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To clarify the efficacy of holmium: yttrium-aluminium-garnet (Ho: YAG) laser therapy for arthroscopic
synovectomy of rheumatoid arthritis (RA), we treated 13 shoulders of 11 RA patients of whom 1 was stage I, 7
stage I, 2 stage III, and 1 stage IV. The duration of RA is 4.6 years on average and the follow-up period is an av-
erage of 14 months. The Ho: YAG laser was set at 10 Watt (W) to treat the bone erosion areas so as to reach the
deep zones of the pannus in order to resect the synovium. We compared C-reactive protein (CRP), Disease activ-
ity score (DAS) 28 and magnetic resonance image (MR]) findings before and after surgery. We cultured primary
synovial cells to assay cytokine production of interleukin (IL)-18, IL-6 and tumor necrosis factor (TNF)-a. Morpho-
logical examination was performed after treatment with the Ho: YAG laser at 0, 1, 5, 10, 15 and 20 W. We found
villous synovium proliferation with vascularity in the rotator interval and supra spinatus tendon in the shoulder
joints. In the subacromial bursa, yellow fat tissue and white fibrous soft tissue were detected in almost all shoul-
ders. After synovectomy using the Ho: YAG laser, CRP decreased from an average of 3.6 to 0.8 and DAS28 also
decreased from an average of 5.4 to 3.7 at 14 months after surgery. MRI showed decreased panni with synovium
and did not precede joint destruction after 14 months in 10 shoulders out of 13 (77%). At 20 W of the Ho: YAG la-
ser treatment,the synovial cells shrank as in apoptosis and the number of cells also decreased. Laser treatment
also resulted in the following significant changes: TNF-o production increased at 1, 10, 15 and 20 W (compared
with 0 W) but not dose dependently; IL-18 and IL-6 increased up to 10W (compared with OW) but decreased at 15
and 20 W (compared with 10 W). In morphological examination, after treatment with the Ho: YAG laser at 15 W,
the synovial cells expanded and the number of cells decreased. Therefore, Ho: YAG laser therapy is effective for
arthroscopic synovectomy, especially in treating pannus in bone erosion. We used 10 W for 5 seconds in each
area where it could effectively decrease pannus formation.
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Introduction

Synovial proliferation plays a critical role in the
development of rheumatoid arthritis (RA). Arthro-
scopic synovectomy is one of the surgical methods
to remove synovium by a less invasive procedure.
However, the effect of synovectomy is thought to
be insufficient by itself recently. The term LASER
is an acronym standing for light amplification by
stimulated emission of radiation. The atomic theo-
ries leading to the discovery of lasers were estab-
lished by Einstein in 1917". The concept of using la-
ser energy for medical applications dates from the

early 1960s, when Theodore Maiman built the first
laser and found that a ruby crystal, when stimu-
lated by a flash lamp, emitted red laser light at a
specific wavelength of 069 um?. This laser was
used in ophthalmology for photocoagulation and set
the stage for the development of additional laser
wavelengths for use in all types of medical applica-
tions. Lasers have been used in orthopaedics since
the mid-1980s, primarily for arthroscopic proce-
dures”. Surgical lasers fall between the longest and
shortest wavelengths, in the infrared, visible, and ul-
traviolet portions of the electromagnetic spectrum.
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Table Patients list of Ho-Y AG laser treatment of shoulder

cases gender age stage class medicine
K.S. M Ay I I MTX
H.O. (blt) F 72y m il Bu
KM. M 77y I I MTX
SK. M 66 y I I PLS
Y.0. F 50y I I Bu
K.M. F 62y I il MTX, PLS, IFN
AL F 67y I\ m MTX
K.K. (blt) F 60y I I MTX, PLS
M.H. F 66 y I I MTX, ETN
N.O. M 49y I I MTX, PLS, IFX
KS. F 51y I I Bu

i

Fig. 1 Ho: YAG laser instruments
A: Ho: YAG laser from NIIC, B: Laser fiber at the tip of
Ho: YAG laser.

Today, several surgical lasers are commercially
available. The most frequently used medical lasers
are the carbon dioxide (COs,), argon ion, krypton ion,
holmium: YAG (Ho: YAG), neodymium: YAG (Nd:
YAG), doubled neodymium: YAG (KTP), helium
neon (HeNe), visible dye, and excimer laser (XeF,
XeCl, KrF, ArF). The Ho: YAG laser emits light at a
wavelength of 21 pm and can be transmitted
through conventional optical fibers. The Ho: YAG
laser has the ability to precisely and rapidly resect,
cut, coagulate, vaporize and ablate cartilaginous tis-
sues. It causes a minimal amount of thermal necro-
sis while providing superior hemostatic control”.
This laser can function in a saline medium and may
be used in direct contact with the tissue, however a
near contact made with a free beam is typically util-
ized”. In clinical studies, excellent results were re-

ported after performing menisectomy using the Ho:
YAG laser. Fanton and Dillinham noted less postop-
erative pain and swelling with a quicker return to a
full range of motion when comparing laser menisec-
tomies to conventional menisectomies”. Lane et al
also compared the clinical efficacy of the Ho: YAG
and CO; lasers with that of mechanical techniques
in arthroscopic debridement of the knee and re-
ported similar results without statistical signifi-
cance”. However, there is no report about Ho: YAG
laser treatment in arthroscopic surgery for RA.
Here we used the Ho: YAG laser to treat bone ero-
sion areas to assess whether it is effective for treat-
ment of arthroscopic synovectomy in the shoulders
of RA patients.
Patients and Methods

We performed shoulder arthroscopic synovec-
tomy on 13 shoulder joints in 11 patients of RA, in-
cluding 1 in stage I, 7 in stage II, 2 in stage III, and 1
in stage IV. The disease duration of RA is an aver-
age of 4.6 (range, 2.5-13) years and the follow-up pe-
riod is an average of 14 months. We compared C-
reactive protein (CRP), disease activity score (DAS
28) and MRI findings before and after surgery.
Those patients who were taking disease-modifying
( DMARDs )
methotrexate (MTX) numbered 7, bucillamine 3,

antirheumatic  drugs including
steroids 4, infliximab 2 and etanercept 1 (Table) .
We used a 40-mm arthroscope, VAPR (VAPR;
Mitek, Norwood, MA) and a shaver for synovec-
tomy. The Ho: YAG laser was set at 10W to the
bone erosion areas so as to reach the deep zones of

the pannus in order to resect the synovium (Fig. 1).
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Fig. 2 Arthroscopic finding of a shoulder joint
A: Gleno-humeral joint. B: Synovial proliferation at rotator interval. C: Ho: YAG laser treat-
ment at pannus around bone erosion. D: Ho: YAG laser treatment around limbs of glenoid for
synovectomy.

We got informed consent from patients to perform
this study.

1. Arthroscopic procedure by using the Ho:
YAG laser

After placing the patient in the beach-chair posi-
tion under general anesthesia, the shoulder was ma-
nipulated to assess the range of motion in flexion,
external rotation at 0 degrees abduction, external
rotation at 90 degrees abduction, and internal rota-
tion at 90 degrees abduction. After introducing the
4-mm arthroscope through a standard posterior
portal and performing initial diagnostic ar-
throscopy, we created an anterior portal just supe-
rior to the subscapularis tendon using the outside-in
technique in order to facilitate maneuvers by in-
struments such as the shaver and a radiofrequency
instrument. After arthroscopically observing the
joint, we moved the scope into the subacromial
space via a lateral and antero-lateral portal, shaved
the synovium in the subacromial bursa, and care-
fully observed the rotator cuff. Then, we placed the
scope into the gleno-humeral joint to precede the

capsular release. We removed the synovium just

next to the labrum using the radiofrequency instru-
ment and shaver before using the Ho: YAG laser.
Around the labrum on the pannus, we treated the
bone erosion and synovial proliferation areas with
the Ho: YAG laser at 10 W for 5 seconds after ar-
throscopic synovectomy (Fig. 2).

2. Postoperative protocol

Passive, assisted-active exercises and a stooping
exercise were commenced for forward flexion and
external rotation one day after surgery. After 1
week of passive exercise, the patients began active
exercise to strengthen the rotator cuff and scapular
stabilizers. Three months after the operation, the
patients were back on normal work schedules with-
out any limitations to daily activity.

3. Measurement of outcome

All patients were assessed by CRP and DAS 28
preoperatively and a final evaluation was per-
formed at an average of 14 (range, &8-25) months
postoperatively. The preoperative and postopera-
tive ranges of motion, including forward elevation
(flexion), external rotation, and the highest reach of
the thumb behind the back, were assessed at the fi-
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Fig. 3 CRP change after Ho: YAG laser therapy for
shoulder

nal evaluation.

4, Synovial cell culture and cytokine assay

We primarily cultured synovium cells after ar-
throscopic synovectomy in 10% FSC DMEM with
informed consent. 1x10° cells were seeded in 24-well
cultured tissue plates over night, then they were
treated with the Ho: YAG laser at 0, 4, 10 and 20 W.
After culturing for 24 hours, we assayed the pro-
duction of IL-1B, IL-6 and tumor necrosis factor-
alpha (TNF-o) by using ELISA in a cultured super-
natant. ELISA kits were used for high-sensitivity
TNF-o. (range: 0.31-10 pg/ml Amersham Bi-
osciences; code RPN2788), IL-1B (range: 10-400 pg/
ml, Amersham Biosciences, code RPN2751), and IL-
6 (range: 10-400 pg/ml, Amersham Biosciences,
code RPN 2754). Morphological examination of the
cells was done after treatment with the Ho: YAG la-
ser at 0, 1, 5, 10, 15 and 20 W by Nikon digital light
(DS-2MBWc).

5. Statistical analysis

The changes in CRP and DAS28 were compared
using Wilcoxon’s signed-rank test. The Mann—Whit-
ney U test was used for continuous variables of cy-
tokine assay by ELISA compared with control. P-
value <0.05 was considered significant.

Results

We found villous synovial proliferation with vas-
cularity in the rotator interval and supra spinatus
tendon in the shoulder joints (Fig. 2A, B). In the sub-
acromial bursa, yellow fat tissue and white fibrous
soft tissue were detected in almost all shoulders.
Synovial proliferation was found in bone erosion ar-
eas around the glenoid limbs and was treated with

DAS28 (points)

L L

(0] 3 14

Fig. 4 DAS28 change after Ho: YAG laser therapy
for shoulder

(Months)

the Ho: YAG laser for 5 seconds at 10W for each
area (Fig. 2C, D). Ten to 15 areas of synovial prolif-
eration were treated totally in each shoulder joint.
Cartilage fibrillation was removed by the shaver to
get a smooth surface. After synovectomy using the
Ho: YAG laser, CRP decreased from an average of
3.6 to 0.8 and DAS28 also decreased from an aver-
age of 54+0.7 to 44+ 1.0 at 3 months and to 3.7+
0.5 at 14 months after surgery (Fig. 3, 4). Visual ana-
logue scale (VAS) changed from an average of
754 £ 0.9 mm before surgery to 444 = (0.8 mm at 3
months and to 23.7 = 0.5 mm at 14 months after sur-
gery. Therefore, the clinical results were satisfac-
tory with good scores of DAS28 after Ho: YAG laser
treatment. In X-ray examination, bone atrophy was
improved from 11 shoulders out of 13 (85%) at hu-
meral head and neck lesion (Fig. 5A, B). MRI
showed decreased pannus formation with synovial
proliferation in 10 shoulders out of 13 (77%). Fur-
thermore, MRI showed no preceding joint destruc-
tion at 14 months after Ho: YAG laser treatment in
13 cases (Fig. 5C, D).

In morphological examination of cultured synovial
cells, after treatment with the Ho: YAG laser at 15
W, the synovial cells expanded and the number of
cells decreased. At 20 W of Ho: YAG laser treat-
ment, the synovial cells shrank as in apoptosis and
the number of cells decreased more (Fig. 6). Laser
treatment also resulted in the following significant
changes: TNF-a production increased at 1, 10, 15
and 20 W (compared with 0 W) but not dose de-
pendently; IL-1B and IL-6 increased up to 10 W
(compared with 0 W) but decreased at 15 and 20 W
(compared with 10 W) (Fig. 7).
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Fig. 5 X-ray examination before (A) and after (B) the
Ho: YAG laser treatment. MRI before (C) and after
(D) the Ho: YAG laser treatment.

Discussion

The Ho: YAG laser is effective for arthroscopic
synovectomy, especially in treating the pannus in
bone erosion. The amount of Ho: YAG laser energy
needed for synovectomy is still not clear. We used
10 W for 5 seconds in each area where it could effec-
tively decrease pannus formation. Inoue et al re-
ported that cytokine production increases in
synovial fibroblasts with the Nd: YAG laser”. We
will carry out further investigations at basic experi-
mental levels to confirm Ho: YAG laser efficacy in
regard to analyzing cytokine production in the
synovium. After our treatment, IL-1B and IL-6 in-
creased up to 10 W and decreased gradually from
the synovial cells. Therefore, 10 W of Ho: YAG is
the turning point to determine stimulation or inhibi-
tion of synovial proliferation.

It is reported that early synovectomy results in
pain relief and improvement of function, whereas
late synovectomy must be regarded as a palliative
procedure in order to postpone total knee arthro-
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plasty”. Arthroscopic synovectomy provides the ad-
vantages of less morbidity and functional impair-
ment. Improvement of the surgical instruments
(shaver, radiofrequency instrument)used in ar-
throscopy has facilitated access to joint compart-
ments, which are difficult to reach using open

9~ Moreover, post surgical fibrosis

synovectomy
reduces the range of function, or neuromuscular im-
pairment might be considerably lessened”.

In orthopedic surgery the CO.laser has been
used arthroscopically for chondral debridement and
meniscal lesions, and for more than 10 years, for the
treatment of joint diseases in hemophilia”. The dis-
advantages of CO,-lasers are mainly due to its fiber
optic incompatibility and the high incidence of em-
physema. COs-laser application has increased with
the development of the bubble technique in a fluid
medium. Recent experiments compared the biologi-
cal reaction of meniscal tissue and articular carti-
lage after using the contact Nd: YAG-laser, scalpel,
and electrocauterant lesion'”””. The results showed
that Nd: YAG-laser lesions set in saline led to less
depth of damage than those set in open air. Defects
created by laser radiation resulted in small margins
of necrosis with a vigourous healing response of me-
niscal tissue, whereas necrosis caused by electro-
cautery was more extensive and increased with
time.

In clinical studies on arthroscopic menisectomies
the contact Nd: YAG-laser provided good access
even to the posterior parts of the meniscus. Postop-
eratively, there was no significant effusion or pain
within the first year of follow-up". Reports on the
arthroscopical application of Nd: YAG-laser radia-
tion immediately after mechanical abrasion in syno-
vitis has shown remarkably good results in 15 clini-
cal cases with reduced morbidity, no or minor func-
tional impairment, short rehabilitation periods, and
significantly fewer effusions than preoperatively
over a 6-month follow-up period'®. Recently Ho:
Y AG-lasers were introduced in various experimen-
tal and clinical medical applications, e.g., cervical
and lumbar discectomy and ophthalmology ™.
The effects of eximer-, Ho: YAG-, Nd: YAG-, CO»
laser, and electrosurgical devices on meniscal tissue
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Fig. 6 Morphological examination of synovial cells after treatment with the Ho: YAG laser
A:OW,B:1W,C.5W,D: 10 W, E: 15 W, F: 20 W of Ho: YAG laser.

were compared in an experimental setting. Due to
its penetration depth, the Ho: YAG-laser produced
zones of necrosis that extended over less than a
quarter of the depth of those caused by the contact
Nd: YAG-aser. After Ho: YAG-laser radiation, the
adjacent pale zones, which were not obviously ne-
crotic, measured only two-thirds of those following
Nd: YAG-radiation®. After meniscal and cartilage
tissue ablation using the Ho: YAG-laser, the residual
tissue damage was found to be relatively constant
with varying radiant exposure®™. No significant dif-
ferences between the Ho: YAG laser and mechani-
cal debridement were found in regard to the com-
plication rate, incidence of postoperative effusions,
or time to regain function, but the Ho: YAG-laser
proved advantageous in reaching areas of difficult
access, thus allowing for shorter operative peri-
ods”.

Synovectomies with the Ho: YAG laser could be
an alternative to existing therapeutic techniques in
the treatment of rheumatoid arthritis and other
synovial proliferate disorders such as synovial chon-
dromatosis or pigmented villonodular synovitis
(PVNS)”. In an experimental study, Lind et al com-
pared laser synovectomy using the Ho: YAG laser
to mechanical synovectomy in the knees of 48 rab-
bits after inducing chronic arthritis immunologi-

cally™. In the laser group, eder_na, acute inflamma-
tion, and coagulation necrosis occurred immedi-
ately; however, after 1 week, the synovial layer
showed slight fibrosis similar to that seen in the
control group. One month later, the laser-
synovectomized surface appeared to be smooth; in
contrast, the mechanical abrasion group had pro-
nounced hemorrhage, necrosis and fibrosis in all
capsular layers. At 3 months, the synovial layer of
knees in the mechanical abrasion group appeared
coarse and villous. The results in the laser group
were superior.

In this study, morphological examination of
synovial cells revealed that an over dosage of Ho:
Y AG-laser radiation induced synovial cell death,
which may be apoptosis. Therefore over 10 W doses
may be useful to decrease synovial proliferation
clinically. In cytokine assays, TNF-o. did not de-
creased dose dependently. The reason may be that
it is difficult to compare a small range of TNF-o. in a
supernatant of a cell culture or the synovial number
of cells may be too large to compare in this assay.
However IL-1B and IL-6 decreased from the
synovial after an overdosage. Therefore, inflamma-
tion cytokines increased with a low dose of laser ra-
diation and decreased with a high dose with a de-
crease in cell number. This presumably indicated
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Fig. 7 Cytokine assay by ELISA of supernatant of

synovial cells after treatment with the Ho: YAG laser
A: TNF-q, B: IL-1B, C: IL-6. * = significant difference
compared with 0 W (p < 0.05). * * = significant differ-
ence compared with 10 W (p < 0.05) .
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that the production of cytokine from each synovial -

cell increased by laser therapy. Clinically, our data

revealed that the Ho: YAG laser is effective in im-

proving bone erosion (by X-ray examination and
MRI findings). These results indicated that the Ho:
Y AG laser might be one of the useful methods to as-

sist arthroscopic synovectomy in RA.

(W)

10 15 20 (W)
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