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Objective. Chronic low back pain is an overwhelming problem for a wide range of people and leads to tactile acuity deficits. We
aimed to investigate the correlations among age, pain severity, disability, and tactile acuity in patients with chronic low back pain
by using multiple tactile acuity tests. Methods. A total of 58 participants (36.40 + 14.95 years) with chronic low back pain were
recruited, and two-point discrimination, point-to-point test, and two-point estimation were performed on their painful low back
areas. The correlations between age, pain intensity, disability, and tactile acuity were characterized with Pearson’s correlation
coeflicients. Subgroup analyses according to the median values of age, pain intensity, and disability were used to compare the
intergroup difference in tactile acuity. Results. Results illustrated significant negative associations among age, pain intensity,
disability, and tactile acuity. Subgroup analyses revealed that patients with below-the-median values of age, pain intensity, and
disability had better performance in tactile acuity tests than those with above-the-median values. Conclusion. This study indicated
that tactile acuity was negatively associated with age, pain intensity, and disability in young patients with chronic low back pain.

1. Introduction

Tactile acuity, a perception function of touch stimulation,
includes central and peripheral neural mechanisms [1]. The
primary sensory cortex (S1), the area responsible for tactile
acuity, modulates touch signals that are transmitted from the
Merkel disc, a cutaneous serotonergic synapse [2, 3].
Chronic pain is accompanied by cortical alterations that can
be reflected by a reduction in tactile acuity [4]. Tactile acuity
tests are regularly used to provide insights into the tactile
abilities of healthy and diseased populations and to explore
pain-related somatosensory changes indirectly. Typical
tactile acuity tests include force detection with calibrated
monofilaments, which are simple but fragile and can be

distorted after multiple uses, and body image drawings that
preclude quantitative analysis [5-7]. Two-point discrimi-
nation (TPD), two-point estimation (TPE), and point-to-
point test (PTP) are other classical spatial discrimination
tests that provide reliable and repeatable measures [8-10].
Our previous study confirmed that TPD, PTP, and TPE tests
had good intrarater reliability and moderate-to-good
interrater reliability in patients with chronic low back pain
(CLBP) at different ages. These three measurements have
good clinical applicability [8]. Although other tests, such as
electroencephalography and functional magnetic resonance
imaging, directly reflect related cortex changes, they are not
conducive to clinical promotion because of their compli-
cated operation and high cost [8, 11, 12].
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Tactile acuity is known to diminish with age in healthy
populations due to mechanoreceptor loss [13-15]. Tactile acuity
deficits have been confirmed as characteristics of chronic pain
conditions, including arthritis, complex regional pain syndrome,
and frozen shoulder, which are accompanied by the cortical
reorganization of SI [4, 16]. Studies proved that exercise can
improve pain [17-19]. Motor control training combined with
tactile acuity training can improve patients’ motor control and
sensory discrimination abilities [20]. Additionally, Luomajoki
and Moseley found that the threshold of low back TPD was
greater in patients with CLBP than in healthy controls and that a
larger TPD threshold at the back relates to worse voluntary
lumbopelvic control [21]. It indicates that tactile acuity training
has the potential for sensory rehabilitation of CLBP. Extensive
evidence suggests that CLBP is accompanied with cortical
changes, altering S1 representation by approximately 2 cm or by
neurons at different levels and regions [21-23]. Some studies
show that the extent of cortical change is linked to pain intensity
[23-26]. These studies indicate that potential associations exist
among age, pain severity, disability, and tactile acuity. However,
these associations are incompletely understood because most
related studies were limited to TPD testing, which is prevalent
but flawed [27, 28]. Depending on TPD alone seems insufficient
for quantifying tactile acuity reliably [9, 29].

CLBP is an overwhelming problem in a wide range of
people and leads to sensory deficits. Although a preliminary
study demonstrated that the intra and interrater reliabilities of
TPD, PTP, and TPE on the level of the fifth lumbar vertebrae
(L5) are moderate to good, it did not describe in detail the
correlations between tactile acuity and its influencing factors,
such as age, pain severity, and disability, therefore leaving the
question open for investigation [8]. Thus, this study aimed to
investigate the correlations among age, pain severity, dis-
ability, and tactile acuity in patients with chronic low back
pain by using multiple tactile acuity tests.

2. Methods

2.1. Study Design. The study design in this research is cross-
sectional.

2.2. Setting. This study was performed in Shanghai Shangti
Orthopaedic Hospital from December 2018 to May 2019. And
the data collection was completed by the author ] Wang, re-
ducing the potential for error caused by different operators.

2.3. Participants. All the participants were recruited through
posters from Shanghai University of Sport, Shanghai Shangti
Orthopaedic Hospital, and nearby communities. As a result,
58 participants with CLBP (36.40+14.95 years,
168.47 +£7.95 cm, and 65.84 + 10.52 kg) completed the study.
The eligibility criteria included [1] between the ages of 18
and 65 years; [2] the persistent presence of CLBP lasting at
least 50% of the time during the past 6 months [3, 8];
unilateral lumbar pain covering L5; and [4] normal upper
limb motor function. The exclusion criteria were [1] a state
of serious psychiatric conditions or cognitive impairment
that would interfere with the understanding of the study
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procedures or [2] spinal surgery history. The study was
approved by the research ethics committees of Shanghai
University of Sport and was registered in the Chinese
Clinical Trial Registry (ChiCTR2100043940). Every partic-
ipant signed an informed consent form in advance.

2.4. Data Measurement. We included the following outcome
measures before the experiment: age, pain intensity, and
disability. For pain intensity, the participants reported their
general pain, maximum pain, and pain unpleasantness
during the past 3 months. A numerical rating scale that
ranged from 0 (“no pain”) to 10 (“the worst pain”) was used
as the scoring standard to quantify pain intensity. Disability
was measured by using the Oswestry Disability Index (ODI)
and the Roland-Morris Disability Questionnaire (RMDQ),
which both have good validity and reliability [30-32]. High
scores on the ODI and RMDAQ indicate severe dysfunction.

2.5. Tactile Acuity Measurement. The participants were
positioned comfortably in a prone position with their lower
back exposed. TPD, PTP, and TPE were performed on every
participant along the horizontal line at the L5 level of the
painful side by using caliper rulers (Powerfix, digital caliper:
722855; precision: 0.01 mm).

In TPD, the minimum distance to perceive two points
instead of one was measured. The TPD test was performed in
the order of ascending (A-TPD) or descending (D-TPD)
methods in accordance with previously published research
[8]. In A-TPD, the caliper was initially started with a 20 mm
separation between its tips and increased by 5mm incre-
ments until the participant reported only one point. The
A-TPD threshold was repeated 3 times to obtain the average
ascending value, which was the initial distance of the caliper
tips in the subsequent D-TPD test. The D-TPD threshold
was also repeatedly confirmed three times.

In PTP, a caliper was used to measure the distance
between the stimulus point of the examiner and the veri-
fication point of the participant in accordance with a pre-
vious study [8, 10]. The examiner lightly and randomly
touched one of the stimulus points. Then, the participants
were instructed to point out the locations with a pen as
accurately as possible. The distance between the stimulus
point touched by the examiner and the one touched by the
participant was measured three times for the PTP.

TPE, a novel diagnostic measurement for tactile acuity,
compares the stimulation distance with the distance esti-
mated by the participant and was performed in accordance
with a previous study [8]. In this session, two mechanical
calipers were utilized: one by the examiner and one by the
participant. The examiner performed a tactile test along the
L5 horizontal level with a 120 mm initial stimulation dis-
tance. The participants were instructed to match the distance
that they felt by using another caliper that only displayed the
backside. The TPE threshold was defined as the difference
between 120 mm and the distance matched by the partici-
pant. This test was also repeated three times, and the average
TPE value was obtained.
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The abovementioned tests were conducted in random
order. Low A-TPD, D-TPD, PTP, or TPE thresholds indicate
great tactile acuity. The intra and interrater reliabilities of
TPD, PTP, and TPE on the low back area are moderate to
good [8, 10].

2.6. Sample Size Calculation. With the type I error at 5%, the
statistical power at 80% and the effect size at 0.36 (medium
magnitude), 55 subjects at least should be included in this
study, which was calculated by G*Power 3.1 software [33].

2.7. Statistical Analysis. SPSS version 20.0 (SPSS 3 Inc.,
Chicago, IL, USA) was used for statistical analyses. All data
in this study were normal distributed. The associations
among age, pain intensity, disability, and tactile acuity (i.e.,
A-TPD, D-TPD, PTP, and TPE) were characterized by using
Pearson’s correlation coefficients. The r value was calculated
according to the results of previous research (nonexistent,
0.00-0.09; small, 0.10-0.29; medium, 0.30-0.49; large,
0.50-0.69; very large, 0.70-0.89; nearly perfect, 0.90-0.99;
and perfect, 1.00) [34]. For subgroup analyses, the 58 par-
ticipants were equally divided into the above and below-
median groups in terms of age (median = 32 years), general
pain intensity (median=4), maximum pain (median =5),
pain unpleasantness (median = 7), ODI (median = 21.5), and
RMDQ (median=6), respectively. Independent-sample T
test was applied to compare the intergroup difference of
tactile acuity. P <0.05 was statistically significant.

3. Results

3.1. Demographics and Clinical Characteristics. The char-
acteristics of the participants with CLBP are summarized in
Table 1. The median values of age, maximum pain, general
pain, pain unpleasantness, ODI, and RMDQ were 32 years,
5, 4, 7, 21.5, and 6, respectively.

3.2. Age and Tactile Acuity. The results of Pearson’s corre-
lation analysis between age and tactile acuity are presented in
Table 2. Medium-to-large positive correlations were ob-
served for age and tactile acuity. The results indicated that
age had medium-positive correlations with D-TPD
(r=0.345, P = 0.008) and A-TPD (r=0.42, P = 0.001) and
had large-positive correlations with PTP (r=0.617,
P<0.001) and TPE (r=0.611, P<0.001).

3.3. Maximum Pain and Tactile Acuity. The results of
Pearson’s correlation analysis between maximum pain and
tactile acuity are given in Table 2. Medium-to-large positive
correlations were observed for maximum pain and tactile
acuity. The results indicated that maximum pain had me-
dium positive correlations with D-TPD (r=0.331,
P=0.011), A-TPD (r=0.385, P =0.003), and TPE
(r=0.449, P<0.001) and had a large-positive correlation
with PTP (r=0.565, P <0.001).

TaBLE 1: Participant characteristics.

Total (n=58)

36.40 (14.95)
168.47 (7.95)
65.84 (10.52)

Age (years)
Height (cm)
Weight (kg)

BMI (kg/m?) 23.18 (2.59)
Waistline (cm) 88.50 (15.13)
D-TPD 64.36 (8.30)
A-TPD 61.33 (7.44)
PTP 35.30 (8.06)
TPE 57.67 (16.62)
NRS
Maximum pain 5.12 (1.29)
General pain 4.02 (1.29)
Pain unpleasantness 6.50 (1.19)
Disability
ODI 20.93 (7.25)
RMDQ 6.97 (3.37)

Notes: *Values as mean (standard deviation); D-TPD = two-point dis-
crimination test performed in a descending manner; A-TPD = two-point
discrimination test performed in an ascending manner; PTP = point-to-
point test; TPE=two-point estimation; BMI=body mass index;
NRS =Numerical Rating Scale; ODI=Oswestry Disability Index;
RMDQ = Roland-Morris Disability Questionnaire.

3.4. General Pain and Tactile Acuity. The results of Pearson’s
correlation analysis between general pain and tactile acuity
are depicted in Table 2. Medium-to-large positive correla-
tions were observed for general pain and tactile acuity. The
results indicated that general pain had medium-positive
correlations with TPD (r=0.355, P =0.006), A-TPD
(r=0.387, P =0.003), and TPE (r=0.467, P<0.001) and
had a large positive correlation with PTP (r=0.598,
P <0.001).

3.5. Pain Unpleasantness and Tactile Acuity. The results of
Pearson’s correlation analysis between pain unpleasantness
and tactile acuity are provided in Table 2. Medium-to-large
positive correlations were observed for pain unpleasantness
and tactile acuity. The results indicated that pain unpleas-
antness had medium-positive correlations with D-TPD
(r=0.314, P =0.016), A-TPD (r=0.408, P =0.001), and
TPE (r=0.48, P <0.001) and had a large-positive correlation
with PTP (r=0.572, P <0.001).

3.6. ODI and Tactile Acuity. The results of Pearson’s cor-
relation analysis between ODI and tactile acuity are illus-
trated in Table 2. Medium-to-large positive correlations were
observed for ODI and tactile acuity. The results indicated
that ODI had medium-positive correlations with D-TPD
(r=0.387, P = 0.003) and A-TPD (r=0.389, P = 0.003) and
had large-positive correlations with PTP (r=0.597,
P<0.001) and TPE (r=0.573, P <0.001).

3.7. RMDQ and Tactile Acuity. The results of Pearson’s
correlation analysis between RMDQ and tactile acuity are
given in Table 2. Medium-to-large positive correlations were
observed for RMDQ and tactile acuity. The results indicated
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TaBLE 2: The correlations among age, pain severity, disability, and tactile acuity.
D-TPD A-TPD PTP TPE
Age 0.345 (0.008) 0.420 (0.001) 0.617 (<0.001) 0.611 (<0.001)

Maximum pain 0.331 (0.011)
General pain 0.355 (0.006)
Pain unpleasantness 0.314 (0.016)
ODI 0.387 (0.003)

RMDQ 0.314 (0.016)

0.385 (0.003)
0.387 (0.003)
0.408 (0.001)
0.389 (0.003)
0.41 (0.001)

0.565 (<0.001)
0.598 (<0.001)
0.572 (<0.001)
0.597 (<0.001)
0.601 (<0.001)

0.449 (<0.001)
0.467 (<0.001)
0.48 (<0.001)
0.573 (<0.001)
0.542 (<0.001)

Notes: *Values as r (P) of Pearson’s correlation coefficients; D-TPD = two-point discrimination test performed in a descending manner; A-TPD = two-point
discrimination test performed in an ascending manner; PTP = point-to-point test; TPE =two-point estimation; ODI=Oswestry Disability Index;

RMDQ = Roland-Morris Disability Questionnaire.

that RMDQ had medium-positive correlations with D-TPD
(r=0.314, P = 0.016) and A-TPD (r=0.41, P = 0.001) and
had large-positive correlations with PTP (r=0.601,
P <0.001) and TPE (r=0.542, P <0.001).

3.8. Subgroup Analysis Results. For the median age, the
tactile acuities of the abovemedian groups were significantly
worse than those of the belowmedian groups (P <0.001)
(Figure 1). For maximum pain, general pain, and pain
unpleasantness, the tactile acuities of the abovemedian
groups were significantly worse than those of the below-
median groups (P<0.05) (Figures 2-4). However, the
D-TPD for median pain unpleasantness (P = 0.078) was
close only to marginal significance. For ODI and RMDQ, the
tactile acuities of the abovemedian groups were significantly
worse than those of the belowmedian groups (P <0.001)
(Figures 5 and 6).

4. Discussion

We assessed the associations among age, pain severity,
disability, and tactile acuity in CLBP. Our results showed
that tactile acuity was significantly associated with the
abovementioned indicators and that tactile acuity tended to
be better in those who were younger, had lower pain severity,
and had lower CLBP-related disability than in other
participants.

Consistent with the results of Falling and Mani [35], our
results confirmed that age demonstrated significant negative
correlations with tactile acuity in CLBP. Similarly, other
investigations on the effect of aging on perception have also
shown that spatial acuity saliently declines with age [36, 37].
The well-documented loss of tactile acuity with age can be
explained by a range of potential mechanisms, such as
mechanoreceptor loss and high cortical excitability [36, 38].
Age is known to affect the mechanical, physical, and neu-
rophysiological properties of the skin (e.g., the detection,
transmission, or interpretation of passive sensory stimula-
tion) [14]. By using electrical median nerve stimulation,
Lenz et al. confirmed that intracortical inhibition in human
SIsignificantly declines in the elderly and that the significant
age-related enhancement in cortical excitability is linked to
acuity deterioration [38]. Thus, for older patients with
chronic low back pain, the influence of age on tactile acuity
should be recognized and interventions to interfere with age-

related changes of perception, such as modulation of cortical
excitability [38], should be emphasized.

Adamczyk et al. stated that “the greater the intensity of
pain, the worse the tactile acuity” [39]. Our study also found
that pain severity, in terms of maximum pain, general pain,
and pain unpleasantness, had an overall negative effect on
tactile acuity, although in the above-median group, pain
unpleasantness simply exhibited a trend of worsening
D-TPD. Adamczyk et al. were the first to demonstrate that
nociceptive pain itself is the contributor of tactile acuity
changes in chronic and acute low back pain [39]. Some
studies have found that an alteration in tactile acuity is
linked to the duration and severity of suffering pain
[9, 40, 41]. The touch-gate theory, which is similar to the pain
gate-control theory, has been used to explain tactile acuity
deterioration, and sensory thresholds have been reported to
increase when suffering noxious stimulation [39, 42]. It was
found that the extent of cortical reorganization has been
associated to both pain severity and a reduction in tactile
acuity [24, 26]. Therefore, this suggests a potential response
of tactile acuity to pain recovery [43].

Our results showed that tactile acuity in the back area of
those with CLBP was significantly associated with low-back
function as reflected by ODI and RMDQ. That is, partici-
pants with less low-back dysfunction (below-median groups
of ODI and RMDQ) were expected to have better tactile
sensitivity and discrimination than the other participants. It
has been confirmed that tactile acuity relates to voluntary
lumbopelvic control, and weak proprioceptive acuity is a
contributor to disability [21]. Similarly, previous studies
have confirmed the association of tactile acuity and hand
function [37, 44, 45]. For example, people with knee or hand
osteoarthritis have impaired spatial sensitivity and experi-
ence great difficulties in tasks requiring fine and dexterous
manipulations [40, 46]. Future studies are also expected to
examine whether interventions targeting weak tactile acuity
can effectively improve low-back function in those with
CLBP.

Our study has several strengths. First, the multidi-
mensional correlation of tactile acuity in CLBP was evalu-
ated in terms of age, pain severity, and disability. Second,
tactile acuity was evaluated in detail by using a succession of
tests. As a result, we obtained relatively similar results with
different tests, thus enhancing the persuasiveness of the
conclusion. Third, our study provided robust and novel
evidence concerning associations among age, pain severity,
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FiGure 1: Tactile acuity for median age in the abovemedian group versus the belowmedian group. (a) D-TPD, (b) A-TPD, (c) PTP, and
(d) TPE. The median of age was 32 years. D-TPD = two-point discrimination test performed in a descending manner; A-TPD = two-point
discrimination test performed in an ascending manner; PTP = point-to-point test; TPE = two-point estimation.
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FIGURE 2: Tactile acuity for median maximum pain in the abovemedian group versus the belowmedian group. (a) D-TPD, (b) A-TPD,
(c) PTP, and (d) TPE. The median of maximum pain was 5. D-TPD = two-point discrimination test performed in a descending manner;
A-TPD =two-point discrimination test performed in an ascending manner; PTP = point-to-point test; TPE = two-point estimation.
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disability, and tactile acuity via subpopulation analyses of
median values.

This study also has several limitations. In this experi-
ment, the participants had a limited age range (36.4 + 14.95
years) and were mainly young adults. The data on children
and the elderly were lacking. Therefore, demographic dif-
ferences in these unmeasured populations may still exist.
Another limitation is that all our test methods were pe-
ripheral test methods that cannot directly reflect structural
and functional cortical reorganization in patients. Thus,
turther studies can be carried out by using neuroimaging
techniques, such as electroencephalography and functional
magnetic resonance imaging, to obtain further explanations.
In addition, other body factors, such as body mass index and
emotional state, may contribute to the difference in tactile
acuity, which should also be confirmed in subsequent
studies. Our study only used bivariate estimation without
adjusting the abovementioned covariates. We hope that
tuture studies will use multiple linear regression analysis to
adjust for confounding factors.

5. Conclusions

In conclusion, our findings confirmed negative associations
among age, pain severity, disability, and tactile acuity in
patients with CLBP. Severe CLBP was associated with
worsening tactile acuity. Specifically, CLBP patients with
advanced age, severe pain, and severe dysfunction may
experience a significant deterioration in tactile acuity.
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