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Abstract: The incidence of cervical spondylotic radiculopathy is relatively high among cervical spine diseases. Surgical options
for its treatment include anterior cervical discectomy and fusion, disc arthroplasty, and posterior cervical foraminotomy.
Posterior cervical foraminotomy, which can avoid problems related to fusion and surgical instruments, as well as the
complications associated with anterior approaches, has become a popular alternative to anterior cervical surgery and is now
considered a simple and effective surgical method for treating cervical spondylotic radiculopathy. With the continuous
development of minimally invasive concepts and the innovation of various auxiliary techniques in spinal surgery, the technique
is being continuously improved. It has broad prospects for application in the treatment of cervical spondylotic radiculopathy.
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Cervical spondylotic radiculopathy (CSR) is a
condition where the nerve roots are compressed due to
degenerative changes in the intervertebral discs, leading
to a series of neurological dysfunctions, typically
manifesting as motor, sensory, and reflex impairments on
the side of the compressed nerve root. CSR has a higher
incidence rate in cervical spine diseases, accounting for
approximately 60%-70% of all cervical spine diseases
[1-2]. Conservative treatment is commonly recommended
as the first-line therapy for CSR, with surgical
intervention being considered when conservative
treatment fails [3-4]. Surgical options include anterior
cervical decompression and fusion, disc arthroplasty, and
posterior cervical foraminotomy. Anterior cervical
discectomy and fusion (ACDF) has been recognized as
the gold standard for treating CSR [5]. However,
literature indicates various complications associated with
ACDF, such as adjacent segment disease, pseudoarthrosis,
postoperative dysphagia, vascular injury, recurrent
laryngeal nerve palsy, cerebrospinal fluid leakage, and
hematoma [6]. Posterior cervical foraminotomy (PCF) is
a safe and effective treatment for CSR, avoiding the
complications associated with anterior approaches,
preserving segmental motion, reducing intraoperative
bleeding, shortening hospital stays, and decreasing the
need for postoperative medication [7]. Microscopic and
endoscopic PCF has also gained widespread application,
with the former providing enhanced visualization and
precision compared to open surgery, resulting in reduced
muscle dissection and fewer postoperative complications
[8]. Spinal endoscopy, building upon microscopic
techniques, directly projects the surgical field onto a

monitor through an electronic imaging system, offering
greater convenience, clearer visualization, and increased
surgical accuracy [9]. In recent years, there has been an
increasing number of reports on PCF, and this paper
provides a comprehensive review of the research progress
on the treatment of CSR through PCF in cases where
conservative treatment has failed, aiming to offer clinical
reference for treating CSR.

1 Development history

Posterior cervical foraminotomy can be traced back
to the 1950s, when Spurling and Scoville first reported
successful outcomes of key-hole facet joint excision for
treating CSR. Epstein coined the term "foraminotomy"
for this procedure in 1953. In 1983, Henderson et al. [11]
reported favorable outcomes of performing posterolateral
foraminotomy in treating CSR based on this procedure.
With the rapid advancement of spinal surgery and the
extension of various auxiliary techniques such as
endoscopy, microscopy, image navigation, and
robot-assisted surgery, the technique has evolved.
Adamson et al. [12] reported good clinical outcomes of
microendoscopic PCF in 100 patients. In 2007, Ruetten et
al. [13] reported outcomes of percutaneous endoscopic
PCF in 87 patients, with symptom relief observed in
87.4% of patients and a postoperative recurrence rate of
3.4%. In 2017, Park et al. [14] proposed the unilateral
biportal endoscopy (UBE) technique based on the
experience of a single-channel endoscopic technique.

2 Indications and contraindications
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Indications: (1) The major part of the disc herniation
located on the lateral edge of the spinal cord on MRI and
CT scans; (2) Compression of unilateral nerve root; (3)
Typical symptoms of CSR; (4) Ineffective conservative
treatment.

Contraindications: (1) Lumbar spinal stenosis; (2)
Disc herniation on the medial side of the spinal cord; (3)
Definite segmental instability or cervical deformity; (4)
Neurological or vascular lesions resembling disc
herniation; (5) Poor cardiopulmonary function, making
the patient unfit for surgery.

3 Preoperative "V" point localization

Preoperative and intraoperative localization is
particularly crucial in PCF. Currently, the handling of the
surgical V point (intersection of the upper and lower
vertebral plates with the intervertebral disc) is critical
during surgery. The methods and accuracy of localization
are key issues in this surgical research. Due to the smaller
size of the vertebral plates in the cervical spine compared
to the thoracolumbar spine, the intervertebral space
decreases with age, and the lateral edge of the spinal cord
is positioned more laterally at the C4-5, C5-6, and C6-7
levels than the V point. Therefore, understanding the
clinical anatomical relationship of the V point can help
reduce surgical time and complications. Traditional X-ray
fluoroscopy requires repeated fluoroscopy, increasing
radiation exposure, and is limited in clarity for some
patients with small cervical intervertebral spaces or
obesity. Loss of the V point during surgery can also affect
the surgical process, leading to more postoperative
complications. Cao et al. [15] determined a safe range of
1.2-5.0 mm for grinding the V point based on 20 adult
cervical spine specimens. Zhang et al. [16] reported
improved accuracy of V point localization using O-arm
navigation systems to create 3D images in 36 patients,
resulting in significant improvements in VAS scores for
radicular arm pain, neck pain, and neck disability index
(NDI) scores for all patients. However, the high cost and
radiation exposure of the O-arm navigation system limit
its application. Liao et al. [17] used vertical anchoring
techniques to localize the V point, resulting in
significantly shorter surgical rime, intraoperative
fluoroscopy times and fewer repetitions compared to
patients undergoing conventional posterior percutaneous
endoscopic cervical discectomy (PECD). Ning et al. [18]
utilized CT-guided and ring saw anchoring methods to
accurately localize, making a postoperative 88.2% rate of
excellent outcomes according to the modified MacNab
criteria and decreases in VAS and NDI scores in CSR
patients at 6 months postoperatively. Zhong et al. [19]
reported a new image-assisted V point localization
technique, inserting K wires under A/P X-ray fluoroscopy
and fixing them to the vertebral arch, then rapidly
establishing a working channel, resulting in shorter

surgical times and significant improvements in
postoperative VAS scores for neck and arm pain, NDI
scores, and cervical range of motion in 34 patients. Wang
et al. [20] achieved satisfactory results by directly
anchoring the upper edge of the vertebral arch under
endoscopic visualization for V point localization. In
recent years, the utilization rate of robot-assisted and
computer-assisted navigation systems has rapidly
increased. Lebl et al. [21] showed a good outcome of
robot and computer-assisted navigation in cervical spine
surgery, but extensive clinical experiments are still
needed to confirm these results. With the continuous
development of assistive technologies, such as 3D
printing and robot-assisted applications, V-point
positioning has become more efficient.

4 Surgical methods and clinical efficacy

4.1 PCF via open approach

Surgical method: After general anesthesia, the
patient is positioned prone with the head fixed, and the
neck slightly flexed to increase the intervertebral space of
the target segment and reduce joint overlap. C-arm
fluoroscopy is used to determine the surgical segment gap.
A puncture needle is placed, and a 2.5-3 cm skin incision
is made around the puncture needle. The skin, fascia, and
muscles are sequentially dissected, and the facet joints
and lamina are exposed. The intervertebral foramen is
opened using a tube retractor system, ensuring at least
50% of the facet joints are preserved for cervical stability
[22]. The nerve root is decompressed, and disc fragments
are removed, if necessary, followed by hemostasis and
wound closure.

PCF provides direct decompression of the nerve root
and can be an alternative for patients who have failed
ACDF, especially at the C7-T1 level [23]. Fang et al. [24]
reported comparable effectiveness and complication rates
between PCF and ACDF, with shorter surgical and
hospitalization times and lower total hospitalization costs
for PCF in CSR patients. Padhye et al. [25] showed that
compared with ACDF, PCF treated CSR without fusion,
avoiding the risk of related complications such as pseudo
joint disease and graft, and its operation time was
significantly shortened. Broekema et al. [26]
demonstrated comparable success rates (88% in the PCF
group and 76% in the anterior surgery group) and arm
pain relief between PCF and anterior approaches in
patients with neural foraminal stenosis.

4.2 Microscopic PCF (MI-PCF)

Surgical method: Similar to PCF, MI-PCF is
performed with the patient under general anesthesia in a
prone position with the head fixed and the neck slightly
flexed. A 2 cm incision is made at the center of the
spinous process, and a working channel is established
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under fluoroscopic guidance. A microscope is connected
for better visualization during the procedure.

The most commonly used system for MI-PCF is the
METRx tube assembly, which, unlike other endoscopic
systems, is not a water-based procedure and does not use
constant saline irrigation. Compared with PCF, MI-PCF
can liberate nerve roots more completely and observe the
anatomical structure of nerve roots more directly to
minimize the risk of nerve injury. In the postoperative
follow-up, MI-PCF also achieved good results. Papavero
et al. [27] reported significant improvement in early
postoperative neck/shoulder and arm pain VAS scores in
CSR patients treated with MI-PCF. Kerry et al. [28]
concluded MI-PCF as an effective approach for treating
lateral spinal cord compression. We believe that only by
mastering the indications and correctly selecting the
patients can the best results be obtained. However, the
learning curve of micro endoscopic surgery is long, and
the surgeon needs to fully grasp the anatomical structure
related to the surgery.

4.3 Fully endoscopic PCF (FE-PCF)

Surgical method: After general anesthesia, the
patient is placed in the prone position with the head fixed,
and the neck is slightly flexed to increase the size of the
target segment intervertebral space and reduce joint
overlap. C-arm fluoroscopy is used for assistance in
positioning. After fluoroscopy, the surgical segment gap
is confirmed, and a puncture needle is placed. Using the
puncture needle as the center, a 0.5-0.8 cm incision is
made in the skin. The working channel is gradually
inserted, and the endoscope is connected. Physiological
saline is continuously used for irrigation during the
procedure to improve intraoperative visualization. Partial
ligamentum flavum is removed using a Kerrison punch,
and the V point is identified. The intervertebral foramen
is enlarged through grinding and laminectomy to expose
the nerve root and dura mater. The protruding nucleus
pulposus is removed until the nerve root is adequately
decompressed. Finally, the annulus fibrosus is thermally
ablated or sutured, and the surrounding soft tissue is
sutured. Due to the small incision, no drainage tube is
required postoperatively.

Recently, spinal endoscopy is gradually being used
to treat degenerative disease such as CSR. FE-PCF
generally employs Key-hole technology and offers
advantages such as shorter hospital stay, faster recovery,
and better quality of life compared to open PCF. With an
incision of <10 mm, there is less tissue and muscle
damage. Zhang et al. [29] found that patients undergoing
FE-PCF had lower postoperative neck pain scores.
Follow-up studies have shown a significant improvement
in VAS and NDI scores 6 months after FE-PCF surgery
[30]. Shi et al. [31] demonstrated that VAS and Japanese
Orthopedic Association (JOA) scores were significantly
lower at different time points postoperatively, and the

intervertebral foramen height, anteroposterior diameter,
and area were significantly increased postoperatively
compared to preoperative measurements.

4.4 UBE-PCF

Surgical method: After general anesthesia, the
patient is placed in the prone position with the head fixed,
and the neck is slightly flexed to increase the size of the
target segment intervertebral space and reduce joint
overlap. C-arm fluoroscopy is used for assistance in
positioning. Under C-arm fluoroscopy guidance, the
surgical segment gap is confirmed. Two 6 mm incisions
in the skin and fascia are made beside the midline of the
lesion gap to create observation and working channels,
with a distance of approximately 1.2-2 cm between the
two incisions. Physiological saline is continuously used
for irrigation during the procedure. Space is created
through sequential dilation and bone surface dissection,
and peripheral tissues and muscles are managed through
the working channel. The V point is exposed, and the
lamina and articular processes are treated with a burr and
osteotome. Partial ligamentum flavum is removed with a
Kerrison punch, and the nerve root is dissected. The
protruding nucleus pulposus is removed to ensure the
nerve root's free movement. Instruments are removed,
and a drainage tube is placed, followed by wound closure.

UBE technology evolved from arthroscopic
techniques and offers advantages such as a wide field of
view and flexible operation. Compared to FE-PCF,
UBE-PCF has two channels: one for observation and the
other for working with surgical instruments commonly
used in cervical spine microsurgery. Both channels are
independent and unaffected by each other, providing clear
and precise visualization of anatomical structures through
continuous saline flow. A retrospective study by Zhong et
al. [32] showed that the surgical time for the UBE-PCF
group was significantly shorter than that for the FE-PCF
group [(59.47±3.71) min vs (73.36±6.98) min, P<0.01].
With continuous visualization, UBE-PCF can achieve
thorough decompression in a shorter surgical time. Wang
et al. [33] found that compared to FE-PCF surgery, UBE
surgery had shorter fluoroscopy and surgical times, and
both VAS and NDI scores were significantly improved
postoperatively in the UBE and PE groups. Zhang et al.
[34] found significant improvement in neck and arm VAS
scores and NDI scores after UBE-PCF surgery, and
postoperative CT scans showed adequate decompression
of the nerve roots. These results indicate that UBE-PCF
has broad prospects in CSR and is a feasible minimally
invasive approach for decompressing existing nerve roots
in the cervical intervertebral foramen. However, there are
still relatively few clinical reports on its use in treating
CSR, and further clinical studies are needed to
demonstrate its efficacy.

Although minimally invasive techniques can result
in smaller traumas, they still have some unique
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drawbacks, including a steep learning curve, incomplete
decompression, and increased radiation exposure.
Therefore, surgeons should be proficient in open surgery
to adequately address these issues or complications.
However, each surgical approach has its pros and cons. It
is essential to understand the indications for each surgical
method and select the appropriate one for each patient to
achieve the best outcomes and minimize the risk of
complications.

5 Complications and prevention

Although PCF surgery does not damage cervical
structures as much as anterior surgery does, such as the
esophagus, trachea, thyroid gland, and cervical blood
vessels damage, a key issue of PCF is the instability
resulting from the small joint excision, which can lead to
cervical segmental hypermobility. There are also studies
indicating that the neck and shoulder pain and spasms are
related to damage to the paraspinal muscles after PCF
[35]. In terms of infection, a retrospective analysis
concluded that the superficial and deep infection rates of
PCF were higher than ACDF [36]. However, the
emergence and increased use of minimally invasive and
spinal endoscopic methods can reduce the future rates of
infection and reoperation by minimizing tissue exposure,
contamination, and destruction. In minimally invasive
PCF, due to the small incision, most operations are
conducted in a limited space, making incomplete
decompression and incomplete removal of expected
intervertebral disc fragments. Even though PCF, whether
open or minimally invasive, does not always provide
direct and complete visualization of the surgical area and
its adjacent structures. Accidental dural tears and nerve
root injuries are also common complications [37]. Choi et
al. [38] found that out of 133 patients undergoing PCF, 2
cases (3.5%) experienced motor nerve paralysis, with 2
involving the C6 nerve root and 1 involving the C5 nerve
root. The management of nerve root injury has been a hot
topic of research, and the only condition that cannot be
monitored is when the patient is awake under local
anesthesia, because the patient can provide direct
feedback on any unexpected neurological changes.
However, the operation is usually performed under
general anesthesia, and the addition of
electrophysiological monitoring during the operation can
avoid effective nerve damage.

6 Conclusion

PCF, also known as the "keyhole technique", has the
advantages of expanding the field of view, maintaining
mobility and stability, reducing surgical trauma, and no
risk of anterior-related complications, and achieving
satisfactory results in the treatment of CSR. For patients
with unilateral CSR who have disc herniation or
degenerative spinal foraminal stenosis that is refractory to

conservative treatment, PCF may be preferred.

Conflict of Interest None

References
[1] Huo LY, Yang XX, Feng TX, et al. Management of cervical

spondylotic radiculopathy: a systematic review[J]. Glob Spine J,
2022, 12(8): 21925682221075290.

[2] Theodore N. Degenerative cervical spondylosis[J]. N Engl J Med,
2020, 383(2): 159-168.

[3] Woods BI, Hilibrand AS. Cervical radiculopathy[J]. J Spinal Disord
Tech, 2015, 28(5): E251-E259.

[4] Kang KC, Jang TS, Jung CH. Cervical radiculopathy: focus on factors
for better surgical outcomes and operative techniques[J]. Asian
Spine J, 2022, 16(6): 995-1012.

[5] Badiee RK, Mayer R, Pennicooke B, et al. Complications following
posterior cervical decompression and fusion: a review of incidence,
risk factors, and prevention strategies[J]. J Spine Surg, 2020, 6(1):
323-333.

[6] Yee TJ, Swong K, Park P. Complications of anterior cervical spine
surgery: a systematic review of the literature[J]. J Spine Surg, 2020,
6(1): 302-322.

[7] Heary RF, Ryken TC, Matz PG, et al. Cervical laminoforaminotomy
for the treatment of cervical degenerative radiculopathy[J]. J
Neurosurg Spine, 2009, 11(2): 198-202.

[8] Song ZJ, Zhang Z, Hao J, et al. Microsurgery or open cervical
foraminotomy for cervical radiculopathy? A systematic review[J].
International Orthopaedics (SICOT), 2016, 40(6): 1335-1343.

[9] Yao R, Yan M, Liang QC, et al. Clinical efficacy and learning curve
of posterior percutaneous endoscopic cervical laminoforaminotomy
for patients with cervical spondylotic radiculopathy[J]. Medicine,
2022, 101(36): e30401.

[10] Semmes R. Lateral rupture of cervical intervertebral discs; incidence
and clinical varieties[J]. Am J Surg, 1948，75(1):137-139 .

[11] Henderson CM, Hennessy RG, Shuey HM Jr, et al. Posterior-lateral
foraminotomy as an exclusive operative technique for cervical
radiculopathy[J]. Neurosurgery, 1983, 13(5): 504-512.

[12] Adamson TE. Microendoscopic posterior cervical
laminoforaminotomy for unilateral radiculopathy: results of a new
technique in 100 cases[J]. J Neurosurg, 2001, 95(1): 51-57.

[13] Ruetten S, Komp M, Merk H, et al. A new full-endoscopic technique
for cervical posterior foraminotomy in the treatment of lateral disc
herniations using 6.9-mm endoscopes: prospective 2-year results of
87 patients[J]. Minim Invasive Neurosurg, 2007, 50(4): 219-226.

[14] Park JH, Jun SG, Jung JT, et al. Posterior percutaneous endoscopic
cervical foraminotomy and diskectomy with unilateral biportal
endoscopy[J]. Orthopedics, 2017, 40(5): e779-e783.

[15] Cao YW, Liu YJ, Yuan J, et al. Anatomical study of posterior
percutaneous endoscopic cervical discectomy and its clinical
significance[J]. Chin J Clin Anat, 2020, 38(3): 246-249.[In Chinese]

[16] Zhang C, Wu J, Chuang X, et al. Minimally invasive full-endoscopic
posterior cervical foraminotomy assisted by O-arm-based navigation
[J]. Pain physician, 2018, 21(3): E215-E23.

[17] Liao CG, Ren Q, Chu L, et al. Modified posterior percutaneous
endoscopic cervical discectomy for lateral cervical disc herniation:
the vertical anchoring technique[J]. Eur Spine J, 2018, 27(6):
1460-1468.

[18] Ning BX, Tao GJ. Analysis of curative effect of CT-guided
posterolateral approach spinal endoscopy for cervical spondylotic
radiculopathy[J]. China J Endosc, 2022, 28(12): 14-19.[In Chinese]

[19] Zhong GB, Feng F, Su XJ, et al. Minimally invasive full-endoscopic
posterior cervical foraminotomy and discectomy: introducing a
simple and useful localization technique of the V point[J]. Orthop
Surg, 2022, 14(10): 2625-2632.

[20] Wang K, Zhao B, Yuan J, et al. Application of anchoring of the
projection point on the inner upper edge of the pedicle in posterior
percutaneous endoscopic cervical discectomy[J]. Chin J Spine
Spinal Cord, 2022, 32(6): 532-539. [In Chinese]

[21] Lebl DR, Avrumova F, Abjornson C, et al. Cervical spine navigation
and enabled robotics: a new frontier in minimally invasive
surgery[J]. HSS Journal®, 2021, 17(3): 333-343.

[22] Dodwad SJ M, Dodwad SN M, Prasarn ML, et al. Posterior cervical
foraminotomy[J]. Clin Spine Surg, 2016, 29(5): 177-185.

[23] Mai HT, Mitchell SM, Jenkins TJ, et al. Accessibility of the
cervicothoracic junction through an anterior approach[J]. SPINE,
2016, 41(1): 69-73.



Chin J Clin Res, May 2024, Vol.37, No.5
[24] Fang WG, Huang LJ, Feng F, et al. Anterior cervical discectomy and

fusion versus posterior cervical foraminotomy for the treatment of
single-level unilateral cervical radiculopathy: a meta-analysis[J]. J
Orthop Surg Res, 2020, 15(1): 202.

[25] Padhye K, Shultz P, Alcala C, et al. Surgical treatment of single
level cervical radiculopathy: a comparison of anterior cervical
decompression and fusion (ACDF) versus cervical disk arthroplasty
(CDA) versus posterior cervical foraminotomy (PCF)[J]. Clin Spine
Surg, 2022, 35(4): 149-154.

[26] Broekema AEH, de Souza NFS, Soer R, et al. Noninferiority of
posterior cervical foraminotomy vs anterior cervical discectomy
with fusion for procedural success and reduction in arm pain among
patients with cervical radiculopathy at 1 year: the FACET
randomized clinical trial[J]. JAMA Neurol, 2023, 80(1): 40-48.

[27] Papavero L, Kothe R. Minimally invasive posterior cervical
foraminotomy for treatment of radiculopathy[J]. Oper Orthop
Traumatol, 2018, 30(1): 36-45.

[28] Kerry G, Hammer A, Ruedinger C, et al. Microsurgical posterior
cervical foraminotomy: a study of 181 cases[J]. Br J Neurosurg,
2017, 31(1): 39-44.

[29] Zhang YY, Ouyang ZH, Wang WJ. Percutaneous endoscopic
cervical foraminotomy as a new treatment for cervical radiculopathy:
a systematic review and meta-analysis[J]. Medicine, 2020, 99(45):
e22744.

[30] Luo RJ, Song Y, Liao ZW, et al. Keyhole foraminotomy via a
percutaneous posterior full-endoscopic approach for cervical
radiculopathy: an advanced procedure and clinical study[J]. Curr
Med Sci, 2020, 40(6): 1170-1176.

[31] Shi M, Wang C, Wang HH, et al. Posterior cervical full-endoscopic

technique for the treatment of cervical spondylotic radiculopathy
with foraminal bony stenosis: a retrospective study[J]. Front Surg,
2023, 9: 1035758.

[32] Zhong ZL, Hu QF, Huang LY, et al. Unilateral biportal endoscopic
posterior cervical foraminotomy: an outcome comparison with the
full-endoscopic posterior cervical foraminotomy[J]. Clin Spine Surg,
2024, 37(1): 23-30.

[33] Wang D, Xu JC, Zhu CY, et al. Comparison of outcomes between
unilateral biportal endoscopic and percutaneous posterior
endoscopic cervical keyhole surgeries[J]. Medicina, 2023, 59(3):
437.

[34] Zhang P, Jin YH, Zhu B, et al. Unilateral biportal endoscopic
foraminotomy and diskectomy combined with piezosurgery for
treating cervical spondylotic radiculopathy with neuropathic
radicular pain[J]. Front Neurol, 2023, 14: 1100641.

[35] Platt A, Gerard CS, O’Toole JE. Comparison of outcomes following
minimally invasive and open posterior cervical foraminotomy:
description of minimally invasive technique and review of
literature[J]. J Spine Surg, 2020, 6(1): 243-251.

[36] Ng M, Emara A, Lam A, et al. P36. Multilevel posterior cervical
foraminotomy associated with increased perioperative infection
rates relative to anterior cervical discectomy with fusion and
cervical disc arthroplasty[J]. Spine J, 2022, 22(9): S143.

[37] Franco D, Mouchtouris N, Gonzalez GA, et al. A review of
endoscopic spine surgery: decompression for radiculopathy[J]. Curr
Pain Headache Rep, 2022, 26(3): 183-191.

[38] Choi KC, Ahn Y, Kang BU, et al. Motor palsy after posterior
cervical foraminotomy: anatomical consideration[J]. World
Neurosurg, 2013, 79(2): 405.

Submission received: 2023-10-09 / Revised:2023-11-18



!"#$%&'$()*+,-./0&(.-$*11 11

!"#! $%&$'()*+,&-./0&-,-1&)%)(&%2&%%'

!"#$

!

~0&~{Í,-

%

~0&~(,ez¥×,

"J!)%)'8%)%#(

~0?�� $#Ë

$&Ö%H

"g)%$*%%($#(

~0&'$TØ=(�?DDÉ&Ö%H

"If)%$*%%6#(

~0?U� Aþ2Ï'&B>,-

"

)�&K9

.)%))/ (

*

#

VWXY

!

W+

% cU;<0=! =0=0<.D2)%$%$6l$6'&-G;

%&'(

! )%)(

5

%2

5

)%

$

Ö×Á:

$

��ó9�Ñ~Îh§¿.TU

ÆË�]��Û8Ö×Á:

Ð?µ

$%)

%M

»Ñ

)

$L

)�?'D

%

~0 )�

2($%%$( )L

~0&'$TØ=(�?D12�&

%

~0 )�

2($%%)

)*

!

ÆË�]��Û���ÛF9Ûpm]

%

Ü7.cÐÝÞ�/9§¿_ÒÓ

&

�ÑÀ0¿+d._��ó9�Ñ~Îh

.

%

��ó9�Ñ~Îh§¿.,[-ÿeÒÓ_7.~×j089H

%

%-ÿ½/97.4O8x9y

%

r.:ËRSTU

ÆË�]��Û8ZW/¾m^87.cd

'

UV34-��12�&F8NW9:

%

VWK®~.84X

%

��ó9�Ñ~

Îh§¿.P�NWc}�

%

�TUÆË�]��Û+êm~i8��/0

'

+,-

!

ÆË�]��Û

(

347.

(

��ó9�Ñ~Îh§¿.

(

Îè

(

��È¢t

./012

! K6$(L)M

34567

! JM

3892

! $67(

5

8$8)")%)(#%2

5

%666

5

%2

"&.&6(#/3($+(&..$*3$.5&(-$(#&(0-#6,'$(64-*$5$47 '$(5/&5(&654&*5

$'#&(0-#6,.3$*%7,$5-#(6%-#8,$365/7

dkJI[O0<,C.

!

% Y#Y0<.D

!

T?.3.( :"-./$3;(.<"%0.&=% T?.3.(% T?$(9U.GOABBA% C,.($

C)%%"0#)(-.(9 $?&,)%! JVJ.$(9% KL'$.3! 3.3.$(9G@BABAPQAPNR/)'

9:.5(6#5! NQA0.-0HA.-AGS-A1?0-<=@BG.H>=GF0-1<H0-C=GB<FQ>0@1A=<F0?A=>Q0DQ <;G.D-A1?0-<=@B0.AH0@A<@A@L9C1D0-<=GBF0G.@SG10F@

F1A<F;A.F0.-=CHA<.FA10G1-A1?0-<=H0@-A-FG;><.H SC@0G.% H0@-<1FQ1GB=<@F>% <.H BG@FA10G1-A1?0-<=SG1<;0.GFG;>LWG@FA10G1-A1?0-<=

SG1<;0.GFG;>% PQ0-Q -<. <?G0H B1GR=A;@1A=<FAH FGSC@0G. <.H @C1D0-<=0.@F1C;A.F@% <@PA==<@FQA-G;B=0-<F0G.@<@@G-0<FAH P0FQ <.FA10G1

<BB1G<-QA@% Q<@RA-G;A<BGBC=<1<=FA1.<F0?AFG<.FA10G1-A1?0-<=@C1DA1><.H 0@.GP-G.@0HA1AH <@0;B=A<.H ASSA-F0?A@C1D0-<=;AFQGH SG1

F1A<F0.D-A1?0-<=@BG.H>=GF0-1<H0-C=GB<FQ>Lj0FQ FQA-G.F0.CGC@HA?A=GB;A.FGS;0.0;<==>0.?<@0?A-G.-ABF@<.H FQA0..G?<F0G. GS?<10GC@

<CT0=0<1>FA-Q.0_CA@0. @B0.<=@C1DA1>% FQAFA-Q.0_CA0@RA0.D-G.F0.CGC@=>0;B1G?AHL#FQ<@R1G<H B1G@BA-F@SG1<BB=0-<F0G. 0. FQA

F1A<F;A.FGS-A1?0-<=@BG.H>=GF0-1<H0-C=GB<FQ>L

;&7<$(%.! :A1?0-<=@BG.H>=GF0-1<H0-C=GB<FQ>( E0.0;<==>0.?<@0?A@C1DA1>( WG@FA10G1-A1?0-<=SG1<;0.GFG;>( YG-<F0G.( :A1?0-<=1<.DA

GS;GF0G.

=8*%3($+(64! [C<.DT09-0A.-A<.H NA-Q.G=GD>W=<. W1G,A-F% [C<.DT09-0A.-A<.H NA-Q.G=GD>3<@A<.H N<=A.F9BA-0<=W1G,A-F

"J!)%)'8%)%#( [C<.DT0EAH0-0.A<.H dA<=FQ-<1A9A=SUS0.<.-AH 9-0A.F0S0-KA@A<1-Q NGB0-"g)%$*%%($#( I<.T0@Q<. dG@B0F<=GS

[C<.DT0gQC<.DJCFG.G;GC@KAD0G. dG@B0F<=U=A?A=9-0A.F0S0-KA@A<1-Q NGB0-" If)%$*%%6 #( [C<.DT0EAH0-<=<.H dA<=FQ 4A>

:C=F0?<F0G. !0@-0B=0.A:G.@F1C-F0G. W1G,A-F"[C0PA0/A,0<GS<.)%))/ IGL(#

MM

ÆË�]��Û

"-A1?0-<=@BG.H>=GF0-1<H0-C=GB<FQ>%

:9K#

*��ÑÀv\�Û¡8(·+¿¸ÆË�

%

À>^9

Z_ÈÆËº� ¢

%

7(�;Se`¿ÆË�ZÖ8!¢

&

é1_M©º� ¢

' :9K

���ÛF89Ûpm]

%

2&

m��Û8

6%\]7%\

)$

5

)*

'

oZÖ×[3�©TU-S

:9K

8ZòTU

%

0

:9K

�©TU?^¤

%

[*+7.T

U

)'

5

(*

'

7.cÐÝÞ�/9§¿_ÒÓ

&

�ÑÀ0¿+d

._ó9��Ñ~Îh.

'

,¾�/9�ÑÀÎeÒÓ.

"J:!Z#

cP¶*TU

:9K

8)C�

)2*

%

�ºr�«�.Ð

ê�oWx9y

%

ÝÞ�M¿ÀXÛ

&

u�0¿Û

&

.órs

$666$ M

FÕÂÃÖ×

M)%)(

N

2

ØÙ

'7

ÚÙ

2

µ

M:Q0. O:=0. KA@%E<>)%)(% XG=L'7% IGL2M



t6

&

æWâs

&

45ÆË¬N

&

�1ë6�_æ5�

)6*

'

�

�ó9�Ñ~Îh§¿.

"W:Z#

TU

:9K

��

&

m^

)7*

'

�

[-ÿ/97.8j0x9y

%

x��7.¿À8È¢�

%

§

z.Fåæ

%

�àbD¤Ñ

%

§z.ó����8jß

'

�3

ï _12ï o\�Ñ~Îh§¿.£´�ô½~�8�

�

'

�3ï [½��3 i@.�

%

�.FT���s�

%

jk¯hiÐ7.

%

;<=³§z

%

.óx9yz

)8*

'

12ï

 Õ��3ï 8(·o

%

78²#R[_gI.�/@V

©)�«Ú+

%

T�V7

%

.�T�ß8

%

.FT���

)**

'

MNO

%

0¯

W:Z

8ÆÇõOõo

%

;¹ºIû�©TUÑ

98��o

%

TU

:9K

8Ö×Á:Á\»¼

%

STU

:9K

�

 ��

'

>1

Z=bc

MM

��ó9�Ñ~Îh§¿.[¦�:ô+NI

2%

Nã

%

9BC10.D

_

9-G?0==A

ßÁÆÇ½j~�0¿*Îe.TU

:9K

x+�N38ÂÃU^

)$%*

' cB@FA0.

�

$*2'

NI�7.ÔS

�Ñ~Îh§¿.

' $*8'

N

%dA.HA1@G.

�

)$$*

ÆÇ78��7

.(·+h:ó�Ö~Îh.TU

:9K

+�j(^ï

'

;U

V12�&7.8w�9:

%

ï 

&

�3 

&

·[56'}~z

�VWK®~.8a<

%

�~.NW9:

' JH<;@G.

)$)*

ÆÇ�

3ï o

W:Z

�

$%%

§Y�F+�j(8ÂÃ^ï

' )%%7

N

%

KCAFFA.

�

)$'*

ÆÇ½\¾7ÇoËÌ�12ï o

W:Z

8

87

§Y�

%

Ui

)

N

%

m

87L(\

8Y�y<°±

%

.óv9pS

'L(\' )%$7

N

W<1/

�

)$(*

�¾7Ç8ËÞ+�å½ËÌ12

ï ¾P�7Ç12ï 

"k3c#

~.

'

?1

dAefghe

MM

ü�ý

!"$#

�ÑÀpåçè8¾¿çé�

EK#

_

:N

<=Fè¯1��Ö=l8�Ö

(")#

-m¾ÖÆË�`

¿

("'#

lm>]8

:9K

y<

(" (#

�©TU?^

'

��

ý

!"$#

�Wïõö

(")#

�ÑÀpå�1�ïÖ=

("'#

C

�8¿ÀN£ÎÂ��w�

("(#

r³¯�ÑÀpå8ÆË

ÂæW�Û¡

("2#

G?º�m�

%

N�@`7.�

'

D1

;D

+F,

ijkFAB

MM

./.F8Îè�VW

W:Z

F�SA¿

%

-/7.

X

þ

"

+

&

o��e�ÑÀABC

#

8C-*7.80ë

%

0¯r

¼Îè

&

Îè��*�7.Ö×8Gþ9H

'

Ú¯��¬�

�Ñjû¯¯°�¿t8o

%

�ÑÁ]tUND>§t

%

1�

�Öl�

:

(]2

&:

2]6

_

:

6]7

¥�+k

X

þTgÇÎè

'

f�

¶.

X

þ8ÂÃ±B0_[¦#®�à7.¤Ñ

%

§zx9

y

'

�fg8

`

òIJo

%

j¿MvIJ

%

À>��½¨©



%

û¯Z%���ÑÁtÂxy8Y�OE

%`

ò�ß8t

+mZÎÿ!�

'

�.F

X

þ8FÑ

%

£´5·¸7.8i

%

^ÔTo8.óx9y

'

ÜGº�

)$2*

½�

)%

§Rz��C

¹�åHe

X

þ7.8��Z¶��

$L)]2L% ;;' gQ<.D

�

)$6*

ÆÇ½�

'6

§Y�F½�

"

@56_g�R

'!

g[

s�Îè

X

þ

%

�]½7.8s�t

%

&mY�8ÆË��7

@ÒÓ_�çÒÓ8J1\Kèé

"XJ9

èé

#

¦'��º

� ¢1Z

"I!##

èéÄ����

'

�

"

@56_g$�]

G¨©@

%

�Ü��`ô½!Ü

' Y0<G

�

)$7*

Õ78I/.

Í~.Îè

X

þ

%

ªï�«.FIJ¤Ñ

&

ÁZ_7.¤ÑC

�z¯@`(nó9ËÌ12ï o��ÑÀJe.

"Wc:!#

8Y�

'

K¹ï�

)$8*

78

:N

^5ªÓ�L.Îd

s�Îè

%

.ó

6

ÉØ

%:9K

Y��j

E<-I<R

è`pjpS

88L)\%XJ9

_

I!#

èéÄoã

' gQG.D

�

)$**

ÆÇZWX8

g[K®

X

þÎè~.

%

�

J+W`

òIJo��

4

òxÍÎ

����'+

%

%óM�Bx÷-7Ç

%

�

'(

§Y�87.

¤Ñ�à

%

.ó�@ÒÓ

XJ9

èé_

I!#

èé

&

��È¢t

����

'

�N�

))%*

/@�ï /Jo���ï+lV·

þI/.ÎcdÎè

X

þ

%

£´+�½N38^ï

'

MNO

%

}~zK®_{|}K®56_g8½�pM���

' YAR=

�

))$*

é�}~z_{|}K®56���7.ÎèF+�

8j(R^

%

�³j¿@ÂÃµÞuýÔ

'

UVK®~.

8NW9:

%'!

]^~.'}~zK®��8h9

%X

þÎ

èT�]^

'

E1

l;mnf?@_o

(L$M

ÒÓÔ

W:ZM

7.cd

!

�Ë¬Oó

%

Y�C¯P×è

xUQÍÎ

%

�çR3Sñ

%

¦�@-C¿À8�ÑÁ@t

%

§z0¿AM

%

��

:

@;K®Îè

%

�

:

@IJ8^5o�

Î7.¿ÀÑÁ

%

i+Rª�

%

¦Rª�SFG

%

ÎhÌ�

)L2]' -;%

PTÎhÌ�

&

U�

&

;<

%

0V�V;<=³

%

/

)ª«t0¿_��

%

[�W<Wh~_gf@J�

%

��H

Xuet0¿ïÖ'+o��

%

î�Á\�Ñ~Îh.ÝY

��)z

2%\

8t0¿¦����£Î�

)))*

'

ª«ÆË�

8F�Ö

%

78ÆË�8¼3ø�ueqÃ8�ÑÀ

%

�på

8�ÑÀ6¦ue8��o

%

tG,ûMZ�çÁ\§¿

%

J

epå8�[/)½é6±ÆË�

%

��ÆË£�£åÆË�

*\½é8§¿

%

[�]Ùé^ð_�ìæ¬ü0ìæ

%

$ó

CÓsÏ

'

t�1�8*

%W:Z

� ÆË�8/@§¿

%

[-

S

J:!Z

7.Ñ98Y�{Ï8�ZW¯°

%

�/@ÆË�Ñ

~§¿

%W:Z

£´P[¦�

:

7

]N

$

¤§¿

%

fS�¤�/79

`ôjE_¯E8!Ü

))'*

' Z<.D

�

))(*

�Z,

E<F<

é�F�

«

W:Z

8m^�_x9y9 pe

J:!Z

j0

%

�

W:Z

87

.¤Ñ'bD¤ÑTà

%

TU

:9K

8`bD$�Tä

' W<HQ>A

�

))2*

øù�km

:9K

Y�8N£TUcd

%W:Z

jû¯

J:!Z

?jÒÓ

%

-ÿ½u0¿Û

&

c���j0x9y8ëì

%

Ü7

.¤ÑC��à

%

^oT]

' 31GA/A;<

�

))6*

Ö×�«

%)62

§

ÆË��Ñ~ÛY�.ó

$

Nó97.8Rºp

"W:Z

7.à

S

88\%

/97.àS

76\#

_7@ÒÓÄN´¯/97.

'

(L)M

ÕÖ×ØÙÚ

W:Z"E#UW:Z#M

7.cd

!

�Ë¬Oó

%

Y�C¯P×èxUQÍÎ

%

�çR3Sñ

%

¦�@-C¿À

8�ÑÁ@t

%

§z0¿AM

%

��

:

@;K®Îè

%

aIJ

ó�Î7.¿ÀÑÁ

%

ºpFGÎhÌ�µ

) -;

ÎÏ

%

½�

$766$M

FÕÂÃÖ×

M)%)(

N

2

ØÙ

'7

ÚÙ

2

µ

M:Q0. O:=0. KA@%E<>)%)(% XG=L'7% IGL2M



fg~PTfg

%

�+÷-7Ç

%

IJaHô��ÑÁ

%

�@

�3 

%

Übòc£hi

W:Z' E#UW:Z

$(�8_g*

EcNKT

Wàm

%

eÜÅï _gN£

%

�_gN*(¯¥8

iÊ

%

xGN��dÎe¥fg

'

jk¯

W:Z%E#UW:Z

.F

�T�pq,±iÆË�

%

T/ã,ãäÆË��±Bª$

%

-ÿâsÆË

'

�.óUiF

%E#UW:Z

£´+�½N38^

ï

' W<B<?A1G

�

))7*

TU¾Ö

:9K$%'

§

%

Y�.óðµ

"'

É

Ø

#

�ç

+

hç_7@8ÒÓ

XJ9

èé����

' 4A11>

�

))8*

Ö×¶S

E#UW:Z

STU1��ç�Ö¿¸8m^7.cÐ

'

i�¶S¦§ü�ý

%

î�¯°Y�¥�l�$R^ï

%

��

3ï o7.L-'íñò´

%

Gj¿.�½é¦§e7.

m08±Bª$

'

(L'M

ÛØÙ� ;<Ü×Ú

W:Z"ZcUW:Z#M

7.cd

!

�Ë

¬Oó

%

Y�C¯P×èxUQÍÎ

%

�çR3Sñ

%

¦�@

-C¿À8�ÑÁ@t

%

§z0¿AM

%

��

:

@;K®Î

è

%

aIJó�Î7.¿ÀÑÁ

%

i+Rª�

%

¦Rª�SF

G

%

ÎhÌ�µ

%L2]%L8 -;

ÎÏ

%

Pò+�÷-7Ç

%

�@ï

 

'

.FNW*� -e¥fg

%

�].F.�ß8t

%

78

jkleçéÓÒ4

%

mô

X

þ

%

78Hn_��Îe.f@

�Ñ~

%

ª«ÆË�_l1�

%

Jepå8�[/)½é6±

ÆË�

'

$ó�©odÒp7�ÂCÓp7�'µ¶ßà

á

%

qå÷-7Ç'CÓsÏ

'

Ú¯sÏt

%

.ó?ji+^

úW

'

MNO

%

12ï PQc�¯TU

:9K

�v\�X

Û

' ZcUW:Z

Ze*�

4A>UQG=A

~.

%

ehiÐ

W:Z

jk

%ZcU

W:Z

lmbD¤Ñà

%

ôvw

%

 ÈwT(�pþ

'

ÎÏ

a

$% ;;%

ûàá_;<8âsPC�§z

' gQ<.D

�

))**

Ö×

9;

ZcUW:Z

Y�8.ó�çÒÓtmä

'

UiÖ×9;

%

ZcUW:Z

7.ó

6

ÉØ

XJ9

_

I!#

èé���]

)'%*

' 9Q0

�

)'$*

Ö×�«

%

.óN£¤Ñþ8

XJ9

_

O"J

Äk./�

�ãä

%

.ó�Ñ~]t

&

/ó¹_*bÄm./����

'

(L(Mk3cUW:ZM

7.cd

!

�Ë¬Oó

%

Y�C¯P×èx

UQÍÎ

%

�çR3Sñ

%

¦�@-C¿À8�ÑÁ@t

%

§z

0¿AM

%

��

:

@;K®Îè

%

�

:

@IJ8^5o

%

aI

Jó�Î7.¿ÀÑÁ

%

�Û¡ÑÁFòV

%

\¬ÉÌ�_U

�

6 ;;

ÎÏãä7Ç_÷-7Ç

%

¬ÉÎÏ�Ñ8Ð³S

$L)]) -;'

.FNW*� -e¥fg

%

78PTfg'E*

8=³4eèÑ

%

78÷-7ÇC-µ=àá';<

%

�«

X

þ

%

��HXC-��'0¿p

%

jkleçéÓÒ4

%

=³

çéÆË�

%

�[kJepå8�[àá

%

��ÆË�$ÚÈ

¢

%

+å~×

%

$ói+^úW

%

CÓsÏ

' k3c

~.Ú0¿

 ~.r¡>O

%

lmJ�s

&

L-tÈ�pþ

'

e

ZcUW:Z

jk

%k3cUW:Z

êm¬É7Ç

%

ZÉSãä7Ç

%

�ZÉS�

��3�&7.F(�87.~×÷-7Ç

'

¬�Éjux

GN`·¸

%

78e¥8�qú¢

%

±Bª$8[JÛß8

&

s�

' gQG.D

�

)')*

øù�Ö×�«

%k3cUW:Z

à87.¤Ñ

S

"2*L(7n'L7$# ;0.%

à¯

ZcUW:Z

à

)"7'L'6 n6L*8#;0.*

"Da%L%$#'

��q[JÛo

%k3cUW:Z

[¦�Tà87.¤

ÑïÔ;½é§¿

' j<.D

�

)''*

Ö×�«

%

e

ZcUW:Z

7.j

k

%k3c

7.êmTà8IJ¤Ñ_7.¤Ñ

%k3c

à_

Wc

à.ó

XJ9

_

I!#

èéÄ���]

' gQ<.D

�

)'(*

9;

%k3cU

W:Z

.ó�

&

@

XJ9

èé_

I!#

èéÄ����

%

��

%

.ó

:N

<=�«ÆË�½é§¿

'

¦+ªï�C

%k3cUW:Z

�

:9K

Fêm~i8/0

%

*ZW[\834cd

%

�¯§¿�

�Ñ~ï8;mÆË�

%

-/Ü�¯TU

:9K

8j0ÂÃÆ

Ç³mz

%

³j¿@ÂÃÖ×OýCU^

'

ê%34~.[¦êmTt84s

%

�³%mZ%Xþ

%

ÝÞ'íñò´

&

§¿N}�_¨©��

'

%>

%

ýW7.c

dàVm½v

'

mÝ¿½±ýW7.cd8ü�ý

%

xSý

èY�¯°î�87.cd

%

¦Hô$R^ïxIx9yë

ìã)$ä

'

G1

pZqfrs

MM

ê%

W:Z

km[/97.Fû�çª$8âs

%

rûn

W

&

CW

&

w<x

&

�ç¢Ëm�âs

%

�.ó8ZÉ0ë9H

*t0¿Îe.8N£Î

%

Âº 12ó¨

%

�Ñ~Îh.y

'Îez8

2%\

8t0¿

%

Õ55¹��¿À�8tÈ¢

'

PmÖ×�C

W:Z

.ó�ç_hçÒÓ{|eó{;<â

sm0

)'2*

'

�éêc*

%

Z,øù�é�F�å

W:Z

}�é

ê_�téêpm

J:!Z

]

)'6*

%

�34_12ï cd8å

;_����

%

[¦78$@!t,§zàáª«

&

~ê_q

ÛOãäÆOéê_�Á7.89 p

'

>�34

W:Z

F

%

fÎÏt

%

@oZ�m!8èÑïL-

%

îÂÎeNpq

%

N

�}�§¿_N�}�Îe{µ8�ÑÀ��

'

hi�

W:Z

P?d/@_}�,½±7.Øô'Üj�ª$

'

��8l

���Ã_ÆË�âsP*()8x9y

)'7*

' :QG0

�

)'8*

9

;@`

W:Z

8

$''

§Y�Fm

)

§

"'L2\#

å;½!¢ÆË

¬N

%)

§y'

:6

ÆË�

%$

§y'

:2

ÆË�

'

ûÆË�â

s8C-Z/*Ö×8Gþ9H

%

�Z[¦N�|8��*

7.Sÿç¬Ooß�<�

%

fSY�[¦û»¼��8Æ

Ë_g¡Û� /@M�

'

�*7.Ze��¬oÁ\

%

�

.F��² -�|

%

[-ÿm^8ÆË8âs

'

H1

K

1

L

MMW:Z

%cÔ-S

+/A>QG=A

~.

,%

ÜJ�f@

%

[¦��

È¢�_£Î�

%

§z7.4s

%

xGkm/9j0x9y8

ëì�pq

%

TU

:9K

+�mS��8ªï

'

û¯m�ÑÀ

påÂv\�12�Ñ~õö>�©TU6T8¾Ö

:9K

Y�

%

[pÍ��

W:Z'

MNOP

M

?

QR34
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