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a b s t r a c t

The elbow joint is a complex anatomical structure and is susceptible to a wide variety of complex pa-
thologies, ranging from traumatic to inflammatory. Elbow arthroscopy is a challenging procedure with a
steep learning curve and a high risk of iatrogenic injury. The indications for arthroscopic elbow surgery
are discussed in this article, along with a suggested comprehensive surgical technique, including patient
set-up and steps to avoid iatrogenic damage. There is detailed explanation of specific portal sites, with
advantages and disadvantages of each, as well as the anatomical considerations. This article also reviews
the available literature regarding the frequency of complications and in particular; nerve injury and ways
in which they may be avoided.
Crown Copyright © 2019 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International

Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. All rights reserved.
1. Introduction

Elbow arthroscopy is a challenging procedure, used for a variety
of increasingly complex elbow pathologies. The elbow is complex
hinge joint and is composed of the humeroulnar, humeroradial and
radioulnar joints. It has tight access with a small working space,
large fat pads and is bordered by important and delicate anatomical
structures. The elbow contributes heavily towards upper limb
function and can be compromised from seemingly innocuous pa-
thologies and poor rehabilitation.

The theoretical advantages of arthroscopic surgery include
decreased post-operative pain, improved articular diagnostic
assessment, reduced heterotrophic ossification, better cosmesis
and decreased morbidity. According to O'Driscoll et al.‘s large case
series from 1992, arthroscopy has a diagnostic benefit in over two-
thirds of patients and a therapeutic benefit occurs in 60e95% of
patients.1

The evidence base of elbow arthroscopy compared to that of the
knee and the shoulder is much less established. The merits of
arthroscopic assessment and treatment of the elbow are countered
however, by a relatively high iatrogenic complication rate.1 The risk
of neurovascular injury in particular, compromises the regular use
of elbow arthroscopy. As such, the indications for surgery remain
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quite controversial. An understanding of the pathoanatomy of the
elbow is crucial to successful surgery and the procedure. Gaining
experience in elbow arthroscopy can be challenging due to the
infrequency of cases. Quantifying the learning curve is difficult,
however, experience is important factor for good outcomes.

1.1. Current indications for elbow arthroscopy

The indications for elbow arthroscopy largely depend on the
experience of the arthroscopist. Patient selection in elbow surgery
is a key component to achieving good results. The most common
broad indications in adults, with satisfactory outcomes include:
debridement or fixation of osteochondral defects, clearance of
posterior impingement and arthroscopic release of the post-
traumatic stiff elbow, including plica.2 Elbow arthroscopy is also
an excellent option for debridement for septic elbow arthritis,
synovectomy for inflammatory arthritis, loose body extraction and
debridement for osteoarthritis.3 See Table 1.

Elbow arthroscopy is also a valid option in the management of
paediatric and adolescent pathologies. Micheli et al. reviewed their
practice of paediatric elbow arthroscopy showing their paediatric
indications as follows: osteochondritis dessicans (58%), arthrofib-
rosis (20%), synovitis (10%), acute trauma (10%) and posterior
olecranon impingement syndrome (10%).4

There is debate about the efficacy of arthroscopic tennis elbow
release. A randomised, double-blind sham-controlled trial has been
set-up (awaiting results) in order to compare arthroscopic release
of extensor carpi radialis brevis (ECRB) with sham surgery.5
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Table 1
Current indications for elbow arthroscopy.2e7

Common Uncommon

Debridement of osteophytes ECRB release
Release of soft tissue contractures Adjunct to fracture fixation

Synovectomy Diagnostic
Osteochondral defect management
Washout for septic arthritis
Removal of loose bodies
Assessment of valgus instability

Table 2
Commonly used portals for elbow arthroscopy.

Medial Posterior Lateral

Anteromedial (also known as
proximo-medial)

Posterocentral Anterolateral

Posterolateral Proximal-lateral
Midlateral (soft-spot)
Accessory lateral
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The role of elbow arthroscopy as a diagnostic tool compared to
established radiological options is controversial.6 The authors’ view
is that a clear surgical target should be identified pre-operatively,
given the high reported iatrogenic injury rates from the proced-
ure itself. Therefore, it is recommended that the surgeon and the
patient fully understand the diagnosis, the rationale and the sur-
gical goals for elbow arthroscopy prior to undergoing the
procedure.

Acute elbow trauma can also be managed arthroscopically,
although much less frequent than elective indications. In a review
article of 13 publications, van Tongel et al. summarised the use of
arthroscopy in fracture management to include displaced radial
head fractures, coronoid and capitellum fractures in adults and
displaced radial neck and lateral humeral condyle fractures in
children.7 Soft tissue reconstruction in the form of distal biceps
repair, medial avulsion of triceps repair and reconstruction of the
radial ulnohumeral ligamentous complex have also been pub-
lished.7 These procedures are not mainstream and they have little
evidence to support their efficacy. These indications are not rec-
ognised by the senior author.

As our understanding of elbow pathoanatomy is improving,
surgical indications will continue to evolve and elbow arthroscopy
is becoming a mainstream specialist procedure. Many indications
for this surgery still pose considerable controversy and there is a
paucity of level I and II research to provide guidance. Other areas of
established arthroscopic practice; such as arthroscopy in the
degenerative knee, and more recently, subacromial arthroscopic
shoulder decompression have been shown to be less effective than
previously thought.8,9 The importance of these studies are to better
understand the role of arthroscopic surgery in specific patient
groups and guide patient selection.

1.2. Anatomical considerations

An understanding of the surface anatomy of the elbow is
fundamental to safe portal positioning and understanding risk
when using instruments inside the joint. Portal landmarks are
discussed in detail in the next section. It is important to
acknowledge that normal and pathological variants in the
neuroanatomy exist around the elbow and that extravasation of
fluid and other intra-operative circumstances can alter the usual
pathway of the nerves. Also, it very important to recognise that
the neuroanatomy dynamically changes through flexion-
extension and pro-supination.

Unlu et al. performed a cadaveric study of 20 specimens using
Steinmann pins to simulate an arthroscopy portal. The proximity of
the neurovascular structures to the pins was measured in five
different positions. The radial nerve is considered a high risk
structure, particularly from the anterolateral portal. The radial
nerve showed significant proximity to the anterolateral portal in
full elbow flexion, full elbow extension, and forearm supination.
Although we pronate the forearm to protect the posterior inter-
osseous nerve (PIN) during open surgery, there is evidence to
suggest that supination translates the PIN further from the joint
capsule, and is preferred for arthroscopic surgery when working
near the anterior capsule of the radial head.10

The distance between the median nerve and anterior portals
was significantly decreased with full extension.11 There was a sig-
nificant 10e20% nerve-pin contact in their cadaveric series,
although this does not correlate with the post-operative clinical
manifestation of transient nerve injury after elbow arthroscopy
which was quoted at 1.7% in a series of 416 patients.12 The median
nerve and brachial artery are at relatively low risk of injury as they
are protected by brachialis and theoretically, the lateral decubitus
positioning will allow the neurovascular structures to move ante-
riorly due to gravity.

Miller et al. looked at the relationship of nerves to the capsule
after insufflation and also at varying degrees of flexion.13 The key
messages from the paper were that insufflation improved the dis-
tance of the nerve from the bone, however it did not displace the
nerve from the capsule. This has implications for intra-articular
debridement near the capsule, that may lead to nerve injury -
known as a “from within-out injury”.

The ulnar nerve lies on the medial head of triceps and posterior
to the medial intermuscular septum. At the level of the elbow, it sits
superficial to the capsule and the medial collateral ligament. The
ulnar nerve is at risk in posterior compartment surgery, particularly
if the instruments over penetrate through the capsule. The ulnar
nerve also significantly limits instrumentation in the medial gutter.

1.3. Portals

Not only is it important to mark out the portals pre-operatively,
but also to assess all available radiological imaging and to make a
plan based on pathology for the likely portal utilisation and
sequence during the case.

The nomenclature of the elbow portals has varied between
literature sources and also over time, as the use of certain portals
have gone out of favour. Table 2 describes the commonly used
nomenclature of the portals and further discussion of the land-
marks, hazards and uses are described below.

1.4. Medial portal

The anteromedial portal is 2 cm anterior and 2 cm proximal to
the medial epicondyle and should be just anterior to the medial
intermuscular septum. The trajectory of the trochar is towards the
radial head and the advice is to stay on the bone. It provides an
excellent view to the entire anterior compartment of the elbow
and also the medial gutter. The anteromedial portal avoids damage
to the medial antebrachial cutaneous nerve, however it lies
4e14mm from the medial nerve and 9e17mm from the brachial
artery.14 Avoiding extension at the time of portal creation is
important as it has been shown to obliterate the bone-to-nerve
distance in experimental cadaveric studies, making the risk of
iatrogenic injury much higher. Pro-supination is ideally in a
neutral position to avoid radial nerve damage from the ante-
romedial portal.10 The portal is therefore made at 90� flexion and
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in neutral supination and the blunt trochar passes between the
humerus and brachialis, which acts as a protective cushion to the
anterior neurovascular structures.

1.5. Lateral portals

The anterolateral portal lies at proximal border of the lateral
epicondyle and also approximately 1 cm anterior to the lateral
epicondyle. Once again, care must be taken to avoid injury to the
radial nerve which lies between 4 and 11mm from this portal.14

This portal is best made under direct vision, using an inside-out
technique to avoid radial nerve injury. It is safe to pass the in-
struments from an anterolateral to posteromedial orientation,
rather than entering the joint by pushing across transversely to-
wards the neurovascular structures.

The proximal lateral portal is 1 e 2 cm proximal to the lateral
epicondyle and is anterior to the lateral column of the distal hu-
merus and is considered the safest portal to use. The proximal
lateral portal in particular gives good visualisation of the entire
anterior compartment including the lateral recess, medial capsule,
coronoid process and anterior humeral fossa.

Themidlateral utilises the same entry point and trajectory as the
initial insufflation needle in the soft-spot of the elbow, in the
middle of triangle of the lateral olecranon, the radial head and the
lateral epicondyle. The main structure at risk is the posterior
antebrachial cutaneous nerve. It is used in each case for the insuf-
flation of the joint capsule and can also be used as a visualisation
and instrumentation portal for the inferior radiocapitellar joint and
radioulnar joint.

Accessory lateral portals can be placed around the areas be-
tween the posterolateral (described below) and the midlateral
portals. They provide alternative access to pathologies of the radi-
ocapitellar joint and can be considered an augment to visualisation
or difficult access for instrumentation in this tight area.

1.6. Posterior portals

The posterolateral portal is 2e3 cm proximal from the tip of the
olecranon in the 90� flexed elbow and lies on the lateral border of
Fig. 1. Patient positioning. Lateral decubitus with a Mayo table over the patient
the triceps tendon. The structures at risk with this portal are the
medial and posterior antebrachial cutaneous nerves, however it is
also considered a relatively safe portal. It gives good visualisation of
the entire posterior compartment and the lateral gutter with access
to the radiocapitellar joint. It is the primary posterior portal in most
cases.

The posterocentral portal is in the midline of the elbow, 3 cm
proximal to the tip of the olecranon. It is a safe portal and pene-
trates through the triceps tendon. It uses are for visualisation and
instrumentation of the olecranon tip, the humeral fossa and the
humeral trochlea. It can also be used to assess themedial gutter and
for safe removal of loose bodies found in the posterior
compartment.

1.7. Surgical technique

Surgical technique is not prescriptive, but the following are a
series of recommendations to reduce the risk of iatrogenic injury.
Clinical reassessment should be performed on the day of surgery to
assess the overlying skin, the range of movement in the elbow,
range of movement in the shoulder and a full neurovascular
assessment. Deformity and the chronically contracted elbow are
important to recognise pre-operatively at it can lead to aberrant
position of the neurovascular structures.2 A subluxating ulnar
nerve may also be identified clinically and is best felt proximal to
the medial epicondyle.15

The first step is an examination under anaesthesia of the elbow
assessing the range of movement and evidence of instability. Op-
tions for positioning include supine, prone and lateral decubitus.
Positioning for arthroscopy is usually in the lateral decubitus po-
sition with elbow in 90� flexion, which is the senior authors
preferred method (See Fig. 1). Lateral decubitus, or even prone
positioning, make the posterior compartment more accessible and
the limb more stable during work. The lateral position theoretically
may allow the anterior neurovascular structures to move away
from the capsule by gravity.

The advantage of the supine position is a more anatomic posi-
tion, easier to convert to an open medial collateral ligament
reconstruction and it is easier for the anaesthetist. The
for tool placement and an arm bolster to bring the elbow to 90� of flexion.



Fig. 3. Surface landmarks e lateral view. PLC refers to the proximolateral portal. Note
the area of the midlateral portal (soft spot), marked with an “X” and the relation of the
radial nerve to the PLC.
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disadvantages of supine positioning include the set-up for limb
suspension, stability of the arm whilst working, and difficulty
accessing the posterior compartment.

An above-elbow tourniquet is placed with an impervious shut-
off drape. Chinese finger traps provide excellent hold of the distal
upper limb. Landmarks are drawn up; the olecranon, triceps
tendon, medial and lateral epicondyles, radial head and the likely
paths of the ulnar, radial/posterior interosseous and median nerves
(see Figs. 2e4). It is better to define landmarks and all portals at the
start, rather than halfway through the procedure when swelling
can compromise accuracy. A Mayo table can be placed over the
midriff portion of the patient to enable the passage of instruments
and improve ergonomics.

The WHO checklist and exsanguination of the limb are per-
formed and the forearm is bound with a crepe bandage. It is rec-
ommended that the bandage is not too tight as it can lead to
neuropraxia. Insufflation of the joint is performed using a 20ml
syringe of normal saline to the midlateral portal described as the
soft spot in themiddle of triangle of the lateral olecranon, the radial
head and the lateral epicondyle (see Fig. 5). Joint insufflation in-
creases the bone-to-nerve distance by 12mm formedian nerve and
6mm for radial nerve and reduces the risk of damage at the portal
site.13 It is however, important to note that joint insufflation does
not increase the capsule-to-nerve distance.13 This is important as
intra-operative diathermy and instrumentation near the capsule
can easily lead to nerve damage. Confirmation of joint insufflation
is made by seeing fullness in the olecranon fossa and re-filling of
the syringe once thumb pressure is removed (indicating that the
Fig. 2. Surface landmarks e posterior view. PC refers to the posterocentral portal and
PL is the posterolateral portal.

Fig. 4. Surface landmarks e medial view. AM refers to the anteromedial portal which
is adjacent to the ulnar nerve.

Fig. 5. Joint insufflation into the midlateral portal (soft spot) with a 20ml syringe.
fluid has not extravasated into the soft tissues). (See Fig. 6).
The dermal layer only is incised with a 15 blade and then sys-

tematic and careful blunt dissection is made down to the joint
capsule in a “nick and spread technique”. The elbow capsule is
breached with a blunt trocar (see Fig. 7), at which point saline will



Fig. 6. Confirmation of joint insufflation, with a jet of saline seen after the removal of
the syringe. The needle can be left in situ and used as an irrigation portal.

Fig. 7. Access to the anteromedial portal. Initially with a “nick and spread” technique
followed by a blunt trochar to access the joint. Note the arm is at 90� flexion.
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pass through the portal. A 4.5mm scope using a low-flow cannula is
passed into the joint and pressurised with 30mmHg of irrigating
fluid. Avoid high pressures within the elbow as it can easily lead to
capsule rupture. A smaller scope, such as a 2.7mmmay be used for
posterior portals and paediatric patients. Using a scope with no
perforations near the tip can reduce intraoperative extravasation.
Excessive fluid pressure and prolonged operating time can lead to
capsular damage, intra-articular bleeding and extravasation of
fluid. All these factors can contribute inadvertent neurovascular
damage. Themost important step in fluid management is balancing
the inflow and the outflow. A tip for reducing extravasation vol-
umes is to gently bind the forearm intraoperative with a bandage.
Once the procedure is complete, the unwrapping of the forearm
will allow locally high pressure extravasation at the portals to easily
diffuse into the remainder of the forearm. Factors that reduce the
operative time include the ergonomics of the set-up, the experi-
ence of the surgeon, the assistant and the scrub team. The elbow is
re-examined after the procedure to assess the range of movement,
particularly for impingement and stiffness indications.

Once the scope is within the joint, intra-operative principles to
reduce iatrogenic damage include portal placement under direct
vision (particularly the anterolateral portal), gentle movement
within the joint to avoid chondral damage, avoidance of suction
shaver or diathermy near the anterior capsule of the elbow and
always debride under direct vision. Hooded burrs reduce the risk of
inadvertent iatrogenic injury and focus the mind to a smaller area
of activity. The efficient use of portals allows better visualisation
and access to various areas of the joint. Decision making of portal
use comes with experience. Moving between portals requires care
and can be supplemented by using retractors or sheaths to pass the
scope over. The same care needs to be taken when re-utilising a
portal as when it was first created. Infiltration of the local anaes-
thetic to the joint can be a useful option for analgesia, but has a risk
of transient postoperative nerve palsy from extravasation of fluid
from the joint capsule to the surrounding nerves.

1.8. Complications

A number of case reports and small series have reported trau-
matic nerve palsies with an alarming frequency. The mainstay of
the current literature on elbow arthroscopy explore the indications
and the nuance of portal positioning. There are no randomised
controlled trials assessing the efficacy of elbow arthroscopy.

Two large retrospective series report over 800 cases of elbow
arthroscopy and give us the best insight into the risks of surgery e

which are discussed below.12,16 The indications for surgery from
both articles pooled from a wide range of inflammatory, degener-
ative and traumatic aetiologies, with a variety of intra-operative
procedures being undertaken in both series.

The superficial infection rates ranged from 7 to 11% and deep
infection from 0.8 to 2.2%.12,16 The use of intraoperative steroid
injection had a significant contribution towards the development of
infection (P< 0.0001).12

Persistent contracture of <20� occurred in 1.5% of cases and half
of these required return to theatre for manipulation as a second
procedure. There were no cases in either series of persistent post-
operative contracture >20�.12,16

There is speculation that major nerve palsies are under-reported
in the literature following elbow arthroscopy.17 Kelly et al. reported
2.5% (12/473) had transient nerve palsies.16 The nerve palsies were
broken down into; five ulnar palsies (1%), four superficial radial
palsies (0.8%), one posterior interosseous palsy (0.2%), one medial
antebrachial cutaneous palsy (0.2%), and one anterior interosseous
palsy (0.2%). An underlying diagnosis of rheumatoid arthritis
(p< 0.001) and a pre-operative contracture (p< 0.05) proved to be
the most significant risk factor for nerve palsy. This low rate of
transient nerve palsy was mirrored in the paper by Nelson et al.
who reported just 1.7% (7/417) cases developing these temporary
symptoms.12 There were no persistent neurological injuries in
either series, nor any complication of vascular injury, haematoma
or compartment syndrome.12,16

“Major complications” occurred in 5% of cases, often requiring
further surgery. The indications for return to theatre included
washout for deep infections (9/473), heterotrophic ossification (6/
473), and manipulation under anaesthesia for persistent contrac-
ture (4/473).16

Nelson et al. adjusted for the case complexity against the pres-
ence of complications and concluded that “complexity does not
appear to affect the rate of complications with modern surgical
techniques”.12 However, these types of post-hoc subgroup analyses
are fraught with type II error and therefore are not reliable.

1.9. Checklist of recommendations to reduce risks of surgery

1. Pre-operative physical examination to assess for deformity and
subluxating ulnar nerve

2. Marking of anatomic landmarks and likely portals
3. Pre-operative joint capsule distension
4. Portal placement with the elbow at 90�

5. Use of a “nick and spread” technique
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6. Place portals under direct vision when possible
7. Recognise that the neuroanatomy is dynamic with elbow

movement
8. Avoiding radiofrequency diathermy and burring with suction

when in the proximity of nerves; especially in the poster-
omedial corner and anterior capsule

9. Familiarity with the advantages of, preferably, five portals.2
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