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Abstract

The requirement to use the posterior approach to the knee is uncommon,
and many orthopaedic surgeons may not be familiar with the surgical
anatomy. However, it is relatively common for a candidate in final profes-
sional examinations to be asked to describe the posterior approach to the
knee joint, with reference to the relationship of major vessels and nerves.
This article will cover the anatomy of the posterior knee and popliteal
fossa, the surgical approach used and the common pathologies encoun-
tered in the posterior knee and popliteal fossa.
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Introduction

In final professional examinations, it is often the anatomy and
surgical approaches oneis less familiar with that form the topics for
the viva voce, and are the questions that candidates view with
trepidation. Previous examination candidates have reported
questions on the posterior approach to the shoulder joint, cross
sectional anatomy for an above knee amputation, and the anatomy
and surgical approach to the posterior hip to name just a few.

It is a relatively common question for a candidate to be asked
to describe the posterior approach to the knee joint, with refer-
ence to the relationship of major vessels and nerves. This article
covers the anatomy of the posterior knee and popliteal fossa, the
surgical approach and the common pathologies encountered in
the posterior knee and popliteal fossa.

Anatomy of the popliteal fossa

Boundaries of the popliteal fossa and anatomy of the

posterior knee

The popliteal space is diamond-shaped. The boundaries are the
semi-membranosus superiorly, semi-tendinosus medially and the
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biceps femoris muscle laterally. The inferior boundaries are the
two heads of the gastrocnemius muscle. The gastrocnemius
spans the posterior aspect of the knee, in close relationship to the
posterior capsule, to insert on the posterior aspect of the medial
and lateral femoral condyles. The roof of the fossa is formed by
the thin popliteal fascia. The floor is formed by the posterior
aspect of the distal femur, the posterior capsule of the joint and
the popliteus muscle, which overlies the proximal tibia.

At the posterior aspect of the knee the popliteus muscle has
three origins, the strongest of which is from the lateral femoral
condyle (Figures 1 and 2). Additional origins are from the fibula
(popliteofibular ligament) and from the posterior horn of the
lateral meniscus. These femoral and fibular origins form the arms
of the oblique Y-shaped ligament, called the arcuate ligament.
The arcuate ligament is therefore not a separate ligament, but a
condensation of the fibres of the origin of the popliteus.

The semi-membranosus muscle is especially important as a
stabilizing structure around the posterior and posteromedial as-
pects of the knee. It has five distal expansions (Figure 1).

e Thefirstis the oblique popliteal ligament, which passes from
the insertion of the semi-membranosus on the poster-
omedial aspect of the tibia obliquely and laterally upward
towards the insertion of the lateral head of gastrocnemius.

e The second tendinous attachment of the semi-
membranosus muscle is formed with the posterior
capsule and posterior horn of the medial meniscus.

e The anterior (or deep head) of semi-membranosus con-
tinues medially along the flare of the tibial condyle, and
inserts just beneath the superficial medial collateral liga-
ment just distal to the joint line.

e The direct head of semi-membranosus attaches to the tu-
bercle on the posterior aspect of the tibia, just below the
joint line.

e Finally, the distal portion of the semi-membranosus
tendon continues distally to form a fibrous expansion
over the popliteus, and fuses with the periosteum of the
medial tibia.

Through its muscle contraction, semi-membranosus tenses

the posterior capsule and posteromedial capsular structures,
providing stability to the knee joint.

Contents of the popliteal fossa

The tibial nerve enters the popliteal fossa from its superior edge,
lateral to the popliteal artery. In the middle of the popliteal fossa,
the tibial nerve crosses posterior to the artery to its medial aspect
and remains at that location.

The common peroneal nerve slopes down the superolateral
border of the popliteal fossa towards the medial aspect and along
the biceps femoris tendon, then wrapping around the neck of the
fibula and entering a tunnel within the substance of the peroneus
longus muscle.

The popliteal artery enters the fossa from its medial aspect
through the adductor hiatus and lies on the posterior capsule of
the knee joint. It runs obliquely through the fossa and branches
into the genicular arteries: two superior, one middle, and two
inferior. After exiting the popliteal fossa the popliteal artery
forms the trifurcation, dividing into its terminal branches: the
anterior tibial, posterior tibial and peroneal arteries.

© 2013 Elsevier Ltd. All rights reserved.
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Figure 1 Triangular arrangement of passive elements in posterior capsule of
knee crucial for rotary stability. AT, Anterior tibialis; MG, medial gastrocne-
mius muscle; Sm, semi-membranosus; POL, posterior oblique collateral
ligament; TCL, tibial collateral ligament; PI, plantaris longus muscle; LG,
lateral gastrocnemius muscle; Fa, fabella; Lpo, oblique popliteal ligament;
FCL, fibular collateral ligament; PT, popliteus tendon; AL, arcutate ligament;
Po, popliteus muscle (from Miiller W: The knee: form, function, and liga-
mentous reconstruction, New York, 1983, Springer-Verlag).
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Figure 2 Posterior view of ks reinforcement of the posterior capsule. The
oblique popliteal ligament is dynamically stabilized by the semi-membrano-
sus muscle, and the arcuate ligament by the popliteus muscle (from Shah-
riaree H: O’Connor’s textbook of arthroscopic surgery, Philadelphia, 1984, |B
Lippincot?).
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The popliteal vein lies between the tibial nerve and the
popliteal artery. The short saphenous vein pierces the popliteal
fascia to join the popliteal vein within the fossa.

Surgical approach to the popliteal fossa

The posterior approach to the knee involves structures that, if
damaged, can produce permanent serious disability. A thorough
knowledge of the approach and anatomy is essential to avoid
such complications.'™

Surgical approach as described by Brackett & Osgood®;

Putti®; Abbott & Carpenter’

The posterior approach to the knee joint utilizes an S-shaped
incision centred over the popliteal fossa with the oblique section
of the incision lying in the area of the joint line (Figure 3). This
incision can then be extended proximally if required. The prox-
imal limb of the S should follow the tendon of semi-tendinosus to
the level of the joint, and then continue distally over the lateral
head of gastrocnemius.

The skin and subcutaneous tissue are reflected to expose
the popliteal fascia. The medial sural cutaneous nerve is
identified lying beneath the fascia. Just lateral to the nerve, the
short saphenous vein perforates the popliteal fascia to join the
popliteal vein (Figure 4). The fascia is incised to trace the
medial sural cutaneous nerve proximally to its origin from the
tibial nerve. The tibial nerve is followed distally, exposing the
branches to gastrocnemius, plantaris and soleus. The nerve is
then followed proximally to the apex of the popliteal fossa,
where it joins the common peroneal nerve (Figure 5).

Once identified, the common peroneal nerve is dissected
distally along the medial border of the biceps muscle and tendon,

Figure 3 Incision for the posterior approach to the knee joint.

© 2013 Elsevier Ltd. All rights reserved.
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Figure 4 Incision into the popliteal fascia — identify the short saphenous
vein as it pierces the fascia.

protecting the branches (lateral cutaneous nerve of the calf and
the anastomotic peroneal nerve). The popliteal artery and vein,
which lie directly anterior and medial to the tibial nerve, are then
exposed. The artery and vein are gently retracted to locate the
genicular vessels passing beneath the hamstring muscles on
either side, just proximal to the heads of gastrocnemius. The
genicular vessels often need to be ligated to allow greater access
(Figure 6).

The posterior capsule of the joint should be opened with the
knee extended, but the compartments can be explored with the
knee slightly flexed. The groove between the medial head of the
gastrocnemius and semi-membranosus forms a safe approach to
the medial compartment. The tendinous origin of the medial
head of the gastrocnemius can be turned down to help retract the
popliteal vessels and nerves safely. If the posterolateral aspect of
the joint needs to be exposed, the lateral head of the gastrocne-
mius can be elevated subperiosteally from the femur, and the
lateral compartment approached from between the tendon of the
biceps femoris and the lateral head of the gastrocnemius.

Pathology of the popliteal fossa

The posterior approach provides a broad exposure of the poste-
rior neurovascular structures, the posterior aspect of the femoral
condyles and tibial plateau, the posterior joint capsule and
additional soft tissue structures including the popliteus,
hamstring insertions and the origins of the gastrocnemius. The
pathology to be treated can therefore include a wide variety of
conditions, including (among others) tumour resection, posterior
synovectomy,® open reduction and internal fixation of posterior
tibial plateau fractures, fixation of the bony avulsions associated
with PCL injury, repair of posterior vascular injuries, and PCL
reconstructions.
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Figure 5 Identification of the tibial nerve distally and proximally to the
apex of the popliteal fossa where it joins the common peroneal nerve.

Common pathologies encountered in the popliteal fossa
Popliteal cysts (or Baker’s cysts — named after William Morrant
Baker 1838—1896) present as a painless mass behind the knee
joint.'”!8 They commonly arise from the gastrocnemius — semi-
membranosis bursa, although 70% communicate with the knee joint.
Baker’s cysts are associated with meniscal tears, osteoarthritis and
rheumatoid arthritis, and therefore the goal of treatment is to address
the underlying cause of the cyst. The vast majority of cysts resolve
spontaneously. If the cyst becomes large or painful, excision may be
an option, although recurrence rates are reported in the literature at
over 40%, as the cysts often communicate with the synovial cavity.
Pigmented Villonodular Synovitis (PVNS) is an inflammatory
granulomatous condition causing proliferation of synovium. The
most commonly affected site is the knee, with either diffuse or
localized proliferation of hyperplastic synovium. The synovium
forms villi lined with synovial epithelial cells, and large numbers of
histiocytes seen within the parenchyma.’ Physical examination
reveals a soft tissue swelling, with signs of synovial hypertrophy
and knee effusion in chronic cases. Radiographic features show
increased density of the synovium due to the haemosiderin content,
with the surrounding bone showing cortical erosions and sub-
chondral cysts. The bone destruction caused by PVNS may be
extensive, and can necessitate joint reconstruction. If there is any
doubt regarding the diagnosis (MRI cannot reliably distinguish
between PVNS and low grade synovial sarcoma), synovial biopsy
should be performed. The presence of histiocytes and haemosiderin
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Figure 6 Retraction of the artery and vein, and location of the genicular
vessels.

will confirm PVNS. Surgery is the only curative treatment, with
total synovectomy required for the diffuse form (recurrence com-
mon) and local excision for the nodular form (recurrence rare).
Synovial chondromatosis is a monoarticular synovial prolif-
erative disease. Metaplasia of cartilagenous tissue to osteocarti-
lagenous tissue takes place, finally forming ossified loose bodies.
Patients present with a limited range of painful motion, with 50%
of cases affecting the knee joint. Radiographs show the presence
of intra-articular loose bodies in more than 70% of cases. Total
open synovectomy is the treatment of choice; however, the
recurrence rate is widely reported as being over 25%.
Histological analysis suggests that of the soft tissue sarcomas
occurring in the popliteal fossa, synovial sarcoma is the most
common. Other types seen include malignant fibrous histiocy-
toma, undifferentiated sarcoma, liposarcoma, chondrosarcoma
and desmoid fibromatosis. One case report describes three pa-
tients with soft tissue sarcomas that received delayed treatment
because clinically they were mistaken for popliteal cysts.'®

Rarer pathologies of the popliteal fossa

Other more unusual reasons for the need for a posterior surgical
approach to the knee include radical popliteal dissection for
popliteal lymph node metastases following metastatic mela-
noma.'! Reports of popliteal lymph node dissection'!? suggest
that a fat pad overlying and alongside the popliteal vessels will
encase six to seven lymph nodes. One lymph node is frequently
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located anterior to the artery and posterior to the knee joint. Any
obviously abnormal nodes may be palpated, but the fat pad and
lymphatic tissue should be removed in continuity by careful sharp
dissection superficial to, beneath and alongside the vessels.

Resection of tumours in the popliteal fossa represents a
therapeutic challenge.'*~'* Tumours in this region are often large
before being detected, as they tend to be obscured by the bulk of
connective tissue and musculofascial structures from which they
arise. The neurovascular structures passing through the region
may often limit the extent of the resection or require extensive
reconstruction (e.g. vascular bypass). The lack of expandable
tissue in the knee region may compromise primary wound
closure, and mean tissue transfers are necessary. Inadequate
excision will likely lead to local recurrence and can lead to poorer
oncologic outcomes. Wide excision is often precluded by neu-
rovascular structures and hence marginal surgery or ablative
surgeries are the most common options, and chemotherapy and/
or radiotherapy should be considered.'®

Complications of surgery within the popliteal fossa

The most common complication cited in the literature is delayed
wound healing.'* Other complications include wound infection,
persistent post-operative pain, loss of motion (flexion more
commonly than extension) and post-operative seroma. Rarely,
osteonecrosis of the medial femoral condyle has been reported,
and this can occur many months after surgery. The cause is
thought to be from local trauma to the blood supply of the sub-
chondral bone from aggressive soft tissue dissection.
Neurological injuries canresult from excessive tourniquet time,
and manifest as neuropraxia. Direct injury to the tibial nerve can
result from dissection. Vascular complications include laceration,
thrombosis and intimal injury to the popliteal artery. Careful
dissection can prevent this. Vascular examination should always
be performed post-operatively, and arteriography performed in
patients with absent pedal pulses. Thorough knowledge of the
approach and anatomy is essential to avoid such complications.

Summary

Whilst the use of the posterior approach may be relatively un-
common, being questioned on it in final professional examina-
tions is not! Questions are likely to cover both the anatomy and
the surgical approach, and may lead to a discussion of the in-
dications for the use of the posterior approach. *
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Practice points

e Common pathologies encountered
o Popliteal cysts
o PVNS
o Synovial chondromatosis
o Tumours

e Complications of surgery
o Neurovascular complications
o Osteonecrosis
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