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Endoscopic surgery developed as a less invasive means to access body cavities. The
first documented use of the endoscope was of the bladder in 1806. As technology
and light sources progressed the use of endoscopes to investigate and treat joint
problems was explored [1].

Globally the earliest arthroscopists include Severin Nordentoft (1866—1922), a
surgeon from Denmark who presented his work on endoscopy of the knee using optics
and illumination. At a similar time Keji Takagin (1888—1963) in Tokyo reported the
use of a knee arthroscope for the diagnosis of TB. Eugen Bircher of Switzerland
(1882-1956) published his work on the arthroendoscope for the diagnosis of condi-
tions of the knee. Phillip Heinrich Kreuscher (1883—1943) was the pioneering arthros-
copist of the USA publishing on the diagnosis of cartilage injury in sport by means of
the arthroscope. Further development of the arthroscope was carried out by Masaki
Watanabe (1911-1994). He continued the work of Takagin. He introduced a supple-
mental light source and separate portal and in 1970 he introduced the first fiber optic
and the concept of triangulation, the use of which is common practise today [1, 2].

The common current setup of the arthroscopy system is an arthroscopic stack
(Fig. 33.1) on the opposite side of the patient to the operating surgeon and a back
table with the surgical equipment as seen in Fig. 33.2.

The arthroscopic system includes the arthroscope, light source, and an
irrigation system. The rigid arthroscope is a classic thin lens, a rod-lens system,

R. J. Tansey (P<)
Department of Orthopaedics, Cambridge University Hospitals NHS Foundation Trust,
Cambridge, UK

Department of Trauma and Orthopaedics, Peterborough City Hospital, Peterborough, UK
e-mail: rjtansey @doctors.org.uk

M. J. Dunne - W. S. Khan

Department of Orthopaedics, Cambridge University Hospitals NHS Foundation Trust,
Cambridge, UK

e-mail: mikedunne @doctors.org.uk; wasimkhan@doctors.org.uk

© Springer Nature Switzerland AG 2019 681
K. M. Iyer, W. S. Khan (eds.), General Principles of Orthopedics and Trauma,
https://doi.org/10.1007/978-3-030-15089-1_33


http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-15089-1_33&domain=pdf
https://doi.org/10.1007/978-3-030-15089-1_33
mailto:rjtansey@doctors.org.uk
mailto:mikedunne@doctors.org.uk
mailto:wasimkhan@doctors.org.uk

682 R.J. Tansey et al.

Fig. 33.1 Arthroscopy
cart: Courtesy of Dr.
Pradeep and Dr. David V
Rajan, Coimbatore, India

Monitor

Light source

Infusion pump

Shaver

Radiofrequency
Ablator

Anesthesiologist

Surgeon

Surgery
Technician

Fig. 33.2 Line diagram to show the layout of operating theatre for shoulder arthroscopy in the
beach chair position

or a graded index lens system. The design of the arthroscope and its given field
of view vary. This is dependent on the diameter of the arthroscope (these range
from 2.7 to 7.5 mm) and the angle of inclination of the distal arthroscopic lens.
The angle of inclination is measured between the axis of the arthroscope and a
line perpendicular to the surface of the lens (this varies from 10° to 120°) [3].
Most commonly used are 25-30° (70-90° may be used in more specific
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situations for viewing around corners). The field of view is increased by rotat-
ing the arthroscope; however a blind spot will be present; its size will depend
on the angle of inclination of the arthroscope.

For routine procedures the basic arthroscopy set contains the arthroscope with
a 30-70° arthroscope, a probe, scissors, grasping forceps, punch forceps,
arthroscopic knives, a motorized meniscal cutter and shaver, electrosurgical,
laser, and radiofrequency instruments (Fig. 33.3). Procedure-specific instruments
have also been developed and variations exist depending on manufacturers and
surgeon preferences.

Irrigation systems are vital to allow distension of the joint in arthroscopy. These
generally flow along the arthroscopic sheath. The solution used is commonly
Hartmann’s solution supplied by 2.5 L bags joined by a y connector placed high
above the level of the joint allowing a pressure of approximately 66-88 mmHg.

Advantages of arthroscopy include the following:

¢ Reduced postoperative morbidity

e Smaller incisions

¢ Less intense inflammatory response

e Improved visualization

e Reduced length of stay

¢ Reduced complication rate

e Permit easier “second look™ surgery

e Allow access to perform some procedures not possible through arthrotomy

Disadvantages of arthroscopy include the following:

e Technically challenging
e Learning curve

We now look at arthroscopy as relevant to different joints in the body.

Knee

The knee was the primary joint in the development of arthroscopy [1, 2].
Arthroscopy of the knee remains a common clinical practise today [4, 5]. The
indications for knee arthroscopy include assessment and repair of the meniscus,
anterior cruciate ligament, posterior cruciate ligament, synovectomy for rheuma-
toid arthritis, management of osteochondral injuries, chondroplasty, microfrac-
ture, and in some select cases early osteoarthritis. It can also be used as a
complementary method in the fixation of tibial plateau fractures and in the man-
agement of septic arthritis [1, 5]. There are few contraindications to knee arthros-
copy; they include superficial soft-tissue infection due to the risk of introducing
infection into the joint. A thorough preoperative assessment including history
examination and imaging is necessary to ensure that unnecessary arthroscopies
are not undertaken [4].
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Fig. 33.3 Arthroscopy instruments: (a) lens, (b) camera, (¢) trocar with sheath, (d) arthroscopy
probe, (e) punch forceps, (f) shaver, (g) radiofrequency probe (courtesy: permission from Dr.
Pradeep and Dr. David V Rajan)
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Fig. 33.3 (continued)

Patient setup for knee arthroscopy is commonly supine on the operating table
with a circumferential tourniquet to the upper thigh. A surgical leg holder or side
support is placed at the upper thigh (the side support is usually placed approxi-
mately 5 cm superior to the upper pole of the patella); this allows an unassisted
surgeon to stand between the affected leg and the operating table and apply a
valgus strain across the knee during the procedure, thus visualizing the medial
compartment.

A systematic approach is taken to the assessment of the knee most commonly
through two portals (anteromedial and anterolateral). Surface anatomy marking
of the patella, tibial tubercle, patella tendon, fibula head, and medial and lateral
joint lines can be easily identified. Portals can be made horizontally or vertically
(horizontal being more cosmetic, vertical allowing more freedom of movement
of the scope). The lateral joint line is slightly higher than the medial.

The lateral portal is created first in the soft spot on the anterolateral 1 cm above
the joint line next to the patella tendon. The anteromedial portal is identified by
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placing a spinal needle through the soft spot 1 cm above the joint line on the medial
side 1 cm medial to the patella tendon; the portal placement is confirmed with the
arthroscope entering from the lateral portal [5].

Through movement of the arthroscope within the portals and angling the light
source visualization of the suprapatellar pouch, medial gutter, lateral gutter,
medial compartment, lateral compartment, intercondylar notch, and posterome-
dial and posterolateral compartments can be carried out. A standardized and sys-
tematic approach to this is essential to ensure that no pathology is missed [6].

Hip

The use of the arthroscope in the hip has been less popular than in the knee.
Potential reasons for this are the complexity of the procedure, steep learning
curve, or requirement of specialist equipment. It requires larger and more flex-
ible instruments than arthroscopy of the knee, use of traction, and fluoroscopy.
It does however allow excellent visualization of the articular surfaces of the hip
joint as well as the peritrochanteric surfaces and extra-articular space [7, 8].

Its used has been described in the management of septic hip joints, removal of
loose bodies, and synovial abnormalities. The most common indication for hip
arthroscopy is for lesions of the acetabular labrum for which debridement of repair
can be undertaken arthroscopically. It has also been used in the management of the
causative factors of femoroacetabular impingement to normalize joint mechanics.
Extra-articular indications for hip arthroscopy include refractory cases of snapping
hip which have failed conservative management and thermal capsular shrinkage for
problematic ligamentous laxity [7].

The patient is placed in the lateral or supine position with traction applied to the
operated leg. The joint is distracted under fluoroscopic guidance. The joint is infil-
trated with fluid for further distension of the capsule.

Superficial landmarks of the greater trochanter, femoral head, and sciatic nerve
are marked out [8]. Typically three portals are used: a direct lateral paratrochanteric
portal, a second anterolateral paratrochanteric portal, and an anterosuperior portal.
The latter can be used to visualize the peripheral compartment, for this traction must
be released [7]. Arthroscopy allows visualization of femoral head and acetabular
pathology, soft tissue such as the ligamentum teres, acetabular labrum synovial
folds, and synovium.

Complications of hip arthroscopy are rare and are reported to include
bleeding, infection neuropraxia to the sciatic femoral or pudendal nerves
secondary to traction and to the lateral femoral cutaneous nerve due to portal
placement [9]. Late complications include trochanteric bursitis, osteonecrosis,
dislocation of the femoral head and fluid extravasation to the abdomen [7, 10].
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Foot and Ankle

Smaller arthroscopes and instrumentation have allowed arthroscopy to be useful in
smaller joints. Indications for ankle arthroscopy include impingement syndrome,
osteochondral lesions, instability and fracture [11], posttraumatic arthritis, adhe-
sions, locking [12] loose bodies, arthrofibrosis, and synovitis [11].

For ankle arthroscopy the patient is typically positioned supine. The ankle is
either dorsiflexed or distracted to allow visualization of the articular surface and
ligaments [13]. Distraction can be manual or mechanical, and invasive or
noninvasive.

Prior to portal placement landmarks of important structures are located; these
include both malleoli, the anterior joint line, tibialis anterior tendon, peroneus ter-
tius tendon, and Achilles tendon, great saphenous vein, and superficial peroneal
nerve.

Numerous portals for ankle arthroscopy have been described due to the anatomic
region being covered by an extensive network of neurovascular structures. They
include anterior, posterior, transmalleolar, and transtalar. The most frequently used
are the anteromedial and anterolateral ones. The anteromedial is medial to the tibi-
alis anterior tendon at the anterior joint line. A visible and palpable soft spot can be
found here when the ankle is dorsiflexed. The saphenous nerve and veins are at risk
of injury from this portal. The anterolateral portal is identified on the anterior joint
line lateral to peroneus tertius tendon, taking care not to injure the superficial pero-
neal nerve [14]. Posterior portals are more technically challenging and provide
increased surgical risk.

Complications have been reported to include reflex sympathetic dystrophy,
fibular fracture [12], superficial peroneal nerve damage, persistent drainage through
portal sites, and infection [15].

Arthroscopy has also been used in other joints of the foot, namely the subtalar
and first metatarsophalangeal joints. Arthroscopy of the hallux requires small instru-
ments which are delicate and vulnerable to damage [13].

Shoulder

Shoulder arthroscopy remains a commonly performed procedure with an
estimated 21,000 subacromial decompressions alone carried out in England in
2009/2010 [16]. Its use for this indication has become more controversial recently
with the publication of the results of a pragmatic multicenter randomized con-
trolled trial [17]. However, it is effective for a wide number of conditions ranging
from diagnostic surgery, soft-tissue procedures (including cuff repairs, labral/
SLAP repair, glenohumeral joint stabilization, synovectomy, and capsular
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release), bony procedures (AC joint excision and acromioplasty), and even supra-
scapular nerve release.

Patients can be positioned in either the beach chair or the lateral decubitus
position depending on surgeon preference. The beach chair position [18] offers the
advantages of an anatomical orientation and the use of stand-alone regional anesthe-
sia but may present technical difficulties in terms of mechanical blocks when using
the scope via a posterior portal. Via traction applied to the arm, the lateral decubitus
position provides excellent joint space visualization albeit in a nonanatomical orien-
tation. The potential for nerve injury is also higher with this approach due to a
combination of traction and increased risk when placing the anteroinferior portal to
the axillary and musculocutaneous nerves [19].

A number of options for primary and secondary portals exist and combinations
are often used depending on the procedure being performed. The posterior portal
is the first established for most procedures. It is located 2 cm inferior and 1 cm
medial to the posterolateral corner of the acromion with the trochar inserted
anteriorly towards the tip of the coracoid, often after the insertion of a spinal
needle into the joint with or without infiltration of saline [20, 21]. This portal
also allows access to the subacromial space via the same skin incision. The ante-
rior portal is then usually established under direct vision by exploiting the rotator
interval ensuring that a skin incision is made lateral to the coracoid process [21].

Secondary portals can be made along a line moving anterior to posterior using
the borders of the acromion as a landmark. A superolateral portal placed 1 cm lateral
to the anterolateral corner of the acromion allows access to the rotator cuff and
anterior glenoid labrum. The lateral subacromial portal, the workhorse of most
arthroscopic shoulder procedures, is sited inferior to the midpoint of the acromion.
It allows access to the majority of intra- and extra-articular structures of the shoul-
der. Finally, the posterolateral portal, usually sited 1 cm anteroinferiorly to the pos-
terolateral corner of the acromion, can prove useful when access to the posterior
cuff and labrum is required [21].

As with all arthroscopic procedures a systematic approach is required to identify
the biceps tendon, supraspinatus, infraspinatus, rotator interval, middle and inferior
glenohumeral ligaments, subscapular recess, anterior labrum, and glenohumeral
joint [22].

Complications associated with shoulder arthroscopy relate predominantly to the
neurological structures around the shoulder. The axillary and suprascapular nerves
are at risk with a poorly placed posterior portal while the musculocutaneous nerve
is at risk with a misplaced anterior portal [23].

Elbow

Elbow joint arthroscopy is a rapidly evolving area of elbow surgery thanks largely
to advances in technology and a better understanding of the complex anatomy of the
elbow joint [24]. Its use has moved far from merely the purpose of diagnosis and is
now indicated for a number of conditions ranging from removal of loose bodies to
the treatment of osteo and septic arthritis.
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Patients can be positioned in either a supine, prone, or lateral decubitus
position. It is of vital importance to accurately mark out surface anatomy prior to
distension of the joint to minimize the risk to the numerous neurovascular struc-
tures sited around the joint [25, 26]. The epicondyles of the humerus, olecranon
process, and radiocapitellar joint should be identified and marked. When the
patient’s body habitus allows, ideally the course of the ulnar nerve should also be
determined [25].

Similar to the shoulder a number of potential portals are described about the
elbow. Prior to portal creation the elbow joint is usually distended via infiltration of
the joint using saline via the lateral “soft spot.” The choice of portal used depends
on the procedure being performed.

Broadly speaking there are three lateral, three medial, and three posterior portals
that may be utilized [24]. Lateral portals include the mid-anterolateral (most com-
monly used), distal anterolateral, and proximal anterolateral. The radial nerve is at
risk with all three of these portals, the highest risk of injury lying with the distal
anterolateral portal which has fallen out of favor [24]. The medial portals mirror
their lateral counterparts in terms of their positions. The most commonly sited
medial portal is the proximal anteromedial portal (often performed under direct
vision once a lateral portal has been established) with the anteromedial portal being
the second most commonly used. The mid-anteromedial portal is often seen as
redundant due to its close proximity to the other two medial portals [24]. The
posterior aspect of the elbow joint can be accessed via a direct posterior or
“transtricipital” portal which splits the tendinous portion of the triceps allowing
visualization of the olecranon fossa as well as the lateral and medial gutters [24]
(Camp 23). Direct lateral and distal ulna portals are also described that facilitate
access to the radiocapitellar joint.

Elbow arthroscopy continues to develop and is technically demanding. The
biggest risk is to the nerves surrounding the elbow which can be damaged during
portal placement. The most commonly injured is the ulna nerve followed by the
radial nerve with the risk increased in patients with underlying contractures or
rheumatoid arthritis, or those who have undergone previous ulna nerve transposition
[27]. There have been reports also of heterotropic ossification though the reported
rates are less than those seen in open surgery [27].

Wrist

Like elbow arthroscopy, the indications for wrist arthroscopy have increased over
the last few decades. It is now used to treat or assess a wide range of conditions
including TFCC injuries, chondral lesions of the carpus, dynamic assessment of
carpal instability, soft-tissue pathologies such as ganglions or carpal tunnel syn-
drome, and even in assisting fracture reductions [28, 29].

Patients undergoing wrist arthroscopy are placed supine with the arm in
approximately 7-10 Ibs of in-line traction via finger traps. This can be performed
either with the elbow flexed at 90° and the forearm vertical or with the arm extended
on an arm table [30]. Portals for wrist arthroscopy are named after their relation to
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the extensor compartments of the wrist. Surface landmarks that need to be identified
to ensure accurate placement are Lister’s tubercle, scaphoid and lunate, DRUJ, and
ECU.

Broadly speaking, portals can be divided into radiocarpal portals (primarily used
for viewing and TFCC repairs), midcarpal portals (used for visualizing the carpal
bones and allowing for evaluation of wrist instability), and portals based around the
first extensor compartment that allow for arthroscopic debridement of thumb base
osteoarthritis [30, 31]. The 3-4 portal is usually the first established portal in wrist
arthroscopy.

Complications of wrist arthroscopy (like all other upper limb arthroscopies) are
predominantly due to nerve injuries affecting the dorsal sensory branch of the ulnar
nerve as well as the superficial branch of the radial nerve. Less commonly the exten-
sor tendons may become damaged or an iatrogenic osteochondral defect may occur,
more often than not due to a lack of sufficient space [32].

Sternoclavicular Joint

A technique has been described for arthroscopy of the sternoclavicular joint which
allows for diagnostic evaluation as well as treatment of degenerative conditions of
the medial end of the clavicle [33].

Patients are positioned supine with a sandbag between their scapulae and 2.9 mm
instruments are used [34]. The main concerns for most with relation to performing
this procedure would be the proximity of important mediastinal structures. The
authors describe an inferior portal, made 1 cm directly inferior to the joint line after
palpation of the sternum and medial end of clavicle, followed by a more superior
portal inserted under direct vision [34]. This relatively new procedure has the poten-
tial benefits of better joint visualization, less risk of compromising SCJ stability,
and infection but would not be appropriately carried out by an inexperienced sur-
geon in a low-volume center [34].
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