship between pre-
operative 2PD scores, post-operative 2PD scores, and
patient-reported outcome scores. The one-way analysis of
variance (ANOVA) test was used to analyze variance be-
tween patients with pre-operative 2PD scores of 10 mm or
lower and more than 10 mm.

For determining the appropriate sample size, the QDS
was used as the primary outcome. The standard deviation of
DASH scores after CTR is approximately 20 points. Based
on normative data, the inclusion of 29 patients in each group
would provide 80% power and a two-sided alpha of 0.05
based on the Student’s ¢ test. All data were analyzed with
statistical significance defined as a p of 0.05.

Results

Eighty-nine hands in 73 patients (52 women, 21 men) with
both pre- and early post-operative 2PD scores met the inclu-
sion criteria and were analyzed in this study. Demographic
and baseline characteristics reflected those typical of a pop-
ulation with CTS (Table 1). All patients were seen post-
operatively for symptom severity follow-up and 2PD mea-
surements at an average of 2 months (range, 2 weeks to
1 year). Phone follow-up to obtain patient-reported out-
comes scores was performed at more than 6 months after
surgery on 56 patients, with a mean follow-up of 1.8 years
post-surgery (range, 7 months to 4.2 years).

There was no correlation observed between the pre-
operative 2PD score and long-term post-operative LKSSS,
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Table 1 Patient demographics and baseline characteristics CTS carpal
tunnel syndrome

Study population characteristics

Age (years) 68.0+11.0
Sex (M:F) 21:52
Laterality (R:L) 51:38
Mean CTS-6 score 20.4+5.9
Mean in-person follow-up (weeks, range) 7.6 (2-54)

Mean phone follow-up (weeks, range) 95.1 (19-218)

LKFSS, or QDS (Table 2). However, there was further
improvement in LKFSS, LKSSS, and QDS at final follow-
up compared with immediate post-operative scores. Patients
who demonstrated improvement in 2PD scores (higher delta
2PD) in their most affected finger also trended toward great-
er improvement in LKSSS compared with those with no
improvement or worsening in early 2PD scores post-
operatively (1.1 vs. 0.56, p=0.09), although these results
were not statistically significant. Mean improvement in QDS
was also greater in patients with higher delta 2PD scores
compared with those with delta 2PD scores of zero or less
(14.6 vs. 8.6, p=0.35), but this also did not reach statistical
significance.

The mean pre- and early post-operative 2PD score was
7.2 mm (n=60) and 6.4 mm (n=159) in the most affected
radial digit when measurable, respectively. Regression sta-
tistics were computed on the 86 patients with both pre- and
post-operative 2PD scores. There was a positive correlation
between pre- and early post-operative 2PD scores (+* = 0.61,
p<0.001, Fig. 1). Additionally, a higher initial 2PD (up to
10 mm) was associated with greater improvement in 2PD
(higher delta 2PD) post-operatively (> = 0.088, p = 0.006).

Twenty patients had poor static 2PD, greater than
10 mm, at baseline. Patients with higher than 10-mm pre-
operative 2PD score were the least likely to demonstrate
post-operative improvement in 2PD score from baseline,
with only 30% (6/20) of patients demonstrating improve-
ment (p=0.03, Fig. 2). In contrast, 68.8% (44/64) of pa-
tients with measurable 2PD at baseline demonstrated
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improvement after surgery. Patients with pre-operative 2PD
score of more than 10 mm also had the most variable
improvement in early post-operative 2PD scores (Fig. 3)
compared with patients with baseline 2PD of 10 mm or
lower (F=10.167, p=0.002).

Discussion

The results of our study demonstrate that pre-operative 2PD
score was positively correlated with early post-operative
2PD score but that higher pre-operative 2PD scores did not
lead to worse patient-reported outcomes scores at an average
of 1.8 years post-operatively. Patients with pre-operative
2PD score of more than 10 mm were least likely to demon-
strate improvement in 2PD scores at an early post-operative
time point. However, improvement in 2PD score was not
correlated with better long-term patient-reported outcomes
scores following CTR.

Our study has several limitations. Data were collected
retrospectively and as a result, post-operative evaluation of
2PD occurred at variable time points at an average of
2 months following CTR. As improvement in 2PD can take
several months, no definitive conclusions regarding final
2PD can be made from these data. For example, some
patients in all groups demonstrated interval increases in
2PD at early follow-up (Fig. 3a). We believe that this likely
represents early inflammatory changes that might resolve at
later follow-up. However, we believe that symptoms repre-
sent the more important outcome in this setting, and previ-
ous studies have attempted to identify when patients
experience maximal improvement in symptoms post-CTR.
Brown et al. found patients experienced maximal resolution
of paresthesia within 3 weeks of CTR but that functional
status improved more gradually [6]. While we do not know
the time of maximum recovery of 2PD, we believe that post-
operative follow-up at 2 months reflects a clinically relevant
period for tracking patient physical examination and a clin-
ically useful indicator to share with physicians. Another
limitation of our study was our long-term (greater than

Table 2 Carpal tunnel symptom severity as measured by patient-rated outcomes and 2PD score at baseline, immediate post-operative, and at > 1-

year follow-up

Patient-reported outcome Pre-operative

Immediate post-operative Final follow-up

Score N Score N Score N

Mean LK score

SSS score 2.74 £0.70 30 1.94 + 0.66 28 1.17 +£0.54 48

FSS score 2.25+0.82 26 1.89 +0.71 24 1.17+0.47 48
Mean QuickDASH score 39.11 £21.24 53 25.78 +£16.88 71 6.70 +13.06 56
Mean 2PD (mm)

Ist digit 6.7+1.2 65 6.1+1.2 63

2nd digit 6.6+1.3 70 59+1.1 65

3rd digit 6.6+1.2 67 6.0+1.1 60

4th digit 59+1.3 87 58+1.3 69

5th digit 55+1.2 86 5.8+1.2 70

Most affected radial digit, measurable 72+1.1 60 64+1.2 59

LK, Levine-Katz; FSS, functional status score; SSS, symptom severity score
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Fig. 1. Percent of patients demonstrating improvement in 2PD score from pre- to post-operative based on pre-operative most affected digit 2PD

score.

1 year) phone follow-up response rate of only 76.7% (56/73)
with regard to patient-reported outcomes data, which may
have introduced selection bias. However, this follow-up rate
is in line with prior studies in the hand surgery literature
[17]. We believe that this may have skewed our results
toward worse patient-reported outcomes scores, since
asymptomatic patients may have been less likely to respond
to inquiries about surgery.

2PD testing is cost-effective and simple to perform in the
surgeon’s office [10]. This clinical test became widely ac-
cepted after the development of a handheld testing device in
the 1980s. Since that time, 2PD scores have been included in
many studies as an objective measure of denervation and
recovery after nerve repair and decompression [8, 14]. The
test has a high interobserver agreement and correlates with
normative values for innervation density [8, 12, 16].

It remains controversial whether a 2PD score correlates
with symptom severity and function. Some studies have
shown that innervation density as measured by 2PD is
associated with function, and changes in 2PD score are
apparent even in patients with mild CTS [7, 16]. However,
other studies have shown no association between 2PD score
and symptom severity [3]. A seminal study by Gelberman
et al. demonstrated that the while the threshold tests (e.g.,
Semmes-Weinstein monofilament test) consistently demon-
strated gradual decreases in nerve function, 2PD testing
remained normal until almost all sensory conduction had
ceased [11]. Furthermore, Elfar et al. identified that 2PD
score only weakly correlates with electrodiagnostic study
findings [9].

As a result, it is unclear whether 2PD scores can be used to
predict surgical outcome [5]. Some surgeons counsel patients that
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Fig. 2. Variation in post-operative 2PD scores based on pre-operative 2PD score of most affected digit. The higher the pre-operative 2PD score,

the more variable the recovery of 2PD post-operatively.
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Fig. 3. Linear regression comparing pre-operative 2PD score with
post-operative 2PD score (Pearson correlation, 0.780; p < 0.001) dem-
onstrates greater variability in post-operative 2PD scores in those with
pre-operative scores > 10 mm (a); however, this population also dem-
onstrates the greatest post-operative improvement with the greatest
mean delta 2PD (Pearson correlation, 0.288; p =0.006) (b)

when there is constant numbness in a finger (or clinically absent
2PD), there may be no or minimal improvement in this symptom
after CTR. The results of our study suggest that 60% of patients
with pre-operative 2PD score of over 10 mm did not demonstrate
improvement following CTR. Of more clinical relevance, how-
ever, is the finding of our study that pre-operative 2PD score did
not predict patient-reported outcomes in the post-operative peri-
od, although pre-operative 2PD score did correlate with post-
operative 2PD score. In other words, more severe pre-operative
2PD scores predicted more severe post-operative 2PD scores, but
post-operative 2PD scores did not necessarily correlate with
subjective patient-reported outcomes scores.

In conclusion, we identified that patients with pre-
operative 2PD of more than 10 mm have more variable and
decreased ability to recover 2PD after CTR compared with
those with measurements between 5 and 10 mm. We addition-
ally identified that no absolute pre-operative 2PD threshold
predicts patient-reported outcomes after CTR, considering that
there were similar improvements in scores. This suggests that
the examination could potentially be shortened to evaluate
2PD at a threshold at two clinically relevant thresholds: (1)
normal sensation, with testing at 5 mm, and (2) decreased
innervation, with testing at 10 mm. This information could
be useful in pre-operative counseling on recovery of digital
sensation, as well as consistency of patient-reported outcomes.
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