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and pain in non-steroidal anti-inflammatory drug-refractory

patients with tenosynovitis

Ah-Ra Choi, M.S."**, Ji-Hyoun Kang, M.D., Ph.D."*, Ki-Jeong Park, M.D."*, Hae-In Lee, M.S."*?,
Tae-Jong Kim, M.D., Ph.D.*?

'Department of Rheumatology, Chonnam National University Hospital, Chonnam National University Medical School, Gwangju,
’BioMedical Sciences Graduate Program (BMSGP), Chonnam National University, Hwasun, °College of Nursing, Chonnam National
University, Gwangju, Korea

Objective: The objective of this study was to evaluate the safety and efficacy of light-emitting diode therapy (LEDT) in the man-
agement of pain and stiffness in patients with refractory hand tenosynovitis to non-steroidal anti-inflammatory drugs.

Methods: A total of 12 patients were enrolled in the study and received LEDT twice a week for four weeks. Sociodemographic,
clinical, and laboratory data were collected, and the visual analog scale (VAS) pain and stiffness scores of each hand were assessed
every two weeks. The thickness of the flexor tendon in the patients hand was evaluated using ultrasonography. To investigate the
molecular effects of LEDT, we measured the expression levels of type III collagen in tendon cells, with and without LEDT treat-
ment.

Results: After undergoing LEDT, participants showed clinically significant improvements in VAS pain scores at weeks 2, 4, and
8 compared to their baseline, and in VAS stiffness scores at weeks 4 and 8. According to the ultrasonography results, there was a
decreasing tendency in tendon thickness for each finger in week 8 compared to the baseline, but the difference was not statistically
significant. No adverse events were reported. Additionally, our results indicated a significant increase in type III collagen levels in
the LEDT group compared to the control group (1.48+0.18 vs. 0.99+0.02, p=0.031), indicating a potential molecular mechanism
for the observed clinical improvements.

Conclusion: LEDT may provide a viable alternative to pharmacological treatments in the future, due to its simple and easy meth-
od of administration.
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INTRODUCTION reported that upper extremities pain disorder is usual, with the
lifetime prevalence of discomfort in the wrist or the hand being

Hand tenosynovitis is a common disorder that affects the 9%~17% [3].
flexor sheaths in the fingers. It is characterized by localized pain, Currently, several therapeutic managements are practiced in
dysfunction, inflammation, and degeneration of soft tissue due clinical circumstances, but their effects are limited. Non-steroi-

to repetitive overuse or injury [1,2]. A population-based study dal anti-inflammatory drugs (NSAIDs) are largely used in the
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treatment of hand tenosynovitis, but are not sufficiently effective
[4]. A few studies explored the therapeutic effect of local corti-
costeroid injections, but they were found to have efficacy only
in 57% of patients, and the relapse rate within one year after the
injections was as high as 56% [5,6].

Recently, several studies have suggested visible light irradia-
tion as an alternative to pharmacological treatments [7-10]. A
literature review on tendon lesions in rats reported that light-
emitting diodes therapy (LEDT) promoted the repair of an in-
jured calcaneal tendons by significantly reducing inflammation
[10]. Martins et al. [8] reported that LEDT played a role in in-
creasing the activity of antioxidant enzymes and levels of inter-
leukin (IL)-10. These results are promising, but they are limited
to animal models and illustrate little about the impact of LEDT
in humans.

To date, the scientific evidence supporting the therapeutic
effect of LEDT remains insufficient. Despite its efficacy in treat-
ing pain and inflammation, little is known about the impact of
LEDT in humans. Since no study has explored the efficacy of
LEDT to those who are unresponsive to NSAIDs, we aimed to
investigate the effectiveness, tolerability, and safeness of LEDT

in hand tenosynovitis patients.

MATERIALS AND METHODS

Population and study design

We evaluated patients who presented with hand tenosynovitis
at the Division of Rheumatology, Department of Internal Medi-
cine at Chonnam National University Hospital, Korea, from Au-
gust 2019 to November 2019. All the participants complained
of hand pain, and none of them exhibited any inflammatory
autoimmune disease, such as rheumatoid arthritis.

The inclusion criteria were: (1) patient age of 30~65 years, (2)
a confirmed diagnosis of hand tenosynovitis by a rheumatolo-
gist, (3) pain with a score of >4 on the visual analog scale (VAS),
(4) a regimen of the prescribed maximal dose of NSAIDs for
2 weeks, and (5) a signed informed consent after a thorough
explanation from the physicians. The exclusion criteria were:
(1) rheumatologic disorders including rheumatoid arthritis, (2)
previous treatment of steroids and/or disease-modifying anti-
rheumatic drugs, (3) photosensitivity or the currently consump-
tion of drugs that increase photosensitivity, (4) pregnant or cur-
rently lactating, and (5) failure to meet the inclusion criteria.

Finally, we included 12 participants in the study. All partici-

pants were provided with informed consent and the study got
approval by the Institutional Review Board/Ethics Committee
of Chonnam National University Hospital (CNUH-2019-251).
This clinical trial for the medical device was approved by the
Korean Ministry of Food and Drug Safety (2019-979).

Study protocol

This study was conducted over 8 weeks, comprising a 4-week
LEDT course and a four-week follow-up course for each patient.
To investigate the effectiveness of LEDT, we evaluated the VAS
scores for pain and stiffness every 2 weeks. We assessed the
VAS score for pain at the time of enrollment (pretreatment) as
well as in week 2 (during treatment), week 4 (immediately after
treatment), and week 8 (4 weeks after treatment). The rheuma-
tologists among the present group of researchers evaluated the
thickness of the flexor tendons in both hands using ultrasonog-
raphy at the time of enrollment (pretreatment) and in week 8 (4
weeks posttreatment). For the entire duration of this trial, the
use of any medication except for NSAIDs is strictly prohibited.

All the patients were planned to undergo two 20-minute
LEDT sessions per week for 4 consecutive weeks. Conventional
LED devices (BELLALUX, MD-031R) with wavelengths of 850
nm and 592 nm were used for therapy (Supplementary Figure 1).

Outcome measures

The primary outcome to demonstrate the efficacy of LEDT
was an alteration in the VAS pain score from the time of enroll-
ment to treatment (week 4). The VAS pain scale ranges from
0 (thoroughly absence of pain) to 10 (worst intolerable pain).
Similarly, the VAS stiffness scale ranges from 0 (thoroughly ab-
sence of stiffness) to 10 (worst intolerable stiffness).

The secondary efficacy outcome was tendon thickness. We
examined the improvements in the indices from the time of
enrollment to 4 weeks after treatment (week 8). Expert rheu-
matologists independently assessed the mean thickness of the
first to fifth flexor tendons of all enrolled patients’ hands us-
ing ultrasonography. Tendon thickness was assessed using the
longitudinal view with images taken around the Al pulley. We
then compared the baseline and posttreatment thickness of each

tendon.

Safety
Safety outcomes were assessed by checking on the presence

and frequency of adverse events during the study. We closely
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watched potential adverse events by asking participants after
each time point and during the follow-up period and marking

their responses on a checklist.

Isolating and culturing human tenocytes
Tissue samples were obtained from patients who had under-

gone arthroscopic rotator cuff repair at our institute and had
provided consent. The supraspinatus tendon tissue samples
were washed with phosphonate-buffered saline and cut into
small pieces. They were then treated with 3 mg/mL of col-
lagenase (Sigma, St. Louis, MO, USA) in Dulbeccos modified
Eagle’s medium (DMEM) at 37°C for 16 hours. After enzymatic
digestion, DMEM was added to suppress collagenase activity,
and the samples were filtered through 70 pum-sized cell strain-
ers. The filtered cell suspension was centrifuged at 1,500 rpm for
5 minutes, and the cell pellets were resuspended and cultured in
low-glucose DMEM (DMEM low glucose; Gibco, Eggenstein,
Germany) supplemented with 10% fetal bovine serum and 1%
penicillin-streptomycin at 37°C in a 5% CO, atmosphere. The
medium was changed every 3 days, and cells at passages 3 or 4
were used in the study. The tenocytes were seeded (5x10%) in
96-well plates and incubated overnight. The medium was then
replaced, and 10 ug/mL of lipopolysaccharide (LPS; Invitrogen,
Waltham, MA, USA) was added to the cells, which were further
incubated for 24 hours. Afterward, the cells were treated with
36 J/cm® of LED with wavelengths of 850 nm and 592 nm for 20

minutes periods over 3 days.

RNA isolation and RT-PCR

After RNA extraction using TRIzol reagent (Invitrogen) fol-
lowing the manufacturer’s protocol, cDNA was synthesized
from 1 pg of total RNA using the QuantiTect Reverse Transcrip-
tion Kit (QIAGEN, Hilden, Germany). Gene expression levels
were quantified by RT-qPCR using the SYBR Green PCR Mas-
ter Mix Kit (QIAGEN). The PCR reaction conditions comprised
an initial step of 15 minutes at 95°C, followed by 55 cycles of
denaturation at 94°C for 15 seconds, annealing at 55°C for 30
seconds, and extension at 72°C for 30 seconds. The Thermal
Cycler Dice Real Time System 11l (Takara, Kusatsu, Japan) was
used for RT-qPCR. The primer sequences used were as follows:
type III collagen fwd:5-GTTTTCAGTTTAGCTACGGC-3;,
rev:5-CTTCAGGGCCTTCTTTACAT-3.
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Statistical analysis

Statistical analyses were conducted using SPSS for Windows
(ver. 20; IBM Corp., Armonk, NY, USA). To identify the efficacy
of LEDT, paired t-tests were used to compare the means at the
time of enrollment with those at diverse time points after the
treatment. We used the Wilcoxon matched-pairs signed rank
test to compare the RNA expression levels between the LPS only
and LPS with LEDT groups and calculated the corresponding
p-values. A p-value of <0.05 was considered statistically signifi-

cant.

RESULTS

The baseline characteristics of the 12 patients with hand te-
nosynovitis enrolled in this study; are described in Table 1. The
mean age of the enrolled patients was 57.08+5.81 years, and the
mean disease duration was 4.83+9.53 months. The mean base-
line VAS score was 7.00+1.21, and the mean VAS stiffness score
was 7.58+0.90. All our patients underwent their assigned LEDT
sessions over 4 consecutive weeks.

Table 2 shows the outcome measurements from the values at
baseline to the values at specific time points. The VAS pain score

significantly improved during week 2 of the treatment (mean

Table 1. Baseline characteristics of 12 patients with hand
tenosynovitis

Characteristic Value

Number 12
Age (yr) 57.08+5.81
Sex (female) 12/12 (100)
Disease duration (mo) 4.834+9.53
Pain VAS (cm) 7.00+1.21
Stiffness VAS (cm) 7.58+0.90
ESR (mm/h) 15.75+9.72
CRP (mg/dL) 0.12+0.14
Rheumatoid factor 8.48+8.17
Anti-CCP (positivity) 0 (0)
Anti-nuclear antibody (positivity) 1(8.3)
Hypertension 2 (16.7)
Diabetes mellitus 1(8.3)
Thyroid disease 3(25.0)
Dyslipidemia 2 (16.7)

Unless otherwise specified, values are presented as meant
standard deviation or number (%). VAS: visual analog scale, ESR:
erythrocyte sedimentation rate, CRP: C-reactive protein, Anti-CCP:
anti-citrullinated protein antibody.
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Table 2. Follow up of outcome measures from baseline to each time point

Mean change from baseline

p-value adjusted by

(95% Cl) SEIE Bonferroni method
Pain VAS
Week 2 -0.583 (-1.008 to -0.159) 0.012 0.036
Week 4 -1.333 (-2.161 to -0.506) 0.005 0.015
Week 8 -1.875 (-2.733 t0 -1.017) 0.001 0.003
Stiffness VAS
Week 2 -0.417 (-0.841 to 0.008) 0.054 0.162
Week 4 -1.083 (-1.871 to -0.295) 0.012 0.036
Week 8 -1.250 (-2.154 to -0.346) 0.011 0.033
Cl: confidence interval, VAS: visual analog scale.
A LED (850 & 592 nm) B LED (850 & 592 nm)
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Figure 1. (A) Slope of VAS pain scores by time in all patients (pretreatment, during treatment, 4 weeks posttreatment). The slope was
significantly reduced at week 8 from the baseline. (B) Slope of VAS stiffness scores by time in all patients (pretreatment, during treatment,
4 weeks posttreatment). The slope was significantly decreased from weeks 4 to 8. Values are shown as the meanzstandard error of the
mean. LED: light-emitting diode, VAS: visual analog scale. *p<0.05, **p<0.01.

change from baseline: -0.583; 95% confidence interval [CI]:
-1.008 to -0.159; p=0.036) and immediately after treatment
(week 4) (-1.333; 95% CI: -2.161 to -0.506; p=0.015) and was
maintained at 4 weeks posttreatment (week 8) (-1.875; 95% CI:
-2.733 to -1.017; p=0.003). The VAS stiffness score saw a sig-
nificant decrease in weeks 4 (-1.083; 95% CI: -1.871 to —0.295;
p=0.036) and 8 (-1.250; 95% CI: -2.154 to -0.346; p=0.033) as
compared with the baseline. After LEDT, the VAS pain slope of
all participants was significantly reduced at week 8 as compared
with the baseline (p<0.05) (Figure 1A). The VAS stiffness slope
significantly decreased from weeks 4 to 8 (p<0.05) (Figure 1B).
Following LEDT, there was a decreasing tendency in flexor
tendon thickness for each finger in both hands during week 8
compared to the baseline. Nevertheless, when comparing the

baseline and week 8 values, the change was not statistically sig-

nificant (data not shown). Notably, there were no adverse events
or dropouts in this study.

To investigate the molecular effects of LEDT, we measured
the expression levels of type III collagen in tendon cells. Our
results showed a significant increase in the levels of type III col-
lagen in the LPS with LEDT group compared to the LPS-only
group (meanztstandard error of mean, 1.48+0.18 vs. 0.99+0.02,

p=0.031, as shown in Figure 2).

DISCUSSION

We found a meaningful reduction in pain and stiffness in
patients with hand tenosynovitis after LEDT. The treatment was
well tolerated, and no adverse events were reported.

Our study demonstrated that hand pain and stiffness were
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Figure 2. Comparison between LEDT (-) and LEDT (+) group in
levels of type Il collagen. Tissue samples were collected from
the supraspinatus tendon undergoing arthroscopic rotator cuff
repair. Then, tenoctyes were isolated and cultured according
to the protocol. All the cells used were at passages 3 or 4. To
determine the effect of LEDT, tenocytes were stimulated by
lipopolysaccharide with or without LEDT. After stimulation, the
levels of RNA expression of collagen type Ill in each tenocyte were
measured by quantitative polymerase chain reaction. LEDT: light-
emitting diodes therapy. *p<0.05.

significantly reduced in patients with hand tenosynovitis who
were refractory to NSAIDs treatment after LEDT. Most previous
trials of hand tenosynovitis have been based on pharmacologi-
cal or invasive interventions. NSAIDs have been selected by
physicians as the initial treatment, but their effects are limited,
and adverse events and patients’ underlying conditions must be
considered [4]. A recent systematic review found that only half
of the patients had effective results after corticosteroid injec-
tions [5], and over half had recurrence within several months of
the injections [6]. In addition, adverse events of glucocorticoid
injections are uncommon, but contain permanent pigmenta-
tion change at the location of injection, fat necrosis, infection,
and tendon rupture [11]. Considering steroid injection, it may
have certain limitations that need to be taken into account. On
the other hand, we performed LEDT as a nonpharmacological
and noninvasive treatment in hand tenosynovitis patients. We
evaluated patients at multiple time points to explore the efficacy
of LEDT and found that it may have a crucial role in improve-
ment of pain and stiffness in patients with hand tenosynovitis.
Remarkably, we did not find any adverse events of LEDT. This
study suggests that LEDT could be a useful and safe therapeutic
modality in clinical practice.

Several studies have described the effect of LEDT on teno-

cytes in murine models [12,13]. In a progressive osteoarthritis
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rabbit model, low-level laser therapy slowed down the degrada-
tion of type II collagen and aggrecan [13]. In another animal
study, LEDT induced type III collagen production, which is
a vital step in tendon healing [12,14]. In the present study, we
measured type III collagen RNA levels of tendon structural
molecules and found that they increased after LEDT. This result
agreed with those of previous research, which demonstrated
that LEDT might enhance the healing process by increasing
collagen molecules in damaged tendons. Taken together, our
results indicate that LEDT shows an effect that promotes the
formation of collagen fibers. Therefore, this outcome could be a
pathophysiological basis for clinical improvement.

Despite these promising findings, this study has some limita-
tions. First, the participants could recognize their therapies,
and they can have great expectations for treatment advantages,
such as a placebo effect, might have affected the assessments of
this result because of the lack of patients blinding. Additionally,
other factors such as education and warnings for avoidance of
hand use could have influenced the outcome. Second, this study
included a small number of patients who could not be repre-
sentative of all hand tenosynovitis patients. To overcome these
limitations, we undertook an independent investigation utilizing

objective scientific measures, including tenocyte experiments.

CONCLUSION

In conclusion, although this study did not establish an op-
timal treatment regimen due to limitations in sample size and
treatment variables such as number of sessions and treatment
interval, the results suggest that LEDT may be a useful alterna-
tive treatment modality for refractory hand tenosynovitis. Fur-
ther research with larger sample sizes and controlled treatment

regimens may provide more definitive results.

SUPPLEMENTARY DATA
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