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Background and Objective: Osteoarthritis (OA) is a
common chronic disorder. While research usually focuses
onOA of the large joints, OA of the hand receives relatively
little attention resulting in a lack of a therapeutic gold
standard. Low level laser therapy (LLLT)/photobiomodu-
lation therapy has been successfully used to treat a variety
of medical conditions. Nevertheless, its merits in the
treatment of (hand) OA remain controversial. The aim of
the present study was to examine the longitudinal effect of
LLLT on the three major hand OA symptoms—pain,
swelling, reduced joint mobility—in patients suffering
from Bouchard’s and Heberden’s OA.
Study Design/Materials and Methods: Thirty-four
patients (32 females) aged 61.21� 2.13 years were
administered 5–10 LLLT sessions to 85 joints (47 proximal
and 38 distal interphalangeal joints). Therapy took
place twice a week. Pain (Visual Analogue Scale),
ring size (perimeter in mm), and range of motion
(extension/flexion) were measured at baseline and after
five treatments for all patients, and additionally after
seven sessions and 8 weeks after treatment ended
for patients who received more than five and seven
treatments, respectively. Eighteen patients (37 joints)
received only five treatments, 10 patients (29 joints) were
administered seven treatments, and six patients
(19 joints) were administered 10 LLLT sessions.
Results: LLLT significantly reduced pain and ring size
and increased range of motion after five and seven
treatments (all P’s< 0.001). The effects were very large
(all h2’s> 0.14). No further significant change occurred
between 7 and 10 treatments. The effects achieved after
seven sessions persisted for 8 weeks.
Conclusions: LLLT is a safe, non-invasive, efficient and
efficacious means to reduce pain and swelling and to
increase joint mobility in patients suffering from
Heberden’s and Bourchard’s OA. Further randomized
controlled studies are needed to examine medium- to
long-term effects as well as the ideal LLLT parameters.
Lasers Surg. Med.
� 2016 Wiley Periodicals, Inc.
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INTRODUCTION

Osteoarthritis (OA) is one of the most common chronic
disorders and public health concerns, particularly in the
aging Western societies [1]. OA typically leads to pain and
loss of function of the affected joint thereby reducing
patients’ quality of life and/or ability to work [2,3]. Both
orthopaedic research and clinical efforts tend to focus on
OA of the large joints, such as OA of the knee and hip. In
contrast to that, OA of the hand has received relatively
little attention [4]. Yet hand OA can also have serious
functional consequences, such as pain, swelling, restricted
joint mobility and grip strength, loss of muscle force, and
fine precision pinch as well as cosmetic deformities leading
to activity, and participation limitations [2,5]. As opposed
to OA of the large joints, hand OA mainly affects women
older than 50 years [6]; in the United States, for instance,
approximately 75% of the women aged 60–70 years. suffer
from some type of hand OA [5]. The joints most commonly
involved are the distal interphalangeal (DIP) joints
(Heberden’s nodes/OA), the proximal interphalangeal
(PIP) joints (Bouchard’s nodes/OA) and the carpometa-
carpal (CMC) joint of the thumb [5,6]. Rheumatoid
arthritis (RA) and other rheumatoid conditions affecting
the joints constitute an important differential diagnosis,
particularly of Bouchard’s OA [6].

A variety of treatments for Bouchard’s and Heberden’s
OA are available including analgesics, non-steroidal anti-
inflammatory drugs, the supportive use of orthotics and
adaptive equipment, hand exercises, cold and heat
modalities, intra-articular injections of steroids as well
as surgical procedures (e.g., arthrodesis or even arthro-
plasty) [5,7]. The efficacy and severity of side effects
of these therapies, however, vary and often little is
known about long-term effects—consequently, no single
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treatment approach has been established as the gold
standard so far [5,6].

Low level laser therapy (LLLT), also known as photo-
biomodulation, constitutes an alternative non-invasive
and presumably safe treatment approach to OA [7,8]. The
healing effects of phototherapy have already been demon-
strated 40 years ago—since then, lasers have been used in
the treatment of a variety of disorders, ranging from
musculoskeletal and neurological conditions such as
arthritic pain, neck and lower back pain, tendonitis,
muscle injuries and carpal tunnel syndrome to chronic
wounds, haemorrhoids, and Raynaud’s syndrome [9,10].
LLLT/photobiomodulation is a form of phototherapy using
red or near-infrared lasers with a wavelength between 600
and 1000nm and low power wattage from 5 to 500mW—as
opposed to surgical lasers at 1–200W—and a power
density (irradiance) between 1mW and 5W/cm2. Note,
however, that some high-peak-power-width devices are in
the range of 1–100W with typical pulse-widths of
200ns [11]. The laser light is absorbed by the skin without
any sensation or thermal damage [2,8]. Although the exact
mechanism of its effect still remains tentative, LLLT can
apparently penetrate deeply into tissues where it exerts
its physiological effects at the cellular level. LLLT has
been hypothesized to stimulate cellular repair as well as
the immune, lymphatic and vascular systems by regulat-
ing DNA synthesis, mitochondrial ATP synthesis, and
increasing cellular oxygenation. Further, LLLT has
been suggested to have cartilage stimulatory and anti-
inflammatory effects [7,8].

Despite its extensive use in treating pain of musculo-
skeletal origin, studies on the efficacy of LLLT for the
treatment of OA are not fully conclusive [7,8]. While most
studies investigated the effects of LLLT on knee OA and
yielded mainly positive results [12–15], only few studies
investigated the effects of LLLT on hand OA [2]. In a
randomized controlled trial (RCT), Brosseau et al. found
only few significant areas of improvement, that is,
carpometacarpal opposition, grip strength, and patient
global assessment, in active LLLT patients compared with
shamLLLTpatients [7]. In anotherRCT, however, Paolillo
et al. demonstrated significant pain reduction in hand OA
patients treated with a device combining LLLT with
ultrasound [2]. In sum, the effects of LLLT on hand
OA remain controversial, too, and warrant further
investigation.

The aim of the present studywas therefore to investigate
the longitudinal effect of LLLT on the threemajor handOA
symptoms—pain, swelling, reduced joint mobility—in
patients suffering from Bouchard’s and Heberden’s OA.

MATERIALS AND METHODS

Patients and Study Design

Data collection and treatment took place at an orthopae-
dic centre from November 2013 to October 2015. Inclusion
criteria were clinical evidence of Heberden’s or Bouchard’s
OA as judged by the treating orthopaedic surgeon and
defined both by the presence of typical symptoms, such as

pain, swelling, and restriction of motion, and/or by
radiographic evidence of OA. Patients with RA, bacterial
infection, clinically relevant haematologic or abnormal
clinical chemistry values, bone cancer, metastasis or
tumour-like lesions in immediate proximity to the treated
joint, and poor general health were excluded. For the
duration of the study, patients received no other major
treatments, neither pharmacological (such as nonsteroidal
anti-inflammatory drugs) nor non-pharmacological ones.
All investigations were conducted in conformity with the
ethical standards laid down in the 1975 Declaration of
Helsinki (as revised in 2008), the ethics review board of the
conducting orthopaedic centre approved the study and its
subsequent publication. Participation was voluntary and
informed consent for participation in the study was
obtained.
In total, 34 patients (32 females) aged 61.21� 2.13 years

participated in the study 16 of the patients (38 joints)
suffered from Bouchard’s OA, 12 patients (28 joints) from
Heberden’s OA, and six patients (19 joints) both from
Bouchard’s and Heberden’s OA. The patients were
administered 5–10 LLLT/photobiomodulation therapy
sessions to the leading joint(s) by an orthopaedic surgeon
using the LLLT device as described below. The number of
joints treated varied between one and eight joints per
patient (2.50� 0.26; see Table 1). Both the number of joints
treated and sessions administered was guided by clinical
considerations. There was no placebo control group.
Therapy took place twice a week, and the three outcome
measures (ring size, range of motion, pain) were assessed
for each joint separately at two points of time in all patients
(before treatment started and after five LLLT sessions).
For patients who received seven LLLT sessions, the
outcome measures were additionally assessed at a third
point of time, that is, after seven LLLT sessions. For
patients who received 10 LLLT sessions, outcome was
measured at baseline, after five LLLT sessions, after seven
LLLT sessions, and additionally at a fourth point of time,
that is, 8 weeks after treatment ended. Ring size was
assessed using European ring sizes which correspond
to the perimeter in mm, range of motion (ROM)
was measured following the neutral-null-method
(extension/flexion), and pain was assessed via the Visual
Analogue Scale (VAS) [16] ranging from 0 (no pain) to 10
(most severe pain).

Low Level Laser Therapy (LLLT)/
Photobiomodulation Therapy

The LLLT device used was a Laserneedle Touch,
Orthopaedic- and Sports therapy Version, class IIIb
(Laserneedle GmbH, Glienicke/Nordbahn, Germany).
The device is a diode laser with 10 optical fibres—6 fibres
with a wavelength of 658nm (red) and four fibres with a
wavelength of 785nm (infrared). The chosen modulation
was continuous and the output power at the end of each
fibre was 40mW. Two points per joint (the medial and
lateral intra-articular space) were simultaneously irradi-
ated with a red and an infrared wavelength. The size of the
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respective medial and lateral irradiation point was
0.0016 cm2 each, that is, power density was 25W/cm2.
Treatment time was 20minutes per joint and hand, as
several joints were irradiated simultaneously if necessary.
The device was calibrated by a biomedical technologist. All
patients and treating physicians wore safety glasses.

Statistical Analysis

The Statistical Package for the Social Sciences (SPSS)
Version 17.0 was used for data analysis. Means and
standard errors are reported as M�SE.

The differences between pre- and post-treatment scores
were tested with one-way within subjects analyses of
variance (ANOVA’s) with Bonferroni-corrected post hoc
comparisons. Group differences regarding continuous
variables were assessed by one-way between subjects
ANOVA’s with Bonferroni-corrected post hoc comparisons,
x2 tests were used for dichotomous variables. Associations
between continuous variables were examined using
Pearson’s correlation coefficient.

In all tests, P< 0.05 was considered statistically signifi-
cant. As P-values alone are not exhaustively informative—
particularly when samples are very small or large—we
followed Cohen’s advice to additionally determine effect
sizes [17] using the freely available programme G�Power
3 [18]. According to Cohen’s criteria for the interpretation

of effect sizes, in ANOVA’s h2� 0.14 indicates a large effect,
h2� 0.06 a moderate effect, and h2� 0.01 a small effect. In
x2-tests, the measure of effect size is v, with v� 0.50 a
large, v�0.30 a moderate, and v�0.10 a small effect.
Pearson’s correlation coefficient r itself constitutes a
measure of effect size, with r�0.50 a large, r� 0.30 a
moderate, and r� 0.10 a small effect.

RESULTS

Patients’ Characteristics

In the total sample of N¼ 34 patients, men and women
did not differ with regard to age (men: 56.50� 8.86 years;
women: 61.50� 2.22 years; P¼ 0.59, h2¼ 0.01) or number
of joints treated (men: 2.50�1.10; women: 2.50� 0.28;
P¼ 0.99, h2< 0.001). Sex and type of OA were not
associated (PIP joints: 44 females, 3 males; DIP joints:
35 females, 3 males; P¼0.79, v¼ 0.03). The mean number
of joints treated (Bouchard’s OA: 2.38� 0.39; Heberden’s
OA: 2.33�0.45; both: 3.17� 0.64; P¼ 0.52, h2¼ 0.04) and
age (Bouchard: 63.69� 3.12; Heberden: 57.67� 3.60; both:
61.67� 5.09; P¼ 0.46, h2¼ 0.05) did not differ between
patients suffering from Bouchard’s OA, Heberden’s OA
and both. Age correlated with the number of joints treated
(r¼ 0.30, P¼0.04, one-tailed).
Of the 34 patients, 18 patients (37 joints) received only

five treatments, 10 patients (29 joints) were administered

Fig. 1. Mean VAS (Visual Analogue Scale for pain) scores at baseline, after five LLLT sessions,
after seven LLLT sessions, and at 8-week-follow-up. Note: Error bars indicate standard errors (SE),
P-values were calculated by one-way within subjects analyses of variance (ANOVA’s) and
Bonferroni correctedpost hoc comparisons. �P<0.05; ��P<0.01; ���P<0.001; LLLT,Low level laser
therapy; N, number of joints treated.
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seven treatments, and six patients (19 joints) were
administered 10 LLLT/photobiomodulation therapy ses-
sions. Age, gender, and the number of joints treated did not
differ significantly between these groups, only the type of
OAwas not equally distributed: in patients receiving seven
treatments DIP joints were predominant, whereas PIP
joints prevailed among patients receiving 5 or 10 LLLT
sessions. With regard to the outcome measures, both pre-
treatment VAS scores and range of motion were highest in
the group who was administered 10 LLLT sessions,
whereas pre-treatment ring size did not differ between
the three groups (see Table 1).

Treatment Effects

Regarding the total sample, LLLT/photobiomodulation
therapy significantly reduced pain (P< 0.001, h2¼0.37)
and ring size (P< 0.001, h2¼ 0.55) and increased ROM
after five treatments (p<0.001, h2¼ 0.29; see Table 1 and
Figs. 1–3). The effects were very large.
The same pattern of results emerged in the subsample

analyses regarding patients who received only five LLLT
sessions (VAS: P< 0.001, h2¼0.52; ROM: P< 0.001,
h2¼ 0.35; ring size: P<0.001, h2¼ 0.54), 7 sessions (VAS:
P< 0.001, h2¼ 0.41; ROM: P< 0.001, h2¼0.30; ring size:
P< 0.001, h2¼0.49) and 10 sessions (VAS: P< 0.001,
h2¼ 0.33; ROM: P< 0.001, h2¼ 0.42; ring size: P< 0.001,
h2¼ 0.54; see Table 1 and Figures 1–3). Again, all effects

were unanimously very large. In the seven LLLT group,
post hoc comparisons showed a consistent and significant
improvement of outcome over time, that is, mean differ-
ences of all outcome measures (pain, ring size, range of
motion) were significant between all points of time
(baseline vs. after five sessions, baseline vs. after seven
sessions, and five vs. seven sessions). In the 10 LLLT
group, there was a similar trend, yet no significant
improvement occurred between 7 and 10 treatments,
neither for pain, nor for ring size or range of motion. The
improvement achieved after seven sessions, however,
persisted at 8-week-follow up and descriptively even
intensified.

DISCUSSION

The present study demonstrated highly significant and
positive short-term effects of LLLT/photobiomodulation
therapy on pain, ring size, and range of motion in patients
with Bouchard’s and Heberden’s OA. Subsample analyses
revealed that major improvement in all outcome measures
was achieved after five LLLT sessions, followed by further
improvement after seven LLLT sessions in the group who
received seven treatments. In the group receiving 10 LLLT
sessions, outcome did not further significantly improve
after 10 treatments, yet remained stable at 8-week-follow
up and even showed some trend of improvement. This
pattern of results contradicts the notion put forward by

Fig. 2. Mean range of motion (flexion in 8) at baseline, after five LLLT sessions, after seven LLLT
sessions, and at 8-week-follow-up. Note: Error bars indicate standard errors (SE), P-values were
calculated by one-way within subjects analyses of variance (ANOVA’s) and Bonferroni corrected
post hoc comparisons. For better visibility, the ordinate is truncated at 208. �P<0.05; ��P<0.01;
���P<0.001; LLLT, Low level laser therapy; N, number of joints treated.
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Brosseau et al. [7] who hypothesized that compared with
RA exhibiting acute inflammatory processes chronic pain
conditions, such as OA, require longer treatment of more
than 6 weeks to profit from LLLT. Note, however, that the
size of our only subsample in which 10 LLLT sessions
were administered (N¼ 6 patients, and 19 joints, respec-
tively) was smallest among the three subsamples thus
resulting in a lower power to detect significant differences.
Further, caution seems warranted when interpreting and
comparing the subsample analyses, as the three groups
significantly differed at baseline in some aspects and the
number of treatments administered was not randomly
assigned, but guided by clinical considerations and needs.
As one would, for instance, expect patients receiving the
maximum of 10 LLLT sessions over 5 weeks reported more
pain at baseline than patients receiving fewer treatments.
Somewhat surprisingly at first sight, the same subsample
had the largest, that is, best, ROM at baseline. This might
be either due to the lacking randomization and small
sample size of this group (N¼6 patients), as in small
samples single outliers influence the arithmetic mean to a
greater degree than in larger samples. Alternatively, these
patients could suffer from the most recent osteoarthritis
which is why their joints were most painful, yet still least
restricted in motion. Future randomized studies should
focus on examining the ideal LLLT treatment duration in
Heberden’s and Bouchard’s OA.

Our results are in line with Paolillo et al. [2] who
combined LLLT with ultrasound. The present results are
also reconcilable with Brosseau et al. [7] who admittedly
found only few significant differences between sham and
active LLLT patients, yet demonstrated improvement
over time in both groups with a general tendency for
greater changes in the main outcome measures, such as
pain, morning stiffness, grip strength, and functional
status, in the active LLLT group. Although our longitu-
dinal treatment effects were neither placebo-controlled
nor blinded, there is good reason to believe that they go
beyond pure placebo effects. First, we did not only
demonstrate improvement in a rather subjective out-
come, such as pain, but also in objective outcome
measures, such as ring size and range of motion. Second,
our effects were not only significant, but also very large
according to Cohen’s statistical criteria [17] and thereby
larger than the average placebo effects reported in
comparable studies on the short-term effects of LLLT
on hand OA [2,7]. Nevertheless one might argue that
especially the improvement in VAS pain scores (DVAS of
�1.75 to �1.86 between baseline and the last respective
measurement in the three subsamples) is clinically
rather small. Note, however, that these positive changes
were achieved in a chronic degenerative condition with
no therapeutic gold standard and close to no established
therapeutic options. Bearing that in mind, we consider

Fig. 3. Mean ring size (perimeter in mm) at baseline, after five LLLT sessions, after seven LLLT
sessions, and at 8-week-follow-up. Note: Error bars indicate standard errors (SE), P-values were
calculated by one-way within subjects analyses of variance (ANOVA’s) and Bonferroni corrected
post hoc comparisons. For better visibility, the ordinate is truncated at 45mm. �P<0.05;
���P<0.001; LLLT, Low level laser therapy; N, number of joints treated.

6 BALTZER ET AL.

https://www.researchgate.net/publication/8029019_Randomized_controlled_trial_on_low_level_laser_therapy_LLLT_in_the_treatment_of_osteoarthritis_OA_of_the_hand?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==
https://www.researchgate.net/publication/8029019_Randomized_controlled_trial_on_low_level_laser_therapy_LLLT_in_the_treatment_of_osteoarthritis_OA_of_the_hand?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==
https://www.researchgate.net/publication/8029019_Randomized_controlled_trial_on_low_level_laser_therapy_LLLT_in_the_treatment_of_osteoarthritis_OA_of_the_hand?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==
https://www.researchgate.net/publication/265860143_Synergic_effects_of_ultrasound_and_laser_on_the_pain_relief_in_women_with_hand_osteoarthritis?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==
https://www.researchgate.net/publication/265860143_Synergic_effects_of_ultrasound_and_laser_on_the_pain_relief_in_women_with_hand_osteoarthritis?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==
https://www.researchgate.net/publication/44847045_Statistical_power_ANALYSIS_for_the_Behavioral_sciences?el=1_x_8&enrichId=rgreq-b2eeb45d5a92e078705113e1b2653a2c-XXX&enrichSource=Y292ZXJQYWdlOzI5Mjk0ODU5MztBUzozMjY2MDQxMzY5NjAwMDBAMTQ1NDg3OTkwMjYwMg==


these effects as relevant to patients’ subjective well-
being.
The rather short follow-up interval was another limita-

tion of the present study. Future research should expand
follow-up intervals, as still little is known about long-term
effects of LLLT on OA in general, and on hand OA in
specific [5,6,13]. Furthermore, our results are restricted to
female Bouchard’s and Heberden’s OA patients: almost
93% of our patients were female. This disproportion,
however, is typical of hand OA studies [2,7], as it reflects
the general epidemiology of Bouchard’s and Heberden’s
OA [5,6]. Nevertheless, studies including more male
patients seem desirable to be able to examine the
generalizability of results mostly found in women. Further
research questions to be answered include the ideal site of
LLLT application (joint vs. nerve vs. joint and nerve) as
well as the ideal dosage and wavelength [7].
In conclusion, the present study provides evidence for

LLLT as a safe, non-invasive, efficient, and efficacious
means to reduce pain and swelling and to increase joint
mobility in patients suffering from Heberden’s and
Bourchard’s OA. Further randomized controlled studies
are needed to examinemedium- to long-term effects aswell
as the ideal technical and therapeutic LLLT parameters.
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