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Dear ESSKA members,
It is our great pleasure to offer you this instructional course lecture (ICL) 

book. It includes the contents of all the ICLs that will be given at the 2018 
ESSKA Congress in Glasgow.

The book encapsulates the latest updates on surgical knowledge in the 
field of knee surgery, sports traumatology and arthroscopy.

A mixture of eminence and evidence-based material on the indications for 
surgical interventions, surgical tips and tricks, and management protocols 
should empower practitioners at every stage in their career.

In the light of the educational mission of ESSKA, we are excited to share 
this tome with you.

We hope that you will enjoy every aspect of it.

Amsterdam, The Netherlands Gino M.M.J. Kerkhoffs
London, UK  Fares Haddad
Bruderholz, Switzerland  Michael T. Hirschmann
Mölndal, Sweden  Jón Karlsson
Luxembourg, Luxembourg  Romain Seil 
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Advances in Treatment of Complex 
Knee Injuries

Gilbert Moatshe, Jorge Chahla, Marc J. Strauss, 
Robert F. LaPrade, and Lars Engebretsen

1.1  Introduction

Multi-ligament knee injuries are commonly 
defined as a tear of at least two of the four major 
knee ligament structures: the anterior cruciate 
ligament (ACL), the posterior cruciate ligament 
(PCL), the posteromedial corner (PMC), and the 
posterolateral corner (PLC) in the same incident 

[1, 2]. Knee dislocations often result in multi- 
ligament knee injuries, but some multi-ligament 
knee injuries are not knee dislocations. A knee 
dislocation is typically characterized by rupture 
of both cruciate ligaments, with or without an 
associated grade III medial- or lateral-sided 
injury [2, 3]. Knee dislocations with one of the 
cruciate ligaments intact have been reported, but 
these are less common [4, 5]. Multi-ligament 
injuries are heterogeneous and are often associ-
ated with other injuries in the ipsilateral limb and 
injuries to other organs. Therefore, a thorough 
diagnostic workup and treatment plan are manda-
tory when dealing with these injuries. The pur-
pose of this chapter is to describe the principles 
of multi-ligament injuries including patient 
demographics and associated injuries, diagnosis 
and treatment approaches, surgical pearls for 
avoiding tunnel convergence, and grafts tension-
ing sequence, outcomes, and prevalence of osteo-
arthritis after knee dislocation surgery and future 
perspectives.

1.1.1  Classification

The most widely used classification system 
for the dislocated knee is based on the anatom-
ical patterns of the ligaments torn and was 
described by Schenck et al. (Table 1.1) [3, 6]. 
The advantage of this classification is that it 
allows for identification of the torn ligaments 
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and associated vascular, neurologic injuries, 
and fractures and also for planning of 
treatment.

1.2  State-of-the Art Treatment

1.2.1  Patient Demographics 
and Associated Injuries

Multi-ligament knee injuries were historically 
believed to be uncommon; however, Arom et al. 
recently reported an incidence of 0.072 per 100 
patient-years based on a database with 11 mil-
lion patients [7]. These injuries are often caused 
by both high-energy trauma [8], such as motor 
vehicle accidents and falls from heights, and 
low- energy trauma [9] including sporting activi-
ties. Engebretsen et al. reported that high-energy 
and sports-related injuries accounted for 51% 
and 47% of knee dislocations, respectively, 
based on a cohort of 85 patients with knee dislo-
cations [10]. In a recent review of a large cohort 
of 303 patients with bicruciate knee dislocations, 
Moatshe et al. [11] reported equivalent rates of 
high- and low-energy trauma, with 50.3% and 
49.7%, respectively. Miller et al. reported on 
multi-ligament knee injuries in obese individuals 
as a result of ultralow-velocity trauma [12]. 
These patients are reported to have a high preva-
lence of associated vascular and nerve injuries 

[12]. With obesity becoming a global problem, 
the incidence of these injuries will potentially 
increase.

Knees with both cruciate ligaments torn should 
be treated as knee dislocations, and the risk of vas-
cular and neurologic injuries is high [13]. 
Furthermore, Geeslin and LaPrade reported that 
only 28% of posterolateral knee complex (PLC) 
injuries occur in isolation; hence patients present-
ing with PLC injuries should be evaluated for con-
comitant injuries [14]. Moatshe et al. [11] reported 
common peroneal nerve injuries and vascular inju-
ries in 19% and 5%, respectively, in an evaluation 
of 303 patients with knee dislocations. Based on 
their cohort, the odds of having a peroneal nerve 
injury were 42 times higher among patients with 
posterolateral corner injury than those without, 
while the odds of having a popliteal artery injury 
were 9.2 times higher in patients with a posterolat-
eral corner injury. Additionally, a peroneal nerve 
injury was significantly associated with a vascular 
injury with an odds ratio of 20.6. Thus, patients 
with peroneal nerve injuries should be examined 
thoroughly for an associated vascular injury, and 
the surgeon should have a low threshold for obtain-
ing a CT angiogram. In a systematic review by 
Medina et al. [15], the frequencies of nerve and 
vascular injuries in knee dislocations were 25% 
and 18%, respectively. Becker et al. reported a 
comparable prevalence of peroneal nerve injuries 
(25%) but a higher prevalence of arterial injuries 
(21%) in a series of 106 patients [13].

A high prevalence of meniscal and focal carti-
lage injuries is reported in multi-ligament knee 
injuries. In a review of 121 patients (122 knees), 
Krych et al. reported that 76% of overall patients 
had a meniscal or chondral injury; 55% presented 
with meniscal tears, while 48% presented with a 
chondral injury in a follow-up of 121 patients 
(122 knees) [16]. However, Richter et al. reported 
a lower incidence (15%) of meniscal injuries in 
association with knee dislocations [17]. In a 
recent review of 303 patients with knee disloca-
tions from a single center, Moatshe et al. [11] 
reported meniscal injuries in 37.3% of the 
patients and cartilage injuries in 28.3%. Patients 
treated for multi-ligament injuries in the chronic 
phase had higher prevalence of chondral lesions.

Table 1.1 Table with Schenck’s knee dislocation classi-
fication [6]

KD I Injury to single cruciate + collaterals
KD II Injury to ACL and PCL with intact 

collaterals
KD III M Injury to ACL, PCL, and MCL
KD III L Injury to ACL, PCL, and LCL
KD IV Injury to ACL, PCL, MCL, and LCL
KD V Dislocation + fracture

Additional caps of “C” and “N” are utilized for associated 
injuries. “C” indicates an arterial injury. “N” indicates a 
neural injury, such as the tibial or, more commonly, the 
peroneal nerve
ACL anterior cruciate ligament, PCL posterior cruciate 
ligament, MCL medial collateral ligament, LCL lateral 
collateral ligament

G. Moatshe et al.
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Medial-sided injuries are usually the most 
common injuries in multi-ligament knee injury 
patterns. Moatshe et al. [11] reported that medial- 
sided injuries constituted 52% of the injuries in 
303 patients with knee dislocations. In their 
series, lateral-sided injuries constituted 28%, and 
bicruciate injuries with no other ligament involve-
ment constituted only 5%. In a review by 
Robertson et al. [18], medial-sided and lateral- 
sided injuries were reported in 41% and 28%, 
respectively. In contrast, Becker et al. reported 
that lateral-sided injuries were the most common 
(43%) in a series of 106 patients [13]. What is 
common for these studies is that KD III injuries 
are the most common ligament injury pattern in 
knee dislocations.

1.2.2  Acute Treatment 
and Diagnostics

1.2.2.1  Acute Multiple-Ligament  
Knee Injuries Diagnostics

It is important to estimate the amount of energy 
involved in the injury. High-energy trauma can 
cause injuries distant to the knee, which can take 

the attention from the injured knee, leading to a 
missed or late diagnosis. Furthermore, associated 
limb or organ injuries can affect the treatment 
plan. It is recommended to apply the Advanced 
Trauma Life Support (ATLS) principles when 
treating high-energy injuries. Concomitant inju-
ries to the popliteal artery (23–32%) [8, 19] and 
the common peroneal nerve (14–40%) [15, 20] 
are commonly observed in high-velocity knee 
dislocations.

For vascular assessment, foot pulses and skin 
color should be examined and compared with the 
uninjured side and monitored after admission for 
early detection of change in circulation. Physical 
examination with the presence of a normal vascu-
lar examination (normal and symmetrical pulses, 
capillary refill, normal neurological examination) 
is reported to be reliable to screen patients with 
knee dislocations for “selective” arteriography 
[21]. The ankle-brachial index (ABI) is useful as 
an adjunct to the physical examination to assess 
for vascular injuries, especially in patients where 
physical examination is not reliable such as those 
with neurological injuries and the obese. An 
angiography is recommended when the ankle- 
brachial index (ABI) is <0.9 (Fig. 1.1) [22, 23].

Fig. 1.1 Obtaining an (a) ankle- (b) brachial index (ABI) 
is important to have an objective evaluation of the vascu-
lar system. If the ABI is <0.9, angiography is recom-

mended. Patients with peroneal nerve injuries have a 
higher odds of a concomitant vascular injury and should 
therefore be considered for CT angiography

1 Advances in Treatment of Complex Knee Injuries
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In the obese patients with ultralow-velocity 
knee dislocations, one should have a low thresh-
old for CT angiography examination because of 
the difficulty in physical examination and the 
previously reported high risk of vascular injuries 
[12, 24]. Some protocols recommend an ABI cut-
off of <0.8 [25], while others recommend <0.9 to 
perform arteriography [21, 22]. The authors rec-
ommend a cutoff of <0.9 because ABI is easy and 
inexpensive to perform, while the consequences 
of not detecting vascular injury can be devastat-
ing. Patients with vascular injuries are initially 
treated with acute revascularization, and the knee 
is protected in an external fixator to protect the 
revascularization graft and to maintain knee 
reduction [25, 26]. The external fixator is usually 
removed at 2 weeks, and the knee is placed in a 
hinged brace to avoid pin infections and joint 
stiffness.

Magnetic resonance imaging (MRI) is per-
formed to evaluate all the injured structures, 
including ligaments, menisci, and cartilage 
(Fig. 1.2). Stress radiographs are essential in the 
evaluation of the PCL, PLC, and the PMC but 
can be difficult to carry out in the acute phase due 

to patient guarding (Figs. 1.3 and 1.4) [27–29]. In 
cases where stress radiographs are difficult to 
perform, a mini C-arm can be utilized for the 

Fig. 1.2 Preoperative magnetic resonance image (MRI) 
showing a posterior cruciate ligament (PCL) tear in a 
patient with multi-ligament injury

Fig. 1.3 Preoperative stress radiographs are important in 
evaluating patients with knee ligament injuries. In this 
patient, there was a 13.3 mm increase in posterior tibial 
translation on the left compared to the right knee, consis-
tent with a combined PCL injury. To compare the poste-
rior tibial translation, a point is identified along the 
posterior tibial cortex 15 cm distal to the joint line. A line 
is then drawn from this point parallel to the posterior cor-
tex, through the femoral condyles. The most posterior 
point of Blumensaat’s line is marked. A perpendicular line 
is drawn from the most posterior point of the Blumensaat’s 

line to intersect the first line drawn parallel to the tibial 
cortex. This distance is compared to the contralateral side 
to give a side-to-side difference. A posterior translation 
side-to-side difference of 0–7 mm is usually due to partial 
PCL tear or in patients who are too sore to put sufficient 
weight on the knee; an 8–11 mm side-to-side difference is 
associated with a complete isolated PCL tear; and 
≥12 mm is usually observed in patients with a complete 
PCL tear and additional ligament injury, usually the PLC 
or PMC but can also be seen in patients with decreased 
sagittal plane tibial slope

G. Moatshe et al.
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examination under anesthesia at the time of sur-
gery to objectively determine the amount of knee 
gapping. It is important to diagnose and treat col-
lateral ligament injuries concurrently with cruci-
ate ligament reconstructions because untreated 
collateral ligament injuries will lead to increased 
forces on the cruciate ligament reconstruction 
grafts, increasing the risk of graft failure [30, 31].

1.2.2.2  Treatment
It is commonly accepted that multi-ligament 
injuries should be treated with reconstruction of 
the torn ligaments. Non-operative treatment can 
be considered for the elderly, sedentary, and high 
surgical risk patients. Surgical treatment of the 
torn ligaments in multi-ligament injured knees 
improves patient-reported outcomes [17, 32, 33]. 
In a meta-analysis including 132 knees treated 
surgically and 74 treated nonsurgically, Dedmond 
and Almekinders reported better outcomes in the 
surgically treated group than the nonsurgical 
group, range of motion (123° in the surgical 
group vs. 108° in the nonsurgical group) and 
Lysholm scores (85.2 in the surgical group vs. 
66.5 in the nonsurgical group) [32]. Richter et al. 
[17] reported significantly improved outcomes in 
the surgical group compared to the nonsurgical 
group in an evaluation of 89 patients with trau-

matic knee dislocations (63 patients treated with 
surgical repair or reconstruction, 26 patients 
treated nonsurgically) with a mean follow-up of 
8.2 years. In a literature review by Peskun and 
Whelan [33] evaluating outcomes in 855 patients 
from 31 studies treated surgically, and 61 patients 
from 4 studies treated nonsurgically, functional 
outcomes, stability, and return to activity favored 
surgical treatment. In summary, the literature 
supports surgical treatment and postoperative 
functional rehabilitation of multi-ligament knee 
injuries.

1.2.2.3  Repair Versus Reconstruction
Several studies have demonstrated that recon-
struction of the torn ligaments is superior to 
repair. Mariani et al. evaluated outcomes in a 
cohort of patients with multi-ligament injuries, 
52 patients treated with repair of the ligaments 
versus 28 treated with reconstructions [34]. 
Patients with repair of cruciate ligaments had 
higher rates of flexion deficit, higher rates of pos-
terior instability, and lower rates of return to pre-
injury activity levels. Studies by Stannard et al. 
and Levy et al. demonstrated high reoperation 
and failure rates in patients with posterolateral 
injuries treated with repair, further strengthening 
the argument for reconstruction of the collateral 

Fig. 1.4 Varus stress radiographs to evaluate the integrity of the posterolateral corner preoperatively. In this picture 
there is a 7.1 mm side-to-side difference consistent with a complete posterolateral corner (PLC) injury

1 Advances in Treatment of Complex Knee Injuries
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ligaments [35, 36]. Anatomic reconstruction of 
the injured structures using biomechanically vali-
dated techniques restores knee kinematics to near 
normal and yields improved patient outcomes 
[37–39]. Therefore, in the setting of multi- 
ligament injuries, reconstruction of all the torn 
ligaments is recommended. Repair of the collat-
erals is usually reserved for bony avulsions that 
are large enough to be fixed with hardware or 
suture anchors [40].

1.2.2.4  Timing of Surgery
Timing of surgery during multi-ligament injuries 
is a topic of debate, and there is still no consensus 
on the point of demarcation between acute and 
chronic. Some authors have used 3 weeks as the 
critical time to better identify and treat the struc-
tures before scar tissue forms, making dissection 
and identification of the structures difficult, and 
tissue necrosis affects outcomes [10, 34, 41, 42]. 
However, some authors have used a 6-week time-
line to demarcate between acute and chronic inju-
ries [37]. Studies have reported superior outcomes 
in acutely treated patients compared to chronic 
treated patients [1, 43]. Even though some sur-
geons are concerned about the risk of joint stiff-
ness in acutely treated injuries, Levy et al. reported 
no difference in range of motion after acute and 
chronic surgery in a systematic review of literature 
that included five studies [1]. The authors pre-
ferred acute treatment of the injured structures to 
facilitate early rehabilitation [37]. In addition, 
staging the reconstruction can potentially alter 
joint kinematics and increase the risk of graft fail-
ure [30, 31, 44]. In high-energy trauma, surgery 
may be delayed because of injuries to the soft tis-
sue about the knee and concomitant injuries to 
other vital organs. However, stiffness in these 
patients may be easier to treat than recurrent 
instability.

1.2.3  Surgical Treatment Pearls

1.2.3.1  Avoiding Tunnel Convergence
Reconstructing several reconstruction tunnels in 
the distal femur and proximal tibia poses a risk of 
tunnel convergence because of limited bone mass 

in these areas. Tunnel convergence increases the 
risk of reconstruction graft failure because of the 
potential damage to reconstruction grafts, fixation 
devices, and not having sufficient bone stock 
between the grafts for fixation and graft incorpora-
tion. Moatshe et al. reported a 66.7% tunnel con-
vergence rate between the posterior oblique 
ligament (POL) tunnel and the PCL tunnel in the 
tibia when the POL tunnel was aimed at Gerdy’s 
tubercle when evaluating the risk of tunnel conver-
gence using biomechanically validated anatomic 
reconstruction techniques (Fig. 1.5). They recom-
mended that the POL tunnels be aimed to a point 
15 mm medial to Gerdy’s tubercle to reduce risk of 
convergence with the PCL and that the superficial 
medial collateral ligament (sMCL) tunnel be aimed 
30° distally to avoid convergence with the PCL 
tunnel [45].

On the lateral femoral side, Moatshe et al. [46] 
performed a 3D imaging study varying the angles 
of the FCL and popliteus tunnels. A 35–40° 
angulation in the axial plane and 0° in the coronal 
plane was safe and avoided tunnel convergence 
(Fig. 1.6). On the medial side, aiming the sMCL 

Fig. 1.5 There is a high risk of tunnel interference 
between the PCL (green) and POL (yellow) tunnels dur-
ing multi-ligament knee reconstructions. Aiming the POL 
tunnel 15 mm anterior to Gerdy’s tubercle (red) mini-
mizes the convergence with the PCL tunnel (green). The 
anterior cruciate ligament (ACL) tunnel (blue) and the 
tunnel for the popliteus tendon and the popliteofibular 
ligament grafts (purple) are also shown. PCL posterior 
cruciate ligament, POL posterior oblique ligament, ACL 
anterior cruciate ligament
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tunnel 40° in the axial and coronal planes and the 
POL tunnel 20° in the axial and coronal planes 
was safe to avoid convergence with the double- 
bundle PCL tunnels (Figs. 1.7 and 1.8). In a labo-
ratory study, Camarda et al. reported a high risk 
of tunnel convergence between the ACL and the 
FCL (69–75% depending on the length of the 
tunnel) and recommended aiming the FCL tunnel 
0° in the coronal plane and 20–40° in the axial 
plane [47]. Gelber et al. evaluated tunnel conver-
gence and optimal angulation of the tunnels on 
the medial femur condyle. They found that angu-
lations of 30° in the axial plane and coronal plane 
reduced the risk of convergence with the PCL 
tunnels [48]. However, the diameter of their PCL 
tunnels was smaller than those used by Moatshe 
et al., and that can potentially explain the differ-
ences reported.

1.2.3.2  Tensioning Sequence
The tensioning sequence in multi-ligament inju-
ries is a topic of debate, with different tensioning 
sequences having been reported in the literature. 
Some authors advocate for starting with the PCL 
to restore the central pivot and tibial step-off 

(Fig. 1.9), followed by the ACL in extension to 
ensure the knee can be fully extended, 
 posterolateral corner, and the posteromedial cor-
ner last [49, 50].

Fig. 1.6 Illustration demonstrating tunnels on the lateral 
femur condyle during multi-ligament knee reconstruc-
tions. Aiming the FCL (purple) and the popliteus (tur-
quoise) 35–40° anteriorly minimizes the risk of tunnel 
convergence with the ACL (red) tunnel. ACL anterior cru-
ciate ligament, FCL fibular collateral ligament, POP pop-
liteus tendon tunnel (With permission from Moatshe G, 
Brady AW, Slette EL, Chahla J, Turnbull TL, Engebretsen 
L, LaPrade RF. Multiple Ligament Reconstruction 
Femoral Tunnels: Intertunnel Relationships and 
Guidelines to Avoid Convergence. Am J Sports Med. 2017 
Mar;45(3):563–569.

Fig. 1.7 Illustration demonstrating four tunnels in the 
medial femoral condyle. With four potential tunnels in the 
medial femoral condyle, the risk of tunnel convergence is 
high. Aiming the sMCL tunnel 40° anteriorly and 20–40° 
and the POL tunnel 20° anteriorly and proximally mini-
mizes the risk of tunnel convergence (With permission 
from Moatshe G, Brady AW, Slette EL, Chahla J, Turnbull 
TL, Engebretsen L, LaPrade RF. Multiple Ligament 
Reconstruction Femoral Tunnels: Intertunnel 
Relationships and Guidelines to Avoid Convergence. Am 
J Sports Med. 2017 Mar;45(3):563-569.

Fig. 1.8 An intraoperative picture demonstrating orienta-
tion of the sMCL tunnel on the femur to avoid conver-
gence with the double-bundle PCL tunnels. The sMCL 
tunnel is aimed anteriorly and proximally to avoid conver-
gence with the PCL tunnels. The adductors tendon is a 
“light house” on the medial side. The sMCL attaches 
12 mm distal and 8 mm anterior to the adductor tubercle, 
which can be found just distal to the adductor tendon 
attachment. sMCL superficial medial collateral ligament, 
PCL posterior cruciate ligament

1 Advances in Treatment of Complex Knee Injuries
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In a posterolateral corner-deficient knee, ten-
sion during fixation of the ACL graft increased 
external tibial rotation of the tibia [44]. This 
change in tibiofemoral orientation would change 
joint mechanics and loading. Therefore, some 
authors advocate for fixing the posterolateral cor-
ner prior to the ACL to avoid external tibial rota-
tion. Markolf et al. reported that the PCL should 
be fixed prior to the ACL to best restore graft 
forces, based on a biomechanical study of cadav-
eric bicruciate-injured knees [51]. Kim et al. retro-
spectively reviewed 25 patients with multi-ligament 
injuries, 14 with the PCL tensioned first, and 11 
with simultaneous tension and fixing the ACL first 
and reported that posterior stress radiographs, 
Lysholm score, and IKDC scores favored fixing 
the ACL first [52]. There is currently no consensus 
regarding the optimal tensioning sequence, and 
there is a need for well- designed biomechanical 
studies [53]. Such biomechanical studies will lay 
ground for multicenter clinical studies to evaluate 
the optimal tensioning sequence. The author’s pre-
ferred tensioning sequence is fixing the anterolat-
eral bundle of the PCL at 90° to restore the normal 
tibial step-off, the posteromedial bundle of the 
PCL in extension, the FCL (LCL) at 20–30° of 
knee flexion, neutral rotation, and a slight valgus 
force, followed by the rest of the PLC structures at 

60° of flexion and neutral rotation, the ACL near 
full extension, and finally the posteromedial cor-
ner. The PLC is fixed prior to the ACL to avoid 
external rotation of the tibia during tensioning of 
the ACL. Prepping the contralateral knee and 
using an intraoperative C-arm may aid when 
reducing the injured knee during graft tensioning 
and fixation.

1.2.3.3  Rehabilitation
Another key step for a successful outcome is a 
comprehensive and staged rehabilitation program 
starting from day 1 postoperative. The main goals 
are to protect the surgical reconstructions and to 
restore range of motion (ROM). All patients are 
instructed to remain non-weight bearing for 
6 weeks while wearing a brace (dynamic brace for 
PCL reconstruction patients), followed by a 2-week 
period of weaning off crutches before achieving 
full weight bearing at 8 weeks’ postsurgery. ROM 
exercises are probably the most important part of 
the rehabilitation to avoid stiffness and include 
patellofemoral joint mobilization and tibiofemoral 
flexion and extension from 0–90°. Additionally, all 
patients began quadriceps- setting exercises day 1 
postsurgery to achieve symmetrical active knee 
extension at 6 weeks to facilitate a normal gait pat-
tern. A stationary bike was initiated at 6 weeks 
postsurgery, depending on the range of motion. 
Although every rehabilitation protocol is custom-
ized to the patient, the periodization concept was 
utilized and included the following phases: muscu-
lar endurance, strength, and power development. 
Each phase consists of at least 6 weeks to allow for 
physiological adaptation to the exercise stimulus. 
Rehabilitation progress is assessed throughout the 
recovery, with clearance to return to activities pro-
vided once patients had achieved a quadriceps 
index greater than 90% and a passing grade on the 
Vail Sport Test [54].

1.2.4  Outcomes and Prevalence 
of Osteoarthritis After Knee 
Dislocation Surgery

Surgical management is recommended for multi- 
ligament knee injuries; therefore, this section will 
focus on outcomes after surgical management. 

Fig. 1.9 An intraoperative picture showing reduction of a 
right knee to restore tibial step-off prior to tensioning and 
fixing the anterolateral bundle (ALB) of the PCL. The 
PCL is tensioned first to restore tibial step-off, followed 
by the posterolateral corner (PLC) tension and fixation. 
The ACL is fixed after the PLC and PCL, and the PMC is 
fixed last. ALB anterolateral bundle, PCL posterior cruci-
ate ligament, PLC posterolateral corner, ACL anterior cru-
ciate ligament
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Good functional outcomes are reported in short 
to medium follow-up after surgical treatment of 
multi-ligament injuries [1, 10]. In a follow-up of 
85 patients with knee dislocations at 2–9 years, 
Engebretsen et al. reported improved patient- 
reported outcomes with a mean Lysholm of 83, 
median Tegner activity score of 5, and mean 
IKDC 2000 subjective score of 64 [10]. Moatshe 
et al. [55] reported a mean Lysholm score of 84, 
Tegner score of 4, and subjective IKDC 73 in a 
follow-up of 65 patients with multi-ligament 
knee injuries at a minimum follow-up of 10 years 
demonstrating that good functional outcomes are 
possible at medium to long term. Geeslin and 
LaPrade [37] reported on 29 patients (30 knees), 
8 knees had isolated posterolateral corner inju-
ries, and 22 knees had combined ligament inju-
ries involving the posterolateral corner. At a 
mean follow-up of 2.4 years, Cincinnati and 
IKDC subjective outcome scores improved from 
21.9 to 81.4 and 29.1 to 81.5, respectively. Side- 
to- side varus gapping on stress radiographs 
improved from 6.2 mm preoperatively to 0.1 mm 
postoperatively [37]. Postoperative stress radio-
graphs are an important objective method of eval-
uating stability (Fig. 1.10). Certain factors have 
been reported to correlate with poor outcomes 

including high-energy trauma [10], repair of 
medial-sided injury [56], age >30 years [55, 57], 
concomitant cartilage injury [58], and combined 
medial and lateral meniscal tears [58].

Despite good functional outcomes reported by 
these studies [37, 39, 43, 49, 59, 60], posttrau-
matic osteoarthritis (PTOA) is a common prob-
lem, reported to range from 23 to 87% [10, 43, 
60] in the different studies (Fig. 1.11). 
Engebretsen et al. reported an 87% prevalence of 
PTOA, evaluated by the Kellgren-Lawrence 
(grade II or more) classification, after knee dislo-
cation surgery of the patients in a cohort of 85 
patients at 5–9 years’ follow-up. In a follow-up 
of 68 patients at a median follow-up time of 
12 years (range, 1–27 years), Hirschmann et al. 
reported a 31% prevalence of PTOA, and 16% 
had grade III and IV on Kellgren-Lawrence scale 
[43]. Fanelli et al. reported degenerative changes 
in 23% (10 of the 44) of the patients treated for 
knee dislocations at a mean follow-up of 10 years 
(range 5–22 years) [60].In a recent evaluation of 
knee dislocation patients treated surgically at a 
minimum follow-up time of 10 years, Moatshe 
et al. [55] reported that 42% of the cohort had 
radiologic osteoarthritis (KL ≥ 2) in the injured 
knee compared to only 6% in the uninjured knee.

Fig. 1.10 Postoperative varus stress radiographs demon-
strating a 0.1 mm side-to-side difference in the lateral 
compartment gapping compared to the normal contralat-

eral knee Postoperative stress radiographs are valuable in 
evaluating knee stability.
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1.2.5  Future Treatment Options

Multi-ligament knee injuries are complex, and a 
high level of suspicion is required when evaluating 
these patients. Some of the concurrent ligament 
and meniscal injuries may be missed initially, and 
this requires a detailed history and clinical exami-
nation, supplemented with MRI and stress radio-
graphs as part of the initial workup. Failure to treat 
all injured structures can lead to changes in knee 
kinematics and hence poorer outcomes and an 
increased risk of graft failure. Treating all the 
injured structures in the acute phase is recom-
mended in order to facilitate early rehabilitation 

and better restoration of knee function. 
Biomechanical studies are necessary to evaluate 
the effects of the different tensioning orders to the 
knee kinematics. This will potentially pave the way 
for multicenter clinical studies to evaluate this in 
clinical settings. In addition, several reconstruction 
grafts are often needed during this type of surgery, 
posing a problem in areas where allografts are not 
available. Optimal reconstruction in the setting 
where allografts are not available is an area that 
needs further research. With the growing popula-
tion and more grown-up people wanting to remain 
active, there is a need for research on enhancing 
healing of the reconstruction grafts because of poor 
healing potential that comes with age.

Fig. 1.11 A plain radiograph showing posttraumatic 
osteoarthritis on the right knee after knee dislocation sur-
gery involving the ACL, PCL, and sMCL. The injured left 

knee has no sign of osteoarthritis. ACL anterior cruciate 
ligament, PCL posterior cruciate ligament, sMCL superfi-
cial medial collateral ligament
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1.2.6  Take-Home Messages

• Multi-ligament injuries are challenging and 
require a detailed preoperative diagnosis, 
treatment plan, and a dedicated surgical and 
rehabilitation team to take care of the patients.

• Stress radiographs are valuable preoperatively 
to evaluate the torn ligaments and plan the sur-
gery and postoperatively to evaluate the integ-
rity of the ligament reconstructions.

• Posterolateral injuries are commonly associ-
ated with peroneal nerve and vascular injuries. 
Furthermore, the odds of vascular injuries are 
higher in the presence of a peroneal nerve 
injury. A high level of suspicion is advocated.

• Avoid tunnel convergence by detailed preop-
erative and intraoperative planning; the FCL 
tunnel should be aimed anteriorly or anteri-
orly and proximally to avoid convergence 
with the ACL tunnel. The sMCL tunnel and 
the POL tunnels should be aimed anteriorly 
and proximally to avoid convergence with the 
PCL tunnels.

• A well-designed, customized rehabilitation 
protocol is mandatory for good outcomes. The 
reconstruction grafts should be protected in a 
brace, while healing, and periodization of the 
rehabilitation is important.

• Treatment of these complex cases should be 
centralized and treated by dedicated teams 
with extensive surgical experience and 
volume.
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2.1  Introduction

Many of the small fractures below the knee are 
known by eponyms. Although some are well 
known such as the Maisonneuve and Lisfranc 
fractures, several are less well known, such as the 
Cedell and Tillaux fractures. Unfamiliarity with 
these small fractures may result in failure of 
detection at initial emergency department sur-
veys or treated suboptimally by lack of experi-
ence. This ICL chapter consists of an overview of 

several common “small” fractures of the foot and 
ankle, not to be missed, not to be mistreated.

2.1.1  Maisonneuve Fracture [1–15]

The Maisonneuve fracture is on this list because of 
its reputation to be overlooked, not because of its 
benign nature. On the contrary, it is an ankle frac-
ture by definition; suboptimal treatment may pre-
dispose the ankle to the onset of posttraumatic 
osteoarthritis (Fig. 2.1). Pankovich appreciates 
five stages of the Maisonneuve fracture: rupture of 
the anterior talofibular ligament (ATFL), rupture 
of the interosseous membrane, fracture or rupture 
of the posterior talofibular ligament (PTFL), rup-
ture of the anteromedial joint capsule, and fracture 
of the fibula and a rupture of the deltoid ligament 
or fracture of the medial malleolus. Since 7–15% 
of the body weight is transferred through the fib-
ula, shortening will lead to lateral tibiotalar over-
load. Late repairs of syndesmotic injuries have less 
favorable outcome than primary stabilization.

2.1.2  Posterior Malleolus  
Fracture [16–21]

Approximately 7–44% of ankle fractures have 
involvement of a posterior tibial fragment. Patients 
with fractures that include a posterior tibial frag-
ment tend to have a poorer prognosis than fractures 
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without posterior involvement. Haraguchi and col-
leagues classified posterior malleolar fractures into 
three types, based on pathoanatomy of posterior 
malleolar fragments. The deep deltoid ligament 
can be attached to the posteromedial fragments, 
which has significant implications for stability. 
There seems a remarkable preference to fix 
Haraguchi type I fractures. These larger posterolat-
eral fragments are best visible on plain lateral 
radiographs. Posteromedial fragments are at risk of 
being overlooked and undertreated and may lead to 
persisting medial instability in cases of malunion.

2.1.3  Tillaux Fracture [22–37]

Paul Jules Tillaux is credited to have discovered 
that an anterolateral distal tibial fracture was due 

to the pull of the anterior inferior tibiofibular lig-
ament. In adolescents, physeal closure follows a 
predictable pattern from the anterolateral aspect 
of the medial malleolus to the posteromedial 
physis, then the posterolateral, and finally the 
anterolateral aspect. Because the distal lateral 
tibial growth plate is still open, adolescent Tillaux 
fracture is classified as a Salter-Harris type III 
epiphyseal fracture or, rarely, as a Salter-Harris 
IV fracture, of the distal tibia.

2.1.4  Osteochondral Talar  
Fracture [38–47]

Osteochondral talar fractures are rarely seen as a 
fresh injury. However, they are a commonly 
encountered foot and ankle disorder in an elective 
practice. In the majority of cases, patients with 
this pathology have a history of ankle sprains and/
or fractures. Internal fixation of an osteochondral 
talar defect shows good results in the literature. 
However, in most studies, arthrotomies with or 
without a malleolar osteotomy were performed to 
fixate the osteochondral defects (OCDs).

2.1.5  Lateral Talar Process  
Fracture [48–59]

The lateral talar process provides stability to the 
ankle mortise and forms the talofibular and subta-
lar articulations. A lateral process fracture com-
prises 6% of all ankle fractures and 24% of 
fractures of the talar body. A lateral talar process 
fracture should be evaluated as an impact and 
crush injury instead of an avulsion injury. Because 
of the mechanism of injury, a lateral process frac-
ture is often seen in snowboarders. Nonunion 
rates of 60% are found in missed or conserva-
tively treated lateral talar process fractures. 
Nonunion rates of only 5% are found in lateral 
talar process fractures managed operatively.

2.1.6  Cedell Fracture [60–65]

Carl-Axel Cedell, a Swedish orthopedic surgeon, 
first described four cases of posteromedial talar 
tubercle fractures. This fracture is rare and often 

Fig. 2.1 Missed Maisonneuve fracture
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missed in the initial diagnostic setup. The mecha-
nism of injury can be due to direct or indirect 
trauma. Patients usually present with clinical 
pain over the posteromedial aspect of the ankle. 
The physical examination reveals ecchymosis 
and tenderness over the posteromedial aspect of 
the talocalcaneal joint and the posterior aspect of 
the medial malleolus.

2.1.7  Anterior Calcaneal Process 
Fracture [66–71]

Anterior calcaneal process fractures are among 
the most frequently overlooked and underesti-
mated foot injuries. It is held that these are 
either missed completely or not adequately 
diagnosed in about 30–40% of cases. The cen-
tral bifurcate ligament acts as a pivot of the 
Chopart joint as a whole. Avulsion fractures of 
the anterior process should be operatively fix-
ated whenever possible.

2.1.8  Lisfranc Injury [72–82]

Compared to many other injuries involving the 
musculoskeletal system, the overall incidence of 
Lisfranc injuries is low, with published rates 
approximating 0.2–0.4% of all midfoot injuries. 
Lisfranc injuries are still frequently missed by 
the unsuspecting clinician because initial radio-
graphic evidence can be occult, especially with 
lower energy injury. The patients often exhibit 
plantar ecchymosis on examination of the mid-
foot region, which, when present, should man-
date a high index of suspicion for possible 
Lisfranc injury.

2.2  State-of-the-Art Treatment

2.2.1  Maisonneuve Fracture [1–15]

Late repairs give satisfactory but less favorable 
outcome compared to properly treated acute inju-
ries. In the largest series reported of operatively 
treated Maisonneuve fractures, 92% of patients 
had good or excellent clinical outcomes. 
Radiographic evidence of osteoarthritis was 

observed in 49% of patients. According to sys-
tematic reviews, the medial malleolus should be 
fixed in case of a fracture. For the fibula, one or 
two 3-and 4-cortical screws can be used. There is 
no recommendation for proximal fibula fracture 
fixation. Neither is there a recommendation for 
direct repair of the deltoid ligament. Suture but-
tons have become a viable alternative to screw 
fixation. A recent randomized controlled trial 
shows that syndesmotic screw and TightRope 
fixation (Fig. 2.2) result in a low malreduction 
rate (5%), and both methods maintained reduc-
tion well (syndesmotic screw 84% and TightRope 
95%). Intraoperative or immediate postoperative 
control of fibular reduction in the mortise is nec-
essary, since there is malreduction in 6–52% of 
the cases. It is not possible to conclude from the 
type of injury, type of treatment, or experience of 
the surgeon whether an increased risk of persis-
tent dislocation is present. A nonanatomical 
reduction outcome must therefore be expected in 
many cases. The currently available literature 
does not support routine elective removal of syn-
desmotic screws. Secondary procedures increase 
overall healthcare costs and expose the patient to 
additional risk of complications. Therefore, in 
the absence of high-quality evidence, there 
appears to be little justification for routine 
removal of syndesmotic screws.

Fig. 2.2 Syndesmotic screw and TightRope fixation
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2.2.2  Posterior Malleolus  
Fracture [16–21]

Diagnostic accuracy of measuring on plain lat-
eral radiographs to assess articular involvement 
of posterior malleolar fractures is 22% 
(Fig. 2.3). Surgeons should no longer solely 
rely on plain lateral radiographs to judge the 
pathoanatomy of posterior fragments in ankle 
fractures. The size of the posterior malleolar 
fragment is long thought to be of relevance for 
decision-making. However, larger posterolat-
eral fragments may be left unfixated, whereas 
smaller posteromedial fragments should be fix-
ated since the deep deltoid ligament is attached 
to the posterior colliculus of the medial malleo-
lus. Arthroscopically assisted percutaneous 
reduction and fixation of posterior malleolar 
fragments should be considered when the sur-
geon has the skills and ability. Fixation of a 
posterior malleolus provides 70% of stability 
whereas syndesmotic screws provide 40%.

2.2.3  Tillaux Fracture [22–37]

The correct diagnosis and appropriate treatment 
of the Tillaux fracture are of extreme impor-
tance because this fracture involves a major 
weight- bearing articular surface. However, 
treatment protocols in the literature are not uni-
form for this kind of fracture, and numerous 
case reports can be found describing various 
treatment methods. Anatomical reduction and 
internal fixation are required for every displaced 
epiphyseal fracture, especially in cases with 
more than 2 mm fragment displacement. This 
cutoff value is relevant because a gap of more 
than 2 mm on plain radiograph can lead to post-
traumatic osteoarthritis.

Initial management with a closed reduction 
can be performed in the emergency room. To 
reduce a Tillaux fracture, the foot must be plantar 
flexed and then internally rotated; finally, the 
ankle must be maximally dorsiflexed. An assis-
tant should stabilize the knee at 90° during this 

Fig. 2.3 Articular involvement of posterior malleolar fractures
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manipulation. The closed reduction is followed 
by casting or splinting; a CT scan is then manda-
tory to confirm the adequacy of reduction, with a 
residual gap or step-off of <2 mm being consid-
ered acceptable.

If, after close reduction and casting, a residual 
step-off of >2 mm in any plane persists, operative 
treatment is indicated. Several surgical tech-
niques have been described to treat displaced 
Tillaux fractures, which can be divided in closed 
reduction and percutaneous fixation (Figs. 2.4 
and 2.5a, b), mini-open reduction and internal 

fixation, and open reduction and internal 
fixation.

A mini-open technique is defined as a small 
incision used to manipulate the fracture for 
reduction with an instrument under fluoros-
copy but without formal articular visualization 
or exposure. More recently, arthroscopically 
assisted reduction and fixation has also been 
proposed. The treatment of choice of Tillaux 
fractures is dependent on the fracture displace-
ment, stability of the fracture, articular con-
gruity, and presence of associated injuries. 

Fig. 2.4 Closed reduction and percutaneous fixation

a bFig. 2.5 (a) 
Percutaneous screw 
fixation of a Tillaux 
fracture (yellow arrow), 
respecting the 
epiphyseal plate.  
(b) 7 months 
postoperative 
radiographic control 
after screw removal
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Early treatment is recommended, although 
acceptable results were also obtained with a 
5-week delayed treatment. If screw fixation is 
performed, the screw should be removed 
within 1 year, since cannulated screw removal 
from the distal tibial epiphysis after more than 
1 year postoperatively can be often compli-
cated by screw breakage and screw head 
stripping.

2.2.4  Osteochondral Talar  
Fracture [38–47]

The distinction between fresh and chronic osteo-
chondral lesions is difficult to make. There is a 
wide variety of treatment regimens for chronic 
lesions, whereas for fresh osteochondral frac-
tures, fixation is to be preferred (Fig. 2.6a, b). 
There are several studies showing osteochondral 
lesions to occur as a result of ankle fractures. 
However, there is a paucity in the literature 
regarding the epidemiology of fresh osteochon-
dral fractures. Probably, there is a role for conser-
vative treatment, since 61.5% yields successful 
results in chronic lesions. For chronic lesions, 
none of the interventions for the treatment of pri-
mary osteochondral defects to the talus show 
clinical superiority over another or others. 
Internal fixation of a large enough fresh or 
chronic osteochondral talar defect is a good tech-

nique. The advantage is to restore the natural 
congruency of the subchondral bone and to pre-
serve hyaline cartilage. However, often, a medial 
or lateral arthrotomy, often combined with a mal-
leolar osteotomy, has to be performed to allow 
proper visibility and working access.

We advise an arthroscopic fixation technique 
for primary osteochondral talar defects: lift, drill, 
fill, and fix (LDFF). The contour of the anterior 
tibia can be identified and the distal tibia rim 
removed with a shaver to facilitate better access 
to the ankle joint. The arthroscopic portals should 
be interchangeably used to allow optimal vision. 
With a probe, the location of the OCD is identi-
fied, and a beaver knife is used to allow the mak-
ing of a sharp osteochondral flap. The posterior 
side of the flap is left intact and can be used as a 
lever, allowing lifting from anteriorly with the 
use of a chisel (lift). The attached bone of the 
osteochondral flap and the osteosclerotic area of 
the bed can be debrided and drilled to promote 
revascularization (drill) in case of older lesions. 
After debridement and drilling, the defect can be 
filled with cancellous bone of the distal tibial 
metaphysis. Cancellous bone is harvested with a 
chisel by creating longitudinal particles that are 
transported into the defect with a grasp (fill). 
Finally, the osteochondral flap can be correctly 
aligned and fixed with a bio-screw (fix). Clinical 
success rates between 78% and 89% after fixa-
tion through an open procedure are reported. 

a b

Fig. 2.6 (a) Large 
osteochondral fracture 
suitable for fixation.  
(b) Large osteochondral 
fracture suitable for 
fixation

P. d’Hooghe et al.



21

Long- term outcomes after arthroscopic treatment 
are not yet available; however similar or higher 
values could be expected.

2.2.5  Lateral Talar Process  
Fracture [48–59]

A lateral talar process fracture is often misdiag-
nosed as an ankle sprain, assuming there is only 
soft tissue damage. Of all lateral talus fractures, 
33–59% are missed on initial presentation. 
Misdiagnosis and undertreatment can lead to 
malunion or nonunion, eventually resulting in 
osteoarthritis. This can have severe consequences 
for the quality of life in the young and active 
patients suffering from this injury. Therefore, the 
diagnostic workup is essential.

The physician evaluating a patient with lateral 
ankle pain should suspect a lateral talar process 
fracture after a high-impact trauma or after snow-
boarding. Patients with a lateral talar process 
fracture present with pain, swelling, and hema-
toma. Palpation anteroinferior to the lateral mal-
leolus is frequently painful. The lateral malleolus 

itself may also be painful. In most cases, the 
Ottawa ankle rules are positive in patients with a 
lateral talar fracture, leading to the first step in 
diagnostic imaging: radiography.

Standard radiography is false negative in 
21–40% of the cases. The fracture is best estab-
lished on a mortise view or Broden’s view. Chip 
fractures might overproject on the fibula and cal-
caneus and are therefore better seen on the lateral 
view.

An intact lateral process of the talus has a 
symmetrical V-shaped contour. A crooked or 
asymmetrical V-shape can be seen in a displaced 
fracture. Von Knoch et al. described this as a pos-
itive V-sign. A posterior subtalar effusion on the 
lateral ankle radiograph raises suspicion of a lat-
eral talar process fracture. Holding the ankle in 
dorsiflexion and inversion can contribute to a bet-
ter view of the fracture.

After diagnosing a lateral talar process fracture 
on plain radiography, a computed tomography 
(CT) scan should be made to visualize the type of 
fracture, amount of displacement, comminution, 
and involvement of the subtalar joint (Fig. 2.7). A 
CT scan can also be diagnostic in patients with a 

a b c

Fig. 2.7 A 30-year-old male with a lateral talar process 
fracture (a). The CT scan showed a Hawkins type I frac-
ture with 3 mm dislocation (b). Despite the advice to per-
form open reduction and internal fixation, the patient 
chose a conservative treatment. Immobilization in a short- 
leg, non-weight-bearing cast for a period of 6 weeks was 

provided. The patient was seen 2 years after the initial 
treatment with persisting ankle pain. Physical examina-
tion revealed a limited ankle dorsiflexion. The CT scan 
showed a consolidated lateral talar process (c) and moder-
ate subtalar arthrosis
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high suspicion at clinical presentation but negative 
findings on radiography. Moreover, CT is able to 
detect early degenerative changes and visualize 
additional pathology like concomitant ankle frac-
tures, joint dislocations, or soft tissue damage. In 
addition, Kramer et al. proposed magnetic reso-
nance imaging to rule out syndesmosis injury.

To achieve normal ankle and subtalar func-
tion, it is necessary to restore the shape of the 
talus and the articular surfaces. The treatment of 
a lateral talar process fracture is dependent on the 
classification of Hawkins. Nondisplaced or mini-
mally displaced type I and type III fractures can 
be managed without surgery. Type I and type III 
fractures with two or more millimeters of dis-
placement, as well as most type II fractures, usu-
ally require surgery. In case of delayed diagnosis 
of the fracture, excision of the fragment is com-
monly recommended, although refixation might 
be possible in select cases. Subtalar arthrodesis 
might be necessary when the fracture has been 
neglected and the patient has developed posttrau-
matic arthrosis of the joint (Fig. 2.8).

Conservative or nonsurgical treatment includes 
immobilization in a short-leg, non- weight- bearing 
cast for a period of 6 weeks. After 6 weeks of immo-
bilization, the initial treatment is followed by phys-

iotherapy exercises to increase muscular strength, 
proprioception, and range of motion as well as to 
improve gait. Patients who fail conservative casting 
and immobilization with continued pain and symp-
toms should undergo a secondary debridement.

For large, displaced lateral talar process frac-
tures, open reduction and internal fixation is 
 recommended. For small, displaced, or highly 
comminuted lateral talar process fractures, every 
effort should be made to restore the articular con-
gruity of the subtalar joint; only if the fragments 
are too small for secure fixation, fracture frag-
ment debridement is indicated.

Lateral talar process fractures are approached 
through the sinus tarsi by an incision from the 
midpoint of the lateral malleolus to the calcaneo-
cuboid joint, with distal reflection of the extensor 
brevis muscle. The incision goes directly over the 
lateral talar process and along the floor of the 
sinus tarsi. The subtalar joint capsule needs to be 
opened to inspect for loose fragments. Fixation 
of suitable fractures can be accomplished with 
(mini-fragment) screws and possibly plates. 
Fracture fragment debridement should be done 
only when the fragments are too small to support 
fixation. It is important to remove all intra- 
articular debris to reduce the risk of arthritis.

a b c

Fig. 2.8 A 44-year-old male who had had an ankle sprain 
1 year prior, presented to the orthopedic department with 
persisting ankle pain. Physical examination revealed a 
swollen ankle joint and stiffness of the subtalar joint with 
recognizable pain. On the radiographs, an irregular sur-

face of the lateral talar process was seen (a). The CT scan 
revealed a consolidated lateral talar process fracture as 
well as subtalar arthrosis (b). Because of the severe com-
plaints, a subtalar fusion was performed (c)
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23

2.2.6  Cedell Fracture [60–65]

Radiographic imaging is very important to confirm 
the clinical suspicion. A standard anteroposterior, 
lateral, and oblique radiograph should be obtained. 
The foot is placed on the film cassette as if a true 
anteroposterior view of the ankle is to be taken. 
Then the foot and ankle are externally rotated 40°. 
The beam is centered at 1 cm posterior and 1 cm 
inferior to the medial malleolus and is tilted caudal 
to cephalad at 10° (Fig. 2.9). A forced hyper-plan-
tar flexion test with the patient sitting and with the 
knee flexed to 90° can raise a clinical suspicion to 
the diagnosis of a Cedell fracture (Fig. 2.10).

In his article on four patients in 1974, Cedell 
proposed operative treatment with bony fragment 
excision on all cases. An extra-articular or undis-
placed small fracture of the medial tubercle is 
usually marginal, and best treatment remains a 
short-leg cast or orthosis and partial weight- 
bearing for 6 weeks. All displaced fractures and 
fractures involving the joint should be treated 
operatively to minimize the risk of early subtalar 
degenerative changes.

Therefore, small displaced fragments measuring 
<0.5 cm should be managed with subtalar 
arthroscopic excision. Displaced fragments measur-
ing 0.5–1 cm should be evaluated arthroscopically 
while also evaluating possible chondral lesions, and 
according to the mentioned findings, they can be 
excided or reduced. All fracture fragments measur-
ing >1 cm should be treated operatively whether 
through arthroscopic or ORIF fashion, depending 
on the surgical expertise and preference.

2.2.7  Anterior Calcaneal Process 
Fracture [66–71]

Standard radiographs with suspected Chopart 
joint injuries include dorsoplantar (anteroposte-
rior), lateral, and 45°oblique projections of the 
foot. For obtaining the dorsoplantar view, the 
tube is tilted caudally 30°. If a bony injury at the 
Chopart joint is seen or suspected on plain 
 radiographs, CT scanning should be used gener-
ously to reveal the exact fracture anatomy and to 
allow for adequate treatment planning.

Nondisplaced fractures can be treated conserva-
tively by plaster immobilization for 6 weeks (in 
case of limited involvement of joint surfaces, type 
II fractures). An open reduction and internal fixa-
tion should be recommended however, when there 
is dislocation and joint surface involvement; small 
fragments and multifragment fractures are treated 
by excision. The anterior calcaneal process is visu-
alized via an oblique anterolateral approach, ide-
ally starting at the sinus tarsi and extending to the 
calcaneocuboid joint. The incision is carried out 
above and parallel to the peroneal tendons. Care is 
taken not to injure the sural nerve. The joint is visu-
alized and the lateral column brought out to length 

Fig. 2.9 A standard anteroposterior, lateral, and oblique 
radiograph should be obtained. The foot is placed on the 
film cassette as if a true anteroposterior view of the ankle 
is to be taken. Then the foot and ankle are externally 
rotated 40°. The beam is centered at 1 cm posterior and 
1 cm inferior to the medial malleolus and is tilted caudal 
to cephalad at 10°

Fig. 2.10 A forced hyper-plantar flexion test with the 
patient sitting and with the knee flexed to 90° can raise a 
clinical suspicion to the diagnosis of a Cedell fracture
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using a mini-distractor (i.e., a Hintermann spreader) 
when necessary. In case of depressed fragments, 
the joint-bearing fragment is then mobilized toward 
the articular surface together with the subcortical 
bone using the uninjured surface of the cuboid as a 
template. The anterior process of the calcaneus is 
fixed with short T-shaped or L-shaped plates. The 
use of locking plates seems useful to sustain the 
length of the lateral column of the foot. Simple 
fractures of the upper part of the anterior process 
can be fixed with 1.5–2.7 mm screws. The decision 
whether an excision or reduction and fixation of the 
fragment is indicated can be made intraoperatively. 
Anatomic refixation of larger intra-articular frag-
ments, which represents the optimal strategy, is 
technically challenging. Type III fractures usually 
show cartilage damage of the CC joint due to the 
often delayed diagnosis and treatment.

2.2.8  Lisfranc Avulsion  
Fracture [72–82]

The so-called  Lisfranc ligament is actually only 
one of many ligaments in this complex, but it is 
the largest and most anatomically distinct of these 
structures, running obliquely from the medial 
cuneiform to the base of the second metatarsal—
and it provides the greatest degree of ligamentous 
support to the metatarsal arch of all ligaments 
within the midfoot. While the midfoot capsulo-
ligamentous complex in the Lisfranc region exists 
both dorsally and plantarly, the strongest and most 
important of these structures is plantar.

One anatomic pearl to remember about this 
midfoot region is that one of the more common rea-
sons to develop compartment syndrome in the 
foot—an unusual but documented problem that can 
occasionally occur in the face of a Lisfranc injury—
is that the first branch of the dorsalis pedis artery 
traverses the 1–2 interspace in this region and can 
be torn with injury or surgery in this region. 
Attention should be paid to this structure during 
any treatment of a Lisfranc injury (Fig. 2.11).

The particular hallmark that can often be rec-
ognized in midfoot injuries when they occur in 
subtle fashion, however, is an avulsion fracture of 
the Lisfranc ligament involving the base of the 

second metatarsal—the so-called fleck sign 
(Figs. 2.12 and 2.13). While this small fracture 
does not occur in all of these injuries, not infre-
quently, it can represent the only manifestation of 
an important underlying condition that requires 
surgical attention and thus should not be missed. 
It can be argued that ensuring anatomic realign-
ment and conferring stability to the midfoot after 
an occult Lisfranc injury (highlighted only by the 
presence of a midfoot avulsion fracture) are as 
functionally important as restoring Lisfranc mid-
foot integrity after a homolateral dislocation that 
involves tarsometatarsal (TMT) joints 1–5.

Traditionally, Lisfranc injury has been diag-
nosed when ≥2 mm displacement existed between 
normally congruent articulations within the TMT 

Fig. 2.11 First branch of the dorsalis pedis artery
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complex, although in more recent times, Lisfranc 
injury is questioned if any irregularity or disruption 
exists between any of these normal anatomic rela-
tionships across TMT joints 1–5. Radiographs 
should be assessed carefully to assess alignment of 
the borders of each metatarsal base with its, respec-
tively, articulating tarsal bone rather than any gap-
ping between the metatarsals themselves, and 
attention should also be focused on the more proxi-
mal midfoot, since occasionally there can be super-
imposed  intercuneiform instability as well. While 
the first and second articulations are best viewed on 
the anteroposterior foot radiograph, the third to fifth 
TMT joints are best viewed on the oblique radio-
graph. During stress examination for identification 
of occult Lisfranc injury (often seen with the so-
called Lisfranc avulsion), the examiner applies an 
abduction force across the forefoot to stress the 
midfoot, which can often highlight subtle instability 
across one or more TMT joints radiographically.

Over the past few decades, a variety of treat-
ment options have been described for this injury, 
and it is important to note that surgical approaches 
vary from percutaneous exposures to open 
approaches using one or several incisions, 
depending on the severity of the injury. Fixation 
options include Kirschner wires, trans-articular 
screws, dorsal plating, or suture button fixation—

Fig. 2.12 Weight- 
bearing radiographs now 
demonstrating increased 
gap between the first and 
second metatarsals; fleck 
sign is now visible off 
the second metatarsal

Fig. 2.13 Stress radiograph demonstrating clear instabil-
ity of the middle column via disruption of the medial 
alignment of the second TMT joint. A positive fleck sign 
is seen here, demonstrating avulsion of the Lisfranc liga-
ment. The first TMT joint can also be noted to have 
incongruency
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although in recent years the former has somewhat 
fallen out of favor because of its decreased ability 
to maintain reduction over time. This is notewor-
thy since the outcome of Lisfranc surgery in 
many reports is most predicated not only on the 
nature or “personality” of the originating injury 
but also on the surgeon’s initial ability to both 
obtain and maintain anatomic reduction over 
time. Over the past four decades, recommenda-
tions for fixation have thus interestingly evolved 
from Kirschner wires to trans-articular screws to 
dorsal plating (to avoid further articular damage) 
to primary fusion or suture button fixation.

For the majority of Lisfranc avulsion injuries 
(which typically involve the second TMT joint 
in isolation), the past 5 years has seen a surge of 
management with percutaneous or limited open 
reduction with either one or two screws or suture 
buttons across the unstable TMT (Fig. 2.14). It 

remains unclear as to which of these constructs 
offers greater advantage, and it remains contro-
versial as to exactly where the hardware should 
be placed or whether or not it should be retained 
or removed following adequate time to allow for 
healing. Recovery from these injuries typically 
takes 2–3 months until weight-bearing progres-
sion in a regular shoe with arch support and 
1 year to reach maximum medical improvement. 
Arthritic change in these joints can occur, but in 
the face of anatomic realignment, this often 
takes decades or more to be of any consequence 
to patients, and most do quite well with appro-
priate surgical management and rehabilitation.

2.3  Future Treatment Options

Regarding the treatment of Maisonneuve frac-
tures, the future may lie in thoughts on preopera-
tive evaluation. There may be advancements in 
imaging with weight bearing. Also, intraopera-
tive tools such as 3D guiding or navigation for 
reduction may be beneficial. Guidelines on how 
to tension the suture buttons, which force to 
apply, and in which position of the foot are to be 
investigated. Arthroscopic evaluation and guid-
ance for reduction could be useful. Hypothetically, 
the deltoid ligament could play a key role in 
Maisonneuve injuries, and an adequate deltoid 
ligament reconstruction would be stable enough 
to restore the reduction of the talus in the mortise. 
In his classic article, Boden already stated: 
Biomechanically, the syndesmosis is a secondary 
stabilizer to the primary restraint against talar 
translation: the deltoid ligament.

For posterior malleolar fractures, as for other 
intra-articular fractures, it is a fact that satisfac-
tory outcomes are seen despite residual incongru-
ity. Therefore, it is fair to question the need for 
perfect reduction in all cases. We do not know if 
some joints are able to tolerate incongruity better 
than others. Our ability to assess the quality of 
reduction is limited, and our understanding of 
tolerance for malreduction is still lacking. 
Recommendations for future studies include a 
prospective (long-term) follow-up of ankle frac-
tures with posterior malleolar fragments includ-
ing pre- and postoperative CT quantification. The 

Fig. 2.14 Postoperative anteroposterior radiograph of a 
22-year-old male who sustained an avulsion type II TMT 
Lisfranc injury after being struck by a car while riding his 
motorcycle
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influence of comminution, true fracture fragment 
size (mm3), 3D fracture morphology, articular 
involvement (mm2), residual gap, residual step- 
off, and other patient-related factors could then 
be analyzed to discover the most important pre-
dictors of functional outcome.

Due to the articular nature of Tillaux fractures, 
the arthroscopic-assisted approach guarantees 
the direct visualization of the reduction and fixa-
tion of the injury, with the advantages of a mini-
mally invasive procedure.

Despite that available evidence fails to show 
improved outcome associated with this approach, 
we recommend it as the standard surgical 
strategy.

Regarding the osteochondral talar fractures, it 
must be said that the osteochondral autologous 
transfer system is theoretically an ideal solution. 
However, donor site morbidity (mostly of the 
knee) has raised reluctance both in patients and in 
surgeons. An alternative technique is to use a vas-
cularized corticoperiosteal graft. This technique 
is not a new idea, but it was recently revived by 
Hintermann and Schäfer. They identified the 
medial condyle of the femur as an ideal site from 
which to harvest a vascularized bone graft, suffi-
ciently large and solid, having a contour similar 
to that of the talar surface, a consistent perfusing 
artery and periosteal cover. This technique 
restores the contour of the talus with a firmly 
incorporated graft which retains its shape and 
size and develops an overlying layer of fibrocar-
tilage. The osteoperiosteal graft could also be 
harvested at the iliac crest, in which case it is 
implanted nonvascularly.

There is no evidence of biologic therapy to 
improve outcomes of fresh osteochondral frac-
tures. In chronic lesions, this remains a subject of 
ongoing debate. Based on available basic and 
clinical evidence, biologic agents and scaffold- 
based therapies might show improved clinical 
and radiological outcomes. A recent systematic 
review acknowledged that the majority of studies 
assessing clinical outcomes following operative 
treatment in osteochondral lesions are of poor 
methodological quality. Well-designed clinical 
trials with validated outcome measurements are 
needed.

Stimulating fracture healing in lateral talar 
process fractures can be an option as an adjunct 
in initial treatment or in the case of mal- or non-
union. To improve consolidation in fracture treat-
ment, Buza et al. reviewed the latest treatment 
options in stimulating bone healing. The review 
discusses three major treatment options: physical 
stimulation, local strategies, and systemic bio-
logical factors. To date, there is little evidence for 
any of these treatment options, especially regard-
ing ankle fractures. Nonoperative treatment with 
pulsed electromagnetic fields, low-intensity 
pulsed sonography, or shock wave therapy seems 
promising. Local administration of autologous 
bone marrow, growth factors, or bone morphoge-
netic proteins might be beneficial too. Systemic 
biological factors such as parathyroid hormone 
and bisphosphonates should be considered care-
fully, taking the patient and the severity of the 
local complaints into account.

Regarding Cedell fractures, recently Watenabe 
introduced a new classification (three types) 
according to the mechanism of injury and the 
fracture configuration: (1) avulsion type, (2) split 
type, and (3) comminuted type. A proposed 
 algorithm for treatment is mentioned below 
according to this classification (Fig. 2.15).

Ideal treatment options for Lisfranc injuries 
continue to evolve as we learn more about this 
injury and evaluate the long-term effects of our 
various treatment options in different patient 
populations. The current consensus is that ana-
tomic reduction and rigid fixation are neces-
sary—regardless of implant choice—to maintain 
the alignment, midfoot arch stability, and suffi-
cient ligamentous healing that promote optimized 
foot function in the long term. K-wire fixation is 
generally advised against in all TMT joint con-
structs except the lateral column, where these are 
still often employed as a temporary (6 weeks) 
form of fixation to be later removed in the pres-
ence of injury to the most mobile segment of the 
Lisfranc joint complex. While increasingly advo-
cated by some surgeons as primary management 
for Lisfranc injuries even in low- or high-energy 
injuries, primary arthrodesis is still not consid-
ered the mainstream treatment choice for most of 
these patients except in the setting of highly  
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comminuted, intra-articular fractures. Debate 
also continues as to whether or not this should be 
the primary treatment choice for the elite athletic 
population and for patients who are expected to 
endure significant daily impact or loads to the 
midfoot based on career nature. Further study is 
necessary to answer these questions.

2.4  Take-Home Message

Maisonneuve fracture: should be suspected in 
external rotation injuries of the ankle joint. 
Screws or suture buttons can restore the original 
anatomy. However, caution is advised as malre-
ductions may occur (approximately 25%). There 
is no recommendation for proximal fibula frac-
ture fixation. Neither is there a recommendation 
for direct repair of the deltoid ligament.

Posterior malleolus fracture: involvement is 
severely misjudged on plain lateral radiographs. 
Overall, only 22% of measurements on plain 
radiographs are accurate. Posteromedial frag-
ments are at risk of being overlooked and under-
treated and may lead to persisting medial 
instability in cases of malunion. CTs are recom-
mended in all trimalleolar ankle fractures.

Tillaux fracture: this is a Salter-Harris type 
III epiphyseal fracture, which demands high 
attention due to potential consequences for skel-

etal development. CT is recommended to deter-
mine the number of fragments and extent of 
fracture displacement. Operative treatment is 
indicated for fracture with displacement of more 
than 2 mm or articular step-off. Outcomes of 
Tillaux fracture treatment are generally excel-
lent, provided that anatomic reduction is 
obtained.

Osteochondral talar fracture: arthroscopic fix-
ation is the first choice for fragments of adequate 
size. In cases of small lesions, debridement and 
bone marrow stimulation are viable options. For 
failed treatment of larger lesions, consider 
replacement by osteoperiosteal allograft (vascu-
larized or nonvascularized).

Lateral talar process fracture: uncommon 
ankle fracture with a higher incidence in snow-
boarders. The fracture is best seen on radio-
graphic mortise view or Broden’s view. Most 
displaced lateral talar process fractures require 
operative treatment. Long-term disability is espe-
cially seen in patients who did not receive proper 
treatment, as well as in patients who were ini-
tially misdiagnosed.

Cedell fracture: uncommon and frequently 
missed in the initial diagnostic setup. Cast treat-
ment is recommended for nondisplaced fractures 
or fractures without significant subtalar involve-
ment. Excision is recommended for symptomatic 
Cedell nonunions.

Fracture of the medial tubercle

Indirect injury

Nondisplaced

Fresh

Conservative Bone excision ORIF

Old

Displaced

Split type Avulsion type Comminuted type

Direct injury

Fig. 2.15 Top one 
should be: Fracture of 
the medial tubercle 
Second row left one 
should be: Indirect 
injury Fourth row right 
one should be: 
Displaced
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Anterior calcaneal process fracture: should be 
considered in the differential diagnosis of a lat-
eral ankle sprain. Early diagnosis allows stable 
fixation of adequate fragment sizes and can 
accordingly prevent posttraumatic consequences 
such as osteoarthritis, collapse, or deformities of 
the CC joint.

Lisfranc avulsion fracture: even those that are 
occult, limited to one ray, or associated only with 
avulsion fracture and with slight incongruity, is 
best managed in active patient with surgical 
reduction and stabilization. Controversy persists 
as to retention or removal of hardware, type of 
hardware indicated, type of approach indicated, 
or the need for fusion, but what remains clear is 
that restoring anatomic alignment and conferring 
midfoot arch stability are paramount for good 
outcome in all such patients.
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Meniscal Injuries: Management 
and Outcome

S. Konan, M. McNicholas, P. Verdonk, T. Spalding, 
A. Price, T. Holland, A. Volpin, I. Pengas, and P.E. Gelber

3.1  Introduction

Meniscal injuries are one of the most common 
injuries in orthopaedics. Currently, there is a 
great knowledge about the different type of inju-
ries, as well as a more comprehensive treatment 
strategy. In this chapter, the most commonly per-
formed treatments for meniscal pathologies are 
described.

3.2  State-of-the-Art Treatment

3.2.1  Meniscal Repairs and Return 
to Sport: Long-Term 
Outcomes

3.2.1.1  Patient Selection  
and Case Selection

The true prevalence of sports-related meniscal 
tears is perhaps under-reported. Epidemiologic 
studies have documented an incidence of menis-
cus tears requiring surgery at around 60–70 per 
100,000 persons, with approximately one-third 
of these tears attributed to sports [1]. The main 
challenge for the surgeon when dealing with the 
athlete population is a return to pre-injury sport-
ing level and minimizing the risk of reinjury.

Meniscal repair is the standard of care in ath-
letic population for tears in the vascular zone; 
with some benefit in extending this to the less 
avascular zones [2]. In unstable knees and certain 
zones/patterns of tear, repair is unlikely to work, 
and careful selection of patient and case is the 
key to a successful outcome.
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3.2.1.2  The Procedure: Tips and Tricks
When dealing with meniscal tears, the surgeon 
should use a combination of one or more tech-
niques depending on the tear pattern and location. 
Traditionally, the gold standard for meniscal repair 
has been the inside-out technique. More recently, 
all-inside repairs have gained popularity and have 
few surgical risks. All-inside meniscal repair rep-
resents the treatment of choice for most surgeons. 
This technique has shown promising results in 312 
repairs performed in 288 patients [3].

Newer arthroscopy instruments have, once 
again, made inside-out as well as outside-in repair 
techniques attractive options for meniscal horn 
tears or tears in white-red zones. It is important to 
remember that some patterns of tears have better 
outcomes than others. Similarly, in complex tears, 
in order to avoid a near-total meniscectomy, it 
may be beneficial to excise the unstable tears in 
the avascular edges and repair the tears in the vas-
cularized periphery.

3.2.1.3  Isolated Meniscal Repairs 
Versus Repair with Ligament 
Reconstruction

Ligament injuries, in particular anterior cruciate 
ligament (ACL) injuries, often accompany 
meniscal tears. Meniscal repair in conjunction 
with ligament reconstruction has shown better 
outcomes. This is well documented in the litera-
ture (62–96% healing rate in ACL reconstructed 
group versus 17–22% in patients without ACL 
reconstruction) [3]. The stability provided by 
ACL reconstruction and the favourable healing 
environment from the post-surgery haemarthro-
sis may be responsible for this finding.

All-inside meniscal repairs have shown satis-
factory results, with no particular difference in the 
type of suture used [4]. Retear of the meniscus fol-
lowing the repair is not uncommon and frequently 
due to persistent instability in the knee [5].

3.2.1.4  Outcomes in the General 
Population and in Elite Athletes

Repair of symptomatic meniscal tears in the 
appropriate patient has demonstrated successful 
mid- and long-term results with the goal of retain-
ing as much native tissue as possible. Some 

authors [6] reported a 90.6% success rate with 
2.3 years follow-up following meniscal repair. 
However, at 6.6 years, this success rate had 
declined to just 71.4% [7]. Another study [8] 
reported that 81% of 42 athletes, who underwent 
45 meniscal repairs, returned to their main sport 
and most to a similar level at a mean time of 
10.4 months after repair. In general, early to mid-
term outcomes are excellent with failure usually 
associated with persistent high-level activity, par-
ticipation in high-risk sports and/or persistent 
instability.

3.2.1.5  Rehabilitation
For years, rehabilitation protocols for meniscal 
repair have largely focused on limiting early 
postoperative weight-bearing and deep flexion 
(>90°) [9]. Recently, more aggressive approaches 
have been used with good success and put these 
traditional methods into question [10].

VanderHave et al. [11] reviewed outcome and 
reported both successful clinical outcomes fol-
lowing conservative rehabilitation (70–94%) and 
after an accelerated rehabilitation protocol with 
full weight-bearing and early range of motion 
(64–96%). However, lack of similar objective cri-
teria and consistency among surgical techniques 
and existing studies made direct comparison 
quite difficult, and future randomized control 
trial studies are needed.

3.3  Meniscal Resection:  
What Next?

3.3.1  What Happens to the Knee 
After Meniscectomy?

Since King’s paper reporting the degeneration of 
canine knees after meniscectomy in 1936 [12], 
there has been a gradual increase in the recogni-
tion of the importance of the meniscus as a pro-
tective structure in articular cartilage 
degeneration. His astute observation that the pro-
portion of meniscus excised appeared to be 
related to the subsequent osteoarthritis is now 
accepted as common wisdom. Twelve years later, 
Sir Thomas Fairbank’s seminal paper “Knee 
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Joint Changes After Meniscectomy” detailed his 
observations that the compartment which had 
been subjected to meniscectomy underwent 
radiographic degenerative change and suggested 
that the meniscus played a role in protecting the 
articular surface during weight bearing [13]. 
Over the preceding years, the importance of pres-
ervation of the meniscus gained momentum. In 
1980 Fukubayashi and Kurosawa studied the 
contact pressures in the knee before and after 
removal of the menisci finding that the contact 
pressures rose 20–50% (from 3–4 to 6 MPa) after 
its removal [14]. The importance of the meniscus 
and its function in the knee was further supported 
by the work of Levy and Warren in 1982 demon-
strating a role in stability of the ACL-deficient 
knee [15] (Fig. 3.1).

All these advances have led to our greater 
understanding of the importance of meniscal 
preservation, but they have not provided a frame-
work on which we may proceed to do so. In 1991, 
Sommerlath reported results of meniscal repair in 
stable knees [16], which showed favourable 
results, and this work was further supported by 
Stein in 2010 [17] (Fig. 3.2).

However, there are still a large number of 
patients for whom meniscal repair is neither pos-
sible nor practical. For the young patient with the 

sub-total meniscectomy, there was a desire to do 
something more than removing the troublesome 
meniscus.

There is abundant evidence that meniscec-
tomy leads to radiographic arthritis changes, but 
how relevant is this to the patient? Orthopaedics 
is largely a discipline where interventions are 
designed to aid lifestyle rather than preserve life.

Until fairly recently, there has been scant evi-
dence to link radiographic changes in the menis-

Fig. 3.1 Pressure map demonstrating consequences of medical meniscal lesions and meniscectomy on contact 
pressures

Fig 3.2 Medial meniscus horizontal tear repaired by all- 
inside suture technique
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cectomized knee to decline in function or pain. 
The work by Pengas et al., published in 2012, 
has provided evidence that these changes are sig-
nificant to the patient in terms of long-term knee 
function [18]. They identified 100 patients whom 
had undergone open meniscectomy aged under 
19 years performed by Professor Iain Smillie in 
the 1960s and 1970s. They have follow-up data 
at an average of 17, 30 and 40 years. Thirty-one 
of these original cohorts were scrutinized at an 
average of 40-year follow-up, and this cohort 
was seen to be 132 times more likely to require 
total knee arthroplasty than an age-matched pop-
ulation. Pengas’ work also found that there was 
an association between radical medial meniscec-
tomy and development of fixed flexion defor-
mity. In addition to this, Khan et al. have 
demonstrated an association with medial com-
partment osteoarthritis and progression to varus 
malalignment, as well as lateral compartment 
OA and progression of valgus [19]. While 
patients seldom complain of slight changes in 
alignment of the limb as their presenting com-
plaint, we know that these changes in the mor-
phology of the knee joint result in an alteration 
of the mechanical axis of the limb with subse-
quent alteration of articular wear pattern and a 
propensity towards osteoarthritis.

Partial meniscectomy is not a benign proce-
dure. Contact stresses in the tibiofemoral joint 
are increased proportionally after partial menis-
cectomy [20]. There has been an inverse relation-
ship demonstrated between the amount of 
meniscus removed and the subsequent knee func-
tion by a group in Copenhagen, Denmark [21]. 
These findings have since been echoed by a 
Swedish group in 2002 [10].

Allaire et al. showed that not only the extent of 
the meniscectomy matters but also the location of 
the excised meniscal tissue [22]. Their work on 
cadaveric knees found that tears of the posterior 
horn of the medial meniscus defunctioned the 
meniscus, leading to contact pressures and kine-
matic characteristics similar to those seen after 
total meniscectomy. These findings were repro-
duced in the Hede et al. paper [21]. This is 
thought to be as a result of the loss of the menis-
cus’ ability to disseminate hoop stresses. It has 

become conventional wisdom over the years 
among knee surgeons that even limited menis-
cectomy leaves the knee at risk of degenerative 
joint disease.

These facts lead us to the inescapable conclu-
sion that the meniscus should be preserved wher-
ever possible and that, in the patient for whom 
meniscal preservation cannot be achieved, an 
alternative augmentation may be required to pre-
vent hastening of articular cartilage wear.

3.4  Why Augment the Meniscus?

While we should endeavour to preserve the 
meniscus, it is inevitable that there will be 
patients whose meniscus is beyond preservation. 
Here there is a need for an alternative strategy to 
try to prevent long-term sequelae of meniscec-
tomy. Meniscal augmentation is one such strat-
egy. This was popularized in the early 1990s with 
the intention of allowing fibrocartilage to develop 
on a synthetic graft bearing the physical charac-
teristics of the native meniscus [23]. These syn-
thetic prostheses are called meniscal scaffolds. 
There are currently two meniscal scaffolds used 
outside of the United States. One of these is made 
of a porous collagen/GAG matrix. Ninety-seven 
percent purified type I collagen from bovine 
Achilles’ tendon with approximately 3% GAG 
proteins attempting to mimic the native menis-
cus. The other available implant is a synthetic 
polymer of 80% biodegradable polycaprolac-
tone+20% polyurethane.

3.4.1  How Does Meniscal  
Scaffold Work?

Animal models for both the collagen meniscal 
implant and the polyurethane scaffold have dem-
onstrated regeneration of meniscus-like tissue 
after implantation [24–26]. Furthermore, a work 
by Verdonk et al. reported that 43 out of 44 patients 
who underwent implantation with polyurethane 
scaffolds had demonstrable tissue ingrowth at 
arthroscopic assessment. This included a biopsy 
12 months post-implantation [27].
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3.4.2  Who Should Have Meniscal 
Augmentation with Scaffold?

Patients who may be considered for treatment with 
meniscal scaffold should have a symptomatic knee 
with previous meniscal tissue resection of more 
than 25% of the meniscus, while preserving ante-
rior and posterior roots. It must also maintain an 
intact meniscal rim as well as a stable knee. 
Posterior cruciate ligament (PCL) deficiency is a 
contraindication for scaffold augmentation, but 
ACL-deficient knees may have concomitant 
reconstruction or within 12 weeks of implantation. 
Likewise local/systemic infection, osteonecrosis 
of the knee and significant malalignment of the 
knee/limb (affecting the mechanical axis of the 
knee joint) are also contraindications for implanta-
tion. Grade IV articular cartilage damage may be 
treated with simultaneous surgery, but if left 
untreated then the scaffold should not be used. 
One question that remains unanswered is: Should 
we be treating the asymptomatic knee following 
sub-total meniscectomy in order to protect the 
knee? This is a matter for debate, and still there is 
no scientific data to support this indication.

3.4.3  Technical Considerations

Good arthroscopic skills are essential to performing 
complex surgery such as meniscal augmentation. 
Thorough examination of the stability of the knee is 
required along with arthroscopic assessment of the 
articular cartilage. Next, the area of damaged menis-
cus is debrided to a stable rim over the whole length 
of the defect one aims to address. This area should 
have “squared off” margins in order to allow for 
ease of fixation of the scaffold (Fig. 3.3).

The defect is measured (Fig. 3.4) and the graft 
is prepared by cutting with a sharp blade. It should 
be oversized by 10%. The scaffold is then placed 
into the defect and finally fixed by suturing to the 
squared off edges of the native meniscus (Fig. 3.5) 
and to the meniscal rim/joint capsule

Once the surgery is complete, the patient 
should undergo a rehabilitation strategy similar 
to that of a meniscal repair, avoiding deep flex-
ion while using isometric quadriceps exercises 

to maintain strength. Resumption to open chain 
exercise is recommended from 12 weeks and 
return to sport at 6 months.

Section of meniscus to be excised & replaced with scaffold

Fig. 3.3 Red section represents area that should be 
excised prior to scaffold insertion

Fig. 3.4 The arthroscopic ruler used

Fig. 3.5 Final position of scaffold (polyurethane 
scaffold)
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3.4.4  Results of Meniscal Scaffold 
Implantation

The seminal paper often quoted when discussing 
implantation of the collagen meniscal implant 
implantation is the randomized multicentre trial 
by Rodkey et al. published in 2008 [28]. They 
reported 5-year outcomes of nearly 300 patients 
comparing the use of the collagen meniscal 
implant to a medial meniscectomy. Their work 
found that those patients with chronic symptoms 
with meniscal deficiency had better outcomes 
with lower reoperation rates than those who had 
acute meniscal tears. There is a paucity of evi-
dence examining the polyurethane scaffold by 
comparison. This is largely due to its more recent 
authorization for use in Europe. However, short- 
term results from the work by Spencer et al. in 
2012 have suggested that there is no significant 
difference between the results of the two implants 
[29]. Further follow-up of the work by Rodkey 
et al. is awaited with great interest as this will 
provide a useful insight into the longer-term 
results following implantation of the collagen 
meniscal implant.

One thing that can be agreed is that this is an 
operation indicated only in a specific group of 
patients who fulfil the criteria for meniscal scaf-
fold use. While there is evidence suggesting that 
there are favourable results for both the collagen 
meniscal implant and polyurethane scaffold, 
more work is needed to validate their use in pro-
tection of the articular cartilage of the meniscec-
tomized knee.

3.5  Meniscal Transplant

3.5.1  How Have We Got  
to Where We Are?

It seems somewhat incredible that the Scottish 
surgeon Thomas Annandale published the first 
description of meniscal repair in 1885 [30]. His 
use of catgut sutures to repair an avulsion of the 
anterior horn of the medial meniscus followed by 

7 weeks in plaster of Paris might seem absurd in 
modern knee surgery, but he believed that the res-
toration of the native anatomy was superior to 
excision of the meniscus. While the techniques 
for repair of the meniscus have progressed sub-
stantially over the years, there are still significant 
challenges facing the surgeon intending to repair 
a torn meniscus. Failure of repair may be attrib-
uted to many things, including the orientation of 
the tear, the chronicity of the tear, satisfactory sur-
gical technique for the repair and suitability of the 
tear for repair in the first instance. Even when all 
of the criteria are met and there is satisfactory 
repair of the meniscal tear, it is inevitable that 
there will be failures. This is where meniscal 
replacement has been suggested as the next step in 
management and an effort to avoid the otherwise 
inevitable degenerative changes seen following 
meniscectomy.

3.5.2  History of Meniscal Transplant

As with many advances in medical science, the 
initial work was undertaken in animal models 
including the work by a Canadian group working 
with canine knees [31]. Their work highlighted 
the need for proper sizing of the graft. Their work 
was quickly followed by the first human meniscal 
allograft transplant in 1984 by Milachowski in 
Germany [32]. Subsequent studies have demon-
strated incorporation of the transplanted menis-
cus into the native knee with evidence of healing 
observed on arthroscopy [33, 34]. Further work 
from Toronto showed good to excellent Lysholm 
scores at an average of 31 months in 58/63 
patients who had undergone meniscal transplant 
with allograft [33].

3.5.3  Patient Selection  
and Surgical Technique

Central to favourable outcome in all aspects of 
orthopaedics, proper consideration of the patient 
who will most likely benefit from meniscal trans-
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plant is paramount. There are three primary indi-
cations for consideration for meniscal 
transplant:

 1. Post-meniscectomy syndrome—this is the 
presence of uni-compartmental pain after 
meniscectomy. Ideally, there is still minimal 
to moderate damage to the articular cartilage 
(ICRS grade I–III). A particular scenario is 
with the so-called pseudo post-meniscectomy 
syndrome, where the meniscal tissue was pre-
viously lost due to several non-surgical rea-
sons (e.g. chronic bucket-handle meniscal tear 
in young patients).

 2. Prophylactic meniscal transplant—this is 
generally considered in the young, active 
patient following traumatic meniscal tear 
requiring meniscectomy. However, there is no 
scientific data supporting this indication. One 
exception following the ACL Study Group’s 
recommendation would be a medial meniscus 
transplant when the ACL is being 
reconstructed.

 3. Salvage procedures—a more controversial 
area where the presence of arthritic changes 
may limit success. There is some spare evi-
dence that this can prolong the need for arthro-
plasty. Stone et al. have shown improvement 
in pain and functional outcomes following 
transplant in the arthritic knee with mean time 
to failure of 4.4 years [24].

Patients should have a stable knee with func-
tional ligamentous structures. This may require 
concomitant ligament reconstruction [35]. 
Equally, there is a strong argument for simultane-
ous meniscal transplant with ACL reconstruction 
when the medial meniscus has been lost. Another 
key consideration is the mechanical axis of the 
limb. The presence of mechanical axis deviation 
may necessitate osteotomy to protect the menis-
cal transplant and allow for restoration of good 
functional alignment of the knee. However, with 
a paucity of evidence, it is not clear from the lit-
erature whether simultaneous osteotomy with 
meniscal transplant or a staged meniscal trans-

plant, should symptoms persist after HTO, is 
preferable.

Preoperative planning is key to surgical suc-
cess. Incorrect sizing may lead to premature fail-
ure. Sizing of the required graft may be done by 
plain radiography [36], computed tomography 
scan [37] or by magnetic resonance imaging [38]. 
Meniscal transplant may be performed by fixa-
tion on a bone block (taken with the meniscus 
from the donor knee. Fig. 3.6) or by free soft tis-
sue fixation where the meniscal root is sutured 
directly to the remnant of the recipient knee 
(Fig. 3.7). There is insufficient evidence to date 
to conclusively support one method of fixation 
over another.

Fig. 3.6 Medial meniscus allograft with bone block

Fig. 3.7 Free lateral meniscus graft with whipstitch
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3.5.4  Where Next for Meniscal 
Transplant?

One thing that may be agreed is that the surgical 
execution of meniscal transplant is technically 
challenging and requires a surgeon proficient in 
complex arthroscopic procedures. There is grow-
ing evidence to support this technique, but with 
its relatively high cost involved, the use of this 
technique in a publically funded healthcare sys-
tem remains a matter of great debate. If transplant 
of the meniscus is to increase in use and become 
a financially acceptable surgical tactic, then there 
needs to be more research into how the benefits 
can be demonstrated to the hospital management 
and non-knee surgeon alike.

3.6  What Does Success  
Look Like?

3.6.1  Defining Success

There are abundant tools for scoring throughout 
orthopaedic practice. These are often quoted in 
the literature as justification for intervention or to 
validate results of studies. However, we must 
never forget that the most important outcomes 
are not those defined by surgeons but those most 
important to the patient. If the outcome of knee 
injury is the curtailment of activity of daily liv-
ing, cessation of leisure pursuits or need for 
change of employment, then this is what the 
patient defines as success or failure.

3.6.2  So What Should We Do?

There is good evidence for meniscal repair 
throughout the orthopaedic literature. Even those 
tears previously thought “irreparable” in the 
white/white avascular zone have been shown to 
be repaired with satisfactory outcome. Gallacher’s 
work at the Robert Jones and Agnes Hunt 
Hospital (Oswestry, UK) has demonstrated that, 
provided a certain number of criteria are met, 
repair of such tears resulted successful outcome 

(if reoperation on meniscus for any reason 
defined failure) in 68% of patients [39]. This 
echoes the work of Frank Noyes who published 
results of repair in the avascular zone in adoles-
cents (aged under 20 years) with a 75% success 
rate [40]. While it can be agreed that meniscus 
preservation should be the default for the surgeon 
operating on the symptomatic meniscal tear, we 
know that this is not always possible. What 
should be done in those cases?

3.6.2.1  Meniscal Scaffold
While there have been promising early results in 
meniscal augmentation, this is still a technique 
which has a paucity of long-term evidence. A 
recent systematic review of meniscal scaffold use 
in athletes has suggested satisfactory outcome in 
approximately 70% of patients [41]. This makes 
it very difficult to justify in the young, active 
patient in whom we are trying to prevent early 
osteoarthritis. While the authors recognize that 
there is potential for this technique, it is our opin-
ion that it is not presently justifiable to extend 
this treatment to the wider population.

3.6.2.2  Meniscal Allograft Transplant
Meniscal allograft is also relatively novel with a 
limited follow-up in the literature. There are 
papers stating the medium-term outcomes of 
meniscal transplant, which are very favourable 
indeed. Vundelinckx et al. followed up 39 patients 
following transplant assessing them with 
Lysholm, SF-36 and KOOS PROM data, all of 
which showed improvement in their scores at a 
mean 8.7 years [42]. Perhaps most importantly, 
all but one of these patients stated that they would 
be happy to have the operation again, which is a 
significant marker of how well the patient thinks 
they have done. However, meniscal transplant is 
a highly specialized procedure requiring signifi-
cant surgical ability. As with all complex surgery, 
this is best done in centres where there are all of 
the ancillary support networks in place and by 
surgeons who have the right surgical skills set. 
Certainly from the perspective of a government- 
funded healthcare service (such as the National 
Health Service in the United Kingdom), there 
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needs to be caution in extolling the virtues of 
such a procedure. This risks the non-specialist 
surgeon taking on these cases and performing 
them to an unsatisfactory standard thus affecting 
clinical outcomes.

3.6.3  Meniscal Surgery Is Specialist 
Surgery of the Knee

When considering the evidence presented for 
preserving the meniscus and subsequent man-
agement of the meniscectomized knee, the 
authors believe that this highlights a key area 
for consideration. If meniscal surgery is to be 
done properly, then it should be done by sur-
geons who are capable of meniscal repair and, 
perhaps more importantly, prepared to do it. 
The ESSKA have convened the “Meniscus 
Consensus Project” in order to harmonize the 
management of meniscal pathology. This proj-
ect focuses on the evidence in the literature in 
order to bring together many varying opinions 
on management and bring them to a single set 
of guidelines. One of the problems with sur-
gery such as knee arthroscopy is that there are 
so many different surgeons performing it. 
Some of these surgeons will be very well read, 
understand the current literature and be engag-
ing in current trends and theorem, some will 
not. The problem comes when the surgeon who 
does not understand the evidence makes deci-
sions about management of the meniscus 
lesion. One such example of this is surgery for 
degenerative meniscal tears. The landmark 
level I paper from the FIDELITY group in 
Finland highlighted that there was no signifi-
cant difference between the meniscal debride-
ment and sham surgery groups at 12 months 
[43]. Prior to this Moseley et al. published their 
work in the New England Journal of Medicine, 
demonstrating no benefit to arthroscopic lavage 
for osteoarthritis of the knee over placebo up to 
24 months [44]. These papers have been widely 
misrepresented across the orthopaedic commu-
nity, and by publishing a set of guidelines for 
surgeons, ESSKA hopes to consolidate the evi-

dence from papers such as these into a more 
clear and concise format.

Perhaps in order that our patients receive the 
most appropriate treatment for their meniscal 
pathology, we should embrace the concept that 
surgery to the meniscus is a specialized area of 
knee surgery requiring a level of surgical com-
petence and good understanding of the litera-
ture. Only then will we really begin to understand 
what successful meniscal surgery looks like.

3.7  Take-Home Message

These facts lead us to the inescapable conclusion 
that the meniscus should be preserved wherever 
possible and that in the patient whom meniscal 
preservation cannot be achieved, an alternative 
augmentation may be required to prevent hasten-
ing of articular cartilage wear.

While we should endeavour to preserve the 
meniscus, it is inevitable that there will be 
patients whose meniscus is beyond preservation. 
Here, there is need for an alternative strategy to 
try to prevent long-term sequelae of meniscec-
tomy. Meniscal augmentation is one such 
strategy.

While the techniques for repair of the menis-
cus have progressed substantially over the years, 
there are still significant challenges facing the 
surgeon intending to repair a torn meniscus.

It is inevitable that there will be failures. This 
is where meniscal replacement has been sug-
gested as the next step in management and an 
effort to avoid the otherwise inevitable degenera-
tive changes seen following meniscectomy.
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4.1  Introduction

Hip arthroscopy has become very popular in the 
last decade. Numbers are increasing rapidly 
worldwide. More than 11,000 hip arthroscopies 
were performed at the English public health sys-
tem from 2002 to 2013. It means an increase of 

more than 700%. Similar numbers were pub-
lished in North America, with an increase of 
more than 350% in the period 2004–2009. During 
a similar period on the opposite side of the globe, 
Korean researches published a twofold increase 
between 2007 and 2010. In the midterm, there is 
a projected increase of 1388% by 2023 [1].
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4.2  State-of-the-Art Treatment

Due to this increase of hip arthroscopy indica-
tions, it is very interesting to have a look at basic 
concepts that could be very useful for the begin-
ners with this technique.

4.2.1  Good Indications  
for Hip Arthroscopy

The use of hip arthroscopy has recently developed 
and expanded more than in other joints such as the 
knee and shoulder. Several contributing factors 
are responsible for this delayed development. 
Anatomic constraints such as the femoral head 
sitting deeply recessed in the acetabulum, as well 
as the thick fibrocapsular and muscular envelope 
surrounding the hip, preclude large amounts of 
distension of the joint. Furthermore, the location 
of various neurovascular structures including the 
sciatic and lateral femoral cutaneous nerves 
makes portal placement in hip arthroscopy more 
complicated than in other joints. Moreover, the 
conditions for which hip arthroscopy is indicated 
such as femoroacetabular impingement (FAI), 
labral tears and extra-articular impingement have 
historically been poorly recognized and untreated 
[2]. Improvements in our understanding of these 
conditions about the hip, as well as enhanced 
imaging technology and arthroscopic tool devel-
opment, have allowed for the recent expansion of 
indications for hip arthroscopic intervention. This 
chapter describes the common as well as emerg-
ing indications for hip arthroscopy.

4.2.1.1  Loose Body Removal
Etiologies of loose bodies within the hip joint 
include post-traumatic fragments of the femoral 
head or acetabulum, synovial chondromatosis, 
degenerative joint disease, avascular necrosis, 
osteochondritis dissecans, os acetabuli, calcium 
deposits inside a labral tear and foreign bodies 
such as bullets or pieces of surgical instruments. 
The diagnosis of a loose body within the hip joint 
involves a combination of patient history, clinical 
examination, diagnostic imaging and diagnostic 
intra-articular injections. Indications for 

arthroscopic removal include failure of nonoper-
ative management after the diagnosis of a loose 
body within the joint. Access to the loose body 
may present a challenge for removal; however 
strategic positioning of portals such as direct 
anterior and posterolateral portals to access the 
acetabular fossa can improve access [3].

4.2.1.2  Septic Arthritis
The indications for arthroscopic management of 
septic arthritis of the hip include clinical, labora-
tory and imaging parameters. Clinical indications 
are pain to the anterior groin for less than 1 week, 
limited passive and active range of motion of the 
hip, inability to bear weight on the joint and/or 
pyrexia. Laboratory indications include leukocy-
tosis, an elevated C-reactive protein level, an 
elevated erythrocyte sedimentation rate, purulent 
material on hip aspiration and/or a positive aspi-
rate culture. When indicated, the arthroscopic 
procedure typically includes a thorough irriga-
tion as well as debridement of any damaged or 
infected tissue [4].

4.2.1.3  Labral Tears
Labral tears can be traumatic or insidious in 
onset, and patients typically present with anterior 
groin pain that may radiate to the trochanteric or 
gluteal regions [5]. Physical examination 
manoeuvres that may indicate intra-articular 
pathology include passive log rolling of the 
affected leg, as well as the anterior impingement 
test. In terms of imaging, MRI is typically the 
preferred modality for labral tears as they allow 
for visualization of the labrum and surrounding 
soft tissues. A gadolinium-based contrast is 
added in magnetic resonance arthrography 
(MRA) to allow for separation of the labrum 
from the capsule, thereby enhancing visualiza-
tion. A rigorous trial of non-surgical modalities 
including rest, medications, physical therapy and 
therapeutic injections should be completed prior 
to pursuing surgical intervention. The goal of sur-
gery is to preserve the functional labral tissue 
with selective debridement and refixation of tis-
sue (Fig. 4.1) [5]. A recent systematic review 
identified ten studies with a focus on the efficacy 
of hip arthroscopy for acetabular labral tears [6]. 
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Good clinical outcomes have been described for 
patients with labral fixation and low-grade chon-
drolabral lesions [6]. Specific clinical hip scores 
should be used to evaluate the results after 
arthroscopic repair of hip labral injuries. Modified 
Harris Hip Score (mHHS), Hip Outcome Score 
(HOS), International Hip Outcome Tool 33 
(iHOT 33) or Copenhagen Hip and Groin 
Outcome Score (HAGOS) are good clinical 
scores to measure clinical improvement after hip 
arthroscopy in young patients. Arthroscopic 
labral reconstruction may be considered in young 
and active patients who have undergone prior 
labral resection, with an irreparable or degenera-
tive labrum, and a minimum of 2 mm joint space 
remaining [7].

4.2.1.4  FAI
The use of hip arthroscopy as a viable treatment 
option for FAI has expanded considerably in 
recent years. FAI is caused by a mismatch 
between the femoral head and acetabulum. Two 
subtypes of FAI, cam and pincer, involve abnor-
mal morphologies of the femoral head and ace-
tabular rim, respectively, with most patients 
presenting with a combination of these deformi-
ties (Figs. 4.2 and 4.3) [8].

The indications for arthroscopic management 
of FAI typically include a combination of pain, 
clinical examination findings, positive radio-
graphic findings and diagnostic intra-articular 

injections. A positive impingement test was the 
commonest clinical examination manoeuvre used 
as an indication for surgery. Other special test 
manoeuvres such as FADIR (flexion, adduction 
and internal rotation), FABER (flexion, abduc-
tion and external rotation) (Fig. 4.4), C-sign and 
log roll have been reported to be involved in the 
decision-making process as well. Imaging 
modalities are important indications for 
arthroscopic management of FAI as well. In fact, 
it was found that 20% of studies that reported 
indications for hip arthroscopy used radiographic 
indications alone. The imaging modalities used 
include anteroposterior (AP) radiographs alone, 
as well as a combination of CT, MRI and 
MRA. Radiographic indications include, from 
most commonly used to least commonly used, 
cam or pincer lesions seen on AP radiographs, 
loss of sphericity of the femoral head (pistol-grip 

Fig. 4.1 Arthroscopic repair of a labral tear

Fig. 4.2 FAI (pincer lesion) on an anteroposterior radio-
graph. (a) Crossover sign. (b) Medialization ischial spine

Fig. 4.3 FAI (cam lesion) on a frog-leg lateral 
radiograph
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deformity), acetabular retroversion, reduction of 
head-neck offset, alpha angle >50° and coxa pro-
funda [9]. The duration of symptoms before con-
sideration of surgical correction is typically 
reported as 6 months’ time [9]. Arthroscopic sur-
gical correction involves resection of the femoral 
head and neck, trimming of the osseous promi-
nence on the acetabulum and repairing intra-
articular damage such as cartilage and labral 
damage.

4.2.1.5  Extra-articular Disorders
The indications for the use of similar techniques 
for extra-articular pathology have continued to 
expand as well. Conditions include deep gluteal 
syndrome, internal snapping hip, external snap-
ping hip and greater trochanteric pain syndrome 
[10]. In deep gluteal syndrome, entrapment of the 
sciatic nerve in the deep gluteal space causes pain 
in the buttock. Management with arthroscopic 
techniques involves exploration and decompres-
sion of the sciatic nerve from offending agents 
such as the piriformis, hamstring, obturator exter-
nus muscles or post-traumatic scar tissue. In two 
large series of 35 and 60 patients with deep glu-
teal syndrome, indications for hip arthroscopy 
were largely based on clinical symptoms and 
investigations such as imaging to rule out spinal 
pathology, diagnostic injections or the identifica-
tion of an offending agent causing impingement 
on MRA [11, 12].

Sliding of the iliopsoas over the iliopectineal 
ridge or femoral head causes internal snapping 
hip. In symptomatic patients, a painful snapping 
sensation occurs with exercise. Indications for 
surgical management by means of arthroscopy 
involve failure of nonoperative management. 
First-line treatment consists of a rigorous trial of 
non-surgical modalities including rest, nonsteroi-
dal anti-inflammatory drugs (NSAIDs), painkill-
ers, physical therapy and steroid injections [13]. 
If patients continue to experience symptoms after 
nonoperative treatment, hip arthroscopy includ-
ing release of the iliopsoas tendon at the pelvic 
brim or at its insertion to the lesser trochanter is 
appropriate [14]. Greater trochanteric pain syn-
drome includes a group of disorders at the lateral 
aspect of the hip including greater trochanteric 
bursitis, external snapping hip and gluteus 
medius/minimus tears. External snapping hip is 
caused by a thickened posterior iliotibial (IT) 
band, tensor fasciae latae or gluteus maximus 
sliding over the greater trochanter during flexion 
of the hip. First-line treatment for each of these 
conditions includes a trial of non-surgical modal-
ities including rest, avoidance of inciting activi-
ties and anti-inflammatory medication and 
injections that were diagnostic and therapeutic in 
nature [15]. Failure of these nonoperative treat-
ment options is the primary indication for surgi-
cal consideration [10]. Arthroscopic techniques 
are now more commonly used than open proce-

a bFig. 4.4 (a) FADIR 
(flexion, adduction and 
internal rotation) and  
(b) FABER manoeuvres
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dures, which include bursectomy, gluteus maxi-
mus tenotomy, IT band release, as well as 
abductor tendon debridement and repair [16].

4.2.1.6  Traumatic and Atraumatic 
Instability of the Hip

After traumatic dislocation of the hip, close 
reduction is the gold standard of treatment. If 
complete reduction is not achieved, arthroscopic 
surgery may be warranted to remove loose bodies 
or to manage accompanying labral tears and/or 
chondral injuries. Fractures of both the femoral 
head and acetabulum can be treated using 
arthroscopic-assisted techniques, assuming the 
patient is stable. Otherwise, patients with persis-
tent pain and mechanical symptoms due to labral 
and/or chondral damage are suitable candidates 
for delayed arthroscopic management once stable 
[17]. Recently, hip arthroscopy has been consid-
ered for the treatment of recurrent, atraumatic 
instability as well. After a trial of nonoperative 
management, hip arthroscopy may be indicated 
when intra-articular injections provide signifi-
cant relief in symptoms. However, patients 
undergoing arthroscopic management often 
undergo anatomic labral repair in addition to a 
capsule management procedure. Successful 
reduction in capsular volume, using either capsu-
lar plication or thermal capsulorrhaphy, is 
increasingly being reported. Connective tissue 
disorders such as Ehlers–Danlos syndrome that 
impact hip function can be treated with a capsular 
plication while addressing other concurrent 
lesions such as labral tears [18].

4.2.1.7  Arthroscopy in the Setting 
of Hip Arthroplasty

Another relatively novel indication for 
arthroscopic surgery of the hip involves its use 
after arthroplasty of the joint. The most common 
indication for arthroscopy in the setting of 
arthroplasty is in the management of patients 
with iliopsoas tendinopathy, commonly after a 
diagnostic injection of the iliopsoas tendon 
sheath. The second most common indication of 
this procedure in patients with a prior hip arthro-
plasty is to help with the diagnosis of persistent 
hip or groin pain [19].

4.2.1.8  Relative Contraindications
Although hip arthroscopy continues to expand 
with respect to its indications, contraindications 
to its use include patients with severe OA of the 
hip. Patients with no OA have substantially better 
pain and functional outcomes after hip arthros-
copy than those with OA [20]. While medical his-
tory and physical examination may provide some 
indication as to when the extent of the OA has 
exceeded the allowable threshold, no definitive 
criteria have been established using these param-
eters. However, a recent systematic review has 
found that patients with radiographic parameters 
such as Tönnis grade 1 or higher or a joint space 
of 2 mm or less receive less benefit from hip 
arthroscopy and are more likely to ultimately 
covert to a total hip arthroplasty [21]. Other rela-
tive contraindications due to difficulties accessing 
the hip joint arthroscopically include obesity and 
significant bony deformities such as acetabular 
protrusio and severe heterotrophic ossification.

4.2.2  How to Best Learn Hip 
Arthroscopy: Dealing 
with the Learning Curve

Hip arthroscopy has been steadily gaining popu-
larity since the 1970s and has seen a growth of 
magnanimous proportion in the last decade [22]. 
The concept of femoroacetabular impingement 
(FAI) was introduced in the late 1990s, and since 
then the number of publications relating to this 
subject has increased immensely [23]. FAI can be 
broadly classified into two types, cam and pincer; 
however, a majority of patients have a combina-
tion of both with one being a major abnormality 
[23]. Nonoperative measures to treat FAI include 
activity modification, analgesia and physiother-
apy [23]. Ganz et al. proposed that early opera-
tive treatment of FAI led to slow the progression 
of arthritis in the hip joint [8]. Operative treat-
ment primarily aims to treat the anatomical 
abnormality improving the clearance of motion 
of the hip joint and preventing abutment between 
the acetabular rim and femoral neck and second-
arily to address the soft tissue damage caused by 
the impingement lesion [8]. The safe surgical  
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dislocation with the trochanteric flip osteotomy 
was popularized by Ganz as a measure to address 
FAI, and of late, hip arthroscopy has become 
increasingly popular to achieve the same surgical 
goals [24]. On the other hand, in case of hip dys-
plasia, the surgical options available are either 
hip arthroscopy or periacetabular osteotomy for 
acetabular undercoverage. In addition to FAI and 
hip dysplasia, indications for hip arthroscopy 
include acetabular labral tears, ligamentum teres 
injuries, chondral defects in the hip joint, septic 
arthritis of the hip, loose bodies and synovial 
abnormalities of the hip and extra-articular indi-
cations such as snapping hip, trochanteric bursitis 
and gluteus medius tears, and the list keeps 
expanding [25]. This coupled with the fact that 
the risk of complications is around 3% makes the 
procedure attractive. However, it has a steep 
learning curve and is certainly not one for the 
inexperienced [26].

The senior author believes that one can achieve 
competence and become confident at performing 
hip arthroscopy only by having a structured 
approach to training. In addition to mastering the 

technical skills required for hip arthroscopy, 
understanding pathology and the decision-mak-
ing process in the outpatient clinic are of utmost 
importance. This starts right from the assessment 
of a young adult with hip pain in clinic, arranging 
appropriate investigations and interpreting them 
correctly, and then finally making the decision of 
undertaking a hip arthroscopy if indicated. The 
role of a multidisciplinary team consisting of the 
hip surgeon, sports physician, radiologist and a 
physiotherapist cannot be underestimated in this 
regard.

Thus, not only performing the hip arthroscopic 
procedure safely and effectively is essential but also 
choosing the right patient for the procedure is para-
mount for a successful outcome. To progress in the 
technical art of arthroscopy of the hip and to become 
a safe and effective arthroscopist, one may consider 
the following avenues to master skills (Fig. 4.5):

• Simulation training
• Cadaveric skills training
• Fellowship in young adult hip surgery
• Mentored independent practice

Cadaveric
Skills

Training

Cadaveric
Skills

Training

Simulation
Training

Simulation
Training

Mentored
Independent

Practice

Mentored
Independent

Practice

HIP
ARTHROSCOPY

HIP
ARTHROSCOPY

Fellowship
Young Adult

Hip

Fellowship
Young Adult

HipFig. 4.5 Different 
aspects of a structured 
training in hip 
arthroscopy
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The above is not an exhaustive list, and the 
surgeon may still find that his/her learning curve 
continues to improve throughout one’s indepen-
dent practice. Attending an educational meeting 
regularly during independent practice would give 
the surgeon the benefit of meeting up with their 
peers and discussing ideas, tips and tricks, 
advances in techniques and also any possible 
complications that one may have experienced.

4.2.2.1  Simulation Training
Virtual reality training has been shown to improve 
technical skills in orthopaedic surgery [27–29]. 
Therefore, the use of a virtual reality simulator in 
hip arthroscopy training has the potential to pro-
vide an additional benefit to a trainee surgeon 
[30]. In addition to the use of a simulator, adopt-
ing proficiency-based progression (PBP) in train-
ing has been shown to produce a superior 
arthroscopic skill set amongst the trainees [31]. 
PBP involves training to be undertaken in various 
key stages and several steps in each stage. A 
trainee then has to successfully progress through 
each stage. Training on an arthroscopic simulator 
helps with the trainee to go through a checklist 
making sure that one does not skip an essential 
step and also helps with improving hand-eye co- 
ordination [32]. In addition, simulation training 
can also be a useful tool to assess a trainee’s judg-
ment in a simulated setting, thereby assessing 
their cognitive and professional skills. This 
would in turn be helpful to provide a constructive 
feedback of both technical and non-technical 
skills [32]. Howells et al., in their study, showed 
improvement of knee arthroscopic psychomotor 
skills of orthopaedic trainees in theatre following 
a structured virtual reality knee simulator train-
ing programme [29].

4.2.2.2  Cadaveric Skills Training
With the introduction of European Working Time 
Directive (EWTD), there has been a significant 
reduction in total training time in surgical special-
ties in the UK from 30,000 h to around 6000 h 
[29]. Along with this reduction in training time, 
the surgical outcomes have been under public 
scrutiny, so one has to ensure that he/she is ade-
quately trained in a specific procedure to provide 

safe and effective patient care [29]. Practicing the 
procedure in a cadaveric laboratory helps the 
trainee to experience the “feel” of the procedure in 
a controlled environment prior to undertaking the 
same procedure in a real patient [9]. Arthroscopic 
training in a cadaveric skills laboratory has been 
shown to be superior to virtual reality simulator 
training alone, in the case of knee arthroscopy, 
leading to a significantly faster progression to skill 
acquisition with cadaveric training [29]. The 
senior author chairs the Cambridge-ESSKA Hip 
Course, which is held in Cambridge (UK) annu-
ally and combines all the three aspects required for 
training in hip arthroscopy, i.e. didactic training 
via lectures and discussions, virtual reality hip 
arthroscopy simulation and alongside this state-of-
the-art wet lab cadaveric training [33].

4.2.2.3  Fellowship in Young  
Adult Hip Surgery

Currently, the fivefold reduction in training time 
in Europe means that one has to undertake a spe-
cialist fellowship to consolidate clinical and sur-
gical skills to bridge the gaps in training. In 
addition, hip arthroscopy is a very specialized 
procedure with only a select few centres and sur-
geons in Europe performing it in large numbers. 
Undertaking a specialist fellowship focused on 
treating hip problems in the young adult is essen-
tial for gaining adequate clinical exposure and 
improving surgical expertise. Travelling fellow-
ships are invaluable, as well as in providing one 
with the experience from different centres of 
excellence, in particular a different approach to a 
familiar problem or tips and tricks to deal with a 
complex problem.

4.2.2.4  Mentored Practice During 
the Learning Curve

Setting up an independent surgical practice could 
be stressful in the beginning, especially if under-
taking a highly specialized procedure like hip 
arthroscopy. Deitrich et al. have shown that with 
growing experience in performing hip arthros-
copy, there was a decrease in the rate of complica-
tions [34]. At present, there is poor evidence to 
quantify the number of cases needed to overcome 
the learning curve; however some authors have 
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reported that 30 cases are needed during this 
period [26, 35]. Furthermore, a newly appointed 
hip arthroscopy specialist may want to consider 
undertaking the procedure under the supervision 
of a senior surgeon, which has also been shown to 
significantly decrease the rate of complications 
[34]. Perez-Carro and Tey broadly classified the 
common pitfalls during the learning curve into 
three broad categories: (1) preoperative, (2) intra-
operative and (3) postoperative [36]. Preoperative 
errors included improper or wrong patient selec-
tion and those related to improper patient position-
ing during hip arthroscopy [36]. Intraoperative 
errors included improper portal creation leading to 
nerve injury and/or difficult access to the hip joint 
and damage to intra-articular structures during 
introduction of instruments and those related to the 
total traction time [36]. These pitfalls can certainly 
be overcome by undertaking a structured training 
programme during a specialized hip arthroscopy 
fellowship in addition to virtual reality simulation 
training and cadaveric skills training which can 
also help with reduction in the learning curve.

4.2.2.5  Complications  
and Learning Curve

The rate of complications following hip arthros-
copy is between 1 and 4%, for example, damage 
to femoral head, lateral femoral cutaneous nerve 
injury and neuropraxia of sciatic, femoral or 
pudendal nerve secondary to traction to name a 
few [37]. Harris et al. conducted a systematic 
review of 92 studies comprising of more than 
6000 hip arthroscopies and found a major com-
plication rate of 0.58% and minor complication 
rate of 7.5% [38]. It is therefore essential that 
during the initial part of the learning curve only 
non-complex, straightforward cases are selected 
to be performed via the arthroscopic route and 
open surgical dislocations performed for the 
complex cases. As the experience and the level of 
confidence increase, one can take on more chal-
lenging cases via the arthroscopic route. There is 
also evidence that with increasing experience, the 
rate of complications following hip arthroscopy 
decreases [38–40].

Adopting a structured approach to training is 
essential to gain an in-depth knowledge in the 

field of young adult hip surgery and hip arthros-
copy in particular. Virtual reality simulation 
training and cadaveric skills training are useful 
adjuncts to a specialist hip arthroscopy fellow-
ship. Finally, it would be an added benefit if one 
has a mentor during the initial phase of indepen-
dent practice while going through the learning 
curve.

4.2.3  How to Get Safely into 
the Joint: Position and Portals

The main objective for beginners is to get a stable 
and comfortable setup for hip arthroscopy and 
obtain easy access through arthroscopic portals.

4.2.3.1  Patient Positioning
Hip arthroscopy can be effectively performed in a 
supine or lateral decubitus position. The position 
of the patient is largely dictated by the surgeon’s 
preference and training. However, each position 
has its own benefits and drawbacks [41].

Supine Position
The patient is placed on a fracture table with the 
feet well-padded in traction boots and slightly 
lateralized towards the nonoperative leg, against 
a well-padded perineal post to limit the risk of 
pudendal nerve neuropraxia associated with trac-
tion. The nonoperative limb is abducted to 
approximately 45° with gentle traction applied to 
maintain the lateralized position [42, 43]. The 
supine position offers a familiar orientation of the 
joint to all orthopaedic surgeons. Also, a routine 
fracture table or a specialized traction table can 
be used [44]. Drawbacks to the supine position 
include difficult manoeuvrability in obese 
patients, and potentially decreased posterior 
access [45] (Fig. 4.6).

Lateral Position
A specialized traction table is usually needed. The 
patient must be stabilized in the decubitus posi-
tion, usually with a beanbag, posts or a pegboard. 
Attention must be paid to padding downside bony 
prominences and placing an axillary roll to sup-
port the down arm. A perineal post is placed 
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between the legs to allow for distraction and a lat-
eral vector to the operative leg [44]. The lateral 
position is considered to have superior manoeu-
vrability in obese patients [46]. Also, it provides 
superior access to the posterior and inferior joint 
spaces compared with the supine position [47]. 
Disadvantages of lateral position include the extra 
time needed to position the patient and to adjust 
the perineal and traction posts in addition to the 
need to use special traction devices [41].

Most surgeons prefer general anaesthesia for 
hip arthroscopy because it provides adequate 
muscle relaxation for distraction, but regional 
anaesthesia can be a helpful adjunct in postopera-
tive pain management [48]. Every effort should 
be made to maintain the patient’s systolic blood 
pressure below 100 mmHg in order to optimize 
visualization [44].

4.2.3.2  Hip Joint Access
The hip joint space is separated into central and 
peripheral compartments by the acetabular 
labrum in addition to the extra-articular compart-
ment around the hip joint (peritrochanteric space) 
[49]. So, the hip joint can be accessed either 
through:

 1. “Central access first” is done under fluoroscopic 
guidance and under adequate joint distraction. 
This allows portal placement while minimizing 
the risk of injury to the labrum or cartilage [50]. 
However, there is a longer traction time with 
this technique, which leads to a higher risk of 
neurovascular and skin complication [51, 52].

 2. “Peripheral access first”, popularized by 
Dienst et al. [53], arthroscopic instruments are 
introduced along the anterior femoral neck 
region, which is devoid of articular cartilage 
and has a lower risk of injuring the labrum. 
This is followed by entry into the central com-
partment under vision without the need for 
fluoroscopy. No traction is needed during the 
arthroscopic access to the peripheral compart-
ment. Masoud and Said [54] described ana-
tomic surface landmarks for injection and 
access of the peripheral compartment that can 
markedly reduce or abolish the need for imag-
ing guidance. This access is preferred by the 
author because it is easier and safer and 
involves less traction time (even acetabular 
recession could be started before traction) and 
because it is a very useful technique when 
central access fails.

Padding of bony
prominences

Ipsilateral upper
exteremity

Contralateral
upper

extremity
Perineal post

Foot and ankle
Fluoroscopy

Operative hip

Ipsilateral foot
Contralateral

lower
extremity

IV, intravenous; ROM, range of motion.

Recommendations

Foam padding, feet and ankles in traction boots,
and blankets placed on ipsilateral arm

Arm board (shoulder abducted <60º, elbow
flexion <20º) and IV access

Lateralized to operative side-contact with
medial thigh (check for genital compression)

Traction boots
45º lateral Dunn view, ROM, and vacuum

crescent sign

15º of flexion and 0º of adduction before
application of traction

Internal rotation of 10º-15º
Delicate countertraction (10-20 Ib [4.5-9 kg])

Placement across patient’s body (flexion <90º),
with pulse oximetry, papoose wrapping, and
safety belt

Fig. 4.6 Quick reference for hip arthroscopy procedure setup [43]
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 3. “Outside-in technique”, in which anterior 
extra-capsular space of the hip is defined 
under fluoroscopy, then the anterior capsule 
is identified under arthroscopic visualiza-
tion, and capsulotomy is performed to 
access the peripheral compartment. 
However, this technique is technically 
demanding and can be considered extensive 
relative to the other techniques, and compli-
cations such as fluid extravasation and dis-
location can occur [55]. This technique is 
most useful when intra-articular access 
could not be achieved as in cases with intra-
articular adhesions.

4.2.3.3  Portals
For the peripheral compartment, the proximal 
anterolateral portal (PAL) and distal anterolateral 
portal (DAL) are the primary working portals 
(Fig. 4.7). Their direction is marked on the skin 
under fluoroscopy before their establishment 
with their intersection projecting onto the femo-
ral head-neck junction. PAL, as described by 
Dienst et al. [53], is oriented 45° caudally with 
the entry point lying at the junction between the 
medial and the middle third of a line drawn 
between GT and ASIS (soft spot). DAL is placed 
on a curved line running distally from the PAL 
with the centre of the curve being the greater tro-
chanter (Figs. 4.8 and 4.9).

For central compartment, the anterior (A), 
anterolateral (AL) and posterolateral (PL) por-
tals are the primary working portals [41]. The 
AL is established first. It is placed 1 cm proxi-
mal and anterior to the tip of the GT and directed 
parallel to the femoral neck [56]. The superior 
gluteal nerve is found an average of 4.4 cm 
above the level of the anterolateral portal [44]. 
The anterior (A) portal is placed at the intersec-
tion of a longitudinal line drawn distally from 
the ASIS and a transverse line across the supe-
rior edge of the GT. This portal is orientated 45° 
cephalic and 30° towards the midline [56]. This 
portal is often made slightly lateral to this inter-
section to avoid the branches of the lateral fem-
oral cutaneous nerve that usually branch 
proximal to the anterior portal, but small lateral 
branches may be injured. The femoral nerve is 
found an average of 3.2 cm medial to the loca-
tion of the anterior portal. The posterolateral 

Fig. 4.7 Demonstrates bony landmarks (GT and ASIS) 
with the needles denoting surface drawings (vertical line 
from ASIS and perpendicular line to GT). Black dotted 
line demonstrates the direction of PAL portal. Note posi-
tion of PAL, DAL and AL portals

Fig. 4.8 Curved red line (centred over GT) from PAL 
portal along which DAL portal is established

Fig. 4.9 Shows the direction of PAL and DAL portals
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portal is located 1 cm superior and posterior to 
the tip of the GT. The sciatic nerve is most at 
risk as it lays approximately 2–3 cm posterior to 
the portal. Other described accessory portals 
used to access the peripheral or lateral compart-
ments should be placed under direct visualiza-
tion if needed [44].

4.2.3.4  Author’s Preferred Technique
The patient is placed in the supine position. A 
trial traction is done under fluoroscopy to assess 
sufficient distraction of the hip joint (8–10 mm 
distraction is sufficient). The traction is done in 
the abducted position and then completed by 
adduction of the limb to lever over the post. 
Once achieved, the traction is then released, 
and the hip can be prepped and draped in the 
standard fashion. The leg is flexed to 30–50° to 
relax the anterior capsule which facilitates 
access to the peripheral compartment and pro-
tects the cartilage. The post is removed during 
work in this position and reapplied before 
traction.

The author prefers to initially access the 
joint through the DAL portal as there is more 
space in the distal compartment of the joint, the 
soft tissues are less resistant, and there is less 
risk of scuffing the distal part of the femoral 
head. A spinal needle is inserted parallel to the 
femoral neck towards the head-neck junction 
under fluoroscopic guidance. Once the intra-
articular location of the needle is established, a 
cannulated switching stick is passed over the 
guide wire. A standard arthroscopic cannula is 
passed over the switching stick followed by 
introduction of a standard 70° scope. A PAL 
portal is established under arthroscopic vision 
targeting an entry point 1 cm distal to the 
labrum. This is followed by thinning of the 
anterior capsule either by a shaver or radiofre-
quency. It should be mentioned that capsulot-
omy is not preferred at this step in order to 
maintain the ballooning effect of the capsule. 
Then, a “seven-step” tour of the peripheral 
compartment starts. Switching of viewing por-
tal between PAL and DAL is important to see 
“around the curve” for any pathology. In addi-
tion, flexion to 70° and acetabular recession of 

the pincer lesion are usually started in this 
stage. This helps further reduce the traction 
time. For central compartment access, the post 
is reapplied, the leg is extended, and traction is 
done. The AL portal is established under 
arthroscopic vision. This further minimizes the 
risk of lateral head cartilage scuffing or labral 
injury compared with setting this portal under 
fluoroscopy guidance. Then inter-portal capsu-
lotomy is established between the PAL and AL 
portals. The instruments from the DAL are 
redirected through the same skin incision for 
further work through the central compartment.

4.2.4  Hip Arthroscopy Anatomy 
and Variations at Central 
and Peripheral Compartment

The hip has two intra-articular compartments, 
the central and the peripheral, separated by the 
acetabular labrum [57]. The central compart-
ment (CC) includes the acetabular fossa, teres 
ligament, lunate surface, labrum, fovea capitis 
and the articular surface of the femoral head in 
the weight-bearing area. The peripheral com-
partment contains the femoral neck, the non-
weight- bearing cartilage of the femoral head, the 
medial and lateral synovial folds, perilabral 
recess or paralabral sulcus, the non-articular sur-
face of the labrum and the articular capsule [58, 
59]. There are several methods to localize intra-
articular lesions in hip arthroscopy. The two 
most commonly used mapping systems are the 
“clock face” system—standardized to the right 
hip, where 3:00 clock position is anterior, and 
the 6:00 position corresponds to the middle point 
of the transverse acetabular ligament—and the 
“geographic zone method” which allows for a 
precise and more reproducible description of a 
lesion’s position [58, 60] (Fig. 4.10). Both sys-
tems can also be used for mapping the femoral 
head, and the reference lines follow the same 
pattern used in the acetabulum, so the femoral 
locations will reflect the corresponding acetabu-
lar locations. The clock face system also allows 
a good correlation with the radial MRI findings 
[58, 60].
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4.2.4.1  Central Compartment

Acetabular Fossa
The acetabular fossa is located in the inferior 
region of the acetabulum and is surrounded by 
the horseshoe-shaped lunate surface. It is the 
non-articular surface of the acetabulum and is 
covered by synovium. The transverse ligament 
limits the inferior margin of the fossa and is in 
continuity with the anterior and the posterior 
labrum.

Ligamentum Teres
Arises from the transverse ligament and the 
ischial and pubic margins of the acetabular fossa 
and has a fascicular appearance with an anterior 
and posterior bundle. The ligamentum is trape-
zoidal at its base and runs to the femoral head 
where it becomes progressively round or oval 
shaped; it inserts in the fovea capitis. In the 
dynamic evaluation, the ligamentum is tight in 
hip external rotation, and head vascularity in 
adults is negligible [61, 62].

Fovea Capitis
The fovea capitis is a small area devoid of carti-
lage in the femoral head and is located slightly 

posterior and inferior to the centre of the femoral 
head cartilage. The articular cartilage thickness 
decreases from the centre to the periphery of the 
femoral head.

Labrum
The labrum is a fibrocartilage with a triangular 
cross section. Its base is inserted in the osseous 
acetabular rim, the articular or internal surface is 
in continuity with the acetabular cartilage, and the 
capsular or external surface is attached to the 
articular capsule. The labrum is in continuity with 
the transverse ligament antero-inferiorly and pos-
tero-inferiorly. The labral vascular supply arises 
from a periacetabular vascular ring with radial 
branches that course over the capsular surface of 
the labrum, terminating in its free edge [63]. This 
study did not show vessels entering the labrum 
from the adjacent subchondral bone. The clinical 
relevance of this fact is that the majority of the 
labral lesions are located in the chondrolabral 
junction with preservation of the vascularity, and 
the surgical labral detachment may interfere with 
its blood supply. The sublabral sulcus is an ana-
tomic variant that should not be confused with a 
labral tear. In arthroscopy, it is a well-defined cleft 
between the labrum and the acetabular hyaline 
cartilage with smooth edges, with no signs of 
inflammation and no labral displacement or insta-
bility on probing. In the hips with a sublabral sul-
cus, the most frequent location is the 
postero-inferior (48%) and anterosuperior (44%) 
quadrant [64]. There is a normal concavity in the 
anterior acetabular rim in relation to the iliopsoas 
tendon (psoas U). It is universally present, and its 
superior aspect is a reliable arthroscopic landmark 
for the 3:00 clock position [58].

Physeal Scars
The ilio-pubic and the ilio-ischial physeal scars 
are remnants of the triradiate physis and can be 
found in the anterior and posterior lunate sur-
faces, respectively.

Stellate Crease and Supra- 
acetabular Fossa
The stellate crease is an anatomic variant and rep-
resents a focal fibrocartilaginous slitlike structure. 

Fig. 4.10 The “clock face” system and the “geographic 
zone method” for the acetabular mapping. Arrow: the 
psoas U
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Its location is variable but is usually found above 
the apex of the acetabular fossa at the 12:30 posi-
tion. Another anatomic variant, more frequent in 
younger patients, is the supra- acetabular fossa 
located in the roof of the acetabulum at the 12:00 
position on coronal and sagittal imaging. It can be 
detected in high-resolution hip MRI scans with 
normal marrow signal intensity and should not be 
confused with an osteochondral lesion (Fig. 4.11). 
The stellate crease is in continuity with the ace-
tabular fossa, while supra- acetabular fossa is 
completely separated from it, but the former 
might be a residual scar left after obliteration of 
the supra-acetabular fossa [65, 66].

4.2.4.2  Peripheral Compartment
The peripheral compartment (PC) consists of the 
unloaded cartilage of the femoral head (FH); the 
femoral neck with the medial, anterior and pos-
terolateral synovial folds (Weitbrecht’s liga-
ments); the articular capsule with its intrinsic 
ligaments, including the zona orbicularis (ZO); 
the non-articular surface of the labrum and the 
perilabral recess or paralabral sulcus. PC of the 
hip can be divided routinely into the following 
areas: anterior neck area, medial neck area, 
medial head area, anterior head area, lateral head 
area, lateral neck area and posterior area 
(Fig. 4.12). Access to the CC can be undertaken 

by, initially, approaching the PC and, afterwards, 
accessing the CC under arthroscopic control [67]. 
Another technique to access the PC is an outside-
 in approach. The access to the PC is also impor-
tant because loose bodies are commonly located 
here, and ultimately femoral osteoplasty is per-
formed in the PC.

Labrum
The external surface of the labrum is observed 
from the PC enclosing the femoral head. At labral 
insertion lays the synovial membrane responsible 
for some of the labrum vascularization. In turn, 
the congruency of the labrum and the FH creates 
a perfect sealing mechanism. The acetabular 
labrum exhibits variability in shape, symmetry 
and dimensions. Labral shape can vary between 
triangular (66–69% of asymptomatic hips), round 
(11–16%) and flat (9–13%). It is thickest in the 
superior and posterior aspects and widest in the 
anterior and superior portions [68]. At the anterior 
and posterior margins, the hip joint capsule inserts 
directly at the base of the labrum. On the superior 
aspect of the PC, the anatomic space created 
between the joint capsule and labrum is the peri-
labral sulcus which is larger in this zone and also 
might be subject to dimensional variability [69].

Fig. 4.11 Arthroscopic image of the left hip. The supra- 
acetabular fossa (a) separated from the acetabular fossa 
(b) and the femoral head (c) Fig. 4.12 Arthroscopic image of the peripheral compart-

ment of a right hip. The anterior femoral neck (a), the 
medial synovial fold (b), the anterior capsule (c) and the 
zona orbicularis (d)
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Synovial Folds
Synovial folds are sheetlike structures of syno-
vial and connective tissue that run longitudi-
nally in various zones of the peripheral 
compartment and serve as important landmarks. 
The medial synovial fold (“iliopectineal fold”) 
is located at the antero-medial aspect of the 
femoral neck but usually is not stuck to it. This 
structure is a very helpful landmark (guide to 
the 6:00 position), especially when visibility 
within the PC is limited by synovial disease. 
This fold passes proximally from the medial 
border of the femoral head, distal to the lesser 
trochanter [67]. The anterior synovial fold is 
adherent to the neck and only recognizable by 
its single fibres covering the bone of the neck. 
The lateral synovial fold is located at the junc-
tion between the lateral and the posterior femo-
ral neck being a common landmark to the 12:00 
position [58]. It runs from the greater trochanter 
upwards along the lateral side of the neck to the 
lateral margin of the head. It is often posteriorly 
stuck to the neck and forms a small pouch. It 
contains the lateral retinaculum and the intra-
capsular penetrating arteries from the lateral 
epiphyseal vessels arising from the terminal 
branches of the deep medial circumflex artery 
(the major responsible of femoral head blood 
supply). This fold usually marks the endpoint of 
trimming of the femoral head-neck junction in 
femoroacetabular impingement. Thus, preserva-
tion of these vessels is of primary importance, 
although cam deformities frequently extend 
beyond this point [70, 71].

Capsule
The anatomical structure that most influences 
the peripheral space is the joint capsule. It is a 
thick and tense fibrous sleeve extending from the 
outer neck to the acetabular rim. The inner sur-
face is entirely covered with synovium. Some 
portions of the capsule have an increased thick-
ness or are reinforced. Namely, (a) the supero-
lateral part is reinforced by the reflected tendon 
of the rectus femoris, (b) the anterolateral part by 
the ilio- femoral ligament (y-shaped ligament of 
Bigelow), (c) the antero-medial part by the pubo-
femoral ligament and (d) the posterior capsule 
by the ischio-femoral ligament.

The zona orbicularis (ZO) is a major hip stabi-
lizer and represents a circumferential thickening 
of the hip capsule forming a ring around the fem-
oral neck. It consists of a thicker layer of annular 
fibres crossing the above-mentioned longitudinal 
ligaments and thus strengthening the capsule. 
Just cranial to the ZO, close to the anterior capsu-
lar recess, lies the psoas tendon. The iliopsoas 
bursa is located beneath the musculotendinous 
portion of the iliopsoas muscle, anterior to the 
hip joint capsule and lateral to the femoral ves-
sels. The bursa separates the iliopsoas tendon 
from the articular capsule of the hip joint, and it 
may directly communicate with the PC in 
15–20% of cases [69]. This finding may bear 
clinical relevance and can increase the risk of 
fluid extravasation during hip arthroscopy 
(Fig. 4.13).

4.2.5  How to Treat Cam Deformity: 
Tips and Tricks

Femoroacetabular impingement syndrome is 
most often associated with cam morphology. 
Successful treatment depends on precise reshap-
ing of the proximal femur, whether done 
arthroscopically or by open surgery. We present 
ten steps to help get arthroscopic surgery right.

Fig. 4.13 Arthroscopic image of the peripheral compart-
ment of a right hip with an articular communication with 
the iliopsoas tendon. The femoral head (a), the anterior 
capsule (b) and the iliopsoas tendon (c)
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4.2.5.1  Be Sure of the Diagnosis
Not all patients with cam morphology have FAI 
syndrome, and coexisting diagnosis are common 
[72]. Be certain that this is the correct diagnosis 
before embarking on surgery. Local anaesthetic test 
injections and image intensifier examination under 
sedation, performed by the surgeon, and with pre- 
and postinjection exercise testing are very helpful. 
Be cautious of operating on patients with a negative 
injection test, and use the examination under seda-
tion to inform the preoperative planning [73].

4.2.5.2  Preoperative Planning
We always perform CT with 3D reconstruction 
before surgery to reshape a cam. Modern CT pro-
tocols allow a low dose of radiation, without 
compromising the image quality. The 3D recon-
struction acts as a map that can guide you around 
the hip (Fig. 4.14). Measurements from the scans 
allow accurate reshaping by quantifying depth 
and extent of bone resection. These scans should 
also include the distal femur so that femoral tor-
sion can be measured and taken into account in 
planning the depth of resection.

4.2.5.3  Setup
Surgery can be performed in supine or lateral 
positions. We prefer the lateral position as it is 
easy to achieve posterolateral access to the hip, 
the scrub nurse can work from other side of the 
patient, and the instruments do not fall out. 
Whichever approach is preferred, a range of 
motion from hyperextension to 100° flexion, 
abduction and internal and external rotation in 
flexion must be achievable. The foot must be eas-
ily detachable and reattachable from the traction 
system so that traction can be used where required 
while also allowing a wide range of motion 
(Fig. 4.15). We use a fully transparent drape with 
adhesive to allow visualization of the hip. An 
image intensifier, that can provide AP and lateral 
views, is required without interfering with the 
surgeon’s position.

4.2.5.4  Portals
Most cases will need two to four portals depending 
on the technique and the shape and location of the 
cam. We typically use three portals: postero- 
superior, antero-superior and superior- lateral. 
Inject local anaesthetic with adrenaline into the 
skin before each incision to minimize bleeding. 
Avoid crowding by spacing out the entry points, 
and think carefully about where they penetrate the 
capsule more than the exact position of the skin 

Fig. 4.14 3D reconstruction of CT. A planned cam resec-
tion margin is marked

Fig. 4.15 Operating theatre set up with the patient in the 
lateral position. The surgeon stands behind the patient 
with the scrub nurse opposite. The C-arm, of the image 
intensifier, is under the radiolucent table, providing an AP 
view of the hip. The C-arm can rotate to provide a lateral 
view. When not in use the image intensifier moves to the 
distal end of the table
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incision. Optimize triangulation by aiming for an 
angle of approximately 60° between each portal.

4.2.5.5  Capsulotomy
It is possible to reshape a cam without perform-
ing a capsulotomy, but for most cases a capsu-
lotomy will improve visibility and access. We use 
an “L”-shaped capsulotomy extending from 11 to 
1 o’clock, parallel to the labrum and from 1 
o’clock towards the capsular insertion on the 
intertrochanteric line parallel to the femoral neck. 
This avoids dividing the ilio-femoral ligament 
and ensures postoperative stability of the hip. 
Only when the cam is large and extends well lat-
erally does the second limb of the capsulotomy 
need to traverse the zona orbicularis. We control 
the capsulotomy flap with traction sutures and 
retractors inserted through the third portal.

4.2.5.6  Step-by-Step Reshaping
With the hip in traction, a 70° arthroscope in the 
postero-superior portal and a profile view of the 
postero-superior and superior head-neck junc-
tion, we begin resection just in front of the reti-
nacular vessels. If the cam is very superior and 
lateral, then you may need to dissect these vessels 
as bone is removed, protecting them from injury. 
This is made easier by slightly abducting and 
extending the hip. Extend the intended line of the 
head-neck junction across the anterior aspect of 
the cam towards the inferior aspect of the neck, 
reducing traction and flexing the hip off traction 
to achieve a good view. Refer the 3D reconstruc-
tion of the CT to ensure the new head-neck junc-
tion is neither too medial nor too lateral. With 
various combinations of flexion and internal rota-
tion of the hip, expose the more lateral aspect of 

the cam, and resect this right out to the normal 
neck surface. Make sure the resection extends all 
the way inferiorly by visualizing the medial 
synovial fold (Fig. 4.16). Frequently move the 
arthroscope, and change portals to properly 
appreciate the three-dimensional shape of the 
resection.

4.2.5.7  Create a Smooth Head-Neck 
Transition

Avoid a sharp edge at the junction between the 
femoral neck cartilage and the femoral neck, which 
might catch on the labrum during extension from a 
flexed position. Ideally, the profile should be an “S” 
shape with convexity at the edge of the femoral 
head and a concavity further lateral on the neck 
(Fig. 4.17). This will keep the labrum in contact 

Fig. 4.16 View of antero-superior femoral head-neck 
junction following a cam resection

Cam

a b

Convexity

Concavity

Fig. 4.17 Diagrammatic 
representation of cam 
morphology before  
(a) and after (b) 
resection. Note the 
“S”-shaped resection
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with the head-neck junction throughout movement 
and help to maintain suction seal and stability.

4.2.5.8  Be Sure that the Shape  
Is Correct

Use an image intensifier to monitor progress of the 
resection, especially in the early part of your surgi-
cal experience. Always perform a dynamic impinge-
ment test observing the labrum and the head-neck 
junction through the arthroscope. Check in particu-
lar that the resection is adequate during flexion, 
adduction and internal rotation: flexion abduction 
and internal rotation and pure abduction.

4.2.5.9  Be Prepared to Close 
the Capsule

Hip instability is a devastating complication of 
hip arthroscopy, so we always consider whether 
to close the capsule. It may not be necessary in 
every patient, but we are more likely to do it if the 
patient has ligamentous laxity, a relatively shal-
low acetabulum, labral or ligamentum teres defi-
ciency, performs a flexibility sport, has needed a 
more extensive capsulotomy dividing the zona 
orbicularis or has had a large resection. We close 
with several sutures including the corner of the 
“L” shape and the zona orbicularis.

4.2.5.10  Recovery and Rehabilitation
Use cryotherapy and CPM to facilitate early 
mobilization. Almost all patients can be fully 
weight bearing after surgery and can start exer-
cising with a physiotherapist on the same day. We 
prefer to keep patients in the hospital for a day or 
two, so that they can begin with an intensive 
course of rehabilitation. Subsequent recovery is 
driven by milestones, which include a quiet hip 
with a full range of motion, normal core and hip 
muscle control and normal strength in dynamic 
movements. Most patients can return to full activ-
ity including sports training within 3 months.

Open surgery to correct cam morphology in 
FAI syndrome has been very successful where 
surgeons have been careful to achieve very accu-
rate reshaping to a spherical head with a smooth 
head-neck transition [74]. Sometimes this is still 
the best approach. However, cam reshaping can 
be successfully performed in many patients by 
arthroscopic surgery [75]. Despite the extra chal-

lenges of a limited view and difficult access, 
arthroscopic surgery needs to achieve the same 
precision as an open approach. Only then does 
the less invasive technique provide an advantage. 
These ten steps provide a framework, but the best 
way to learn the surgical technique is in a hip 
preservation fellowship with a high-volume 
expert surgeon.

4.2.6  How to Manage a Chondro- 
Labral Lesion

The normal movement of the hip is purely rota-
tory due to the spherical congruency of the joint 
surfaces, so any change in this strict configura-
tion will produce mechanical dysfunction and 
abnormal stresses on the articular cartilage. Cam 
deformity was described as a bony morphologi-
cal change in the head-neck junction, mainly in 
the anterolateral area, that produces outside-in 
shear stress on the corresponding acetabular rim 
during the terminal flexion and internal rotation 
resulting in chondro-labral damage, usually 
labral detachment and chondral delamination 
(Fig. 4.18). On the other side, acetabular over-
coverage may produce a pincer effect against the 
femoral neck on the terminal range of flexion. 

Fig. 4.18 Arthroscopic view of left hip with mixed type 
of FAI from anterolateral portal. The probe is showing 
labral detachment associated with a peripheral acetabular 
cartilage lesion
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This compression mechanism against the labrum 
can lead to contusion and degeneration of it 
(Fig. 4.19). Secondarily, a levering mechanism of 
the head against the postero-inferior acetabular 
cartilage produces a contrecoup cartilage lesion 
[76, 77]. Instability is a wide term that includes 
the gross subluxation and dislocation caused by 
significant bony dysplasia as well as the new con-
cept of microinstability caused by traumatic or 
atraumatic dysfunction of the soft tissues stabi-
lizing the hip as the labrum, capsule, ligaments 
and muscles. In case of instability, there are 
abnormal translation movements of the femoral 
head producing inside-out shearing forces 
(mainly anterior to lateral) and causing chondro- 
labral injuries [78, 79] leading to detachment of 
the labrum in a similar way that cam lesion does.

4.2.6.1  Diagnosis
Chondro-labral lesions should be suspected in a 
young athletic patient presenting with groin pain 
during activity. As initial assessment, plain radio-
graphs are used for detecting the underlying 
pathologies that predispose to chondro-labral 
lesions. Measurements of the centre-edge angle 
of Wiberg, acetabular index angle of Tönnis, 
alpha angle, head-neck offset and crossover sign 
of acetabular retroversion are reliable radiologi-

cal findings for evaluating the bony morphology 
before and after any kind of hip preservative  
surgery [79].

Although the Tönnis classification is widely 
used for grading osteoarthritis based on specific 
radiographs, it cannot be used as an accurate pre-
dictor for condition of the cartilage in the early 
stages of the joint disease [80]. After development 
of magnetic resonance techniques, MRA with 
intra-articular injection of gadolinium has become 
the investigation of choice for detection of chon-
dro-labral lesions with high sensitivity (71–100%) 
compared with standard MRI [81]. Nowadays, 
quantitative MRI techniques can map the concen-
tration of glycosaminoglycans (GAGs) in the car-
tilage. Delayed gadolinium-enhanced MRI of 
cartilage (dGEMRIC) or T2 mapping is used for 
detecting early damage and for follow- up of 
patients after preservative hip surgeries [82].

4.2.6.2  Classification
Clinical interest towards hip pathologies pro-
duced many classification systems to describe the 
chondro-labral lesions. According to Beck et al. 
[76], labral condition is classified as (1) normal, 
(2) degeneration, (3) full-thickness tear, (4) 
detachment or (5) ossification, while articular 
cartilage is classified as (1) normal, (2) malacia, 
(3) debonding, (4) cleavage or (5) defect. 
Although most of these classification systems 
depend on the visual inspection of the lesion, the 
geographic description (Fig. 4.10) based on the 
six anatomical zones done by Ilizaliturri et al. 
[60] provides a simple and reproducible method 
with implications for prognosis and is commonly 
used for medical reporting.

4.2.6.3  Approach for Treatment
Since it was first described by Ganz et al. [83] in 
the early 2000s, surgical hip dislocation gained a 
worldwide popularity as a safe method for treat-
ment of intra-articular hip lesions. However the 
evolution of arthroscopic techniques attracted the 
attention of hip surgeons, and today hip arthros-
copy is a commonly performed procedure for 
intra-articular lesions and achieved favourable 
clinical outcomes compared with other surgical 
methods [84]. Cam deformity and acetabular 

Fig. 4.19 Arthroscopic view of left hip with pincer type 
of FAI from anterolateral portal. A small labrum is typical 
in those cases, and detachment and degeneration due to 
impact at anterolateral zone are usually found
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overcoverage, if present, should be properly cor-
rected as a first step of treatment to protect the 
repaired chondro-labral tissues and avoid further 
damage. Labral debridement was reported with 
satisfactory short-term clinical results in a few 
literature reports, but recent studies demonstrate 
better clinical outcomes in hip scores with labral 
preservation, becoming this option as the gold 
standard for labral damage repair. Biomechanical 
studies show that labral reattachment restores 
normal biomechanics. Labral preservation is the 
actual standard of care, so reattachment is per-
formed when possible, and labral replacement 
should be considered when it is strongly degener-
ated or absent. The articular cartilage has poor 
intrinsic healing capacity, so the aim of treatment 
is to potentiate the cartilage healing and repro-
duce a new tissue with structural and biomechan-
ical properties similar to the normal cartilage. 
Labral repair can be considered only in stable 
pocket lesions (Fig. 4.20), where viable chondro-
cytes can be demonstrated at the delaminated 
flaps of acetabular cartilage.

Debridement and bone marrow stimulation 
techniques are considered standard methods for 
small, focal full-thickness defect <2 cm2 at the 
acetabular rim (Fig. 4.21), with improvement in 

the functional outcomes [85]. The microfracture 
technique depends on stimulation of subchondral 
bone marrow by penetrations that liberate undif-
ferentiated stem cells, and then the blood clot 
formed in the defect provides a supporting envi-
ronment for the cartilage progenitor cells and 
finally differentiates into stable fibrocartilage. 
Enhanced bone marrow stimulation techniques 
(EBMST) have been developed to improve the 
results of surgical standard methods of cartilage 
repair. For instance, AMIC technique adds mem-
branes to the microfractured area, and chitosan- 
glycerol phosphate works as a scaffold material. 
These techniques augmented the biomechanical 
properties of clot formed in the microfractured 
area and provided more stable environment for 
growth and differentiation of hyaline cartilage. 
Both are recommended for full-thickness defect 
>2 cm2 after adequate debridement and micro-
fracture [86].

4.3  Take-Home Message

Hip arthroscopy is an evolving technique that is 
expanding its indications. We should be very cau-
tious during the learning curve period, and we 
must be very careful with the small details men-

Fig. 4.20 Arthroscopic view of left hip with cam type of 
FAI from anterolateral portal. Cartilage delamination due 
to shear force named pocket lesion. Cartilage repair may 
be an option in these cases

Fig. 4.21 Arthroscopic view of the right hip with cam 
type of FAI from anterolateral portal. Cartilage delamina-
tion has evolved to an unstable flap
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tioned in this chapter. Special care should be 
taken to get a stable and comfortable initial setup 
of the patient. Knowledge of arthroscopic anat-
omy and its normal variants could facilitate iden-
tification of the anatomical deformities and its 
proper correction.
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5.1  Introduction

The evolution of surgical techniques for the treat-
ment of shoulder injuries has made significant 
progress with the development of arthroscopic 
techniques. This evolution is supported by 
improvements in materials and expanding sur-
geons’ experience, which results in an increasing 
number of indications for arthroscopy for both 
diagnostic and therapeutic purposes.

A correct performance of a shoulder arthros-
copy requires an appropriate visualization using 
a variety of technical equipment. Among the 
many factors that can negatively impact the qual-
ity of the arthroscopic surgery, poor visualization 
due to swelling and bleeding is probably the most 
common avoidable cause. Shoulder arthroscopy, 

more than arthroscopy of any other joint, requires 
active measures for control of bleeding to 
enhance visualization.

During a shoulder arthroscopy, particularly 
procedures involving the subacromial space, 
bleeding is a frequent complication that limits the 
surgeon’s field of view and affects the operative 
technique. Additionally, the duration of surgery 
can be greatly increased as a result of such a 
complication.

Visual clarity is essential to perform a safe and 
successful arthroscopic procedure [1]. The mix-
ing of blood with the irrigation fluid during 
arthroscopic procedures is the most common fac-
tor influencing visual clarity.

The use of specific equipment such as thermal 
electrocautery devices and pressurized irrigation 
systems to control bleeding has shown a positive 
effect on visual clarity. Some studies have found 
that the use of epinephrine reduces bleeding and 
increases visual clarity.

In this chapter we describe some general 
essential parameters for shoulder arthroscopy to 
avoid obscured visualization and decrease the 
problem of bleeding. We divide these factors in 
four sections:

 1. Technical equipment
 2. Patient positioning
 3. Surgical technique
 4. Management of anesthesia
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5.2  State-of-the-Art Treatment

5.2.1  Technical Equipment

5.2.1.1  Fluid Management
We recommend the following issues for fluid 
management:

• Saline bag. The addition of epinephrine 
(0.33 mg/L) to the irrigation fluid significantly 
improves visual clarity in the most common 
types of therapeutic shoulder arthroscopy. A 
significant reduction in total operating time 
and use of irrigation fluid was observed [2, 3].

• Inflow tubing systems.
• A specialized automated pump (so-called 

dual-wave pump, controlling both inflow and 
outflow) [4, 5].

• Outflow tubing with or without pressure-
sensing feedback to an automated pump.

Pump systems used for arthroscopic surgery 
have evolved over the years to provide improved 
intraoperative visualization [6].

Advantages of mechanical fluid irrigation sys-
tem over gravity irrigation are:

 – Consistent flow
 – Greater and more reproducible degree of joint 

distention
 – Improved visualization, especially when 

motorized operative instruments are used
 – A tamponade effect on bleeding
 – Decreased operative time

Disadvantages include the need for additional 
equipment with increased cost and maintenance, 
initial learning curve for the surgical team, and 
possible extra articular fluid dissection leading to 
soft tissue swelling [7].

Although significant advances have been made 
in arthroscopic equipment, few investigations 
exist that compare different pump systems. Even 
though improvements in visualization have been 
noted with dual systems, more research is neces-
sary to determine the exact clinical significance.

5.2.1.2  Radiofrequency Devices
Bleeding from smaller vessels during arthroscopic 
procedures of the shoulder joint is often unavoid-

able, especially while working in extra-articular 
(e.g., subacromial) space and in case of inflam-
matory tissue reaction. The use of thermal coagu-
lation electrode (radiofrequency devices) devices 
is indispensable because it enables direct coagu-
lation of bleeding vessels and tissue dissection 
with concomitant vessel ablation.

Most reconstructive arthroscopic procedures 
such as a rotator cuff repair (especially complex 
tears) are only possible using these thermal devices.

Several highly effective systems are available 
and offered as single-use devices by the industry. 
We recommend the following parameters:

 – Bipolar electrode using rather low temperatures 
at the tip of the probe inside the shoulder (<65°)

 – Plasma layer creating probe
 – Slow profile probe with ablation angle of 90° 

related to instrument shaft
 – Highly effective outflow tubing to evacuate 

air/gas bubbles
 – Metal proximity detection feature to avoid 

damage to scope or other instruments
 – Foot switch control

5.3  Patient Positioning

Any successful surgical procedure begins with 
correct positioning of the patient. In shoulder 
arthroscopy, two different options of patient posi-
tioning exist (Figs. 5.1 and 5.2):

Fig. 5.1 Operation theater setup for shoulder arthros-
copy: the arthroscopy tower and the screen are set up at 
the opposite side of the patient, facilitating access to the 
shoulder from a posterior, lateral, and anterior direction 
and leaving working space for the surgeon and assistants
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 – Lateral decubitus position
 – The beach chair position

Whether one or the other is chosen is usually 
based on the surgeon’s preference or in many 
centers a question related to the specific proce-
dure, because each positioning offers specific 
advantages and disadvantages.

Special equipments such as positioning devices 
including arm holders are required for both types 
of positioning (Figs. 5.3, 5.4, 5.5, and 5.6).

Beach chair positioning is associated with the 
danger of cerebral oxygen desaturation and 
potential neurological complications. This is why 
regional cerebral oximetry should be utilized 
during shoulder arthroscopy in this position. In 
terms of potential neurological injury, the lateral 
decubitus position seems to be a safer option 
because cerebral blood flow is not compromised 
by the upright position of the head under general 
anesthesia (see also below).

However, in our experience, the majority of 
arthroscopic procedures are facilitated by the use 
of the beach chair position, including posterosu-
perior (supra- and infraspinatus) and anterior 
(subscapularis) tendon repairs. More complex 
extra-articular procedures such as the arthroscopic 
Latarjet procedure or plexus release require 
extensive anterior extra-articular shoulder dissec-
tion and access to the medial anterior shoulder, 

which is much easier to achieve in the beach 
chair position.

The exact way to position the arm in the beach 
chair position is crucial to have adequate access 
to the subacromial space, e.g., during cuff repair. 

Fig. 5.2 Operation 
theater setup for lateral 
decubitus position

Fig. 5.3 Arthroscopy tower including video chain, auto-
mated pump, and radiofrequency console
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We recommend putting the shoulder into a slight 
forward flexion (approximately 20°) and slight 
abduction while simultaneously applying slight 
(1–2 kg) traction of the upper arm parallel to the 
thorax. This will allow the subacromial space to 
open up and slightly move the humeral head 
backward and away from the narrow anterior part 
of the subacromial space. Usually, this allows 
excellent and wide access to the humeral and cuff 

(Fig. 5.7). Moreover, in the beach chair position, 
rotational maneuvers of the arm can be made to 
facilitate access and entrance for implants and 
instruments using different portals.

The lateral decubitus position (Fig. 5.8) allows 
for excellent visualization for intra-articular gle-
nohumeral reconstruction such as instability 
repair. The use of double arm traction both distal-
izes and lateralizes the humeral space giving 
easier access to the inferior and posterior part of 
the labrum and capsule during instability repair. 
It seems that this is a reason why the lateral decu-
bitus positioning is related to lower recurrence 
rates after arthroscopic Bankart repair than beach 
chair positioning.

Fig. 5.5 High-flow arthroscopy shaft

Fig. 5.6 Bipolar radiofrequency device (ArthroCare®)

Fig. 5.7 (Left) Wrong position of the arm in the beach 
chair. (Right) Correct position of the arm in slight flexion 
and abduction, which leads to subacromial opening and 
improved joint access

Fig. 5.4 Dual-wave pump, specifically suitable for shoul-
der arthroscopy. These pumps control both in- and out-
flow, thus minimizing turbulent flow
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5.4  Surgical Technique

A careful surgical arthroscopic technique is 
another decisive factor to improve visualization 
during the procedure.

A very important principle is to minimize out-
flow of the irrigation fluid from the portals. This 
can be achieved by cannula placement or simply 
the assistant closing the portals with the fingers, 
thus eliminating outflow. Uncontrolled outflow 
will lead to turbulent flow inside the shoulder 
(Bernoulli effect), which opens small lacerated 
arterial vessels [8]. This will lead to bleeding and 
obscured vision.

We do not routinely place cannulas in each 
portal, so we often have several potential foci for 
the Bernoulli effect, which leads to its accompa-
nying clouding of the arthroscopic field. We rou-
tinely have our surgical technician apply digital 
pressure over each of the non-cannulated portals, 
plugging the stream at each site. This simple 
maneuver (Fig. 5.9) can dramatically improve 
visualization, leaving the surgeon free to proceed 
with his operation instead of needlessly wasting 
valuable time “chasing bleeders” and uttering 
epithets. Recognizing and neutralizing the 
Bernoulli effect (Fig. 5.10) have helped us 
immensely to perform demanding subacromial 
techniques such as the repair of large and massive 

rotator cuff tears more rapidly and efficiently 
(Fig. 5.11).

We recommend some general arthroscopic 
principles in surgical technique:

• Reduce blood pressure if medical condition 
allows, to maintain systolic pressure of less 
than 90 mmHg (see below in detail).

• Incise the skin only and avoid deeper muscle 
laceration.

• Use a blunted conical trocar for penetration of 
the muscle, joint, and subacromial space.

• Avoid debridement of anterior medial acro-
mion and the undersurface of the AC joint for 
as long as possible.

• Direct control of bleeding points by:
 – Thermal electrocautery devices (both mono-

polar and bipolar). Use them immediately 
when significant bleeders are encountered.

 – Locally infused vasoconstrictors (addition 
of epinephrine to the arthroscopy irrigation 
fluid).

• Indirect control of bleeding by:
 – Minimizing the fluid pressure differential 

between the patient’s blood pressure and 
the pressure of the infused irrigation fluid 
[9]. This is done by a combination of lower-
ing the patient’s blood pressure if possible 
(hypotensive anesthesia; see below) and 
raising the pressure of the irrigation fluid.

 – The relation between subacromial pressure, 
blood pressure, and visual clarity during 
arthroscopic subacromial decompression 
was studied by Morrison et al. [7]. They 
concluded that a pressure of 49 mmHg is 
sufficient to prevent bleeding during sur-
gery. In our experience, using a pump pres-
sure between 40 and 45 mmHg, positioning 
the patient in the deckchair position, and 
using a saline/epinephrine solution, com-
bined with sound knowledge of the vascular 
anatomy of the subacromial space, are suf-
ficient to perform most interventions with-
out difficulties. In the event of cumbersome 
bleeding, transient increase in the pump 
pressure may be necessary to identify and 
cauterize the offending vessels.

Fig. 5.8 Double arm traction for lateral decubitus 
position
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Fig. 5.9 (Left) Outflow of irrigation fluid leading to turbulent flow and bleeding (Bernoulli effect). By closing the 
portals with the fingers of the assistant (right), this can easily be avoided

Fig. 5.10 Bernoulli effect: the uncontrolled outflow of fluid leading to turbulent flow will “suck” out the blood from 
small vessels and obscure the field (right)
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• Foresightful dissection technique [10]: depend-
ing on the case, careful and slow preparation of 
the tissue is mandatory. For example, it is clear 
that in case of highly inflammatory tissue reac-
tions (bursitis, capsulitis), aggressive shaving of 
the tissue will lead to more bleeding and prob-
lems than in uninflamed tissues (Fig. 5.12). So 
in these cases, dissection with the radiofre-
quency (RF) probe is recommended. It is impor-
tant to anticipate the risk of bleeding during 

tissue dissection and adapt the technique to the 
anatomic area and the degree of inflammation.

5.5  Anesthesia

Over the last few years, arthroscopic shoulder 
surgery has been increasingly performed by sur-
geons in a sitting position, thereby creating new 
challenges for anesthesiologists [11].

On the one hand, the surgeon’s legitimate 
wish is for good visual conditions and thus low 
blood pressure. On the other hand, the anesthetist 
has to be aware of the redistribution of the blood 
volume due to gravity resulting from general 
anesthesia. This takes place at the normal mea-
suring points of blood pressure measurement 
(NIBP) at the upper arm, which can therefore no 
longer be considered accurate.

The brain is a very ischemic-intolerant organ 
and particularly threatened by cerebral hypoper-
fusion. There are findings in literature of rare 
cases of cerebral damage, with partially fatal out-
come because of permissive hypotonia and cere-
bral hypoperfusion [12].

Thus, we have developed so-called standard 
operating procedures (SOP) for shoulder 
 arthroscopy, which enable safe and controlled 
hypotonic blood pressure values.

Fig. 5.11 (Left) Obscured vision during arthroscopic rotator cuff repair by turbulent flow. By closing the portals and 
eliminating outflow (right), the vision becomes clear

Fig. 5.12 Foresightful dissection: in inflammatory tissue, 
careful and slow preparation with a minimum of shaving 
is helpful
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In a sitting position, an average vertical dis-
tance from the upper arm blood pressure cuff 
(NIBP) to the auditory canal or cranial base is 
30–35 cm, resulting in a pressure difference of 
20–25 mmHg. This difference will have to be sub-
tracted from the measured NIBP values (Fig. 5.13).

It should be noted that the hydrostatic pressure 
gradient and a normally safe lower limit of 
60 mmHg pressure (MAD) could lead to cerebral 
desaturation, while the conventional oxygen sat-
uration (SaO2) still denotes normal values at the 
finger clip [13].

The anesthesia often commences intrave-
nously with propofol, opiate, and muscle relax-
ant, and then the patient is intubated and placed 
in an upright position.

A high incidence of 70–80% hypotonia below 
the known safe limits can be observed.

It has been shown that the hypnotics, such as 
propofol or sevoflurane alone, influence the 
redistribution phenomenon in a dose-dependent 
manner: in higher doses the usage of propofol 
has a characteristic “on-off effect” and may lead 
to increased awareness. At low doses, however, 
and used in combination with inhalational anes-
thetics, this characteristic is absent (Figs. 5.14 
and 5.15).

Therefore, anesthesia continuation after intro-
duction should be done with sevoflurane, which is 
associated with significantly less cerebral desatu-
ration. Low doses of inhaled anesthetics disrupt 
cerebral autoregulation to a lesser extent [14].

Sympathetic tone

Awake
state Prior

interscalene
block

containing
epinephrine

Incision

Hypotension

Redistribution of
blood volume in the legs

Blood pooling

Ventricular pre-load

End-diastolic volume
Bradycardia +
Hypotension

“Empty
heart”

Reflex
arc

Myocardial
contractility

∆ > 25mmHg

∆ > 43mmHg

Fig. 5.13 Hydrostatic pressure difference (RR cuff at upper arm to cranial base) of 20–25 mmHg (30 cm 
H2O = 22 mmHg) should be noted
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A moderate hypercapnia during ventilation 
denotes a notable effect and leads to a vasodila-
tion with increase of the intracerebral blood vol-
ume and higher rcSO2 values (regional cerebral 
oxygen saturation). Never hyperventilate with 
subsequent hypocapnia and cerebral hypoperfu-
sion [15].

The cerebral blood flow (CBF) is affected by 
MAP, CO2, and O2. rcSO2 using NIRS (near- 

infrared spectroscopy; Fig. 5.16) [16]. It should 
be measured before induction of the general 
anesthesia with the patient in sitting position 
which yields a baseline for each individual 
patient. Further the rcSO2 should be continuously 
monitored throughout the whole surgical case so 
that critical drops of the saturation below the 
baseline can be early recognized and 
counteracted.

A so-called controlled hypotension (goal 
MAP of 60 mmHg) should be attained by utiliz-
ing all these measurements with adequate brain 
oxygen saturation being secured (rcSO2 measure-
ments) throughout the case (Fig. 5.17).
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Fig. 5.14 Regulation of cerebral blood flow (CBF) as a function of inhalation anesthetics in different doses. In high 
doses, the autoregulation is abolished, and the CBF passively follows the perfusion pressure
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Fig. 5.15 Influence of MAP, CO2, and O2 on cerebral 
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Fig. 5.16 Measurement of cerebral brain oxygenation 
(NIRS). (Left) NIRS and Narcotrend electrodes. (Right) 
NIRS function scheme
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Checkbox with recommendations for anesthe-
sia for shoulder arthroscopy:

Preop

Always regional anesthesia (interscalene block or 
catheter), decreasing pain and sympathotonus during 
the surgery [17]
Infusion bolus of approx. 500 mL crystalloids 
(electrolyte solution)
Sympathomimetics during anesthesia initiation 
(Akrinor® or ephedrine)
 Antithrombosis prophylaxis with NMH the previous 
evening

Intra-op

If necessary sympathicomimetics during anesthesia
Always low inhalational anesthesia (sevoflurane) with 
end-tidal ca. 0.7% (age appropriate)
Moderately high end-expiratory CO2 (EtCO2) of 
40–50 mmHg
Ventilation with 100% O2

Cerebral oxygen saturation monitoring (NIRS)
NIBP interval 3 min for higher continuity, instead of 
arterial cannula

It has been shown that the consequent applica-
tion of this neuroprotective procedure results in 
high safety as well as low hypotonic blood 
pressure.

5.6  Take-Home Message

Poor visualization continues to be a frustrating 
aspect in the field of arthroscopic shoulder 
surgery.

In this chapter we offer a concept (surgical 
equipment, patient positioning, surgical tech-
nique, anesthesia), which in our hands has tre-
mendously helped to improve visualization by 
the decrease of intraoperative bleeding.
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Fast Track in TKA Surgery:  
Where Are We Now?

Nanne P. Kort and Michael Clarius

6.1  Introduction

Care pathways in orthopedic surgery are designed 
to prepare and optimize patients before, during, 
and after surgery. As the total amount of arthro-
plasty procedures are increasing worldwide, these 
pathways are becoming more important. In the 
United States, 402.100 TKAs were performed in 
2003, and the estimation is that by 2030 the annual 
demand will have grown by 673% to 3.48 million 
arthroplasties. To meet this high demand, proper 
clinical pathways are needed to provide safe and 
efficient arthroplasty procedures. The concept of 
clinical pathways has evolved over the past 
decades. So-called enhanced recovery pathways, 
or fast-track surgery pathways, are on the rise 
worldwide with successful results in terms of 
(serious or severe) adverse events, readmission 
rate, functional recovery, patient reported out-
come measures, length of hospital stay, and costs.

A successful implementation of these clinical 
pathways requires the development of a selected 
number of scientifically supported procedures 
(e.g., multimodal pain protocol, early mobiliza-

tion, prevention of blood loss, and postoperative 
nausea/vomiting, optimized logistic process), 
supported by the complete multidisciplinary team 
(e.g., anesthesiologist, physiotherapist, nurses, 
hospital managers). Within these pathways, evi-
dence-based protocols are designed, evaluated, 
and recreated based on latest literature and experi-
ences. The ongoing development of these path-
ways resulted in day-care surgery for a selected 
group of patients in the last years, in which 
patients were admitted and discharged on the day 
of surgery with no overnight stay. Expansion to a 
day-care surgery pathway involves an extensive 
change in mind-set, both for the surgeon as part of 
the multidisciplinary team and for the patients. 
The implementation process consists more than 
just the introduction and the use of new protocols 
itself. All the stakeholders involved in the day-
care/fast-track surgery pathway need to under-
stand and support the procedure. A stepwise 
implementation, starting with a fast-track surgery 
pathway with the aim to discharge patients on the 
day of surgery, will be more effective and safe 
toward the day-care procedure. Although evi-
dence-based patient selection criteria are lacking, 
current literature shows acceptable clinical results 
in selected patients (e.g., low ASA score, primary 
arthroplasty, younger age, less comorbidities). 
Combining the high demand of arthroplasties in 
the future, with a correlated increase in economic 
burden on the public health system, an adequate 
and evidence- based clinical pathway is needed to 
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provide a safe and efficient knee arthroplasty pro-
cedure in terms of adverse events, readmissions, 
patient reported outcome measures, and costs.

In this chapter, the rise of fast-track surgery 
pathways will be discussed from a broad perspec-
tive with practical recommendations.

6.2  State-of-the-Art Treatment

6.2.1  Patient Demographics: Are All 
Patients Eligible for Fast- Track 
Surgery?

It is known that comorbidities can predispose 
patients to increased AEs, readmission rates, and 
increased length of hospital stay. So, when the 
orthopedic surgeon is intending arthroplasty sur-
gery, preoperative patient selection seems to be 
the first crucial step in the prevention of AEs and 
readmissions in general.

When comparing an optimized pathway with a 
standard care pathway after primary arthroplasty 
in an unselected group of patients, fewer adverse 
events are reported. In particular, myocardial 
infarction, stroke, and death rates were lower in 
fast-track surgery pathways. This approach typi-
cally includes opioid-sparing anesthesia, local 
infiltration analgesia, and day of surgery mobili-
zation (few hours after surgery). Therefore, all 
patients are eligible for the fast- track surgery 
pathway. As a matter of fact, patients with high 
comorbidity levels should benefit most from the 
fast-track surgery pathways as seen in nonelective 
surgery cases (e.g., femur fractures).

6.2.2  Fast Track: The Organization 
Aspect and Reducing Length 
of Stay

Several aspects of organizational origin should 
be taken into account when implementing a fast- 
track surgery pathway. Various studies showed 
that optimization of the existing organizational 
structure will decrease length of hospital stay 
after arthroplasty. In the first place, the ward 

should be optimized to an arthroplasty-specific 
environment. The involved multidisciplinary 
team needs to be trained and experienced in the 
care for arthroplasty patients. Furthermore, all 
resources should be available to reduce any delay 
in discharge from the hospital. Patient expecta-
tion and information is another important factor 
in optimizing the length of hospital stay. For 
example, preoperative home preparation has to 
be done to prevent a delay in discharge. Functional 
discharge criteria need to be implemented, which 
patients need to know to be motivated and to have 
a participating role in their discharge.

6.2.3  Fast Track: Getting Rid 
of Arthroplasty Traditions

Many traditions in orthopedic surgery exist, such 
as drain and bladder catheter use, adhesive 
drapes, continuous passive motion machines, 
tourniquet use, and flexion as discharge criteria, 
for example. Since there is less, or in some cases 
none, evidence for these principles and protocols, 
they should be omitted from the standard care for 
primary arthroplasty patients. The fast-track 
pathway is characterized by its evidence-based 
approach, which is an ongoing process. Protocols 
need therefore be reexamined and improved 
when new insights are available.

6.3  Future Treatment Options

6.3.1  Outpatient Joint Arthroplasty: 
A Bridge Too Far?

Outpatient joint arthroplasty pathways are on the 
rise all over the globe. It obtained increased interest 
from orthopedic surgeons with varying comments, 
in a still continuing discussion. Opponents of outpa-
tient arthroplasty doubt the patients’ safety after dis-
charge from the hospital, where proponents claim 
that there are no differences between inpatients as 
long as there are proper selection criteria, evidence-
based protocols and adaptation of the hospital, and 
logistic structures. These disagreements require 
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top-class evidence to either confirm and support or 
disapprove the use of outpatient arthroplasty path-
ways. The first studies on outpatient arthroplasty are 
promising. Although these studies are of moderate 
quality, the first results are satisfying in terms of 
patient’s safety and satisfaction. Further research, 
with randomized controlled data, is needed to draw 
final conclusions on the safety and efficacy of these 
pathways. 

6.4  Take-Home Message

• Fast-track surgery is inevitable for every 
arthroplasty patient. Higher ASA classifica-
tion and comorbidity levels mean more evi-
dence to support fast-track surgery protocols.

• First better, then faster. Start with optimizing 
your arthroplasty pathway step by step before 
reducing the length of hospital stay. Quality 
before quantity.

• Teamwork. Involve the complete multidisci-
plinary team.

• If possible, perform outpatient joint arthro-
plasty on the younger and healthiest patients.
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7.1  Introduction

7.1.1  Anatomical 
and Biomechanical Aspects 
of the Distal Biceps Tendon

Biceps brachii is composed of two separate heads 
and is innervated by a branch of the musculocuta-
neous nerve [1]. The proximal tendon of the long 
head is attached to the supraglenoid tubercle, and 
the proximal tendon of the short head is attached 
to the coracoid process. The biceps (muscle and 
tendon) rotates 90° externally from origin to 

insertion onto the bicipital tuberosity [2] and acts 
on three joints: the glenohumeral, ulnohumeral, 
and proximal radioulnar joints. A completely 
bifurcated distal tendon insertion is not uncom-
mon [3, 4]. The short head of the distal biceps 
tendon was reported to insert more distally, and 
the long head was inserted more eccentric and 
medial. The moment arm of the long head was 
higher in supination, and the short head had a 
higher moment arm in neutral position and pro-
nation [5]. These findings may allow functional 
independence and isolated rupture of each por-
tion and may have consequences for restoring the 
native anatomy during a surgical repair. Several 
authors reported an isolated rupture of one of the 
two tendons in cases of bifurcated distal biceps 
tendons [4].

The blood supply for the proximal zone of the 
distal biceps tendon comes from the brachial 
artery by branches that extend across the muscu-
lotendinous junction. The distal zone has a sepa-
rate blood supply by branches from the posterior 
interosseous recurrent artery. The middle zone 
receives vessels from both vessels but only 
through its paratenon cover [6]. The middle zone 
is considered as a transition area at which tendon 
repair mechanisms may be limited and is there-
fore more prone to injury and even rupture [6].

The lacertus fibrosus envelopes the forearm 
flexor muscles and serves as a stabilizer of the 
distal biceps tendon and particularly the short 
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head. As the forearm flexors contract, the lacertus 
is tensed, subsequently causing a medial pull on 
the biceps tendon and perhaps contributing to its 
rupture [7]. When intact, it may lessen the func-
tional deficits and the need for surgical recon-
struction of a distal biceps tendon tear in 
low-demand patients [8]. The need to preserve an 
intact lacertus fibrosus or even repair the lacertus 
at the time of surgery is very controversial [9]. A 
surgical technique, using the lacertus fibrosus, as 
a local graft source for chronic distal biceps ten-
don ruptures, to avoid harvest site morbidity was 
described [10].

The attachments of the two biceps brachii ten-
dons are surrounded by the bicipitoradial bursa 
draped over the two tendons, lying between the 
brachialis muscle and the distal tendons when the 
elbow is extended and between the proximal 
radius and biceps tendon in pronated position 
[11]. This structure is of clinical importance dur-
ing endoscopic evaluation of the distal tendon 
after injury in cases of uncertain rupture of the 
tendon [3]. Injection of the bursa under ultra-
sound control can be part of the conservative 
treatment regime.

7.1.2  Possible Complications

Posterior interosseous nerve injury is the most 
devastating neurologic complication of distal 
biceps tendon refixation [12, 13]. The posterior 
interosseous nerve pierces the supinator muscle 
in the proximal forearm and circumflexes the 
radius at approximately 1.0–1.5 cm distal to the 
center of the bicipital tuberosity [12]. The dis-
tance between the point where the posterior inter-
osseous nerve crosses the radius and the 
radiocapitellar joint changes with forearm rota-
tion: the mean distances are 4.2, 5.6, and 3.2 cm 
in neutral position, pronation, and supination, 
respectively [14]. The posterior interosseous 
nerve can be injured during the refixation of the 
tendon or become entrapped by scar tissue in 
more chronic tears [3, 12]. Dissection of the 
bicipital tuberosity should be performed with a 
supinated forearm, and caution is required when 
placing deep retractors around the tuberosity 

with the single-incision approach. It is advised 
not to use a Hohmann retractor at the lateral side 
of the tuberosity [15].

When approaching the bicipital tuberosity, 
dissection through the subcutaneous tissue 
requires caution in order to protect the lateral 
antebrachial cutaneous nerve. This is a sensory 
terminal branch of the musculocutaneous nerve. 
In chronic distal biceps ruptures with tendon 
retraction, the lateral antebrachial cutaneous and 
the posterior interosseous nerve can become 
entrapped within reactive inflammatory and scar 
tissue as it passes between the biceps and bra-
chialis muscles [16]. Care must be taken to avoid 
forceful use of retractors nearby the lateral ante-
brachial cutaneous nerve and to protect the nerve 
at the time of refixation of the tendon to avoid 
iatrogenic entrapment by the repaired tendon or 
sutures.

7.2  State-of-the-Art Treatment

7.2.1  Partial Tears of the Distal 
Biceps: Workup 
and Treatment

Partial tears are rare injuries, occurring mostly in 
middle-aged men. While most of the pathology 
of the distal biceps is related to complete rup-
tures, partial tears or bursitis at the insertion site 
may present with mild pain in the antecubital 
fossa, so patients’ diagnosis may be delayed. A 
high index of suspicion is needed in order to per-
form a timely diagnosis. The present paragraph 
reviews current aspects of diagnosis and treat-
ment strategies. Patients presenting with pain at 
the antecubital fossa typically present with biceps 
tendinopathy. Other causes of pain include intra- 
articular problems such as rheumatoid arthritis, 
osteoarthritis, anterior capsular strain, loose 
body, or pronator syndrome, but these are rare. 
On clinical examination, patients usually show a 
full range of motion in both flexion-extension 
and pronation-supination but may show a very 
slight decrease in terminal extension with supina-
tion due to pain secondary to tendinopathy. The 
hook test is a very useful test to assess the 
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 integrity of the distal biceps. The patient is asked 
to bilaterally flex the shoulder to head level and 
to flex the elbow approximately to 90° while 
maintaining the forearm in supination. The index 
finger is then used to “hook” the distal biceps ten-
don [17].

Radiographs of the elbow are typically nor-
mal. Ultrasound (US) is accurate to diagnose 
complete tendon ruptures, but its role in diag-
nosing partial ruptures is less clear [18]. MRI 
may reveal tendinopathic changes or the pres-
ence of bicipitoradial bursitis. These changes 
may be best seen using the FABS (flexion-
abduction- supination) view in which the patient 
is placed prone with the affected arm in flexion, 
abduction, and supination [19]. Of note, it may 
be difficult to distinguish between tendinosis 
and partial tears involving less than 50% of the 
tendon. Findings related to the presence of a 
partial tear include increased signal intensity in 
the distal biceps, the presence of peri-tendinous 
or intra-sheath fluid, and increased bone marrow 
signal at the tendon insertion site. A trial of 
6 months of conservative management seems 
reasonable. High-grade tears with greater than 
50% of the attachment site have more failures 
after conservative treatment.

Partial tears are typically a delayed diagno-
sis so patients may have tried different treat-
ments at the time of consultation. A trial of 
6 months of conservative management seems 
reasonable. Conservative management has not 
been clearly protocolized, and most authors 
use physical therapy, the cessation of aggravat-
ing activities (including splinting), NSAIDs, 
and the use of steroid/anesthetic injections. 
Progressive strengthening is recommended 
until patients can perform their desired activi-
ties. While this form of treatment can be useful 
in some patients, a recent systematic review of 
surgical outcomes of partial ruptures showed 
that only in 5 of 65 patients documented to 
have received conservative management; this 
form of treatment was effective [20]. High-
grade tears with greater than 50% of the attach-
ment site have more failures after conservative 
management, and some patients could benefit 
from early surgical repair.

7.2.1.1  Endoscopic Techniques
The use of endoscopy to treat distal biceps inju-
ries has been recently advocated [21].

The use of endoscopy to treat distal biceps 
injuries has been recently reported using different 
techniques [3, 6]. The endoscopy can be utilized 
as a diagnostic aid in defining the extent of the 
rupture, for removing adjacent bursitis, to debride 
the partial biceps tear, or to complete and reattach 
the tendon. It is a complex technique and should 
be reserved for experienced arthroscopists.

The patient is placed supine, with the arm 
on an arm table. A tourniquet is helpful for 
visualization, and in partial ruptures the risk of 
not reaching the attachment site is nonexistent. 
The tendon can be palpated and it is usually 
central on the forearm. The incision can be 
made 3–4 cm distal to the elbow crease. Blunt 
dissection is carried out until the tendon is 
apparent. Injuries to the lateral antebrachial 
cutaneous nerve (LABCN) and the posterior 
interosseous nerve (PIN) are frequent compli-
cations. To decrease the rate of these complica-
tions, we recommend handheld retractors and 
avoid Hohmann retractors around the radial 
neck and tuberosity. Dissection of the LABCN 
is discretional to the surgeon, but not dissect-
ing it may as well protect it further than dis-
secting it.

The scope is advanced to the bicipital tuberos-
ity and the forearm is supinated to improve the 
working space. The medial fibers are usually 
intact in cases of a genuine partial tear. The distal 
short head of the biceps can be ruptured with 
preservation of the proximal long head of biceps 
insertion, and ganglions at the site of rupture are 
frequently seen [16].

Vandenberghe et al. suggest the following pro-
tocol to decide appropriate treatment of distal 
biceps tears [21]. Tears smaller than 25% are 
debrided; between 25 and 50%, they are partially 
repaired with the use of an anchor, and those 
greater than 50% are detached and fixed using a 
cortical bone technique. In the latter, the scope 
can be used to localize the proper insertion site, 
and, while removing the scope, the sheath can 
provide protection for the drills used for cortical 
preparation.
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A guide wire is drilled in the center of the 
tuberosity through both cortices and must be 
directed straight posteriorly or with slight ulnar 
deviation. The guide wire is over-drilled with a 
bigger cannulated drill in the first cortex and a 
smaller drill on the second cortex (different sys-
tems may have different sizes). The guide wire 
may have trailing sutures, and it can be advanced 
through the posterior forearm to introduce the 
button and tendon into the drill site until the but-
ton has passed the second cortex. It can then be 
flipped by flexing and extending the elbow. 
Alternatively, an antegrade sliding technique can 
be used. In this technique, the sutures from the 
grasped tendon are passed through a button, 
which is advanced in an antegrade fashion with 
the use of a handle until the button has passed the 
second cortex. It is then deployed from the han-
dle and toggling with the suture achieves flipping 
of the button. Sliding and tensioning of the limbs 
of the suture advance the tendon to the desired 
position. The sutures are then tied, and the posi-
tion is locked. Otherwise, an interference screw 
can be used to secure the tendon and offset it to 
its lateral position in the radial tuberosity.

The patient is placed in supine position with 
the arm on an arm table. The tendon can be pal-
pated and it is usually central on the forearm. The 
incision can be made 3–4 cm distal to the elbow 
crease. The scope is advanced to the bicipital 
tuberosity and the forearm is supinated to 
improve the working space.

As an alternative to the single anterior inci-
sion, a single posterior incision or a double inci-
sion can be used (see below).

7.2.2  Single- or Double-Incision 
Technique

The first surgical technique involved an anterior 
approach (“Henry’s”) with a single curvilinear 
incision centered on the antecubital fossa; in this 
approach, the radial nerve and the posterior inter-
osseous nerve are at risk of injury. To avoid this 
risk, Boyd and Anderson developed a technique 
that included a double incision and an interosse-
ous access to reinsert the biceps to the radius 

through a bone tunnel [16]. Kelly further modi-
fied the second access with a posterior approach 
through the muscle, dissociating the fibers of the 
extensor carpi ulnaris. The preparation of the 
radius, however, seems to increase the risk of 
postoperative calcification and radioulnar 
synostosis.

A subsequent modification of the single ante-
rior approach was based on suture anchors in a 
narrow space bounded by the brachioradialis and 
the pronator teres. Suspensory cortical fixation 
with buttons demonstrated optimal mechanical 
properties. However, radial preparation is 
required, with major risks of calcification and 
synostosis. Moreover, once the button has passed 
the second cortex, it lays very close to the poste-
rior interosseous nerve.

Single anterior incision techniques are associ-
ated with higher risk of nerve damage, while dual 
access or techniques that require radial prepara-
tion may lead to a greater risk of calcification and 
synostosis. The anterior approach may also be 
performed with a small transverse median inci-
sion, which could reduce the risk of nerve dam-
age [13].

7.2.2.1  Fixation Techniques
Four different fixation methods are currently 
used:

 – Intramedullary fixation with transosseous 
suture

 – Tenodesis with interference screw
 – Anchor suture
 – Mono- or bicortical fixation with button

Simple elbow flexion to 90° generates a force 
of 90N at the tendon [14]. Tendon rupture occurs 
with a force of 204N. A technique based on 
suture anchors can be performed using a single 
anterior approach and keeping the forearm in 
supination: the tendon is reinserted with one or 
two anchors or with an interosseous screw after 
preparing the tuberosity. The perforation of the 
posterior cortex is thereby avoided. Gasparella 
reported good results in 14 patients at a mean 
follow-up of 26 months using two anchors. A 
deficit in supination [22] was found in two cases. 
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Transosseous fixation techniques with a cortical 
suspensory button were also developed. These 
techniques are based on the preparation of the 
radial tuberosity and the creation of a slot for the 
biceps tendon with a 4 mm hole [13]. A radio-
logical control of the correct positioning of the 
button is mandatory. The suture fixation with cor-
tical suspensory button turned out to be the most 
tolerant to the load: the fixation with a standard 
button has a breaking load of 270N, while screw 
anchors do not resist more than 57N. Mazzocca 
studied the cyclic load breaking, highlighting that 
the EndoButton technique presents a signifi-
cantly higher load: 440N against 381N of suture 
anchors, 310N of the bone tunnel, and 232N of 
the interference screws [23]. Mazzocca also stud-
ied the cyclic mobilization of the different fixa-
tion techniques with inverse results: the 
interference screw presents minimal mobiliza-
tion. These movements may delay or inhibit the 
healing process. In order to improve the fixation, 
other techniques have also been proposed that 
associate an interference screw fixation with a 
cortical suspensory button. In these cases, a bone 
tunnel of 8 mm is necessary [13]. None of these 
techniques are free from risk of complications 
related to access and posterior interosseous nerve 
protection.

7.2.2.2  Intramedullary Repair 
with Cortical Button

The patient is placed in supine position with an 
arm lying on a table with the tourniquet at the 
root of the arm. An anterior approach is created, 
with an oblique or longitudinal incision of 
approximately 6–8 cm in the middle of the fore-
arm, about 2 cm distal to the elbow crease. This 
procedure is performed by blunt dissection under 
the skin, in order to avoid injury to the lateral 
antebrachial cutaneous nerve, which is retracted 
laterally. We proceed by separating the interval 
between the pronator teres muscle and brachiora-
dialis, where it is common to see veins of large 
diameter that flow into the basilic and cephalic 
vein. In addition to these vessels, the radial artery 
is often present and should be protected. If the 
tendon is retracted, it can be gently mobilized to 
free it from post-traumatic adhesions. The degen-

erated distal portion is cut to about 0.5 cm. The 
tendon is then prepared with two ultrahigh 
molecular weight polyethylene Krackow sutures 
for 3 cm. The distal centimeter of the tendon is 
not prepared, but it is left as a shortening zone 
with the wires passing inside in a straight line 
(“sliding zones”). This will allow the tendon to 
be shortened and to lay the button easily on the 
cortex, which is secured with both sutures at 
about 2–3 mm from the tendon. Once the tendon 
is prepared, the peritenon of the biceps is opened 
up to the radial tuberosity. Serous fluid and hema-
toma may come out of the sheath. Once the tuber-
osity is prepared to bone, the forearm of the 
patient is supinated, and a slotted 1.5 mm wire is 
inserted at a 45° angle to the level of the tuberos-
ity; this wire serves as a guide for dedicated can-
nulated cutters. A 4 mm bicortical tunnel (tunnel 
dimensions may vary depending on the device) is 
drilled first, followed by a proximal-to-distal 
7–9 mm 1.5-cm-long half-tunnel (half-tunnel 
dimensions may vary according to the diameter 
of the tendon). A high-speed cutter or a Citelli 
can be used to broaden the entrance hole of the 
tendon proximally to an ellipsoidal shape to 
avoid conflicts or kinking of the repaired tendon. 
In this phase, it is essential to remove bone frag-
ments with the suction to prevent heterotopic 
ossification. At this point, the traction sutures of 
the cortical button are inserted in the slot of the 
guide wire, which, once it crosses the soft tissues, 
comes out from the dorsal surface of the forearm 
and carries the sutures. The elbow is flexed to 
100° and the suture is pulled with a more robust 
wire (traction suture). Once the cortical button 
passes the second cortex, the cortical button is 
flipped. With the image intensifier, it is manda-
tory to check the correct position. At this point, 
the elbow is completely extended to control the 
resistance. At the end of the surgical procedure, it 
is important to verify the correct tension on the 
tendon, which passes through the center of the 
surgical access. The elbow is immobilized at 90° 
for pain relief.

A recent systematic review identified all arti-
cles reporting distal biceps ruptures to compare 
outcomes between single- and double-incision 
techniques. In a total of 87 articles, lateral 
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 antebrachial cutaneous nerve neurapraxia was 
the most common complication in the single-
incision group, occurring in 77 of 785 cases 
(9.8%). Heterotopic ossification was the most 
common complication in the double-incision 
group, occurring in 36 of 498 cases (7.2%). 
Posterior interosseous nerve palsy occurred in 
2.7% (13/785) of single-incision procedures ver-
sus 0.2% (1/498) in the double-incision group. 
When combining heterotopic ossification and 
synostosis rates, the double-incision group dem-
onstrated complications in 9.8% (47/498) of 
cases versus 3.2% (25/785) for single-incision 
cases. Additional complications in the single-
incision group included superficial wound infec-
tion (11/785), nerve paresthesia (22/785), nerve 
dysesthesia (5/785), median nerve palsy (1/785), 
and other complications ranging from screw frac-
tures to persistent elbow pain (49/785). In the 
double- incision group, additional complications 
included superficial wound infection (5/498), 
nerve paresthesia (2/498), nerve dysesthesia 
(3/498), posterior interosseous nerve palsy 
(1/498), ulnar nerve palsy (1/498), and other 
complications ranging from sterile stitch 
abscesses to lateral antebrachial cutaneous neuri-
tis (30/498) [24].

7.3  Future Treatment Directions

More research is needed to assess whether or not 
separate reconstruction of the two bundles is bet-
ter than single-strand reconstruction as described 
in this chapter. Handling of the tuberositas 
remains an interesting topic for the future. 
Reduction of the native bone of the tuberositas 
results in less tensioning of the biceps, whereas a 
pathologically thickened tuberositas may rub 
against the reinserted tendon and might be related 
to re-rupture of the biceps.

7.3.1  Rehabilitation After Distal 
Biceps Tendon Repair

A tear of the distal biceps tendon of its insertion 
at the radial tuberosity is a common soft tissue 

injury. With improved, stable surgical refixation 
techniques and the experiences of decreased rota-
tion and flexion strength after conservative treat-
ment, operative therapy is warranted. A whole 
variety of different surgical fixation techniques 
are available, with most of them being backed up 
by biomechanical evidence for sufficient primary 
stability of the construct. The most common 
technique now is the suture button fixation, which 
fixes the tendon on the tuberosity by a mono- 
cortical suture button. However, the postopera-
tive treatment protocols vary significantly as 
there is few data available on their efficiency. The 
postoperative protocol should aim for protection 
of the repair by de-tensioning of the tendon. 
Usually, this is achieved by an immediate postop-
erative splint in flexion of at least 70°, followed 
by an orthosis providing an extension block. 
Forearm rotation also influences the tension of 
the distal biceps tendon, as the tendon wraps 
around the tuberosity in pronation and becomes 
tensed. In supination, the tendon unwinds off the 
proximal radius and thereby slackens. Hence, it is 
reasonable to place the forearm not only in flex-
ion but also in supination.

The protocols also vary with respect to the 
administered time schedule. More cautious pro-
tocols advocate an extension block for 6 weeks, 
starting for 2 weeks in 90° flexion, followed by 
2 weeks in 60°. After another 2 weeks of an 
extension limit of 30°, progressive range of 
motion is started. Full weight bearing should not 
be reached before 2 months. Heavy lifting and 
contact sports are allowed 6 months after the 
repair.

Another aspect of rehabilitation is the pre-
vention of heterotopic ossification or radioul-
nar synostosis, which has been reported after 
distal biceps repair. The etiology of the ossifi-
cation is not fully understood. It is unclear 
whether the amount of postoperative move-
ment correlates with the development of het-
erotopic ossification. Even though there is only 
low-quality data on its use, the oral application 
of indometacine is part of many postoperative 
protocols. In a recent study, Costopoulos et al. 
reported a low percentage of less than 1%, 
after the administration of 75 mg of 
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 indometacine per day for a period of 10–42 
days [25]. Prospective studies with conclusive 
study protocols are still missing.

7.4  Take Home Message

The short head of the distal biceps tendon inserts 
more distally and the long head inserts more 
medially. The moment arm of the long head is 
higher in supination, and the short head has a 
higher moment arm in neutral position and pro-
nation. These findings may allow functional 
independence and isolated rupture of each por-
tion and may have consequences for restoring the 
native anatomy during a surgical repair.

While most of the pathology of the distal 
biceps is related to complete ruptures, partial 
tears or bursitis at the insertion site may present 
with mild pain in the antecubital fossa so patients’ 
diagnosis may be delayed.

Distal biceps tendon repair is a safe, replicable 
technique that offers optimal clinical results. 
Both the single- and double-incision techniques 
are safe and offer good clinical results. Patients 
gain full recovery of elbow articulation, strength, 
and resistance, with very low risk of complica-
tions. Endoscopic techniques could improve 
visualization, optimize the repair process, and 
reduce potential complications.
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Osteotomies: The Surgical Details 
You Want to Know

R.J. van Heerwaarden, S. Schröter, 
Raghbir Singh Khakha, A. Wilson, D. Pape, 
and Ph. Lobenhoffer

8.1  Surgical Planning

Surgical planning for osteotomies was first 
described as a comprehensive method of prepara-
tion for osteotomy surgery in a book on osteoto-
mies for posttraumatic deformities [1] and in 
ESSKA’s newsletter [2], both published in 2008. 
It was stated that a thorough history and careful 
physical examination may be more important 
factors than arbitrary radiographic examinations 
when advising patients as to the potential benefit 
of a corrective osteotomy for a lower limb defor-
mity. In addition, surgery may not lead to a func-

tional improvement of limb function without a 
thorough planning of deformity correction 
including choice of hardware for fixation and rec-
ognition of potential soft tissue problems during 
the procedure. Therefore, the surgeon treating 
limb deformities needs to have a surgical plan in 
which all of these factors are included before 
deformity correction is considered. The factors 
that are part of the surgical plan are displayed in 
Table 8.1 and will be described in more detail.

8.1.1  Physical Examination

The examination of all joints of the lower extrem-
ity remains important, even though a deformity 
may present itself only at one segment of the 
extremity. Limited function or ligamentous laxity 
of the hip, knee, patellofemoral, ankle, and subta-
lar joints has to be included in any preoperative 
planning which cannot be based on radiographs 
alone. Furthermore, range of motion should 
always be measured and the amount of excess or 
loss of motion documented to be able to correlate 
this with bone deformities found on radiologic 
examination.

It is important to distinguish between soft tis-
sue and bone deformity, or a combination of 
both, as the cause for an abnormal range of 
motion. In the presence of symmetric (normal) 
legs, the pelvis is horizontal, the patellae are in 
the frontal plane of the knee, and the medial 

R.J. van Heerwaarden (*) 
Centre for Deformity Correction and Joint Preserving 
Surgery, Kliniek ViaSana, Mill, The Netherlands
e-mail: vanheerwaarden@yahoo.com 

S. Schröter 
Department of Orthopedics and Reconstructive 
Surgery, University of Tübingen, Tübingen, Germany 

R.S. Khakha • A. Wilson 
University of Winchester and Basingstoke and North 
Hampshire Hospital, Basingstoke, UK 

D. Pape 
Centre Hospitalier de Luxembourg, Clinique d’Eich 
Akademisches Lehrkrankenhaus der Universität des 
Saarlandes, Luxembourg, Luxemburg 

Ph. Lobenhoffer 
Gelenkchirurgie Orthopädie Hannover,  
Hannover, Germany

8

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-56127-0_8&domain=pdf
mailto:vanheerwaarden@yahoo.com


94

 condyles of the femur and the medial malleoli are 
not separated more than 1–2 cm. The ankle is 
externally rotated relative to the knee, and the 
hind foot is in a slight valgus position.

Deformities in the sagittal plane can be rec-
ognized by clinical examination at the level of 
the hip, knee, and ankle (e.g., flexion contrac-
tures of the hip and knee, genu recurvatum, pes 
equinus). Rotation deformities can best be eval-
uated using the rotational profile according to 
Stahelin [3].

8.1.2  Radiological Deformity 
Analysis

The anatomical and mechanical axes of the lower 
extremities are assessed using a bilateral long-leg 
weight-bearing view and lateral radiographs of 
the affected limb. Attention to detail is essential 
when making the weight-bearing long-leg views 
to ensure that both knees are extended maximally 
and the patellae are pointing forward. Blocks are 
placed under the shorter leg to maintain a level 
pelvis. Besides standard anteroposterior and lat-
eral radiographs and for hip and knee joint axial 
views, the weight-bearing radiographs of joints 

provide the best information to analyze osteoar-
thritis. Rotational deformities of both the upper 
and lower extremity are measured clinically 
using the rotational profile and by computer 
tomography using horizontal cuts obtained with 
the limb aligned, preferably in specific leg or foot 
holders. Scan images at each standard level of the 
limb or part of the limb are taken, while both 
sides are scanned for comparison to a normal side 
or in relation to normal values. MRI scans may 
add valuable information on cartilage condition; 
meniscus, ligament, and soft tissue damage; and 
the location of nerves and vessels relative to the 
malunion and the area of deformity correction.

The first step in frontal plane analysis is to 
draw a line from the center of the femoral head to 
the center of the tibial plafond at the ankle joint. 
This line should pass slightly medial of the center 
of the knee joint on the long-leg view through the 
medial eminence. In frontal plane deformities, 
this line passes lateral to the tibial spines in a val-
gus leg and medial to the tibial spines in a varus 
deformity. Measurements of leg length are made 
to identify a leg length discrepancy.

In the second step, the mechanical axes of the 
tibia and the femur are drawn. The femoral 
mechanical axis is the line between the center of 
the femoral head and the center of the knee joint 
and differs from the anatomical axis in the femur 
which is the mid-diaphyseal line. The tibial 
mechanical axis is a line drawn from the center of 
the tibial plafond to the center of the knee joint, 
which usually corresponds to the mid-diaphyseal 
anatomical axis in the tibia. The angle at the 
intersection of the tibial and femoral mechanical 
axes at the knee joint gives the magnitude of the 
whole leg deformity.

The third step of the analysis, defining the 
alignment of the joints of the lower leg, will 
reveal the location of the deformity. Hereto lines 
are drawn through the hip, knee, and ankle joint, 
defining the joint orientations. The angle between 
the femoral and tibial mechanical axis lines and 
the respective joint orientation lines identifies the 
bone segment responsible for the deformity. The 
normal values as defined by Paley [4] are most 
often used.

Table 8.1 Schematic overview of a surgical plan for 
deformity correction of the lower limb

1. Physical examination
2. Radiological deformity analysis

Frontal and sagittal plane

        (a) Weight-bearing line
        (b) Mechanical axis of femur and tibia
        (c) Joint orientation angles
        (d) Location of deformity (CORA)
Transversal plane

        (a) CT limb rotation measurements
        (b) Patellar tracking analysis
Multiplane deformities

3. Correlation of physical examination and 
radiological deformity analysis

4. Definition of deformity and aim of correction
5. Planning of correction
6. Hardware selection
7. Description of surgical tactic
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With the fourth step of the malalignment anal-
ysis, the location of the deformity within a bone 
segment can be found. For this, the anatomical 
axes of both the femur and the tibia are used. 
These axes are defined by the mid-diaphyseal 
lines of each bone segment. In a deformed bone 
segment, the proximal and distal anatomical axes 
intersect. Paley [4] defined this intersection point 
as the center of rotation of angulation (CORA) 
and described an extensive deformity analysis 
and planning method for deformity correction 
based on the CORA method.

In the sagittal plane, a deformity can be identi-
fied by intersecting the anatomical axes in the 
sagittal plane and establishing joint orientation 
angles at the proximal and distal femur and tibia 
using anatomical axes. Rotational deformities 
can be analyzed accurately using CT and related 
to reference values [5]. It should be noted that 
racial differences in normal values for lower leg 
rotation profile are present. Radiographs and CT 
measurements can also be used to analyze the 
patellar tracking. Specifically in patients with 
patellar instability and pain, it is important to 
measure parameters such as patellar height, 
patellar tilt, and the relation between the trochlea 
and tibial tuberosity in the transverse plane [6]. In 
the planning for corrective procedures, the effects 
for patellar tracking should be accounted for.

8.1.3  Correlation of Physical 
Examination and Radiological 
Deformity Analysis

Accurate range of motion measurements obtained 
during physical examination should now be com-
pared to the measurements obtained at the radio-
logical deformity analysis. This will give 
important information for the planning of defor-
mity correction aimed at restoring limb function. 
Corrections based on only the bony deformity 
found in radiographs may cause an overcorrec-
tion or undercorrection of the limb deformity that 
may even worsen the limb function although the 
bone deformity may be corrected. Therefore, it is 
important to use both the findings at physical 

examination and radiologic measurements to 
define the deformity.

8.1.4  Definition of the Deformity 
and Aim of Correction

Angular deformities present themselves either in 
the frontal plane causing valgus or varus of the 
affected limbs or in the sagittal plane causing a 
recurvatum or procurvatum deformity. Rotation of 
a segment around its axis causes a rotational defor-
mity, while shortening presents as a limb length 
discrepancy. These deformities on their own are 
termed uniplanar deformities [4]. If two or more 
deformities coexist in the same bone segment, 
these are termed biplanar and multiplanar defor-
mities, respectively. The site of the deformity may 
be at the diaphysis or metaphysis or at the level of 
the joint and may be either unifocal or multifocal 
if the deformity coexists with another at more than 
one level within the same segment of the bone.

All factors described above should be taken 
into account before the aims of correction of the 
limb deformity with one or more osteotomies can 
be properly met. Different aims can be chosen 
varying from creation of “a leg to stand on” with 
the main purpose being the ability to bear weight 
to a purposely varus of valgus alignment unload-
ing a unicompartmental osteoarthritis. Also a 
(near) anatomical correction in neutral alignment 
to recreate joint alignment and restore joint func-
tion or as an addition to cartilage reconstructive 
procedures can be the aim of a correction.

8.1.5  Planning of Deformity 
Correction

After the deformity has been described and the 
aim of the planning of the deformity correction is 
determined, the planning can be started. Different 
approaches can be used to plan the correction, 
and many techniques have been described in the 
literature. In the planning for corrections of rota-
tional deformities, the patellar tracking should be 
accounted for [5, 6].
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8.1.6  Hardware Selection

It is of major importance to follow the steps for 
the formation of a surgical plan in the correct 
order. Selecting a fixation method as a first step 
of the surgical plan may restrict the correction 
options and may even result in the creation of a 
secondary deformity after the correction [7]. It 
is most important to create a rigid fixation as 
this will allow for functional postoperative 
rehabilitation with early partial or full weight 
bearing. Regarding hardware selection for 
osteotomy fixation plates, intramedullary nails 
and several types of external fixators are avail-
able [8].

8.1.7  Description of Surgical Tactic

The surgical tactic is the outline of the sequential 
steps in the operating room, which will lead to 
the desired result. It is the final step of the surgi-
cal plan before surgery is performed, and the 
operative procedure is now well-planned. For 
optimal preparation of deformity correction, the 
following questions, adapted from fracture treat-
ment planning [9], will help the surgeon to make 
the final preparations for the surgery:

 1. Is the proposed osteotomy site surgically 
accessible?

 2. Can the plan be carried out using intraopera-
tive guides (e.g., k-wires, templates, saw 
guides) to enhance accuracy?

 3. Is the location of the bone cuts biologically 
reasonable (living bone, no infection, extreme 
scarring, neurovascular compromised status, 
previous musculocutaneous flap surgery)?

 4. Is stable fixation possible and, if not, how will 
additional fixation (e.g., cast, brace) be applied?

 5. Can the soft tissues withstand the anticipated 
degree of bony correction (lengthening, short-
ening, straightening)?

In conclusion, the preparation for correction of 
lower limb deformities using diagnostics and plan-
ning of deformity correction will only lead to a pre-
dictable good result if this information is part of a 
surgical plan (Fig. 8.1). Formation of a surgical 

plan will not only protect the patient undergoing 
the deformity correction but will also help the sur-
geon who carefully prepared the surgical procedure 
in case complications arise from the operation.

8.2  Ten Bullet Points  
for HTO and DFO

Bullet points have been a subject in a previous 
ICL session of ESSKA. In that session, osteotomy 
experts were given a choice to make their own list 
of bullet points regarding high tibial osteotomy 
(HTO) and distal femoral osteotomy (DFO). 
Video registration of their lectures can be viewed 
at the ESSKA academy site. From these lectures it 
was concluded that it should be possible to formu-
late a bullet point list for the most commonly per-
formed opening and closing wedge varus and 
valgus corrections around the knee. The purpose 
of the bullet point list is that it can be used as a 
reference for things to do or things not to forget 
when performing HTO and DFO. Here, a per-
sonal preference of bullet points is presented 
together with some background information. For 
further information on the specific bullet points, 
the reader is referred to textbooks and the ever-
increasing list of articles published regarding 
osteotomies around the knee [10–15].

8.2.1  Medical History  
and Physical Exam

The medical history is, independent of the spe-
ciality in medicine, most important to arrive at 
the correct indication for treatment. Patients who 
are complaining of pain and limitation during 
walking have a disability in daily living. 
Depending on culture and living area problems, 
degenerative changes in the knee joint start ear-
lier or later in life. In elderly patients, it is rather 
biological age than calendar age that is of impor-
tance for the choice of treatment.

Furthermore, the knowledge of the activity 
and pain level is fundamental, as well as the 
expectation of the patient [16]. Activity wish 
and pain tolerability of the patient should be 
discussed. Explanation of the possible result of 
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the planned surgery and the possible complica-
tion is mandatory and will be relevant to the 
outcome.

Besides the standard knee examination includ-
ing ligament laxity evaluation, observing the 
patient’s gait pattern gives important informa-
tion—fast, slow, limping, or even using crutches. 
Moreover, how the patient positions his foot 
(external, internal) and the knee is valuable infor-
mation. Muscle forces and ligaments differ 
among patients and could be of relevance for the 
planned treatment.

8.2.2  Diagnostics (Radiographs,  
CT, MRI)

Basic diagnostics for all patients with possible 
osteoarthritis in the knee or cartilage defects are 
anteroposterior and lateral radiographs. In addi-
tion, long-leg full weight-bearing radiographs, 
patella views, and Rosenberg views are often 
indicated. If a torsional deformity is found at 
physical examination, a CT scan with measure-

ments of transverse slides at standardized posi-
tions is mandatory. Nowadays, most patients 
present with an MRI scan of their knee already 
made, which may confirm pathology seen on 
radiographs as well as integrity of structures in 
other parts of the joint.

8.2.3  Deformity Analysis 
and Planning Depending 
on the Location 
of the Deformity

The basis for all osteotomies is a proper and per-
fect deformity analysis, which is based on a cor-
rect radiograph. Meanwhile, the deformity 
analysis is recommended according to Paley  
[17, 18]. He was not the inventor of how to mea-
sure angles, yet he defined Paley’s systematic 
nomenclature of angles of the lower extremity. 
Depending on the result of the deformity analy-
sis, a simulation of the deformity correction 
(osteotomy) is possible. A varus and a valgus 
bone deformity can be localized at the (distal) 

a eb c d

Fig. 8.1 Surgical plan for a patient with symptomatic 
varus medial compartment OA and 20° internal rotation 
malunion after motor vehicle accident and infected mal-
union treatments. Severe skin scarring after musculocuta-
neous flap transfers and internally rotated foot position 
(a), varus tibial deformity (b), and weight-bearing line 
passes medial side of the knee (c); after analysis the aim 
for correction is a valgus leg alignment unloading the 
medial compartment combined with an external rotation 

osteotomy to symmetrically normal external rotation foot 
position. Surgical tactics analysis: the soft tissue situation 
allows for a medial proximal tibial approach for opening 
wedge HTO however not for a combined proximal derota-
tion osteotomy. Therefore a distal tibia and fibula derota-
tion osteotomy was performed as part of a double-level 
tibial correction fixated with angle-stable implants (d). 
Postoperative picture shows corrected leg alignment (e)
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femur as well as in the (proximal) tibia or even 
involve both the tibia and femur. The planning for 
correction should always respect the location of 
the deformity. Not only the alignment should be 
restored according to the aim defined in the surgi-
cal plan, but also the joint angles should be (re)
aligned, avoiding abnormal joint line obliquity.

8.2.4  Correction of the Frontal 
Plane: Biplanar HTO and DFO

Different osteotomy techniques correcting fron-
tal plane, distal femoral, and proximal tibial 
deformities have been described. Currently, 
regardless of whether an opening or a closing 
wedge osteotomy is performed, a biplanar tech-
nique is recommended [13, 19, 20], not so much 
because of increased initial stability, but rather 
because of increased bone healing potential 
through increased contact healing and decreased 
gap healing. Furthermore, the biplane osteotomy 
guides the surgeon intraoperatively, indicating 
that when opening or when displacement of the 
biplanar osteotomy plane takes place, a second-
ary deformity should be corrected.

8.2.5  Multiple Plane Corrections

In case of multiple plane deformity, there is no 
consensus of the type of osteotomy and fixation 
technique. However, if a one-step correction is 
planned, the surgeon needs advanced skills in 
deformity correction. Techniques like oblique 
osteotomies and knowledge of the influence of 
rotation and lengthening to the frontal plane are 
mandatory to achieve a perfect result.

8.2.6  Osteotomies Combined 
with Ligament Reconstructions, 
Patella Stabilization, 
and Cartilage Repair

The combination of an osteotomy with ACL recon-
struction is possible [21] and the results are suc-
cessful. However, the success depends on the 

experience of the surgeon. Before starting a com-
bined surgery, sufficient experience of simple oste-
otomy procedures is recommended. Combinations 
of osteotomies and stabilization procedures like 
MPFL reconstruction or tuberosity transfers in 
case of patella instability are considered complex 
osteotomies. When several different pathologies 
are present, a thorough analysis is required in these 
often young patients. It is not always necessary to 
treat all problems in the same procedure. If the sur-
geon is in doubt of multiple surgeries in one step, it 
is recommended to perform the treatment in sev-
eral steps. Cartilage repair procedures for traumatic 
as well as chronic cartilage defects in the presence 
of a leg deformity causing overloading of the defect 
lead to superior results if surgery is combined with 
a (partially) unloading osteotomy [22, 23].

8.2.7  Fixation Technique

Today, many different types of implants are avail-
able. The most commonly used types of implants 
are plate fixators with angular stable locking screws 
and short spacer plates [24–26]. Complications 
related to correction loss reported for the short 
spacer plates are higher, especially in the presence 
of hinge fractures. Because of that, the plate fixator 
seems to have become the gold standard for closing 
wedge and opening wedge osteotomies. However, 
if there is no hinge fracture and the postoperative 
rehabilitation is adjusted to the less stable implant, 
comparable results are possible.

8.2.8  Gap Filling and Additional 
Bone Support

Preferences of surgeons differ, and cultural 
changes are present regarding the choices made 
to fill the gap created during opening wedge oste-
otomies of the tibia and the femur. Gaps may be 
filled with autologous [27–29] or allograft bone 
material [30, 31] or bone substitutes [32, 33]. 
Gap fillers may be used to decrease blood loss 
out of the gap and to promote bone healing. 
Depending on fixation strength of the osteotomy, 
fixation method gap filling may also be used to 
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increase fixation strength. Bone support by addi-
tional bone interposition underneath the plate 
may be used as part of the procedure of closing 
wedge osteotomies of the tibia and the femur. 
Specifically when a large step-off is present 
between fragments while using malleable 
implants for fixation, bone support between the 
plate and bone is advised to prevent a hinge frac-
ture during osteotomy fixation.

8.2.9  Prevent and Deal 
with Complications

Complications of osteotomies are not frequent, 
but can be very debilitating. Regarding surgery, 
one has to anticipate complications by careful 
preparation of surgery, prevention of infection, 
and treatment of intraoperative complications of 
the procedure. Infections can be prevented by 
preoperative administration of antibiotics, which 
is mandatory irrespective of the osteotomy or 
fixation method used.

Hinge fractures [34] present during surgery 
and should be dealt with if instability of the oste-
otomy results from the hinge fracture [35, 36]. In 
general, compression of the hinge point after 
opening the gap results in a more stable fixation 
and faster progression of bone healing. For open-
ing wedge HTO, hinge fractures extending to the 
tibial plateau should be treated with additional 
fixation and adaptation of weight-bearing reha-
bilitation protocol. Hinge fractures extending 
distally in the proximal tibiofibular joint demand 
adaptation of hinge compression to prevent dis-
traction and adaptation of weight-bearing reha-
bilitation [35, 36]. Additional fixation of hinge 
fractures can be performed with screws, staples, 
or plate fixation aimed at compression of the 
hinge point. Similar additional fixation methods 
can be used for hinge fractures in closing wedge 
HTO. However, in closing wedge osteotomy, one 
should anticipate on prevention of translation in 
the osteotomy during fixation, for example, by 
using interposing bone block or specific fixation 
materials. For hinge fractures in distal femoral 
osteotomies, one should realize that displacing 
forces are higher than in HTO. Therefore, addi-

tional hinge compression and fixation with plate 
fixation is even more important to prevent bone 
healing problems and fixation failures.

8.2.10  Rehabilitation Tailored 
to Osteotomy Technique 
and Strength of Fixation

Rehabilitation after osteotomies including exer-
cises to regain function and full weight bearing 
depends on the type of osteotomy and the fixation 
technique. Physiotherapy without limitation of 
ROM until the patient achieves full mobilization 
is of importance, and in the first 6 weeks, a surgi-
cal stocking is helpful to reduce swelling and 
pain. Biplanar osteotomy techniques used for 
opening and closing wedge tibial and femoral 
osteotomies cause higher initial stability during 
surgery and the early postoperative phase. 
Different types of fixation have a difference in 
tolerance to full weight bearing [37, 38]. Besides 
that, the bone quality and the presence of hinge 
fractures should also be accounted for in the 
choice of rehabilitation protocol [34, 39]. Plate 
fixator fixation of osteotomies in general allows 
for immediate full weight bearing after wound 
healing (2 weeks after surgery). Whether the 
patient is able to follow this recommendation 
depends on the pain experienced by the patient. 
Small spacer plates are less stable and require a 
partial weight-bearing rehabilitation protocol 
between 8 and 12 weeks [40].

8.3  Filling the Gap

Medial opening wedge high tibial osteotomy 
(MOW HTO) remains a major undertaking for 
patients with significant levels of pain and swell-
ing reported in the initial postoperative period. 
There are also concerns around the reported rates 
of delayed and non-union. To date, there has been 
a range of methods employed to fill the osteotomy 
site including autograft, allograft, and synthetics 
with variable reported outcomes. The primary use 
of grafting has been to promote healing as well as 
provide a structural support to the osteotomy [41].
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8.3.1  Graft Options

Autologous bone graft offers significant advan-
tages including osteogenic, osteoinductive, and 
osteoconductive properties. There are additional 
benefits of lower delayed or non-union rates 
compared to other sources of bone graft. 
Autograft remains an attractive choice in patients 
who are smokers or obese in order to reduce the 
risk of osteotomy failure [31, 42]. The disadvan-
tage remains around the donor site morbidity, 
which can lead to prolonged pain. There are 
increased surgical time and an additional risk of 
infection and intraoperative complications due to 
the additional procedure to harvest the graft.

The use of allograft avoids donor site morbid-
ity and has osteoconductive characteristics. The 
use of allograft in osteotomy surgery has been 
shown to have a predictable course with the use 
of femoral head shaped to fit the osteotomy gap 
[43]. There are, however, concerns related to dis-
ease transmission and immunological reaction 
and rejection. The reported figure for this is said 
to be less than that for a blood transfusion [44]. 
While these remain very low, this can influence 
decision making when consenting patients for 
surgery. In a recent systematic review comparing 
autograft, allograft, and synthetic bone grafts, 
allograft demonstrated the lowest rate of infec-
tion [42]. The rates of non-union were identical 
to autograft at 0.5%, with the synthetic group 
having a non-union rate of 1.1%.

Synthetic grafts largely consist of calcium 
and phosphate. They seek to mimic the porosity 
of cancellous bone in allowing infiltration of 
neovasculature and eventually osteoprogenitor 
cells. In the early phase after surgery, they may 
also provide structural support [31]. Collagen-
based void fillers aim to provide a framework for 
bone cells to attach to and allow bone formation 
and may also contain bone morphogenetic pro-
teins to encourage osteoconductive activity. 
Synthetic grafts have lower morbidity and cost 
in comparison with autograft and allograft. 
Concerns include the increased risk of infection 
and loss of correction when using synthetic 
grafts [45], particularly for adversely affecting 
the tibial slope.

8.3.2  Gap Size

Gap size may influence the use of graft in oste-
otomy surgery, with larger osteotomies poten-
tially more likely to be filled with graft. Jung 
et al. demonstrated a 91% union rate at 3 months 
with an osteotomy gap of 7 mm using allograft 
[43], with larger osteotomies taking considerably 
longer [46]. It has been suggested that gaps 
greater than 13 mm should undergo filling of the 
osteotomy gap [47, 48]. Our experience in filling 
the gap for osteotomy agrees with the published 
data on union times. We have found it particu-
larly useful in smaller osteotomies to increase the 
accuracy of the desired osteotomy gap. In shap-
ing a femoral head allograft to the precise size 
required to fill the gap, we have had positive 
results in achieving the desired correction in both 
the coronal and sagittal plane.

Modern plates have been designed in such a 
way that bone graft is not required to fill the oste-
otomy gap [49]. In many countries due to cost 
implications, legal limitations, and local policy, 
the use of human allograft is prohibited. As a 
result, the plates have been designed to allow the 
osteotomy to heal without additional graft in the 
gap. There are, however, clear advantages to pro-
vide further structural support and allow early 
recovery. We suggest that grafting may also pos-
sess the properties suitable to reduce the postop-
erative swelling and pain by “plugging the gap.”

The philosophy as to whether one should fill 
the gap continues to be controversial. In certain 
instances, surgeons may choose to fill the gap 
depending on the plating system used. For exam-
ple, the first-generation Puddu plate required 
additional structural support, and grafting was 
considered advantageous. There is also still a 
perception by many that you need to fill the gap 
to minimize the risk of failure of the plate.

The indications for filling the osteotomy gap 
remain unclear. While some authors have sug-
gested filling the gap for smokers and larger oste-
otomies, others have demonstrated improved 
precision when using grafts for smaller osteot-
omy corrections [36, 50]. Revision osteotomy 
surgery remains a strong indication for using 
bone graft in order to reduce the risk of non- union. 
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There is convincing evidence that with modern 
fixed-angle plates, there is no need to graft and 
patients can weight-bear fully from day 1 without 
concern.

8.3.3  Graft Versus No Graft 
Research

We hypothesized that filling the gap would act 
like a cork in a bottle, to minimize hematoma for-
mation and postoperative swelling. This would 
also provide additional structural support to make 
the MOW HTO patients feel less pain because of 
additional stability. We investigated the potential 
benefits of bespoke allograft bone wedges with 
respect to postoperative pain, initial swelling, 
length of stay, early outcome scores, surgical 
accuracy, and time to union.

We prospectively randomized two groups of 
patients either to receive a bespoke femoral head 
allograft (group 1) to fill the osteotomy gap or to 
leave the osteotomy gap empty (group 2). Both 
groups underwent osteotomy surgery in the stan-
dard fashion using the same implant. Femoral 
heads from donor total hip replacement patients 
were utilized as an allograft source from our 
established local bone bank.

In group 1, the femoral head allograft was 
fashioned to a bone wedge that matched the gap 
size as per our preoperative planning (Fig. 8.2). 
Both groups were asked to report pain and swell-
ing using a visual analogue scale at the following 
stages postoperatively: day 1 and weeks 1, 2, 3, 6, 
9, and 12. Postoperative long-leg alignment 
radiographs were analyzed against preoperative 
digital plans to assess accuracy of correction, and 
radiographs at week 12 were reviewed for oste-
otomy union. Subjective scoring using the Oxford 
Knee Score (OKS) and Knee Injury and 
Osteoarthritis Outcome Score (KOOS) was com-
pleted preoperatively and repeated at 12 weeks. 
Length of hospital stay and postoperative analge-
sic requirement were also recorded.

Patients were all followed in our research 
clinic as part of our standard management where 
we have a close to 1000 osteotomies being fol-
lowed up.

There was a significant reduction in pain at 
day 1 and weeks 1, 2, and 3 in the patients who 
received the allograft femoral head bone wedges 
compared to those that didn’t (p < 0.05). The dif-
ference was still noted at later time points, but 
these scores were not statistically significant 
(Fig. 8.2). While we did not observe any statisti-
cal difference in accuracy of the long-leg align-
ment views postoperatively in either group, there 
were fewer outliers in the accuracy of surgical 
correction in group 1 (Fig. 8.3).

8.3.4  Future Treatment Options

Under- and overcorrection are potential pitfalls in 
osteotomy surgery. Advances in imaging and 

Fig. 8.2 Femoral head allograft preparation (left) of a 
precision bone wedge (right)
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planning software have allowed us to improve the 
accuracy of the osteotomies. The use of weight- 
bearing long-leg alignment views, CT, and gait 
biomechanics has improved our understanding of 
how one should aim to correct the deformity.

In the past, osteotomies have largely been 
used to correct deformities in the coronal plane. 
We have developed techniques in correcting for 
deformities in the sagittal plane, in particular by 
addressing the posterior tibial slope. A slope- 
changing osteotomy gives one the ability to cor-
rect for de-tensioned cruciate ligaments that can 
result in instability. This osteotomy can have a 
profound effect on the stability of the knee with-
out necessarily needing to perform intra-articular 
surgery.

High-volume local anesthetics, cold compres-
sion therapy, and the recent use of bone wedge 
allograft have significantly reduced the  postoperative 
pain experienced. This has accelerated the rehabili-
tation in the early postoperative period with 
improved patient satisfaction. As well as acting as a 
structural support and reducing pain, we have 
observed some patients healing at 3 months, allow-
ing early removal of hardware if required.

We are conducting a biomechanical study to 
investigate the changes in structural stability 
when using bone wedge allograft.

In conclusion, precision bone wedge allograft 
augmentation of the gap in medial opening wedge 
high tibial osteotomy is a safe method of reduc-
ing patient pain scores in the early postoperative 
period. It also helps to reduce the number of out-
liers in the accuracy of your osteotomy correc-
tions. Future development in osteotomy surgery 
may involve the use of biological enhancement 
means to accelerate the bone healing process and 
reduce the risk of non-union.

8.4  Risks and Complications 
of Osteotomies Around 
the Knee

Valgus-producing high tibial osteotomy is a cost- 
effective and joint-preserving treatment option 
for primary varus malalignment. Wrong indica-
tions, technical errors, and insufficient postopera-
tive management can lead to serious complications 
such as loss of correction, non-union, and persis-
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Fig. 8.3 Postoperative pain using femoral head allograft compared to no graft
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tence of pain. Major risk factors for complica-
tions are wrong indications and poor planning for 
high tibial osteotomy. During surgical planning, 
long-leg standing radiographs with the correct 
limb rotation are mandatory. Joint space opening 
of the noninvolved compartment must be consid-
ered to avoid overcorrection [51]. Intraoperative 
opposite cortex fractures of the lateral hinge can-
not be avoided in all patients: In osteotomies with 
larger correction angles, the capacity for elastic 
deformation is frequently exceeded, resulting in 
plastic deformation and fracture of the opposite 
cortex, which may lead to subsequent loss of cor-
rection or malunion. An anteroposterior drill hole 
at the apex of the horizontal osteotomy (i.e., the 
hinge point) is supposed to increase the capacity 
of the bony hinge for elastic deformation and ide-
ally to prevent fractures of the opposite cortex. 
However, clinical and biomechanical studies 
proved that the hinge-protecting effect is 
restricted to small correction angles of 5° used, 
i.e., to unload cartilage repair regions in the 
absence of severe malalignment. For the treat-
ment of a significant varus gonarthrosis, the 
fracture- protecting effect from a hinge drill is 
almost absent since correction angles above 8° 
are necessary [52].

Thus, implants need to be used which enable a 
temporary lag screw distal to the osteotomy to be 
able to reduce the fracture of the opposite cortex 
and preload the hinge until the angle-stable 
implant is secured.

In addition, vascular structures must be pro-
tected during the osteotomy of the posterior cor-
tex. A variation of the origin of the anterior tibial 
artery with a course between the posterior tibial 
cortex and the popliteal muscle was found in 6% 
of all patients and predisposes to an accidental 
injury during osteotomy. The results in the litera-
ture and our own MRI findings suggest that a 
flexion angle of 90° facilitates anatomical dissec-
tion and osteotomy but cannot be regarded as a 
reliable protection against vascular injury [53]. 
Finally, reducing the amount of slow gap healing 
and simultaneously increasing the area of faster 
contact healing may be beneficial for osteotomy 
healing. Thus, biplanar rather than uniplanar 

osteotomy should be performed for osteotomy 
around the knee [54, 55].

In cases with non-union, high-energy shock 
wave therapy or autologous cancellous bone 
grafting is usually sufficient to support bone 
healing. Infections are frequently associated with 
the implant. Early infections may be treated with 
debridement and local or systemic antibiotics. 
Late infections usually require the removal of the 
implant and the use of an external fixator if the 
osteotomy is still unstable.

8.5  HTO vs Unicondylar  
Knee Prosthesis

High tibial osteotomy (HTO) and unicondylar 
knee prosthesis (UKP) both address unilateral 
osteoarthritis of the knee. Comparative studies 
demonstrate similar clinical results [33, 56]. The 
indications for HTO have been expanded and 
include nowadays also patients with bone-on- 
bone osteoarthritis on the involved side [2, 3, 57, 
58] as well as patients with high age. The results 
of UKP have been proven to be very good even in 
patients with high activity level [59]. The ques-
tion therefore remains what valid decision crite-
ria should be used to choose between HTO and 
UKP?

8.5.1  Constitutional Deformity

UKP replaces the worn surfaces on the involved 
side of the knee. The procedure restores normal 
joint space height and corrects any frontal plane 
deformity resulting from the collapse of the joint 
space. The patient will receive the frontal plane 
alignment he had before he developed 
 osteoarthritis (OA). UKP cannot correct any 
extra- articular deformity, usually from the 
metaphysis of tibia or femur. UKP is quite toler-
ant against frontal plane malalignment, but the 
patient will keep his pathological gait pattern 
and will continuously overload his 
UKP. Osteotomy may correct any metaphyseal 
malalignment and normalize gait pattern and 
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load balance of the knee. Intra-articular defects 
may be compensated for by overcorrection. 
Significant constitutional deformity should be 
treated by osteotomy. Medial osteoarthritis with-
out constitutional deformity should be treated by 
UKP (Fig. 8.4).

8.5.2  Ligament Stability

Normal collateral ligament status is an obligatory 
prerequisite for UKP. An intact anterior cruciate 
ligament is considered crucial for success of UKP 
by most authors. Chronic anterior cruciate defi-
ciency results in a specific posteromedial OA type 
and chronic anterior tibia subluxation, making 
balance and tensioning of a UKP very difficult. If 
an osteotomy is indicated, frontal plane and sagit-
tal plane correction can be combined with reduc-
tion of the tibial slope. Slope reduction has been 

proven to reduce anterior tibia translation signifi-
cantly [60].

8.5.3  Grade of Osteoarthritis and 
Indications

Most studies found good and predictable results 
of UKP in cases with bone-on-bone defects of the 
involved compartment (grade IV OA, Kellgren- 
Lawrence scale). The results of UKP were unpre-
dictable in less advanced OA, and this procedure 
should therefore be reserved for patients with 
bone-on-bone osteoarthritis. Osteotomy has good 
results in all grades of OA if a constitutional 
deformity is corrected [61].

Undebated indications for osteotomy around 
the knee are symptomatic metaphyseal frontal 
plane deformities with OA grade Kellgren-
Lawrence II to III of the involved compartment. 

a b c d

Fig. 8.4 Medial osteoarthritis with constitutional defor-
mity (a) treated by an opening wedge HTO restores nor-
mal tibial anatomy (b). Medial osteoarthritis without 

constitutional deformity (c) treated by an opening wedge 
HTO creates abnormal anatomy with abnormal knee and 
ankle joint line orientation (d)
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The indications can be expanded to cases with 
OA grade IV. Age plays no role for the result. 
Undebated indication for UKP is medial OA 
grade KL IV with no constitutional deformity 
and normal ligament status. Age and activity are 
no exclusion criteria. The indication for UKP can 
be expanded toward cases with moderate consti-
tutional deformity (up to 5°).

 Conclusions

Surgical details like the formation of a surgi-
cal plan, bulletpoints for HTO and DFO and 
the advantage of gap filling not only prevents 
risks and complications of osteotomy surgery 
but will also help to find the right indication 
for HTO in the treatment of unicompartmental 
osteoarthritis.

References

 1. Van Heerwaarden RJ, Mast JW, Paccola CAJ. 
Diagnostics and planning of deformity correction: 
formation of a surgical plan. In: Marti RK, van 
Heerwaarden RJ, editors. Osteotomies for posttrau-
matic deformities. Stuttgart: Georg Thieme Verlag; 
2008. p. 33–55.

 2. Van Heerwaarden RJ. Osteotomies of the lower 
limb – the importance of making a surgical plan. 
ESSKA Newsletter December 2008; 2008. p. 4–8.

 3. Stahelin L. Rotational problems of the lower extremi-
ties. Orthop Clin North Am. 1987;18(4):503–12.

 4. Paley D. Principles of deformity correction. 
New York: Springer; 2002.

 5. Van Heerwaarden RJ, et al. Derotation osteotomy for 
correction of congenital rotational lower limb defor-
mities in adolescents and adults. Surg Tech Orthop 
Traumatol. 2003;55(10):575–85.

 6. Dejour H, et al. Factors of patellar instability: an 
anatomic radiographic study. Knee Surg Sports 
Traumatol Arthrosc. 1994;2(1):19–26.

 7. Van Heerwaarden RJ, Marti RK. Posttraumatic defor-
mities and osteotomies. In: Marti RK, van Heerwaarden 
RJ, editors. Osteotomies for posttraumatic deformities. 
Stuttgart: Georg Thieme Verlag; 2008. p. 3–15.

 8. Marti RK, Van Heerwaarden RJ, Van der Werken 
C. General considerations on indications, types of 
osteotomy, bone healing, and methods of fixation. In: 
Marti RK, van Heerwaarden RJ, editors. Osteotomies 
for post traumatic deformities. Stuttgart: Georg 
Thieme Verlag; 2008. p. 17–32.

 9. Mast J, Jakob R, Ganz R. Planning and reduction 
technique in fracture surgery. Berlin: Springer; 1989.

 10. Brinkman JM, Freiling D, Lobenhoffer P, Staubli 
AE, van Heerwaarden RJ. Supracondylar femur oste-
otomies around the knee: patient selection, planning, 
operative techniques, stability of fixation, and bone 
healing. Orthopade. 2014;43:988–99.

 11. Brinkman JM, Lobenhoffer P, Agneskirchner JD,  
Staubli AE, Wymenga AB, van Heerwaarden 
RJ. Osteotomies around the knee: patient selec-
tion, stability of fixation and bone healing in 
high tibial osteotomies. J Bone Joint Surg Br. 
2008;90(12):1548–57.

 12. Lobenhoffer P, Agneskirchner J, Zoch W. Die öff-
nende valgisierende Osteotomie der proximalen Tibia 
mit Fixation durch einen medialen Plattenfixateur. 
Der Orthopade. 2004;33(2):153–60.

 13. Lobenhoffer P, Agneskirchner JD. Improvements 
in surgical technique of valgus high tibial oste-
otomy. Knee Surg Sports Traumatol Arthrosc. 
2003;11(3):132–8.

 14. Lobenhoffer P, Kley K, Freiling D, van Heerwaarden 
R. Medial closed wedge osteotomy of the distal femur 
in biplanar technique and a specific plate fixator. Oper 
Orthop Traumatol. 2017;29(4):306–19.

 15. Lobenhoffer P, Van Heerwaarden R, Agneskirchner 
J. Kniegelenknahe Osteotomien, vol. 2. Stuttgart: 
Thieme; 2014.

 16. Takeuchi R, Ishikawa H, Aratake M, et al. Medial 
opening wedge high tibial osteotomy with early full 
weight bearing. Arthroscopy. 2009;25(1):46–53.

 17. Paley D, Herzenberg JE, Tetsworth K, McKie J, 
Bhave A. Deformity planning for frontal and sagittal 
plane corrective osteotomies. Orthop Clin North Am. 
1994;25(3):425–65.

 18. Paley D, Tetsworth K. Mechanical axis deviation of 
the lower limbs. Preoperative planning of uniapical 
angular deformities of the tibia or femur. Clin Orthop 
Relat Res. 1992;280:48–64.

 19. Freiling D, van Heerwaarden R, Staubli A, 
Lobenhoffer P. The medial closed-wedge osteotomy 
of the distal femur for the treatment of unicompart-
mental lateral osteoarthritis of the knee. Oper Orthop 
Traumatol. 2010;22(3):317–34.

 20. Staubli AE, De Simoni C, Babst R, Lobenhoffer P. 
TomoFix: a new LCP-concept for open wedge oste-
otomy of the medial proximal tibia–early results in 92 
cases. Injury. 2003;34(Suppl. 2):B55–62.

 21. Hinterwimmer S, Mehl J. Combination of ACL- 
replacement and high tibial osteotomy. Oper Orthop 
Traumatol. 2014;26(1):43–55.

 22. Bode G, Kloos F, Feucht MJ et al. Comparison of the 
efficiency of an extra-articular absorber system and 
high tibial osteotomy for unloading the medial knee 
compartment: an in vitro study. Knee Surg Sports 
Traumatol Arthrosc. 2017; 25(12):3695–703. https://
doi.org/10.1007/s00167-016-4358-9.

8 Osteotomies: The Surgical Details You Want to Know

https://doi.org/10.1007/s00167-016-4358-9
https://doi.org/10.1007/s00167-016-4358-9


106

 23. Feucht MJ, Minzlaff P, Saier T, et al. Degree of 
axis correction in valgus high tibial osteotomy: pro-
posal of an individualised approach. Int Orthop. 
2014;38(11):2273–80.

 24. Agneskirchner JD, Freiling D, Hurschler C, 
Lobenhoffer P. Primary stability of four differ-
ent implants for opening wedge high tibial oste-
otomy. Knee Surg Sports Traumatol Arthrosc. 
2006;14(3):291–300.

 25. Diffo Kaze A, Maas S, Waldmann D, Zilian A, Dueck 
K, Pape D. Biomechanical properties of five different 
currently used implants for open-wedge high tibial 
osteotomy. J Exp Orthop. 2015;2(1):14.

 26. Petersen W, Wall A, Paulin T, Park HU, Heymann 
L. Stability of two angular stable locking plates for 
open wedge high tibial osteotomy (HTO): TomoFix 
versus LOQTEQ(R) HTO plate. Arch Orthop Trauma 
Surg. 2014;134(10):1437–42.

 27. Akiyama T, Okazaki K, Mawatari T, Ikemura S, 
Nakamura S. Autologous osteophyte grafting for 
open-wedge high tibial osteotomy. Arthrosc Tech. 
2016;5(5):e989–95.

 28. Schroter S, Mueller J, van Heerwaarden R, 
Lobenhoffer P, Stockle U, Albrecht D. Return to work 
and clinical outcome after open wedge HTO. Knee 
Surg Sports Traumatol Arthrosc. 2013;21(1):213–9.

 29. Zorzi AR, Da Silva HG, Muszkat C, Marques LC, 
Cliquet A Jr, De Miranda JB. Opening-wedge high 
tibial osteotomy with and without bone graft. Artif 
Organs. 2010;35(3):301–7.

 30. Haviv B, Bronak S, Thein R, Kidron A, Thein R. 
Mid-term outcome of opening-wedge high tibial 
osteotomy for varus arthritic knees. Orthopedics. 
2012;35(2):e192–6.

 31. Lash NJ, Feller JA, Batty LM, Wasiak J, Richmond 
AK. Bone grafts and bone substitutes for opening- 
wedge osteotomies of the knee: a systematic review. 
Arthroscopy. 2015;31(4):720–30.

 32. Takeuchi R, Bito H, Akamatsu Y, et al. In vitro sta-
bility of open wedge high tibial osteotomy with syn-
thetic bone graft. Knee. 2010;17(3):217–20.

 33. Takeuchi R, Umemoto Y, Aratake M, et al. A mid 
term comparison of open wedge high tibial osteotomy 
vs unicompartmental knee arthroplasty for medial 
compartment osteoarthritis of the knee. J Orthop Surg 
Res. 2010;5(1):65.

 34. Takeuchi R, Ishikawa H, Kumagai K, et al. Fractures 
around the lateral cortical hinge after a medial 
opening-wedge high tibial osteotomy: a new clas-
sification of lateral hinge fracture. Arthroscopy. 
2012;28(1):85–94.

 35. Schroter S, Ateschrang A, Ihle C, Stockle U, 
Konstantinidis L, Dobele S. Lateral hinge fractures 
in open wedge high tibial osteotomy. Orthopade. 
2014;43(11):1000–7.

 36. Schroter S, Freude T, Kopp MM, et al. Smoking and 
unstable hinge fractures cause delayed gap filling 

irrespective of early weight bearing after open wedge 
osteotomy. Arthroscopy. 2015;31(2):254–65.

 37. Brinkman JM, Luites JW, Wymenga AB, van 
Heerwaarden RJ. Early full weight bearing is safe 
in open-wedge high tibial osteotomy. Acta Orthop. 
2010;81(2):193–8.

 38. Schroter S, Ateschrang A, Lowe W, Nakayama H, 
Stockle U, Ihle C. Early full weight-bearing versus 
6-week partial weight-bearing after open wedge high 
tibial osteotomy leads to earlier improvement of the clin-
ical results: a prospective, randomised evaluation. Knee 
Surg Sports Traumatol Arthrosc. 2017;25(1):325–32.

 39. Nakamura R, Komatsu N, Murao T, et al. The valid-
ity of the classification for lateral hinge fractures 
in open wedge high tibial osteotomy. Bone Joint J. 
2015;97-B(9):1226–31.

 40. Nelissen EM, van Langelaan EJ, Nelissen RG. Stability 
of medial opening wedge high tibial osteotomy: a fail-
ure analysis. Int Orthop. 2010;34(2):217–23.

 41. Smith JO, Wilson AJ, Thomas NP. Osteotomy around 
the knee: evolution, principles and results. Knee Surg 
Sports Traumatol Arthrosc. 2013;21(1):3–22.

 42. Slevin O, Ayeni OR, Hinterwimmer S, Tischer T, 
Feucht MJ, Hirschmann MT. The role of bone void 
fillers in medial opening wedge high tibial osteotomy: 
a systematic review. Knee Surg Sports Traumatol 
Arthrosc. 2016;24(11):3584–98.

 43. Jung KA, Lee SC, Ahn NK, Hwang SH, Nam 
CH. Radiographic healing with hemispheri-
cal allogeneic femoral head bone grafting for 
opening- wedge high tibial osteotomy. Arthroscopy. 
2010;26(12):1617–24.

 44. Buck BE, Resnick L, Shah SM, Malinin TI. Human 
immunodeficiency virus cultured from bone. 
Implications for transplantation. Clin Orthop Relat 
Res. 1990;251:249–53.

 45. Gouin F, Yaouanc F, Waast D, Melchior B, Delecrin 
J, Passuti N. Opening wedge high tibial osteoto-
mies: calcium-phosphate ceramic spacer versus 
autologous bonegraft. Orthop Traumatol Surg Res. 
2010;96(6):637–45.

 46. Santic V, Tudor A, Sestan B, Legovic D, Sirola L, 
Rakovac I. Bone allograft provides bone healing in 
the medial opening high tibial osteotomy. Int Orthop. 
2010;34(2):225–9.

 47. Galla M, Lobenhoffer P. Die öffnende valgisierende 
Umstellungsosteomie der proximalen Tibia mit dem 
TomoFix™-Plattenfixateur. Oper Orthop Traumatol. 
2004;16(4):397–417.

 48. Galla M, Riemer C, Lobenhoffer P. Die Osteosynthese 
posteromedialer Tibiakopffrakturen über einen 
direkten dorsalen Zugang. Oper Orthop Traumatol. 
2009;21(1):51–64.

 49. Aryee S, Imhoff AB, Rose T, Tischer T. Do we need 
synthetic osteotomy augmentation materials for 
opening-wedge high tibial osteotomy. Biomaterials. 
2008;29(26):3497–502.

R.J. van Heerwaarden et al.



107

 50. Schroter S, Ihle C, Elson DW, Dobele S, Stockle U, 
Ateschrang A. Surgical accuracy in high tibial oste-
otomy: coronal equivalence of computer navigation 
and gap measurement. Knee Surg Sports Traumatol 
Arthrosc. 2016;24(11):3410–7.

 51. Holschen M, Lobenhoffer P. Komplikationen 
kniegelenknaher Umstellungsosteotomien. Der 
Orthopade. 2016;45:13–23.

 52. Reyle G, Lorbach O, Diffo Kaze A, Hoffmann A,  
Pape D. Verhinderung einer Fraktur der 
Gegenkortikalis bei aufklappender Osteotomie. Der 
Orthopade. 2017;46:610–6. https://doi.org/10.1007/
s00132-017-3418-2.

 53. Gerich T, Lens V, Seil R, Pape D. Open wedge oste-
otomy of the tibial head. Management of vascular 
complications. Der Orthopäde. 2014;43:1008–15.

 54. Pape D, Kohn D, van Giffen N, Hoffmann A, Seil R, 
Lorbach O. Differences in fixation stability between 
spacer plate and plate fixator following high tibial 
osteotomy. Knee Surg Sports Traumatol Arthrosc. 
2013;21:82–9.

 55. Pape D, van Heerwaarden RJ, Haag M, Seil R, Madry 
H. Kniegelenknahe Osteotomietechniken: Effekt 
auf Keilvolumina und knöcherne Kontaktflächen. 
Orthopade. 2014;43:966–75.

 56. Stukenborg-Colsman C, Wirth CJ, Lazovic D, et al. 
High tibial osteotomy versus unicompartmental joint 
replacement in unicompartmental knee joint osteoar-
thritis: 7–10-year follow-up prospective randomised 
study. Knee. 2001;8:187–94.

 57. Floerkemeier S, Staubli AE, Schroeter S, et al. 
Outcome after high tibial open-wedge osteotomy: a 
retrospective evaluation of 533 patients. Knee Surg 
Sports Traumatol Arthrosc. 2013;21:170–80.

 58. Goshima K, Sawaguchi T, Sakagoshi D, et al. Age 
does not affect the clinical and radiological outcomes 
after open-wedge high tibial osteotomy. Knee Surg 
Sports Traumatol Arthrosc. 2017;25(3):918–23.

 59. Price AJ, Dodd CA, Svard UG, et al. Oxford medial 
unicompartmental knee arthroplasty in patients 
younger and older than 60 years of age. J Bone Joint 
Surg Br. 2005;87(11):1488–92.

 60. Bonnin M, Chambat P. Current status of valgus angle, 
tibial head closing wedge osteotomy in media gonar-
throsis. Orthopade. 2004;33:135–42.

 61. Niemeyer P, Koestler W, Kaehny C, et al. Two-year 
results of open-wedge high tibial osteotomy with 
fixation by medial plate fixator for medial compart-
ment arthritis with varus malalignment of the knee. 
Arthroscopy. 2008;24:796–804.

8 Osteotomies: The Surgical Details You Want to Know

https://doi.org/10.1007/s00132-017-3418-2
https://doi.org/10.1007/s00132-017-3418-2


109© ESSKA 2018 
G.M.M.J. Kerkhoffs et al. (eds.), ESSKA Instructional Course Lecture Book,  
https://doi.org/10.1007/978-3-662-56127-0_9

The Role of Arthroscopy in Ankle 
Instability Treatment
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9.1  Introduction

Acute injuries of the ankle are one of the most 
common injuries seen by general practitioners 
and emergency departments [1]. They involvevap-
proximately 25% of all injuries of the musculo-
skeletal system. Inversion trauma, also referred 
to as lateral ankle sprains, constitutes a large pro-
portion of these injuries [2–4].

Inversion sprain is typically associated with 
combined forced plantar flexion and inversion of 
the hindfoot around the externally rotated lower 
leg. This mechanism results in strain of the lateral 
ankle ligamentous complex. The anterior talofib-
ular ligament (ATFL) is the first ligament to be 
damaged, followed by the calcaneofibular liga-
ment (CFL) [5, 6].

In approximately 10–15% of all inversion 
injuries, there is a total rupture of the lateral ankle 
ligaments [7].

Considering lateral ankle ligament rupture, 
isolated lesion of the ATFL occurs in 65% of all 
injuries, while combined rupture of the ATFL 
and CFL occurs in approximately 20%. Isolated 
ruptures of the CFL are rare. The posterior talo-
fibular ligament (PTFL), also a component of the 
lateral ligamentous complex, is usually not 
injured during inversion sprain [8, 9].

Although the natural history of ankle sprains 
is not fully known, it has been suggested that 
even untreated ligament ruptures might have a 
good prognosis. However, nonsurgical treatment 
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fails in approximately 20% of patients after an 
inversion ankle sprain, and symptomatic chronic 
lateral ankle instability (CLAI) develops [10].

Patients with functional CLAI complain of an 
inability to depend on their ankle associated to 
repetitive episodes of “giving way” during which 
the joint exhibits pathologic inversion.

When a mechanical insufficiency of the lateral 
ligaments is present, surgical treatment of the 
ligaments may be considered in order to restore 
joint stability [11].

The surgical options to treat CLAI vary 
widely, from anatomical repair to non- anatomical 
reconstructions, with almost 80 different tech-
niques described. The available literature shows 
that surgical strategy in terms of chronic lateral 
ankle instability is undergoing an evolution from 
traditional open procedures to minimally inva-
sive techniques, with an increasing number of 
arthroscopic stabilization procedures being pub-
lished [12–14].

9.1.1  Functional Anatomy 
and Biomechanics

The ankle complex comprises three articulations: 
the talocrural joint, the subtalar joint, and the distal 
tibiofibular syndesmosis. These three joints work 
together and are synchronized to allow coordinated 
movement of the hindfoot. The three major con-
tributors to stability of the ankle joints are (1) the 
congruity of the articular surfaces when the joints 
are loaded, (2) the static ligamentous restraints, and 
(3) the musculotendinous units, which allow for 
dynamic stabilization of the joints [5, 15].

The relative contributions of these elements to 
joint stability vary significantly depending on the 
position and loading condition of the ankle com-
plex [16].

In the neutral position, especially when coupled 
with compressive loads during weight- bearing, the 
bony architecture of the ankle joint is mostly 
important to create the stability of the joint. As the 
foot moves into plantar flexion, the ligamentous 
structures assume a crucial role in providing stabil-
ity and become more susceptible to injury [9, 16].

The ATFL and the CFL are the key structures 
that contribute to lateral ankle stability [11]. 

Together with the PTFL, they form the lateral 
ligamentous complex and help to prevent inver-
sion of the talus during plantar flexion and dorsi-
flexion of the foot [8], providing the primary 
static restraint to an inversion injury mechanism. 
In association with the medial ligamentous com-
plex, the lateral ligaments also provide rotatory 
stability of the talus within the ankle mortise [16]. 

ATFL. The ATFL is a thickening of the tibio-
talar capsule. It originates from the anterior mar-
gin of the lateral malleolus, with an average 
insertion 10 mm proximal to the tip of the fibula 
[17]. From its origin, the ATFL runs anteromedi-
ally to the insertion on the talar body immedi-
ately anterior to the joint surface occupied by the 
lateral malleolus. The ATFL is on average 7.2 mm 
wide and 24.8 mm long [17].

The ligament is virtually horizontal to the 
ankle in the neutral position but inclines upward 
in dorsiflexion and downward in plantar flexion. 
It is only in the latter position that the ligament 
comes under strain and is vulnerable to injury, 
particularly when the foot is inverted [7].

The ATFL demonstrates lower maximal load 
and energy to failure under tensile stress as 
compared with the PTFL, CFL, anterior inferior 
tibiofibular ligament, and deltoid ligament. This 
may explain why the ATFL is the most fre-
quently injured of the lateral ligaments [18, 19].

In vitro kinematic studies have shown that the 
ATFL prevents anterior displacement of the talus 
from the mortise and excessive inversion and inter-
nal rotation of the talus on the tibia [5, 20–24]. 
After the ATFL is ruptured, the amount of trans-
verse plane motion (internal rotation) of the hind-
foot increases substantially, thus further stressing 
the remaining intact ligaments. This phenomenon 
has been described as “rotational instability” of the 
ankle and is often overlooked when considering 
laxity patterns in chronic ankle instability [25, 26].

CFL. The CFL originates from the anterior part 
of the lateral malleolus. Its origin is just below the 
lower band of the ATFL [27]. Frequently, fibers 
connecting these ligaments can be observed 
(Fig. 9.1). The confluency of the fibular insertion 
of the ATFL and the CFL furnishes the basis for 
proposed surgical procedures in which one com-
mon tunnel for fibular fixation of both the ATFL 
and CFL is created (Fig. 9.2) [11, 28].
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The ligament runs obliquely downward and 
backward to attach to the posterior region of the 
lateral calcaneal surface [29, 30], bridging both 
the talocrural and subtalar joints.

The CFL is rounded, with a diameter of 6–8 mm, 
and its length is approximately 20 mm [27].

Most published anatomical observations iden-
tify the CFL as an extracapsular structure, rather 
than a capsular reinforcement, and it is intimately 
associated with the posteromedial part of the 
peroneal tendons sheath, which covers almost the 
entire ligament [29].

The CFL becomes horizontal during plantar 
flexion and vertical in extension and is most taut 
when the ankle is dorsiflexed [20, 22, 25], acting 
synergistically with the ATFL, which is under 
tension during plantar flexion (Fig. 9.3) [8].

Due to its anatomical course, the CFL restricts 
excessive motion of both the talocrural and sub-
talar joints [5]. It is widely accepted that the CFL 
plays a crucial role in stabilizing the subtalar 
joint [5, 31]. Increased inversion and internal 
rotation of the hindfoot after section of the calca-
neofibular ligament have been shown to primar-
ily take place in the talocalcaneal joint [32].

The biomechanical role of the CFL in the 
control of talocrural joint kinematics has been 
also demonstrated. Kerkhoffs et al. showed a 
constant increment of the anterior talar trans-
lation in the sagittal plane, associated with 
sequential cutting of the CFL after ATFL sec-
tion [33].

The CFL is the second most injured of the 
lateral talocrural ligaments, after the ATFL [34]. 

Fig. 9.2 Schematic representation of anatomical lateral 
ligaments reconstruction with one common tunnel created 
for the fibular fixation of both the ATFL and CFL

Fig. 9.1 Anatomic view of the lateral ligamentous com-
plex [34]. (1) Calcaneofibular ligament; (3) anterior talo-
fibular ligament; (“asterisk” partial confluency of the 
fibular insertions of the ATFL and the CFL) 

Fig. 9.3 Synergistic 
action of the ankle 
lateral ligaments. The 
ATFL is taut in plantar 
flexion, whereas the 
CFL tightens in 
dorsiflexion [20, 22, 25]
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Its injury usually follows the ATFL, depending 
on the energy and severity of the inversion 
sprain. In a cadaveric study, Rasmussen noted 
that the ATFL was always torn before the CFL 
was torn. Similarly, Broström found no isolated 
tears of the CFL in 60 patients examined surgi-
cally [35, 36].

9.1.2  Chronic Ankle Instability: 
Treatment Overview

Chronic ankle instability is a complex phenomenon 
difficult to qualify and quantify, with a recognized 
multifactorial etiology [37]. It is a consequence  
of both functional and mechanical factors, among 
which the posttraumatic ligamentous insufficiency 
might not always be the primary causative factor 
[5].

Lower leg proprioceptive deficits, disruption 
of normal arthrokinetic reflexes, and (peroneal) 
muscle weakness are frequently observed after 
an ankle ligament injury and considered major 
functional contributors to the persistence of the 
symptoms [5, 38]. Moreover subjective ankle 
instability can also exist in the absence of liga-
mentous insufficiency [6, 39, 40].

Based on these observations, a comprehensive 
rehabilitation program that emphasizes proprio-
ceptive, neuromuscular control and balance train-
ing should always be considered as the first line 
of treatment for chronic ankle instability. 
Available data report success rates of 80–85% 
after proper functional ankle rehabilitation pro-
grams [8, 41–44].

When nonsurgical measures fail in patients 
with detectable posttraumatic mechanical liga-
mentous insufficiency, surgery should be consid-
ered in order to restore functional stability [45].

In particular cases, especially in high-
demand athletes, surgery can be considered as a 
first-line treatment to ensure an early return to 
sport [46, 47].

Many surgical procedures have been suggested 
in the literature [12]. For several decades, pioneer 
surgeons proposed ligamentous reconstruction 
techniques using tendon procedures while sacri-
ficing normal structures around the ankle.

The Evans, Watson-Jones, and Chrisman- 
Snook are common examples of these procedures, 
generically referred to as tenodesis [12, 38].

In 1966, Broström argued that these “non- 
anatomic” reconstructions of the ankle lateral liga-
ments did not allow a restoration of normal 
biomechanics and led to an altered function of the 
talocrural and subtalar joints. Accordingly, he pro-
posed an anatomical repair of the injured ligamen-
tous native tissue, through either direct end- to- end 
suture of the ligaments or ligamentous reattachment 
to the anterior fibular margin in case of proximal 
injuries. Broström reported complete restoration of 
function in the majority of his patients [35].

The direct anatomic repair of the ATFL and 
CFL has since gained popularity, and with the 
addition of the Gould modification, which 
includes reattachment of the lateral portion of the 
inferior extensor retinaculum (IER) to the distal 
fibula, it has become the preferred surgical 
approach to lateral ankle instability. The func-
tional outcomes have been excellent, with success 
rates reported as high as 87–95% [35, 48–50].

Compared to anatomical repair, a tenodesis 
leads to inferior functional and mechanical laxity 
restoration, as well as overall satisfaction and 
sport performance [51–54]. This is probably due 
to the fact that tenodesis does not follow the orien-
tation of the normal ligaments and thereby alters 
the biomechanics of the ankle complex, particu-
larly at the level of the subtalar joint [53, 54].

A major concern about the anatomic techniques 
is related to the ability of the ligamentous native 
tissue to achieve a substantial repair, especially in 
cases of long-standing ligament insufficiency or 
generalized joint hypermobility [55]. Remnants of 
the ruptured ligaments most probably degenerate 
over time and therefore could be inadequate, 
because of both a weakness in tensile force and 
shortening with respect to normal length.

In their original studies, both Broström and 
Gould [35, 48] found that, even in long-standing 
instability, there is always some ligamentous 
 tissue to repair, with the eventual addition of the 
nearby retinaculum [48].

Nevertheless, Karlsson et al. suggested that 
the ligament repair using native tissue should be 
used with great care in patients with generalized 
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joint hypermobility and in patients with long- 
standing ligament insufficiency, associating 
these features with an increased risk for mechan-
ical failure of the procedure [49, 50, 56].

Currently, the choice to rely on the native tissue 
in such critical cases remains a surgeon’s decision.

In patients whose ligament remnants are 
inadequate for repair, anatomic reconstruction 
using a free tendon graft, usually one of the 
hamstring tendons, has been proposed [11, 57, 
58]. These procedures benefit from the estab-
lished biomechanical advantages over recon-
struction tenodesis, with sparing important 
periarticular structures, namely, the peroneal 
tendons (Fig. 9.4) [11, 38, 59, 60].

Available clinical data indicate anatomical 
reconstructions (using free tendons) as a viable 
option for patients with generalized ligamen-
tous laxity or long-standing ligamentous insuf-
ficiency or as a salvage procedure in a patient 
with a failed Broström-Gould lateral ligament 
repair [55, 61].

The need for an isolated ATFL or combined 
ATFL/CFL reconstruction represents another 
debated issue about anatomic surgical proce-
dures, irrespective of repair or reconstruction.

Ex vivo biomechanical studies have identi-
fied different laxity patterns associated with iso-
lated ATFL injury and more severe combined 
ATFL/CFL injury, respectively [16, 33, 54].

However, in current clinical practice, it can 
often be difficult to determine whether both the 

ATFL and the CFL ligaments are injured and 
whether they need simultaneous repair.

Clinicians frequently diagnose chronic ankle 
instability using the manual anterior drawer test 
and stress radiography [62, 63].

However, both physical and radiographic 
examinations often fail to reveal the extent of 
ankle laxity (Fig. 9.5) [63, 64].

Several authors have debated the diagnosis of 
lateral ankle ligament injuries using MRI [65, 
66]. Nevertheless, despite the established 
 usefulness of MRI for the evaluation of injuries 
commonly associated with CLAI, this static 

Fig. 9.4 Cadaver specimen showing anatomical ligament 
ATFL/CFL reconstruction with free hamstring tendon graft

Fig. 9.5 Physical examination. A positive anterior drawer 
test (ADT) has a sensitivity of 73% and a specificity of 
97% for ATFL rupture [62]. “Asterisk” the occurrence of 

a skin dimple when performing the ADT highly correlates 
with a rupture of the lateral ligaments (predictive value 
94%) [62]
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examination fails to reveal how unstable the 
affected ankle is [66, 67].

Clinical data on the subject are controversial. 
In a series of 60 patients, Karlsson et al. reported 
better functional results associated with simulta-
neous ligament reconstruction of both ATFL and 
the CFL; the authors concluded that if there is any 
doubt, reconstruction of both ligaments should be 
performed [50]. Okuda et al. proposed the iso-
lated anatomical reconstruction of the ATFL (with 
a palmaris longus graft), to treat either combined 
ATFL/CFL injuries or an isolated ATFL injury 
[61]. The authors found no significant differences 
in terms of clinical and radiological outcomes 
between the two groups and concluded that CFL 
reconstruction is not necessary, even in patients 
with combined ATFL/CFL injuries.

Accordingly, Lee et al. reported 94% of good 
to excellent results in 88 patients suffering from 
CLAI, treated with isolated ATFL reconstruction 
and advancement of the inferior retinaculum 
[68]. In a following ex vivo biomechanical study, 
the same authors strengthened their clinical 
results, showing isolated ATFL reconstruction 
with IER advancement to provide as much initial 
stability as simultaneous ATFL/CFL reconstruc-
tion in cadavers after concomitant section of both 
ligaments [31].

9.2  State-of-the-Art Treatment

9.2.1  The Role of Arthroscopy 
in the Treatment of Ankle 
Instability

Ankle arthroscopy is the gold standard therapy for 
a variety of pathologies typically associated with 
ankle instability, such as posttraumatic synovitis, 
loose bodies, osteochondral lesions of the talus, 
and osteophytes. Due to the frequency of these 
concomitant lesions, as high as 95% [45, 61, 69, 
70], some researchers suggest a routine 
arthroscopic exploration of the ankle before any 
stabilization procedures, in order to address lesions 
that might affect postoperative outcomes [45, 71].

Ferkel et al. concluded that excellent results 
can be expected in patients with CLAI, who 
undergo arthroscopic treatment of associated 
intra-articular pathology before an open 
Broström-Gould procedure [45].

Besides the well-established indications, 
recently, an increasing number of publications 
describing all-arthroscopic ankle stabilization 
procedures are found [13, 72, 73]. As for open 
surgery, reported techniques can be broadly 
divided in anatomic native tissue repair tech-
niques, with or without local reinforcing using 
IER, often referred to as arthroscopic Broström- 
Gould technique and anatomic ligament recon-
struction with a free tendon graft. Some 
available data on arthroscopic CLAI treatment 
deal with the results associated to the thermal 
shrinkage of the lateral capsular ligamentous 
complex [13].

9.2.1.1  Anatomic Local Tissue Repair 
Techniques

The anatomic repair of the local lateral liga-
mentous complex is the most extensively stud-
ied among arthroscopic techniques [13]. In 
available literature anatomic repair refers to 
ATFL repair [74], with, in some cases, addi-
tional Gould modification [75–78]. As it is dif-
ficult to objectify whether the IER is used 
during an arthroscopic repair procedure, some 
studies describe stitching the capsule and IER 
together over the ATFL as an augmentation [79, 
80]. No reports of local tissue repair of the CFL 
have been reported. One report, from Vega et al, 
recently reported satisfactory results after com-
bined arthroscopic repair of the ATFL and the 
anterior fascicle of the deltoid ligament, for 
patients diagnosed to suffer from a “rotational 
ankle instability” [81]. 

The repair of the lateral ligamentous complex 
is usually achieved through suture anchor fixa-
tion of the ATFL to the fibular footprint. Both the 
number and type of anchors being used vary [74–
76, 79, 82–85]. Other than anchors, suture tape 
[86, 87], stapling, and bone tunnels [13] have 
been also proposed.

P. Spennacchio et al.



115

Analysis of the reported surgical techniques 
reveals some fundamental technical issues:

 – Remnants of the lateral ligaments have to be 
thoroughly dissected. The full course of the 
ATFL must be visible and accessible (Fig. 9.6). 
A probe can be used to palpate, tension, and 
judge the quality of the tissue remnants (Fig. 9.7). 
Whenever these are inadequate for substantial 
repair, alternative procedures, i.e., ligament 
reconstruction, should be considered.

 – An extensive debridement of the lateral gut-
ter is mandatory to remove potential 
impingement tissue and to visualize the 
anterior distal face of the fibula, with clear 
definitions of its lateral and medial margin. 
This step is essential for proper positioning 
of anchors or bone tunnel (Fig. 9.8). The tip 
of the lateral malleolus is prepared until 
bleeding bone is achieved. Two anchors are 
inserted, to allow anatomical footprint fixa-
tion of the ATFL.

a b

Fig. 9.6 Arthroscopic visualization of the ATFL (left 
ankle, scope in the AM portal). The ligament is inspected 
along the entire length: (a) ATFL talar insertion. (b) 

Fibular ATFL insertion showing irregularity “asterisk” at 
the level of the fibular footprint. The blue dotted line indi-
cates the inferior margin of the ATFL

a b

Fig. 9.7 Arthroscopic evaluation of the ATFL (same 
patient as Fig. 9.6, scope in the AM portal, instrumenta-
tion through AL portal). (a) Tensioning of the ligament 

confirms the ATFL fibular detachment “asterisk”. (b) The 
ability of the native ligament tissue to guarantee a sub-
stantial anatomical reduction is verified
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 – Suture passage through ligamentous tissue has 
to be carefully performed with sharp and thin 
instrumentations, avoiding multiple perfora-
tions to cause iatrogenic damage to the liga-
ment remnants (Figs. 9.9 and 9.10).

Most studies dealing with arthroscopic repair 
procedures to treat CLAI are of low quality (lev-
els IV and V), according to the criteria described 
by Wright et al. [13]. A few comparative studies 
have been published. Yeo et al., in a randomized 
controlled study, did not find any differences in 
terms of clinical and radiologic outcomes 
between the all-inside arthroscopic Broström- 
Gould technique and the equivalent open proce-

dure, within a 1 year follow-up [83]. Similarly, in 
a retrospective comparative (level III) study, 
Matsui et al. noted similar clinical results at 1 
year follow-up between arthroscopic and open 
repair of the ATFL with IER reinforcement, with 
earlier recovery after surgery in favor of the 
arthroscopic procedure [88]. Accordingly, some 
biomechanical observations suggest that there is 
a similar restoration of biomechanical function in 
the ankle after arthroscopic and open lateral liga-
ment repairs [89].

Results of arthroscopic repair techniques 
(2010–2016) have shown good postoperative 

Fig. 9.8 Anchor insertion (left ankle, scope in the AM 
portal, instrumentation through accessory AL portal)

Fig. 9.9 ATFL repair (left ankle, scope in the AM portal, 
instrumentation through accessory AL and AL portals) 
An 18-gauge needle trespass the ATFL, bringing a nylon 
loop used as a suture passer 

Fig. 9.10 ATFL 
anatomical repair (right 
ankle, scope in the AM 
portal) A suture-lasso 
technique is used to 
reduce the ATFL to the 
fibular footprint (*)
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outcomes with a high satisfaction rate (94.5%). 
Cohort sizes ranged from 16 to 73 patients, 
with a mean age ranging from 23 to 44 years 
[13, 77, 79, 85, 86, 90, 91]. Follow-up ranged 
from 7 to 104 months [77, 79, 82, 85, 86, 90–
92]. Outcomes were assessed using the Karlsson 
score (mean score increase (MSI) 13–61.9 
points) [77, 79, 83], AOFAS (MSI 22.8–46.7) 
[77, 82, 83, 85, 86, 91, 92], Kaikkonen (MSI 
45) [82], and VAS (minimal score decrease 
(MSD) 3.5–7.4) [77, 83].

Some researchers evaluated the mechanical 
laxity of the arthroscopically stabilized ankle, 
showing a significant reduction of laxity on stress 
radiographs [82, 86].

As for other arthroscopic procedures, compli-
cations such as infection and delayed wound 
healing are infrequent [71, 85, 90, 91]. However, 
due to lateral portal placement, the intermediate 
branch of the superficial peroneal nerve is at risk 
for entrapment by suture, occurring in up to 3% 
of cases [79]. Another complication is knot- 
related pain and/or asymptomatic prominent knot 
under the skin, with reported incidences of 0.5–
0.8% [80, 85].

9.2.1.2  Anatomic Reconstruction
In terms of arthroscopic reconstruction, current 
available evidence is mainly limited to technical 
descriptions of the procedure in in vivo and 
ex vivo settings [13, 28, 29, 93, 94].

Surgical indications mirror those already pro-
posed for similar open procedures, especially pri-
mary repair in patients with major long-standing 
instability and/or generalized ligamentous laxity, 
and revision in case of failed previous repair [75, 
95, 96].

Both isolated ATFL and combined ATFL/CFL 
arthroscopic reconstruction have been proposed, 
with the use of an autologous hamstring graft as 
the most common choice [13].

The exact locations of the tunnels for graft 
placement, as well as the safety of the procedure 
with regard to the surrounding structures, have 
been analyzed in several anatomical studies [28–
30, 97].

These analyses suggest that the arthroscopic 
equivalent of the well-recognized open procedure 

is feasible and reproducible across a wide num-
ber of surgeons that are experienced with 
arthroscopic techniques. Further research is 
needed to better identify the clinical value of the 
procedure.

At present, the ability to judge the quality of 
the ligament remnants through direct arthroscopic 
visualization, with no need to shift during sur-
gery to an open procedure, in case a reconstruc-
tion was preferred over a repair, is considered a 
major advantage of this approach.

9.2.1.3  Capsular Shrinkage
Arthroscopic thermal capsular and ligament 
shrinkage has been proposed as a treatment for 
CLAI. By application of radiofrequent energy to 
the capsular ligamentous tissue, a shrinkage of 
collagenous structures is induced, resulting in 
ligamentous tightening.

Data about the shrinkage technique have been 
published between 2000 and 2012 [98–102], with 
4–90 included patients per study. Mean age ranged 
from 18.1 to 43.1, and the mean follow-up dura-
tion ranged from 6 to 48 months. Postoperative 
outcomes after capsular shrinkage have been eval-
uated using both clinical and radiological outcome 
measures. Functional results were reported using 
the Karlsson score (MSI 26.6–37.2) [98–100], 
AOFAS score (MSI 25–29.8) [100–102], SF-36 
physical (MSI 6.5) [99], Tegner (MSI 1.3–1.6) 
[99, 100], and Sefton scale (MSD 2.2) [100].

Reported complications in a total of 165 
patients were injury of the superficial peroneal 
nerve leading to numbness (0.6%) or altered sen-
sation (3%), reoperation (2%), tape allergy (1%), 
ROM restriction (2%), and persistent postopera-
tive pain (0.6) [98–100, 103].

Besides high satisfaction rates and low com-
plication rates, detailed biomechanical analysis 
from de Vries et al. [99] reported the technique 
achieved only a moderate reduction of the joint 
laxity. The researchers concluded that the func-
tional improvement associated with arthroscopic 
shrinkage could be related to an improved pro-
prioception and ankle coordination, caused by 
the debridement of the synovial tissue in the 
anterolateral joint gutter. In this regard, the rela-
tion between proprioception and functional ankle 
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stability, with or without mechanical laxity in 
general, has been pointed out by several research-
ers [104–106].

Since de Vries’ publication in 2008, only one 
report has been published related to CLAI treat-
ment by arthroscopic shrinkage [100], and avail-
able data failed to clarify the best indications for 
this procedure.

9.3  Future Treatment Options

The current developing arthroscopic approach in 
the treatment of ankle instability mirrors the pro-
cesses witnessed for the knee and shoulder during 
the last 40 years. Initially, stabilization procedures 
were performed in an open manner with non-ana-
tomic methods applied externally to restrain 
abnormal motion. Such methods were followed 
by arthroscopic examination, followed by an open 
procedure. Finally, all-arthroscopic stabilization 
procedures have become the current standard of 
care for the knee and the shoulder [107, 108].

For many reasons, arthroscopic stabilization 
procedures represent an attractive option. First 
and foremost, there is a potential to lower morbid-
ity and accelerate recovery, which is a character-
istic for arthroscopic approaches in general [83, 
88, 109]. Moreover, given the high incidence of 
associated intra-articular lesions, an arthroscopic 
approach enables the surgeon to address both 
intra-articular pathology and pathological laxity 
simultaneously through a single approach [45, 
110–112].

Multiple studies that reveal equivalent clini-
cal and biomechanical results for both tradi-
tional open and arthroscopic modified Broström 
ligament repair/reconstruction have been pub-
lished. Therefore, evidence supporting the 
arthroscopic approach for CLAI treatment as a 
viable alternative to traditional open techniques 
is mounting [79].

In addition to encouraging clinical results, the 
arthroscopic approach to ankle instability offers a 
new insight, potentially able to provide improved 
knowledge of the intra-articular pathology.

The unique perspective of the pathoanatomi-
cal features of ligamentous structures of the ankle 

offered by arthroscopy has been advocated by 
several researchers.

Hintermann et al. highlighted that preopera-
tive ankle arthroscopy allows precise identifica-
tion of ligamentous abnormalities, both medially 
and laterally, corresponding with different enti-
ties of ankle instability [111].

Other researchers have underscored the abil-
ity of arthroscopy to depict subclinical patho-
logical laxity, which is not always detectable in 
the diagnostic setting. In these patients, the 
arthroscopically diagnosed ATFL abnormalities 
have been associated with chronic anterior 
ankle pain and functional instability, proposing 
new clinical definitions referred to as micro-
instability or apparent instability of the ankle 
[113, 114].

These observations indicate a potential role 
for arthroscopy in the future definition of specific 
entities on the broad spectrum of ankle instabil-
ity, able to clarify current unexplained clinical 
pictures.

The sharp direct evaluation of ligamentous 
structures permitted by arthroscopy might also be 
helpful to evaluate the quality of the ligament 
remnants [114], which still remains a critical 
issue, especially in demanding patients with 
long-standing CLAI and/or generalized ligamen-
tous laxity. Due to the therapeutic consequences, 
the definition of objective criteria able to predict 
the ability of the endogenous tissue to achieve a 
substantial repair represents a primary purpose 
for orthopedic surgeons dealing with CLAI and 
warrants further research.

In this regard, Bauer et al. recently reported a 
retrospective analysis of preoperative ankle MRI, 
based on the arthroscopic evaluation of the lateral 
ligamentous complex state. On the basis of their 
observations, the authors defined MRI as a reli-
able and reproducible tool to judge the quality of 
the ligament remnants, allowing the preoperative 
decision as to whether a local tissue repair or a 
reconstruction procedure should be performed 
[115].

The arthroscopic accessibility of the CFL rep-
resents a potential weak point in the arthroscopic 
treatment of CLAI, due to the extracapsular 
nature of this ligament [111, 116].
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Hintermann et al. reported that abnormalities 
of the CFL are difficult to appreciate arthroscopi-
cally from the anterior aspect of the joint because 
the ATFL and the capsular structures obstruct the 
view [111].

In a recent anatomical study, Thes et al. con-
firmed that the CFL can be visualized arthroscop-
ically only after complete dissection of the ATFL 
[116].

Therefore, it is not surprising that current 
available data on arthroscopic reparative tech-
niques only deal with isolated ATFL repair with 
occasional reinforcing by IER [13].

These observations raise the need for future 
clarifications about the ability of arthroscopy to 
guarantee an effective ankle stabilization for 
patients in which a simultaneous anatomic ATFL/
CFL repair could be advisable.

However, as previously discussed, contro-
versy still exists about the clinical benefits of a 
CFL ligament repair/reconstruction.

Several anatomic observations on lateral liga-
mentous complex have clearly demonstrated an 
anatomical confluence of the ATFL and CFL fib-
ular insertions [27, 28]. In light of these findings, 
it could be argued that a wide fibular ATFL foot-
print reestablishment could lead to concomitant 
tightening of an insufficient CFL.

Nevertheless, until the development of a reli-
able clinical tool, able to measure ankle laxity 
and to associate it to the extent of the ligamentous 
injury, it will be difficult to improve and stan-
dardize current operative indications for CLAI, 
and to define possible contraindications for 
arthroscopic procedures.

9.4  Take-Home Messages

 – Functional ankle instability is a multifactorial 
condition in which the posttraumatic ligamen-
tous insufficiency—mechanical laxity—is not 
always the primary etiological factor.

 – Arthroscopy offers a promising alternative for 
the treatment of chronic lateral ankle instabil-
ity. Available outcomes are at least equal to 
published results for similar open techniques, 
with the added benefit of reduced invasiveness 

and surgical morbidity that characterize 
arthroscopic procedures.

 – The inherent ability to evaluate the pathoana-
tomical features of the ligamentous structures 
by arthroscopy offers new insights into the 
pathology of chronic ankle instability, with 
potential improvement of the clinical under-
standing of this injury, as well as in therapeu-
tic choices.

 – Controversy about operative treatment of 
CLAI remains as to whether to repair or 
reconstruct the lateral ligamentous complex 
and whether the ATFL should be repaired 
alone or in combination with the CFL.

 – The development of a reliable clinical tool 
able to define the entity of the ankle laxity 
could furnish a major future advancement in 
the treatment of ankle instability.
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10.1  Introduction

In the last decades, orthopaedic surgery has 
become increasingly specialised. The generalist 
orthopaedic surgeon, who is able to treat hip, 
knee, shoulder and ankle problems, has become a 
rare species. Most orthopaedic surgeons nowa-
days concentrate their activity on one or two 
joints, and even within the knee joint, there are 
surgeons who only focus on reconstructive or 
arthroplasty surgery. There is no doubt that the 
trend of specialisation has led to higher quality 
and more focused diagnostic and treatment strat-
egies. However, there are backsides of this medal 
in particular in fields where different joint or 
treatment options could be involved.

It appears that it is in reconstructive knee sur-
gery that we sometimes do not see the wood for 
the trees. It is not just fixing the meniscus or car-
tilage lesion. It is mandatory to see the whole pic-
ture, instead of just the meniscus or cartilage 
repair. The intimate connections between the 
menisci and the osteochondral unit of the femoro- 
tibial compartment are based on their specific 
anatomical structure. Understanding the underly-
ing structural and anatomical basis helps to 
understand the causes why meniscal lesions (and 
meniscus extrusion) may lead to cartilage loss 
and why cartilage loss may also induce meniscal 
damage. In turn, the reconstructive surgical con-
sequences are also based on these topographical 
correlations.
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10.2  State-of-the-Art Treatment

10.2.1  Meniscus–Cartilage Unit

Both menisci are composed of fibrocartilage. 
They improve the congruency between the osteo-
chondral units of the femur and the tibia. Both 
menisci are connected through their meniscal 
roots with the central tibial plateau. These roots, 
together with the menisci, may be affected during 
osteoarthritis (OA). The volume of the medial 
meniscus is significantly smaller than that of the 
lateral meniscus. In cross section, both menisci 
are wedge-shaped, and their surface facing the 
femur is concave, while the surface facing the 
tibial plateau is even [1, 2].

From a topographic standpoint, both tibial 
plateaus may be subdivided into a central (not 
covered by meniscus) and a peripheral (covered 
by meniscus) part. Interestingly, the human sub-
meniscal articular cartilage in the peripheral tib-
ial plateau is about 50% thinner than the centrally 
located cartilage, which is not covered by the 
meniscus. It has also different biomechanical 
properties [3]. Correspondingly, the subchondral 
bone plate is also characterised by similar differ-
ences [4]. Like the tibial plateaus, both femoral 
condyles articulate with the menisci. During 
knee flexion, both menisci adapt their form to 
the femoral condyles and move posteriorly [5].

Both menisci are protecting the peripheral 
articular cartilage of the tibial plateaus. Large 
animal studies have shown that spontaneous 
development of osteoarthritis only takes place in 
the central, not meniscus-covered tibial plateau 
[6]. However, the development of osteoarthritis 
in the peripheral, meniscus-covered tibial plateau 
correlates significantly with early degenerative 
changes of the meniscus [7]. Interestingly, osteo-
arthritis of the entire tibial plateau correlates with 
alterations of the microstructure of the subchon-
dral bone plate [7].

10.2.2  Hierarchy of Treatment

There is a clear hierarchy for reconstructive treat-
ment, which should be considered in every 
patient [8]. The highest priority is to achieve a 

balanced mechanical leg axis, followed by nor-
mal ligament laxity [8]. Thirdly, as much menis-
cus tissue as possible needs to be preserved or 
restored as it acts as shock absorber. All these 
aforementioned factors are a conditio sine qua 
non for successful cartilage repair [8].

10.2.2.1  Alignment
Correction of malalignment is the first priority in 
reconstructive knee surgery [8]. Mechanical align-
ment determines the loading distribution within the 
knee joint [9].

In a varus knee, about 70–90% of the joint 
loading runs through the medial compartment 
[9]. In these cases, addressing the cartilage and/
or meniscus lesions alone will not result satisfy-
ing and good functional outcomes.

In a valgus knee, the loading is predominantly 
distributed through the lateral compartment. In 
these cases again, a pure meniscus and/or carti-
lage treatment is prone for failure. Clearly, the 
underlying pathology in these cases is mechani-
cal malalignment [10]. The underlying cause of 
the problem needs to be addressed by an osteot-
omy [10]. In all cases with malalignment, correc-
tion of the alignment using an osteotomy is 
necessary to achieve good functional results [10].

10.2.2.2  Stability
Treatment of instability is the second priority in 
reconstructive knee surgery [8].

The anterior cruciate ligament (ACL) is the 
primary restraint against anterior tibial transla-
tion in relation to the femur [11]. The secondary 
role of the ACL is to resist internal tibial rotation, 
which is most pronounced in knee extension 
[11]. The ACL lets the tibia internally rotate dur-
ing anterior tibial translation [11].

In an ACL-deficient knee, the meniscus (as 
secondary restraint for anterior tibial translation) 
is exposed to higher stresses leading to a higher 
likelihood of meniscal lesions [11]. In addition, 
the cartilage is also exposed to higher loads, 
which in midterm might result in cartilage 
lesions. In ACL-deficient patients with already 
existing meniscal or cartilage lesions, this effect 
also influences healing and restoration after 
 surgical treatment, and hence a torn ACL needs 
to be repaired or reconstructed.
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The previously described relationship of insta-
bility and healing of meniscal and chondral 
lesions is also true for the posterior cruciate liga-
ment and collaterals. Actually all clinically rele-
vant ligament tears including the periphery need 
to be addressed [12].

10.2.3  Meniscus Treatment 
Depending on Adjacent 
Cartilage

Treatment of meniscal pathologies is the third 
priority in reconstructive knee surgery [8]. In the 
early years of meniscal surgery, it was the gold 
standard to entirely excise the injured meniscus 
[13]. Since then, after recognising that a total or 
subtotal meniscectomy inevitably leads to devel-
opment of osteoarthritis within 5–10 years after 
surgery, it was advocated that as much meniscus 
tissue as possible should be preserved [14]. Only 
the meniscus tissue which is identified as unre-
pairable should be excised [14]. The recom-
mended strategy for treatment of meniscal lesions 
is to “preserve as much meniscus as possible”.

Meniscus lesions are divided into traumatic 
meniscus tears and degenerative meniscus 
lesions. Traumatic tears are associated with an 
adequate knee injury and demonstrate most likely 
a vertical tear pattern. They occur in rather 
younger patients, mainly without osteoarthritic 
changes. On the other hand, degenerative menis-
cus lesions develop over time without an ade-
quate trauma, are rather found in elderly people 
and do not have to provoke symptoms. For exam-
ple, in 50–59-year-old asymptomatic men, about 
30 % have a meniscus lesion. These numbers 
increase up to about 50% in 70–90-year-old men. 
Tear patterns are mainly horizontal. Degenerative 
tears often occur with degenerative changes of 
the entire knee including the cartilage.

10.2.4  State-of-the-Art-Treatment

Traumatic meniscus tears should be repaired if 
possible. In case of a concomitant ACL recon-
struction and a short tear of the lateral meniscus, 
it might be left alone. Partial or even total menis-

cectomy should only be performed as a salvage 
procedure. Meniscus repair is especially impor-
tant in case of treatable focal chondral lesions. 
For osteoarthritic knees, found on a regular basis 
in multi-revision ligament reconstructed knees, 
there are no studies. Thus, it is discretionary of 
the surgeon. However, if the ligament is recon-
structed, the meniscus should also be repaired. In 
case of a subtotal loss of the meniscus but with an 
intact rim, a partial meniscus replacement should 
be considered, which decreases the progression 
of osteoarthritic changes. Published indications 
suggest that cartilage defects should be <2° after 
the score of the International Cartilage Repair 
Society (ICRS). In case of a functional total loss 
of a meniscus, meniscus transplantation is a great 
option. Published indications suggest also that 
cartilage defects should be <2° after the score of 
the International Cartilage Repair Society 
(ICRS). However, OA changes progress.

Degenerative meniscus tears should initially be 
treated conservatively. A recent ESSKA consensus 
suggested a duration of 3 months. If this treatment 
fails, arthroscopic partial meniscectomy should be 
performed even in the knees with osteoarthritic 
changes. However, patients should be informed 
that the success rate decreases with increasing 
degenerative changes of the knee. It is important to 
check the limb alignment and treat it if appropri-
ate. A WOMAC score with >40 points was identi-
fied as a predictor for failing conservative treatment 
and early arthroscopic partial meniscectomy [15].

10.2.5  Cartilage Treatment 
Depending on Adjacent 
Meniscus

Treatment of cartilage lesions is the fourth prior-
ity in reconstructive knee surgery [8]. It is impor-
tant to realise that cartilage repair does nothing 
else than treating the surface. In some cases car-
tilage repair alone is able to solve a problem, but 
only if nothing else than the cartilage lesion was 
causing the symptoms of the patient. In most 
cases, a cartilage lesion is just the tip of the ice-
berg. It is of utmost importance to understand the 
mechanism of injury and knee pathology which 
led to the cartilage lesion.

10 Combined Meniscus and Cartilage Lesions
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While initial cartilage repair techniques such 
as autologous chondrocyte implantation (ACI), 
osteochondral transplantation or microfracturing 
have been introduced for the treatment of trau-
matic cartilage defects [16], it is questionable 
how much degeneration can be expected in a 
knee joint in order to treat cartilage defects with 
these regenerative treatment options. With regard 
to the data from the German Cartilage Registry 
(KnorpelRegister DGOU) [17], which represents 
a nationwide cohort study including more than 
70 clinical centres and more than 1400 patients 
treated for cartilage defects of the knee between 
October 2013 and June 2014, the vast majority of 
the patients were treated for degenerative lesions 
and lesions with early osteoarthritis [18]. In a 
recent published multicentre trial of more than 
400 patients treated with matrix-induced chon-
drocyte transplantation, almost 40% of the chon-
dral defects were described as degenerative or 
chronic [19]. A significant improvement in clini-
cal scores with a moderate increase in transplant 
failure after chondrocyte transplantation could be 
detected compared to traumatic cartilage lesions 
[19].

Focal cartilage defects and early- or late-stage 
osteoarthritis are associated with structural and 
mechanical changes of the meniscus, which may 
also contribute to further meniscal degeneration 
and meniscal extrusion [20]. Cartilage regenera-
tive procedures can prevent further damage to the 
meniscus. Otherwise treatment of the meniscus 
lesion has to be performed in combination with 
the cartilage repair procedure. The long-term out-
come and prognosis of knees with cartilage 
defects are therefore dependent on a successful 
cartilage regeneration with a proper meniscus 
function [20].

10.2.6  Clinical Scenarios

A varus-aligned leg with a cartilage lesion in the 
medial compartment of the knee needs a valgus 
osteotomy as most important part of treatment. 
Only then the loading within the knee will be 
reduced to allow proper healing of meniscus and/
or cartilage repair or reconstruction tissue.

An ACL-deficient knee with a lateral meniscus 
lesion and a subsequent cartilage lesion on the lat-
eral femoral condyle should be stabilised, and the 
lost meniscus tissue should be substituted.

Having understood the importance of the 
described treatment hierarchy of extra- and 
intraarticular conditions, it becomes obvious that 
orthobiologic treatment often results in an “a` la 
carte” approach [8].

10.2.7  Importance of Meniscus 
and Cartilage Function 
for Daily Activity and Sports

Since the vast majority of patients affected by 
focal cartilage defects are middle-aged and there-
fore represent an active patient population [21], 
return to daily activity and also return to sports 
have become an established outcome parameter 
with high clinical relevance to evaluate outcome 
of surgical treatment.

Recent meta-analysis revealed different return 
to sports rates in dependence of the type of surgi-
cal treatment applied. While higher return to 
sports rates have been described for patients who 
underwent autologous chondrocyte implantation 
(ACI) and autologous osteochondral transplanta-
tion (OCT), an inferior return to sports rate has 
been described for patients who underwent 
arthroscopic microfracture for focal cartilage 
defects [22, 23].

Also, for patients following partial meniscus 
resection, meniscus reconstruction and even 
meniscus transplantation, return to sports rates 
have been described and evaluated in scientific 
literature demonstrating that in the majority of 
the patients, sports participation can be achieved.

Nevertheless, for patients with cartilage 
defects as well as for patients with meniscus 
tears, time until return to sports is achieved dif-
fers in dependence of the individual pathology 
and the type of treatment applied. While in osteo-
chondral transplantation a faster recovery is 
described, the longest time period has been 
described for autologous chondrocyte implanta-
tion focusing on the importance of the rehabilita-
tion process [22].
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Nevertheless, combined pathologies of carti-
lage and meniscus are really common in the 
femoro- tibial joint, and scientific data on return 
to sports rates are still lacking. Data from the 
German Cartilage Registry, which have not been 
published so far, demonstrate that these com-
bined pathologies are associated with an inferior 
outcome and need to be considered more prob-
lematic, and duration of symptoms seems to 
influence return to sports probability [24]. 
Therefore, specific strategies for rehabilitation 
including return to sports recommendations need 
to be established in the future.

10.2.8  Future Treatment Options

Novel biologic treatment options will be devel-
oped to address these combined injuries. It is of 
utmost importance that a precise analysis of their 
usefulness in the clinical setup will be performed 
in clinical trials afterwards.

10.3  Take-Home Message

A meniscus–cartilage unit exists, which results 
in a defined close relationship between both 
components in the physiological and also in the 
pathophysiological situation. The recom-
mended strategy for treatment of meniscal 
lesions is to “preserve as much meniscus as 
possible”. Focal cartilage lesions should be 
addressed by regenerative treatment approaches. 
Even in early OA, a significant improvement 
could be achieved. In diffuse osteoarthritic 
joints, regenerative approaches to the cartilage 
still lack clinical improvement, and further 
innovative approaches have to be developed in 
the future.

In most cases, it takes more than meniscus 
and/or cartilage repair to bring a damaged knee 
back into its comfort zone called joint homoeo-
stasis. The hierarchy of treatment (alignment, 
stability, meniscus, cartilage) has to be consid-
ered in every case.

For patients with cartilage defects, as well as 
for patients with meniscus tears, time until return 

to sports differs in dependence of the individual 
pathology and the type of treatment applied. 
Combined pathologies of cartilage and meniscus 
are a challenge for reconstructive surgery in order 
to bring our patients back to work and sport as 
early and safe as possible.
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Osteotomies: Advanced 
and Complex Techniques

Susannah Clarke, Justin Cobb, Martin Jaere, 
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and Ryohei Takeuchi

11.1  3D Planned and Printed 
Patient Matched Osteotomy

11.1.1  Introduction

We started performing precise surgery based 
upon CT plans in the last century – the first 
embodiment of this approach was a robotic assis-
tant built for total knee replacement, the 
“Acrobot” [1]. Abundant evidence now exists to 
confirm that assistive technologies enable sur-
geons to achieve their preoperative goals [2]. The 
concept of planned surgery is therefore not novel. 
Patient-matched instruments share several key 
elements with the robotic platform, and these 
formed the basis of this current project. The 

essential elements include image segmentation, 
planning, and registration. We applied the know- 
how of these dimensions to design and build 
patient-matched guides for a range of tasks using 
biocompatible polymer 3D printers. Having 
established a workflow for arthroplasty, the adap-
tation of the same principles to osteotomy was a 
short step, requiring software to be developed to 
deliver semiautomated useful information regard-
ing limb segment alignment and the shapes of 
bones.

11.1.2  Method

To plan any procedure in 3D, images are acquired. 
Currently, we use CT for the bone model and 
EOS® to confirm both limb alignment and the 
impact of any shortening on the spine and entire 
body (Fig. 11.1). Using CT, the bone can be seg-
mented out semiautomatically, using Hounsfield 
unit thresholds from a low-dose protocol [3]. 
This is rather easier in deformity correction than 
in arthrosis, as the joint spaces are better pre-
served. When segmenting for arthroplasty, in the 
presence of substantial arthrosis, separating out 
bone surfaces can be both tedious and time- 
consuming, as it needs significant human input to 
complete the task.

Having obtained the bone models, the task of 
planning can be semiautomated. We have already 
shown that there is in effect a lookup table of 
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deformity in varus: the supine deformity is 
increased by some 2° on weight bearing and by 
some 2° more in the stance phase of gait [4]. For 
corrective osteotomy of the proximal tibia, for 
instance, we are still exploring the impact of cor-
rection on gait, and our current understanding is 
less than ideal, especially when there is some 
chondral loss. So, as a group we do not support 
the “Fujisawa” point; instead we support offering 
the surgeon the option to correct alignment as 
much as he or she chooses, with correction to 
neutral alignment an option or any variant of this. 
Having undertaken less than 50 corrective oste-
otomies using full 3D planning, as a group we 
still are less than confident in how much correc-
tion is optimal for any one case.

In posttraumatic deformity correction, the task 
is somewhat simple. In general, the aim is simply 
to restore to the pre-fracture state. Using a Matlab 

script written by one of the coauthors (SJC), the 
good leg is simply flipped onto the bad leg, match-
ing the larger bone segment. This allows the sur-
geon to appreciate the extent of the problem.

The deformity is then analyzed. In general, 
there is always a degree of rotation and transla-
tion, with the rotation always being “out of plane” 
of either an anteroposterior (AP) or a lateral pro-
jection, and the translation usually includes some 
substantial shortening. The exact extent of these 
angles and translations are provided semiauto-
matically with the other limb for comparison 
(Fig. 11.2). After describing the extent of the 
shortening and rotation, the planner then “sim-
ply” corrects the distal segment and chooses a 
plane for the correction that allows the bone seg-
ments to slide and rotate, restoring medullary 
continuity so that intramedullary fixation is an 
option at least (Fig. 11.3).

Fig. 11.1 Anteroposterior and lateral radiographs for assessment of limb alignment (left) and 3D model of EOS® imag-
ing for preoperative planning (right)
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a

b

Fig. 11.2 (a–c) Preoperative analysis and planning steps

c
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b

Fig. 11.3 (a–h) Operative technique and parts list

S. Clarke et al.



133

c

d

Fig. 11.3 (continued)
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e

f

Fig. 11.3 (continued)
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g

h

Fig. 11.3 (continued)
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Guide design is generic in some features, so it 
can be semiautomated. Two elements need con-
sideration: multipoint registration and soft tissue 
access. Ideally, subcutaneous features distant to 
the osteotomy are employed to improve gross 
positioning. Local features are also used, over as 
large an area as is practicable. Finally, fluoro-
scopic control is used to confirm positioning 
(Fig. 11.4).

Implant selection can be made during plan-
ning: the exact length of the fixation device and 
the exact screw lengths can be predicted with 
confidence, reducing the opportunity for error in 
screw length selection. Detailed planning of sizes 
at this stage reduces the cost and duration of the 
procedure by ensuring that exactly the right size 
components are ready beforehand.

Intraoperatively, both the detailed plan and the 
instruments provided for 3D planned corrective 
osteotomy reduce the level of anxiety consider-
ably. At operation, the soft tissue access is of 

major importance. Inevitably, considerable 
manipulation of the bone fragments and the over-
lying muscle takes place, so an extensile approach 
should be considered and care taken to release 
any tethering of muscle or fascia before osteot-
omy and correction. We use infiltration of local 
anesthetic and do not employ a tourniquet.

11.1.3  Results

Since 2012, we have undertaken 49 corrective 
osteotomies. Eight of these have been combined 
osteotomies and arthroplasties. Two have com-
bined a corrective osteotomy and total knee 
arthroplasty, while six have included a partial 
knee replacement. Two infections have occurred, 
both in soldiers who had sustained battlefield 
wounds. Both osteotomies have gone on to union. 
One plate has broken, requiring exchange for an 
intramedullary rod, and both of the distal tibial 
corrective osteotomies have united but only after 
considerable time. One of these, a rotational and 
lengthening osteotomy, required 4 months of 
exogen to ensure union.

11.1.4  Conclusion

3D planned and printed osteotomy is now an 
established methodology. By investing in detailed 
planning, the intraoperative process is simplified 
substantially, and the clinical outcomes are 
encouraging. The project has enabled some very 
complex reconstructions, and by automation, the 
time taken to produce a plan has fallen steadily.

11.2  Minimally Invasive 
Osteotomies Around 
the Knee

11.2.1  Introduction/Historical 
Background

Osteoarthritis is a very common cause of knee 
pain. It affects high percentages of patients above 
60 years of age [5] but is also seen in younger 

Fig. 11.4 Fluoroscopy for confirmation of positioning
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patients as a result of different etiologies includ-
ing rheumatoid arthritis, a genetic predisposition, 
poor cartilage quality, or obesity.

In addition, mechanical malalignment is widely 
accepted as a major source of osteoarthritis. 
Numerous studies have shown that at least 30% of 
the male population and almost 20% of the female 
population have a lower limb malalignment of 
more than 3° [5–7]. Regardless of the underlying 
cause of this malalignment, it then secondarily 
leads to high pressure loads and peak load areas 
resulting in mechanical abrasion. The patient then 
enters a vicious circle of progressive cartilage loss 
and worsening malalignment [8–11].

It is widely accepted that the best way of 
realigning and treating malalignment is with an 
osteotomy performed around the knee. Depending 
on the malalignment in the coronal plane, varus 
or valgus corrections can be achieved by open or 
closed-wedge osteotomies, which can be carried 
out laterally or medially at the level of the femur 
or tibia.

Regardless of the type of osteotomy, the aim is 
to correct the malalignment by changing the 
weight-bearing line and shift the peak load areas 
[12]. Recently, more attention was paid to the ori-
entation of the joint line in relation to the Mikulicz 
line to restore the kinematic alignment profile [5, 
13, 14]. To avoid creating a new deformity and 
malalignment of the joint line orientation, proper 
analysis is mandatory [15–17]. Having carried 
out the deformity analysis, it is not uncommon to 
find that there is a degree of deformity in both the 
distal femur and proximal tibia. And it is the 
experience of our unit and other centers [14] that 
the best results can be achieved by making the 
corrective realignment procedure at the level of 
the osteotomy. That, in many cases, is in both the 
distal femur and the proximal tibia with a double 
osteotomy. Though newer techniques of high 
tibial osteotomies (HTO) led to superior results, 
HTO and distal femoral osteotomy (DFO) are 
still considered to be difficult procedures with 
high potential risk in terms of complications [18, 
19]. In the case of HTO, the number of recent 
outcome papers is low, and these are mostly 
based on historical techniques with relatively 
poor outcome long term [20, 21]. Again, in DFO 

surgery the procedure is considered technically 
challenging with higher complication rates, 
although a meta-analysis did not reveal support-
ing evidence [22].

It is now widely accepted that there is at least 
a 20% dissatisfaction rate with total knee replace-
ment (TKR) surgery. There are also limitations of 
what can be achieved with a TKR, and we always 
need to have a plan “B” in the event of failure and 
think about the next procedure in an ever-aging 
population with high demands. In spite of this, 
this procedure is increasingly performed [23]. 
Paradoxically, osteotomy yields excellent results 
[19, 24, 25]; however the number of osteotomies 
carried out is decreasing. This could be explained 
by the feeling that these procedures are consid-
ered to be difficult and high risk. Furthermore, 
the shift to joint replacement surgeries over the 
last decades has been encouraged by the industry, 
and at the same time, we have seen relatively few 
centers of excellence and training initiatives for 
osteotomy surgery.

Taking that into consideration, there has been 
a need to adopt the recent major advantages of 
osteotomies around the knee and simplify the 
procedures to make them more reproducible and 
less traumatic.

11.2.2  State-of-the-Art Treatment/
Biomechanical Problems HTO 
and DFO

One of the problems in a review of the literature 
of osteotomy surgery is the vast number of het-
erogeneous treatments and techniques that have 
been reported. As a result, there is a strong need 
to define a surgical standard that needs to be 
reproducible in terms of indication, planning, 
execution, and teaching. At the moment, the only 
standardized teaching and techniques to meet 
these criteria for osteotomy are those recom-
mended by the Joint Preservation Expert Group 
(JPEG) of AO.

Correcting the tibia is achieved by medial 
open or closed-wedge technique for valgus or 
varus deformity. The more reproducible and 
accurate approach for high tibial osteotomy  

11 Osteotomies: Advanced and Complex Techniques



138

surgery is to carry out a medial opening wedge 
procedure of the proximal tibia. Unlike the lateral 
closing wedge technique, where there is a risk of 
common peroneal nerve injury, a need to perform 
a fibula osteotomy and more soft tissue dissection 
to the lateral compartment, the medial approach 
involves minimal soft tissue dissection, signifi-
cantly less risk of neurovascular damage, and the 
open wedge approach allows “fine-tuning” of the 
osteotomy [26, 27].

For femoral malalignments, routinely closed- 
wedge osteotomies (either medially or laterally) 
are performed to correct coronal plane deformi-
ties. The distal femur shows different biome-
chanics than the proximal tibia. The surface at the 
level of the osteotomy is smaller on the femoral 
side. There is no natural “hinge-preserver” such 
as the fibers of the proximal tibiofibular joint in 
the area of the safe zone [28, 29], and the lever 
arm of the DFO is longer. As a result, DFO is 
inherently more unstable. To help with this prob-
lem of potential instability, we recommend, as a 
routine, that a proximal biplane second cut is 
made to provide more stability and also to help 
with the healing process [30, 31].

The biplanar technique for DFO and HTO 
(Fig. 11.5) has numerous advantages. Geometrically 

the volume of the osteotomy is reduced, the oste-
otomy can be performed closer to the metaphysis 
with better bone healing, and there is an inherent 
higher axial stability, protection against the poten-
tial issue of malrotation, and an option for reduc-
tion in case of a hinge fracture [27, 30, 31].

These biplanar techniques, along with angle- 
stable plate fixators, reproducibly showed very 
good midterm results and patient satisfaction [19, 
32, 33]. A further technical advancement has 
been the introduction of a minimally invasive 
(MIS) approach to both, the proximal tibia and 
distal femur, which has been the standard in our 
department for the last 2 years.

11.2.3  MIS Technique/Future Options

The MIS biplanar technique we have developed 
is less invasive but still allows the procedures to 
be carried out safely in experienced hands. The 
key is to make the incision at the right location to 
allow optimal visualization (Fig. 11.6). This inci-
sion allows a window to be created, and like any 
MIS technique, this window is moved as is 
required. With increasing surgical experience in 
osteotomy surgery, it is possible to bring down 

Fig. 11.5 Biplanar 
osteotomy at the distal 
femur (DFO) and the 
proximal tibia (HTO)
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the incisions to less than 4 cm for DFO and 
HTO. We do not advocate this technique for less 
experienced osteotomy surgeons at the start of 
their learning curve and would suggest a stepwise 
progression toward the MIS technique as the sur-
geon gains experience and confidence.

MIS in medial open wedge HTO is linked to 
the incision length. As there is no critical structure 
in the approach up to the MCL, MIS doesn’t help 
to reduce the surgical trauma. But taking into con-
sideration that osteotomy patients undergo revi-
sion surgery, the surgical pathways need to be 
planned thoughtfully. The skin bridge between 
two proximal tibial incisions should at least be 
5 cm [34]. An incision shorter than that can be 
considered noncritical. Substantial change with 
the MIS approach is the direction of the incision, 
which at the distal end is medial to the tibial 
tubercle and goes slightly obliquely to the level of 
joint line and no longer to the posteromedial cor-

ner. The two osteotomy cuts need to be performed 
sequentially in a window-shift technique so as the 
placement of the drill sleeves being used for the 
plate fixator in the proximal part. The shaft screws 
are placed through a single- stab incision.

For the DFO procedure, the MIS approach 
moved significantly from a long median incision 
to a medial or lateral 4 cm incision at approxi-
mately 4 cm above the epicondyles. At the medial 
side, the fascia of the vastus medialis is then 
incised and longitudinally split. Blunt dissection 
around the muscle is performed to the dorsal cir-
cumference. At the lateral aspect, the upper border 
of the iliotibial band needs to be identified and 
divided in a longitudinal way. Care is to be taken at 
the distal parts around the vastus lateralis as 
branches of the lateral ascending genicular artery 
penetrate the intermuscular septum. These either 
need to be ligated or coagulated. From there, it is 
possible to lift the vastus medialis or lateralis to 
gain access to the medial or lateral intermuscular 
septum, which is then incised close to the femur. 
The key is to dissect the posterior aspect of the 
femur. That has to be revealed, and this can be 
done minimally invasively without lifting the 
whole muscles at each side. By doing so, there is 
minimal compromise to the  vascularity of the area. 
It has been shown that conventional plating, when 
compared to MIPO (minimal invasive plate osteo-
synthesis), causes limitations for periosteal and 
bone marrow perfusion, leading to compromised 
osteotomy consolidation [35–37]. Performing the 
osteotomy and applying the plate like in HTO is 
achieved by window shifting. The placement of 
the shaft screws is also done by stab incision. To 
establish a safe portal with limited damage to the 
muscle, a cannula is placed in the stab incision. 
Following these MIS principles, in our hands sur-
gical trauma has been reduced. Following defor-
mity analysis, we have found significant numbers 
of varus patients with femoral deformity. Up to 
20% of our varus deformities are located in the 
distal femur and are treated by lateral closing 
wedge DFO surgery. In conclusion, femoral oste-
otomy procedures are currently not carried out in 
sufficient numbers. Where appropriate, osteotomy 
needs to be performed in the femur and not always 
carried out in the tibia for varus deformity. The 

Fig. 11.6 Incisions for conventional (red) and MIS (blue) 
technique
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same is true in valgus deformity, where a signifi-
cant number of patients have a deformity in the 
tibia as opposed to the femur, and therefore this is 
where the osteotomy should be carried out to pre-
vent the procedure from creating an oblique joint 
line and a new deformity. In recent times, attention 
has been paid to the orientation of the joint line, 
along with the postoperative correction of the 
weight- bearing line [5, 14, 38]. From a dynamic 
perspective, the knee medializes during gait. This 
leads to a horizontal joint line orientation, when 
the joint line is medially inclined in stance. As a 
consequence, altering the MPTA to abnormal val-
ues to correct the weight-bearing line might lead to 
disturbed kinematics. Though at present there is 
no scientific evidence, our threshold for a postop-
erative MPTA is 93°. It is important to understand 
that the femur is decisive for joint line orientation. 
If the desired correction cannot be achieved within 
reasonable values for mLDFA and/or MPTA, we 
tend to plan a DLO (double- level osteotomy).

11.2.4  Take-Home Message

Biplanar osteotomy with angle-stable plate fixators 
produces excellent results when carried out for the 
right indications. As our understanding of malalign-
ment, planning and execution of osteotomy surgery 
has evolved, the vast majority of the technical chal-
lenges of the past have been largely solved. Having 
said that, this field will continue to develop and 
improve with time. These interesting new concepts 
of correction philosophies have led to controversial 
discussion over the last years and led to promising 
concepts such as the MIS technique and focus on 
joint line orientation. The big challenge of the next 
decades will be to bring osteotomy back to a 
broader surgical society and to establish these 
working concepts as standard treatment pathways.

11.3  Intra-articular Osteotomies

11.3.1  Introduction/Historical 
Background

Osteotomy around the knee was traditionally 
focused on metaphyseal corrections, mainly 

treating deformities in the frontal plane. 
Indications for intra-articular osteotomy may be 
unilateral constitutional deformity, posttraumatic 
intra-articular deformity (Fig. 11.7), and unilat-
eral deformity induced by osteoarthritis. Intra- 
articular osteotomies may be performed by 
hemiplateau osteotomy (wedge type, Chiba type) 
and by plateau osteotomy.

11.3.2  State-of-the-Art Treatment

11.3.2.1  Constitutional Deformities
Constitutional deformities suitable for intra- 
articular osteotomy are Blount disease, Ellis-van 
Creveld syndrome, and also some types of achon-
droplasia. In all these conditions, one tibia plateau 
will be depressed or angulated, causing signifi-
cant axial deformity of the leg. Normal anatomy 
can be restored by the technique of hemiplateau 
osteotomy (Fig. 11.8). An  osteotomy plane is cre-
ated under the involved compartment with the 
hinge point at the borderline to the intact part of 
the tibia plateau. A wedge-type fragment is thus 
created, and by opening the osteotomy plane, cor-
rection is achieved. The gap is usually filled with 
an autologous bone graft from the iliac crest, and 
fixation is achieved by a locking plate [39].

The technique of open wedge hemiplateau 
osteotomy allows to restore the joint line but does 
not interfere with any metaphyseal deformity the 
patient may have in addition. In this case, the 
intra-articular osteotomy may be combined with 
a typical extra-articular osteotomy in the metaph-
yseal area, or the correction has to be planned in 
two stages [40].

11.3.2.2  Posttraumatic Intra-articular 
Deformities

Intra-articular Osteotomy
Intra-articular fractures may result in malunions, 
and intra-articular deformities are commonly seen 
after tibial plateau fracture treatment. A certain 
percentage of cases may be suitable for hemipla-
teau osteotomy. However, the defect of the joint 
surface may be irregularly shaped due to depressed 
osteochondral fragments. In this situation, a direct 
intra-articular osteotomy may be used, elevating 
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a b

c d

Fig. 11.7 (a–h) Intra-articular osteotomy. The images 
show a 34-year old patient after ORIF of bicondylar tibial 
plateau fracture (a and b). At 8 months, CT reveals a 
pseudarthrosis (c), with an articular step of 1 cm (d). 
Treatment included removal of medial hardware, mobili-
zation of the pseudarthrosis (prone position, posterome-

dial approach), open reduction, fixation with posterior 
plate, and use of autologous bone graft from the posterior 
iliac crest. Postoperative radiographs (e and f) and after 
9 months (g and h) are shown. The patient is now pain- 
free and is able to go mountain hiking without problems
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the depressed fragments and thus recreating the 
initial fracture situation. A specific extended 
exposure of the tibia plateau is mandatory to 
allow the surgeon to work under direct vision, and 

autologous bone grafts as well as locking plates 
are used to support the elevated areas. Again, this 
intervention can be combined with a metaphyseal 
osteotomy to correct an additional deformity [40].

e f

g h

Fig. 11.7 (continued)
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Osteochondral Grafting  
and Metaphyseal Osteotomy
Open reduction and internal fixation may lead to 
necrosis of the osteochondral areas involved. In 
these defect situations, a reconstruction with 
local tissue is not possible any more. Fresh solid 
allogenic osteochondral grafts can be used to 
substitute for the defect if available. Such grafts 
are not available in our country, and we use a 
shaped cortico-cancellous graft from the iliac 
crest instead. The periosteal part of this graft 
faces the joint cleft. This graft is shaped individu-
ally to the defect for press fit; residual defects are 
filled with cancellous bone grafts. A locking 
plate can be used to support the graft by rafting 
screws. The overall alignment in the frontal plane 
has to be corrected, and any overload of the graft 
requires an additional metaphyseal osteotomy.

Intra-articular Osteotomy 
for Osteoarthritis of the Knee
Metaphyseal osteotomy around the knee is not 
recommended for patients with normal long 

bone configuration but gross intra-articular 
defects. An extra-articular correction of align-
ment will lead to an abnormal orientation of 
the joint line, creating shear stress on the 
 cartilage. However, by elevating the involved 
side, the instability of the joint and the imbal-
ance may be eliminated. This concept of intra-
articular osteotomy in osteoarthritis was 
developed in Japan by Chiba (TCVO, tibia 
condylar valgus osteotomy) (Fig. 11.9). 
Medium-term results show patient benefit at a 
level of arthroplasty [39].

11.3.3  Future Treatment Options

Advanced digitizing and modelling technology 
will be helpful in planning of intra-articular 
osteotomies. PSI techniques will allow for indi-
vidualized osteotomies based on advanced plan-
ning programs. Robotic technology may aid the 
surgeon to make individual grafts for large 
defects.

Fig. 11.8 Principle of 
hemiplateau osteotomy
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11.3.4  Take-Home Message

Preservation of the knee joint is possible in many 
cases of intra-articular defects or posttraumatic 
malunion. The clinical results in appropriate 
selection are superior compared with arthroplasty 
which has a significant risk profile. Key points 
are restoration of the joint line and correction of 
any frontal plane deformity causing overload of 
the involved compartment.

11.4  Osteotomies for the Cruciate 
Deficient Knee

11.4.1  Anatomy and Biomechanics 
of Slope

In addition to stability imparted by ligamentous 
and soft tissue structures about the knee, the tib-

iofemoral joint articular surfaces contribute sig-
nificantly to stability of the knee joint. In addition 
to coronal alignment, posterior tibial slope (PTS) 
plays a critical role in both the sagittal and rota-
tional stability of the knee.

Generally, tibial slope is measured on the lat-
eral radiograph and is defined as the angle 
between a line drawn parallel to the tibial plateau 
and a line along the longitudinal axis of the tibial. 
Conventionally, the line is drawn along the 
medial tibial plateau, but it is becoming more evi-
dent that the lateral tibial plateau slope is critical 
to the kinematics of the knee as well.

A wide range of tibial slope has been proposed in 
the literature. Although tibial slope varies between 
individuals, posterior tibial slope is generally 
accepted to be within the range from 6° to 11° in the 
sagittal plane, and it is generally believed to be 
pathologic if it is ≥12° [41–43]. This slope results in 
a shear force when compressive load is passed 
through the joint, which results in an anterior transla-
tion moment of the tibia relative to the femur [44, 
45]. This anterior shift tends to be most pronounced 
with the knee in full extension and decreases with 
flexion of the knee. Furthermore, axial compressive 
load results in a proximal and anterior force, as a 
result of posterior tibial slope [46].

Osteotomy shifts the contact pressures and 
resting position of the tibia with respect to the 
femur, with an increase in the slope moving the 
resting point posterior and a decrease in the slope 
moving the point anterior. Thus, these changes 
can help biomechanically overcome PCL- and 
ACL-deficient knees, respectively [46]. While 
altering the slope in a ligament-intact knee may 
not significantly alter contact pressure of the 
femur on the tibia, altering tibial slope in a 
ligament- deficient knee can significantly increase 
the contact pressure of the knee. An increase in 
tibial slope of 5.5° will move the contact pressure 
up to 24% posteriorly [47].

11.4.2  High Tibial Osteotomy 
for the ACL-Deficient Knee

While the anterior cruciate ligament (ACL) is the 
main restraint to anterior translation of the tibia, 

Fig. 11.9 Principle of tibial condylar valgus osteotomy 
(TCVO/Chiba)
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malalignment of the extremity can leave an indi-
vidual susceptible to ACL injury, as well as affect 
the stability of the ACL-deficient knee. Two pat-
terns particularly exacerbate instability, as well as 
the rate of arthritic change in the ACL-deficient 
knee: osseous varus malalignment with medial 
compartment wear and increased tibial slope [48].

Increased tibial slope of both the medial and 
lateral plateaus has been shown to be a significant 
risk factor for ACL ruptures [49–55]. In conjunc-
tion with a natural posterior slope to the tibial 
plateau, the absence of the ACL results in ante-
rior translation of the tibia with respect to the 
femur [56]. However, altering the tibial slope sig-
nificantly changes the amount of anterior transla-
tion of the femur [46], with every 10° increase in 
posterior slope being associated with between a 
3–6 mm increase in anterior translation of the 
tibia [44] and an increase of 4–5° resulting in a 
2–3 mm increase in anterior translation [46].

Posterior tibial slope also appears to play a 
role in the rotational stability of the knee. 
Increased tibial slope is associated with increased 
Lachman and higher-grade pivot shift testing, 
and decreasing the slope is associated with 
increased rotational stability of the knee with 
decreased grade pivot shift, but no change in 
Lachman test [57, 58].

In conjunction with being intimately related to 
the stability of the knee, increased tibial 
slope ≥13° also puts increased stress on the 
medial compartment and leads to an increased 
risk of medial meniscus tears in the context of an 
ACL-deficient knee [59].

When comparing lateral closing-wedge 
(LCW) with medial opening-wedge (MOW) 
HTO in the ACL-deficient knee, LCW has shown 
to more reproducibly neutralize the posterior tib-
ial slope and decrease anterior tibial translation 
in the context of ACL-deficiency, and, although it 
can also more often be associated with external 
tibial rotation and lateral patellar tilt, it may more 
significantly alter patellofemoral mechanics [60].

Generally, in ACL-deficient knees with varus 
alignment deformities, single-stage ACL recon-
struction and HTO has demonstrated to be a reli-
able operation with good to excellent outcomes at 
long-term follow-up [61–63]. However, others 

argue that it may be prudent to stage HTO first 
and only perform the second stage of ACL recon-
struction 6–12 months following surgery if insta-
bility persists. Especially in older patients, HTO 
alone can be an excellent, reproducible treatment 
option [64].

11.4.3  Deflexion Osteotomy for ACL 
Without Coronal Adjustment 
(Dejour)

There may be a role of HTO in the setting of 
appropriate coronal alignment of the knee. Dejour 
et al. recommend considering a deflexion osteot-
omy without coronal plane adjustment for patients 
with two or more failed ACL reconstructions and 
a pathologic tibial slope (generally ≥12°). In 
order to perform this technique, an anterior longi-
tudinal incision is made just medial to the tibial 
tuberosity, with elevation of the soft tissues poste-
rior to Gerdy’s tubercle. Osteotomy is recom-
mended from the superior margin of the patellar 
tendon insertion and directed in an inferior direc-
tion, in order to avoid involving the tibial tubercle 
in the osteotomy. A second cut is made parallel to 
the joint line up to the posterior tibial cortex, 
which is then wedged for a goal slope of between 
3° and 5° distally, with 1 mm of opening being 
equivalent to 1° of slope. Excellent results were 
reported at 4 years in conjunction with ACL 
reconstruction, with no revisions required and no 
postoperative complications, and only two of nine 
patients develop worsening in osteoarthritis at 
final follow-up [41]. An anterior closing wedge 
osteotomy, which involves the tibial tubercle, is 
also described. Although PTS was only improved 
from 13.6° preoperatively and 9.2° postopera-
tively in their series, they report excellent clinical 
outcomes at final follow- up [65].

11.4.4  High Tibial Osteotomy 
for the PCL-Deficient Knee

While decreasing the tibial slope can help 
improve the position of the tibiofemoral joint in 
the ACL-deficient knee, the converse is true in 
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the PCL-deficient knee. Patients with PCL defi-
ciency lack a restraint to posterior translation of 
the tibia on the femur. The degree of sag is related 
to the grade of PCL lesion, with grade I being 
1–5 mm, grade II being 5–10 mm, and grade III 
being >10 mm. With loading, the change in rest-
ing position results in abnormal kinematics at the 
knee joint, which, over time, leads to increased 
strain and injury to the meniscus and wear due to 
higher contact pressures, especially in the ante-
rior medial compartment [66, 67]. Furthermore, 
the posterior sag of the tibia can also result in 
osteoarthritic changes in the patellofemoral joint, 
particularly the lateral facet, with contact pres-
sures in this joint increasing up to 16% [67].

PCL deficiency results in a posterior shift of 
the tibial resting position of about 8.4 mm at 90° 
flexion compared with a normal knee [68], which 
clinically manifests as posterior sag. However, 
slope altering osteotomy can help normalize con-
tact pressures. By increasing the tibial slope from 
9° to 14°, resting position is moved anteriorly 
4 mm at 90° flexion and moves further anteriorly 
with axial compressive load [68]. As a result, 
load is transferred in a more anatomic nature with 
increased slope in the PCL-deficient knee, despite 
the absence of ligamentous stability.

Traditionally, closing wedge lateral HTO and 
dome osteotomies are thought to provide minimal 
opportunity to decrease the tibial slope [69], so 
medial opening wedge high tibial osteotomy has 
become the mainstay of treatment for PCL- deficient 
knees. The degree of correction in the sagittal plan 
can be evaluated by measuring the gap created by 
the osteotomy. It is important to consider that the 
shape of the proximal anteromedial tibia cortex is 
triangular and intersects the posterior cortex at 
about 45°, while the lateral tibial cortex is nearly 
perpendicular to the posterior tibia. As a result, an 
equal anterior and posterior osteotomy gap results 
in an increased slope, while slope does not change if 
the anterior gap is smaller than posterior [70]. Thus, 
for every 1 mm increase in the anterior gap, the pos-
terior slope increases by about 2° [71].

Opening wedge HTO in the varus PCL- 
deficient knee has been shown to provide good 
clinical outcomes. Generally, the recommenda-
tion for varus PCL-deficient knees is to perform 

the osteotomy alone and only proceed with liga-
mentous reconstruction after 6–8 months if there 
is continued instability following corrective oste-
otomy [72]. However, further long-term studies 
are needed to truly evaluate the relationship 
between this treatment method and prevention of 
the progression of osteoarthritis.

11.4.5  Double and Triple Varus Knee

In order to classify abnormalities of instability 
and alignment of the knee, Noyes et al. created the 
terminology for primary varus, double varus, and 
triple varus. Primary varus is simply the varus 
osseous anatomy of the tibiofemoral joint, such as 
occurs with medial meniscectomy or medial com-
partment degenerative wear. Double- varus align-
ment occurs with the combination of varus 
tibiofemoral osseous alignment in combination of 
insufficiency of the lateral soft tissues of the knee, 
including the posterolateral ligament complex. 
Triple varus of the knee occurs when increased 
external tibial external rotation and hyperexten-
sion of the knee (varus recurvatum) is found in 
conjunction with the varus osseous alignment of 
the knee and insufficiency of the lateral soft tis-
sues. This is often found with a significant varus 
thrust with gait [73, 74]. Furthermore, chronic 
triple varus is often found in conjunction with 
medial compartment posteromedial wear, due to 
chronic anterior subluxation of the tibia [75].

Much like in the PCL-deficient knee, tibial 
slope plays a critical role in stability of the triple 
varus knee, but it may not fully restore rotational 
stability. The literature demonstrates that com-
bined sectioning of the PCL and PLC results in a 
10.5 mm increase in posterior drawer, 15.5 mm 
increase in dial test at 30°, and 14.5 mm increase 
in dial test at 90°. Increasing the posterior slope 
by 5° tends to reduce translation by about 3 mm 
but does not have a significant impact on rota-
tional stability when assessed by dial testing [76].

In the case of double or triple varus, HTO 
should always be performed before ligamentous 
reconstruction, and consideration should be given 
to wait 6–8 months to reliably evaluate the degree 
of instability imparted by the soft tissue injury. 
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Long-term varus stress, the stretched lateral 
structures, and proper tensioning of the soft tis-
sues require the changes to the osseous anatomy 
to be performed first [74].

11.4.6  Take-Home Points

 1. Posterior tibial slope is generally accepted to 
be within the range from 6° to 11° in the sagit-
tal plane, and it is generally believed to be 
pathologic if it is ≥12°.

 2. High tibial osteotomy can be utilized effec-
tively for management of the ACL-deficient 
knee, with or without ACL reconstruction. 
Care should be paid to the PTS, with slopes 
≥12° being an indication for altering slope.

 3. Opening wedge HTO is generally preferred 
for PCL-deficient knees, due to a favorable 
ability to increase tibial slope. Slope should 
be normalized, and with every 1 mm increase 
in the anterior gap, the posterior slope 
increases by about 2°.

 4. PCL deficiency can be found in conjunction 
with PLC injuries resulting posterolateral 
instability, defined as triple varus (osseous 
varus, incompetence of lateral soft tissues, 
external rotation, and hyperextension due to 
absence of PCL).

 5. In the absence of coronal deformity, sagittal 
correction of tibial slope with a deflexion 
osteotomy should be considered in multiple 
failed ACL reconstructions with pathologic 
tibial slope ≥12°.

11.5  Simultaneous Bilateral High 
Tibial Osteotomy With Early 
Full Weight-Bearing Exercise

Many patients with osteoarthritis of the knee 
have symmetrical involvement and thus require a 
bilateral operation. Commonly, two-stage high 
tibial osteotomy has been performed during the 
same or in separate hospitalizations. Although 
simultaneous bilateral total knee arthroplasty is a 
common procedure these days, there is little 
report of simultaneous bilateral HTO. Because 

bone union takes a long time after conventional 
closed-wedge HTO surgery, patients are restricted 
from weight bearing for an extended period. 
However, development of open wedge HTO 
(OWHTO) and hybrid closed-wedge HTO 
(hybrid HTO) realized simultaneous bilateral 
HTO safely. The advantages of an HTO simulta-
neously performed for both knees in one opera-
tion with a single administration of anesthesia 
include the shortening of the hospitalization 
period, reduced costs, and lower anesthetic risks. 
Optimal postoperative rehabilitation following 
simultaneous bilateral HTO also allows early full 
weight bearing without any support, which can 
prevent the aggravation of osteoporosis and 
dementia. In OWHTO, combination of using 
beta-tricalcium phosphate (β-TCP, porosity of 
60%) wedges and angle-stable plate fixation 
improved initial stability [77]. In hybrid HTO, a 
novel technique and new plate system realized 
early full weight bearing [78].

11.5.1  Postoperative Rehabilitation

The day after surgery, all patients are permitted 
standing exercise with full weight bearing, range 
of motion, and also muscle strengthening exer-
cises are started actively and passively. Two days 
after surgery, partial weight bearing starts with 
the use of parallel bars. One or 2 weeks after sur-
gery, every patient is allowed full weight bearing 
with or without a small cane according to their 
knee pain. From 3 to 6 months after surgery, 
patients are permitted to engage in sports activi-
ties. However, in OWHTO, rehabilitation sched-
ules will be changed if an unstable type of lateral 
hinge fracture happens during surgery.

11.6  Open Wedge High Tibial 
Osteotomy for Spontaneous 
Osteonecrosis of the Knee

Spontaneous osteonecrosis of the medial condyle 
of the knee (SONK) occurs often in middle-aged 
patients and appears unilaterally in the medial 
femoral condyle of the knee. The clinical presen-
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tation of SONK includes the sudden onset of 
acute severe pain in the knee, which generally 
worsens at night.

11.6.1  Surgical Technique

Intra-articular procedures were performed 
arthroscopically. Damaged cartilage tissue was 
removed completely, the SONK lesion was curet-
ted, and drilling of the necrotic area with a 
Kirschner wire of 1.6 mm was then performed. 
After that, OWHTO is performed and fixed with 
an angle-stable plate [79].

11.6.2  Treatment for SONK

SONK is a rare disease of the adult knee that was 
first described by Albäck in 1968 [80]. Various 
causes have been proposed for this disease, includ-
ing an insufficiency fracture, a microfracture of 
the subchondral bone, degeneration of the menis-
cus, and vascular insufficiency in the distal femo-
ral condyle [81, 82]. However, the precise etiology 
remains unknown. The incidence of SONK is also 
unknown, but the involvement of the knee has 
been reported to be approximately 10%. The clini-
cal manifestation of SONK commonly includes 
the sudden onset of acute and severe pain which is 
frequently worse during the night and at rest. The 
clinical symptoms of SONK present typically in 
middle-aged and elderly patients as mild synovitis, 
mild effusion, and a minimal loss of range of 
motion [83]. These symptoms can therefore be dif-
ficult to distinguish from intra-articular diseases 
such as OA and meniscal tears.

Treatments for SONK, including conservative 
therapies, have been developed and most involve 
surgery. Some clinicians have advocated joint- 
preserving surgical procedures, such as core 
decompression and arthroscopic debridement, 
and reported that these procedures were success-
ful in the early stage (no condyle collapse, no 
osteoarthrosis). There are other treatment options, 
such as unicompartmental knee arthroplasty 
(UKA) and total knee arthroplasty (TKA) for 

patients with severe osteoarthritis (Koshino’s 
stage IV).

Aglietti et al. have reported that, in a cohort 
of 31 knees with SONK treated by HTO, 87% 
of the patients had a satisfactory evaluation 
with an average follow-up period of more than 
6 years and that the ideal postsurgical FTA is 
170° (10° anatomical valgus) [81]. Koshino 
et al. have reported that bone grafting or drill-
ing into the necrotic lesion is effective in pro-
moting healing in cases of osteonecrosis and 
recommend that surgical treatment is most 
effective when undertaken prior to the onset of 
osteoarthritic changes [83].

SONK is an acute disease whereas OA is a 
chronic disorder. Hence, the normal function of the 
knee, including range of motion of the knee joint, is 
not impaired in patients suffering from SONK as 
opposed to cases of osteoarthritis. Maintenance of 
a good range of knee motion is one of the most 
important considerations following knee surgery. 
However, there are currently few reports that 
describe the range of motion of the knee and carti-
lage regeneration in detail after a joint preservation 
surgery, HTO, for the treatment of SONK.
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12.1  Introduction

Acute patella dislocation makes up 2–3% of all acute 
knee injuries, with a higher incidence in younger and 
athletic patients [1–3]. Risk of re- dislocation follow-
ing first-time injury is 17–49% [2], rising to 44–71% 
in patients younger than 20 years [1, 3].

The stability of the patellofemoral (PF) joint is 
derived from a combination of local, distant, 
static and dynamic factors. Locally, static stabil-
ity is provided by bone/cartilage geometry and 
ligaments, whilst dynamic stability is primarily 
maintained by the extensor muscles including 
vastus medialis obliquus (VMO) [4, 5].

The principle distant static factors are femoral 
anteversion (normal 5–15°), knee rotation (nor-
mal 3°) and external tibial torsion (25–30°), 
whilst the main distant dynamic factors are the 
iliotibial band complex, hip abductors/external 

rotators and foot malrotation such as excessive 
subtalar joint pronation, which generates a 
dynamic valgus force vector that displaces the 
patella laterally [6–9].

The bone geometry and cartilaginous struc-
tures of the patella and trochlea account for most 
of the patellofemoral joint stability in deeper 
knee flexion. The medial retinaculum consists of 
three distinct layers: investing fascia, medial 
patellofemoral ligament (MPFL) and superficial 
medial collateral ligament (MCL) and deep MCL 
and joint capsule. The MPFL is regarded as the 
primary passive stabiliser of the patella in early 
knee flexion (20–30°) [10]. It guides the patella 
into the trochlear groove and provides anywhere 
between 50 and 80% of the stability required to 
prevent lateral patella displacement [4, 10–12].

The MPFL has femoral and patellar attach-
ments. It is well accepted that the MPFL becomes 
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conjoined with the deep portion of VMO before 
inserting into the upper two thirds of the medial 
patella (Fig. 12.1). However, there has been a lot 
of controversy regarding the femoral attachment 
site [13]. A previous anatomical study by Amis 
et al. in 2003 [14] concluded that the MPFL orig-
inated from the origin of the medial epicondyle 
of the femur. Desio et al. found that the femoral 
origin of the MPFL is 8.8 mm anterior to the line 
continuous with the posterior cortex of the femur 
and 2.6 mm proximal to a perpendicular line at 
the level of the proximal aspect of the Blumensaat 
line [10]. Schöttle [15], in his cadaver study, 
defined a radiographic point representing the 
MPFL femoral attachment. This was described 
on a lateral radiograph, with both posterior con-
dyles projected in the same plane, as 1 mm ante-
rior to the posterior cortex extension line, 2.5 mm 
distal to the posterior origin of the medial femo-
ral condyle and proximal to the level of the pos-
terior point of the Blumensaat line. However, 

McCarthy et al. reported that MPFL reconstruc-
tion using Schöttle’s point does not correlate with 
improved functional outcomes [16].

Recent cadaveric dissections performed by this 
chapter’s first author [13, 17, 18] showed that the 
MPFL attaches to a broad area between the medial 
epicondyle and the adductor tubercle on the femur 
(Fig. 12.2). When the centre of the attachment was 
marked radiologically, it corresponded to a point 
just anterior to the confluence of Blumensaat’s line 
and the curving line off the posterior femoral cor-
tex and posterior to the straight extension line 
from the posterior cortex in a true lateral radio-
graph of the knee (Fig. 12.3). Hence, it could be 
called the confluence point. This radiographic 
point is more than 5 mm distal and posterior to 
Schöttle’s point [17–21] (Fig. 12.4). Interestingly, 
this point corresponds to the instant centre of knee 
rotation. This distinction between Schöttle’s point 
and the confluence point is of paramount impor-
tance; hence, cadaver studies have shown that a 

Fig. 12.1 Cadaveric dissections demonstrating that the MPFL attaches to a broad area between the medial epicondyle 
and the adductor tubercle
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5 mm nonanatomic femoral  attachment, either 
proximally or distally, causes a significant increase 
in medial contact pressures and medial patella tilt 
in flexion and extension, respectively [13]. The 
difference could be attributed to the quality of the 
cadavers and dissection techniques.

The aetiology of patellofemoral joint instability 
(PFJI) is complex and multifactorial. Several abnor-
mal anatomical factors have been identified in 
patients with recurrent patella dislocation, including 

generalised hypermobility (24%) [22], patella 
hypermobility (51%) [22], increased femoral 
 anteversion (27%), core and hip abductor weak-
ness, abnormal knee rotation, trochlea dysplasia 
(53–71%), abnormal Q angle, patella alta (60–66%) 
[23], muscle and soft tissue imbalance, external 
tibial torsion and foot hyperpronation. In a recent 
magnetic resonance imaging (MRI)-based study, 
58.3% of patients had multiple anatomical factors 
associated with recurrent patella dislocation [23].

The foundations for the management of PFJI 
have been laid out by the Lyonnaise school in 
their seminal paper, in which four principle fac-
tors were outlined, based on plain radiographs 
and slice imaging. These factors are patella 
height, patella tilt, trochlear groove-tibial  tubercle 
distance (TT-TG) and trochlear morphology [5]. 

Fig. 12.2 True lateral intraoperative fluoroscopy image 
demonstrating the confluence point prior to drilling the 
femoral tunnel

Fig. 12.3 Cadaveric dissection demonstrating pin mark-
ing details at various insertion points within 5 mm of each 
other to identify the optimum site for the femoral tunnel 
placement

Fig. 12.4 Cadaveric dissection demonstrating the confluence point more than 5 mm distal and posterior to Schöttle’s 
point

12 Patellofemoral Joint Instability: Where Are We in 2018?
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They divided PF disorders into three groups: 
objective patella instability, potential patella 
instability and painful patella syndrome. This 
study by Dejour et al. remains the largest follow-
 up in our literature on surgically treated patients 
with recurrent lateral patella dislocations.

In recent years there has been a renewed inter-
est in PFJI, possibly related to the advances made 
in our understanding of various anatomic and 
dynamic factors that contribute to patella stabil-
ity. The overall management of patella disloca-
tion and instability has been linked with poor 
patient satisfaction, possibly due to a prolonged 
period of conservative treatment and the general 
tendency to delay surgical intervention [3].

12.1.1  Clinical Examination

Detailed clinical history and general hypermobil-
ity assessment by using the Beighton scoring sys-
tem should be carried out. Patella examination 
typically includes the assessment of patella align-
ment (Q angle), height (alta/baja), hypermobility, 
dislocation in extension (reverse J sign), quadri-
ceps function, hamstring tightness, para-patella 
tenderness, patella apprehension, trochlea depth 
in full flexion and PF joint crepitus.

The quadriceps angle (Q angle), first described 
by Brattström [24], represents the angle between 
the vector of action of the quadriceps and patella 
tendons. Traditionally, it is measured using the 
anterior superior iliac spine (ASIS), centre of the 
patella and centre of the tibial tuberosity as ana-
tomical landmarks. With normal values estimated 
between 8 and 17° in males and 12 and 20° in 
females, an increased Q angle is thought to be 
associated with an increased risk of anterior knee 
pain and patella instability [25–27]. However, the 
Q angle has been found to be neither valid nor 
reliable as it can be affected by the anatomical 
points used to record the measurement and 
whether it is measured with a manual or digital 
goniometer [28]. Further, the measurement will 
be influenced by whether the patient is standing 
or supine, the rotation of the limb in relation to 
the pelvis, the degree of flexion of the knee and 
whether the quadriceps are relaxed or contracted 

[27, 29, 30]. Cooney et al. highlighted that the Q 
angle does not necessarily correlate with radio-
graphic measures of patellar alignment (e.g. 
TT-TG). Therefore, Q angle should not be relied 
upon in isolation to identify PFJI [31].

12.1.2  Radiologic Assessment

Patella height is best assessed using a true lateral 
radiograph with the knee flexed to 30° according 
to the method of Caton-Deschamps (i.e. the ratio 
between the distance from the lower edge of the 
patella articular surface to the upper edge of the 
tibial plateau and the length of the patella articu-
lar surface) [32, 33]. A ratio of 1.2 or greater indi-
cates patella alta, which predisposes the patient 
to patella instability due to late engagement of 
the patella in the trochlea as the knee flexes.

Rotational profile computed tomography (CT) 
scans [7] (Fig. 12.5) of the lower limbs in neutral 
rotation, as per Dejour’s method [5], is very help-
ful in objectively assessing many anatomic fac-
tors that may contribute to the stability of the 
patella, such as femoral anteversion, knee rota-
tion, external tibial torsion, tibial tuberosity- 
trochlear groove (TT-TG) distance, patella index, 
patella tilt, trochlea tilt and trochlea depth. The 
normal TT-TG distance is 2–9 mm, and it is gen-
erally accepted that a figure of >19 mm is patho-
logical [34–36]. It is estimated that 42% of 
patients with PFJI have abnormal TT-TG [23]. 
Although TT-TG distance is regarded by many 
clinicians as one of the important measurements 
in assessing patella instability and deciding about 
distal realignment procedures, recent research 
has shown that it is not a decisive element in 
establishing therapeutic choices for instability 
[36, 37].

The TT-TG distance was originally called tib-
ial tuberosity-patella groove (TT-PG) distance by 
Goutallier in 1978 [38]. The TT-PG distance was 
measured in three groups. The first group (n = 16) 
was aged over 65 years and had normal knees, 
the second group (n = 30) was aged under 65, 
suffering from PFJ arthritis, and the third group 
(n = 24) was aged under 65, suffering from patella 
dislocation. This was a descriptive paper on a 
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heterogeneous population. Its methodology 
would have never passed the current stringent 
review process; thus, the TT-TG distance should 
be treated with caution based on this consider-
ation alone. There are several potential problems 
with relying on TT-TG distance in isolation. 
There is a large variation in its normal value 
depending on patients’ size and height. In a small 
person, a 20 mm distance will have a greater 
impact on PFJ kinematics in comparison with a 
larger person, as the TT-TG distance is recorded 
as an absolute distance rather than relative to the 
patient’s knee size. The same values cannot be 
applied to both CT and MRI scans as the osseous 
and cartilaginous geometry of the patellofemoral 
joint frequently differ [39]. In addition, there is 
poor inter-rater reliability; measurement errors of 
3–5 mm have been reported due to the difficulty 
in identifying the deepest point of the trochlea 

and the highest point of the tibial tuberosity, 
especially in dysplastic trochlea [36, 37]. Finally, 
the measurement is very much dependent on 
knee flexion angle and the weight-bearing status 
of the patient. Therefore, TT-TG distance should 
be interpreted with caution during clinical evalu-
ation of patella instability [40].

Trochlear dysplasia has been linked to PFJI 
and was classified by Dejour based on trochlea 
morphology: type A, shallow trochlea; type B, 
flat or convex; type C, hypoplastic medial facet; 
and type D, asymmetrical facets with vertical 
links [41]. It is typically measured on a true lat-
eral radiograph, with the knee flexed to 30°, at 
the point where the trochlear groove crosses 
both condyles, and this “crossing sign” was 
observed in 96% of patients with recurrent insta-
bility and in only 3% of controls [5]. Whilst dys-
plastic knees are correctly identified in the 

a

c

b

d

Fig. 12.5 Rotational profile CT images to demonstrate the multiple anatomical factors involved in destabilising the 
patella, including (a) lateral trochlear tilt, (b) lateral patellar tilt, (c) lateral tibia twisting and (d) femoral anteversion
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majority of the knees, low inter-rater reliability 
has been reported in the correct identification of 
trochlear morphology according to Dejour’s 
classifications [42].

Despite a thorough clinical examination, 
radiographs, MRI and rotational profile CT, it is 
still difficult to quantify patella malalignment 
and malrotation. It is, therefore, recommended to 
use more than one clinical test and radiologic 
measurement to identify the main pathology that 
is causing the PFJI.

12.2  State-of-the-Art Treatment

12.2.1  Acute Patella Dislocation: Cast 
vs Early Immobilisation vs 
Surgery

Acute dislocation has been associated with osteo-
chondral lesions in 49% of patients and with 
MPFL disruption in over 90–100% of patients 
[43–46]. There is high patient dissatisfaction 
after conservative treatment, with 58% reporting 
limitations in strenuous activities 6 months after 
treatment [47] and 55% of these patients failing 
to return to sporting activities. Chronic PFJI and 
recurrent dislocation may eventually lead to pro-
gressive cartilage damage if not treated ade-
quately, and the risk of osteoarthritis (OA) has 
been found to be 35% after conservative treat-
ment [48].

The best treatment of an isolated acute first 
patella dislocation is debatable. It is widely 
agreed that operative intervention is only rec-
ommended when there is evidence of a large 
osteochondral defects. In the past, isolated 
acute first patella dislocation was mainly 
treated conservatively, because older literature 
did not demonstrate any advantage of opera-
tive treatment in terms of re-dislocation rate 
[49–51].

Conservative treatment can take many 
forms, though most authors recommend an 
immobilising splint, cast or orthosis for 
2–3 weeks, followed by physiotherapy focus-
ing on building quadriceps. There is insuffi-
cient evidence to determine if weight-bearing 

restriction is necessary [51–54]. Most of the 
literature that is comparing operative with con-
servative treatment is unreliable due to varia-
tion in the reported surgical intervention. 
Long-term follow-up studies tend to include 
old-fashioned operative procedures that are no 
longer performed.

A recent systematic review and quantitative 
synthesis of literature found that re-dislocation 
rates were lower and short- to medium-term 
clinical outcomes were better after surgical 
treatment of primary acute patella dislocation, 
though no difference was seen in long-term fol-
low-up [49]. A Cochrane review comparing sur-
gical and non- surgical interventions reported 
that patients managed surgically had a signifi-
cantly lower risk of recurrent dislocation fol-
lowing primary patella dislocation at 2–5 years 
follow-up. However, they concluded that ade-
quately powered multicentre randomised con-
trolled trials are needed [55].

Decision-making in management of acute 
patella dislocation, therefore, requires analysis of 
patient-specific instability predictors [56, 57]. 
Balcarek et al. suggested analysis of six parame-
ters to determine the patellar instability severity 
score (PIS-score), which can identify patients 
who would benefit from operative management. 
The parameters are:

 – Age
 – Positive anamnesis of contralateral patella 

dislocation
 – Patella tilt (<20°/>20°)
 – Patella alta
 – TT-TG distance
 – Trochlea dysplasia

Patients with a PIS-score of 4 points or more 
have a higher risk of re-dislocation of the patella 
and, therefore, should receive operative treat-
ment. As of yet, there are no long-term outcomes 
from the use of this classification, but individual 
analysis of patient factors in the decision-making 
process for operative or conservative treatment of 
dislocation and instability appears reasonable 
and is recommended by many experienced 
surgeons.
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12.2.2  Is MPFL Reconstruction 
the Procedure of Choice?

A common current approach to patella stabilisa-
tion for recurrent lateral patella dislocation is 
MPFL reconstruction, for which many different 
techniques have been described [58].

The clinical challenge remains, however, in 
defining when isolated MPFL reconstruction 
(without a bony procedure) would provide con-
sistent surgical success. To answer this question, 
studies are required to include evaluation and 
documentation of preoperative physical exami-
nation and imaging factors and relate these fac-
tors to measured surgical outcomes.

The vast majority of publications on “isolated 
MPFL reconstructions” define a relatively homo-
geneous population without excessive anatomic 
imaging factors that have resulted in successful 
surgical outcomes [59]. Current literature on 
MPFL reconstruction does not allow for strong 
evidence-based surgical decisions for those 
patients with anatomic instability factors above 
the previously established thresholds laid down 
by Dejour et al. [5], primarily due to the lack of 
reporting and/or inconsistent recording of pre- 
and postoperative anatomic variables.

Another barrier to clarity in the clinical 
approach to surgical management of lateral 
patella dislocation is the lack of specificity in 
the imaging measurements that are central to 
our current clinical algorithms. A recent system-
atic search with meta-analysis of MRI measure-
ments revealed a wide range of imaging values 
within both controls and PFJI groups [60]. This 
showed that appropriate abnormality thresholds 
exist for anatomic patella instability MRI fac-
tors within groups of patients classified as hav-
ing PFJI, indicating sensitivity. The wide range 
in the majority of measurements, especially in 
the control group, suggested poor specificity in 
most MRI measurements, indicating that these 
imaging measurements cannot be used in the 
absence of an appropriate history and physical 
examination to discriminate between patients 
with and without PFJI.

The clinical challenge that remains is detailing 
the anatomic thresholds for surgical correction of 

anatomic patella instability factors such as patella 
height, trochlear dysplasia and increased quadri-
ceps vector (e.g. increased TT-TG) and determin-
ing which surgical procedure is most appropriate 
for correction of such factors. The question 
remains as to whether it is necessary to correct all 
identified factors.

The following guidelines are offered:
An ideal candidate for an isolated MPFL 

reconstruction, without bony procedures, should 
have a history consistent with recurrent disloca-
tion and a physical examination demonstrating 
excessive lateral patella translation, with minimal 
or absent pain between episodes of instability 
and a normal or low-grade dysplastic trochlea 
(e.g. type A Dejour classification). There should 
be no radiological evidence of lateral PF load, 
tubercle sulcus angle between 0° and 5° valgus, 
and no excessive patella height (reasonable over-
lap of patella and trochlea surfaces on sagittal 
MRI measured by patella-trochlea index [61]). 
The Caton-Deschamps index up to 1.4 can be 
acceptable, except where there is a very short 
trochlea or significant knee hyperextension.

Where lateral retinacular tightness is present 
on clinical examination with TT-TG less than 
20 mm, lateral retinacular lengthening, with or 
without partial lateral facetectomy, could be rec-
ommended in order to unload the lateral patello-
femoral joint. However, where there is no 
retinacular tightness and TT-TG is more than 
20 mm, medial tibial tubercle osteotomy is 
preferred.

Ultimately, surgical decisions involve a blend 
of imaging and physical examination features, 
combined with patient expectation and surgeon’s 
experience and judgement.

12.2.3  Which Bony Procedure?

A large percentage of patients who suffer from 
PFJI can benefit from soft tissue procedures. 
However, in some patients this is not enough. 
Bony procedures are critical tools to address 
the underlying pathology and to ensure a suc-
cessful outcome. It is clear that, in correctly 
selected patients and after careful technical 
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 considerations, soft tissue procedures can have 
high success rates, and this is evident by the 
variation in outcomes reported in the literature. 
After technical failures, one of the most impor-
tant reasons for failure is often because a bony 
procedure was indicated, and an isolated soft 
tissue reconstruction was not the correct opera-
tion. So when and which bony procedure 
should we perform?

Failure to consider trochlea dysplasia and 
TT-TG is the common reasons for poor outcomes 
in soft tissue stabilisation procedures [62]. Dejour 
taught that it is vital to consider the major risk 
factors in patella instability carefully to plan the 
correct procedures [5].

The key bony procedures for patella instabil-
ity are:

• Trochleoplasty
• Tibial tuberosity osteotomy
• Femoral osteotomy (derotation or angular)

Selecting the correct procedure or combina-
tion of procedures is the key to successfully 
treating these interesting and challenging 
patients [63].

Trochleoplasty surgery, either with a thick or 
thin flap technique, is a very powerful procedure 
to help treat patella instability in patients with 
significant trochlea dysplasia. Typically, this pro-
cedure is indicated in patients who have Dejour 

type B, C or D dysplasia. Usually, these patients 
present in their teens with atraumatic recurrent 
instability, significant apprehension on examina-
tion, easily dislocatable patella and a strongly 
positive J sign. They usually have mild patella 
alta. In Dejour type D, patients can be chronically 
dislocated or have significant patella tilt should 
also be considered for trochleoplasty surgery 
[64, 65]. The published outcomes of trochleo-
plasty in this patient group are promising. Good 
results have been reported with both the thick 
flap and thin flap techniques [66–68]. Dejour 
has reported good results with trochleoplasty in 
the revision setting [69].

Tibial tuberosity osteotomy (TTO) has devel-
oped a bad reputation over the years [70]. This is 
at least in part due to the indications it has been 
used for. The outcome of TTO that is performed 
for treating PFJ pain has been disappointing. 
However, the results of correcting instability are 
good, but often this is associated with increased 
pain and early onset osteoarthritis.

The TTO is usually reserved for patients with 
significant patella alta (Fig. 12.6) (Catton- 
Decamps index >1.3). It has been observed that is 
it rare to find a significantly increased TT-TG in 
the absence of trochlea dysplasia. Therefore, typ-
ically many clinicians use this procedure to dis-
talise the patella only. The excellent work of 
Fulkerson and others have shown that the 
 antero- medialisation osteotomy can yield good 

Fig. 12.6 Tibial tubercle distalisation for patella alta
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results in the cases of increased TT-TG and troch-
lea dysplasia [71, 72]. This is an alternate option 
to trochleoplasty in mild/moderate trochlea dys-
plasia. Medialisation should be performed with 
care to avoid over medialisation as this can create 
a number of chronic problems.

Occasionally, a femoral osteotomy is required 
to address the patella instability. A derotational 
osteotomy is indicated in rare cases with signifi-
cantly increased femur anteversion. It is impor-
tant to assess the rotational profile of patients to 
ensure that this is not overlooked. An angular 
distal femoral osteotomy is occasionally indi-
cated in patients who develop patella instability 
as a result of excessive valgus alignment.

12.2.4  Failed MPFL? What to Do 
Next?

There is no doubt that MPFL reconstruction for 
the treatment of objective patellofemoral dislo-
cation has gained popularity in the last two 
decades. This rise in surgical intervention has 
brought about various complications. Recently, 
several surgical techniques have been described 
with various methods of fixation, knee flexion 
angle at the time of fixation, the choice of the 
graft and the tension which should be applied 
[73–80].

In the current literature, several studies have 
shown how the MPFL reconstruction provides 
significant improvement in patient-reported out-
come measures and a high percentage of return to 
previous activity level [81–84]. However, despite 
its popularity, MPFL reconstruction is not free of 
complications. Indeed, in a systematic review of 
the literature, Shah et al. [85] found an overall 
complication rate of 26.1%, with almost one 
third (32%) of patients reporting recurrent insta-
bility. Meanwhile, the results published by Parikh 
et al. [86] reported complications in 16.2% of 
patients, with approximately half (47%) of them 
due to technical errors.

Almost all the complications could be catego-
rised into two groups: complications that are due 
to an incorrect indication by failing to recognise 
the other risk factors that could have contributed 

to the dislocation and complications due to tech-
nical errors.

The first prerequisite to avoid complications 
and failure of an MPFL reconstruction is to prop-
erly select the patient. When evaluating a patient 
with patellofemoral complaints, it is mandatory 
to recognise that patellofemoral instability can 
present in a spectrum of manifestations. 
Therefore, it is important to differentiate between 
patients who have a documented true dislocation 
associated with haemarthrosis and those who 
report instability and “giving way” during low- 
energy activities which could be due to quadri-
ceps inhibition following prolonged knee pain.

Anterior knee pain and excessive lateral 
patella tilt or lateral patella subluxation on imag-
ing without a history and a physical examination 
for objective patella instability should never be 
treated with MPFL reconstruction.

On the other hand, the failure to take into 
account the major risk factors for patella instabil-
ity [5] represents a common cause of failure of a 
MPFL reconstruction. Along with the clinical 
assessment, a complete imaging study is essen-
tial. One of the most relevant and major factors to 
consider is high-grade trochlear dysplasia, type C 
and D according to Dejour’s classification [87], 
which can be responsible for an excessive later-
ally directed force on the patella [88] and over-
loading of the MPFL graft and fatigue rupture 
[64, 89, 90]. Therefore, high-grade trochlea dys-
plasia should be treated by trochleoplasty in 
order to avoid residual patellofemoral instability 
after isolated MPFL reconstruction [91, 92].

The patella height determines at which point 
the patella engages in the trochlea [93]. In patella 
alta, the engagement between patella and troch-
lea occurs at a higher degree of flexion and con-
sequently with a lower contact area. For example, 
the contact area at 40° of knee flexion in patients 
with patella alta is comparable with the magni-
tude of contact area at 20° of knee flexion in 
patients with normal patella height. Hence, 
patients with patella alta have a mean of 19% less 
contact area than the control subjects over the 
range of 0–60° of flexion. Moreover, in patients 
with patella alta, the lateral patella tilt showed 
values of 39% higher than patients with normal 
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patella height, and a 20% more lateral patella dis-
placement has been reported [94].

Plain lateral radiographs are essential for the 
measurement of patella height by using different 
methods [33, 95, 96]. Recently, a new MRI index 
was introduced to assess the functional engage-
ment between patella and trochlea in the sagittal 
plane [61, 97]. The sagittal patellofemoral engage-
ment index, measured as the ratio between the 
articular cartilage of the patella and the trochlear 
cartilage length taken on two different MRI slices, 
may help to identify the cases where inadequate 
engagement is recorded despite the absence of 
patella alta, so that the need for tibial tuberosity 
osteotomy may be reassessed [97]. Therefore, the 
presence of patella alta with an insufficient func-
tional sagittal patellofemoral engagement repre-
sents an indication to a distalisation of the tibial 
tuberosity in order to obtain a normal index.

The excessive TT-TG distance represents the 
third factor of patella instability and is a direct mea-
sure of the valgus alignment of the extensor mecha-
nism and consequent valgus-displacing vector 
acting on the patella [98]. In particular, an exces-
sive lateralized position of the tibial tuberosity 
reduces patella stability and increases patellofemo-
ral joint contact pressure and lateral patella track-
ing. As a consequence of this, in the knees with 
overly lateralized position of the tibial tuberosity, 
the clinical maltracking may stretch the MPFL and 
allows lateral patella motion when the quadriceps 

are contracted, leading to failure of the graft and 
recurrent instability [99]. Different studies reported 
worse clinical and functional outcomes of isolated 
MPFL associated with high values of TT-TG dis-
tance [64, 92]. From a biomechanical point of 
view, a tibial tuberosity medialisation significantly 
reduces the lateral patella translation and the lateral 
patellofemoral joint contact pressure without 
increasing medial joint pressure. Therefore, when 
the TT-TG distance is increased over 20 mm, a 
tibial tuberosity medialisation osteotomy is per-
formed in order to obtain a postoperative value 
between 10 and 15 mm [100]. Careful preoperative 
planning and an intraoperative confirmation of 
patella tracking are crucial to avoid complications 
resulting from overmedialisation.

It is crucial to keep in mind that trochleoplasty 
could reduce the TT-TG distance, acting as a 
proximal realignment [68] and that with a 10 mm 
distalisation 4 mm of medialisation is automati-
cally achieved [87, 101].

The presence of an isolated patella tilt is not an 
indication for surgical treatment. However, the 
presence of a lateral patella tilt of more than 20° in 
patients with an objective patella instability associ-
ated with a negative medial patella tilt test could 
represent an indication to perform a lateral release.

Among the technical mistakes in MPFL 
reconstruction, the most recurrent and critical 
error is an incorrect femoral fixation point (Fig. 
12.7), which is of crucial importance as it is 

Fig. 12.7 Axial CT 
scan showing 
malpositioned femoral 
tunnel after MPFL 
reconstruction in the left 
knee
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responsible for length change and graft tension 
during knee motion [18, 102]. In order to identify 
the anatomical femoral insertion of the MPFL, it 
is important to use intraoperative fluoroscopy. In 
this regard, it is imperative to obtain a true lateral 
radiographic image to identify the confluence 
point of the posterior cortex extension and the 
Blumensaat line [15, 103].

An excessively proximal or anterior femoral 
insertion is responsible for increased flexion 
tightness [104] which could lead to medial 
patellofemoral articular overload with pain and 
loss of flexion. This could even cause iatrogenic 
medial subluxation and subsequent recurrent 
lateral patella dislocation due to stretching of 
the graft [105]. Conversely, with an overly dis-
tal posterior tunnel placement, the graft may be 
loose in flexion and too tight in extension, caus-
ing pain with leg straightening, an extensor lag 
or stretching of the graft, with recurrent patella 
instability [104, 106].

Moreover, knee flexion angle during graft fix-
ation is also crucial. If the graft is fixed in a mis-
placed tunnel whilst the knee is in extension, this 
leads to tightness and pain in flexion. If mis-
placed in flexion, the graft is loose and recurrent 
patella instability occurs in extension [91, 105].

Overtensioning the graft during fixation is 
another common technical error, which could 
lead to failure of MPFL reconstruction. 
Particularly, if the graft is too tight in flexion, it 
may increase medial patella facet pressure [107], 
causing pain, crepitus and loss of flexion, whilst 
the most frequent clinical presentation in cases of 
excessive tightness in extension is an extensor 
lag, with pain to fully straighten the leg [108]. 
Fithian and Gupta [109] described a medial gut-
ter debridement in the case of medial knee pain 
after MPFL reconstruction. Meanwhile, Thaunat 
and Erasmus [108] described a gradual step-by- 
step percutaneous release of the graft. Both 
reported good resolution of pain and recovery of 
range of motion without instability.

Multiple studies have shown that the optimum 
tension for the MPFL graft is 2 newtons (204 g) 
at 30–60° knee flexion angle [18, 105, 108, 110]. 
In order to avoid excessive tension on the graft, 
intraoperatively the reconstructed MPFL should 

translate two to three patella quadrants and have 
a hard stop, without excessive constraint on the 
patella [85]. A comparison with the contralateral 
side can be helpful in determining appropriate 
graft tension [111].

Another major complication that leads to 
MPFL failure, generally due to technical error, is 
patella fracture. In literature, patella fractures 
after MPFL reconstruction have been categorised 
into three groups [112]:

• Type I fractures are transverse fractures 
generally associated with the patella tunnel 
or drill hole. These tunnels can act as stress 
risers and reduce the strength of the bone. 
Particularly, violation of the anterior patella 
cortex during tunnel creation represents the 
main cause of this complication, and, there-
fore, preservation of the anterior cortex of 
the patella is mandatory to avoid this com-
plication. This kind of fracture is generally 
treated surgically using a tension-band wir-
ing technique.

• Type II fractures are sleeve avulsion fractures 
or superior pole fractures, [110] generally 
encountered when proximal realignment, lat-
eral release or excessive dissection at the 
superior aspect of the patella are performed. 
One of the suggested causes of this kind of 
fracture is vascular damage of the proximal 
part of the patella. Therefore, it is critical to 
perform an accurate dissection to preserve one 
or more of the genicular arteries during com-
bined procedures on the medial and lateral 
sides of the patella. The treatment is similar to 
that of quadriceps tendon tears, consisting of 
suturing the quadriceps tendon to the superior 
pole of the patella through longitudinal drill 
holes.

• Type III fractures are medial rim avulsion 
fractures through the osseous bridge between 
the tunnels in the patella and are generally 
associated with recurrent lateral patella dislo-
cation after patella stabilisation procedures 
[109, 113]. These fractures are generally 
treated with open reduction and internal fixa-
tion of the fragments with the use of screws or 
anchors.
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Generally, in order to reduce the risk of a frac-
ture after an MPFL reconstruction, it is better to 
avoid transverse patella tunnels, reduce tunnel 
diameter, maintain an adequate bone bridge, 
avoid devascularisation of the superior pole of 
the patella and perform an anatomic tunnel place-
ment in the femur and the patella.

12.2.5  Patella Instability: 
Management Summary

12.2.5.1  Nonoperative Management
Functional rehabilitation is the mainstay of 
nonoperative management with particular 
focus on gait, core stability and quadriceps 
strengthening [55]. A small number of older 
randomised trials comparing operative and 
nonoperative treatment of initial patella dislo-
cation found no benefit from immediate medial 
retinacular repair [51, 114].

Currently, nonoperative treatment is indi-
cated in acute first-time dislocators without 
associated osteochondral fracture or loose bod-
ies. Despite the high rate of re-dislocation, the 
benefit of acute soft tissue repair or reconstruc-
tion is yet to be established. Recent level one 
evidence studies, including six randomised con-
trolled trials, showed that the rate of re-disloca-
tion following surgical stabilisation was 
significantly lower than nonoperative treatment 
[46, 51–53, 115, 116]. However, it can be con-
cluded from other level one evidence studies 
that the outcome of non- surgical treatment is 
less satisfactory, as 49% of the patients re-dislo-
cated, nearly two thirds continued to have insta-
bility symptoms and anterior knee pain, with 
low patient satisfaction of 40%, and only 42% 
returned to pre-injury level [1–3, 47].

12.2.5.2  Operative Management
The principles of surgical management in patients 
with recurrent instability are to address the pri-
mary abnormal anatomical factor that contributes 
most to re-dislocation without creating a second-
ary pathoanatomy to compensate for it, as sum-
marised in Table 12.1. Unfortunately, it is never 
as straightforward as the summary suggests. 

Often there are multiple abnormal anatomical 
factors that are interacting in the background. An 
event that leads to first-time dislocation disrupts 
knee homeostasis and causes it to decompensate. 
Homeostasis can be restored by simpler proce-
dures such as MPFL reconstruction in more than 
80% of the cases or tibial tuberosity distalisation 
in severe patella alta. However, in certain patients 
the patella is permanently dislocated or tracking 
in the lateral gutter, only relocating in full knee 
extension. This group of patients would require 
more than one procedure to achieve patella 
stability.

A variety of surgical techniques have been 
described to reconstruct the MPFL. Considering 
that the native MPFL resistance is around 208 N, 
the graft choice should reflect the required ulti-
mate load to failure. It appears that the gracilis 
tendon has stiffness closer to that of the native 
MPFL compared to the semitendinosus tendon. 
One of the preferred ways is to fix the gracilis 
tendon autograft with a screw in the femur and 
either two suture anchors medially in a small 
patella, usually female patients, or a bony tunnel 
in the anterior patella in larger patients, normally 
male. There is still a paucity of studies presenting 
long- term data. In a recent meta-analysis, a total 
of 1065 MPFL reconstructions were identified in 
31 studies, and it was found that autograft recon-
structions were associated with greater 
 postoperative improvements in Kujala scores 
when compared to allograft and that double-
limbed reconstructions were associated with both 
improved postoperative Kujala scores and lower 

Table 12.1 The principles of “a la carte” surgical inter-
vention based on the most contributing factor in PFJI

Pathoanatomy Surgical options

Instability with 
malalignment

Tibial tuberosity 
medialisation

Instability without 
malalignment

MPFL reconstruction

Instability with patella 
alta

Tibial tuberosity distalisation

Trochlea dysplasia Trochleoplasty
Rotational problems Derotation osteotomy
Combined pathology Multiple simultaneous 

surgical interventions
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failure rate [117]. Overall, in the absence of sig-
nificant malalignment, MPFL reconstructions 
appear to provide long-term functional improve-
ment with improved Kujala scores, low rate of 
re-dislocation and decreases in apprehension and 
patellofemoral pain [76, 84, 118]. However, the 
current literature on MPFL outcomes has sub-
stantial methodological limitations with small 
sample sizes and limited follow-ups [119]. 
Standardising the surgical technique on an ade-
quate sample size with long-term follow-up will 
be necessary for future outcomes studies.

The presence of trochlear dysplasia can be 
addressed with a trochlear groove deepening 
trochleoplasty procedure, as described by Dejour 
(Lyon’s procedure) [120], or its variants which 
led to good clinical outcomes in the literature 
[34, 121–125]. Long-term studies on the effec-
tiveness of trochleoplasty are scarce. In their 
series, Utting et al. [126] reported on 54 consecu-
tive patients (59 knees) with PFJI secondary to 
trochlear dysplasia, who were treated by a troch-
leoplasty by a single surgeon. Overall, 92.6% of 
their patients were satisfied with the outcome of 
their procedure. Rouanet et al. [125] reported on 
their series of 34 patients, with an average of 
15 years of follow-up who underwent deepening 
trochleoplasties using multiple outcome scores. 
They reported the restoration of patellofemoral 
stability, even in patients with severe dysplasia. 
However, it did not prevent patellofemoral 
osteoarthritis.

Distal realignment procedures include tibial 
tuberosity transfer, typically with distalisation 
and/or medialisation, to address patella alta and 
malalignment [84, 127] (Fig. 12.6). In a cadav-
eric study, it was found that in the knees with 
preoperative TT-TG distances of up to 15 mm, 
patellofemoral kinematics and contact mechan-
ics can be restored with MPFL reconstruction 
[99]. However, for the knees with preoperative 
TT-TG distances greater than 15 mm, more 
aggressive surgery such as tibial tuberosity 
transfer may be indicated [99]. This, however, is 
difficult to translate to patients with PFJI as they 
normally have more than one anatomic abnor-
mality unlike the cadavers studied, and their 
knees are subjected to various dynamic 

 weight-bearing forces that are difficult to repro-
duce in laboratory investigations.

Contraindications of tibial tuberosity transfer 
include medial and/or proximal patellofemoral 
chondrosis that would be subjected to increased 
loading with a transfer of the tuberosity [128]. In 
a recent systematic review looking at MPFL 
reconstruction with concomitant tibial tuberosity 
transfer in five studies with 92 knees and a mean 
follow-up of 38 months (range 23–53), showed 
that the combined procedures are effective in the 
setting of malalignment [128].

12.3  Future Treatment Options

In the future, the graft choice may move towards 
synthetic or biologically engineered grafts to 
reduce the donor site morbidity and reduce oper-
ating time. In addition, in vivo intra-articular con-
tact pressure and patella tracking measurement 
during bony or soft tissue realignment may be one 
of the ways to avoid the current problems with 
alignment accuracy and tunnel misplacement. 
Using an intraoperative graft tensioner, instead of 
eyeballing and manual dexterity, may overcome 
the problems with misjudging the graft tension.

12.4  Take-Home Message

Patellofemoral joint instability is relatively com-
mon. It can be caused by a range of factors 
including generalised hypermobility, patella 
hypermobility, increased femoral anteversion, 
core and hip abductor weakness, abnormal knee 
rotation, trochlea dysplasia, abnormal Q angle, 
patella alta, muscle and soft tissue imbalance, 
external tibial torsion and foot hyperpronation. 
Due to the multifactorial nature of PFJI, common 
clinical and radiological outcomes, such as the Q 
angle and TT-TG distance, cannot be relied upon 
in isolation. It is, therefore, vital to conduct a 
thorough clinical and radiological investigation 
to determine the main cause of instability, prior 
to treatment. Relatively simple surgical proce-
dures, such as medial patellofemoral ligament 
reconstruction, can restore PFJ stability in a high 
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proportion of unstable knees, especially in those 
with lower TT-TG distances. A deepening troch-
leoplasty is rarely indicated in isolation. Tibial 
tuberosity transfer can be used to address more 
significant instability, often in combination with 
MPFL reconstruction. A greater number of long- 
term investigations are needed to achieve a better 
understanding of patient outcomes following 
these procedures [129].
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13.1  Axillary Nerve and 
Musculocutaneous Nerve 
Anatomy After Latarjet 
Procedure

Roman Brzóska, Hubert Laprus, Paweł Ranosz,  
and Paweł Janusz

13.1.1  Introduction

Latarjet procedure is related with the highest rate 
of neurological complications from all of the pro-
cedures for anterior instability repair. Prevalence 
of these injuries is estimated at approximately 
10% [1–3] in short-term results and 1.6% in 
long-term outcomes [4, 5]. Neurological compli-
cations most often involve musculocutaneous 
and axillary nerves. The changes in neuroanat-

omy and surgical mistakes during the operation 
play a main part in the etiology of nerve dysfunc-
tions [6].

13.1.2  Neuroanatomy Before 
and After Latarjet Procedure

The musculocutaneous nerve arises from the 
lateral cord of the brachial plexus (C5–C7). 
Then, it descends laterally and enters the cora-
cobrachialis muscle at the level of the latissi-
mus dorsi tendon. Latarjet estimated the 
distance between the coracoid process and the 
entry point of musculocutaneous nerve into the 
coracobrachialis at 20–120 mm [7]. Further 
studies show that this distance is approximately 
4.8–6.1 cm [8, 9]. The axillary nerve (C5–C6) 
originates from the posterior cord of the bra-
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chial plexus at the level of the axilla. It lies pos-
teriorly to the axillary artery and anteriorly to 
the subscapularis muscle. It descends  laterally 
to the inferior border of the subscapularis mus-
cle, where it folds around it in close proximity 
of brachial capsula, and then exits the axilla 
posteriorly via the quadrangular space, medial 
to the surgical neck of humerus, covered with 
deltoid muscle. In a cadaveric study, Freehill 
et al. proved that clinically significant changes 
occur in neuroanatomy after a Latarjet proce-
dure. They found differences in the location of 
the axillary and the musculocutaneous nerves 
as they become more inferior and medial com-
pared to their preoperative anatomy [6]. 
Divergent pathways of musculocutaneous and 
axillary nerves are seen in normal anatomy. 
This configuration is visible up to the curvature 
of the axillary nerve which goes under the sub-
scapularis muscle (Fig. 13.1a–c). After a cora-
coid abutment procedure, anatomical changes 

result in consistent overlapping of both nerves 
and an apparent laxity of the conjoint tendon 
(Fig. 13.2). Clavert et al. performed a cadaveric 
study in which they found that, after the cora-

a

c

bFig. 13.1 Nerve 
pathways. MCN 
musculocutaneous 
nerve; CBM 
coracobrachialis muscle; 
CT conjoint tendon; AN 
axillary nerve; SSN 
suprascapular nerve

Fig. 13.2 CT image of the nerves and conjoint tendon
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coid transfer, the angle between the axis of the 
coracobrachialis muscle and the musculocuta-
neous nerve is prolonged from 121° to 136° [6]. 
Modification of the angle of entry into the mus-
cle along with elongation of the nerve after the 
Latarjet procedure might lead to transient 
lesions of the musculocutaneous nerve.

13.1.3  Analysis of Complications

Nerve palsy is the second frequent (after insta-
bility recurrence) and the most severe post-  
Latarjet complication. Neurological complica-
tions typically occur as a result of direct injury 
made by surgical tools, traction, and soft tissue 
conflict. Short course of musculocutaneous and 
axillary nerves from brachial plexus to the gle-
noid area [9] predisposes to traction injuries dur-
ing conjoint tendon preparation and mobilization. 
To prevent musculocutaneous nerve injury in the 
above mentioned traction mechanism, the dis-
tance from the top of the coracoid process to the 
 musculocutaneous nerve entry point should be 
known. However severe variability of entry point 
distance is proved [7–9], so there is no safe zone 
for blind conjoint tendon preparation, and mus-
culocutaneous nerve visualization during this 
preparation is strongly recommended. Moreover, 
Apaydin et al. prove that entry point distance 
changes during shoulder joint movements. It is 
at its longest during abduction to 45° and short-
est during abduction to 90° with internal rotation 
[8]. The axillary nerve which doesn’t have fixa-
tion point in any muscles is less exposed to 
injury. In addition, cadaveric study shows that its 
course and anatomical relations with other struc-
tures does not change during a Latarjet 
procedure [4].

Musculocutaneous and axillary nerves are 
placed in dangerous proximity to the subscapu-
laris muscle that is split for coracoid transfer. 
Hawi et al. show that the musculocutaneous 
nerve (in 66%) and axillary nerve (in 50%)course 
within or in front of the split [4], exposing it to 
injuries. The least traumatic way to perform the 
split is to visualize tendinous cords, which is pos-
sible in arthroscopic technique during the intra- 

articular phase of the procedure. Analysis of 
anatomical variability of the tendinous cords 
shows that division between the superior 2/3 and 
inferior 1/3 of the subscapularis muscle is located 
on the level of the fourth tendinous cord counting 
from the top. The safest way to perform the split 
relies on increasing external rotation when 
switching to the stick that is placed inside the 
split. To protect musculocutaneous and axillary 
nerves from injury during insertion of the graft, 
the author creates an additional superior portal 
close to the anterior aspect of the acromioclavic-
ular joint. Via this approach a specially made 
Langenbeck retractor is inserted to elevate upper 
part of the subscapularis which makes split space 
wider.

13.1.4  Discussion

The authors observed a partial transient mus-
culocutaneous nerve palsy after arthroscopic 
Latarjet in one illustrative case. The 43-year-
old patient developed a transient nerve palsy 
after 3 hours of driving a car and holding an 
arm in 30° of abduction on the armrest. A simi-
lar case was previously reported by Southam 
et al. [10]. The authors believe that the risk of 
neurological complications is related to the 
thickness of the coracobrachialis muscle at the 
location of its crossing at the subscapularis 
muscle split and contact of the coracobrachia-
lis with the pectoralis minor fascia remnants. 
Endoscopic visualization after the Latarjet pro-
cedure shows that internal rotation movement 
of the shoulder in abduction increases the risk 
of compression of the musculocutaneous nerve 
and is further exacerbated by leaving the pec-
toralis minor fascia remnants. The fascia of 
pectoralis minor is an elastic structure, but its 
fibers lie perpendicular to the musculocutane-
ous and axillary nerves leading to nerve com-
pression while abducting the shoulder. 
Additionally, this effect is intensified in the 
movement of internal rotation when the axil-
lary nerve is strained and the musculocutane-
ous nerve is pressed against the coracobrachialis 
muscle (Figs. 13.3 and 13.4).
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13.2  Arthroscopic Suprapectoral 
Biceps Tenodesis

Angel Calvo, Pablo Carnero, Alfredo Rodríguez,  
and Nestor Zurita

Abstract
Pathology of the long head of the biceps tendon is 
a common cause of anterior shoulder pain. Biceps 
tenodesis has been proposed as an effective surgi-
cal option for pain relief in young active patients 
while avoiding complications from tenotomy. 
Suprapectoral tenodesis can be performed as an all-
arthroscopic procedure that places the fixation of 
the biceps tendon at the bicipital groove. This tech-
nique would prevent complication from open sur-
gery such as surgical site infection and nerve injury.

13.2.1  Introduction

The long head of the biceps brachii tendon (LHBT) 
is a well-recognized source of pain in several path-
ological conditions of the shoulder, both isolated or 
associated with rotator cuff tears. Multiple congen-
ital variations of intra-articular portion (Fig. 13.5) 
have been described and proposed as possible 
causes of pathology [11], making diagnosis a chal-
lenging issue. Function of LHBT is not related with 
active motion of the glenohumeral joint alone, as it 
seems to contribute with simultaneous elbow and 
forearm motion [12]. A proprioceptive role in 
shoulder movements and a secondary stabilization 
function have also been suggested.

When conservative management fails, surgi-
cal treatment is indicated. Biceps tenodesis is 
often used in active and younger patients in 
which cosmetic deformity due a Popeye defor-
mity could negatively influence postoperative 
results. Avoiding arm cramping and maintaining 
the length-tension relation of the muscle belly are 
also reasons for choosing biceps tenodesis instead 
of tenotomy.

The main indication for biceps tenodesis is 
chronic painful tendinopathy with no improve-
ment after adequate conservative treatment in 
young and active patients. Development of 
knowledge about the contribution of LHBT in 
pain, in rotator cuff tears, and in biceps insertion 
pathology has extended indication for tenodesis:

• Cuff tears involving LHBT
• Degenerative SLAP over 40 years old
• Painful LHBT instability
• Biceps pulley lesions
• SLAP repair failures

Fig. 13.4 Arthroscopic images demonstrating anatomi-
cal changes with motion. MCN musculocutaneous nerve; 
CBM coracobrachialis muscle; CT conjoint tendon; AN 
axillary nerve; SSN suprascapular nerve; PMR pectoralis 
minor fascia remnants

Fig. 13.3 Arthroscopic images demonstrating anatomi-
cal changes with motion. MCN musculocutaneous nerve; 
CBM coracobrachialis muscle; CT conjoint tendon; AN 
axillary nerve; SSN suprascapular nerve; PMR pectoralis 
minor fascia remnants
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The ideal primary surgical procedure for 
SLAP acute tears in young athletes is unclear. 
Tenodesis has been proposed instead of repair as 
higher levels of patient satisfaction and higher 
rates of return to presurgical level of activity have 
been reported [13]. Furthermore, LHBT detach-
ment has minimal effect on glenohumeral kine-
matics [14]. Further research is necessary to 
confirm the indication for biceps tenodesis in 
SLAP acute tears in young overhead athletes.

The optimal location for biceps tenodesis 
remains controversial. Suprapectoral tenodesis 
can be performed all arthroscopically and avoids 
complications of open surgery, which is often 
needed in subpectoral tenodesis. Risks of muscu-
locutaneous and radial nerve injuries and humeral 
fractures have also been reported after subpectoral 
tenodesis [15], and risk is minimized with 
arthroscopic suprapectoral tenodesis. On the other 
hand, it is a highly technically demanding proce-
dure that requires an experienced arthroscopist. 
Choosing the optimal point for tenodesis is criti-
cal, as an increase in tension due to malpositioning 
could evolve into an early failure of tenodesis [16].

Method of fixation is a key point in success 
of LHBT tenodesis. Biomechanical testing 

shows interference screws as the strongest con-
struct [17] and better pullout. However, this 
technique is not free from complications like 
osteolysis around the implant and tendon 
injury or rupture, which may require latter 
revision.

We hereby describe an all-arthroscopic easy 
and reproducible procedure for suprapectoral 
LHBT intraosseous tenodesis with a suspensory 
fixation device.

13.2.2  Surgical Technique

13.2.2.1  Patient Position
Both lateral and beach chair position can be 
used, though we recommend the last option as 
anterior and posterior aspects of subacromial 
space are easily reached and external rotation of 
shoulder is allowed, in order to expose the bicip-
ital groove.

Portals (Fig. 13.6):

 1. Standard posterior portal: made in the soft 
spot between infraspinatus and teres minor 
muscles. This is the initial viewing portal.

a

c

bFig. 13.5 Anatomical 
variations of intra- 
articular portion of 
LHBT
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 2. Anterior standard portal: bone tunnel reaming 
and implant insertion are performed from here.

 3. Anterolateral (AL) portal: aligned with the 
anterior edge of the acromion. Acromioplasty is 
performed from here and serves as the viewing 
portal during exposition of the bicipital groove.

 4. Anterior accessory portal (AA): at the midpoint 
between the anterior and the anterolateral 
portals, just on the surface of the bicipital 
groove. Its main function is exposing the 
biceps, but it can act as the viewing portal, and 
it provides excellent view of the tunnel. Bone 
tunnels can also be reamed from here.

13.2.2.2  Technique
A complete examination of the glenohumeral 
joint is done with the arthroscope placed in the 

posterior portal. LHBT lesions are evaluated. An 
8 mm cannula is placed in the anterior portal, and 
a suture is passed through the base of the LHTB 
using the lasso loop technique. This suture 
secures the end of the tendon and prevents its 
retraction. Additionally, a spinal needle is 
inserted through the AA portal and goes through 
the tendon. This needle will mark the bicipital 
groove in the subacromial space (Fig. 13.7). Then 
the tenotomy is completed.

The subacromial space is explored through the 
posterior portal. Bursectomy and acromioplasty 
are performed from the AL portal. This will help 
locate the needle. The cannula in the anterior por-
tal will be visible as well (Fig. 13.8). Then the 
arthroscope is switched to the AL portal and the 
AA portal is made where the needle is inserted. 

Fig. 13.6 Portals needed for the procedure

Fig. 13.7 LHBT is 
secured by the suture 
and the spinal needle. 
Both will prevent 
retraction when 
tenotomy is performed

Fig. 13.8 The spinal needle is visible in subacromial 
space once bursectomy is completed
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The groove is located and opened with a 
 radiofrequency  electrode or a regular scalpel. 
The transverse ligament and surrounding tissue 
are released to make the LHBT visible in the 
groove (Fig. 13.9). It is important to extensively 
release the transverse ligament so that the tendon 
will be mobilized easily. LHBT is then grasped 
and exposed through the AA portal. A Krackow-
type traction suture is used starting 30 mm of the 
free end of the tendon with a high-resistance 
suture (Fig. 13.10).

The arthroscope is kept in the AL portal to 
make the bone tunnels because a perfect view of 
the groove is obtained from here. A complete 
debridement of the floor of the groove is per-
formed. Through the anterior portal, the guide 
wire with an eyelet is then inserted through the 
groove from the anterior aspect of the humerus to 

the posterior. The insertion site must be 2–3 cm 
from the articular cartilage start, centered in the 
groove and perpendicular, aiming to a point 
slightly lower than the posterior viewing portal 
(Fig. 13.11). The wire is exposed at the posterior 
part of the shoulder, tapping it gently in order to 
avoid injuries of the axillary nerve. Then a 30 mm 
length tunnel is drilled with a 7.0 mm drill bit. 
The base of the tunnel and the posterior cortex 
are drilled with a 4.5 mm drill bit. Total length of 
the tunnel is usually about 40 mm. A millimetric 
bit is used to confirm it. The arthroscope is 
switched to the AA portal to confirm the correct 
position of the tunnel and the integrity of the 
walls. All the debris tissue in the tunnel or around 
is removed, and the inferior edge of the tunnel 
entrance is smoothed in order to diminish friction 
between the tendon and the bone.

Fig. 13.9 The groove is opened to release the LHBT
Fig. 13.10 Preparation of the tendon exposed through 
the AA portal

a b

Fig. 13.11 Guide wire 
inserted in the groove. 
Note the direction in a 
saggital view
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The tendon is then passed to the anterior por-
tal. The suspension system used is made with a 
pen in the double loop at 40 mm, and the traction 
suture at the free end of the tendon is tied on the 
double loop of the device trying to leave 5 mm 
between the tendon and the loop. This distance 
corresponds to the base of the bone tunnel drilled 
by the 4.5 mm drill bit (Fig. 13.12). The traction 
suture is threaded to the guide needle eyelet.

Once the tendon is knotted to the device, a 
gentle pull is done from the guide wire at the pos-

terior aspect of the shoulder. Arthroscopic vision 
through the AL portal will confirm correct enter-
ing of the implant at the bone tunnel. It will be 
felt that the implant crosses the posterior cortex 
when resistance decreases, and it will be con-
firmed if the 40 mm pen mark at the double loop 
reaches the entry of the tunnel (Fig. 13.13). Then 
the double loop is slightly pulled to make the 
implant rotate, and it will be locked to the poste-
rior cortex of the humerus. Lastly, the sliding 
suture is pulled to shorten the double loop, and 
the tendon will be inserted in the tunnel with 
arthroscopic control. The tendon is inserted 
30 mm length in the bone tunnel, coinciding with 
the beginning of the traction suture. It is quite 
important to confirm adequate tension and fixa-
tion of the tendon with a probe, avoiding overten-
sion (Fig. 13.14).

13.2.3  Postoperative Care

A sling is used for pain control for a few days, 
and rehabilitation protocols can be started as 
soon as possible. The technique described pro-
vides a strong fixation that allows early active 
mobilization with reliability (Fig. 13.15). We rec-
ommend not performing active counter- resistance 
flexion of the elbow during the first 2 months.

Fig. 13.12 Tendon sutured to the double loop of the 
anchor

a b

Fig. 13.13 Implant 
entry at the bone tunnel 
by traction of the guide 
wire
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13.2.4  Conclusion

Biceps suprapectoral tenodesis is a viable option 
in biceps pathology in young active patients that 
can be performed entirely arthroscopically. 
Experienced surgeons are needed to obtain satis-
factory results. We describe an easy and reproduc-
ible technique with a suspensory fixation device 
that allows early postoperative rehabilitation.

13.3  Brachial Plexus Endoscopic 
Release

Thibault Lafosse and Laurent Lafosse

Recent progress made in shoulder arthroscopy 
has led us to work beyond the limits of the gleno-
humeral joint (GH), around the coracoid process, 
and the brachial plexus (BP). Endoscopic work in 

this area requires a good visualization of the BP, 
which is very close. Therefore, in order to protect 
the BP, we became accustomed to approaching 
and neurolysing it endoscopically in our current 
practice during many different arthroscopic 
shoulder surgery procedures. Whenever working 
close to the BP, we encourage surgeons to visual-
ize the nerves in order to protect it. We believe it 
will decrease the neurologic complication rate, 
particularly in arthroscopic Latarjet procedures, 
extended arthrolysis, and subscapularis repairs.

This led us to start treating neurogenic tho-
racic outlet syndrome (NTOS) endoscopically. 
NTOS is an uncommon condition occurring in 
rather young and healthy patients [18]. NTOS is 
caused by a neurologic compression of the BP 
which can occur at three preferred locations: the 
scalene triangle, the space between the first rib 
and the clavicle, and/or compression beneath the 
coracoid and the pectoralis minor (PM) muscle. 

a bFig. 13.14 Tendon 
inserted in the tunnel. 
Probe checking no 
overtension

Fig. 13.15  
Postoperative Rx
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The symptoms of BP compression in NTOS are 
typified by pain, numbness, and paresthesia in 
the neck, occipital area, chest wall, arm, and 
hand. The examination shows reproducible exac-
erbation of the symptoms by elevation and exter-
nal rotation of the upper extremity, along with an 
irritative pseudo Tinel’s sign around the coracoid 
process. In most of the cases, the cause is not 
identified, and despite many studies, the treat-
ment of NTOS is still controversial. We recently 
published our results on a series of 36 patients 
treated endoscopically for NTOS, along with the 
surgical technique [18].

13.3.1  Technique

13.3.1.1  Installation
The patient is set up in a beach chair position and 
operated on under general anesthesia, combined 
with an interscalenic locoregional anesthesia.

13.3.1.2  Endoscopic Portals 
(Fig. 13.16)

Eight endoscopic portals are needed, four supra-
clavicular and four infraclavicular.

Supraclavicular Portals
C and D are two subacromial portals, respec-
tively, lateral, located at the level of the middle of 
the acromion 2 cm distal to its lateral border, and 

anterolateral, 2 cm distal to the anterior angle of 
the acromion. The two transtrapezial portals are 
located 2.5 cm posterior from the anterior border 
of the trapezius, with the lateral transtrapezial 
portals (TT1) at the level of the suprascapular 
notch (created under endoscopic control from C 
to D portals) and the medial transtrapezial portal 
(TT2) at the level of the middle of the clavicle 
(created under endoscopic control from D to TT1 
portals).

Infraclavicular Portals
E portal is anterior, 2 cm distal to the acromiocla-
vicular joint, facing the rotator interval. I portal is 
in the axis of the coracoid process, 2–3 cm below. 
J portal is at mid-distance from I to E portals. 
Finally, M portal is medial, 4 cm distal to the clav-
icle and 3 cm medial to the coracoid process.

13.3.1.3  Supraclavicular Plexus 
and Interscalenic Triangle

Suprascapular Nerve Release
The first step is to release the suprascapular nerve 
(SSN) distally, from the transverse ligament with 
a subacromial approach. C portal is used as a 
visualization portal and D portal for instrumenta-
tion. The anterior border of the supraspinatus 
muscle is followed until the coracoclavicular lig-
aments. At this point, perpendicular to the cora-
coclavicular ligaments, the transverse ligament is 
identified, under which the SSN lies (Fig. 13.17). 
TT1 portal is created under endoscopic control, 
using a tracking needle before incising through 
the trapezius muscle. An endoscopic cutting 
device is then introduced in this portal toward the 
suprascapular notch, so the transverse ligament is 
cut and the suprascapular nerve is released.

Interscalenic Space
The TT2 portal is opened under endoscopic control, 
also using a tracking needle. The scope is switched 
to the TT1 portal, and the instrumentation goes 
through the TT2 allowing fulfilling proximally the 
dissection of the SSN up to the upper trunk. The 
upper trunk is released from the surrounding fibrous 
bands, exposing the middle and the lower trunks 
between in superior part of the interscalenic space. Fig. 13.16 Endoscopic portals
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A smooth trocar is used to perform an intraneural 
dissection, but no scalenectomy, first rib resection, 
or root dissection is needed.

13.3.1.4  Infraclavicular Brachial 
Plexus

Exposition
The dissection is started from the subacromial 
area, with the scope through the C portal and the 
instruments through the D portal. The E portal is 
then opened under endoscopic control with a 
tracking needle. After opening the clavipectoral 
fascia, the conjoint tendon (CT) and the coracoid 
process are exposed to enlarge the retropectoral 
space anteriorly, between the coracoid process 
and the PM posteriorly and the pectoralis major 
anteriorly, using a smooth trocar and the water 
flow. Hemostasis is often needed and performed 
with radiofrequency assistance. Then, I portal is 
created under endoscopic control using a track-
ing needle, and J portal is opened at mid-distance 
from D to I portals. The scope is introduced in it, 
facing the coracoid process so the operator can 
see the PM muscle and the CT very clearly. The 

limit between the conjoint tendon and the PM 
muscle bellies can be difficult to visualize; how-
ever, since this is the only way to safely expose 
the musculocutaneous nerve lying below, it is of 
primary importance for the operator to identify it. 
The M portal is finally opened, allowing further 
proximal dissection, particularly to access the 
upper border of the PM and the medial border of 
the coracoid process.

Retro-pectoralis Minor Space (Fig. 13.18)
Finally, the space between the CT and the PM is 
opened to visualize the BP terminal branches. 
Only then, the PM tendon can be detached from 
the coracoid process. The three cords are dis-
sected distally, by carefully cutting the surround-
ing fibrous bands.

The lateral cord (LC) allows the musculocuta-
neous nerve and the median nerve lateral branch, 
which are the first terminal branches to be visual-
ized. After reclining these two nerves along with 
the axillary artery, the posterior cord (PC) and its 
two terminal branches, the axillary and radial 
nerves, are found heading posteriorly to the quad-
rilateral space.

a b

c d

Fig. 13.17 Suprascapular 
nerve release

13 Extra-articular Shoulder Endoscopy: A Review of Techniques and Indications



182

Costoclavicular Space (Fig. 13.19a, b)
Following the upper border of the PM tendon, the 
cords are found under the subclavian muscle. To 
increase the costoclavicular space, the subclavian 
muscle is detached from the clavicle, on a dis-
tance as large as the width of the three cords.

Retrocoracoid Approach (Fig. 13.20)
The release of the posterior cord and its terminal 
branches is completed with a posterior approach 
posterior through the C and E portals, following 
the anterior border of the subscapularis muscle. 
The axillary nerve and, immediately forward, the 
radial nerve are visualized.

13.3.2  Clinical Presentations, 
Indications

In our experience, more than 60 patients bene-
fited from an endoscopic infraclavicular plexus 
release with a pectoralis minor section. More 
than 150 patients benefited from a suprascapular 
nerve release, many of which were released very 
proximally close to the superior trunk.

Two-thirds of them benefited from this proce-
dure for an infraclavicular thoracic outlet syn-
drome, and one-third had it performed along with 
an extra-articular endoscopic procedure such as 
arthroscopic Latarjet, extensive subscapularis 
tears endoscopic repair, endoscopic arthrolysis, 
and endoscopic Latarjet revision with Eden- 
Hybinette bone block endoscopic procedure.

13.3.2.1  NTOS
For many surgeons, NTOS remains a difficult entity 
to treat endoscopically. Patients should be carefully 
selected as the results are expected for some very 
specific cases. Preoperative EMG, Doppler ultra-
sound on the subclavian vessels, cervical spine stan-
dard radiographs, and MRI should be performed 

Fig. 13.18 Retro-pectoralis minor space

Fig. 13.19 Costoclavicular space. MC Medial cord; LC 
Lateral cord; PC Posterior cord

Fig. 13.20 Retrocoracoid approach
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and be normal in order to eliminate a cause for 
NTOS that would require an open procedure (e.g., 
cervical rib, hypertrophic transverse cervical pro-
cess, arterial or venous component of the TOS). In 
our practice, we select the patients eligible for endo-
scopic NTOS release based on several clinical crite-
ria: the complaint of a chronic pain lasting for more 
than 6 months and for which a conservative physio-
therapy has failed, pain with criteria meeting those 
previously described of the NTOS symptoms, irrita-
tive pseudo Tinel’s sign in the infraclavicular area, 
and reproducibility and exacerbation of the symp-
toms in abduction and external rotation that we call 
the BP stretch test. Very satisfactory results can be 
expected in patients meeting these requirements.

13.3.2.2  BP Exploration
In our nerve unit, we are frequently referred 
patients with BP palsies following shoulder dislo-
cations, or more rarely, arthroscopic procedures, 
without an anatomic lesion on the MRI or ultra-
sound imaging of the nerve. Those patients are 
improved by the BP neurolysis, and may recover 
quicker, even though they could have recovered 
without any neurolysis. However, the indication of 
an open neurolysis of the BP is questionable, since 
it implies a great scar and a lengthy recovery and it 
makes a revision far more complicated. On the 
other hand, endoscopic release is a safe, quick, and 
postoperatively easy procedure, with similar to 
better results than an open procedure [18]. Our 
indications of BP release in cases of Sunderland 2 
to 3 palsy have increased for those reasons.

13.4  Inferior to Shoulder- 
Arthroscopic Anatomy 
for Teres Major 
and Latissimus Dorsi 
Transfer

Viktoras Jermolajevas
In recent years several arthroscopic assisted or 
full arthroscopic latissimus dorsi transfers were 
developed [19–21]. This procedure remains one 
of the most difficult in the shoulder arthroscopy. 
Thorough knowledge of anatomy is mandatory, 
as several nerves and arteries are in close 

 proximity during portal placement, latissimus 
dorsi release or space creation for transfer 
passage.

Standard portals are used in the beginning. To 
reach the posteroinferior part of the shoulder, a 
simple approach is used. The arthroscope is 
placed in the anterolateral (AL) portal. Using a 
shaver from the posterolateral (PL) portal, space 
is created between the deltoid (Del) and posterior 
cuff—infraspinatus (Inf)—. After removing the 
bursa, the deltoid fascia is incised horizontally at 
the Inf and teres minor (TM) muscle junction 
level. Fascia resection should be accompanied 
with blunt space enlargement and should be con-
tinued medial to the glenoid to spare the posterior 
branch of the axillary nerve (pAx) (Fig. 13.21: 
Posterior release). If visualization of the interme-
dius or anterior branch of the axillar nerve is 
needed, full resection of the posterior and postero-
lateral Del fascia is necessary [22]. These branches 
run 1–2 cm more lateral at the same level as the 
pAx nerve branch. Deeper dissection is done from 
the posterior portal (PP), looking from the PL por-
tal. Shaving is performed medial to the pAx nerve 
branch. Fat tissue is resected following an infero-
medial direction, and it is possible to dissect the 
vertical fibers of the posterior aspect of the long 
head of the triceps (pLTr). The circumflex scapu-
lar artery runs just medial to the pLTr and should 
be coagulated to prevent postoperative hematoma. 

Fig. 13.21 Posterior Release: Creation of a space 
between the deltoid (Del) and the teres major (Tm) medial 
to the glenoid in order to protect the posterior branch of 
the axillary nerve (pAx). Posterior fibers of the triceps 
tendon (pLTr) are visible and may be partially dissected
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More medially and inferiorly, after dissecting 
some fat tissue at this area, horizontal fibers of 
posterosuperior part of the teres major (TM) mus-
cle are found on the posterior side, opposite to the 
triceps fibers. During  shaving, more medial than 
inferior shaving should be done, to prevent axillar 
skin penetration. Inferior TM muscle fibers and 
pLTr angle should guide correct dissection. Here, 
a standard urinary catheter is inserted from the 
posterior portal and its balloon is inflated for 
future LD tendon subacromial passage.

Anteroinferior anatomy is more complex. The 
scope is switched to the anterosuperior (A) portal, 
looking distally, following the LHB tendon in its 
groove. For better visualization, arms are placed in 
adducted and flexed position. The lateral edge of 
the conjoined tendon (Con) should be used as a 
reference. Shaving is done through the AL portal, 
until the superior border of the pectoralis major 
tendon (PM) is clearly visible. Just lateral, about 
1 cm to the PM insertion, the anterior branch of the 
Ax nerve enters the anterior deltoid muscle. At the 
same level medial to the PM insertion, circumflex 
vessels (3S), the so-called three sisters, are identi-
fied, as an inferior border of the subscapularis ten-
don (Fig. 13.22: Anterior release). Just underneath, 
the superior border of the LD tendon is visible. A 
specific suprapectoral portal (SP) just above the 

PM is created. The needle is placed 1 inch superior 
to the axillar crease and directed just above the PM 
tendon. In case of struggling with instruments, 
1 cm release of the superior part of the PM tendon 
is done. It allows to bluntly create some space 
between three structures: anteriorly conjoined ten-
don, laterally PM, and posteriorly LD tendons. 
More space is created if release of the conjoint ten-
don lateral edge and PM posterior surface is done. 
Shaving is performed inferiorly to the “three sis-
ters” until entire exposure of the LD tendon fibers 
running medial to lateral. The radial nerve, found 
inferiorly and crossing border of the TM tendon 
2–3 cm medial to the humeral insertion, is an infe-
rior limit for dissection [23]. The LD tendon is 
narrower than the TM. It does not cover the supe-
rior 5 mm of the TM muscle and 1 cm inferior TM 
tendon part. Medially LD tendon dissection is con-
tinued for as much as the scope and shaver length 
allow. LD neurovascular supply enters the muscle 
about 14 cm medial to the humeral insertion and 
standard scopes or instruments are not able to 
reach so medial.

13.5  Decompression 
of Suprascapular Nerve at 
the Spinoglenoid 
and Suprascapular Notches

Olaf Lorbach

13.5.1  Introduction

Entrapment of the suprascapular nerve is a rare 
disease, which may occur at the spinoglenoid 
and suprascapular notches. Anatomically, the 
nerve travels along the posterior border of the 
clavicle to reach the superior border of the scap-
ula before diving into the suprascapular notch 
where the nerve and the artery are divided by 
the transverse scapular ligament before diving 
in the suprascapular notch. The roof of the notch 
is built by the transverse scapular ligament. 
Therefore, hypertrophy may lead to stenosis. 
Moreover, the geometry of the notch that is vari-
able may lead to compression of the nerve as 

Fig. 13.22 Anterior Release: Space is bluntly created 
between 3 structures: anteriorly conjoined tendon  (Con), 
laterally Pec. Major (PecM) and posteriorly Lat. dorsi  
tendons (pLDT). Inferiorly to “three sisters” (3S) after 
exposure of LD tendon fibers, Radial nerve (Rn) is found 
inferiorly and crossing border of TM tendon 2 to 3 cm 
medial to humeral insertion
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well. The nerve further travels along the supra-
spinatus fossa coming approximately 2 cm of 
the posterior glenoid rim at the level of the spine 
of the scapula. The suprascapular nerve then 
travels laterally around the scapular spine to 
descend into the infraspinatus fossa passing 
under the spinoglenoid ligament.

Reasons for a possible entrapment of the nerve 
include tumors, with encroachment of the supra-
scapular notch by intrinsic or extrinsic masses 
with ganglion cysts representing one of the most 
common of these lesions. Moreover, extremes of 
scapular motion, shoulder motion like hyperab-
duction, or repetitive microtrauma may affect the 
nerve as well.

13.5.2  Diagnosis

Often a history of trauma or of a sporting activity 
with repetitive use such as volleyball, basketball, 
tennis, weight lifting, and swimming is evident. In 
overhead athletes, injury to this nerve may occur 
from repetitive traction and microtrauma. Moreover, 
the spinoglenoid ligament tightens when the shoul-
der is in the position for overhead throwing, result-
ing in increased pressure on the suprascapular 
nerve. While sports activities can often lead to 
suprascapular neuropathy, workers may be plagued 
with this disease as well because of the nature of the 
repetitive overhead work they may perform daily.

During examination atrophy of the supraspi-
natus and/or infraspinatus may be evident. A 
patient may describe pain when reaching across 
his or her body. Moreover, tenderness may exist 
in the suprascapular notch between the clavicle 
and scapular spine, located approximately 3 cm 
medial and anterior to Neviaser portal.

Weakness of external rotation should be tested 
with the arm at the side and may be present with-
out any significant pain. Furthermore, provoca-
tive tests especially looking for possible labral 
pathologies as well as the cross-arm adduction 
test need to be performed.

Magnetic resonance imaging (MRI) is a use-
ful tool to identify soft tissue masses like a gan-
glion cyst and will give important information to 
identify their presence, location, and size. Muscle 

atrophy and fatty infiltration of the supraspinatus 
and infraspinatus can be visualized as well.

Furthermore, diagnostic injections using 1% 
of lidocaine may be used to differentiate between 
other pathologies and to confirm the diagnosis of 
suprascapular nerve entrapment with sometimes 
an almost immediate pain relief. However, a neg-
ative test does not rule out the disease. Diagnostic 
injections in other areas of the shoulder may also 
be helpful to identify other shoulder pathologies.

13.5.3  Treatment Options

13.5.3.1  Nonoperative Treatment
Initial treatment for an isolated suprascapular 
nerve compression is rest, activity modification, 
anti-inflammatory medications, physical therapy 
to maintain a normal range of motion, and strength-
ening of the shoulder girdle with return to sport 
after proprioceptive exercises. Often patients will 
need physical therapy to enhance scapular stability 
and resistive strengthening programs.

If there is, however, a space-occupying lesion, 
nonoperative treatment should not be continued 
for more than 6–8 weeks.

13.5.3.2  Operative Treatment
Operative treatment options include decompres-
sion of the suprascapular nerve by arthroscopic 
release of the transverse scapular ligament or 
endoscopic release of the spinoglenoid ligament. 
Moreover, several authors advocate for treating 
intra-articular lesions such as the labral tear. These 
authors believe that if the one-way valve mecha-
nism is corrected, the cyst will never return. Some 
authors often just treat the SLAP tear and ignore 
the cyst as they believe it will decompress itself 
after correction of the intra- articular pathology. 
Other authors arthroscopically decompress the 
cyst, debride the frayed labrum, and repair and sta-
bilize the SLAP lesion as well. If the labrum is 
intact, incision of the capsule above the labrum 
just posterior to the biceps can be performed in 
order to decompress the ganglion cyst.
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Unicompartmental Knee 
Arthroplasty

S. Lustig, S.T. Donell, G. Pagenstert, P. Henle, 
S. Oussedik, J. Beckmann, and F. Haddad

14.1  Introduction

Unicompartmental knee arthroplasty (UKA) is 
now a well-established procedure in the armamen-
tarium of an orthopaedic surgeon whose practice 
deals with managing the degenerating knee. Total 
knee arthroplasty (TKA) predominates in the man-
agement of knee osteoarthritis because it lies within 

the skills and competence of the generalist ortho-
paedic surgeon, has well- designed instrumentation, 
and the outcomes are reasonably predictable. The 
cost-effectiveness of UKA over TKA depends on 
the revision rates of the former, which tend to be 
higher than TKA [1]. UKA requires a different 
philosophical approach [2]. There are no soft tissue 
corrections permitted. Only the missing bearing 
surface is being replaced. The key is to restore the 
joint line accurately in all planes, which means 
matching the position of the meniscus. All the soft 
tissue ligaments are preserved, although Cartier 
allows the absence of an ACL when using a fixed- 
bearing implant [3, 4]. The underlying principle of 
UKA is that by restoring the native alignment of 
the knee, the remaining articular cartilage in the 
contralateral compartment of the knee becomes 
normally loaded and so stays healthy.

Medial UKA is classically indicated in the 
presence of three conditions:

• Advanced isolated pain at the medial knee 
joint space

• Marked isolated medial knee joint surface 
destruction, (bone-on-bone)

• Failure of conservative therapy

The classic definition of indications and con-
traindications for UKA was reported in 1989 by 
Kozinn and Scott [5]. Deschamps and Chol [6] 
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reported good and excellent results if UKA was 
indicated for:

• Isolated medial or lateral osteoarthrosis (OA) 
or osteonecrosis of the knee

• Age over 60 years
• Weight under 82 kg
• Lower leg deformity <15° of coronal knee 

deformity which needs to be correctable to 
neutral during surgery

• Extension loss <5°
• Total knee range of motion (ROM) at least 90°

Contraindications are high activity and sys-
temic inflammatory joint disease.

14.2  Indications for UKA

14.2.1  Biological Factors

14.2.1.1  Age
Thompson et al. [7] analysed 229 UKAs per-
formed at their institution for factors associated 
with poor outcome. They found that patients 
younger than 60 years did significantly better 
than older patients at 2 years follow-up (Knee 
score KSS 93 vs 77). Pennington et al. [8] 
reported a series of 46 consecutive UKAs under 
the age of 60 years at implantation; 93% of these 
UKAs had excellent results at mean of 11 years 
of follow-up. Other case series showed similar 
results [3, 9]. Thus, age under 60 years is no lon-
ger thought to be a contraindication for UKA. In 
a recent review about indications for UKA, 
Zuiderbaan et al. [10] proposed under age 
40 years old as the new threshold.

14.2.1.2  Advanced Disease
• Rheumatoid arthritis (RA) is a systemic dis-

ease affecting all joints and therefore consid-
ered to be a contraindication for 
UKA. However, during the past two decades, 
the treatment of RA patients has changed con-
siderably. The goal of therapy is no longer 
only symptom relief but rather the full preven-
tion of structural joint damage and functional 
decline [11]. Today, no data exist in the litera-

ture reporting on the outcome of UKA in RA 
patients. However, further improvements in 
medical therapy may lead to an extended lifes-
pan of these joints, eventually becoming can-
didates for partial knee arthroplasty. Today, 
progression of inflammatory joint disease is 
still believed to be less dependent on mechani-
cal factors than on biological ones; therefore 
these patients are not suitable for UKA.

• Patellofemoral osteoarthritis (PFOA) visible 
on radiographs was thought to be a contraindi-
cation for UKA. Berger et al. [12] reported a 
series of 62 consecutive patients with medial 
UKA at minimum of 10 years of follow-up. 
Only two patients had to be revised but both 
for progressive PFOA. However, Berend et al. 
[13] reported on 638 consecutive knees with 
medial UKA and compared patients with no 
radiological evidence of PFOA with patients 
with such evidence. They found no patient 
was revised for advanced PFOA during fol-
low- up. As well, they found no difference in 
outcome or revision rates for medial or lateral 
PFOA. In addition, Ma et al. [14] compared 
100 consecutive medial UKAs with symptom-
atic anterior knee pain (AKP) in 43% of cases 
before surgery and looked for the location of 
PFOA. They found no significant difference 
between groups with or without preoperative 
AKP after a minimum of 50 months of follow-
 up. Patients with preoperative radiological 
medial PFOA had no significant difference in 
outcome to patients without PFOA. However, 
patients with lateral PFOA had a significantly 
poorer outcome compared to medial or no 
PFOA. A reason may be that UKA straightens 
the varus angle of the knee unloading the 
medial patellofemoral joint, whereas lateral 
PFOA is loaded more and may become more 
symptomatic. Thein et al. [15] studied the 
patellofemoral congruence angle before and 
after UKA. They found improved congruence 
after UKA suggesting that the medial PFOA is 
unloaded by the limb alignment correction. In 
conclusion, radiological PFOA with or with-
out AKP is not a strong contraindication for 
UKA. However, severe degenerative PFOA 
with advanced patellar bone deformity and 
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destruction is still widely held to be a contra-
indication because these patients have not 
been included in the above-mentioned series.

• Lateral tibiofemoral TFOA visible on radio-
graphs was thought to be a contraindication 
for medial UKA in varus OA. However, both 
UKA series of Berger et al. [12] and 
Pennington et al. [8] implanted UKA in the 
presence of asymptomatic lateral TFOA. They 
found little or slow progression of the disease 
over 10–15 years of follow-up without signifi-
cant worsening of symptoms. Their patients 
had no progressive lateral joint pain and no 
revision for lateral TFOA. The key to this 
result may be the subtotal correction of the 
weight- bearing axis achieved. The mean fem-
orotibial angle was 5°, which is a mild varus 
resulting in limited loading of the lateral TF 
joint space [8]. Marya and Thukral [16] took 
this concept to the limit by implanting a 
medial UKA in tricompartmental varus knee 
OA with symptoms confined to the medial tib-
iofemoral joint. In 45 low-demand older 
patients, medial UKA resulted in 96% sur-
vival and 95% good and excellent outcomes 
after 6 years mean follow- up. Therefore, can-
didates with isolated medial joint space symp-
toms for medial UKA that have visible early 
radiological signs of OA at the lateral tibio-
femoral joint may still be treated successfully 
by isolated medial UKA.

• Minimal disease at the medial TF joint is a 
contraindication for medial UKA despite the 
presence of adequate symptoms. Niinimäki 
et al. [17], in their series of 113 consecutive 
medial UKAs, analysed the reoperation rate 
which was found to be independent of age, 
gender, obesity or arthroscopic degree of car-
tilage damage in the medial TF joint. However, 
if the medial knee compartment was thicker 
than 2 mm on standing anteroposterior radio-
graphs, or more than 40% thickness of the 
unaffected lateral compartment, the reopera-
tion rate was six times higher. Therefore, even 
in the presence of arthroscopically proven 
advanced cartilage loss at the medial compart-
ment, if the medial joint space is radiologi-
cally intact, medial UKA must be avoided.

14.2.1.3  Physical Activity
Although Kozinn and Scott [5] recommended 
low activity and sedentary lifestyle in UKA, cur-
rent practice changed. Pietschmann et al. [18] 
studied the preoperative activity level in relation 
to complications and outcome in their series of 
131 consecutive patients. They found that higher 
preoperative activity was associated with higher 
postoperative activity with better overall out-
come. In contrast, revision rates and complica-
tions were equal to the low-activity group after 
4.2 years mean follow-up. Despite this encourag-
ing comparative trials, van der List et al. [19] per-
formed a recent large systematic review of 3967 
UKA failures. They identified aseptic loosening 
and polyethylene wear as accounting for 50% of 
failure after UKA. Knowing that activity causes 
polyethylene wear and wear causes aseptic loos-
ening, high-impact activity after UKA is still not 
recommended today.

14.2.1.4  Obesity
Obesity, defined as weighing more than 180 
pounds (82 kg), was suggested as a contraindica-
tion for UKA in the past [5]. However, Cavaignac 
et al. [20] performed a retrospective study of 212 
UKAs at mean follow-up of 12 years and found 
no significant influence of weight on revision rate 
or clinical outcome. Neither comparing patients 
up to 82 kg nor up to a BMI of 30 kg/m2 revealed 
a significant difference. Thompson et al. [7] 
looked at even higher weight. They found that a 
BMI <35 kg/m2 had no significant difference in 
revision rate but a significant better outcome 
score at 1 year follow-up. However, after 2 years 
of follow-up, this difference in outcome became 
insignificant, indicating slower recovery for 
patients with BMI >35. Therefore, currently 
there is no evidence-based threshold to deny 
UKA in obese patients.

14.2.2  Mechanical Factors

14.2.2.1  Anterior Cruciate Ligament 
Deficiency

Anterior cruciate ligament (ACL) deficiency in 
UKA has been reported to cause early failure and 
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disappointing long-term results [21]. Therefore, 
in the absence of a functional ACL, combined 
procedures including UKA and ACL reconstruc-
tion have been conducted with success in 15 con-
secutive cases with excellent results [22]. 
However, recently, Boissonneault et al. [23] com-
pared medial UKA in the ACL intact and not 
intact state and found no difference at mean fol-
low- up of 5 years comparing 46 cases of each. 
Despite this, a recent systematic review looked at 
complications of UKA in ACL deficiency [24]. 
The revision rate of UKA in the presence of ACL 
deficiency was twice as high as in the group with 
UKA and combined ACL reconstruction. UKA 
with ACL reconstruction revealed lower outcome 
than UKA with intact ACL, but this difference 
was not significant. In conclusion, as for the 
native knee, if the patient has symptomatic knee 
instability, the ACL should be reconstructed, 
whereas the ACL rupture can be ignored in the 
medial arthritic knee with pain as the main com-
plaint and no instability [25].

14.2.2.2  Mediolateral Subluxation
Mediolateral subluxation of the knee visible on 
weight-bearing radiographs has been described as 
a contraindication for medial UKA. This situation 
was defined either as advanced deformity or as 
mediolateral ligament insufficiency [6]. However, 
in a recent series reported by Khamaisy et al. [26] 
reporting on 174 medial UKAs, mediolateral sub-
luxation could be reduced, and congruence of the 
lateral knee compartment was effectively restored 
by UKA. Thus, mild mediolateral ligament insuf-
ficiency caused by cartilage wear rather than by 
ligament insufficiency is not a contraindication 
for UKA.

14.2.2.3  Deformity and Restricted 
Range of Motion

Most authors agree that patients with knee varus 
deformity of more than 10–15° and restricted 
range of motion of less than 90° with combined 
extension—flexion or lack of extension of 5°—
should not be treated by UKA [5, 19]. However, 
adequate studies comparing patient outcomes 
according to these preoperative variables are 
missing. Therefore, the influence of preoperative 
limb alignment may be questioned. However, the 

effect of postoperative limb alignment on UKA 
outcome has been studied in several case series 
and systematic reviews. Hernigou and Deschamps 
[27] analysed their series of 58 medial UKAs at 
10–20 years follow-up and found overcorrection 
into valgus (hip-knee-ankle angle of more than 
180°) associated with advanced degeneration of 
the uninvolved lateral knee compartment, and 
undercorrection with a hip-knee-ankle angle 
under 170° was associated with high wear. UKAs 
between 171° and 180° had better outcomes and 
lower revision rates. Vasso et al. analysed [28] 
their series and compared UKA alignment of 
mild varus (5–7°) with normal -2° to 1° and next 
to normal 2–4° of varus in 125 consecutive 
medial UKAs at mean 7.6 years. Mild varus limb 
alignment resulted in better outcome and no more 
complications than normal or next normal group. 
However, Zuiderbaan et al. [10], in their series of 
104 consecutive medial UKAs, found better 
WOMAC scores in patients with a postoperative 
varus alignment of UKAs between 1° and 4° 
compared to UKAs with less than 1° or more 
than 4° of varus. In conclusion, over- and under-
correction with the UKA procedure should be 
avoided. Consequently, patients with medial 
compartment OA and valgus knee alignment are 
not ideal candidates for medial UKA.

14.2.3  Influence of Alternatives 
on UKA Indications

14.2.3.1  Total Knee Arthroplasty
Several advantages have been listed in case series 
and randomised controlled trials comparing out-
come of UKA and TKA patients. Less periopera-
tive morbidity, reduced blood loss, shorter 
postoperative rehabilitation, higher postoperative 
range of motion and reduced surgical costs favour 
UKA over TKA [29, 30]. In addition, patient- 
based outcome including the “forgotten knee joint 
score” is superior for UKA compared to TKA in 
limited medial knee OA [31]. However, in a recent 
meta-analysis, the revision rates of partial versus 
TKA have been compared. Medial UKA showed 
to have a 2.18-fold annual revision rate compared 
to TKA [32]. However, despite higher revision 
rates, UKA has shown to be more cost effective 
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than TKA in a large study comparing 15.437 pri-
mary TKAs with 10.624 UKAs [33].

14.2.3.2  High Tibial Osteotomy
HTO was the established treatment for medial 
unicompartmental knee OA before UKA was 
available. The most obvious advantage of HTO is 
that it preserves the natural knee joint. Regarding 
the indications for UKA versus HTO, overlap 
exists in the current literature. Both surgical tech-
niques have improved tremendously in accuracy, 
outcome and longevity. Some relatively clear cut- 
off variables can be defined in literature. Trieb 
et al. [34] compared HTO in 27 patients older 
than 65 years with 67 patients younger and found 
a 1.5-fold increased risk of failure at mean 13 
years follow-up. In addition, the outcome was 
significantly worse in the older patients group. In 
two studies (BMI >27.5 kg/m2 and >30 kg/m2), 
HTO was associated with worse outcome and 
higher failure rate at 10–20 years follow-up after 
HTO [35, 36]. In conclusion, patients older than 
65 years and obese should be candidates for UKA 
rather than HTO.

However, regarding deformity and ligament 
instability, in a recent systematic review, HTO 
showed superior survival comparing HTO and 
combined ACL reconstruction with UKA and 
combined ACL reconstruction [25]. In addition, 
HTO can stabilise a certain degree of medial col-
lateral ligament insufficiency and can correct 
varus deformities above 15° or which cannot be 
corrected by manual reposition. Thus, HTO can 
be an option when UKA is contraindicated.

A recent meta-analysis of comparative trials 
between HTO and UKA by Fu et al. [37] compar-
ing HTO and UKA for the treatment of unicom-
partmental knee OA found 8 studies including 
461 patients. There was no overall difference in 
knee scores, but the postoperative functional sub-
score favoured UKA, but range of motion 
favoured HTO. However, HTO had a longer reha-
bilitation time with initially partial weight- 
bearing making UKA more attractive for the 
older and less active patients. Even though most 
studies showed a difference in complication rates 
between HTO and UKA, this meta-analysis 
including 4 studies with 301 patients found no 
significant difference.

14.2.3.3  Outcome of UKA and HTO 
Revision to TKA

Seven studies with 5641 patients compared the 
revision rates after HTO and UKA [37]. The rea-
son for revision after HTO was mainly progres-
sive OA. UKA was revised for loosening or 
breaking of the components, chronic pain and less 
frequently for progressive OA. After HTO, there 
was difficulty achieving correct tibial component 
position and adequate exposure of the knee. In 
UKA the most common difficulty was to manage 
bone defects in the tibia and femur. Compared to 
primary TKA or TKA after HTO, a significantly 
bigger polyethylene insert was needed after revi-
sion of UKA to TKA [38]. In another meta-analy-
sis, Spahn et al. [39] compared time to TKA 
revision for patients with UKA and HTO. They 
found a significantly sooner time to revision of 
UKA at mean 8.2 years compared to 9.7 years for 
HTO. In contrast to HTO, the risk of revision of a 
UKA to TKA decreases with age. UKA patients 
under age 55 have a 3 times higher revision rate 
than above 55 years in the Swedish registry [40]. 
A possible reason was the higher activity and 
higher wear rate. It may also be that revising a 
UKA to a TKA is considered easier by general 
orthopaedic surgeons compared to TKA to TKA, 
and therefore a revision is more likely to be 
offered to a patient with an unsatisfactory 
UKA. Having said that the evidence suggests that 
in patients under 55 years old, one should favour 
treatment with an HTO rather than a UKA.

Summary of Indications
Medial UKA is indicated in symptomatic medial 
unicompartmental knee OA, with or without 
radiological signs of patellofemoral OA, in 
patients age over 55 years and with weight over 
30 kg/m2, a varus deformity no greater than 15° 
or loss of extension over 10°, no need for ACL or 
other ligament reconstructions and no interest in 
jumping and pivoting activities. Otherwise, HTO 
should be considered.

Medial UKA may be considered as well in 
patients with symptomatic medial knee OA and 
radiological evidence of OA at the patellofemoral 
or lateral compartment but without pain and lim-
ited bone destruction or deformity in the other 
compartments, plus a knee range of motion of 
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more than 90°. Otherwise TKA should be 
considered.

In valgus knee alignment and medial knee 
OA, or limited medial knee OA with more than 
2 mm preserved joint space, other treatment 
options besides UKA should be considered.

14.3  State-of-the-Art Treatment

Leaving aside the argument about the relevance of 
the state of the patellofemoral joint, UKA is suit-
able on radiological grounds when there is bone-
on-bone arthritis in either the medial or lateral 
compartment. It should be noted that this is most 
likely to be demonstrated on the medial side with 
the knee flexed and weight-bearing at 30° flexion, 
whereas on the lateral side, the wear occurs on the 
posterior condyle. Therefore, lateral tibiofemoral 
wear may not be shown on an anteroposterior 
(AP) weight-bearing radiograph, since the knee 
would have to be flexed at 90°. Therefore, in lat-
eral unicompartmental OA, the standing AP 
radiograph may appear normal. A provocation 
test with the knee in valgus flexed beyond 90° 
elicits pain and crepitus on the lateral tibiofemoral 
joint line confirms the diagnosis. In this instance, 
an MRI scan may be useful. It has been argued 
that the presence of bone marrow lesions aids the 
decision for UKA [40], but this has been disputed 
for medial compartment disease [41].

A minimal incision surgery  (MIS) approach 
is justified in UKA and allows full visualisation 
of the compartment. Placing the incision cor-
rectly is important. If too close to the midline, it 
can be difficult exposing the tibia for its resec-
tion. Too far from the midline and the tibial sagit-
tal cut may be impossible. Exposure can be 
improved by partially excising the infrapatellar 
fat pad and any patellar and notch osteophytes. 
The patella can have a sliver removed along its 
medial or lateral borders to help expose the femo-
ral condyle and avoid excessive retraction. 
Removing the femoral-rim osteophytes improves 
exposure since it also relaxes the soft tissues. 
Evaluating the PFJ, ACL and lateral compart-
ment provides reassurance, although should not 
lead to a change in the surgical plan as the preop-
erative workup should have excluded significant 

damage in the other compartments. Having said 
that, one should always have a TKA system avail-
able if there is a surprise, and a UKA is found to 
be contraindicated (Fig. 14.1).

As stated earlier, the mobile-bearing UKA has 
a number of theoretical advantages over the 
fixed-bearing design. These include better con-
formity through the flexion arc and therefore 
potential lower wear rates. The National Joint 
Registry of England and Wales (NJR) [42] shows 
that 70% of tibiofemoral UKA are mobile- 
bearing in the UK. Revision rates (all causes) are 
consistently greater than for TKA, and fixed- 
bearing designs have lower revision rates than 
mobile ones (Table 14.1.)

It should be noted that the confidence intervals 
between mobile- and fixed-bearing UKAs do not 
cross. Mobile-bearings have theoretical advan-
tages with respect to wear that should occur 
between 10 and 20 years post-operation, and the 

Fig. 14.1 Mobile-bearing UKA

Table 14.1 NJR 10-year revision rates for total and uni-
compartmental knee arthroplasty

Implant
Revisions per 1000 
patient-years

95% confidence 
interval

Total knee 
arthroplasty

3.86 3.80–3.93

Mobile-bearing 
UKA

13.40 12.96–13.85

Fixed-bearing 
UKA

12.10 11.43–12.81
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NJR only covers 10 years. The best performing 
implant in the NJR with 10 years follow-up is the 
fixed-bearing UKA (Fig. 14.2) with 6.31 revi-
sions per 1000 patient-years (CI 95%, 5.16–7.70). 
The dominant UKA in the NJR (mobile-bearing 
UKA) has 12.02 revisions per 1000 patient-years 
(CI 95%, 11.51–12.54) reported. This may reflect 
the number of surgeons involved performing 
small numbers per year in the latter. The modes 
of failure appear similar, with the addition of 
bearing dislocation in mobile-bearing designs.

14.3.1  Technical Aspects of Medial 
Compartment Mobile-Bearing 
UKA

The degree of pre-existing laxity in the MCL 
should be evaluated to inform on the depth of 
tibial resection. The MCL should be normal, and 
therefore any laxity indicates the degree of artic-
ular cartilage and bone loss; the more lax the 
MCL, the less the resection.

After elevating the capsule from the most 
proximal part of the medial tibia, care must be 
taken to avoid damaging the deep MCL. Therefore, 
the soft tissue elevation medially should only be 
to the depth of the tibial resection. It must be 
remembered that the medial meniscus is attached 
to the MCL, so excision of the body of the menis-
cus should be undertaken with care, and a 1 mm 
rim should be left. Pulling hard on the anterior 
horn of the meniscus and then blindly sectioning 

the body with a scalpel can remove the deep 
MCL. If this happens, when the bearing size is 
assessed, it will be found to be much larger than 
expected. In this circumstance, either an MCL 
reconstruction will need to be performed or con-
version to a constrained TKA. The MCL also has 
to be protected during the tibial bone resection. 
The posterior capsular attachment is the most dif-
ficult to elevate; the posteromedial corner can be 
mobilised safely with a small curved periosteal 
elevator. The tibial resection is critical. The align-
ment needs to be correct in the sagittal plane as 
well as the correct depth and slope. If the tibial 
resection is perfect, the rest of the operation is 
technically easy, including gap balancing and 
femoral component insertion. The tibial cut 
alignment can be improved through several key 
steps. The slope should be matched to the 
patient’s own anatomy in both planes. The depth 
should be sufficient to allow a 7 mm feeler gauge 
(or the minimum depth to allow for the thickness 
of the tibial implant plus 1 mm laxity) to be 
inserted into the joint without gripping the gauge. 
The key is to get the new joint line back to the 
native joint line in all planes. Since the posterior 
femoral condyle has the full thickness of articular 
cartilage in medial compartment OA, then when 
the knee is flexed to 90°, this acts as the marker 
for the true joint line. Therefore, if the feeler 
gauge is at the right tension after the tibial resec-
tion, then one should be confident that the correct 
level has been achieved. This also means that 
achieving the correct posterior femoral cut is 
easy, since this is now just the thickness of the 
implant’s posterior condyle, and is achieved 
using the relevant implant jig. The gap is now 
balanced in flexion. The MCL must be carefully 
protected during posterior femoral resection.

To achieve gap balance in extension, all ten-
sion must be removed from the soft tissues (i.e. 
the soft tissue retractors removed). The knee is 
then opened medially by a gentle valgus force to 
tension the MCL slightly. The extension gap can 
then be measured with feeler gauges where the 
tibial resection is the reference surface. The 
amount of distal femoral resection then allows 
for the thickness of the tibial implant and the dis-
tal femoral component thickness. Often this is 
0 mm but more typically 2–3 mm. Femoral 

Fig. 14.2 Metal back fixed-bearing UKA
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 alignment may be improved with modern guides. 
Extramedullary rods avoid some of the pitfalls of 
incorrectly placed intramedullary rods. The pin 
guide must be flush against the condyle to pro-
vide accurate assessment of flexion-extension.

Uncemented implants may be used, but 
cemented implants are perhaps more forgiving. 
Tibial cement technique is critical and aims to 
produce 2–3 mm of bone penetration.

14.3.2  Technical Aspects of Medial 
Compartment Fixed-Bearing 
UKA

Fixed-bearing UKAs have a number of technical 
considerations to achieve a successful outcome 
[43]. Figure 14.3 shows an example which has 
an all-polyethylene tibial component. An all- 
polyethylene bearing allows for less bone resec-
tion and is easier to revise than a metal-backed 
one. Theoretically, the metal-back allows greater 
load transference and therefore may be more 
appropriate for younger, active patients.

The fixed-bearing surface needs to be flat to 
allow the curve of the femoral component to find 
its position on the insert after the wound has been 
closed; at this point the soft tissues will all be in a 
stable position and under their final tension. Any 
restraint caused by dishing the plastic risks over-
loading and early polyethylene wear. With a flat 
insert, the poly deforms by creep and so becomes 
dished and conforming without wear. It follows 
that it is important that the new implant is not 
inserted tight; slight laxity mimics the native knee.

Exposure is the same as for a mobile-bear-
ing. Again, the key is to get the tibial cut right. 
Gap balancing is essentially the same. A key 
difference is that the femoral component needs 
to lie aligned with the tibial component in both 
flexion and extension. This means that the 
alignment on the femur does not match the fem-
oral obliquity but is at right angles to the tibial 
alignment. If the tibial component has a varus 
slope, then the femoral component must match 
this (Fig. 14.4). It then follows that care must 

Fig. 14.3 Full poly fixed-bearing UKA

Fig. 14.4 AP radiograph of a fixed-bearing UKA show-
ing the varus slope of the tibial cut and the femoral com-
ponent aligned at right angles
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be taken that there is no overhang of the femo-
ral component on the medial retinaculum at its 
most anterior point.

Finally the femoral component should be 
inserted flexed. This allows for greater knee flex-
ion than if aligned with the femoral anatomical 
axis. With insertion with the knee at 90° flexion, 
impingement occurs between the posterior con-
dyle of the femoral component and the posterior 
margin of the tibial component. Likewise, the 
posterior slope of the tibial component helps to 
avoid this conflict.

There is some evidence, including personal 
experience, that patients with fixed-bearing UKAs 
have less postoperative pain and more rapid recov-
ery than mobile-bearings. This may possibly be due 
to soft tissue impingement by the mobile-bearing 
during knee motion. The 10-year follow-up data 
show no difference between the two types; however, 
the theoretical advantages of the mobile-bearing 
with respect to polyethylene wear are expected to be 
shown only after a longer time frame.

14.3.3  Technical Aspects of Lateral 
Compartment UKA

In the 1990s, lateral UKA was initially criticised 
by the proponents of the mobile-bearing UKA, 
mainly because it is difficult to balance the gaps 
as the lateral compartment is lax in flexion. 
Therefore, mobile-bearings tend to dislocate. 
Although the Oxford group have produced a 
domed-tibial mobile-bearing with some success 
in the designer hands, most surgeons favour a 
fixed-bearing design in the lateral compartment. 
Excellent long-term survival rates of 95–98% 
survival at 10-year follow-up have changed this 
perception [44, 45]. There are no differences 
between medial and lateral UKA when it comes 
to survival rates [46], if anything lateral fixed- 
bearing UKA is better as long as the different 
technical challenges are understood:

• In the MIS lateral parapatellar approach, remov-
ing the lateral patellar osteophytes along with a 
small partial lateral patellar facetectomy facili-
tates the exposure of the lateral tibiofemoral 
compartment and avoids the need for significant 

medial displacement of the patella. Like on the 
medial side, the tibial cut should reproduce the 
native slope. On the medial side, the tibia is dish-
shaped but is domed on the lateral. It therefore 
does not have an obvious posterior slope. The 
rim should be exposed to the posterior edge. 
This is easier than medially as the LCL is extra-
capsular. The resection is usually less than the 
thickness of the tibial implant to allow for the 
lateral femoral hypoplasia that is present. The 
tibia typically has a neutral mechanical axis.

• The tibial sagittal cut should allow the tibial 
component to be positioned in internal rota-
tion in order to compensate for the internal 
rotation of the external femoral condyle in 
extension (screw home mechanism). This may 
need to be achieved by creating the sagittal 
tibial cut with the saw blade passed through a 
separate stab incision through the patellar lig-
ament. A malaligned tibial cut may induce 
impingement between the femoral component 
and the lateral tibial spine.

• The lateral femoral marginal osteophytes 
should be preserved in order to position the 
femoral implant condyle as lateral as possible. 
However, the notch osteophytes should be 
removed (to avoid continuing impingement on 
the ACL and the risk of later rupture).

• The posterior femoral condyle is worn, and so, 
if using standard medial UKA jigs for the pos-
terior femoral cut, a suitable sized osteotome 
needs to be inserted between the bone and the 
jig to avoid an excessive flexion gap.

• Strict gap balancing is usually impossible; the 
lateral compartment opens up if the knee is 
placed in the Fig. 14.4 position. Resection of 
the distal femoral condyle needs to be mini-
mal because of the hypoplasia. The tibial and 
femoral resections need to be such that on 
insertion of the implant, the knee valgus is less 
than normal. This reduces overload of the 
implant and early polyethylene wear [47].

Using these technical tips, the long-term 
results of the lateral fixed-bearing UKAs are 
extremely encouraging. The indications can now 
be extended to include young patients, the over-
weight and in some cases of posttraumatic OA, 
e.g. after fracture of the lateral tibial plateau [48].
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14.3.4  Custom-Made UKA

Compared to TKA, MIS-UKA leads to faster 
recovery, lower complications, more “forgotten” 
joints and higher satisfaction but also, as shown 
above, has higher revision rates [49]. Reducing 
the number of revisions is an important goal con-
sidering the increasing need for artificial joints. 
Revision of a UKA in the first 3 years is usually 
due to surgical error; component malalignment 
and poor gap balancing being the commonest 
problems. These manifest as pain, stiffness and, 
in mobile-bearing designs, bearing dislocation. 
Poor tibial component fit can result in loosening 
and subsidence. Femoral component malposition 
can result in soft tissue impingement as well as 
poor gap balancing. It is therefore logical to con-
sider whether this can be improved using patient- 
specific knee implants which are custom-made 
[50]. This is particularly apparent as the lateral 
compartment of the knee is biomechanically and 
anatomically completely different from the 
medial compartment. Most commercially avail-
able unicompartmental implants are not designed 
specifically for the lateral compartment. Patient- 
specific implants and the instruments needed for 
correct alignment and fitting are manufactured by 
virtual 3D reconstruction and 3D printing based 
on computed tomography (CT) scans. For the 
first time, implants are now matched to the indi-
vidual knee and not vice versa. The aim is to 
achieve the best possible individual situation and 
geometry that includes coverage/fit, tibial slope 
and flexion gap balance.

However, this is currently in its infancy where 
the literature is sparse, and no long-term data are 
available.

14.3.5  Robotic Surgery

Many UKA instrument systems rely on manual 
placement of cutting blocks and extramedullary 
alignment rods. Open blocks use flexible saw 
blades; slotted blocks use rigid blades. One sys-
tem places pins through the block, which is then 
removed, and the blade cuts on the pins. Accurate 

positioning is more difficult with MIS as less of 
the knee is visualised. Since the accuracy of the 
bone cuts is essential for a favourable outcome 
from UKA, it is logical to consider whether this 
would be improved by navigation aids. Computer- 
assisted navigation and tactile-robot assistance 
have been increasingly tried. Originally static 
referencing was used, which still had some 
implant placement variation between 1 and 2 mm 
and 2° and 5°, although overall alignment vari-
ance was less than 2° [51]. More recently, a 
dynamic referencing tactile-guidance robotic 
system has been trialled, which reduces set-up 
time and complexity [52]. These gave similar 
results. A retrospective comparative review of 
robot-assisted implantation versus standard tech-
niques showed no difference in postoperative 
implant position or short-term outcomes [53]. 
Robot assistance added 20 min on average to the 
operation.

Robotic assistance is still experimental. 
The companies have not made a robot that is 
independent of the surgeon on the grounds that 
this would be unacceptable. The current sys-
tems are not suitable for normal clinical prac-
tice; cost- effectiveness as well as clinical 
effectiveness still needs to be confirmed, on 
top of surgeon acceptance. Experienced sur-
geons have similar outcomes with standard 
techniques.

14.4  Future Treatment Options

Although not new, there is a vogue for bicom-
partmental UKA in those patients with an intact 
ACL and bicompartmental (or even tricompart-
mental [54]) OA. The problem with bicompart-
mental tibiofemoral knee arthroplasty is that the 
medial and lateral tibial plateaux are not in the 
same orientation. Access is via a standard open 
access incision, unless the two sides are per-
formed at different times. Navigation and robot-
ics have a role. Cartier has been an enthusiast for 
bicompartmental UKA for many years [3].

Another extension is to combine an ACL 
reconstruction with a UKA in the younger 
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patient. The problem is that to perform an 
excellent ACL reconstruction, the tibiofemo-
ral joint needs to be intact, and to gap balance 
a UKA needs an intact ACL. Care needs to be 
taken to ensure that the ACL tibial tunnel does 
not pass through the UKA tibial cut; the tunnel 
is placed closer to the midline. Bioabsorbable 
screws are better than metal ones, as there is a 
risk of fretting corrosion against the tibial 
metal (and galvanic corrosion with dissimilar 
metals). One method is to make the ACL tun-
nels first arthroscopically. The posterior horn 
of the meniscus can also be removed. The ACL 
graft (ideally hamstrings) is then passed and 
anchored on the femoral end. The UKA is then 
cemented. Finally, the ACL graft is tensioned 
and fixed at the tibial end. Since ACL graft 
rupture is a risk, it is advisable to consider a 
fixed-bearing UKA. In addition, for medial 
UKA plus ACL reconstruction, lowering the 
tibial slope protects the graft. In fact, a medial 
tibial slope set at 0° using a fixed-bearing 
UKA without ACL reconstruction is another 
method for managing the ACL ruptured knee 
and unicompartmental disease [2]. A point to 
consider with lateral UKA plus ACL recon-
struction is that the femoral tunnel can act as a 
stress riser; care must be taken not to fracture 
the lateral condyle, especially with a patellar 
retractor.

It should be emphasised that these treatments 
may fail, and the patient runs the risk of needing 
to undergo revision to a TKA. The objective is to 
keep the knee as mobile and functional as 
possible.

14.5  Take-Home Message

Unicompartmental knee replacement is a proce-
dure for the dedicated knee specialist. To obtain 
good results, the surgeon and the surgical team 
need to be performing the operation routinely. 
Patient selection is the most important factor for 
a good outcome. As Cartier has stated that after a 
UKA, you will see “a forgotten knee” in an 
enthusiastic patient [4].
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15.1  Introduction

Upper extremity injuries are a common phe-
nomenon in throwing athletes, as the throwing 
motion repetitively exposes the shoulder and 

elbow to extreme forces at extreme ranges of 
motion. Overuse injuries of the elbow and 
shoulder comprise 14.3% of all overuse injuries 
in high school athletes in the United States. This 
percentage increases among throwing sports 
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(i.e., softball, volleyball, baseball), up to 68% in 
male high school baseball players [1]. Among 
professional baseball players, the incidence of 
wrist, elbow, and shoulder injuries is 10%, 
16.4%, and 21.2%, respectively [2]. Elbow and 
shoulder injuries are the two leading causes of 
time-out of play in professional baseball players 
[3]. Despite baseball-targeted prevention pro-
grams focused on the entire kinetic chain, the 
incidence of upper extremity injuries has 
remained the same in Major League Baseball 
from 1998 to 2015. Among the upper extremity 
injuries, a declining trend in shoulder injuries 
was observed but counteracted by an increase in 
elbow injuries [3].

The throwing motion is one of the most com-
plex and rapid human movements. The entire 
kinetic chain from the feet up through the hips 
via the trunk and finally the upper extremity has 
to work in perfect harmony to generate and 
effectively dissipate the tremendous forces. 
During the acceleration phase, the elbow 
extends with over 2300°/s, and the shoulder 
internally rotates at over 6940°/s. Meanwhile 
the shoulder and elbow are exposed to excessive 
forces at extreme ranges of motion. Two critical 
moments in the throwing motion have been 
identified. The first is during late cocking and 
early acceleration, the second just after ball 
release. During these moments, the elbow is 
exposed to 64 Nm of valgus stress, 300 N of 
medial shear forces, and 900 N of lateral com-
pressive force. The shoulder is exposed to a 
multitude of different directional forces, of 
which the most relevant are 67 Nm of internal 
rotation torque and 380 N of anterior shear force 
during late cocking and 1090 N of compressive 
forces along with 400 N of posterior shear force 
and 310 N of inferior shear force just after ball 
release. These forces place tensile stress along 
the medial side of the elbow and the posterior 
shoulder muscles, compressive forces on the 
radiocapitellar joint and subacromially, and 
shearing forces throughout the ulnohumeral and 
glenohumeral joint [4].

The proximal kinetic chain, consisting of the 
lower extremities and trunk, plays a significant 
role in generating the abovementioned forces 

and transferring them to the upper extremity 
during earlier phases of the throwing motion, 
the windup and stride phase, and dissipating 
these forces after ball release. Therefore, 
changes in biomechanical properties of the 
proximal kinetic chain, such as range of motion 
or timing sequence, are likely to alter the magni-
tude and distribution of forces throughout the 
upper extremity. In literature, an altered knee 
flexion at ball release and early trunk rotation 
have been proven to increase shoulder and 
elbow torques and thus risk for upper extremity 
injury [5].

The often numerous repetitions of the 
throwing motion may induce adaptive changes 
and possibly overload or microtraumata to the 
bony, muscular, and tendinous structures of the 
wrist (Paulo Arrigoni), elbow, and shoulder. 
Eventually this leads to specific adaptations 
and injuries such as ulnar collateral ligament 
insufficiency or rupture, valgus extension over-
load (Uroš Meglič, Oskar Zupanc, Andreas 
Lenich), lateral-sided elbow pain (Denise 
Eygendaal) such as osteochondritis dissecans 
or/and osteochondral lesions of the capitellum, 
glenohumeral internal rotation deficit (Boris 
Hollinger), and superior labrum anterior to 
superior tears. In the following sections, differ-
ent parts of the spectrum of upper extremity 
injuries in the throwing athlete will be dis-
cussed into further detail, along with state-of-
the-art treatments, rehabilitation (Hakan 
Turan), and future perspectives.

15.2  GIRD Phenomena 
in Throwing Athletes 
and the Impact on Elbow

The glenohumeral internal rotation deficit 
(GIRD) is a reduction in the internal rotation 
angle of the throwing shoulder in comparison to 
the non-throwing shoulder and is considered a 
primary factor in the development of shoulder 
injuries [6].

The set of adaptations that occur in the throw-
ing shoulder is one of the reasons for shoulder 
pain in overhead atheletes [7]. Recent studies 
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have contributed further information regarding 
the association of these adaptations and the injury 
mechanism in throwing athletes. It is currently 
believed that contracture of the posterior capsule 
and posterior band of the inferior glenohumeral 
ligament, caused by repetitive microtrauma dur-
ing the deceleration phase of throwing, is the 
main cause of GIRD and, subsequently, future 
injuries.

Several authors [8–10] have stated that GIRD 
increases the load on medial compartment of the 
elbow and thus the ulnar collateral ligament, 
leading to potential subtle valgus instability of 
the elbow. This instability will eventually lead to 
injuries encountered in the throwing elbow, most 
commonly valgus extension overload syndrome 
(VEO) or ulnar collateral ligament injury (UCL) 
or less commonly ulnar neuritis, flexor-pronator 
injury, and medial epicondyle apophysitis or 
avulsion.

15.2.1  Literature Overview

Dines et al. [8] conducted a retrospective case-
control study comparing range of motion (ROM) 
between baseball players in the clinic demon-
strating UCL insufficiency with a healthy control 
group. The group with UCL insufficiency had 
less dominant-arm internal rotation and greater 
GIRD.

Garrison et al. [9] conducted a prospective 
case-control study of baseball players comparing 
patients in their clinic diagnosed with UCL tears 
with a control group of healthy players. The 
group of players with UCL tears exhibited less 
dominant-arm external rotation, as well as defi-
cits in shoulder total rotation.

Wilk et al. [11] introduced the total rotation 
concept, where the amounts of external rota-
tion and internal rotation at 90° of abduction 
are added together, and a total rotational 
motion arc (TROM) is determined [11]. They 
stated that a pitcher with more than a 5° differ-
ence in total rotation between his two shoul-
ders had increased risk for shoulder injury 
[12]. In a later study, they were able to estab-
lish a correlation between total rotation deficit 

and elbow injuries. In a prospective study, they 
measured passive ROM of both throwing and 
non-throwing shoulder in baseball pitchers. 
They revealed that a pitcher with a deficit in 
throwing-shoulder TROM had an increased 
risk for elbow injury, and a pitcher with throw-
ing-shoulder GIRD did not have an increased 
risk for elbow injury [10].

15.2.2  Take-Home Message

According to latest studies, a deficit in shoul-
der total rotational motion (TROM) greater 
than 5° and flexion has a significant effect on 
the risk for elbow injuries in a throwing ath-
lete. However, in the overhead athlete, loss of 
glenohumeral rotation, termed glenohumeral 
internal rotation deficit (GIRD), is a normal 
phenomenon that should be expected. 
Pathologic GIRD is when there is a loss of gle-
nohumeral internal rotation greater than 20° 
with a corresponding loss of TROM greater 
than 5° when compared bilaterally. Clinicians 
need to be aware of these problems and plan 
specific preventive rehabilitation programs that 
address these issues in hopes of reducing elbow 
injuries. They include exercises for the entire 
kinematic chain (trunk stabilization, glenohu-
meral, rotator cuff, and total arm strengthen-
ing), active and passive warm-up on an upper 
body ergometer, and active warm-up, manual 
therapy, and resisted and dynamic exercises for 
glenohumeral and scapulothoracic stability, 
stretching exercises, cryotherapy, and home 
exercises program.

15.3  Valgus Extension Overload 
of the Elbow

Valgus extension overload (VEO) among throw-
ing athletes is a syndrome of symptoms and 
physical findings of the elbow that are commonly 
seen due to numerous repetitions of the throwing 
motion [13]. To understand the injury patterns 
and their treatment options, as well as the possi-
ble prevention of the injuries, clinicians must 
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have a working knowledge of the elbow anatomy, 
biomechanics, and pathomechanics that lead to 
those common injuries.

15.3.1  Pathomechanics

Multiple biomechanical studies in throwing ath-
letes have shown that during throwing motion 
the elbow is exposed to valgus stress, medial 
shear force, and lateral compressive force, and a 
spectrum of elbow lesions was encountered 
[14]. These extraordinary forces on the elbow 
joint leave the elbow especially vulnerable to 
injury [4]. The typical pattern of injury sus-
tained is either due to repetitive microtrauma or 
chronic stress overload leading to injury and 
inflammation to the surrounding soft tissue 
structures of the elbow. However, ulnar collat-
eral ligament (UCL) microtrauma may occur, 
leading to subtle valgus instability. This insta-
bility will lead to excessive force being trans-
mitted to the lateral and posterior elbow 
compartments that are most significant in the 
late cocking and follow-through phases, as the 
elbow comes into extension. With the continu-
ance of throwing in the setting of subtle instabil-
ity, shear forces due to a combination of 
compressive and rotatory forces gradually 
increase, leading to synovitis and osteophyte 
formation. Osteophyte formation is hastened as 
abutment of the olecranon with the olecranon 
fossa that occurs as the elbow extends. This 
impingement can lead to a “kissing lesion” of 
chondromalacia in the olecranon fossa and loose 
body formation [15].

15.3.2  Examination

In the evaluation of athletes with elbow VEO 
syndrome, a thorough history typically involves 
a complaint of posterior or posteromedial pain 
during the follow-through phase of throwing. It 
is during this final phase of throwing that the 
elbow extends and the posterior osteophytes 
impinge. Pain that occurs earlier in the throw-
ing cycle should raise suspicion for other 

pathologies such as UCL injury. If loose bodies 
are present, the athlete may also report mechan-
ical symptoms such as locking or catching. 
Physical examination should focus on the eval-
uation of range of motion, especially as forced 
terminal extension usually leads to pain. 
Additionally, a “valgus extension overload 
test” elicits pain [16].

Imaging of athletes with elbow complaints 
should always initially include plain radiographs 
with anteroposterior, lateral, axial, and two 
oblique views of the affected side. An oblique 
axial view with the elbow in 110° of flexion is 
helpful to demonstrate posteromedial olecranon 
osteophytes. Comparison views of the opposite 
elbow may be done if necessary. If medial insta-
bility is suspected, stress AP radiographs can be 
performed [14].

Magnetic resonance imaging (MRI) is consid-
ered the gold standard imaging modality for the 
athlete’s elbow. In cases of VEO, it identifies dis-
tinct bony and articular changes to the posterior 
trochlea and olecranon, along with posteromedial 
gutter synovitis. MRI findings of insertional ten-
dinosis at the medial border of the triceps, some-
times with bone marrow edema in the olecranon, 
are common and may serve as an imaging clue to 
the diagnosis. Other associated findings may 
include loose bodies, as well as chronic changes 
to the UCL [17].

A CT scan can be helpful for detecting stress 
fractures of the olecranon [14].

15.3.3  Treatment

Nonoperative treatment of VEO syndrome con-
sists of an initial period of active rest, icing, and 
anti-inflammatories. Once the initial pain 
resolves, rehabilitation including both shoulder 
and elbow exercises is initiated, with avoidance 
of throwing. As range of motion and strength 
improves, strengthening of the flexor-pronator 
musculature and a progressive supervised throw-
ing program can be initiated.

The surgical procedure of choice in the throw-
ing athlete that fails conservative treatment is 
osteophyte excision and exploration for loose 
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bodies. Although this procedure was originally 
described as an open procedure [18], the current 
trend is for arthroscopic intervention. Elbow 
arthroscopy allows visualization of all compart-
ments as well as arthroscopic evaluation of the 
UCL. With arthroscopy, osteophytes can be eas-
ily visualized and debrided in cases of posterior, 
posterolateral, and anterior elbow impingement. 
Also loose body excision, debridement of hyper-
trophic scar tissue, and synovium could be ade-
quately performed. Osteochondral lesions 
especially of capitellum humeri may be treated 
with arthroscopic debridement or drilling.

15.3.4  Take-Home Message

Because of recent advances in arthroscopic surgi-
cal techniques, the prognosis for return to compe-
tition for this highly motivated patient population 
is generally good. However, continued exposure 
to high forces often results in symptom recur-
rence in the competitive thrower.

15.4  Lateral Elbow Pain 
in Athletes

Lateral elbow pain is the most common diag-
nosis in athletes presenting with elbow pain. 
Initially, it is important to differentiate between 
intra- or extra-articular causes. Intra-articular 
causes include osteochondral pathology of the 
radiocapitellar joint such as Panner’s disease 
and osteochondral lesions (OCD), osteochon-
dral fractures, and osteoarthritic spurs but also 
causes such as thickened, symptomatic syno-
vial fold or diffuse synovitis. Pain from intra-
articular causes will generally be felt at the 
radiocapitellar joint or just posterior to the epi-
condyle (posterolateral compartment of the 
joint). It can have a compromising effect on 
range of motion, which is rarely seen in extra-
articular causes of lateral elbow pain. In these 
cases, the limited range of motion can some-
times be the result of an effusion with swelling, 
most notably at the “soft spot” on the postero-
lateral side of the elbow. Intra-articular causes 

are suggested by painful clicking during pas-
sive and active motions of the elbow. It should 
be noted that (extra-articular) ligamentous 
insufficiency should also be considered as a 
potential cause for these intra-articular symp-
toms. In young, overhead athletes, an OCD is 
often overlooked; each overhand sporting kid 
has an OCD until proven otherwise. Extra-
articular causes include lateral epicondylitis 
(sometimes accompanied with an intra-articu-
lar component, i.e., a synovial fold), lateral 
collateral ligament complex injuries, radial 
tunnel syndrome, cervical root compression 
syndromes, and other causes of referred pain.

15.4.1  Lateral Epicondylitis

Lateral epicondylitis (LE) is the most common 
cause of lateral elbow pain, and it is typically 
diagnosed in people aged 35–50 [19]. The preva-
lence of LE in the general population is 1.3% 
[20]. While LE is called tennis elbow, tennis 
players only make up a mere 10% of all cases 
[21, 22]. On the other hand, 50% of the tennis 
players develop elbow pain, in which LE is the 
cause in 75% [22].

15.4.1.1  Pathophysiology 
and Anatomy

The symptoms in LE are the result of repetitive 
stress on the proximal origin of the tendons of 
the forearm extensor muscles, causing multiple 
microtraumata. These traumata lead to disrup-
tion of the internal structure of the tendon and 
cell matrix degeneration, which in turn causes 
tendinosis. Tendinosis, although not com-
pletely understood, is a process of degenera-
tion without the presence of multiple 
macrophages, lymphocytes, and neutrophils 
[23]. At histological examination, a vast 
amount of fibroblasts, vascular hyperplasia, 
and disorganized collagen are found [24]. This 
makes epicondylitis a rather wrong term: epi-
condylosis would be more correct.

The origin of the extensor carpi radialis bre-
vis (ECRB) muscle is usually the focal point of 
these symptoms [25]. Its tendon wraps around a 
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 convex surface—the lateral epicondyle—and is, 
especially in sports or work-related activity, 
exposed to repetitive tension. Another muscle 
regularly involved in LE is the extensor digito-
rum communis (EDC). The pathological 
changes at the ECRB origin are consistently 
present, while involvement of the EDC muscle 
is reported in one third of the cases [24]. In 5% 
of patients suffering from LE, there is concomi-
tant radial nerve pathology, i.e., radial tunnel 
syndrome [26]. Another consideration is the 
potential presence of a synovial plica, folds in 
the synovial tissue, and remnants of the embry-
onic septa in normal articular development [27]. 
Injury to the synovium by direct blow, or chronic 
overloading such as repetitive extension (same 
cause for tennis elbow), can cause thickening of 
the plicae followed by impingement between 
the articular surfaces [27]. It is presumably due 
to this similar trauma mechanism that the syno-
vial plica is a frequently found concomitant 
pathology in patients with LE. Characteristic 
findings are a click or snap with terminal elbow 
extension and forearm supination. However, 
some plicae can cause lateral elbow pain with-
out the clicking or snapping symptoms which 
can make discrimination between a symptom-
atic plica and LE difficult.

15.4.1.2  Management
LE does not always demand active treatment, 
since it usually is a self-limiting disease. In 90% 
of the cases, symptoms will resolve after conser-
vative treatment such as lowering or changing 
activity, physiotherapy, splints, or using local 
nonsteroidal anti-inflammatory drugs (NSAIDs). 
Local infiltration therapy is also widely employed. 
Injection therapy should be performed under 
ultrasound guidance in a standardized way. 
Corticosteroid injections should not be used any-
more with the increasing amount of evidence of 
its harmful long-term effects. Other injectables 
such as dextrose, autologous blood, platelet-rich 
plasma, or dry-needling techniques are still being 
investigated [28].

Patients not responding to conservative treat-
ment can be considered candidates for surgery. It 
is the surgeon’s preference to perform surgery in 

an open or arthroscopic way. An advantage of an 
arthroscopic technique is complete visualization 
of the joint to treat concomitant intra-articular 
pathology such as a radiocapitellar plica, which 
can be treated in the same procedure if necessary. 
There is also a decreased chance of damaging the 
lateral collateral ligament complex in compari-
son to open surgery. It also shows an earlier 
return to activity [29].

Dunkow et al. [30] described a technique 
where a percutaneous release is done through a 
small 1 cm incision over the midpoint of the lat-
eral epicondyle, lifting the common extensor ori-
gin, before releasing it. In their study containing 
89 patients, they found significant improvements 
in return to work, DASH score, and sporting 
activities. It was compared to Nirschl’s technique 
at 12 months follow-up. There is insufficient evi-
dence to support the use of one operative proce-
dure over another. This is mainly due to 
methodological limitations in the current studies, 
including high risk of bias in the available studies 
and small sample sizes.

15.4.2  Radial Tunnel Syndrome

Radial tunnel syndrome (RTS) is presumably 
caused by compression of the posterior interosse-
ous nerve (PIN). It causes pain on the lateral side 
of the elbow and dorsal forearm. Pain may radi-
ate proximately and distally. Usually, compres-
sion is mild, and no motor symptoms are present, 
although more severe compression (e.g., caused 
by lipoma, ganglion, or synovitis) can lead to 
motor weakness [24]. The incidence rate of RTS 
has been estimated as low as 0.03%, and it is 
mostly diagnosed in women aged 30–50 [25]. 
Other reports noted a coexisting RTS in up to 5% 
of the patients with LE [8].

15.4.2.1  Pathophysiology 
and Anatomy

The radial nerve originates from the brachial 
plexus, runs through the upper arm, passes the 
elbow, and enters the radial tunnel. The radial 
tunnel is approximately 5 cm long and extends 
from the radial head to the distal border of the 
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supinator muscle. Boundaries of the radial tunnel 
are the brachioradialis, supinator, extensor carpi 
radialis longus, and ECRB [31]. The radial nerve 
splits into the PIN and a superficial branch. The 
PIN passes the leading aponeurotic edge of the 
supinator muscle, also called the arcade of 
Frohse, which is the most common site of com-
pression [32]. Other potentially compressing 
structures are the sharp medial edge of the ECRB 
muscle, the radial recurrent blood vessels (leash 
of Henry), and the distal margin of the superficial 
layer of the supinator muscle [32].

In general, compression of the nerve causes 
the capillary bed in the nerve to be compromised. 
Hypoxia of the nerve trunk leads to dilation of 
the small vessels causing endoneurial edema. 
Edema, in turn, can increase the effect of the 
original compression [33].

The PIN, being purely a motor nerve, makes 
the cause of the pain a point of discussion. The 
usual absence of motor symptoms (in a compres-
sion syndrome of a motor nerve) and the fact that 
EMG and NVC studies are generally negative 
make the diagnosis somewhat controversial [31]. 
The PIN, however, does carry group IV unmyelin-
ated fibers that have been associated with nocicep-
tion which may explain the pain, and these fibers 
are not generally assessed with EMG [31].

15.4.2.2  Diagnosis
Patients present with pain at the lateral elbow and 
the dorsoradial aspect of the forearm which can 
radiate proximally and distally. The arcade of 
Frohse should also be palpated to localize a sec-
ond focal point of tenderness. Pain could be 
aggravated by extending the elbow, pronating the 
forearm, or flexing the wrist. Resisted supination 
and hyperextension of the wrist against resistance 
are helpful diagnostic tests. Comparison with the 
opposite arm is necessary to decrease the chances 
of a false-positive test result. These tests, how-
ever, are very likely to be positive in LE as well. 
As noted earlier, EMG and NCV tests are typi-
cally normal. MRI can show muscle edema as a 
possible cause for compression or atrophy along 
the distribution of the radial nerve but is usually 
negative as well [31]. Injection of a local anes-
thetic can be helpful in establishing the diagno-

sis, when both a temporary paralysis of the PIN 
and pain relief are established. Relieve of the 
symptoms localized in the forearm, accompanied 
by a transient inability to extent the MCP joints, 
supports the diagnosis of a RTS. It should be 
noted that pain at the ECRB origin is not expected 
to diminish by this infiltration: infiltrating too 
proximally may lead to a temporary paralysis of 
the ECRB, giving a false-positive result. Asking 
for specifics when the patient reports a relieve of 
symptoms can clear this up in most cases. In 
addition, the use of ultrasound-guided infiltration 
could be considered to target the arcade of Frohse 
more accurately.

15.4.2.3  Management
Initial therapy is conservative. Modalities include 
splinting, using NSAIDs, physical therapy, and 
avoiding provocative maneuvers. Corticosteroid 
injections are used frequently. In a study consist-
ing of 25 patients, 72% had pain relief of which 
62% continued pain free for 2 years [34]. No 
clinical trials assessing the success rate and ideal 
duration of conservative therapy are available.

Surgical treatment for RTS consists mostly of 
decompression of the PIN and sometimes the 
superficial branch of the radial nerve as well. It is 
the key to release the nerve at the arcade of 
Frohse and negate other potentially compressive 
agents such as the radial recurrent blood vessels 
as the release is carried more distally [31]. 
Various approaches have been described: the dor-
sal approach between the wrist extensors and fin-
ger extensors, or between the brachioradialis and 
the wrist extensors, the anterior approach between 
the brachioradialis and biceps, and the transmus-
cular brachioradialis-splitting approach.

No clinical trials comparing various surgical 
approaches are available [35]. The overall success 
rate of RTS surgery ranges from 67% to 92% [36].

15.4.3  Lateral Collateral Ligament 
Injuries

The lateral collateral ligament (LCL) complex 
consists of four structures: the annular liga-
ment (AL), the radial collateral ligament 
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(RCL), the lateral ulnar collateral ligament 
(LUCL), and the accessory lateral cross liga-
ment. The RCL passes from the lateral epicon-
dyle into the annular ligament; the AL 
originates and inserts at the anterior and poste-
rior margins of the lesser sigmoid notch and 
encircles the radial head. The LUCL runs from 
the lateral epicondyle to the supinator crest of 
the ulna. An injury to the LCL complex can be 
caused by mechanical or iatrogenic trauma: 
elbow dislocations in various forms will pre-
dictably lead to a torn LUCL. It is common 
belief that simple elbow dislocations start with 
injury to the lateral complex before advancing 
through the anterior and posterior capsule and 
finally tearing the medial collateral ligament. 
In terrible triad injuries, the LUCL is also torn, 
but in addition a coronoid fracture and radial 
head fracture are present. Iatrogenic causes 
include damage during surgery for radial head 
fractures and surgery for LE. In a cohort of 13 
patients, 3 out of the 13 patients showed evi-
dence of laxity following surgical treatment for 
LE, indicating injury to the lateral collateral 
ligament complex [37]. LCL complex injuries 
can also result in posterolateral rotatory insta-
bility; the LUCL is considered to play a key 
role in the resulting instability pattern [38].

15.4.3.1  Diagnosis
Patients with an LCL injury can present with a 
variety of complaints such as lateral elbow pain, 
locking, clicking, or snapping. Symptoms can 
usually be provoked by activities with the fore-
arm in supination, the elbow in extension, and 
valgus stress. Patients mostly present with a his-
tory of trauma including a fall on a fully extended 
arm or surgery on the lateral side of the elbow.

Varus stress itself is not a good test for lateral 
ligament injuries because it does not reproduce 
the forces on the lateral aspect of the elbow that 
are symptomatic in lateral ligament pathology. A 
good test would be the posterolateral rotatory 
pivot-shift test (mostly under anesthesia). Other 
tests are the posterolateral rotatory drawer test, 
tabletop relocation test, and active floor push-up 
sign. Radiographs can be made to assess the pos-
sibility of degenerative joint disease and previous 

trauma. MRI can show the location of ligament 
tears. However, it is not very specific: a negative 
MRI does not exclude instability.

15.4.3.2  Management
LCL complex injuries can be treated conservatively 
using activity modification and splinting or surgi-
cally. The most frequent indication for conservative 
treatment of an LCL injury is the simple elbow dis-
location. When treating this injury surgically, it is 
either by direct repair (for the acute cases) or recon-
struction (for the longer-standing cases).

In longer-standing cases, a repair is usually 
not feasible, and a reconstructive procedure is 
undertaken. There is no evidence for superiority 
of one reconstruction technique over the other 
due to a lack of comparative studies [39].

15.4.4  Radiculopathy

Radiculopathy that occurs at the C6 or C7 levels 
may cause referred pain to the lateral elbow area. It 
can also cause weakness and dysfunction of the 
biceps, triceps, wrist, and fingers. Most likely, pain 
cannot be increased by provocative tests stressing 
the muscles around the lateral epicondyle as in epi-
condylitis, and no other abnormalities will be found 
around the elbow during physical examination. Lee 
and Lee-Robinson [39] suggested that there is a 
correlation between existing radiculopathy of C6–
C7 and the incidence of LE, most likely due to 
muscle weaknesses and imbalances caused by the 
radiculopathy. A correlation with C6–C7 radicu-
lopathy is also present in medial epicondylitis [39].

15.5  Partial Tears of the Distal 
Biceps

Partial tears are rare injuries, occurring mostly in 
middle-aged men. While most of the pathology 
of the distal biceps is related to complete rup-
tures, partial tears or bursitis at the insertion site 
may present with mild pain in the antecubital 
fossa, so patient’s diagnosis may be delayed. A 
high index of suspicion is needed in order to per-
form a timely diagnosis.
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15.5.1  Clinical Findings

Patients presenting with pain at the antecubital 
fossa typically present with biceps tendinopa-
thy. Biceps tendinopathy, including partial rup-
tures, may have a traumatic event or a more 
insidious onset indicating a degenerative dis-
ease of the tendon. As in other chronic tendi-
nopathies, the traumatic event may be minor, so 
it is important to review possible events with the 
patient or prior symptoms. Some patients may 
report an overuse episode before the appearance 
of pain. On clinical examination, patients usu-
ally show a full range of motion in both flexion-
extension and pronation-supination but may 
show a very slight decrease in terminal exten-
sion with supination and pain. The radial tuber-
osity can be painful when palpated, which is 
possible in thin patients with the elbow flexed 
and with the forearm pronated. The examiner 
passively pronates and supinates the forearm 
while pressing on the radial tuberosity, and if 
painful, it is a very clear sign of distal biceps 
pathology. The hook test is a very useful test to 
assess the integrity of the distal biceps [40]. The 
patient is asked to bilaterally flex the shoulder to 
head level and to flex the elbow approximately 
to 90° while maintaining the forearm in supina-
tion. While keeping this position, the examiner 
slides his index finger on the antecubital fossa 
and will hook on the distal biceps tendon. If the 
tendon is not present, the index finger will not 
hook, indicating a complete rupture of the distal 
biceps. If the tendon is present, but painful when 
“hooked,” this is indicative of tendinopathy, and 
partial ruptures should be ruled out. Other clini-
cal findings include pain in the antecubital fossa 
with resisted supination with the arms in almost 
full extension (mild cases) or with the elbow in 
90° of flexion.

15.5.2  Imaging

Radiographs of the elbow are typically normal 
but may show indirect signs of tendinopathy, 
such as flattening of the radial tuberosity [41]. 
Ultrasound (US) is accurate to diagnose com-

plete tendon ruptures, but its role in diagnosing 
partial ruptures is less clear [42]. Magnetic reso-
nance imaging (MRI) is favored because it can 
evaluate the entire course of the distal biceps ten-
don and may assess the presence of a partial tear, 
the presence of tendinopathic changes, or the 
presence of bicipitoradial bursitis. These changes 
may be best seen using the FABS view (flexion-
abduction-supination) in which the patient is 
placed prone with the affected arm completely 
abducted with the arm flexed and the forearm in 
supination [43]. Of note, it may be difficult to 
distinguish between tendinosis and partial tears 
involving less than 50% of the tendon. Findings 
related to the presence of a partial tear include 
increased signal intensity in the distal biceps, the 
presence of peri-tendinous or intra-sheath fluid, 
and increased bone marrow signal at the tendon 
insertion site [43].

15.5.3  Management

Partial tears are typically a delayed diagnosis, 
so patients may have tried different treatments 
at the time of consultation. A trial of 6 months 
of conservative management seems reasonable. 
Conservative management has not been clearly 
protocoled, and most authors use physical ther-
apy, the cessation of aggravating activities 
(including splinting), NSAIDs, and steroid/
anesthetic injections. Progressive strengthening 
is recommended until patients can perform their 
desired activities and it can be useful in some 
patients, a recent systematic review of surgical 
outcomes of partial ruptures showed that only in 
5 of 65 patients who received conservative man-
agement that this form of treatment was effec-
tive [44]. High-grade tears involving more than 
50% of the attachment site have more failures 
after conservative management, and some 
patients could benefit from early surgical repair.

15.5.3.1  Endoscopic Techniques
The use of endoscopy to treat distal biceps inju-
ries has been recently reported using different 
techniques [41, 45]. Endoscopy can be utilized as 
a diagnostic aid in evaluating the extent of the 
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rupture, for removing adjacent bursitis, to debride 
the partial biceps tear or to complete and reattach 
the tendon. However, it should be reserved for 
experienced arthroscopists. The patient is placed 
in supine position, with the arm on an arm table. 
A tourniquet is helpful for visualization, and in 
partial ruptures the risk of not reaching the attach-
ment site is nonexistent.

The tendon can be palpated, and it is usually 
central on the forearm. The incision can be made 
3–4 cm distal to the elbow crease. Blunt dissec-
tion is carried out until the tendon is apparent. 
Injury to the lateral antebrachial cutaneous nerve 
(LABCN) and the posterior interosseous nerve 
(PIN) is a frequent complication.

To decrease the rate of these complications, we 
recommended handheld retractors and avoid 
Hohman retractors around the radial neck and 
tuberosity. The scope is advanced to the bicipital 
tuberosity, and the forearm is supinated to improve 
the working space.

The medial fibers are usually intact in cases of 
a genuine partial tear. The distal short head of the 
biceps can be ruptured with preservation of the 
proximal long head of biceps insertion, and gan-
glions at the site of rupture are frequently seen 
[46]. Vandenberghe and van Riet suggest the fol-
lowing protocol to decide appropriate treatment 
of distal biceps tears [41]. Tears smaller than 
25% are debrided; tears comprising between 25 
and 50% are partially repaired with the use of an 
anchor; and those tears greater than 50% are 
detached and fixed using a cortical bone tech-
nique. In the latter, the scope can be used to local-
ize the proper insertion side, and while removing 
the scope, the sheath can provide protection for 
the drills used for cortical preparation. A guide 
wire is drilled in the center of the tuberosity 
through both cortices and must be directed 
straight posteriorly or with slight ulnar deviation. 
The guide wire is over-drilled with a bigger can-
nulated drill in the first cortex and a smaller drill 
in the second cortex (different systems may have 
different sizes).

If we put trailing sutures on the guide wire, we 
can advanced it through the posterior forearm to 
introduce the button and tendon into the drill site 
until the button has passed the second cortex. It can 

then be flipped by flexing and extending the elbow. 
Alternatively, an antegrade sliding technique can 
be used. There, after we passed the button and ten-
don through the second cortex, we deployed it from 
the handle, and toggling with the suture achieves 
flipping of the button. Sliding and tensioning of the 
limbs of the suture advance the tendon to the 
desired position. The sutures are then tied, and the 
position is locked. Otherwise, an interference 
screw can be used to secure the tendon and offset it 
to its lateral position in the radial tuberosity.

15.5.3.2  Open Techniques
The techniques used for the treatment of partial 
distal biceps tears include a single anterior inci-
sion, a single posterior incision, or a double inci-
sion, but most cited authors in a recent systematic 
review use the single anterior incision approach 
[44]. Tendon fixation may be accomplished with 
a cortical button, a suture anchor, or transosseous 
sutures.

Load to failure and pullout strength are higher 
with an endobutton device when compared to 
other fixation devices, but accelerated protocols 
have been described with all kinds of fixation.

For a single anterior incision technique, the 
patient is placed supine with an arm tourniquet and 
the hand on an arm table. The incision is placed 
longitudinally along the medial border of the bra-
chioradialis while protecting the LABC. This pro-
tection may be achieved by simple measures, 
including not dissecting it and avoiding self-retain-
ing retractors.

The lacertus fibrosus is usually intact and can 
be detached for improved exposure. The biceps 
tendon is exposed and is followed distally 
toward the radial insertion. The decision-mak-
ing process and techniques are similar to those 
presented under “Endoscopic techniques.”

15.5.4  Rehabilitation

Described postoperative protocols are very dif-
ferent and vary from a short course of immobili-
zation, including splints, to the liberal use of the 
arm. At 3 months, the tendon is considered to 
have healed, and heavy strengthening can start. 
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During the first 12 weeks, the goals are to regain 
full range of motion and then add resistance 
training with small weights (1 kg), and eventually 
no restrictions are placed on the normal activity. 
It does not appear that the rehabilitation regime 
affects the results of surgery.

15.5.5  Results

Behun et al. presented outcome following surgi-
cal intervention for partial tears of the distal 
biceps in a systematic review [44]. Nineteen 
studies including 86 patients were reported. 
Surgery was performed with a single anterior 
incision in 50 cases, a single posterior incision 
in 11 cases, and two incisions in 6 cases, and the 
remainder was not specified. Fixation was per-
formed using transosseous suture (seven stud-
ies), suture anchor (five studies), and cortical 
button (five studies). Surgery yielded satisfac-
tory outcome in 94% of cases. There was one 
fixation failure (transosseous) that was revised 
using the suture anchor technique 4 years after 
the index operation. Two patients (2.3%) 
reported an unsatisfactory result due to weak 
supination, one of them being revised with fixa-
tion to the brachialis. Another patient reported 
an unsatisfactory result due to persistent 
LABCN paresthesia (1%).

15.5.6  Complications

Transient LABCN paresthesia was the most 
common complication, being encountered in 13 
of 86 patients (15%), followed by transient PIN 
palsy in 5 patients (6%), elbow discomfort in 2 
patients (2%), and asymptomatic HO in 1 
patient (1%) [44].

15.5.7  Future Treatment Options

It remains to be seen if the use of biologics to 
treat partial tears of the distal biceps, as in 
other enthesopathies, will be successful or not. 
The use of (ultrasound-guided) PRP injection, 

with or without stem cell augmentation, could 
help modulate the inflammatory response and 
have a potential for regenerating damaged but 
still attached tendon. This strategy could prove 
useful for small tears. It is probable that as 
techniques evolve, the use of endoscopic tech-
niques will increase over the future for larger 
tears, only limited by the safety of the 
approach.

15.6  Wrist Injuries 
in the Overhead Athletes

Overhead sports require high and unique physical 
demands and place athlete’s wrists at risk of injury, 
leading to sport-specific and even position-specific 
injury patterns [47]. Up to 15% of all athletic inju-
ries involve the hand or the wrist [48, 49]. Wrist 
injuries may be divided into two major groups 
according to anatomic localization (radial-sided or 
ulnar-sided) and injury mechanism (acute trau-
matic or overuse) [48]. Detailed classification sys-
tems have been specifically described for athletic 
wrist injuries: Mirabello et al. categorized them 
into throwing, weight-bearing, twisting, and 
impact injuries, being the first to use a biomecha-
nistic classification [50]. The main overuse mech-
anisms in overhead athletes were throwing (with 
repetitive flexion/extension and radial/ulnar devia-
tion) and twisting (with forceful rotation of the 
wrist). Werner and Plancher used a more sports-
specific classification including impact (such as 
with a ball or another competitor), contact with a 
racket, stick, or club and external contact (e.g., 
gymnastics, weight lifting, and rock climbing) 
[51]. Due to the fact that many athletic wrist inju-
ries can also occur in sports (such as soccer and 
running) where the hands are infrequently used, 
there is a lack of reviews and consensus in litera-
ture focusing only on the management and treat-
ment of elite overhead athletes.

15.6.1  Biomechanics

Ryu et al. have reported that most daily activi-
ties can be executed with 40° of wrist exten-
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sion, 40° of flexion, and a 40° arc of radial and 
ulnar deviation [52]. However, sport-specific 
movements may require a wider wrist range of 
motion (ROM) to effectively perform all 
phases of throwing gestures (cocking, acceler-
ation, deceleration, and recovery). In basket-
ball, for example, free throw shooting requires 
an average of 50° of extension (range, 40–56°) 
and 70° of flexion (range, 48–84°) for a total 
arc of 120° in the throwing hand. Furthermore, 
during the cocking phase, the wrist extends 
from neutral to 32° of extension, followed by 
rapid flexion over 94° during the 105 ms of the 
acceleration phase [53]. The knowledge of 
sport-specific ROM is crucial to predict return 
to sport following injuries and surgical proce-
dures and to guide surgical and rehabilitation 
procedures but has not been defined yet for all 
sports [54]. Moreover, this knowledge has rel-
evant implications when considering surgical 
interventions that may affect (i.e., limit) the 
range of motion in the wrist [48]. The ulnar 
variance also plays a fundamental role in the 
biomechanics of wrist injuries in the overhead 
athletes. In the ulna-neutral wrist, 82% of the 
load on the wrist joint passes across the radio-
carpal joint. A relative increase in the ulnar 
length of only 2 mm in relation to the radius 
can shift the weight-bearing line toward the 
ulnocarpal joint and nearly double the load 
passing across it. This increase may lead to 
progressive alterations on the ulnar-sided 
structures, including the lunate, ulnar head, 
and the triangular fibrocartilage complex 
(TFCC) [55]. On the contrary, relative shorten-
ing of the ulna may increase the peak pressure 
on the distal radial ulna joint (DRUJ) [49]. 
Repetitive pronation and powerful grip can 
lead to a dynamic change in ulnar variance, 
with consequent change in the load distribution 
across the ulnocarpal joint and direct implica-
tions on overhead athletes’ performance [56–
58]. This has a relevant role in the immature 
athletes, in which repetitive axial loads across 
the wrist joint can cause premature physeal 
growth arrest of the distal radius, with higher 
probability of developing an ulna-positive vari-
ance at skeletal maturity [59, 60].

15.6.2  Scapholunate and Perilunate 
Injuries

The scaphoid, lunate, and triquetrum constitute 
the proximal carpal row of the wrist and are 
linked via the scapholunate (SL) and lunotrique-
tral (LT) interosseous ligaments. The mechanism 
responsible for most scapholunate and perilunate 
injuries is wrist extension, ulnar deviation, and 
carpal supination, most commonly resulting from 
a fall on an outstretched hand. Due to this com-
mon mechanism of injury, SL injury is the most 
common ligamentous injury in the wrist. 
Perilunate instability originating from SL tears 
progresses across four stages involving disrup-
tion of the scapholunate articulation, lunocapitate 
disruption, lunotriquetral disruption, and finally, 
dislocation of the lunate from the radius. A 
reverse perilunate injury pattern originating from 
LT tears, which progresses through dorsal ulnar 
midcarpal tear and eventually SL tear, has also 
been described [48]. If untreated, SL and LT inju-
ries progress to a predictable pattern of osteoar-
thritic degeneration called scapholunate 
advanced collapse (SLAC) [61]. Since manage-
ment of chronic injuries is associated with poor 
outcomes, early recognition of these injuries is 
paramount. However, especially in athletes, peri-
lunate injuries are likely to be underdiagnosed 
and are often dismissed as simple “sprains” [47].

Overt instability on examination or localized 
pain over the SL or LT intervals should alert the 
clinician to consider additional diagnostic testing 
and appropriate imaging, which allows classify-
ing perilunate injuries into “pre-dynamic,” 
“dynamic,” or “static” [62]. Suspected tears or 
partial tears with static and pre-dynamic instabil-
ity can be managed conservatively. Dynamic SL 
injuries are considered an indication for 
arthroscopic surgery in the general population. 
Specific personal demands (e.g. despite the injury 
an athlete would like to finish the season) and 
coaching expectations may require postponing a 
surgical intervention to the end of the season in 
an elite overhead athlete: a specifically designed 
wrist orthosis has been reported to be a success-
ful treatment in these cases been described 
through the use of [63].
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Arthroscopy is considered the gold standard to 
diagnose intercarpal ligament tears: Geissler 
et al. developed an arthroscopic grading system 
to guide surgical management [64]. Surgical 
indications vary based on the severity of the 
instability, the chronicity of the injury, and the 
presence of degenerative changes. Recent reviews 
effectively summarized the spectrum of available 
surgical treatments, ranging from arthroscopic 
debridement or pinning to open salvage proce-
dures [65]. When operating on elite overhead ath-
letes, ROM-restricting procedures should be 
carefully discussed, and the patient should be 
informed regarding possible season-ending or 
even career-ending outcomes [47, 66].

15.6.3  Hamate Fractures

The hamulus, or hook of hamate, is a bony pro-
cess, which is believed to function as a pulley 
for the flexor tendons during power grip. 
Fractures of the hamulus represent less than 3% 
of all carpal fractures and are most likely sec-
ondary to a direct blow by the counterforce to 
the butt end of a baseball bat or a racket [67]. 
Baseball is the most common athletic etiology. 
The dominant hand is more usually involved in 
tennis players and racquetball, whereas the non-
dominant hand is likely involved in baseball 
players [67]. Fractures of the hamate present 
with persistent ulnar-sided wrist pain and can be 
difficult to diagnose on routine radiographic 
views of the wrist; the carpal tunnel radio-
graphic view can demonstrate pathology at 
either the pisiform or hamate hook, and CT and 
MRI are used to confirm the diagnosis or detect 
occult fractures. Appropriate index of suspicion, 
combined with directed physical examination, 
aids in early diagnosis [68]. Treatment of hook 
of the hamate fractures in athletes can range 
from casting to open reduction and internal fixa-
tion or excision [69]. Undisplaced hamulus 
fractures can heal uneventfully with cast immo-
bilization [70], although with the risk of flexor 
digitorum profundus tendon lesion [71]. Due to 
the risk of nonunion, flexor tendon thinning, and 
neurovascular impingement, the excision of the 

fracture fragment through a palmar approach is 
usually considered the standard treatment [72, 
73]. However, because of the possible decrease 
in flexion strength with the excision procedure, 
which may be undesirable for some overhead 
gestures, the open reduction through formal 
open palmar approach or percutaneous dorsal 
approach and internal fixation has been reported 
as a valid alternative technique [74]. Return to 
sport after surgery is often seen at 6–8 weeks 
postoperatively [75–77].

15.6.4  TFCC Lesions

The triangular fibrocartilage complex (TFCC) is 
an arrangement of structures composed of fibro-
cartilage and ligaments that originate from the 
sigmoid notch on the ulnar border of the articular 
surface of the distal radius and insert into the 
base of the ulnar styloid and fovea of the ulnar 
head [78]. Traumatic injuries of the TFCC result 
from a forced axial load to the wrist in an exten-
sion-pronation-ulnar deviation position, such as 
in a fall on an outstretched hand. Alternatively, a 
chronic mechanism of TFCC injury may occur 
from a distraction force applied to the volar fore-
arm or wrist, as frequently seen in racket sports. 
Micro- or repetitive trauma from rapid supina-
tion-pronation of the ulnar deviated wrist (as seen 
with swinging a baseball bat) can cause periph-
eral tears to the TFCC [79]. Ulnar-positive vari-
ance is considered an anatomical risk factor for 
TFCC injury [55]. The injured patient typically 
reports pain that is aggravated by activity on the 
ulnar side of the affected wrist, with painful 
clicking or locking with supination and pronation 
[78]. A wait-and-see approach, frequently con-
sidered in the general population with suspected 
TFCC lesion, is not considered appropriate for 
the high-performance athlete [78]. MRI evalua-
tion by an experienced radiologist is therefore 
recommended as an early step in the diagnostic 
algorithm when treating the elite athlete [80, 81]. 
Early arthroscopy is recommended for both diag-
nosis and possible treatment, with conservative 
treatment being accepted to avoid abrupt inter-
ruption of the season [78]. Immobilization for a 
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period up to 3 months, with or without physical 
therapy, can be helpful for alleviating symptoms 
if extensor carpi ulnaris (ECU) tendinitis is asso-
ciated [82]. Recalcitrant or recurring symptoms 
require arthroscopy for definitive classification as 
set forth by Palmer and treatment [83]. 
Symptomatic peripheral TFCC tears should be 
repaired, either open or with arthroscopic assis-
tance, and typically require 3 months until the 
athlete is able to return to play [84–87]. 
Symptomatic tears of the central articular disk 
which fail conservative management can be 
treated with arthroscopic debridement (with or 
without a concomitant ulnar shortening osteot-
omy if indicated) but are not amenable to repair. 
Return to play is generally permitted at 
2–3 months after surgery for all sports [78].

15.6.5  ECU Tendinopathy

The extensor carpi ulnaris (ECU) originates from 
the lateral epicondyle and inserts at the base of 
the fifth metacarpal. At the wrist, the ECU tendon 
is located in the sixth dorsal extensor compart-
ment, held within the ECU groove on the dorsal 
ulna by the extensor retinaculum and its own 
separate subsheath [88]. The tension on this sub-
sheath has been postulated to be greater during 
repetitive activities involving supination with a 
flexed and/or ulnarly deviated wrist [89], such as 
racket sports that require a snap of the wrist. 
These repetitive stresses on the ECU subsheath 
may cause synovitis, tearing, and subluxation/
dislocation of ECU tendon.

On physical examination, patients with ECU 
lesions may present with a spectrum of symptoms, 
from vague dorsal ulnar wrist pain to reproducible 
dislocation of the tendon [90]. These lesions were 
classified into three groups to guide treatment: 
instability, tendinopathy, and tendon rupture [91].

Tendinopathy of the ECU is usually treated 
conservatively. Rest, immobilization in wrist 
extension, and ulnar deviation, followed by pro-
gression to isometric and eccentric exercises, 
may help athletes to return to their activities. In 
cases of ECU instability, conservative manage-
ment is still initially employed, with a period of 

immobilization in a pronated, extended, and radi-
ally deviated wrist for 6–8 weeks in order to sta-
bilize the ECU tendon in its own groove [92, 93].

Surgery is proposed as the first-line treat-
ment for acute traumatic ECU instability [94]. 
Non-anatomic reconstruction of the subsheath 
with extensor retinaculum [89] or anatomic 
repair with reduction of the periosteum and 
subsheath back in the ulnar groove [95] was 
described as successful option to return to 
sports. After ECU sheath repair, a period of 
immobilization in a long arm cast for 4–6 weeks 
with the forearm in neutral rotation and elbow 
at 90° is recommended. Return to sport is per-
mitted another 2 months after immobilization 
[94, 96].

15.6.6  Future Directions

Future research should be directed toward devel-
opment of safe strategies, as well as identification 
of individual risk factors to anticipate or prevent 
injuries. Due to the articular or periarticular 
nature of most soft tissue wrist injuries in the 
overhead athlete, we recommend arthroscopy as 
the first-choice surgical strategy, since it guaran-
tees direct visualization and correct classifica-
tion, with the advantages of a minimally invasive 
procedure. Timing of treatment, postoperative 
rehabilitation, and return to sport in overhead 
athletes affected by wrist injuries are still based 
largely on expert experience, and development of 
a consensus is desirable. The best treatment 
option at the optimal time remains tricky in the 
management of the elite overhead athlete, requir-
ing an overall understanding of the athlete’s 
unique set of circumstances and priorities [78].

15.6.7  Take-Home Message

Early recognition of wrist injuries is important, 
because management of chronic injuries is asso-
ciated with poorer outcomes. Timing and choice 
of treatment must be tailored to specific athlete’s 
demands and coaching expectations. Conservative 
therapy with an appropriate orthosis can be 
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accepted to postpone a surgical intervention to 
the end of the season. Arthroscopy is considered 
the gold standard for diagnosis and early treat-
ment of intercarpal ligament and TFCC tears.

15.7  Rehabilitation of Upper Limb 
in the Overhead Athlete

Throwing injuries to the elbow are common in 
overhead athletes. During throwing, the medial 
aspect of the elbow undergoes tremendous (dis-
traction) forces, while the lateral aspect is force-
fully compressed. Throwing consists of six phases: 
windup, early cocking, late cocking, acceleration, 
release, and follow-through. A number of forces 
act on the elbow during the act of throwing. These 
forces are especially maximal during the accelera-
tion phase. Valgus stress in particular creates ten-
sile forces across the medial aspect of the elbow, 
which may eventually cause tissue breakdown and 
inability to throw. Compression forces are also 
applied to the lateral aspect of the elbow during the 
throwing motion. The posterior compartment is 
subject to tensile, compressive, and torsional 
forces during both the acceleration and decelera-
tion phases, which may result in valgus extension 
overload within the posterior compartment, poten-
tially leading to synovitis, osteophytes formation, 
and stress fractures of the olecranon.

15.7.1  General Rehabilitation 
Guidelines For Elbow Injuries

15.7.1.1  Phase 1: Immediate Motion
During the first phase, called the immediate 
motion phase, minimizing the effects of immobi-
lization, along with reestablishing the range of 
motion (ROM), decreasing pain and inflamma-
tion, and retarding muscular atrophy are the 
goals. Techniques like cryotherapy, laser, and 
high-voltage simulation can be utilized. Four 
times 15 min/day-type stretch, referred to as 
TERT program, can be done, particularly in the 
case of stiff elbow patients. As a supplement to 
the abovementioned ROM exercises, certain joint 
mobilizations, such as Grade I and Grade II, may 

be used to minimize pain and decrease inflamma-
tion. During the early phase of rehabilitation, vol-
untary activation of the muscle and retarding 
muscular atrophy are also important. Elbow 
flexor/extensor, wrist flexor/extensor, and prona-
tor/supinator muscle groups are treated with sub-
painful and submaximal isometrics. Also, 
shoulder isometrics can also be performed with 
caution against internal and external rotation 
exercises. Immediately after the injury, scapular 
muscle strengthening is initiated. In order to rees-
tablish proprioception and neuromuscular con-
trol, alternating rhythmic stabilization drills for 
shoulder flexion/extension/horizontal abduction/
adduction, shoulder internal/external rotation, 
and elbow flexion/extension/supination/prona-
tion are to be performed.

15.7.1.2  Phase 2: Intermediate
Once the patient has full throwing ROM, mini-
mal tenderness and pain, and a satisfactory mus-
cle test (≥4/5) of the elbow flexor/extensor 
musculature, Phase 2 is started. The patient is 
instructed to continue doing the stretching exer-
cises for elbow and wrist ROM. In order to stretch 
the capsular tissue at the end range, Grade III and 
IV techniques may be applied. The wrist flexion/
extension, pronation, and supination progress are 
to be observed.

For athletes, particularly the throwing ones, 
elbow extension and forearm pronation flexibility 
are important. Internal and external at 90° rota-
tion of abduction, flexion and horizontal abduc-
tion should be maintained. Specifically, external 
rotation at 90° abduction is to be emphasized. 
Strengthening exercises, including auxotonic 
contractions (from concentric to eccentric), such 
as Thrower’s Ten for upper extremity, can be per-
formed. Finally, neuromuscular control exercises 
are also initiated during this phase.

15.7.1.3  Phase 3: Advanced 
Strengthening

In Phase 3, the advance strengthening phase, the 
goal is to increase the strength, power, endur-
ance, and neuromuscular control of the athlete to 
get him/her ready for sport participation. The cri-
teria that must be met in this phase are full (non-
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painful) external and internal rotation ROM, no 
pain or tenderness, and 70% contralateral extrem-
ity strength. Gradual progression to higher 
 resistance, functional movements, eccentric con-
traction, and plyometric are some of the recom-
mended advanced strengthening activities for this 
phase. For the purpose of restoring the muscle 
balance and symmetry in the throwing athlete, a 
program that is tailored at throwing motion, high-
level neuromuscular control, dynamic stabiliza-
tion, muscular facilitation, endurance, and 
coordination may be adapted. In this phase, one 
other beneficial exercise that can be utilized is 
plyometric drills. These exercises may start with 
two hands and may progress to one-handed activ-
ities such as 90/90 throws with rhythmic stabili-
zation at the end range, external and internal 
rotation throws at 0° of abduction into a trampo-
line, and wall dribbles. Regarding the forearm 
musculature, wrist flexion flips and extension 
grips can be adapted.

15.7.1.4  Phase 4: Return to Activity
The final phase is the return-to-activity phase. At 
the beginning of this phase, the athlete must 
exhibit full pain-free throwing ROM and no pain 
or tenderness and pass the isokinetic test which is 
utilized to determine the athlete’s readiness for 
an interval sport program. Tests are performed at 
180° and 300°/s and data showing that throwing 
arm’s elbow flexion 10–20% at 180°/s, and the 
dominant extensors, 5–15% stronger, should be 
observed. Play ball drills, including one-hand 
wall throws stabilization and throwing into 
rebounder, are evaluated for pain, technique, and 
quality of the movement.

Once the abovementioned goals are 
achieved, the formal program may be initiated. 
These activities include warm-up and stretch-
ing, and performing one set of the exercise pro-
gram before throwing and two additional sets of 
exercises after the throwing. The purpose is to 
provide adequate warm-up along with mainte-
nance of ROM and flexibility of the shoulder 
joint. One day after, the thrower should also 
exercise his or her scapular muscles and exter-
nal rotators and perform a core stabilization 
program.

15.7.2  General Rehabilitation 
Guidelines For Shoulder 
Injuries

General goals in shoulder rehabilitation include 
(1) relieving pain, (2) gaining full ROM, (3) the 
strengthening of peripheral muscles, and (4) the 
safe use of the joint proprioception. The methods 
and timings that will be applied to reach these 
goals depend on the type of treatment applied and 
the diagnosis of the problem. Conservative treat-
ment programs and programs to be applied after 
surgery have the same basic objectives and prin-
ciples but show differences in the timing and 
intensity of the methods used in the program. All 
extremity kinetic chain approach is applied as it 
is in other musculoskeletal problems in rehabili-
tation of shoulder problems. On the upper 
extremity, this chain is the trunk, scapulothoracic 
articulation, glenohumeral joint, and distal parts 
of the arm. In this approach, it is essential that all 
structures in the kinetic chain, not a single seg-
ment, be included in order to function reliably 
again.

 1. Relieving the pain: Pain may arise from the 
shoulder problem itself or may develop after 
surgery. It is tried to be relieved through rest, 
avoidance of pain-causing movements, cold 
application or analgesic current treatment, and 
pain relievers. Pain inhibits motion by both 
restricting the patient and causing reflex mus-
cle inhibition. Motion-enhancing exercises 
can be started by taking the pain under 
control.

 2. Motion enhancement: Depending on the diag-
nosis and treatment, motion-enhancing exer-
cises can be started with passive joint 
mobilization, stretching, active-assisted or 
active exercises. In the early stages of painful 
problems, painless motion is generally aimed 
between the limits of 90° of abduction and 90° 
of forward flexion. While exercising on a 
stretch of motion exercises, the patient is lying 
next to the arm, with a small pillow or towel 
under the elbow and with the elbow flexed up 
to 90°. This exercise position reduces the ten-
sion created in the shoulder joint by reducing 
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the effect of gravity and shortening the lever 
arm. Therefore, the joint can be worked more 
comfortably in order to open the movement. 
As the patient’s pain-free range of motion 
increases, he or she can continue sitting and 
standing on the exercises.

 3. Strengthening of the muscles: The appropriate 
time to start strengthening exercises for the 
muscles is determined according to the diag-
nosis and treatment. Various exercises can be 
used to strengthen muscles around the shoul-
der. In the early stage, it is safer to begin with 
closed kinetic chain exercises that allow early 
agonist and antagonist muscle groups to con-
tract together. These exercises do not cause 
joint strain because they conform to normal 
physiological motor patterns. For closed 
kinetic chain exercises, the distal segment 
(hand) must be stabilized in a fixed area; this 
area for a shoulder joint may be a wall, a door, 
or a table, the purpose of which is to create 
resistance by movement of the shoulder and 
scapula. Strengthening the muscles that stabi-
lize the scapula is also very important. Scapu-
lar strengthening starts with closed kinetic 
chain exercises and continues with open 
kinetic chain exercises.

 4. Proprioceptive neuromuscular stabilization 
exercises: This can also be used to speed up 
recovery. An example of this type of exercise 
is the flexion/extension pattern of the upper 
extremity, during which the therapist can per-
form rhythmic stabilization with arm eleva-
tions of 30°, 60°, 90°, and 120°. In this way, 
the muscles that stabilize the GH joint are 
operated isometrically, thereby increasing the 
stability of the joint.

As the patient’s complaints calm down and 
the range of motion increases, open kinetic 
chain exercises can be performed. During 
open kinetic chain exercises, some special 
positions need to be used during these exer-
cises as the loads on shoulder joints increase. 
Positioning of the shoulders on the scapular 
plane is appropriate during open chain inter-
nal and external rotation exercises. Scapular 
plane position is achieved by taking the arm 
30–60° before the coronal plane of the thorax 

or approximately midway between the 
patient’s coronal plane and the frontal plane, 
which reduces loading on the capsule as it is 
very well suited for functional movements of 
the shoulder joint.

Rotational exercises should be initiated in 
the arm and should be increased by 90° accord-
ing to the healing period and patient compli-
ance. Exercise in different positions allows the 
dynamic stability of the muscles to be acti-
vated by changing the stability of the GH joint 
highest at the level of the head and at least 90°.

The most useful open kinetic chain exer-
cises from the functional side are plyometric 
exercises. These exercises are added to reha-
bilitation programs after tissue healing and 
range of motion are completed, as the muscles 
stretch and twist during plyometric exercises, 
creating high tension on the tissues. Elastic 
tubes, treatment balls, and free weights are 
suitable materials that can be used for plyo-
metric exercises. When shoulder joints are 
treated specially for rehabilitation of shoulder 
problems, it is important to bear in mind that 
the entire system constitutes a movement 
chain and that general fitness exercises such as 
stretching, strengthening, and endurance exer-
cises for the entire system should not be 
neglected.

Beginning and some applications of the 
rehabilitation program are carried out by the 
therapists in the direction of the physician’s 
recommendation, but some exercises are 
taught to the patient to complete the healing, 
and they are asked to apply these at home. In 
order for these exercises to be performed as 
intended, the patient must be well trained and 
motivated to perform the exercises regularly 
so that he/she takes responsibility for the heal-
ing process.

15.7.3  Take-Home Message

The elbow and shoulder joints are common sites 
of injury in the overhead athlete due to the repet-
itive microtraumatic injuries. In collision sports, 
elbow injury is caused by macrotraumatic forces 
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resulting in fractures, dislocations, and ligamen-
tous injuries. Rehabilitation of the elbow and 
shoulder, whether after injury or after surgical 
procedure, must be progressive and sequential to 
ensure that healing tissues are not overstressed 
but provide appropriate stress to promote proper 
collagen alignment. The rehabilitation program 
should limit immobilization and achieve full 
ROM early, especially elbow extension. The 
rehabilitation program must progressively 
restore strength and neuromuscular control while 
gradually incorporating sports-specific activities 
to successfully return the athlete to his or her 
previous level of function as quickly and safely 
as possible. The rehabilitation of the elbow and 
shoulder must include the entire kinetic chain to 
ensure the athlete’s return to high-level sports 
participation. As most injuries predispose joints 
to stiffness, an early range of motion program 
followed by strengthening and then a gradual 
throwing program should be instituted as a part 
of all rehabilitation programs. Most shoulder 
and elbow injuries can be managed conserva-
tively with activity modification and rehabilita-
tion. Only rare traumatic ruptures or recalcitrant 
cases should be selected for operative 
intervention.
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16.1  Introduction

The shoulder is the most commonly dislocated 
joint accounting for approximately 50% of all 
major joint dislocations [1, 2]. This can be 
explained by the unstable characteristics of the 
glenohumeral joint due to a shallow glenoid, 
which provides a wide range of motion. The inci-
dence of shoulder dislocations is estimated at 
11.2–56.3 per 100,000 persons-years [1, 3, 4]. 
The shoulder usually dislocates to the anterior 
direction (95–97%) and less commonly to the 
posterior (2–4%) or inferior direction (0.5%) [5]. 
There are over 23 different techniques with 17 
modifications to reduce a dislocated shoulder. All 
these techniques use a form of traction, leverage, 
manipulation or a combination [6]. Of these tech-

niques, the scapular manipulation method seems 
to be the most successful, fastest and least pain-
ful, a method wherein the inferolateral scapular 
edge is medially rotated upwards while the 
patient lies in a prone position with the arm hang-
ing in 90° of anteversion [7].

After reduction, the patient can be treated 
operatively or nonoperatively. Management of a 
first-time shoulder dislocation needs understand-
ing of the advantages and disadvantages of the 
different treatment options. One of the factors 
contributing to a higher recurrence rate is young 
age. Robinson et al. have reported that patients 
younger than 20 years have an 87% rate of recur-
rent dislocation, while this chance is approxi-
mately 30% in patients older than 30 years [8]. 
Sachs et al. have shown that patients who had a 
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higher chance of recurrent instability after non-
operative treatment included those younger than 
25 years, patients who participated in contact or 
collision sports and patients who used their arm 
at or above chest level in their occupation [9].

When choosing an operation, one must con-
sider performing a soft tissue operation, 
(arthroscopic) Bankart repair or a bony proce-
dure, like the Bristow-Latarjet. Previous studies 
have shown that an arthroscopic Bankart repair 
was accompanied by less reduction of the range 
of motion, decreased postoperative pain symp-
toms and improved cosmetic results while having 
a shorter duration of surgery compared to a bony 
procedure [10, 11]. A Bankart repair was associ-
ated with less complications including the risk of 
shoulder stiffness, wound infections, bony non-
union, screw migration and bending or breakage, 
osteoarthritis and neurological injury [10–13]. 
However, redislocation rates are considerably 
higher for Bankart repair (3.4–35%) [14, 15] 
when compared to a Latarjet procedure (0–8%) 
[12]. The risk of recurrence after a Bankart repair 
is even higher in collision athletes [16].

Balg and Boileau have developed a scale to 
aid in decision-making [17]. This checklist scores 
age, sports activity, shoulder hyperlaxity, pres-
ence of a Hill-Sachs lesion or presence of bone 
loss of the glenoid (Table 16.1). Previous studies 
have also stated that a high rate of recurrent insta-
bility is expected in patients with bony lesions 
(Hill-Sachs or glenoid bone loss) with more than 
25% of articular surface bone loss [18, 19]. 
However, a recent study of Randelli et al. sug-
gests that a Hill-Sachs lesion is not a predictor of 
failure for arthroscopic Bankart repair [20], and 
Schneider et al. have shown that there is poor 
interobserver variability in detecting Hill-Sachs 
lesions and choosing how to manage them [21]. 
Moreover, Garcia et al. have reported on a 68% 
consensus between surgeons, varying from 39.2 
to 81.6% per case, in the selection of the desired 
operation for patients with shoulder dislocations, 
meaning there is still no consensus on which 
operation is preferable [22]. The surgical 
decision- making is difficult due to a paucity of 
large randomized studies. This emphasizes the 
difficulty of knowing the considerations to make 

the right decision. Further considerations will be 
explained in the following paragraphs.

16.2  The Indication for Surgical 
Treatment: How Long 
and How Should We Treat 
our Patients 
Nonoperatively?

Nonoperative management of recurrent shoulder 
instability needs a critical diagnostic approach 
before initiation of a treatment plan. Classification 
and functional testing can help to define the type 
of instability and to set goals and expectations for 
the content and outcome of treatment. Duration 
of conservative treatment is multifactorial and 
has many subjective variables. Nonetheless, vali-
dated objective findings should be scored and 
weighted, but eventually shared decision-making 
by the surgeon, the physiotherapist and the 
patient is desirable [23].

Clinical assessment starts with an accurate 
history evaluation, with emphasis on the mecha-
nism of injury and the level of trauma applied to 
the shoulder at the initial dislocation or 

Table 16.1 The instability severity index score

Prognostic factors Points

Age at surgery (years)

≤20 2
>20 0
Degree of sport participation (preoperative)

Competitive 2
Recreational or none 0
Type of sport (preoperative)

Contact or forced overhead 1
Others 0
Shoulder hyperlaxity

Shoulder hyperlaxity (anterior or inferior) 1
Normal laxity 0
Hill-Sachs on anteroposterior radiograph

Visible in external rotation 2
Not visible in external rotation 0
Glenoid loss of contour on AP radiograph

Loss of contour 2
No lesion 0
Total (points) 10
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 subluxation. But also age, activity level, fre-
quency, subluxation or real dislocation, direction 
and aetiology should all be considered when 
deciding surgical or conservative treatment [24].

The Stanmore classification of shoulder insta-
bility provides a distinguished diagnostic model, 
in which the more structural elements caused by 
extrinsic trauma (polar I) can be differentiated 
from the more functional elements of nonsignifi-
cant trauma instability (polar II and III).

The advantage of this classification is the con-
nection between the polarities demonstrated by 
the triangle figure (Fig. 16.1), which enables to 
diagnose combined types of instability. For 
instance a traumatic dislocation that occurs in a 
patient familiar with asymptomatic deliberate 
subluxations should be diagnosed as polar 
III/I. Also patients with primarily polar I/II type 
instability could present fear avoidance because 
of recurrence. Eventually these could develop 
muscle patterning changes over time and shift 
towards the bottom of the triangle (polar III).

These changes should be recognized, and it 
has been suggested to restore these by a special-
ized physiotherapist before surgical treatment, to 
avoid persistent undesirable muscle patterning, 
which could jeopardize the repair and cause 
recurrent instability [25].

Functional tests are based on aspects of mobil-
ity, strength, scapula kinetics, kinetic chain and 
coordination. The real challenge is to identify the 
main driver behind the instability, so therapy can 
focus on the most relevant aspect responsible for 
the recurrence for that particular individual [26].

Range of motion testing focuses on the gleno-
humeral rotational range. In throwing athletes, 
population proper glenohumeral internal rotation 
deficit might be present due to posterior tissue 
tightness [27]. A left-right difference of approxi-
mately 20 degrees or more is of clinical relevance 
[28], where a left-right difference of the total 
range of motion should not be more than 5° [29].

Scapula mobility needs to provide enough 
posterior tilt and upward rotation during eleva-
tion to provide a stable joint base. Tightness of 
the pectoralis minor, levator scapulae and rhom-
boids has been described to jeopardize this [29]. 
Mobility of the thoracic spine is also a factor that 
plays a role in the kinetic chain of movement. 
Especially in the hypermobile group, hypomobil-
ity of the thoracic spine combined with a lack of 
upward scapular rotation could generate exces-
sive glenohumeral mobility.

The Beighton score and Brighton [30] criteria 
are used to determine whether joint hypermobil-
ity syndrome (JHS) is an underlying factor for 

Polar Type I
Traumatic
Structural

Polar Type III
Muscle Patterning

Non-Structural

Polar Type II
Atraumatic
Structural

Less
Muscle
Patterning

Less Trauma

Fig. 16.1 Stanmore 
classification of shoulder 
instability
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shoulder instability and differentiate the unidi-
rectional instability from the multidirectional 
instable shoulder (MDI). Despite a negative 
Beighton/Brighton score, localized glenohumeral 
laxity could also indicate MDI. Recent research 
suggested no negative effect of JHS on the out-
come after anterior stabilization [31]. However, 
the most common recommended treatment is 
exercise-based conservative treatment. Excessive 
joint laxity may give information about proprio-
ceptive ability and joint position sense, which 
could be assessed with a two-point orientation 
discrimination or joint position tests [26] and 
indicates therefore the necessity for focus on 
neuromuscular control training.

16.2.1  Strength

Regarding strength, overhead sport-specific iso-
metric concentric and eccentric normative data 
for external and internal cuff strength are avail-
able and should be used to recognize strength 
deficits in overhead athletes [32]. These tests 
should be performed bilaterally, in neutral posi-
tion and in 90 degrees abduction. In general, 
external rotator strength should be at least 80% of 
internal rotator strength. The dominant side 
should be 10–15% stronger than the non- 
dominant side [33]. External rotation fatigue 
EMG tests are used in overhead athletes to deter-
mine whether external rotation fatigue alters 
scapula kinematics [34].

Although strength training is important to 
address, patients with recurrent instability 
show initially mainly deficiencies in neuro-
muscular control of the rotator cuff. The 
dynamic rotary stability test can be used to 
assess the rotator cuff ability to control the 
centralization of the humeral head into the gle-
noid cavity through the full range of movement 
[25]. Another important aspect of this neuro-
muscular control is the ability of the rotator 
cuff to quickly react on external forces in the 
whole range of movement especially in vulner-
able positions. Unfortunately, reaction time 
tests have not yet been validated.

The first stage in rehabilitation should focus 
on these neuromuscular deficiencies. Ability to 
consciously contract the rotator cuff in all arm 
positions is a primary condition necessary before 
starting strength training.

16.2.2  Scapula Control

Scapular dyskinesia has been found to be related 
to shoulder instability and is mainly secondary to 
rotator cuff inhibition. Internal rotation and an 
increased downward rotation at onset of elevation 
have been associated with glenohumeral instabil-
ity. Therefore, scapula-thoracic mobility, muscles 
coordination and strength play an important role 
in dynamic scapula stability to enhance rotator 
cuff strength. Since individuals show a high vari-
ability of motor strategies recruitment timing of 
force couples like upper and lower trapezius and 
serratus anterior through range of movement, 
surface EMG is suggested to be useful for identi-
fying individual patterns and for biofeedback in 
training [35–37] (Fig. 16.2). Cools et al. pub-
lished a clinical guideline for athletes and non-
athletes to substantially build up the training 
sessions [38].

Fig. 16.2 EMG biofeedback for shoulder rehabilitation
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16.2.3  Kinetic Chain

One weak link in the kinetic chain, i.e. hypomobil-
ity of the spine or hip, instability of the knee or core 
strength deficits, makes the shoulder more vulner-
able to overuse injuries or instability. Optimal use 
of the chain means full range of motion, good 
motor control in all the joints in order to distribute 
forces. The lower extremities muscles are respon-
sible for 50%, trunk muscles 30%, which leaves 
about 20% for shoulder muscles. This will avoid 
glenohumeral overuse and should therefore be 
evaluated with lower quadrant control tests (i.e. the 
one-leg squat test) [33]. Kinetic chain exercises can 
be prescribed in the early phase during trauma 
recovery and should be implemented during the 
whole rehabilitation process.

16.2.4  Pain and Fear

In case of persistent pain or fear for recurrence, nor-
mal movement patterns alter and could diminish 
scapula muscles and rotator cuff activation and could 
therefor maintain or worsen glenohumeral instabil-
ity. As mentioned before, initial polar I/II instability 
could transfer towards the bottom of the triangle, 
where aberrant activation of larger muscles like pec-
toralis or latissimus dorsi suppresses the activation 
of the rotator cuff [25]. Creating painless and trustful 
training situations could be accomplished by using 
symptom modifications, like closed kinetic chain 
exercises, manual approximation of the humeral 
head in the glenoid or scapula assistance, postural 
muscle activation or external resistance for cuff acti-
vation on the arm while moving.

Avoidance to move towards risk positions may 
be a consequence of pain and injury remembrance, 
and patients should be gradually exposed into these 
positions during therapy. In case of longer duration 
of symptoms, alterations in the senso-motoric cor-
tex and increased white matter connectivity within 
the pyramidal tracts lead to changes of propriocep-
tive behaviour. These patterns are also observed in 
chronic pain patients, and development of these 
changes over time should be avoided by providing 
the right initial treatment [39].

Altered proprioceptive ability, caused by asso-
ciated peripheral nerve injury, present in 6% of 
the cases, [40] could give a delay of improvement 
and should therefore be recognized.

16.2.5  Treatment and Duration

Training should primarily focus on neuromuscu-
lar control of the rotator cuff and scapula in 
closed kinetic chain exercises and weight bearing 
to facilitate the cuff activation. Also external 
rotation resistance during open kinetic chain 
exercises stimulates the cuff and enhances stabil-
ity through range. Core and lower quadrant 
strength exercises integrated into the treatment 
programme provide the base for cuff function 
and eventually resulting in glenohumeral joint 
stability [23, 29, 36, 41]. In the high-athletes pop-
ulation, several cut-off points for return to play 
have been described for glenohumeral ROM, cuff 
strength, pectoralis minor length and scapular 
upward rotation strength [29]. One could use the 
same objectives for finishing treatment in the 
nonathletes; however, in this group, particularly 
the non-traumatic instability, decision-making is 
much more based on symptomology and func-
tional goals. Generally at least 3–6 months of 
training by a specialized physiotherapist should 
have been tempted before deciding whether addi-
tional stabilizing surgery is needed.

In cases with isolated anterior subluxations 
presented without a positive apprehension test, 
good neuromuscular control, optimal mobility 
and strength values, no scapula dyskinesia and a 
good kinetic chain function, but subluxation dur-
ing horizontal abduction force, long rehabilita-
tion might not be as effective, and early surgery 
should be discussed, though this expert opinion is 
not based on guiding literature.

16.2.6  Discussion

Boffano [42] provides a treatment algorithm 
where young age, highly demanding physical 
activities and the absence of soft tissue laxity are 

16 Decision-Making in Anterior Shoulder Instability



226

factors that support early surgery. In the young 
group without any overhead activities, conserva-
tive treatment is recommended until chronic 
instability becomes symptomatic. There is some 
evidence that an increased number of disloca-
tions and a delayed time to stabilizing surgery are 
associated with an increased risk of postoperative 
recurrent instability. However, a consistent reha-
bilitation programme in time is suggested to min-
imize this [36].

Interesting is that even after surgical repair, 
3–51% will stay apprehensive in position of 
abduction and external rotation [43]. The work of 
Lädermann et al. revealed that after glenohu-
meral stabilization, the anterior, superior and 
inferior translation of the humeral head from the 
centre of the glenoid during movement was not 
significantly reduced compared to preoperative 
values. This residual postoperative instability 
might explain the positive apprehension com-
bined with pain or fear and trauma remembrance 
stored in the brain due to proprioceptive dysfunc-
tion or possible peripheral nerve injury, which 
reduces the ability to protect the joint in more 
extreme positions.

Considering the above, a positive or negative 
apprehension-relocation test does not indicate the 
need for surgery before at least all the above- 
mentioned functional elements have been 
addressed.

16.2.7  Take-Home Messages

• Diagnosing shoulder instability with the 
Stanmore Classification should be used to dis-
cover functional elements, like muscle pat-
terning, that need to be addressed to get the 
right initial treatment.

• Cut-off values have been described for return 
to play for the overhead athlete, who could 
also be used for the nonathletes. However, for 
atraumatic instability, these values might not 
be applicable, and decision-making is more 
subjective and guided by individual functional 
goals.

• Neuromuscular control (timing, endurance, 
reaction time) in all arm positions should be 

trained in all kinds of instability before start-
ing strength training.

• The value of the apprehension-relocation test 
might be taken into reconsideration for the 
treatment decision.

16.3  Surgical or Conservative 
Treatment for First-Time 
Dislocations in High-Level 
Athletes?

16.3.1  Introduction

It is generally well known that first-time gleno-
humeral dislocations in high-level athletes 
imply a greater risk of early recurrence. The 
recurrence rate of Bankart repair in contact ath-
letes is two to three times higher than in non-
contact athletes [44].

With regard to the risk factors involved in 
recurrent instability, existing literature strongly 
points to these aspects—age under 25 years, 
sports-active especially with contact, high-level 
athletes and significant associated bony lesions 
[45]. The balance of the treatment strategy can be 
delicate and should be individualized where clin-
ical decision must be based on a thorough clinical 
evaluation including MR arthrography and CT 
scanning with 3D reconstruction and discussion 
with the athlete, the physiotherapist and the 
coach/parents. The treatment should be planned 
in a way that the risk of recurrence and possible 
new aggravated pathology are avoided and the 
treatment course matches the sports requirements 
of the athlete.

The sports associated with the highest risk of 
recurrent dislocation are collision sports such as 
American football and rugby. Overhead sports 
may have a lower risk of redislocation, but at the 
same time, there is a high demand for a stable 
glenohumeral joint when performing the sport. 
Table 16.2 shows the most common sports asso-
ciated with a high risk of glenohumeral disloca-
tion and recurrence. Bony Bankart and Hill-Sachs 
lesions are more frequent in collision sports, 
whereas a more complex pathology and dysfunc-
tion are seen in throwing sports. These are 
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 important factors that should be taken into 
account when planning the treatment.

A number of factors have to be considered after 
primary glenohumeral dislocation in a high- level 
athlete. At initial clinical examination, the patient’s 
age and activity demands as well as in- season tim-
ing should be discussed. In throwers, any dysfunc-
tion that may prolong rehabilitation or that may be 
necessary to correct in order to avoid recurrence 
must be assessed. An analysis of the kinetic chain 
as well as muscular weakness and scapula dys-
function should be integrated in the examination. 
An MR arthrography will show the extent of liga-
ment lesion and associated lesions as well as indi-
cating lesions and location of glenoid and humeral 
head bone lesions. Due to the high demands in 
high-level athletes, a CT scan with 3D reconstruc-
tion is needed in all cases to evaluate possible bone 
loss. After assessing the pathology and the ath-
lete’s demands, the sum of the clinical observa-
tions should lead to a discussion of the indication 
for and timing of surgery, the type of procedure 
and its prognosis and drawbacks. In some cases, a 
course of nonoperative treatment may be the initial 
choice after thoroughly instructing the athlete and 
the coach or trainer regarding the steps of progres-
sion in treatment and possible quick recurrence or 
lack of progression that can lead to reconsideration 
of the treatment plan. Another factor to be consid-
ered is to postpone the operation to the “off sea-
son”, thus not affecting the work of professional 
athletes.

16.3.2  State-of-the-Art Treatment

 (a) Nonoperative treatment: in a narrative 
review, Burns and Owens stated that the ath-
lete is able to return to sports within 3 weeks 
after the injury and that surgical management 
results in a long absence from sports activity 
[46]. This illustrates some of the thoughts 
that should be considered when planning the 
treatment. Buss et al. showed that 26 out of 
30 athletes with glenohumeral instability 
treated with physical therapy and a brace 
were able to return to sports for the entire 
season with an average time missed of 
10 days [47]. One third, however, suffered 
from sports-related recurrent instability epi-
sodes during the observation period, and 16 
out of the 30 underwent surgical stabilization 
[47]. In a similar study, Dickens et al. showed 
that 73% athletes returned to sport for either 
all or part of the season after a median 5-day 
absence from competing, while 27% suc-
cessfully completed the season without 
recurrence [41]. Sixty-four percent of ath-
letes returned to in-season play and had sub-
sequent recurrent instability, including 11 
recurrent dislocations and 10 recurrent sub-
luxations. Athletes with subluxation were 5.3 
times more likely to return to sport during the 
same season as compared to those with dislo-
cations. Logistic regression analysis suggests 
that the Western Ontario Shoulder Instability 
Index and Simple Shoulder Test adminis-
tered after the initial instability event are pre-
dictive of the ability to return to play [41]. 
Both studies underline that it is possible to 
return to sports after a nonoperative treat-
ment of an instability episode, but the risk of 
recurrence is much higher than the chances 
of success. The risk of aggravated injuries 
with recurrence and a possible worse prog-
nosis of surgical treatment should be taken 
into account.

 (b) Operative treatment: although the literature 
supports that the risk of recurrence is lower 
and the quality of life is significantly greater 
after surgical treatment of anterior glenohu-
meral dislocation, the rehabilitation period is 

Table 16.2 Sports associated with a high risk of gleno-
humeral dislocation and recurrence

High-risk collision sports

Rugby
American football
Aussie rules football
Soccer
European-type handball
Martial arts
Throwing sports with a high demand of stability

Racket sports
European-type handball
Javelin throwers
Cricket players
Baseball
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prolonged compared to nonoperative treat-
ment, and this may be an obstacle for some 
athletes [48]. Depending on the sport and the 
pathology, the recovery time may vary from 
4 to 6 months before sports activity can be 
resumed. On the other hand, as stated above, 
the risk of recurrence is dramatically reduced 
with surgical treatment, even in high-level 
athletes. According to the literature, the 
results of an open Bankart repair are superior 
compared to that of arthroscopic Bankart 
repair. Harris et al., however, in a compre-
hensive review, found that using suture 
anchors in an arthroscopic Bankart repair 
produces the same good outcome regarding 
return to sport and recurrence rate [49]. 
When all arthroscopic Bankart repair studies 
are pooled including transglenoid technique, 
the recurrence rate is higher [49]. Larrain 
et al. showed excellent results with a 4–9- 
year follow-up in collision athletes. The risk 
of recurrence was 5% in the acute dislocation 
group compared to 10% in the recurrent dis-
location group [50].

 (c) Today, there is no consensus on the preferred 
choice of the stabilising procedure. The pro-
cedure depends on the pathology and, not in 
the least, the possible involvement and extent 
of bony lesions—unipolar or bipolar. A sim-
ple arthroscopic Bankart repair can be per-
formed for Bankart lesions without bone 
loss. An additional remplissage may be per-
formed for instabilities with a significant 
Hill-Sachs lesion. For significant bone loss 
on the glenoid side, or in case of an obvious 
off-track lesion, a Latarjet procedure would 
be preferred. When these pathology-related 
treatment options have been considered, the 
surgeon should be aware of the sports- 
specific risk of recurrence. In high-level ath-
letes active in collision and contact sports, 
the trend will lean more towards a Latarjet 
procedure due to the increased risk of a new 
high-impact trauma. Bessiere et al. compared 
the outcome of coracoid bone block transfer 
with arthroscopic Bankart repair and found a 
recurrence rate of 24% in the arthroscopic 
Bankart group compared to 12% in the 

Latarjet group, although this difference was 
not significant [51].

 (d) Postoperative treatment and prognosis: the 
postoperative rehab should be planned by the 
surgeon and a specialized shoulder physio-
therapist with emphasis on ROM exercises 
and scapular control for the first 6 weeks fol-
lowed by increased strength training and 
sports-specific exercises. The prognosis dif-
fers with respect to the level of overhead 
involvement and risk of collision. Stein et al. 
divided their population in non-collision/
non-contact athletes (G1), collision athletes 
(G2), overhead throwing athletes (G3) and 
martial arts (G4) and found significant longer 
recovery after arthroscopic Bankart in G3 
and G4 athletes [52]. Petrera et al., when 
comparing the outcome after arthroscopic 
Bankart in collision and non-collision ath-
letes after a minimum of 2 years follow-up, 
showed that there were no recurrences in the 
non-collision group, whereas the rate of 
recurrence was 9% in collision athletes [53]. 
Seventy-three percent of collision and 81% 
of non-collision athletes were able to return 
to sport at their preinjury levels [53].

16.3.3  Future Treatment Options

In order to enable high-level athletes to return to 
sport quickly and safely with a low recurrence 
risk, the future will provide us with more 
advanced diagnostic techniques combined with 
software assessing prognosis for the best indi-
vidual treatment options.

16.3.4  Take-Home Messages

Currently, it is well-documented in the literature 
that high-level athletes involved in collision or 
throwing sports have a high risk of recurrence 
after a primary anterior glenohumeral disloca-
tion. Physiotherapy and bracing can return the 
athlete to the same level sports in 3–4 weeks, but 
the risk of recurrence is approximately 50%. The 
choice of surgical procedure is based on 
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 correcting the pathology combined with an esti-
mation of the sports-specific risks of a new epi-
sode of instability.

16.4  Bankart Versus Latarjet 
in Patients with Small or No 
(Glenoid and Humeral Head) 
Bone Loss

16.4.1  Introduction

The best surgical treatment for recurrent trau-
matic anterior shoulder instability still contin-
ues to be a challenge for orthopaedic surgeons, 
with several techniques being described over 
time [54].

Definitive management of anterior instability 
is crucial in order to allow recovery of shoulder 
function, return to daily and sports activity and 
prevent instability arthropathy (Fig. 16.3). 
Among the numerous available procedures, the 
repair of the capsulolabral tear (Bankart repair) 
and the coracoid bone transfer (Bristow-Latarjet) 
are the two most commonly performed tech-
niques using open or arthroscopic approaches to 
treat anterior shoulder instability. Due to the high 
frequency of small or moderate bone loss (80%) 
[55, 56], new studies suggest to redefine the criti-
cal cut-off between soft tissue and bony proce-
dures, showing potential inaccuracy of the 
diameter-based glenoid bone loss quantification 

[57]. Thus, the appropriate treatment choice 
remains tricky in case of preserved bone stock.

Historically, a bone loss of 20–25% of the 
largest anteroposterior glenoid width and an 
engaging Hill-Sachs have been described as the 
cut-off for choosing a bony augmentation proce-
dure, due to the high rate of failure of the Bankart 
repair in these clinical conditions [18, 19]. In the 
past two decades, Bankart repair was considered 
the gold standard in patients without significant 
bone loss, but the redislocation rate could still 
exceed 13% [58, 59], with higher failure rates in 
collision and contact athletes [60–62].

Supporters of the Latarjet technique consider 
this procedure safer, especially for patients that 
are young and active or practice contact sport. On 
the other hand, Bankart repair restores the anat-
omy of the shoulder and preserves the range of 
motion (ROM); thus, supporters of this technique 
consider the Latarjet an overtreatment.

However, the literature about this topic is 
scarce, and no large randomized clinical trials 
directly comparing the two surgical techniques 
have been published. Most clinical evidence 
comes from retrospective studies considering just 
one single technique rather than direct compari-
son of the two procedures; only few comparative 
studies investigated the relationship between sur-
gical treatment and patient outcomes in case of 
small (<25%) or no bone loss. This relative pau-
city of studies directly comparing these two pro-
cedures can be attributed to the confidence of the 
surgeon with just one of these procedures. 
Moreover, the rate of recurrence seems to be 
influenced not only by the surgical technique but 
also by several failure risk factors (such as young 
age, male sex, number of dislocations before sur-
gery and competitive sport level) that may affect 
the possibility of definitive comparison among 
single-technique studies [15].

Some biomechanical investigations focused 
on the rationale of both techniques in case of 
small or no bone loss. In a cadaveric model, the 
reliability of Bankart repair was evaluated when 
the bone stock of the shoulder is preserved; on 
the contrary, the glenohumeral translation, rota-
tional range of motion or humeral head position 
were not restored with the capsulolabral repair 

Fig. 16.3 Anterior glenoid erosion in recurrent shoulder 
instability
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when glenoid defect was larger than 15% or more 
than the largest anteroposterior glenoid width 
[63]. In another cadaveric study, the stabilizing 
mechanism of the Latarjet in the setting of soft 
tissue insufficiency and preserved bone stock was 
tested: this technique limited anterior translation 
of the humeral head while preserving shoulder 
range of motion [64].

Latarjet procedure in patients without glenoid 
bone loss could fail because of coracoid osteoly-
sis and fibrous nonunion. This could be explained 
by a diminished mechano-transduction effect at 
the bone healing site. In keeping with this, the 
coracoid bone graft seems to undergo much less 
osteolysis in patients with critical glenoid bone 
loss [65].

16.4.2  State-of-the-Art Treatment

At our knowledge, only three comparative papers 
dealing with both procedures in case of small or 
no bone loss were published, one considering the 
open Bankart repair and two considering the 
arthroscopic Bankart repair (Table 16.3). In all 
these studies, the Bristow-Latarjet procedures 
were performed using an open approach.

In a case-control matched study, Blonna et al. 
compared these two techniques, with particular 
focus on return to sport after surgery [66]. The 
patients with glenoid loss greater than 20% were 
excluded from the study.

After a mean follow-up of 5.3 years (range, 
2–9 years), the main result of this study was that, 
despite less efficiency in terms of redislocation 
rate, the arthroscopic Bankart repair was associ-

ated with a better return to sport (SPORTS score, 
8 vs 6 points; p = 0.02), better external rotation in 
the throwing position (ROM, 86 vs 79°; p = 0.01) 
and finally better subjective perception of the 
shoulder (subjective shoulder value, 86 vs 75%; 
p = 0.02). Nevertheless, more than 80% of the 
patients returned to their sport after both Bankart 
and Latarjet. The return to sport at a higher level 
score was significantly superior for the 
arthroscopic Bankart repair. The study also 
showed that patients playing demanding upper 
extremity sports (e.g. rugby, swimming) at a 
competitive level (Degree of Shoulder 
Involvement in Sports Scale: 9 or 10) had a lower 
level of return to sport with both techniques. The 
Latarjet procedure was associated with a signifi-
cant loss of external rotation in the throwing posi-
tion. The rate of recurrent instability was in 
favour of the Latarjet procedure, even though the 
difference between the two groups was not statis-
tically significant (Bankart repair 10% vs 
Bristow-Latarjet 0%; p = 0.25).

In the randomized study of Zarezade et al., 2 
equal groups of 20 patients without bone defects, 
treated with arthroscopic Bankart repair or open 
Bristow procedure, were compared [67].

The level of performance, range of motion, 
pain intensity, patient satisfaction, use of analge-
sics and range of internal rotation were in favour 
of the Bristow procedure, but these differences 
also did not reach statistical significance. 
However, this study has methodological limita-
tions introducing risk of bias: the randomization 
process was unclear, the primary endpoint was 
not reported and the study was seriously 
underpowered.

Table 16.3 Comparative studies with small or no bone loss

Author Year
Level of 
evidence Bone loss Technique

Follow-up 
(years)

No. 
Bankart

No. 
Latarjet

Blonna et al. 2016 III < 20% Arthroscopic 
Bankart vs open 
Latarjet

5.3 30 30

Zarezade 
et al.

2014 II No bone 
defects

Arthroscopic 
Bankart vs open 
Latarjet

/ 18 19

Aydin et al. 2012 III No bony 
Bankart

Open Bankart vs 
open Bristow

5.5 25 13
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The study of Aydin et al. compared the results 
of open Bankart repair and modified Bristow 
operation for the treatment of recurrent shoulder 
instability without glenoid bone loss [68].

The level of performance of the shoulder after 
surgery was satisfactory both in the open Bankart 
repair and in the modified Bristow group (ROWE 
score, 85.6 vs 81.9 points, respectively; p > 0.05). 
In terms of ROM, the open Bankart repair seemed 
to show slight better results compared to the 
Bristow technique. No recurrences were noted 
postoperatively. They concluded that both proce-
dures are successful for the treatment of patients 
with capsular laxities.

16.4.3  Future Treatment Options

In the future, it will be challenging to combine 
the advantages of the two approaches in order to 
achieve the best clinical outcomes. The study of 
Russo et al. reported a new arthroscopic treat-
ment consisting a tenodesis of the upper third of 
the subscapularis tendon associated with Bankart 
repair, defined as arthroscopic subscapularis aug-
mentation (ASA) [69]. In particular, the authors 
compared their new technique to the open Latarjet 
in patients with recurrent shoulder instability 
with small glenoid bone loss (>5% but <23%).

Considering the functional level of the shoul-
der after surgery, the ASA group demonstrated to 
be superior compared to the Latarjet group, even 
if the difference was not statistically significant. 
Dislocation failure rate was 4% in the ASA group 
and 0% in Latarjet group. In the series of sports-
men, all patients returned to sports activities at 
the same preinjury level.

CT scans, performed at the final follow-up 
in the Latarjet group, showed a lower percent-
age of coracoid healing in patients with small 
glenoid bone loss. Signs of alteration of the 
glenoid chondral surface were noted in five 
patients. In the ASA group, MRI investigation 
revealed no signs of glenoid chondral damage 
but humeral head osteochondral alterations in 
two patients.

They concluded that ASA repair proved to be 
an effective procedure for the treatment of recur-

rent anterior shoulder instability with small gle-
noid loss in comparison with the open Latarjet.

16.4.4  Take-Home Messages

In summary, Bankart repair and Latarjet proce-
dure are both effective and safe for the treatment 
of recurrent anterior shoulder instability with 
small or no bone loss. The lack of sound com-
parative studies between the two techniques does 
not allow drawing definitive conclusions on the 
superiority of one procedure over the other. A 
new arthroscopic treatment consisting of tenode-
sis of the upper third of subscapularis associated 
with Bankart repair, as a mechanical barrier to 
prevent anterior instability, reported comparable 
results to Latarjet procedure. More accurate com-
parative long-term clinical trials are needed to 
better understand clinical and instrumental out-
comes of these procedure in patients with no or 
small bone loss.

16.5  Which Way to Go When 
Deciding Between Bony 
and Soft Tissue Procedure?

16.5.1  Introduction

Shoulder instability is a common problem, with a 
reported incidence of 1–2% in the general popu-
lation [3, 70–72]. Anterior dislocations cause a 
detachment of the labrum and almost invariably a 
Hill-Sachs lesion in the posterosuperior area of 
the humeral head (Fig. 16.4). Patients with recur-
rent dislocations are often limited in performing 
sports or overhead activities due to an unstable 
shoulder joint [9, 72] and will likely seek surgical 
treatment to avoid recurrent dislocations. 
Recurrent dislocations can lead to further injury 
to soft tissue and bony structures of the anterior 
glenoid rim and humeral head [55].

In case of injury related only to the labrum 
with insignificant bony lesions, an arthroscopic 
anterior stabilization is mostly performed nowa-
days. Although arthroscopic labrum repair offers 
the advantages of a minimally invasive procedure 
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with low morbidity and few complications, recent 
long-term studies reported relatively high recur-
rence rates [15, 73–75].

Several risk factors have been identified to 
bear an increased risk for recurrent instability 
[17]. Based on a study of 131 patients, several 
patient-specific factors were identified to have an 
increased risk for recurrent instability following 
arthroscopic Bankart repair such as age under 
20 years, competitive and overhead sports, hyper-
laxity and bony lesions to humeral head and gle-
noid, visible on radiographs. Based on their 
study, an instability severity index score (ISIS) of 
more than six points is a contraindication for an 
arthroscopic Bankart procedure, and a bony 
reconstruction such as the Bristow-Latarjet is 
advocated in those cases.

Although age and type of sport are readily 
assessable, the extent in which the bony lesions 
of the glenoid and humeral head occur is quite 
variable [55, 73, 76–79]. In the last decade, 
these bony lesions have been identified to play 
an important role in the risk of recurrent insta-
bility. Many studies have been conducted to 
optimize decision strategies with regard to the 
role of bony lesions of both glenoid and humeral 
head [80]. Probably even more important in the 
risk of recurrent instability is the interplay 
between the defect of the glenoid and humeral 
head [73, 81, 82].

To treat the Hill-Sachs lesion in order to 
diminish the risk of recurrent instability [83–85], 
the arthroscopic remplissage procedure of the 

Hill-Sachs lesion was proposed in 2008 by Wolf 
et al. [86]. In this procedure the posterosuperior 
defect of the humeral head is treated with a teno-
desis of the infraspinatus tendon, decreasing the 
risk of engagement [73]. In case of large bony 
lesions of the humeral head and glenoid rim, the 
risk of recurrent instability after arthroscopic 
labrum repair is increased, and several bony pro-
cedures have been proposed to minimize the risk 
of recurrent instability. For example, the Bristow- 
Latarjet procedure (Fig. 16.5) concerns an open 
bony augmentation of the glenoid, with a low 
recurrence rate reported from 0 to 3.1%, but with 
a complication rate up to 30% [10, 87, 88].

16.5.2  State-of-the-Art Treatment

Most authors agree that bony procedures should 
be considered in the presence of certain condi-
tions: glenoid bone loss >25%, a lesion involving 
>30% of the humeral head, an engaging Hill- 
Sachs lesion and a bipolar bone lesion even with-
out engagement.

Careful imaging evaluation is therefore per-
formed in order to assess the bone defects. Even 
though MRI has important additional value in the 
assessment of the glenoid labrum and rotator 
cuff, a CT scan is the examination of choice for 
studying bone defects.

Several methods have been proposed to assess 
bony lesions of the humeral head and glenoid rim 
such as plain radiography, MRI, plain CT, CT 
with three-dimensional reconstruction [17, 73, 
77, 89–93] as well as measurement during 
arthroscopy [73, 79].

The Sugaya method is based on quantifying 
the size of the loose glenoid fragment and com-
paring it to the glenoid fossa (being >20%, 
5–20% and <5%, respectively) [55]. Based on a 
cadaveric study, Itoi et al. [94] recommend mak-
ing a West Point view followed by a CT scan if 
this is equivocal or hard to obtain due to pain or 
apprehension. The PICO method [95] draws a 
best-fit circle on the inferior portion of the unin-
jured, contralateral glenoid, which subsequently 
is superimposed onto the injured side. The area 
missing in the circle (the bony defect) is then 

Fig. 16.4 Hill-Sachs lesion
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divided by the area of the best-fit circle to esti-
mate the percentage of glenoid bone loss. An 
MRI-based method using OsiriX has also been 
suggested for measuring bony defects of the gle-
noid [90]. Despite several efforts to design a bone 
loss measuring tool, no consensus has been 
reached with regard to the cut-off value of the 
percentage of bone loss that determines whether 
to perform a bony or soft tissue procedure.

16.5.3  Future Treatment Options

The lack of consensus on cut-off values for bone 
loss may be due to the inherent difficulty when 
trying to calculate the dimensions of bone that is 
missing, rather than measuring structures that are 
remaining. Promising results have been presented 
based on studies with software modalities aiming 
to calculate contact area between humeral head 
and glenoid (Fig. 16.6).

16.5.4  Take-Home Messages

As bony lesions seem to play an important role in 
the selection process for the optimal procedure, 
adequate detection and quantification of these 
defects are indicated.

CT imaging, using the Glenoid Index or Pico 
Method, has good evidence for accurate quantifi-
cation of glenoid bone loss.

16.6  Soft Issue or Bony Procedure 
for Recurrences?

16.6.1  Introduction

The patient with a failed instability procedure 
requires a thoughtful and systematic approach to 
achieve a good outcome. Goals of treatment 
should be defined, and realistic expectations 
should be set. Revision stabilization has a higher 

Fig. 16.5 Latarjet 
procedure, AP and lateral 
view

Fig. 16.6 Calculating contact area ratio of humeral head 
and glenoid
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rate of recurrent instability, lower rates of return 
to play and lower clinical outcome scores.

Trauma, diagnostic errors and technical errors 
are the three major causes that can lead to surgi-
cal failure regardless of the type of index surgical 
procedure [15, 17, 96]. Overall, the best results 
with revision surgery are achieved when the fail-
ure had resulted from major trauma, when there 
had been only one prior attempt at stabilization 
and when there was no voluntary component to 
the instability [15, 97].

Fundamental to successful revision surgery is 
choosing the correct procedure. The decision is 
straightforward in athletes with clear factors that 
predict recurrence (significant glenoid bone loss, 
engaging Hill-Sachs lesions) because only a 
bony procedure can restore the articular arc of 
the glenoid. Arthroscopic revision Bankart repair 
may be appropriate in those athletes who have an 
obvious Bankart tear and no bone loss after a 
traumatic reinjury. The challenge for the shoul-
der surgeon is identifying the best surgery for the 
athlete who does not have such clear-cut indica-
tions. Each factor that has the potential to lead to 
a poor outcome needs to be collected and calcu-
lated. Patient factors (age, laxity, type and level 
of sport), injury factors (mechanism of injury, 
capsulolabral injury, glenoid bone loss, Hill- 
Sachs lesion) and technical factors (previous sur-
gery performed, integrity of repair, scarring) 
must be integrated into the treatment algorithm. 
Based on this collection of factors, the shoulder 
surgeon should be prepared to provide the ath-
lete with the surgery that provides the best 
chance to return to playing sports and the lowest 
risk of recurrent instability.

16.6.2  Revision Soft Tissue Repair

Although some consider open revision Bankart 
repair to be the gold standard for post- 
stabilization recurrence, several studies support 
the equivalence of arthroscopic revision for the 
appropriate indications [98–105]. However, 
revision Bankart repair should only be used in 
patients with minimal risk factors for recurrence 
and must not be used in the presence of signifi-

cant glenoid bone loss and/or engaging Hill-
Sachs lesion.

The Bankart repair attempts to return the 
injured capsulolabral structures to preinjury 
positions so that they may resume their stabiliz-
ing functions. The revision setting is frequently 
complicated by prior hardware, altered anat-
omy, glenoid bone loss, capsular attenuation 
and scar tissue. Essential to the repair is the res-
toration of the anteroinferior labral bumper. 
Even with intensive mobilization of scarred 
capsulolabral tissue from the glenoid neck, a 
robust labrum frequently cannot be restored. 
Attachment of the plicated capsule to the gle-
noid face may serve to recreate the labral bum-
per in cases of labral deficiency [98, 101]. After 
repair of the Bankart lesion and plication of the 
anterior capsule, persistent anterior laxity may 
be addressed with a rotator interval closure, 
whereas inferior or posterior laxity may require 
inferior or posterior capsular plication to reduce 
the volume of the axillary pouch and inferior 
capsule [98, 101].

Multiple anchors below the glenoid equator 
are recommended to secure the anteroinferior 
labrum, and some investigators recommend a low 
anteroinferior portal (5:00 or 5:30 position) 
through the subscapularis to facilitate anchor 
placement in the inferior glenoid [101, 103]. 
Orthogonal placement of the anchor into the gle-
noid improves pullout strength [106]. Double- 
loaded suture anchors have higher tensile strength 
than single-loaded anchors [107].

16.6.3  Bony Procedures

The coracoid transfer (Bristow-Latarjet proce-
dure) possesses numerous advantages for athletes 
in the revision setting and will be the only option 
left in many cases. The multifactorial stabilizing 
effect of the transfer obviates the robust labral or 
capsular repair that is often difficult to achieve 
with a standalone revision Bankart repair. The 
grafted coracoid process addresses the anteroin-
ferior glenoid deficiency commonly encountered 
in recurrent instability, restoring the articular sur-
face and normalizing the glenohumeral contact 
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pressures [108, 109]. Hill-Sachs engagement is 
eliminated by widening of the glenoid and exten-
sion of the glenoid arc [110]. The transferred 
conjoint tendon provides dynamic stability for 
athletes in the main position of apprehension 
[111]. The postoperative rehabilitation can be 
accelerated with no external rotation restrictions 
because the rigid fixation of the bone graft allows 
early motion, and the surgeon can have confi-
dence in returning the athlete to play with radio-
graphic union shown on CT [112].

Several complications specific to coracoid 
transfer have been reported [101, 113, 114]. 
Intraoperative fracture of the coracoid compro-
mises its function as an anterior bone block. 
Screw breakage, loss of fixation and graft migra-
tion may result in recurrent postoperative insta-
bility. Cannulated screws have been implicated in 
cases of hardware failure. Postoperative pain is 
common in patients with graft or hardware prob-
lems. Neurovascular injury during the procedure 
may impair shoulder function.

In revision cases, glenoid bone loss may need 
to be addressed by structural bone grafting, such 
as in the Eden-Hybinette technique where autog-
enous tricortical iliac crest bone grafts are used to 
restore the anterior glenoid rim [115–117]. 
Especially after failed primary Latarjet proce-
dures, this may be the only option left. The use of 
distal tibia grafts or glenoid allografts has also 
been suggested because of its anatomic similarity 
to the glenoid articular surface, conformity to the 
humeral head and capacity for secure fixation 
and incorporation [118].

Most Hill-Sachs lesions can be rendered 
inconsequential with an adequate anterior 
repair and capsular plication [119]. In large 
lesions that threaten stability, engagement may 
be eliminated with restoration of the articular 
arc through coracoid transfer or bone grafting 
[110]. Some investigators have recommended 
filling the defect with an osteochondral allograft 
to correct the humeral head deformity [84, 
120]. The defect may also be filled (i.e. “rem-
plissage technique”) with the posterior capsule 
and the adjacent infraspinatus tendon to prevent 
engagement and limit anterior translation of the 
humeral head [86].

16.7  Discussion

This chapter discusses several relevant factors, 
which are important to make the decision concern-
ing anterior shoulder instability in daily clinical 
practice. It is not a guideline but can help you in 
choosing which diagnostic modalities and treat-
ments are most optimal for your patient. Also, some 
recommendations for future research are made.
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17.1  Introduction (Lars 
Engebretsen)

The number of publications on treatment of ante-
rior cruciate ligament (ACL) injuries in the skel-
etally immature population has increased through 
the past decade [1–6]. However, opinions on  

whether pediatric ACL injuries should primarily 
be surgically reconstructed or conservatively 
treated are still divided within the pediatric ortho-
pedic community [7, 8]. Evidence from high- 
level studies and randomized controlled trials is 
lacking [9], which leaves the field open for vari-
ous treatment algorithms due to the lack of a 
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solid scientific knowledge base. Risk factors for 
ACL injuries in skeletally immature patients are 
unknown, although it seems that boys may be 
more prone to rupturing their ACL before skele-
tal maturity, while girls have an increased risk 
through and after puberty [10, 11]. Many authors 
argue that the incidence of pediatric ACL injuries 
is rising. However, no epidemiological studies 
are available to support this statement. Increased 
awareness and advances in diagnostic methods, 
in addition to higher participation rates and ear-
lier specialization in sports, may have led to an 
increase in the incidence of pediatric ACL tears.

An ACL tear in a child or an adolescent is con-
sidered as a serious injury to the knee, which can-
not be repaired back to normal. Pediatric ACL 
tears are rare, accounting for less than 5% of all 
ACL injuries, and rarely occur under the age of 9. 
The current evidence for treatment is low [9]. 
Thirty years ago, the problem was mainly man-
aged nonoperatively or by suture repair, which 
frequently resulted in unsuccessful outcomes. At 
that time, the risk of pediatric ACL reconstruc-
tion had not been deeply evaluated, and the diag-
nostic possibilities were inferior to current 
standards. Therefore, many of these injuries were 
diagnosed late, and orthopedic surgeons were 
often confronted with a negative selection of 
ACL-injured children, presenting with secondary 
meniscus tears and cartilage lesions. Nowadays, 
we have learned that pediatric ACL reconstruc-
tion is a safe procedure with low complication 
rates, provided that surgery is performed cor-
rectly. This does not mean that all pediatric ACL 
reconstructions should be treated with surgery.

Pediatric ACL tears have a high impact on 
physical activity, with a significant risk of devel-
oping early posttraumatic osteoarthritis. In recent 
years, studies have emphasized the importance of 
prevention [12], and there are also studies show-
ing that a high activity level may be kept with 
correct training without meniscal and cartilage 
injury in the first 2 years after the injury. However, 
osteoarthritis may be manifested as early as the 
age of 30–40 years with a higher risk in case of 
concomitant meniscal—or cartilage—damage. 
Clinical studies found concomitant injuries in as 
high as 50–65% of ACL tears in this young age 

group [13–15], although the quality of these stud-
ies can be questioned. Consequently, the primary 
objective must be to protect kids and adolescents 
from this potentially severe injury. Teachers at 
school and sports clubs have to be educated.

An acute ACL tear usually leads to immediate 
cessation of sports. The injured child and his/her 
parents often feel insecure about the situation and 
are afraid of permanent damage. To put their 
mind on ease, it is very important to spend time 
for consulting. The specialist physician has to 
check for additional injuries and has to establish 
an exact diagnosis. Therefore, a gentle examina-
tion and MRI are necessary. A decision for con-
servative or surgical treatment can then be taken. 
The final treatment decision should be made in 
discussion with the child and the family after a 
proper rehabilitation program has been under-
taken for at least 6 months.

The rate of subsequent meniscal injury in this 
young group of active patients is not clear. 
Damage to the meniscus or cartilage may be as 
devastating as the ACL injury. Therefore, there is 
an international consensus that, in case of con-
comitant damage to the meniscus (bucket-handle 
type of injury) and/or persistent knee instability, 
an ACL reconstruction should be performed. The 
goal is to stabilize the knee, improve its function, 
repair the meniscus, and protect the knee from 
future episodes of giving way and injuries [15].

As the participant will learn in this ICL, an 
ACL tear is a severe injury and is considered a 
permanent damage to the young knee joint. A 
stable knee is important to protect the meniscus 
from secondary injury and early osteoarthritis. 
Return to high-level cutting and pivoting sports 
bears a high risk of reinjury and additional dam-
age. The child and the family must be made 
aware of the danger of pivoting sports, regardless 
of surgical or nonsurgical treatment. As men-
tioned above, current evidence for treatment of 
pediatric ACL injuries is low. Finding the right 
treatment for each child is a matter of balance, 
patience, and thorough follow-up.

In order to look for answers to some of the 
remaining open questions in pediatric ACL inju-
ries, the ESSKA Foundation started the “Pediatric 
ACL Monitoring Initiative” (PAMI), a combined, 
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multicenter project on these relatively rare 
lesions. It started with a survey among ESSKA 
members and has been published in KSSTA [12]. 
Current efforts will be presented at the ESSKA 
congress in Glasgow. This current ESSKA ICL 
will give a closer insight in the challenging topic 
regarding prevention, conservative and operative 
treatment, risk of growth disturbance, clinical 
results, outcome measures, and future research.

17.2  State-of-the-Art Treatment

17.2.1  Pediatric ACL Treatment 
Algorithms (Håvard Moksnes)

Opinions on whether pediatric ACL treatment 
should primarily be surgically reconstructed or 
conservatively treated are still divided within the 
pediatric orthopedic community [7, 8]. It is com-
monly believed that the incidence of pediatric 
ACL injuries is rising [2, 16–19]. However, only 
one study has documented an increase [20], and 
there are no other epidemiological studies avail-
able to support this assumption. Advances in 
diagnostic methods and increased awareness, in 
addition to earlier specialization in sports and 
higher numbers being active, may have led to an 
increase in the incidence of pediatric ACL tears.

Weighing the risks and benefits between pri-
mary surgical treatment and primary conserva-
tive treatment is crucial for every surgeon 
involved in pediatric ACL decision-making [21]. 
Most authors follow algorithms in which the 
inability to be active in preferred activities, or 
repetitive episodes of giving way despite under-
going rehabilitation, will point toward advising 
an ACL reconstruction before skeletal maturity. 
However, a substantial number of clinical com-
mentaries and other expert opinion publications 
recommend early reconstruction [22–24]. The 
risk of sustaining a secondary meniscus injury 
can be increased with persistent instability in the 
ACL-deficient knee, although it is uncertain 
whether time from injury to surgical treatment is 
an independent risk factor [10, 25]. Additionally, 
children who have a secondary repairable menis-
cus injury will usually undergo a meniscus repair 

with concomitant ACL reconstruction, as this is 
assumed to improve the prognosis of the menis-
cus repair [26]. The backside of performing ACL 
reconstructions in skeletally immature patients, 
however, is the risk of provoking a growth distur-
bance following transepiphyseal drilling [27] and 
the unknown development of the graft with post-
operative growth [28, 29]. The awareness of these 
risks is high among orthopedic surgeons, and 
presumed safer surgical techniques have been 
developed and described in recent years [30, 31]. 
Still, a recent survey among European surgeons 
suggests that the number of growth disturbances 
is significant [12], which is also supported by 
several case publications [32–34].

Scandinavian groups have been more prone to 
follow a primary nonoperative treatment algo-
rithm in skeletally immature patients [21]. This 
algorithm highlights that post-injury rehabilita-
tion must be performed exhaustively before fur-
ther treatment decisions are taken. Further 
treatment decision-making is based on the func-
tional knee stability experienced by the child in 
its desired activities and supported by functional 
performance tests [21]. The adult ACL literature 
supports that supervised rehabilitation should be 
performed before a decision on further treatment 
is made for any ACL patient [35, 36]. Preoperative 
rehabilitation is beneficial because it increases 
the likelihood of a successful outcome after ACL 
reconstruction and is in many cases effective in 
restoring functional knee stability to a level that 
eliminates the need for a surgical ACL recon-
struction [37, 38]. Children with ACL injuries 
should be monitored regularly and assessed by an 
orthopedic surgeon and a physical therapist in 
collaboration. This teamwork, supplemented by 
objective functional tests, secures that a struc-
tured rehabilitation program has been exhausted.

A prospective cohort study on 46 skeletally 
immature children has described that two out of 
three children were able to continue their activi-
ties for at least 2 years without suffering of insta-
bility or secondary injuries that required surgical 
treatment [6, 39]. For many children, 2 years of 
conservative treatment may be sufficient to avoid 
the risk of growth disturbances following skele-
tally immature procedures. To date, this study is 
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the only prospective study on conservative man-
agement of ACL-injured children. Furthermore, 
three out of four studies on secondary meniscus 
injuries show numbers that are comparable to pri-
mary surgical treatment [15, 40, 41]. However, 
caution must be taken with regard to the long- 
term results. Likewise, there is a need for larger 
and prospective studies on different treatment 
algorithms in this population. The Pediatric 
Anterior Cruciate Ligament Monitoring Initiative 
(PAMI) has, under the umbrella of ESSKA, con-
ducted a survey among orthopedic surgeons [12]. 
The survey describes that the number of pediatric 
ACL reconstructions in Europe is high and that 
there is a huge variance in both indications for 
surgery and preferred surgical techniques. 
Subsequent to this survey, the PAMI group has 
started the development of a multinational pedi-
atric ACL registry. The registry is scheduled to be 
operative late in 2017 and will be a unique  
possibility to collect long-term prospective data 
that is much needed for the pediatric ACL 
community.

Conservative treatment and prevention of 
pediatric ACL patients were recently described 
by Moksnes and Grindem in the ESSKA journal 
[42]. Pediatric rehabilitation has to be performed 
in close collaboration between the parents, an 
experienced physiotherapist, and the orthopedic 
surgeon. The child and parents should consult 
their physical therapist regularly. A normal setup 
could be once a week throughout phase 1, every 
second week through phase 2, and once a month 
in phase 3. Rehabilitation is normally designed to 
enable home-based exercises, and it is recom-
mended to limit the number of exercises to 
enhance the feasibility and adherence to the pro-
gram [43]. Exercises and goals have to be 
adjusted compared to traditional adult rehabilita-
tion protocols because children cannot be 
expected to perform unsupervised gym-based 
programs. Rehabilitation exercises are less 
focused on muscular strength and hypertrophy 
compared to adult rehabilitation. Thus, the pri-
mary focus should be neuromuscular stimulation 
and development of multi-joint functional stabil-
ity [21, 44]. Pediatric ACL rehabilitation is pro-
gressed through the phases based on clinical 

reasoning, sequential functional achievements, 
and the achievement of functional milestones 
(Fig. 17.1).

Some milestones will be primary in each 
phase, for example, achieving full knee extension 
and quadriceps activation early after the knee 
injury in phase 1. Throughout the first two phases, 
the child should be guarded from pivoting activi-
ties, and possibly also wear a protective brace in 
school and training. Exercises to facilitate proper 
alignment and adequate landing techniques have 
been successfully implemented in injury preven-
tion programs [45–47] and are also recommended 
through phase two and three of pediatric ACL 
rehabilitation. After completion of the rehabilita-
tion milestones and passing functional test crite-
ria (Fig. 17.2), the children usually return to their 
desired activities.

However, some children will not achieve a 
functionally stable knee, even with exhaustive 
rehabilitation. Children with persistent giving 
way episodes during, or after, nonoperative 
treatment should be counseled for a change in 
activity level and/or considered for surgical 
treatment. Additionally, an orthopedic surgeon 
must assess children with a very high demand-
ing sports activity, symptomatic meniscus inju-
ries, recurrent effusions, and/or restricted ROM 
for surgical treatment. A selection of neuro-
muscular exercises focusing on maintaining 
functional stability should be encouraged as a 
secondary prevention measure. Ideally, these 
exercises should be performed as part of their 
team warm-up routine before practice, which 
has been shown to be effective in preventing 
lower extremity injury rates by as much as 50% 
[48–50]. Several online resources are freely 
available such as the “Get Set—Train Smarter” 
app and the website https://hub.olympic.org/
library/injury-prevention/. Additionally, it is 
imperative that the child and parents are pro-
vided with thorough information on the benefits 
and risks involved with both surgical and con-
servative treatment. Particularly, the option of 
continuing sports involving less pivoting 
actions until skeletal maturity is reached, when 
a reconstruction involving less risk can be 
performed.

R. Janssen et al.
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17.2.2  Surgical Treatment Options 
in ACL Surgery with Open 
Physes (Romain Seil)

In the past, ACL injuries with open physes were 
mainly managed nonoperatively or by suture 

repair, which too frequently resulted in unsuc-
cessful outcomes [15, 51]. At that time, the risk 
of pediatric knee ligament reconstruction had not 
been deeply evaluated yet, and the diagnostic 
possibilities were inferior to current standards. 
Therefore, many of these injuries were diagnosed 
late, and orthopedic surgeons were often con-
fronted to a negative selection of ACL-injured 
children, presenting with secondary meniscus 
tears and cartilage lesions. Nowadays, it has been 
established that pediatric ACL reconstruction is a 
safe procedure with low complication rates, pro-
vided that surgery is performed correctly. In 
return, this does not mean that all pediatric ACL 
injuries should be treated operatively [9, 52].

In case of associated damage to the meniscus 
(i.e., bucket-handle tear, meniscal ramp lesion) 
and/or persistent knee instability, an ACL 
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Fig. 17.1 Functional treatment algorithm with examples of rehabilitation milestones
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Fig. 17.2 Functional test criteria
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 reconstruction should be performed [53]. The 
goal is to stabilize the knee, improve its function, 
repair the meniscus, and protect the knee from 
future episodes of giving way and meniscus inju-
ries (Fig. 17.3) [15, 51].

Many surgical techniques have been described 
in order to perform the best possible ACL 
replacement in children and, at the same time, 
reduce the surgically induced complication 
potential to a minimum. In contrast to the adult 
knee, an anatomic graft placement is difficult to 
obtain in children with the currently available 
techniques [54]. This is due to the presence of the 
growth plates, especially on the femoral side. 
According to the localization of the tibial and 
femoral tunnels, surgical techniques can be 
divided into three categories: transphyseal proce-
dures, where the tunnels are drilled through the 
growth plates (Fig. 17.4); epiphyseal techniques, 
where the tunnels are located in the tibia and 
femoral epiphysis, not injuring the growth plate; 
and finally extra-epiphyseal techniques, where 
the graft is placed around the growth plate 
(Fig.  17.5).

A different type of graft placement can be 
chosen, either on the tibial or on the femoral side. 
Some authors differentiate their specific pediatric 
ACL reconstruction technique according to the 

amount of knee growth remaining [55]. In the 
rare advent of ACL injuries in very young chil-
dren with a very high potential of remaining 
growth, some authors prefer using extra- 
epiphyseal techniques, whereas they use rather 
transphyseal options when knees are closer to 
growth plate fusion. However, this strategy is 
controversial and not based on evidence [56].

The most accepted and internationally wide-
spread technique in case of open physis is an 
ACL reconstruction with a soft tissue graft, 
usually autologous doubled semitendinosus 
and gracilis tendons [1, 17, 57]. If hamstrings 
are used, it is important not to harm their peri-
osteal attachment on the tibia to avoid fusion 
of the tibial tuberosity apophysis and subse-
quent development of a recurvatum knee [33, 
58]. Graft diameter generally varies between 6 
and 8 mm, but it may be thinner in some 
patients. Therefore, the surgeon should be pre-
pared to change his graft harvesting strategy 
intraoperatively. Tunnel diameter should 
always be kept under 9 mm [59]. On the tibial 
side, care must be taken to position the tunnel 
entrance more medially than in adults, in order 
to protect the apophysis of the tibial tuberosity 
and to avoid subsequent development of a 
varus and/or a recurvatum knee [60]. On the 

Fig. 17.3 Posteromedial view showing a repaired medial 
meniscus ramp lesion in a 12-year-old boy (typically the 
type of meniscus lesion which can be overlooked in chil-
dren with ACL injury)

Fig. 17.4 Intraoperative view of the femoral tunnel in a 
transphyseal ACL reconstruction technique in the left 
knee of a 12-year-old boy. The growth plate is marked 
with arrows
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femoral side, an injury to the perichondral 
structures should be avoided to prevent a pos-
terolaterally located growth plate fusion and 
the iatrogenic development of a valgus knee 
[61]. Recently, the use of living donor allografts 
has been advocated [3], but this technique is 
controversial for ethical reasons. It is well 
known that allografts have a higher potential 
for retears of the reconstructed ACL in adoles-
cents and young adults. For this reason, we 
refrain from using allografts in a pediatric pop-
ulation. Bone plugs or fixation material should 
not cross the physis to minimize the risk of 
growth disturbances [58, 62]. The use of per-
manent artificial grafts is prohibited as it may 
cause significant growth arrest as well as the 
need for complex, three-dimensional correc-
tive surgeries for malalignment or leg length 
discrepancies. Every surgical technique bears 
its own, specific complication potential [17, 
27, 32, 33, 36, 56, 63–65], but if all precau-
tions are taken [58], the risk of a growth distur-
bance is very low [56]. It may, however, be 
underreported [12]. These possible side effects 
and complications of surgery should be thor-
oughly discussed with the child’s family. 
Clinical follow-up visits should be maintained 
until the end of the growth period [12].

17.2.3  Clinical Outcome in Pediatric 
ACL Reconstruction  
(Peter Faunø)

A significant number of anterior cruciate liga-
ment (ACL) injuries are seen in children and ado-
lescents [66]. According to the Danish Knee 
Ligament Reconstruction Registry (DKRR), 6% 
of all ACL reconstructions are performed in 
patients younger than 15 years [67].

There is no consensus regarding treatment of 
ACL injuries in children, leaving the treating 
physicians with a therapeutic dilemma. Should 
the patient be treated conservatively, which has 
been done with some success [39] to avoid any 
growth disturbances, or should the child be 
treated operatively with an ACL reconstruction, 
increasing the risk of growth disturbances around 
the knee [31, 39].

The chance of successful outcome after ACL 
reconstruction (ACLR) in children and adoles-
cents is poorer than surgery in adults for several 
reasons. Most of the length growth in children 
occurs around the knee. This makes the growth 
plates susceptible to injury due to hardware 
crossing or heat induced by drilling, resulting in 
growth disturbances [68]. Furthermore, it is to 
be expected that compliance to postoperative 

Physeal sparing

Transphyseal Extraphyseal Epiphyseal

Fig. 17.5 Transphyseal 
and physeal-sparing 
ACL reconstruction 
techniques
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Table 17.1 Studies on ACL pediatric reconstructions and results

Patient number Follow-up years
Age of operated patients 
(age span)

IKDC 
(Lysholm) Failure rate (%)

Kohl et al. [69] 28 2.8 13 (9–15) 94 (Lysholm) 7
Calvo et al. [1] 27 10.6 13 (12–16) 95 15
Schmale et al. [70] 29 4 14 (13–15) 91 (Lysholm) 14
Kohl et al. [69] 15 4.1 12.8 (6.2–15.8) 94 (Lysholm) 0
Demange and 
Camanho [2]

12 15 10.7 (8.3–12.4) 83 25

Koizumi et al. [71] 15 3.1 14 (13–16) 97 13
Kocher et al. [31] 44 5.3 14.7 (11.6–16.9) 90 5
Willimon et al. [72] 22 3 11.8 (9.9–14.0) 96 14
Ho et al. [73] 561 – 15.4 (5–19) – 10
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rehabilitation is lower in children due to psy-
chological immaturity, resulting in more fre-
quent failed rehabilitation or an untimely return 
to sport. Last, but not least, the pediatric patient 
has parents who might have difficulties accept-
ing the implications of a serious knee injury 
such as an ACL injury. The expectations of 
sports-ambitious parents may have an impact on 
the final outcome of ACL reconstruction.

17.2.3.1  Clinical Outcome
There are several case series describing the 
results after ACLR in children and adolescents. It 
is difficult to compare and compile the results of 

these studies, since the number of patients often 
is limited and the surgical techniques, as well as 
the ages of the subjects, differ between studies. 
The most recent studies (summarized in 
Table 17.1) show a high failure rate among chil-
dren and adolescents.

In the large-scale register studies, particularly 
from Scandinavia, the high failure rate among 
children and adolescents is confirmed. In the age 
group of 13–15 years, a revision rate of 6.7% was 
found compared to the adult ACLR group with 
only 2% revisions (Fig. 17.6). This is contrasted 
by higher subjective outcome scores in the 
13–15-year age group [74].
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The combination of age (13–19 years) and 
playing soccer increased the risk for an ACL 
revision even further up to three times compared 
to adult ACL reconstructed patients [75]. In a 
large retrospective study by Ho et al. [73], there 
was an average 9.6% failure rate. The authors 
also found twice the failure rate when a soft tis-
sue graft was used compared to a patella tendon 
bone graft [73].

A systematic review comparing transphyseal 
(18 studies) and physeal-sparing (6 studies) tech-
niques has failed to demonstrate any difference in 
clinical outcome such as growth disturbances or 
graft rerupture incidence [76]. The results of the 
pooled data were however weakened by lack of 
uniformity among the compared studies.

17.2.3.2  Growth Disturbances
There have been reports on growth disturbances 
after ACLR in the growing patient [17, 31, 77], 
which have lead authors to advocate a delay of 
ACLR until skeletal maturity [27, 41].

In a meta-analysis of children and adolescents, 
only 1.9% had leg length discrepancies after 
ACLR [17]. These results were, however, based 
on clinical judgment or standard radiographs, and 
the mean patient age was as high as 13 years. In 
the same study, it was shown that the use of ham-
string grafts was less prone to induce growth dis-
turbances compared to the use of patellar tendon 
graft. In a recent study of ACL transphyseal 
reconstructed knees, with a more accurate digital 
radiographic measurement in 33 patients with an 
index age of 11.7, it was found that 24% of the 
patients had more than 1 cm leg shortening com-
pared to the unaffected leg. Mean femoral short-
ening in the operated leg was 3.5 mm compared 
to the nonoperated side. Furthermore, a signifi-
cant increased femoral valgus deformity and an 
increased tibial varus deformity were seen [68].

Physeal-sparing ACLR techniques have 
evolved with the purpose of avoiding growth dis-
turbances. However, a meta-analysis by Frosch 
et al. [17] showed a higher risk for growth distur-
bances among young patients operated with a 
physeal-sparing technique.

So far, there is no evidence that this approach 
has an advantage over the transphyseal technique 

with respect to limiting growth disturbances [76]. 
The current literature on ACLR in skeletal imma-
ture patients does not provide explicit recommen-
dations whether a physeal-sparing technique is 
superior to a transphyseal technique when it 
comes to growth disturbances.

17.2.3.3  Concomitant Injuries
There is a high incidence of concomitant knee 
lesions in the ACL-injured child. In a large-scale 
register study from the United States, meniscal 
resection or meniscal repair was performed at 
time of ACLR in 39% and 28%, respectively, in 
patients aged 10–14 years [19]. The authors also 
found that some kind of cartilage procedure was 
done in 6% of the cases.

Several studies indicated that delayed ACLR 
increases the risk for concomitant lesions. 
Anderson et al. reviewed adolescents who under-
went ACLR and found that those who waited 
more than 3 months after injury had a 2.8 times 
higher risk of lateral meniscal tear compared to 
those operated within 6–12 weeks [16]. Newman 
et al. [78] found that a delay to surgery correlated 
with increased severity of injury among both 
children and adolescents. A delay in surgery 
>3 months was the strongest predictor of the 
development of a concomitant injury among chil-
dren [78]. In a review of long-term complications 
of delayed ACLR, Mansson et al. found that 55% 
of the patients had a meniscal tear at the time of 
ACLR if surgery was delayed by an average 
11.6 months from the time of injury [79].

17.2.3.4  Summary
There is still no convincing evidence that demon-
strates which technique should be used for ACL 
reconstruction in children and adolescents with 
respect to minimizing growth disturbances. 
Twenty-four percent of patients have >1 cm of 
growth reduction after ACLR, but only a small 
proportion has clinical symptoms of limp length 
discrepancy. Most studies report very good sub-
jective and functional outcome after surgery, but 
there is an alarming high graft rupture rate up to 
15% after 5 years in pediatric patients. 
Furthermore, a potential risk for physeal damage 
calls for good future studies.
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17.2.4  Patient-Reported Outcome 
Measures (PROMs) in Children 
with ACL Injury (Rob Janssen)

PROMs are the patient’s perceived health condition 
and treatment results [80]. Despite being developed 
for research purposes, clinicians use PROMs to 
enhance clinical management of individual patients 
[81]. PROMs offer specific benefits, since subjec-
tive assessment of reduction of symptoms and qual-
ity of life avoids observation bias [81].

There are two types of PROMs: disease- 
specific and generic PROMs [81]. Many disease- 
specific PROMs have been developed and focus 
on specific symptoms and impact on function of 
a specific condition [81]. The quality of PROMs 
is determined by three psychometric properties: 
reliability, validity, and responsiveness [80, 82–
85]. Reliability refers to the reproducibility of an 
outcome measure between tests [80, 82]. Validity 
determines whether PROMs measure what they 
intend to measure [80, 82, 84]. Responsiveness 
assesses the ability of PROMs to detect changes 
in a patient’s status over time or as a result of 
treatment [80, 82].

PROMs have become an important compo-
nent to determine patient outcomes after sports- 
related knee injuries treated both surgically and 
nonsurgically [82–84, 86–89]. PROMs concern-
ing musculoskeletal conditions have been vali-
dated in adult populations but are also being used 
for children [1, 80, 82–87, 89, 90]. Unfortunately, 
adult outcome measures are not necessarily 
appropriate or transferable to the pediatric popu-
lation [82]. Furthermore, specific activity rating 
systems such as the Lysholm score and Tegner 
score have subset questions that measure work- 
related activities [89]. As such, they are less 
applicable to children.

17.2.4.1  Pedi-IKDC
Most research on PROMs in children and adoles-
cents has focused on the Pediatric International 
Knee Documentation Committee (Pedi-IKDC) 
subjective knee evaluation form. The original 
adult version of the IKDC was developed and 
validated as a knee-specific, rather than a disease- 
specific, outcome instrument [87, 90, 91]. The 

Pedi-IKDC was developed in 2011 based on 
IKDC domains that children had difficulty in 
understanding [82, 86, 90, 91]. The 18 domains 
of the Pedi-IKDC are activity with pain, pain in 
the past 4 weeks, severity of pain, swelling, activ-
ity with swelling, catching, activity with giving 
way, highest activity, going upstairs, going down-
stairs, kneeling, squatting, sitting, rising, run-
ning, jumping, stopping, and overall knee 
function [82].

Nasreddine et al. determined normative Pedi- 
IKDC scores and found a strong association 
between Pedi-IKDC scores and prior knee sur-
gery as well as recent activity limitations in the 
index knee [92]. The lack of a sex-based effect 
and the minor variation with age both simplify 
the interpretation and use of the Pedi-IKDC [92]. 
The authors concluded that Pedi-IKDC score dis-
tributions can be used to evaluate clinical out-
comes as well as provide assumptions for use in 
sample size or power calculations for research 
[92]. Kocher et al. [82] demonstrated that the 
Pedi-IKDC has acceptable reliability, validity, 
and responsiveness as well as acceptable floor 
and ceiling effects if used as a complete instru-
ment with an aggregate score [82, 91]. However, 
the high ceiling effects for the domains of catch-
ing, going upstairs, going downstairs, sitting, and 
rising do not allow reporting the patient’s activity 
independently from within the score [82, 89]. 
Kocher et al. discussed that other PROMs may be 
more discriminating for these domains [82]. 
They recommend using Pedi-IKDC for knee 
injury outcome measurement in patients aged 
10–18 years [82]. The Pedi-IKDC has been trans-
lated and validated in Danish and Dutch in chil-
dren aged 10–15 years [90, 93]. A simple linear 
equation can convert Pedi-IKDC to adult IKDC 
allowing long-term tracking of patients [87].

The aforementioned authors did not validate 
the Pedi-IKDC in children younger than 10 years 
of age. A potential source of bias in young children 
is the fact that parents are often involved in explain-
ing questions even though they are not allowed to 
answer for the patients [82, 84, 89]. One might 
argue that younger children might experience dif-
ficulty in understanding PROM questions and as a 
result have difficulty answering them. In terms of 
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PROMs, it is generally accepted that information 
provided by proxy respondents (parents) is not 
equivalent to patient self-report and that a parent 
report of function cannot be substituted for the 
child’s report [84]. Schmitt et al. analyzed their 
data to find the lower age limit for which the self-
reported Pedi-IKDC was still appropriate [84]. 
They concluded that the Pedi-IKDC is valid and 
consistent as PROM for symptoms, function, and 
sports activities for children and adolescents aged 
6–18 years [84]. Further research on PROMs by 
very young children is still needed.

17.2.4.2  KOOS-Child
Örtqvist et al. have developed the Knee Injury 
and Osteoarthritis Outcome Score for Children 
(KOOS-Child) in 2012 [88]. In analogy to the 
IKDC, the authors showed that younger chil-
dren (10–12 years) experienced difficulty 
answering the questions of the internationally 
validated KOOS score for adults [88]. The cur-
rent KOOS- Child has 39 items divided in 5 
domains: pain, other symptoms, activities of 
daily living, sports and recreation, and knee-
related quality of life. The KOOS-Child is the 
first PROM for children with knee disorders 
designed to evaluate self- reported knee function 
that includes separate sports-related and knee-
related quality of life subscales [83]. It is vali-
dated in Swedish, Danish, Dutch, and English 
[83, 93]. KOOS-Child is designed to assess and 
monitor groups and individuals over short time 
as well as long-time intervals [83]. The KOOS-
Child demonstrated good psychometric proper-
ties in children aged 7–16 years with knee 
disorders [83, 93, 94].

17.2.4.3  CHQ
The Child Health Questionnaire (CHQ) is a 
generic PROM designed to assess the health- 
related quality of life in children and adoles-
cents, validated for a range of pediatric 
conditions in children and adolescents aged 
5–18 years [82, 91]. The questionnaire encom-
passes multiple aspects of physical, psycholog-
ical, and social health with 12 domains [91]. 
Kocher et al. [82] found that Pedi-IKDC was 
significantly correlated with nine domains of 

the CHQ. The physical domains of the CHQ 
(physical functioning, physical limitations, and 
bodily pain) were best correlated. The domains 
of behavior and family cohesion were not cor-
related [82]. Boykin et al. [91] examined the 
association between the Pedi- IKDC and the 
CHQ in a group of pediatric patients with ACL 
injury. Seven of the 12 domains on the CHQ 
were significantly correlated with the Pedi-
IKDC in adolescent patients. Self-esteem, men-
tal health, emotional role, and social limitations 
categories were correlated with knee function 
suggesting that pediatric patients are affected 
differently than adults by ACL injuries. A fur-
ther understanding of the psychosocial impact 
of injury may be useful in measuring outcome 
in children and adolescents [91].

Registration of the various domains of 
most pediatric PROMs requires cooperation 
of the child and may be time consuming in a 
busy outpatient sports medicine clinic [89]. 
In this regard, more concise PROMs have 
been developed for the pediatric population 
(Marx Activity Scale and Hospital for Special 
Surgery Pediatric Functional Activity Brief 
Scale) [89, 95–97].

The Marx Activity Scale is a simple and easily 
readable PROM with sports participation focus 
and prior use in sports medicine literature [89, 
97]. It consists of only four questions regarding 
the frequency (<1 time/month, 1 time/month, 
1 time/week, 2–3 times/week, and ≥4 times/
week), each for running question (Q1), cutting 
(Q2), deceleration (Q3), and pivoting (Q4) in the 
last year [97]. Shirazi et al. [89] examined the reli-
ability of the Marx Activity Scale in patients 
younger than 18 years. The Marx Activity Scale 
was statistically reliable in pediatric patients with 
knee injuries and lower extremity injury, though 
the scale was less reliable in patients younger than 
14 years [89, 97]. Furthermore, there was a con-
siderable ceiling effect with more than half of the 
patients with knee injuries reporting maximum 
scores of 16 [89]. This is likely caused by the high 
frequency of sports participation (in school, unor-
ganized and organized sports league) by most 
teenagers, limiting the usefulness of the Marx 
Activity Scale in the pediatric population [89].
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The more recently developed eight-item 
Hospital for Special Surgery Pediatric Functional 
Activity Brief Scale (HSS Pedi-FABS) [96] con-
tains the four questions of the Marx Activity 
Scale [89, 97]. Additional measured items are 
duration and endurance of the patient, as well as 
level of competitive and supervised sports [89, 
95, 96]. It is a simple, reliable, and valid PROM 
to assess activity in children and adolescents 
10–18 years of age as a prognostic variable for 
clinical research studies [95, 96]. It was validated 
in healthy children as a current, though not base-
line, activity scale [89].

Other pediatric activity scales are the Gross 
Motor Function Classification, Family Nutrition 
and Physical Activity (FNPA) screening tool, and 
Physical Activity Questionnaire (PAQ) [89]. These 
PROMs are not useful in children with ACL inju-
ries because they do not specifically measure a 
patient’s sports activity, nor do they register the 
patient’s baseline pre-injury activity status [89].

17.2.4.4  Conclusion
The use of validated PROMs for children with 
an ACL injury may help improve the quality of 
clinical care for this pediatric population. 
Based on psychometric assessment, the Pedi-
IKDC and KOOS-Child seem to best monitor 
the baseline and activity scale in patients aged 
6–18 years with ACL injury. A further under-
standing of the psychosocial impact of injury 
may be useful in measuring outcome in chil-
dren and adolescents.

17.3  Future Treatment

17.3.1  The Bridge-Enhanced ACL 
Repair (BEAR) Technique 
(Martha Murray)

Traditional surgery for an injured anterior cruci-
ate ligament involves removing the torn ACL and 
replacing it with a graft of tendon. As we have 
noted earlier in this chapter, this operation has 
had good success in limiting additional injuries 
to the knee and returning patients to sport. 
However, it still requires using a graft, which in 
young patients is typically harvested from the 
patient (autograft). Thus, the pediatric or adoles-

cent patient has to heal not only the graft after it 
is placed across the knee, but also the site the 
graft was harvested from. In addition, treatment 
with a graft does not diminish the risk of develop-
ing premature osteoarthritis of the knee after an 
ACL injury.

Enabling the ACL to heal after an injury, 
rather than being required to replace it, would 
eliminate the need to take a graft, and preclini-
cal studies suggest that when successful liga-
ment healing is achieved, the risk of premature 
osteoarthritis is significantly diminished [98]. 
The primary reason the ACL fails to heal is a 
premature loss of the provisional scaffold in the 
wound site [99]. When the MCL tears, the ends 
bleed, and the blood clot that forms in the tear 
site serves as a scaffolding for the ligament 
ends to grow into and a space for them to recon-
nect [100]. When the ACL tears, the ends bleed, 
but the fibrinolytic system in the synovial fluid 
prevents a clot from forming [101], and thus 
there is no scaffold to support repair of the 
ligament.

The Bridge-Enhanced ACL Repair (BEAR)  
procedure involves using a surgically implanted 
scaffold to hold clotted blood between the  
torn ligament ends, thus providing a structural  
support for the clot and a protected space in 
which the ligament ends can reconnect. This 
scaffold is combined with a suture repair for 
early mechanical stability of the knee [102] 
(Fig. 17.7). This procedure has been shown to 
be safe in an initial 20 patient study (NCT 
02292004) [103], with no evidence of deep 
infection or loss of range of motion at 3 or 
6 months after surgery (Fig. 17.8). Results from 
this small study suggest the knees treated with 
the BEAR procedure have similar stability to 
knees which have been treated with an auto-
graft hamstring reconstruction and that patients 
who have a BEAR procedure have similar 
IKDC scores at 3 and 6 months when compared 
with patients undergoing ACL reconstruction 
(Fig. 17.9). A 100-patient randomized clinical 
trial for BEAR versus autograft ACL recon-
struction began recruitment in May 2016 and is 
ongoing at Boston Children’s Hospital (NCT 
02664545). Future multicenter studies are 
planned if there is sufficient promise for this 
procedure from these initial studies.
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Fig. 17.8 Maximum 
active flexion (a) and 
extension (b) at time 
points up to 6 months 
after surgery for knees 
treated with Bridge-
Enhanced ACL Repair 
(BEAR) and ACL 
autograft hamstring 
reconstruction (ACLR).  
No significant loss of 
range of motion was 
noted for any of the 
patients in the study.

a b c d

Fig. 17.7 Stepwise demonstration of the bridge- 
enhanced ACL repair (BEAR) technique using the BEAR 
scaffold. (a) Torn ACL. (b) A whipstitch is placed into the 
tibial stump of the ACL. Tunnels are drilled in the femur 
and tibia, and a cortical button with sutures attached to it 
is passed through the femoral tunnel and engaged on the 
proximal femoral cortex. The sutures are threaded through 

the BEAR scaffold, tibial tunnel, and secured in place 
with a second extracortical button. The BEAR scaffold is 
then saturated with 10 mL of the patient’s blood and (c) 
the tibial stump pulled up into the saturated scaffold. (d) 
The ends of the torn ACL then grow into the BEAR scaf-
fold and the ligament reunites. ACL, anterior cruciate lig-
ament (Used with permission from Murray et al. [103])

17 Pediatric ACL Injuries: Treatment and Challenges



254

17.3.2  The Future (Martin Lind)

The major unsolved issue in the management of 
pediatric ACL is graft failure after ACL recon-
struction, up to 10% in 13–15-year-old patients at 
5-year follow-up, which is 3 times higher than in 
adult patients. In females returning to contact 
sports, the graft failure rate is even higher. It is 
unlikely that new reconstruction techniques can 
improve this problem, and therefore better reha-
bilitation systems for girls wanting to return to 
contact sports are needed. Probably, there is also 
a need to counsel high-risk patients, such as girls 
with hyperlaxity, poor motor control, valgus knee 
deformity, and obesity, to find other sports activi-
ties than contact sports after an ACL lesion, irre-
spective of operative or nonoperative treatment. 
Nonoperative treatment rehabilitation principles 
have demonstrated that two-thirds of patients can 
return to demanding sports activities if intensive 
rehabilitation is performed and close long-term 
follow-up is instituted. There is still a need to 
define which patients do not function satisfactory 
with rehabilitation alone, so that these patients 
can receive early surgical treatment.

Another important unsolved issue is how to 
limit growth disturbances after pediatric ACL 
reconstruction. Despite the fact that recent stud-

ies have demonstrated up to 25% of patients hav-
ing more than 1 cm limb shortening after ACL 
reconstruction, less than 5% of patients experi-
ence a symptomatic limp length discrepancy. 
Presently, physis-sparing ACL reconstruction 
techniques are being developed to hopefully 
reduce these problems. Level 1 studies are needed 
to fully elucidate the safety potential of physis- 
sparing reconstruction techniques. The PAMI ini-
tiative [12] aims for international multicenter 
data of pediatric ACL lesion management and 
could reveal important information on the impact 
of different reconstruction techniques. However, 
it is important to include high-quality radio-
graphic outcome data in a PAMI database in 
order to evaluate growth disturbances properly.

ACL repair principles, as suggested by the 
BEAR technique, have demonstrated preclinical 
proof of concept as well as good safety and clini-
cal proof of concept in a phase 1 study [102, 
103]. An ongoing phase 3 study, comparing the 
BEAR treatment with hamstring autograft ACL 
reconstruction, will provide important informa-
tion whether initial ACL repair should be used 
instead of autograft ACL reconstruction in the 
pediatric ACL-injured patient population.

17.4  Take-Home Messages

• Pediatric ACL tears are rare, accounting for 
less than 5% of all ACL injuries, and do rarely 
occur under the age of 9. Their current evi-
dence for treatment is low.

• It is imperative that the child and parents are 
provided with thorough information on the 
benefits and risks involved with both surgical 
and conservative treatment.

• There is an international consensus that in 
case of concomitant damage to the meniscus 
(bucket-handle or meniscal ramp lesions) and/
or persistent knee instability, an ACL recon-
struction should be performed. The goal is to 
stabilize the knee, improve its function, repair 
the meniscus, and protect the knee from future 
episodes of giving way and injuries.

• According to the localization of the tibial and 
femoral tunnels, surgical techniques can be 
divided into three categories: transphyseal 
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Fig. 17.9 International Knee Documentation Committee 
(IKDC) score for the patients treated with Bridge- 
Enhanced ACL Repair (BEAR) and ACL autograft ham-
string reconstruction (ACLR). This is a validated 
patient-reported outcome measure for knee surgery. No 
significant difference was seen between the two groups of 
patients
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procedures, where the tunnels are drilled 
through the growth plates; epiphyseal tech-
niques, where the tunnels are located in the 
tibial and femoral epiphysis, not injuring the 
growth plate; and finally extra-epiphyseal 
techniques, where the graft is placed around 
the growth plate.

• There is still no convincing evidence that 
demonstrates which technique should be used 
in pediatric ACL reconstruction. Most studies 
report very good outcome after surgery, but 
there is an alarming high graft rupture rate.

• The backside of performing ACL reconstruc-
tions in skeletally immature patients is the risk 
of provoking a growth disturbance following 
transepiphyseal drilling and the unknown 
development of the graft with postoperative 
growth.

• The use of validated PROMs for children with 
ACL injury may help improve the quality of 
clinical care for this pediatric population. 
Based on psychometric assessment, the Pedi- 
IKDC and KOOS-Child are advised for 
patients aged 6–18 years with ACL injury.

• There is a need to improve current rehabilita-
tion protocols for high-risk patients, such as 
girls with hyperlaxity, poor motor control, val-
gus knee deformity, and obesity.

• Preliminary results of the Bridge-Enhanced 
ACL Repair (BEAR) technique show promising 
short-term results for ACL repair techniques.

• In order to look for answers to the remaining 
open questions in pediatric ACL injuries, the 
ESSKA Foundation started the “Pediatric 
ACL Monitoring Initiative” (PAMI), a com-
bined, multicenter project on these relatively 
rare lesions.
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Return to Play Following Achilles 
Tendon Rupture
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18.1  Introduction

The incidence of Achilles tendon rupture has 
been increasing since this has featured in the lit-
erature in the 1980s [1, 2]. A greater appreciation 
of variations in incidence has occurred with the 
adoption of nationwide hospital [3–5] and pro-
vider group databases [6–9] together with the 
development of Achilles tendon rupture registries 
[10]. A mean annual increase in rupture rate of 
2.4% has recently been reported [1]. The most 
recently reported injury rates are of 46 per 
100,000 in 2013 [7].

The mechanism of injury is typically a rapid 
eccentric loading of the gastrocnemius-soleus 
complex. This typically occurs during sports 
activity [11] such as football and badminton in 
males and netball in females [12].

Whilst the majority of Achilles tendon rup-
tures are sustained during sports or athletic activ-
ity, they are not necessarily sustained by patients 
who would be considered to be athletes but most 
commonly the busy middle aged. The typical 
patient is in the mid-40s [12] and has recently 
returned to sports activity from either a period of 
work or looking after children, during which time 
the tendon has effectively become deconditioned. 
Males tend to be more frequently affected than 
females with a ratio of approximately 6:1 [13].

18.2  Consequences of Rupture

A rupture of the Achilles tendon has a prolonged 
recovery leaving a 10–30% reduction in functional 
calf strength [14–17] and endurance [18], despite 
increased muscle activity [19, 20]. The injury pro-
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duces long-term limitations [4, 19, 21–23], and 
many patients fail to return to sports activities to 
the pre-injury level of performance [24].

In addition to the weakness following rupture, 
there are consequences and risks of the management 
option chosen, and there is also the potential for fail-
ure of treatment. These all need to be considered by 
the patient, in terms of their professional and sport-
ing individual requirements. Examples here include 
the 55-year-old who trains and competes at masters 
sports events versus the early 1970s grandmother 
with plenty of family support and wants to ensure 
that she is able to get back to walking her dog.

18.3  The Achilles Tendon Has 
Been Ruptured: What Are 
the Management Options?

Any decisions in terms of management involve a 
discussion between the patient and the treating 
surgeon. This is a shared decision-making pro-
cess, where the patient is aware that they are 
involved in the treatment selection. They need to 
have accurate information about the options and 
need to be guided to select the best method of 
treatment for them.

One of our roles as health-care providers is to 
explain the science and experience of those that 
have been before us and be able to accurately 
interpret the literature.

The management options for Achilles tendon 
rupture may be broadly split into two: nonopera-
tive and operative treatments.

Nonoperative management now features a tem-
porary or short-term cast followed by functional 
bracing with early weight-bearing [25, 26] and 
early movement. For the general population, this 
method produces low re-rupture rates and satisfac-
tory outcomes for activities of daily living [27, 28].

Operative treatment may be divided into percu-
taneous, minimally invasive, open and augmented 
repairs. Following repair, full weight-bearing as 
able is encouraged, in addition to early movement 
[4, 29–32].

The majority of randomized controlled trials 
comparing nonoperative and operative treatment 
have shown no significant differences in terms of 
the avoidance of re-rupture, the primary outcome 

measure. This is usually due to small numbers of 
patients, giving an underpowered study for the 
dichotomous variable of re-rupture or no re- 
rupture. The re-rupture rate is around 0–3% after 
surgery and above 10% after nonoperative man-
agement. Many studies are adequately powered 
for current outcome variables, however, not for all 
the possible confounding factors, and as such may 
not yield accurate information on return to play.

The randomized controlled trials do, however, 
yield the following results:

Functional outcome: Patients who compete in 
sports activity, the equivalent to high-speed 
torque exercise, drop-counter movement jump 
and hopping assessments, will have a signifi-
cantly less functional weakness after operative 
treatment [14, 17, 33, 34].

Failure and tendon elongation: Operative repair 
may be less prone to permanent elongation with 
interposed scar tissue or non-union and failure of 
treatment than nonoperative management [14, 35].

Re-rupture rates: The literature shows 
increased re-rupture rate after nonoperative treat-
ment compared with operative treatment; how-
ever, there are fewer overall complications than 
after surgery. However, if accelerated rehabilita-
tion is used, this risk of re-rupture decreases [36].

Return to play and activity: If treatment goes 
well and without complication(s), most patients 
are able to return to their previous level of sports 
activity [24]. If re-rupture occurs, patients rarely 
return to their previous level of sports activity 
[37]. The presence of complications significantly 
affects outcome.

Return to work and early function: Patients 
return to work [38] earlier and at 3 months [39] 
have improved function after operative treatment.

Minimally invasive and percutaneous surgery 
vs. open repair: Minimally invasive (MI) and per-
cutaneous surgery provides good outcome and 
reduces the risk of wound breakdown and improves 
cosmesis compared with open surgery [40–42].

Open end-to-end vs. augmented repair: Simple 
end-to-end repairs have equal outcome scores, com-
pared with repairs augmented with a fascial turn-
down flap. The use of a flap does not prevent tendon 
lengthening or muscle weakness [22, 43, 44].

The majority of Achilles tendon ruptures are 
sustained during sports or athletic activity; how-

M.R. Carmont et al.



263

ever, patients frequently have not participated in 
regular exercise. Similarly the exercise or activity 
during which the activity occurred is commonly 
relatively new to them. The typical patient is 
middle aged and has recently returned to sports 
activity either from a period of work or children 
care during which time the tendon has effectively 
become deconditioned.

Given the limited reporting of pre-injury sports 
participation [24], there are relatively few series 
of athletes who have sustained an Achilles tendon 
rupture, meaning that they are a specific subgroup 
for which the previous literature is too general-
ized from which to draw firm conclusions.

18.4  Management Decision- 
Making Process

Sportsmen and sportswomen will have different 
priorities in terms of treatment options compared 
with the general population. Many athletes appre-
ciate that the injury has a prolonged recovery 
time; however, the presence of risks and in par-
ticular the risk of a poor outcome may be less 
understood. All patients wish to avoid complica-
tions, time loss and reduced functional outcome 
of re-rupture. Additionally competitive athletes 

wish to minimize any functional loss relating to 
their injury. The decision to choose operative 
treatment, or not, may be made on the basis of 
improved outcome together with the risks of a 
poor outcome and the risks and impact of compli-
cations rather than solely the risk of re-rupture.

Participants in competitive sports activities 
such as football are not usually affected by co- 
morbidities, e.g. obesity and diabetes, which 
would predispose to infection and wound healing 
problems. Olsson has determined that a high body 
mass index (BMI) leads to an increased risk of a 
poor outcome [45]; however in the athletic popu-
lation, the BMI may be high although sportsmen 
may be healthy. This means that there is likely to 
be little risk of wound complication in athletes.

18.5  Outcome in Elite Athletes 
and Professional Sportsmen

A number of authors have published on the out-
comes of professional or competitive recreational 
athletes returning to sport. These are case series 
rather than randomized controlled trials (RCT) as 
most professional athletes would not participate in a 
RCT due to the risk of being randomized to a group 
with a potentially worse outcome (Table 18.1).

Table 18.1 Series of patients reporting return to play related to the method of management

Author year Number Age Repair method Return to play Notes

Martinelli 2000 [46] 30 30.5 TenoLig® 120–150 days
Gigante et al. 2008 [47] 40 41 Pc (TenoLig®  

vs. Bunnell)
No difference between  
groups

Parekh et al. 2009 [48] 31 29 NFL Mixed 36% unable
50% drop in performance

De Carli et al. 2009 [49] 20 39.7 Kakiuchi 76.4% same level
Maffulli et al. 2011 [50] 17 34 Percutaneous 4.8 ± 0.9 months 11 swelling

4 cramps
Amin et al. 2013 [51] 18 29.7 NBA Mixed 30% DNR, 11/18 1  

season only
Jallageas et al. 2013 [52] 31 38 Pc vs. open 81% vs. 73.5% same  

level play
Overall time 
153 days 
(91–246)

Vadala et al. 2014 [53] 36 29.7 Combined  
pc/mini-open

86% within 5 months

McCullough et al. 2014 [54] 9 25.6 NFL Pc 78% within 8.9 months 1 athlete
166 days

Byrne et al. 2017 [55] 1 36 Pc Medal winner 18 weeks

Pc percutaneous, DNR did not return, NBA National Basketball Association
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Ververidis et al. performed a systematic litera-
ture search of outcome following percutaneous 
repair in athletes. Ninety-one percent of patients 
returned to practising sports, and 78–84% 
returned to the same or a higher level of sports. 
From nine studies the average time to return to 
sports was 18 weeks. The most frequent compli-
cation was sural nerve injury (3.3%), and the re- 
rupture rate was low (2.1%) [56].

18.6  State-of-the-Art-Treatment

Since 2010 the benefits of early rehabilitation, 
involving early weight-bearing, brace use and 
early active movement, have been applied to both 
operative and nonoperative treatments with simi-
lar outcome scores and low re-rupture rates.

The most recent studies have focused on the 
optimization of gastrocnemius-soleus strength, 
by minimizing tendon lengthening, to reduce the 
risks of treatment failure.

Lengthening has been noted to occur after non-
operative and operative treatment despite repair 
augmentation [22, 43].

Cadaveric studies have shown that modes of 
failure include suture pull-out for non-locked 
sutures, predominantly from the distal stump, 
and knot failure for locked Krackow sutures [57–
59]. This suggests that the use of locking sutures 
is advantageous.

State-of-the-art surgery includes using of locking 
sutures via a percutaneous surgery, direct anchoring 
into the calcaneum and the avoidance of knots 
(Table 18.2). The confidence of distal calcaneum 
fixation and, more recently, the avoidance of knots 
have contributed to the recent  practice of brace-free 
rehabilitation (Fig. 18.1a, b) [55, 60–66].

18.7  Future Treatment Options

The aim of stable locked sutures with distal intra- 
calcaneal fixation is to provide a stable repair, 
prevent lengthening and permit early return to 
activity. These repairs may offer stable initial 
fixation, but this stability may lead to increased 
stiffness affecting biomechanical properties dur-
ing the organization and maturation phases of 
later healing. Stress shielding may make the 

 tendon more susceptible to proximal ruptures at 
the musculotendinous junction.

18.8  Post-Operative Care 
and Rehabilitation Following 
Achilles Tendon Rupture

Rehabilitation following Achilles tendon rupture 
should be considered in several phases: con-
trolled mobilization, early recovery, late recov-
ery, and return to sport. Despite these distinctions, 
contributors to return to sport (i.e. strength defi-
cits, psychosocial concerns) should be consid-
ered throughout the rehabilitative process [67, 
68]. During later phases of rehabilitation, sport- 
specific guidelines have not been published in the 
context of Achilles tendon rupture.

18.8.1  Controlled Motion

The controlled mobilization phase starts directly 
following injury or surgery. The goal of this phase 
is to approximate tendon ends and facilitate ten-
don healing. Of particular concern is the avoid-
ance of tendon elongation. Tendon elongation 
occurs during the first 8–12 weeks post- injury 
[29, 31] and results in long-term plantar flexor 
deficits [16], as well as changes in movement bio-
mechanics, particularly with running and jumping 
[69]. Early weight-bearing has been associated 
with less tendon elongation [29]. Early weight-
bearing is performed in plantar flexed positions 
using weight-bearing casts or boots. Later in this 
phase, the negative effects of immobilization can 
be addressed with joint mobilization techniques 
to the talocrural and subtalar joints, taking care 
not to put the tendon on stretch. Moreover, gen-
eral hypotrophy can be addressed with active 
range of motion and isometric strengthening 
whilst avoiding maximal dorsiflexion.

18.8.2  Early Recovery

The early recovery stage starts when the 
patient is able to ambulate in sneakers with a 
wedge, typically around week 6–8. At this 
stage, slow, controlled weight-bearing  exercise 
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Table 18.2 Outcomes of Achilles tendon repair. These techniques may be considered to provide stable repairs as post-
operative brace protection was not used

Author year Series
No.  
(n=) Technique Follow-up Outcome RTP Score

Jennings 
et al.  
2004 [60]

7.75  
years

30 Modifed  
Bunnell and 
Kessler 
(transosseous)

3.25 years 
(6 months  
to 8 years)

Median FWB  
42 days

5 months 
(3–7 months)

Driving 49 days 
(11–123)

58% returned  
to ≥ same level 
activityWork 35.5 days 

(4–227)
Using a 
10 × 800 mm 
polyester tape

Mean Tegner 
pre-injury 3.7, 
post-injury 3.0

Yotsumoto 
et al. 2009 
[61]

2004–
2006

20 Side-locking 
loop—
Polyblend

2.9 years 
(2–4.8)

DHR  
6.3 weeks

14.4 weeks ATRPS  
98.3 at 
24 weeks20 SHR  

9.9 weeks
Doral et al. 
2009 [62]

1999–
2005

62 Modified 
Bunnell

46 months 
(12–78)

Regular work/ 
rehab 11.7 weeks  
(10–13)

95% return 
previous  
activities

AOFAS  
94.6

PDS no. 5
FWB ≥ 
3 weeks

Doral  
2013 [63]

1999–
2012

69 Modified 
Bunnell

28 months 
(12–72)

No side-to-side  
difference in hop or 
muscle strength test

All returned to 
same sports  
level

ATRS 86

PDS no. 5
Jielile  
et al. 2013 
[64]

2001–
2011

107 Pa-bone 
technique

Up to 
24 months

Same ROM  
7 weeks

Resume sports 
activities  
13 weeks

ATRPS 
93.9 ± 3.4  
at  
8.5 weeks

Polyglactin SHR 60 days ATRS 99  
at 3 monthsSHR 12 weeks

Groetelaers 
et al. 2014 
[65]

32 Modified 
Bunnell 
proximally  
and 
transosseous 
distally using 
1× no. 1 PDS 
and 1× no. 1 
Vicryl

1 year 102% strength  
compared to  
uninjured side  
at 1 year

88% resumed  
sport 1 year

ATRPS  
96% good/
excellent  
at 1 year

Miyamoto 
et al. 2016 
[66]

2011–
2014

44 Double 
side-locking 
loop suture

24 weeks DHR 8  
± 1.3 weeks

17.1 ± 3.7 weeks, 
all returned to 
pre-injury level 
activities

AOFAS 
96.8 ± 4.7

20SHR  
10.9 ± 2.1 weeks

DHR double heel rise, ATRPS Achilles Tendon Rupture Performance Score, AOFAS American Orthopaedic Foot  
and Ankle Score, PDS polydioxanone suture, ATRS Achilles tendon Total Rupture Score, ROM range of movement, 
SHR single heel rise

(such as the bilateral heel rise) is initiated to 
gradually load the tendon. Exercises to address 
impaired balance, reduced range of motion or 
strength deficits can also be added. The goal 
of this stage is to walk symmetrically without 
bracing and perform activities of daily living 
(stair negotiation, ambulation in community) 
without compensation.

18.8.3  Late Recovery

The late recovery stage starts when the patient 
is able to perform a unilateral heel rise with the 
goal of gradually progressing strengthening 
and returning to more dynamic activities, such 
as running. A running progression can be initi-
ated when the patient is able to complete five 
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unilateral heel rises at 90% of the available 
height on the ruptured side. If the patient is 
unable to achieve this milestone by 16 weeks, a 
running progression can be initiated if the 
patient is able to raise at least 70% of body 
weight during a unilateral heel rise [16]. Low-
speed, low-intensity agility training (i.e. figure-
of-eight jogging, low- speed carioca) can also 
be initiated during this phase.

The literature comments upon goals to be 
attained following Achilles tendon rupture. 
Saxena et al. stated specific targets such as five 
sets of 25 repetitions. These are introduced over 
time starting with three sets of ten based upon 
pain tolerance. The calf circumference, measured 
10 cm distal to the inferior pole of the patella, 
should be comparable to the non-injured limb, 
and the ankle range of motion should be within 
5° of the non-injured side [70]. Return to play 
was quoted as being between 12 and 26 weeks 
following Achilles tendon rupture [71].

In Hutchison et al.’s paper on a general popu-
lation, patients were advised against sports activ-
ity until they could perform a single heel rise, 
sprint using the toe off phase of gait, a horizontal 
single leg hop three times for more than 75% of 

the non-injured leg and a vertical hop to greater 
than 75% of the non-injured side [27].

Return to play cannot be so precisely deter-
mined as much as the popular press would have 
us believe. Rehabilitation is a gradual process, 
which must follow graduated attainment of 
strength and functional activities.

How does a clinician determine when an ath-
lete is ready to return to play? And is physical 
recovery alone enough for return to play?

The question of when to return to play, or 
more accurately when to return for training for 
selection to be included in the team play, is fre-
quently considered.

Given that an athlete is likely to have a 
6-month absence from his playing position, it 
is likely that the replacement player will 
become established in that position. This will 
also make return to play (RTP) data difficult to 
interpret.

The player will be keen to return to sports 
activity and play as well as to return to team 
training as there will be a considerable graduated 
increase in performance and play.

Players must have recovered optimal strength 
to the gastrocnemius-soleus complex for  running, 

Bijlsma &
Van der Werken

Intra-tendinous
modification

PARS
Speedbridge

Side Locking Loop Double Side
Locking Loop

a b

Fig. 18.1 Stable suture configurations, which have 
reported outcomes (Table 18.2) using either locking 
sutures or distal calcaneal attachment. (a) Bijlsma and van 
der Werken technique used in Groetelaers et al.’s series 
[60], modified Bunnell and distal transosseous intra- 

tendinous suture placement as used in Jennings et al.’s 
series [65], proximal locking sutures and distal calcaneal 
anchor fixation [55]. (b) Single side-locking loop as used 
in Yotsumoto et al.’s series [61] and double side-locking 
loop as used in Miyamoto et al.’s series [66]
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sprinting and jumping. The viscoelastic proper-
ties of the tendon will have to have optimized as 
the elastic recoil during loading with distraction 
could otherwise lead to re-rupture. Additionally, 
players will need to have an adequate psycho-
logical recovery to enable play without 
hesitation.

18.9  What Is a Successful Return 
to Play?

The patient or athlete may consider this to be able 
to perform at the desired level of activity in the 
desired sport. A number of methods have been 
used to determine the intensity of activity and 
sports performance.

The Tegner sport and activity scale was 
devised as a follow-up indicator after knee liga-
ment injuries [72]. The Tegner score has been 
commonly used in lower limb sports injury sur-
gery and after 25 years of use is considered to be 
a valid psychometric parameter. The score has 
acceptable responsiveness, with an intra-class 
correlation of 0.8 and minimal detectable change 
of 1. The Tegner score in its original form has 
been used for ankle ligament surgery [73], poste-
rior ankle impingement [74] and plantaris inju-
ries [71]. More specifically related to this chapter, 
the Tegner score has also been used following 
Achilles tendon injuries [75, 76].

Halasi et al. developed a new activity score for 
the evaluation of ankle instability in 2004 [77]. 
This included 53 sports, 3 working activities and 
4 general activities inserted into a 0–10-point cat-
egory scoring system. The level of participation 
is divided into top level/national team, lower 
competitive level and finally recreational level. 
Halasi score correlates with the Tegner score 
(r = 0.7565) and has been found to have high reli-
ability. The ankle score differences were spread 
over a wider range (−1.18 ± 2.12) than the Tegner 
score differences (−0.68 ± 1.29), indicating that 
the new had higher sensitivity.

The Physical Activity Score (PAS) has been 
described by Grimby and Saltin to assess leisure 
time physical activity and divides the activity into 
intensity from light, moderate and hard or very 

hard exercise [78]. Some authors have also added 
duration and frequency requirements not included 
in the original version. The score has recently 
been found to have concurrent validity with 
respect to aerobic capacity and movement analy-
sis. The score also has predictive validity to vari-
ous risk factors for health conditions [78].

A simple method of determining whether 
patients have returned to the same standard of 
play is to rate their performance on a scale and to 
compare this rating with that achieved during 
follow-up.

Another subjective method is simply to ask 
patients if they have reached the same level of 
sports and physical activity or performance as 
before their injury. Patients are verbally given the 
options of not yet, the same or improved. This 
terminology was used so that the patient could 
decide about their own function in respect to their 
sports. For example, a competitive footballer 
may return to the same team, play in the same 
league and score the same number of goals, but 
they themselves may feel they have not yet 
reached the same level of function.

A systematic review and meta-analysis have 
been performed to identify RTP rates following 
Achilles tendon rupture and evaluate the mea-
sures used to determine RTP. A total of 108 stud-
ies encompassing 6506 patients were included 
for review. Eighty-five studies included a mea-
sure for determining RTP. The rate of RTP in all 
studies was 80% (CI95%, 75–85%). Studies with 
measures describing determination of RTP 
reported lower rates than studies without metrics 
described, with rates being significantly different 
between groups (p < 0.001). Eighty percent of 
patients returned to play following Achilles ten-
don rupture. However, the RTP rates are depen-
dent on the quality of the method used to measure 
RTP. To further understand RTP after Achilles 
tendon rupture, a standardized, reliable and valid 
method is required.

The clinician may consider this to be the safe 
return without re-injury or long-term complica-
tions. The perspective of patients/athletes may be 
different; this could be considered to be to return 
to work as soon as possible with the avoidance of 
re-rupture or tendon elongation.
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StARRT Framework
Strategic Assessment of Risk & Risk Tolerance

Patient Demographics (e.g. age, sex)

Symptoms (e.g. pain, giving away)

Personal Medical History (e.g. recurrent injury)

Signs (Physical exam) (e.g. swelling, weakness)

Special Tests (e.g. pain with function, X-ray, MRI)

Type of Sport (e.g. collision, non-contact)

Position played (e.g. goalie, forward)

Limb Dominance (e.g. MSK alignment)

Competitive Level (e.g. professional, playoffs)

Ability to Protect (e.g. padding)

Functional Tests (e.g. diagonal hop test)

Psychological Readiness (e.g. affecting play)

Timing & Season (e.g. playoffs)

Pressure from Athlete (e.g. desire to compete)

External Pressure (e.g. coach, athlete family)

Masking the Injury (e.g. effective analgesia)

Conflict of interest (e.g. financial)

Fear of Litigation (e.g. if restricted or permitted)

Risk Tolerance
ModifiersAssessment of

Risk
Tolerance

Assessment of
Activity

Risk

Assessment of
Health
Risk

Risk
Assessment
Process

Tissue Stresses

Tissue Health

Return-to-Play Decision

STEP 3

STEP 2

STEP 1

Fig. 18.2 Shrier’s Strategic Assessment of Risk and Risk Tolerance (StARRT). Reproduced from Forsdyke et al. [68]

Psychological aspects are very important 
 during the rehabilitation process and RTS. 
Information from TL data can be used to provide 
feedback to the player in terms of the ability to 
cope with on-field-specific activities. The sharing 
of information with athletes can provide con-
sciousness of the ability to RTP and can reduce 
anxiety and stress and increase their motivation. 
Psychological readiness and the “fear of re-
injury” may hinder return to the pre-injury level 
of play.

A useful strategy is to adopt Shrier’s 
Strategic Assessment of Risk and Risk 
Tolerance (StARRT) framework (Fig. 18.2). 
This allows demographic, risk activity and risk 
tolerance all to be assessed to help determine 
RTP decisions. Additionally, viewing the con-
siderations of the patient and the clinician 
together with the scientific evidence through an 
evidence-based practice lens gives additional 
support and guidance (Fig. 18.3) [68]. There 

are three key elements to be considered to help 
decide when an athlete is psychologically ready 
to return to play [68].

18.10  How Can the Practitioner 
Best Monitor Abilities?

These include tools for the assessment of perfor-
mance [72, 77, 78], together with tools for psy-
chological readiness, and one such tool is the 
Tampa Scale of Kinesiophobia.

18.11  Use the Working Knowledge 
of the Athlete

Frequently termed “knowing your athlete”. The 
patient or athlete may be observed to be preoc-
cupied, withdrawn or adopt movement patterns 
in terms of their state of function.
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Adopting an interdisciplinary shared decision- 
making approach, this allows the patient consider-
ations, the clinician concerns and the requirements 
of the coach to be borne in mind.

18.12  Take-Home Message

Achilles tendon ruptures are increasing in num-
ber and tend to occur in middle-aged persons or 
in professional athletes at the later stages of their 
sporting careers. Even when ruptures are “suc-
cessfully” managed without complication in 
players, objective muscle strength weakness is 
almost always present.

In sports, where any loss of muscle strength 
leads to a considerable disadvantage, operative 
repair is most probably the management method 
of choice.

Although return to play at the same level is 
possible for many recreational athletes, this may 
be difficult for a professional footballer.
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Management of Less Frequent 
and Multi-ligament Knee Injuries

Steve Bollen, Sam Oussedik, William Hage, 
James Robinson, Manuel Leyes, 
and Joan C. Monllau

Overview
The knee with multi-ligament injuries is a com-
plex problem with a significant potential morbid-
ity in terms of pain, instability and dysfunction. 
For some injury patterns, there is consensus as to 
whether to repair or reconstruct the damaged soft 
tissues, whilst for others, best treatment strate-
gies remain unclear.

The following chapter aims to highlight a 
rational approach to these lesions drawn from 
both the experience of the authors and the current 
literature.

19.1  Isolated PCL Injury

Steve Bollen

19.1.1  Introduction

Isolated PCL injury occurs less frequently than 
other common ligament injuries. In Myasaka’s 
1991 paper [1], looking at 500 knees with “patho-
logic motion”, about half the injuries were ACL 
tears, but isolated PCL injury only occurred in 18 
patients. The injury may however be more preva-
lent as many patients can sustain isolated PCL 
injury and recover function without ever having 
the diagnosis made. Unlike the ACL, the PCL 
rarely ruptures mid-substance, and it frequently 
attenuates within its length, allowing the possi-
bility of healing.

Patients may present in their 50s, complaining 
of medial and/or patellofemoral pain, with undi-
agnosed PCL laxity that they were completely 
unaware of. Going back through their history, 
there is often an injury they can recall that hap-
pened 20 or 25 years previously, which stopped 
them playing for 6–12 weeks. Isolated PCL 
injury has a high prevalence in professional 
sports such as rugby league. In the rugby league 
squads the author looks after, between 20 and 
30% of the players have a ruptured PCL in one 
knee or the other and sometimes both! Many may 
continue to function at high levels and have a 
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 normal longevity of their career without surgical 
intervention. Long-term follow-up (mean 
18 years) of patients with isolated PCL laxity 
shows that good function and normal range of 
motion are often maintained and only 10% have 
moderate to severe arthritis. Importantly, this is 
not correlated with the degree of PCL laxity [2].

This is where the problem lies, as demonstra-
bly it is possible to return to the very highest level 
of sporting performance without any surgical 
intervention.

19.1.2  Biomechanics

PCL deficiency leads to increased contact pres-
sure in the patellofemoral and medial compart-
ments leading, in the long term (usually 
20–25 years), to osteoarthritis in these 
compartments.

Fixed posterior subluxation of the tibia may 
develop with time; however, Ogata et al. [3] 
showed that in the acute stage the knee will 
always reduce in extension providing the collat-
eral structures are intact—the basis for conserva-
tive management.

19.1.3  Proprioception

Given that loss of proprioception is felt to be a 
major factor in symptomatology in ACL defi-
ciency, it might be expected that PCL-deficient 
knees would have little proprioceptive deficit. 
However, an MD thesis project by Karen May in 
the mid-1990s found exactly the opposite, show-
ing that the players with PCL deficiency had a 
marked proprioceptive deficit in the affected knee 
(Fig. 19.1)!

19.1.4  History

Classically, this is a fall onto a flexed knee or a 
dashboard-type injury. In sport the player may be 
able to carry on and any swelling may be mild. 
There is often pain felt in the popliteal fossa 
made worse by knee flexion. Patients with PCL 

injury may not present following the acute injury, 
or the injury may be missed leading to delayed 
presentation. It is possible for the diagnosis to be 
made years later without them ever having been 
aware they had sustained a significant injury 
(Fig. 19.2).

In chronic cases, pain in both the patellofemo-
ral joint and medial compartment is usually the 
predominant feature.

19.1.5  Examination

In acute cases, the most sensitive sign is reduced 
tibial step-off: palpating the distance between the 
anteromedial aspect of the tibial plateau and the 
medial femoral condyle when the knee is at 90 
degrees of flexion. There is usually tenderness in 
the popliteal fossa and increased pain on knee 
flexion. Posterior tibial drawer at 90 degrees of 
knee flexion usually reveals a soft end feel. It is 

Fig. 19.1 Patients with PCL deficiency are found to have 
measurable proprioceptive deficits
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important to ensure there is no coupled rotational 
laxity (i.e. the tibia moves directly posteriorly 
without rotating at the same time), indicating 
associated injury. Posterior drawer of >1 cm also 
points to associated injury of the posterolateral or 
posteromedial corners. It is vital to exclude asso-
ciated laxity.

In chronic cases, posterior tibial sag with the 
knee at 90° of flexion is usually obvious.

19.1.6  Radiological Diagnostics

Plain radiographs may show an obvious sag on 
the lateral radiograph, and in more chronic cases, 
skyline views of the patellofemoral joint and AP 
weight-bearing films may show joint space nar-
rowing in the patellofemoral joint and medial tib-
iofemoral joint.

In acute cases, plain radiographs may also 
identify a PCL avulsion fracture. It is important 
to pick this up, as early open reduction and fixa-
tion stand a very good chance of restoring near- 
normal laxity.

MRI may be able to identify injury to the PCL 
in acute cases but misses the diagnosis in about 

50% of chronic cases [4]. In acute cases, it can 
also be useful in identifying associated injuries, 
but more than 12 weeks from index injury can 
miss associated posterolateral corner injury in 
most cases [5].

19.1.7  State-of-the-Art Treatment

With an acute injury, it is vital to exclude associ-
ated injury as this can influence management. 
Whilst MRI may help identify injury to associ-
ated structures, it does not assess laxity, so care-
ful clinical assessment remains the cornerstone 
of decision-making.

Isolated PCL avulsion fracture is best treated 
by open reduction and fixation as the energy of 
the injury is dissipated through the fracture, and 
the ligament itself remains largely intact. The 
author prefers the modified Burks and Schaffer 
[6] approach to reattach the avulsed bone frag-
ment (Fig. 19.3).

For cases of acute, isolated intra-substance 
injury, the author’s preferred method of treatment 

Fig. 19.2 It is possible to participate in elite level sports 
with isolated PCL deficiency

Fig. 19.3 Post-operative lateral radiograph following 
open reduction and internal fixation of a PCL tibial avul-
sion fracture
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is to brace the knee in extension for 4 weeks as 
this generally results in a much-reduced posterior 
laxity. It is vital to check if the knee has reduced 
anatomically (which it will do if there are no 
associated injuries), as to brace a knee that is sub-
luxed posteriorly will result in a fixed posterior 
subluxation—with poor results. Dynamic PCL 
bracing, for example, the Jack brace (Albrecht) 
or the PCL Rebound brace (Ossür), has become 
popular but may not be well tolerated and has 
also been shown not to confer any advantage in 
the immediate acute post-injury period according 
to Ogata et al. [3].

After 4 weeks, the knee can be mobilised. 
Open chain hamstring exercises should be 
avoided, and flexion may be slow to return. With 
increasing activity levels and return to running, 
players often develop some popliteal fossa pain. 
This usually fades with time, and return to play-
ing is usually around the 12-week mark.

Very occasionally, patients develop persistent 
popliteal fossa pain, which may be associated 
with the development of granulation tissue 
around the injury site. Generally, this responds to 
guided injection.

In the author’s 25 years’ experience of manag-
ing isolated PCL injuries in sportsmen, the indi-
cations for early reconstruction are extremely 
rare, and only three PCL reconstructions for iso-
lated rupture have been performed.

Functional problems are rare, but persistent 
patellofemoral pain, made worse on descending 
stairs and not responding to quad strengthening, 
is perhaps one of the few indications.

Whilst there are surgeons who advocate 
reconstruction for all PCL injuries, isolated or 
combined, there is little evidence that, for iso-
lated injuries, the 20-year results are any better 
than conservative management. There is cer-
tainly no literature that shows PCL reconstruc-
tion prevents the progression of degenerative 
change.

19.1.8  Take-Home Message

Current techniques of PCL reconstruction are not 
reliable in returning knee laxity to normal and do 

not recreate normal knee biomechanics [7, 8]. 
They also have a definite morbidity and involve a 
very lengthy period of rehabilitation [8, 9].

The problem is that at the current time we do 
not have a way of identifying those patients who 
will become significantly symptomatic and there-
fore might benefit from early reconstruction. 
However, the reported high percentage of good 
results [10] from conservative treatment should 
be kept in mind.

19.2  PCL Reconstruction: 
Technical Aspects

Sam Oussedik

19.2.1  Introduction

Symptomatic PCL insufficiency is rarely seen 
in isolated injuries. Reconstruction outside of 
multi- ligament injuries is therefore unusual 
and the literature pertaining to PCL recon-
struction less well-developed than ACL recon-
struction. The varied nature of multi-ligament 
injuries makes unbiased evaluation of out-
comes following different PCL reconstructive 
techniques much more difficult to achieve. 
Certain principles can, however, be determined 
from a review of the literature and established 
clinical practice.

19.2.2  Patterns of Injury 
and Diagnosis

The commonest mechanisms of injury are con-
tact sports injuries and motor vehicle accidents. 
These impart large amounts of kinetic energy 
producing a posterior translation, rotation and/or 
hyperextension force on the knee.

A recent review of traumatic knee injuries 
reported that 79% of multi-ligament knee injuries 
involve the PCL [10]. Of these, the frequency of 
other injured ligaments includes 46% for ACL, 
31% for MCL and 62% for concomitant PLC 
injuries [11].
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Clinical examination should include tests for 
sagittal, coronal and axial plane laxity. PCL 
injury will result in posterior tibial sag and 
increased posterior translation on posterior 
drawer testing. Applied varus and valgus force 
should be used at 0 and 30 degrees of knee flex-
ion to evaluate MCL and LCL integrity, as well 
as capsular integrity. Rotational laxity can be 
evaluated by use of the reverse pivot shift and 
dial test.

Imaging studies should include plain films, on 
which bony avulsions can be readily identified, 
angiography in the presence of reduced ankle- 
brachial pressure indices and CT in the presence 
of concomitant fractures. MRI offers the most 
accurate imaging of the damaged soft tissue 
structures [12].

A combination of clinical examination find-
ings and imaging results is used to plan operative 
reconstruction.

19.2.3  PCL Reconstruction

Reconstruction techniques aim to recreate anat-
omy to a greater or lesser extent. The native PCL 
is a broad structure with two functional bundles, 
although many more anatomical bundles can be 
distinguished in cadaveric studies. No graft cur-
rently exists that can recreate this structure in all 
of its complexity [7, 8].

Double-bundle reconstruction techniques 
have evolved as a possible solution to recreating 
the functional anatomy of the native 
PCL. However, in the setting of multi-ligament 
injury and reconstruction, the additional benefits 
over single-bundle techniques are yet to be 
proven [13, 14]. The additional operative time 
and increased number of tunnels, particularly if 
further medial reconstructive procedures are 
required, mean that a single-bundle technique 
remains the author’s choice in this setting.

Biomechanical studies have suggested that the 
anterolateral bundle (ALB) is the most powerful 
restraint to both posterior tibial translation and 
rotation [15], and therefore single-bundle recon-
struction techniques aim to recreate this structure 
(Fig. 19.4).

19.2.4  Technical Aspects 
of Reconstruction

Graft choices for PCL reconstruction in the setting 
of multi-ligament injury include autograft, allograft 
and synthetics. Each option has its own merits and 
limitations. With multiple reconstructions, autograft 
options can be exhausted, and the addition of donor 
site morbidity to the traumatic injury is often better 
avoided. Appropriately treated allograft material 
offers a good option both in terms of avoiding fur-
ther trauma and allowing a larger graft length and 
diameter, closer to the native ligament’s dimen-
sions. Good results can be achieved with Achilles 
tendon allograft with the additional benefit of mak-
ing use of the calcaneal bone block for osseous fixa-
tion or tibial inlay [16]. Although reasonable results 
have been reported with synthetic ligament substi-
tutes, some concerns remain regarding possible 
synovitis and overconstraint [17].

Autograft options include ipsilateral hamstrings, 
contralateral hamstrings or quadriceps tendon.

19.2.5  Technical Tips and Pearls

Single-bundle reconstruction aims to recreate 
the largest, anterolateral bundle. Double-
bundle techniques recreate both anterolateral 
and  posteromedial functional bundles. 
Although testing data exist that show evidence 

Fig. 19.4 Arthroscopic view of the lateral aspect of the 
medial femoral condyle. ALB anterolateral bundle, aMFL 
anterior meniscofemoral ligament
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of improved laxity measurements in double-
bundle reconstruction, no good clinical data 
exist [7, 8]. Current practice is to offer double 
bundle in symptomatic isolated PCL rupture 
and single bundle for multi-ligament recon-
struction [7–9].

The tibial side of the graft can be placed by 
transtibial drilling or by establishing a socket for 
inlay of the graft [10]. Inlay techniques can be open 
or arthroscopic. Inlay techniques have the advan-
tage of avoiding the “killer turn” encountered with 
transtibial techniques [10–12] (Fig. 19.5).

a b

c d

e f

Fig. 19.5 (a) An incision is planned following the sub-
cutaneous border of the medial gastrocnemius merging 
into the popliteal crease. (b) A full-thickness flap is 
developed. (c) The medial head of gastrocnemius is ele-
vated. (d) The posterior capsule is incised at the level  
of the joint revealing the PCL fossa (arrow).  
(e) Intraoperative photo of the exposed fossa. Note a 

smaller incision may be employed in vivo. (f) The bone 
block of an Achilles allograft has been secured with two 
bone screws. The tendon has been prepared as two 
grafts, ready for a double-bundle reconstruction. These 
are fed into the intercondylar notch prior to closure, 
repositioning the patient supine and standard arthroscopic 
preparation of the femoral tunnels
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Transtibial drilling can be achieved by 
arthroscopic visualisation through a posterome-
dial portal or using image intensifier control. 
Establishing the posteromedial portal (Fig. 19.6) 
is a simple task, and its location, superior to the 
joint line to allow access to the back of the tibia, is 
critical [12, 13]. Once established, an arthroscopic 
cannula can be passed to avoid losing the portal 
track, particularly useful in larger patients.

Posterior vascular structures are at risk during 
tibial drilling; the tip of the guide-wire must 
remain captured by an appropriate tool to avoid 

migration [12, 13]. The posterior capsule can be 
released to aid visualisation [14].

Passing the graft can be challenging, particu-
larly if a transtibial technique is employed. To 
this end, a smoother can be used to ease passage, 
together with placing a trochar through the pos-
teromedial portal over which the graft can be 
levered.

If medial collateral surgery is also planned, it 
is important to avoid tunnel coalescence when 
preparing the femoral tunnels. To this end, out-
side- in guides can be employed for femoral drill-
ing, through the medial MCL reconstruction 
incision, ensuring the tunnel aperture is distal to 
the medial epicondyle (Fig. 19.7).

A competent PCL is necessary to restore the 
normal tibiofemoral relationship. As such, fixa-
tion of the PCL reconstruction is undertaken 
prior to any other ligament reconstructions in 
multi-ligament injuries.

Post-operative rehabilitation avoids active ham-
string exercises to reduce posterior translational 
force on the tibia and subsequent graft stretching. 
Passive prone flexion exercises are used for 
6–12 weeks to regain range of motion whilst avoid-
ing strong hamstring contraction [15].

Reproducible results can be achieved if these 
principles are respected [16].

Fig. 19.6 Arthroscopic view of posteromedial portal 
placement. MFC medial femoral condyle, MTP medial 
tibial plateau, PC posterior capsule

Fig. 19.7 AP and lateral radiographs showing ACL/PCL/MCL reconstructions. The relative positions of the PCL (red 
arrows) and MCL (yellow arrows) femoral tunnels avoid coalescence
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19.2.5.1  Future Treatment
Current reconstruction techniques fail to 
restore normal knee kinematics and usually 
result in a persistent posterior sag. Future 
developments may well see advances in 
enhanced healing and regeneration of the 
native PCL, obviating the need for reconstruc-
tion, and improved graft selection to reduce 
persistent laxity. Restoration of normal knee 
kinematics remains an elusive goal, and the 
progression towards degenerative changes 
appears to be inexorable.

19.2.5.2  Take-Home Message
Arthroscopic PCL reconstruction has become a 
routine procedure for experienced knee surgeons. 
In the right hands, reproducible results can be 
achieved. However, persistent laxity remains a 
concern, and the restoration of normal knee kine-
matics is not yet achievable, in the setting of 
multi-ligament knee injury.

19.3  Posterolateral Corner 
Injuries and Management

William Hage

19.3.1  Introduction

The posterolateral corner (PLC) of the knee has 
an important role to play in the stability of the 
knee, and understanding its complexity is key to 
recognising injuries and reconstructing them, 
when necessary.

By 1918 in his seminal anatomy work, Henry 
Gray described the area as

“an inconstant bundle of fibers, the short 
fibular collateral ligament placed behind and 
parallel with the preceding (fibular collateral 
ligament)” [18].

Further work over the years including cutting 
studies and in vivo work has shown that to neglect 
this corner of the knee is to set surgical 
 reconstruction of cruciate ligaments on an infirm 
footing.

19.3.2  Diagnosis

The anatomy of the PLC is now well defined to 
comprise three principle components: (1) the 
fibular (lateral) collateral ligament, (2) the poplit-
eus tendon and (3) the popliteofibular ligament. 
These are complemented by various other not so 
discrete structures, such as the lateral capsule and 
its ligaments (meniscofemoral and meniscotib-
ial), the fabellofibular ligament and the lateral 
coronary ligament (Fig. 19.8) [19, 20].

At a more superficial level, the PLC is thought 
to include the lateral head of the gastrocnemius, 
the biceps femoris tendon and the distal portion of 
the iliotibial band (ITB). When repairing an acute 
injury, it is often prudent to work sequentially 
through each of these in an attempt to reconstitute 
structures, starting outside with the ITB and pro-
ceeding deeper to the lateral meniscus at the depths 
of the posterolateral corner (Fig. 19.9) [19, 20].

Injuries of the PLC occur most commonly 
with a central cruciate injury, and therefore the 
commonest pattern of PLC injury is ACL/PLC. It 
has been reported [21], however, that up to 28% 
of PLC injuries occur in isolation. Furthermore, a 
large proportion of ACL/PLC injuries are simply 
diagnosed and reconstructed as single ACL inju-
ries, leaving the unreconstructed PLC as a con-
tributor to early and late graft failure and 
dissatisfaction with surgery.

The PLC composite acts to restrict and control 
varus movement at the knee and is key to stabilis-
ing posterolateral rotation of the tibia relative to 
the femur. This illustrates the rationale behind the 
commonly used examination methods. Recent 
efforts and consensus have tended to favour a 
graded system for quantifying the amount of 
PLC insufficiency and more importantly to con-
sider the knee injury as a whole. Three of the 
more used grading systems in PLC injuries are 
the following [22, 23]:

Fanelli scale:

 (a) Injury to the popliteofibular ligament (PFL) 
and popliteus tendon (PT)

 (b) Injury to the PFL, PT and fibular collateral 
ligament (FCL)
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 (c) Injury to the PFL, PT, FCL, lateral capsular 
avulsion and cruciate tear

Hughston scale (always compared to the unin-
jured contralateral knee):

 (a) Varus opening 0–5 mm
 (b) Varus opening 5–10 mm
 (c) Varus opening >10 mm

With reference to the Schenck classification, 
these injuries would be classified as KD 1 (multi- 
ligament injury with involvement of ACL or 
PCL), but perhaps we need KD 1A, KD 1B, etc. 
to allow for quantities of rotatory instability 
attributable to the PLC, and thus a bespoke recon-
struction could be planned for each case [24].

Examination of the PLC is performed in an 
awake cooperative patient and separately in the 
operating room under anaesthesia. The com-
monly used tests are easy to master, and most 

show good interobserver and intraobserver reli-
ability. The most important principle is to con-
sider the PLC when examining a knee injury and 
not simply to rest when discovering the ACL tear. 
“Where is the second ligament tear?” must be our 
mantra here. Subcutaneous bruising and pain at 
the lateral corner of the knee, particularly when 
the usually intra-articular ACL injury now tears 
the capsule (of the PLC), are a big clue. Gait 
inspection to look for a varus thrust is mandatory; 
to miss the need for osteotomy with ligament 
 surgery is again a critical omission and likely to 
lead to failures [25].

19.3.2.1  State-of-the-Art Treatment
Acute injuries to the PLC need grading to ascer-
tain the extent of damaged structures. If possible 
plain radiographs, MRI and clinical examination 
should be combined to quantify the amount of 
laxity. Severe injuries, graded III or above, need 
reconstruction to obtain the better outcomes [26], 
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and similarly minor sprains without division of 
structures, whilst rare, can often be managed 
non-surgically. In-between lies the area of con-
troversy, of when to operate and when to brace, 
and there is little conclusive evidence on the 
matter.

Within the first 10 days of injury, it is often 
possible to explore an injury and identify torn 
structures of the PLC reliably before they fibrose. 
This then enables an accurate length reconstruc-
tion, through tissues that are receptive to surgery, 
with a decreasing inflammatory response and the 
benefits of putting native structures back together. 
Fractures at the proximal fibula, which often rep-
resent distal bony avulsions of the PLC, can be 
reliably fixed down and heal well with primary 
bone union. This often gives the best outcome for 

a PLC repair, as both length and strength are re- 
established quickly (Fig. 19.10).

The question of whether to augment such pri-
mary repairs of the PLC with an additional 
grafted surrogate PLC structure is also currently 
unanswered. Same sitting ACL or PCL recon-
struction can be performed, after applying crite-
ria for reconstruction of these ligaments on their 
own. This pays reference to such risks as 
 overlying wounds and/or arthrofibrosis to name 
but a few.

Late reconstruction has been evaluated in 
more detail but follows a similar overview to the 
indications for acute reconstruction. The need to 
only reconstruct cruciates in the presence of min-
imal synovitis and a good range of movement is 
generally accepted, together with patient  
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co- operation and a mature and established reha-
bilitation scheme. A thorough pre-op plan for 
reconstruction of the PLC must be made with gait 
analysis and an observed varus thrust corrected at 
the same sitting or before ligament surgery. It is 
accepted that an uncontrolled varus thrust, with 
weight bearing through a Mikulicz point in the 
medial compartment, will threaten any soft tissue 
surgery. Biplanar osteotomy to move the Mikulicz 
line laterally (to at least the 50% point) can be 
performed in series or parallel to ligament work.

The goal of late reconstruction is to reproduce 
the composite restraint provided by the discrete 
layers of the PLC, as described before. There are 
a small number of popular methods of recon-
struction, using autograft and allograft more 
commonly than synthetic materials, and they are 
described in schematic detail here [27].

A commonly used technique, and one that has 
been evaluated in some detail by Mccarthy et al. 
[28], reconstructs the three main stabilisers at the 
PLC: the fibula or lateral collateral, the popliteus 
tendon and the popliteofibular ligament. Achilles 
allograft is suggested and isometric points identi-
fied with reference to known anatomical land-
marks. It is described as an anatomical 
reconstruction (Fig. 19.11).

Fig. 19.10 AP radiograph of a patient following PCL 
reconstruction and fixation of fibular head avulsion 
(“arcuate”) fracture. The LCL and biceps tendon are 
attached to the fragment. Posterolateral stability is often 
well restored following ORIF

FCL
(graft)

PLT
(graft)

PFL
(graft)

a b

Fig. 19.11 Operative 
technique for 
reconstruction of the 
three main posterolateral 
corner stabilisers. (a) AP 
view. (b) Lateral view
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Other techniques use a single loop of tendon to 
reconstruct a nonanatomical, but functional, static 
stabiliser with a simpler surgical approach. These 
are based on the Larson technique [27] (Fig. 19.12) 
and are modified to include two tendon origins on 
the femoral condyle (popliteus tendon and fibula 
collateral) and a tunnel through the fibula head 
serving as a surrogate attachment point. Zantop 
and Niki [29] have separately described these, and 
no firm data exists to prove or reproduce their 
superiority in practice. Their relative lower com-
plexity in surgical technique may or may not allow 
a more reproducible outcome. Sometimes simpler 
is better, but what is needed clearly is a large RCT.

19.3.2.2  Future Treatment Options
Not all PLC injuries require surgery, and not all 
PLC injuries are diagnosed early enough to allow 

consideration of their relevance. Multiple meth-
ods for reconstruction exist without conclusive 
evidence of their superiority. Graft choice is 
unanswered, for what is principally an extra- 
articular repair. Early repair on its own, versus 
repair plus parallel augmentation, is also a ques-
tion to be tested.

Thus, future treatment options are pinned to a 
definition of a gold standard in posterolateral cor-
ner injuries, namely:

 1. Identify all PLC injuries early enough to allow 
intervention.

 2. Reconstruct as anatomically as necessary, to 
reproduce the restraints.

 3. Limit incision size and risks of complications 
with elegant and timely surgical methods.

 4. Use grafts with the least morbidity, including 
primary repair if possible when these are 
proven to function.

 5. Always suspect the role of undetected PLC 
injuries in revision ACL/PCL, etc. cases.

19.3.2.3  Take-Home Message
The posterolateral corner has been the subject of 
much scientific analysis and surgical attention in 
the last 15 years. These efforts have built upon 
the work of the previous 30 years where its rele-
vance was suspected in contributing to ligamen-
tous instability of the knee. Given its likely 
underdiagnosis, the message is thus to always 
consider the PLC in a ligamentous injured knee 
and look for the disruption. To miss the periph-
eral PLC injury is to build your central cruciate 
reconstruction on shaky grounds.

19.4  MCL Injuries 
and Management

James Robinson

19.4.1  Introduction

The medial collateral ligament complex (MCL)/
posteromedial corner (Fig. 19.13) is the most com-
monly injured ligamentous structure in the knee 

Fig. 19.12 Post-operative AP radiograph following a 
Larson-type posterolateral corner reconstruction using a 
single femoral tunnel. Whilst it is relatively easier to per-
form, the reconstruction is nonanatomical
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[30]. There is a wide consensus that the majority of 
grade I and II MCL injuries heal with rehabilitation 
alone [31–33]. Although grade III injuries may also 
heal without the need for surgery, it is recognised 
that a small percentage remain symptomatic follow-
ing conservative treatment and may require opera-
tive intervention [30]. Similarly, some acute injuries 
may warrant surgical repair or reconstruction.

19.4.1.1  Functional Anatomy 
and Biomechanics 
of the Medial Side 
of the Knee

Three principal structural elements of the MCL 
have been described: the superficial MCL 
(sMCL), the deep MCL (dMCL) and the poste-
rior oblique ligament (POL) [34, 35].

The sMCL is the most prominent ligamentous 
structure of the medial aspect of the knee and is a 
part of layer 2 (as described by Warren and 
Marshall [34]), lying deep to the sartorial facia 
(layer 1). The proximal attachment of the sMCL 
envelops the medial epicondyle [36]. The femo-
ral attachment of the sMCL envelops the promi-
nence of the medial femoral epicondyle running 
into the saddle area proximal/posterior to the epi-
condyle (anterior/distal) to the adductor tubercle. 
The deepest fibres run tangential to the bone sur-
face, and they insert into the distal-facing slope 
of the epicondyle, whilst the more superficial 
fibres pass over and cover it and insert proximal 
posterior [37]. The distal attachment of the sMCL 
is to the anteromedial aspect of the tibia, typi-
cally 6 cm below the joint line. Approximately 
2 cm long, it extends distally and slightly posteri-
orly in a linear attachment approximately 3 mm 
wide (Fig. 19.14). The sMCL remains taut with 
flexion/extension of the knee and is the primary 
knee against abduction moments at all angles of 
knee flexion [38].

The dMCL is a capsular ligament and is 
attached firmly to the medial rim of the medial 
meniscus with meniscotibial and meniscofemo-
ral fibres, lying deep to the sMCL (layer 3) 
(Fig. 19.15) [36]. Injury to the meniscotibial 
fibres causes the meniscus to lift away from the 

Semimembranosus
tendon

POL
sMCL

MPFL Gastrocnemius
tendon

Adductor
Tendon

Fig. 19.13 Posteromedial corner (right knee). The patella 
is seen anteriorly. The meniscofemoral ligament (MPFL) 
is seen attaching in a saddle area between the adductor 
tubercle and the medial epicondyle, passing anteriorly and 
attaching to the medial side of the patella. Three tendons, 
those of the adductor magnus, the semimembranosus and 
the medial gastrocnemius are important landmarks during 
medial reconstruction

Fig. 19.14 The distal sMCL attachment (layer 2) to the 
tibia may be visualised under layer 1 (sartorial fascia). 
The tendons of the pes anserinus attach distally and ante-
riorly, with the tendons tying on the deep surface of the 
layer 1 fascia
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tibial plateau when the knee is subjected to an 
abduction moment. This can be visualised 
arthroscopically (Fig. 19.16). The femoral attach-
ment is immediately distal to the epicondylar 

attachment of the sMCL, whilst the tibial attach-
ment is to the medial rim of the tibial plateau and 
thus close to the joint line and proximal to the 
attachment of the anterior arm of the semimem-
branosus expansion. The posterior edge of the 
dMCL is marked by its blending with the poste-
rior edge of the sMCL. Thus, at this boundary, 
layers 2 and 3 blend together to become a single 
capsular layer 3. The dMCL is tightened rapidly 
by tibiofemoral relative motion because its fibres 
are shorter than those of the other ligaments; it 
has a role in limiting tibial external rotation and 
anterior drawer in external rotation [38].

The femoral attachment is distal to the epicon-
dylar attachment of the sMCL. The tibial 
 attachment is 12 mm below the joint line just 
proximal to the attachment of the anterior arm of 
the semimembranosus expansion. At the poste-
rior edge of the sMCL, layers 2 and 3 blend to 
form the POL.

The POL is a condensation of fibres within the 
posteromedial capsule of the knee and has been 
shown to be an important restraint to internal 
tibial rotation, posterior tibial translation and val-
gus rotation in the extended knee (Fig. 19.17) 
[38–42]. Several studies have postulated that it is 
injury to the POL that may be responsible for 
residual instability following conservative treat-
ment of MCL injury [23, 32, 43, 44], in particular 
after combined grade III MCL and cruciate liga-
ment injury [45].

Studies examining the strength of the three 
principle structures [46, 47] have shown that the 
sMCL is strongest with a yield load of >500 N at 
ultimate failure. Both the sMCL and POL are 
stronger than the dMCL. The sMCL has been 
shown to have higher tensile stiffness than the 
other two structures implying that it will take 
more of the load when an abduction (valgus) 
moment is imposed on the knee. The dMCL was 
shown to fail at significantly lower elongation 
than the other structures. The lower elongation to 
failure of the dMCL explains the clinical finding 
of dMCL rupture, whilst the knee remains stable 
against abduction (valgus) loading, when the 
sMCL has not ruptured. The earlier failure of the 
dMCL relates to its shorter fibres, so they are 
subjected to a higher percept strain elongation, 

sMCL

MF

MT

Fig. 19.15 The medial meniscus and the deep MCL 
viewed from within the joint—the sMCL is retracted. The 
deep MCL is a condensation of fibres in the capsule and 
has meniscotibial (MT) and meniscofemoral (MF) fibres

Fig. 19.16 MCL injury towards the femoral attachment 
causes the femur to lift away from the meniscus. 
Conversely, tibial-sided injury, with injury to the menisco-
tibial fibres of the dMCL, causes the meniscus to lift away 
from the tibia with the femur when valgus stress is applied 
to the knee
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for a given tibiofemoral angulation, than the 
sMCL and posteromedial corner fibres. Isolated 
dMCL injury can be troublesome particularly in 
soccer players [48]. Kicking the ball with the side 
of the foot (tibial external rotation with coupled 
valgus, in a flexed knee) loads the dMCL and 
may cause pain. Jones et al. [48] reported that 
most patients respond well to “dry needling” 
(90%). If, after 12 weeks, pain persisted, it was 
thought reasonable to proceed to arthroscopic 
debridement of associated granulation tissue or 
operative repair. Narvarni et al. [49] suggested 
earlier repair may be offered in elite sportsmen in 
whom the dMCL may be refractory to conserva-
tive treatment and present with persistent symp-
toms after minor MCL injury.

The predominant site of ligamentous failure in 
posteromedial corner injury is on the femoral 
side [46, 47]. This distinction is functionally 
important, because rupture of the more distal 
part, including the dMCL, is associated with 
pathological mobility of the meniscus and is 

identifiable by the lifting of the meniscus away 
from the tibial plateau when the knee is subjected 
to a valgus load and the interior is viewed 
arthroscopically. The more common scenario is 
for femoral-sided injury resulting in the femur 
lifting away from the meniscus.

19.4.1.2  Clinical Evaluation
Classically, the MCL is injured where there is a 
combination of abduction, flexion and external 
rotation of the femur on the tibia [50]. The patient 
may experience a tearing sensation or hear a 
“pop”, suggesting a high-grade injury [51]. 
Commonly, the MCL is injured by a direct blow 
to the lateral aspect of the knee, whilst the foot is 
in contact with the ground [52]. The MCL is 
however frequently not damaged in isolation, and 
injury is often associated with cruciate ligament 
damage, especially if a direct lateral blow to the 
slightly flexed knee is combined with rotation 
[53]. In a review of 265 patients, Fetto and 
Marshall [31] found that 78% of those with the 
most severe (grade III) MCL injuries had damage 
to other ligamentous structures, of which 95% 
were ACL injuries. It has also been noted in 
patients following ACL reconstruction that there 
is deterioration in function in those who have 
residual MCL laxity [54]. Indeed, one of the 
causes of an unsuccessful outcome following 
modern isolated cruciate ligament reconstruction 
may be because of an undiagnosed and untreated 
concomitant laxity of the posteromedial struc-
tures of the knee.

Rupture of the MCL may be detected clini-
cally by palpation of the ligament along its 
course [55]. An hour after injury, tenderness 
and a spongy swelling [52] localise the lesion. 
Commonly, this is on the femoral side, approx-
imately 2.5 cm above the joint line. It may take 
30 minutes or more for the ligament to become 
tender with milder injuries—an athlete may 
have a transient inability to walk but then may 
be able to return to sporting activity for a few 
minutes. A knee joint effusion may be present; 
however, if there is significant capsular disrup-
tion, this may not be present. The site of ecchy-
mosis and swelling may indicate the site of the 
lesion (Fig. 19.18) [51].

Fig. 19.17 The POL is tensed by full extension of the 
knee: the bulge of the posterior femoral condyle and the 
rim of the tibial plateau are seen. The posterior-distal ori-
entation of the capsular fibres is shown. These fibres are 
an import restraint to valgus rotation, internal rotation and 
posterior translation in the extended knee
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In general, valgus stress testing at between 20° 
and 30° of knee flexion is used as a primary test 
of MCL integrity (the test is not performed in 
greater flexion because rotation of the femur is 
difficult to control). Because there is variation 
amongst individuals, it is important to assess the 
contralateral, uninjured knee for comparison. 
Several grading systems for valgus laxity exist. 
The IKDC grading measures increased opening 
of the medial compartment: grade A (normal) 
0–2 mm, grade B (nearly normal) 3–5 mm, grade 
C (abnormal) 6–10 mm and grade D (severely 
abnormal) > 10 mm. It may be difficult to deter-
mine this scoring system without the use of stress 
radiographs. O’Donoghue [56] classified MCL 
injuries as grade I, ligament sprained but intact; 
grade II, partial tearing with mild laxity; and 
grade III, complete tear with valgus laxity. 
Perhaps the most useful clinical classification is 
that used by Fetto and Marshall [31], grade I, no 
laxity; grade II, laxity at 30°; and grade III, laxity 
at 0° and 30° flexion. Valgus stress testing should 
be repeated with the knee in extension. Stability 
in full extension has been said to indicate that the 
posteromedial capsule/POL has no significant 
damage [53, 57]. Abnormal valgus laxity indi-
cates MCL injury with concomitant posterome-
dial capsular/POL injury.

Slocum and Larson [58] characterised antero-
medial rotatory instability as a positive anterior 
drawer sign that was accentuated when the test 
was repeated in 30° of external tibial rotation and 

reduced with the tibia in 15° of internal rotation. 
Similarly, Franklin et al. [59] described anterior 
translation of the tibia, with draw testing at 90° 
knee flexion, as being greater in tibial external 
rotation rather than in neutral or internal rotation 
when there was a combined injury to the postero-
medial corner and ACL. Hughston also reported 
that resultant functional instability was due to 
“the abnormal excess opening of the medial joint 
space in 30° of knee flexion with simultaneous 
anteromedial rotatory subluxation of the medial 
tibial condyle on the central axis of the intact 
PCL” [23]. Engebretsen and Lind [60] described 
forward displacement of the medial tibial con-
dyle, when a valgus stress was applied to the 
externally rotated knee. Increased tibial external 
rotation with the dial test must be carefully evalu-
ated, and care must be taken to differentiate 
between posterolateral and anteromedial rotatory 
instabilities. Performing the test with the patient 
supine allows differential movement of the proxi-
mal tibia to be noted.

Physical examination should also include 
assessment of alignment. If valgus lower limb 
alignment is suspected, then long-leg (hip-to- 
ankle) standing radiographs should be taken. In 
cases of chronic MCL laxity with valgus, lower 
limb alignment, medial distal femoral closing 
wedge or medial tibial closing wedge osteotomy 
(Fig. 19.19) should be considered. Realignment 
alone may be enough to overcome the patient’s 
feelings of instability [61].

19.4.1.3  Imaging of Medial-Sided 
Injury

The three layers on the medial side of the knee 
can be visualised on MRI (Fig. 19.20), and this 
imaging modality is regularly used to elucidate 
ligamentous knee injuries in the acute setting. 
Routine knee MRI sequences have been 
 demonstrated to accurately detail all three 
components of the MCL complex [62]. The 
POL can be well identified on the axial and 
coronal images in a 1.5 T MRI scanner [63]. 
Radiologically, grade III MCL injury is repre-
sented by complete ligamentous discontinuity 
with laxity or waviness, suggesting disruption 
of all three components of the MCL [64]. Bone 

Fig. 19.18 Medial bruising following tibia avulsion of 
the sMCL
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bruising in the lateral tibiofemoral compart-
ment is often seen with acute MCL injury [65]. 
It is important to determine injury patterns as 
injury at the femoral attachment tends to heal 
well conservatively, mid- substance ruptures 
less so [66] and tibial-side injuries may require 
repair [67].

Stress radiography is important in the evalua-
tion of posteromedial corner injury. It allows 
objective assessment of instability, validates the 
laxity pattern and may be used to assess post- 
operative outcomes. LaPrade et al. [68] demon-
strated, in a cadaveric study, that medial gaping 
of >1.7 mm at 0° and >3.2 mm at 20° indicated 
grade III sMCL injury. For ruptures of all the pas-
sive medial restraining structures, medial gap-

ping was >6.5 mm at 0° and >9.8 mm at 20° knee 
flexion.

Others have sought to radiologically deter-
mine combined cruciate and medial injury with 
differential movement of medial and lateral tibial 
condyles with an applied anteroposterior force. 
Stäubli and Jakob [69] studied 24 patients with 
PCL injuries using stress radiography. A poste-
rior force was applied to the tibia with the knee 
near extension (10–15°), and lateral radiographs 
of the knee were taken. Combined posterior 
translation and tibial internal rotation (8 mm pos-
terior translation of the lateral tibial plateau and 
13 mm posterior translation of the medial tibial 
plateau) were said to represent PCL rupture with 
damage to the posteromedial corner. Lerat et al. 

Fig. 19.19 Interpretation 
of the dial test. Increased 
external rotation of the 
tibia at 30° knee flexion 
may be due to  
(a) anteromedial 
instability or (b) 
posterolateral corner 
laxity. Performing the test 
supine so that the rotation 
of the tibia can be 
observed. In the right 
knee, anteromedial 
subluxation of the tibia is 
seen
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[70] suggested that anterior translation of the 
medial tibial condyle of >8 mm was suggestive of 
combined ACL and posteromedial laxity.

19.4.1.4  State-of-the-Art Treatment

Treatment of MCL Injuries
MCL injury (grades I, II and III) can be treated 
nonoperatively [31, 52, 71, 72]. There is a wide 
consensus that the majority of grade I and II 
MCL injuries heal with conservative rehabilita-
tion alone [30–33]. Immediate RICE (rest, ice, 
compression, elevation) and use of crutches as 
required are followed by early range of motion in 
a hinged knee brace to protect the knee from val-
gus stress. Some authors recommend locking the 
brace in extension [67] or in slight flexion [73] 
for 1–2 weeks for high-grade injury. It is impor-
tant to review the patient as prolonged immobili-
sation may lead to stiffness. Return to sport 
following grade I and II sprains is often achieved 
after a few weeks post-injury [74] (Holden 
reported an average of 3 [75]) with 74% of 
patients returning to normal function by 3 months 
post-injury [76]. Outcomes are excellent with 
Lundberg and Messner [73] reporting median 

Lysholm scores of 100 and 95 at 4 and 10 years, 
respectively. Isolated grade III injuries may also 
be similarly treated [30, 53, 71], but return to 
sport takes longer. There is some animal evidence 
that PRP may enhance healing [77, 78]. However, 
there is little evidence in humans. Evidence from 
animal models suggests that the use of NSAIDs 
is not deleterious [79], but smoking may impair 
MCL healing [80].

Some patients with grade III injuries do not 
respond well to nonoperative treatment [33], 
and it has been suggested that this may be due to 
the presence of an injury to the POL [55]. The 
POL has been demonstrated to be an important 
secondary stabiliser for rotation and valgus 
stress after isolated MCL injuries [41]. 
Combined sMCL and POL injuries may be 
associated with an increased incidence of ongo-
ing MCL instability after grade III injury and 
have emphasised its reconstruction in order to 
restore stability [32, 43, 44].

Combined ACL and MCL Injuries
Delayed reconstruction of the ACL, following 
bracing and healing of the MCL injury, has 
been recommended by many [52, 81–83]. 

Layer I

MCL (layer II)

Sartorius

Gracilis

Semitendinosus

Fig. 19.20 The three layers of supporting structures on the medial side of the knee can be visualised on MRI
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Petersen and Laprell (1999) found that delaying 
ACL reconstruction until >10 weeks post-con-
servative treatment of the MCL injury in a 
hinged knee brace was associated with 
improved Lysholm scores and lower rates of 
range of motion loss compared with patients 
where the ACL was reconstructed within 
3 weeks of injury [83]. Others have also recom-
mended the use of a collateral ligament brace 
for several weeks until a normal range of move-
ment returns before reconstructing the ACL 
[52, 67]. Noyes and Barber- Westin [84] based 
their treatment of the combined MCL and ACL 
injury on the severity of medial ligamentous 
injury: in patients with complete rupture of 
both the ACL, sMCL and POL, reconstruction 
of the ACL and a medial side repair ± augmen-
tation of the oblique fibres and capsule were 
performed. In patients with complete ruptures 
of the ACL and sMCL, the ACL was recon-
structed, but the medial injury was treated con-
servatively. Hallinen et al. [85] demonstrated 
that nonoperative management of the MCL 
injury and surgical repair achieved similar 
results but that patients undergoing MCL repair 
took longer to recover strength and ROM. The 
tendency for patients to be stiff and potentially 
struggle to regain ROM leads to combined 
ACL/MCL surgery for acute injury becoming 
less popular. In a systematic review, Grant 
et al. [67] concluded that optimal results for 
patients with combined ACL/MCL injury were 
obtained after conservative treatment allowing 
healing of the MCL and the patient regaining 
full range of motion followed by delayed 
ACL. Following conservative treatment, stud-
ies have reported good results for isolated ACL 
reconstruction even in patients with ACL rup-
ture and residual grade II MCL injury [86]. 
Patients who have residual, symptomatic MCL 
laxity following conservative treatment should 
undergo combined ACL/MCL. MCL recon-
struction is indicated if there is symptomatic 
valgus instability or when stress radiography 
indicates grade III MCL laxity [67]. 
Radiological examination of medial laxity can 
be assessed intra-operatively (Fig. 19.21) with 
the use of an image intensifier.

Combined MCL and PCL Injuries
Combined MCL and PCL injuries account for 
0.4–1% [87] of knee ligament injuries. Grade I 
and II MCL injuries with concomitant PCL rup-
ture may be treated conservatively [88]. However, 
it has been recognised that combined PCL and 
grade III MCL injury may lead to increased inter-
nal tibial rotation laxity [89] and increased poste-
rior translation that occurs when the POL is 
ruptured [90] as the POL is important in restrain-
ing posterior tibial translation in the extended 
knee [36]. Conservative treatment of isolated 
PCL injuries with braces that apply a dynamic 
anteriorly directed force has gained popularity. 
The best management for combined MCL/PCL 
injuries remains controversial, and there is no 
consensus. It is the authors’ preference to manage 
combined injuries with conservative treatment in 
a PCL brace and then to assess the knee by stress 
radiographs. In our experience, a third of patients 
with grade III PCL/MCL tears managed conser-
vatively go onto combined PCL/MCL recon-
struction; thus early reconstruction of both 
ligaments, as has been advocated by others, may 
be reasonable.

Indications for Acute MCL Repair
 1. Femoral attachment bony avulsion.
 2. Intra-articular entrapment of the MCL. 

Operative treatment is mandatory if there is 

Fig. 19.21 Stress radiographs allow objective assess-
ment of instability, validation of instability patterns and 
assessment of post-op outcomes
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intra- articular entrapment of the sMCL. This 
may occur following rupture of the sMCL at its 
distal tibial attachment [91, 92] and very rarely 
the femoral following femoral-sided injury. 
The avulsed portion or the ligament is retrieved 
from the joint and reattached to its attachment 
site with a suture anchor.

 3. MCL “Stenner” lesion. The distal sMCL is 
replaced and reattached so that the pes anserinus 
tendons once again lie between layers 1 and 2.

Relative Indications for MCL Repair

 1. Multi-ligament injury. In cases of ACL/PCL/
MCL injury where reconstruction of the cruci-
ate ligaments is undertaken acutely, the MCL 
should be repaired or reconstructed. Primary 
medial reconstruction should be performed if 
there is concern about the adequacy of surgical 
repair, as repair rates have been shown to have 
higher failure rates than primary reconstruc-
tions [93]. Avulsion injuries may be repaired by 
reattachment of the avulsed fragment. For mid-
substance injuries, augmentation procedures 
are often required, commonly using semitendi-
nosus or gracilis autograft. Some surgeons 
have advocated staged repair, reconstructing 
the PCL and MCL first and then the ACL [94].

 2. Combined ACL and tibial MCL avulsions in 
athletes. This pattern of injury is reported to 
have a worse prognosis regarding the develop-
ment of chronic medial laxity.

Some authors have suggested that MCL repair 
may be reinforced using braided ultrahigh- 
molecular- weight polyethylene/polyester suture 
tape and bone anchors [95]. Similar techniques 
have been used for tendon repair (rotator cuff and 
Achilles tendon). However, there are currently no 
published studies recommending indications or 
reporting results compared to conservative treat-
ment, primary repair alone or reconstruction.

19.4.2  Posteromedial Corner 
Reconstruction

Reconstruction is indicated for chronic symp-
tomatic medial instability following conservative 

treatment or for augmentation of acute primary 
repair where tissue quality is dubious. Many dif-
ferent medial reconstructions have been 
described, whereby just the sMCL or both sMCL 
and POL are reconstructed. These may involve 
re-routing the semitendinosus or use free auto-
graft or allograft described diverting the semiten-
dinosus around the medial epicondyle.

19.4.2.1  Tenodesis Procedures
The Bosworth procedure [96], described in 1952, 
involves detaching the semitendinosus proxi-
mally, leaving it attached distally, looping it 
around a screw placed in the medial epicondyle 
and stapling it to the tibia distally to reconstruct 
the sMCL. Kim et al. [97] described a modifica-
tion in which the semitendinosus was looped 
around a screw in the epicondyle and the free end 
sutured to the semimembranosus, thereby pro-
ducing a POL arm to the reconstruction 
(Fig. 19.22). Medial opening was reduced from 
7.8 mm to <2 mm, and the mean post-op Lysholm 
score was 91.9 at 1 year post-op. Lind et al. [98] 
described a modification whereby the semitendi-
nosus was left attached to the tibia and led proxi-
mally into a socket in the epicondyle (to 
reconstruct the sMCL) and the free end was led 
back to the posteromedial tibia (to reconstruct the 
POL) (Fig. 19.23). The results, using the tech-
nique for chronic medial instability, were reported 

Fig. 19.22 Bosworth procedure in which the semitendi-
nosus is left attached distally and is looped around a screw 
in the medial epicondyle. It must be noted that the distal 
attachment of the sMCL is posterior to the insertion of the 
semitendinosus, and thus the reconstruction is 
nonanatomical
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in 50 patients at 2 years follow-up. Ninety-one 
per cent were satisfied and with IKDC A or B in 
98%. The technique has since been modified, as 
it has been accepted that the attachment of the 
semitendinosus is anterior to the tibial attach-
ment of the sMCL. The semitendinosus tendon is 
first diverted posteriorly to the tibial attachment 
of the sMCL and fixed here with a suture anchor 
before being led proximally to the medial epicon-
dyle. In addition, a further suture anchor is used 
12 mm below the joint line to replicate the action 
of the dMCL.

19.4.3  Free Allograft/Autograft 
Procedures

Yoshiva et al. [99] reported the results of sMCL 
reconstruction (± POL imbrication) with autoge-
nous hamstrings using a screw and washer in the 
femur and a tibial tunnel. All reconstructions 
were performed in patients with concomitant 
ACL or PCL reconstruction. At 27 months post- 
operatively, 88% of patients had IKDC A or 
B. Zhang et al. [100] reported 95% patients with 
normal/nearly normal knee stability following 

reconstruction of the sMCL with Achilles tendon 
allograft. The bone block was used on the tibial 
side, and the free end led to a femoral tunnel. 
Conversely, Marx and Hetsroni [101] reported 
the results of 14 patients undergoing combined 
ACL and MCL reconstruction with Achilles ten-
don allograft in which the bone block was used 
on the femoral side. All patients were reported to 
have achieved normal or near-normal MCL sta-
bility. Borden et al. [102] described the use of 
tibialis anterior allograft with a single femoral 
tunnel and two tibial tunnels. It was recognised 
that this was a nonanatomical reconstruction. 
Stannard [81] also described the use of free graft 
to reconstruct the sMCL and POL. A single tun-
nel was drilled at the femoral epicondyle, and the 
graft was taken distally to reconstruct the 
sMCL. The graft was looped around a screw 
placed 6 cm below the joint line and then passed 
proximally, under the semimembranosus, and 
back to the femoral socket to reconstruct the 
POL. Coobs et al. [40] described an anatomical 
medial reconstruction using semitendinosus 
autograft using separate femoral and tibial tun-
nels for the sMCL and POL grafts. Importantly, a 
suture anchor is added 12 mm below the joint 
line, and the sMCL graft is sutured in the posi-
tion, replicating the function of the proximal tib-
ial sMCL attachment/dMCL. LaPrade [103] 
reported on the results of this reconstruction in 28 
patients at a mean 1.2 years follow-up. All had 
less than 2 mm medial opening on stress radio-
graphs; the IKDC clinical score had improved 
from pre-operative score of 43.5 to a post- 
operative score of 76.2. It is important to note 
that the POL graft should be fixed with the knee 
in extension, as it is an anisometric structure that 
tightens in extension [38, 39]. Fixation of the 
POL graft in flexion captures the knee preventing 
full extension.

Comparing different MCL reconstruction 
techniques, Feeley et al. [104] tested, in vitro, the 
efficacy of restraint to valgus stress and tibial 
rotation at 0 and 30° of knee flexion. Results 
were favourable for reconstructions with two 
limbs—either modified tenodesis or anatomical 
reconstruction. In choosing which medial recon-
struction to perform, the surgeon must consider 

Fig. 19.23 Reconstruction proposed by Lind et al. [98]
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whether there is sMCL or combined sMCL/POL 
laxity. Furthermore, POL laxity may be impli-
cated in the development of chronic instability, 
and if the rotational instability of a torn postero-
medial corner is not addressed, it frequently leads 
to a failure of the (MCL) reconstruction and may 
also lead to failure of associated ACL or PCL 
reconstructions [81]. The reconstruction pro-
posed by LaPrade and colleagues (Fig. 19.24) 
has the best combination of an anatomical basis, 
biomechanical evaluation and published clinical 
outcomes and is the author’s preferred method of 
MCL reconstruction. However, a balance needs 
to be struck between what is ideal and what is 
achievable, and particularly in the setting of 
multi-ligament reconstruction, a simpler recon-
struction may be adequate. Similarly, in small 
knees, it may be challenging to separate femoral 
sMCL and POL tunnels, and in this situation, the 
author favours a single femoral tunnel.

19.4.3.1  Take-Home Message
The MCL complex is the most commonly injured 
ligamentous structure in the knee. A systematic 

physical examination as well as sophisticated 
imaging may help to characterise the injury pro-
file. Most medial knee injuries can be treated 
conservatively with good results. However, when 
acute grade III MCL injury occurs, particularly in 
combination with other ligament damages, con-
servative treatment may not be the most suitable 
option. In these circumstances, anatomic surgical 
repair or reconstruction should be considered. 
Chronic valgus instability can be very disabling 
and so requires anatomical reconstruction of the 
deficient ligamentous structures.

19.5  Graft Selection in Multi-
ligament Knee Injuries

Manuel Leyes

19.5.1  Introduction

The type of ligament graft selected may influ-
ence the outcome of patients with  multi-ligament 

POL 
(graft)

sMCL 
(graft)

Fig. 19.24 (Left) Reconstruction proposed by LaPrade 
and co-workers (reproduced from Laprade et al., CORR 
2012) reconstructs both sMCL and POL. A suture anchor 

placed 12 mm below the joint line (right) replicates the 
function of the dMCL in restraining tibial external 
rotation
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knee injuries. The surgeon should be familiar 
with the different options and decide whether to 
create an additional injury to the ipsilateral 
knee to harvest the grafts or to use other options 
such as contralateral graft harvesting or 
allograft [105].

Graft choice depends on the surgeon’s experi-
ence and preference, patient preference, tissue 
availability, the patient’s desired activity level, 
profession, comorbidities, prior autograft tissue 
harvesting, prior tunnel placement, tunnel oste-
olysis, prior skin incisions, the number of liga-
ments requiring reconstruction or augmentation 
and the extent of each injury [106, 107].

The autograft options available include the 
patellar (PT) [106], hamstring (HT) and quadri-
ceps tendons (QT) of either the ipsilateral or con-
tralateral knee, whilst allograft choices are the 
Achilles, quadriceps, patellar, hamstring and 
anterior and posterior tibialis tendons as well as 
the fascia lata [96, 108].

No current indications exist for synthetic 
ligaments.

19.5.2  State-of-the-Art Treatment

19.5.2.1  Autograft
Autograft tissues do not require sterilisation and 
have no risk of infectious disease transmission 
and no risk of immune-mediated tissue rejection 
[108–110].

In the setting of the multi-ligament-injured 
knees, multiple grafts are usually needed, but 
the number of available autografts is limited and 
autograft tissue harvesting further damages the 
already injured knee [109]. Double ligament 
autograft reconstruction is usually not 
 problematic. When more than two ligaments 
require reconstruction, graft harvesting from the 
contralateral side has been advocated, but this 
results in morbidity to the normal knee and 
patients often refuse this option. When two 
grafts are required, possible combinations 
include the PT and QT, the PT and HT or the QT 
and HT. Some authors have demonstrated excel-
lent results in acute knee dislocations recon-
structed in a staged fashion using contralateral 

hamstring autograft followed by ipsilateral 
hamstring and PT autografts 3 months after the 
index surgery.

The incorporation process of both auto- and 
allografts includes graft necrosis, cellular 
repopulation, revascularisation and collagen 
remodelling although it is at a slower rate in 
allografts.

PT grafts have the advantage of bone-to-
bone healing, which is stronger and faster 
(6 weeks) than soft tissue healing (8–12 weeks) 
[106]. Besides the advantage of having bony 
fixation at both ends, the PT graft is strong and 
stiff. However, PT autografts cause higher 
graft site morbidity, primarily anterior knee 
pain and less cosmesis. The PT can be used to 
reconstruct the ACL, PCL or lateral collateral 
ligament.

HT grafts are better cosmetically, and har-
vesting results in less donor site morbidity but 
its incorporation is slower. They are smaller in 
size and the initial tibial fixation may be a prob-
lem. It is unclear whether HTs should be har-
vested in patients with associated medial knee 
instability [107].

QT provides a large tendinous graft with a 
bone plug on one end of the graft. A 10-mm-wide 
QT graft has a larger cross-sectional area than a 
similar-sized PT graft. QTs have intermediate 
morbidity and decrease the operative time but 
have the worst cosmesis and may have soft tissue 
fixation problems on the soft tissue end with 
slower incorporation. QT has been used to recon-
struct the ACL and PCL and provides superior 
length, bulk and strength compared to the HTs 
[108–110].

19.5.2.2  Allografts
Allografts are currently becoming more popular 
due to improved sterilisation techniques and 
 easier availability [108, 110]. In the past, the use 
of ethylene oxide sterilisation resulted in chronic 
effusions, whilst high-dose radiation used for 
sterilisation worsened the structural properties of 
allografts. Cryopreservation and gamma irradia-
tion with less than 3.0 Mrad, the current sterilisa-
tion techniques, have no effect on the structural 
properties of ligaments and tendons. In some 
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countries of Europe, no secondary sterilisation 
procedure is required as the graft sources are vol-
unteer multi-organ donors that have been 
screened to rule out any infectious disease.

Additionally, the use of allografts shortens 
operative time as they can be prepared simultane-
ously before or during the surgical procedure.

The risk of viral or bacterial infectious  
disease transmission from musculoskeletal 
allograft implantation is extremely low. Freeze-
drying and radiation decrease but may not elim-
inate the already low risk. Gamma irradiation to 
a level of greater than 3.5 Mrad is estimated to 
be required to eliminate HIV, but such a dose 
damages the graft’s biomechanical properties. 
Nevertheless, there are no documented cases of 
HIV or HCV transmissions in the setting of 
appropriately screened donors and nucleic acid 
testing.

Over the last decade, the risk of bacterial infec-
tion from musculoskeletal allograft tissue, includ-
ing clostridial infections, has been increasingly 
compared to the risk of viral transmission [110].

Autograft tissue incorporates faster than 
allograft tissues. It seems that a subtle immune 
response may occur after allograft implantation. 
This response may affect graft revascularisation 
and graft incorporation. It may take up to one and 
a half times longer for the allograft to completely 
remodel and gain comparable strength to an auto-
graft. Despite the slower rate of incorporation, 
the eventual healing is almost identical to the 
healing of an autograft, and there is little evi-
dence to suggest that this immune response plays 
a significant role in the clinical outcome of 
allografts [110].

It is difficult to compare studies on the graft’s 
biomechanical properties because the results can 
vary markedly depending on the age of the donor, 
the size of the graft and the methods of testing. 
Most surgeons choose a graft with biomechanical 
properties superior to the native ligament that is 
being reconstructed. The fact that soft tissue 
autografts are known to undergo necrosis after 
implantation and may lose part of their intrinsic 
strength should be considered. Therefore, due to 
the current preference to use a large graft for PCL 

reconstruction, QT, double-stranded tibialis and 
Achilles tendon are usually chosen.

The author prefers to use a long tibialis ante-
rior allograft for simultaneous central pivot and 
medial or lateral collateral ligament reconstruc-
tion. However, an Achilles tendon allograft is 
preferred in the case of a PCL reconstruction. A 
hybrid auto- and allograft reconstruction is com-
monly used in revision ACL surgeries and multi-
ligament injuries.

Donor age has been proposed as a factor in the 
biomechanical strength of available allograft tis-
sues. However, it has not been proved in donors 
up to age 55.

19.5.2.3  Future Treatment Options
Biodegradable biocompatible collagenic materials 
have powerful biological effects, but they do not 
have as much strength and stiffness as traditional 
grafts. Combining collagen with high mechanical 
strength artificial, biodegradable and biocompati-
ble materials might overcome this problem.

These tissue-engineered three-dimensional 
implants could be designed with stem cell seed-
ing and the selective addition of growth factors. 
Moreover, gene therapy might be able to enhance 
the behaviour of the seeded cells to improve the 
bone healing response. Novel braided scaffolds 
have already been used in animal models for 
ACL tissue engineering.

19.5.2.4  Take-Home Messages
We advocate for the use of allografts in the set-
ting of multi-ligament knee injuries. The 
decreased surgical time and morbidity, easier 
rehabilitation and greater tissue availability when 
using allografts outweigh the higher costs and 
slower period of incorporation.

A concern with the use of allografts is the 
small but serious risk of viral and bacterial 
 disease transmission. Allografts are also expen-
sive and their availability may be limited.

Ultimately, the choice of graft is dependent 
on the surgeon’s and the patient’s preferences, 
the availability of graft sources as well as the 
number of ligaments requiring reconstruction or 
augmentation.
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20.1  Introduction

The patellofemoral joint is an exceptional joint, 
unlike any other joint in the human body. The 
patella, albeit just a small part of the knee, has an 
important function as a fulcrum for the extensor 
mechanism of the knee. Patellofemoral problems 
account for a significant amount of consultations 
in both general and orthopedic practice. About 
11–17% of all knee consultations in general prac-
tice concern patellofemoral complaints [1]. The 
incidence of primary patellar dislocations is 5.8 
per 100,000 and increases to 29 per 100,000 in 
adolescents. Recurrent instability vigorously 

increases the number of patellar dislocations, as 
recurrent patellar instability occurs in 17% of 
persons after a first dislocation and in 49% after a 
second dislocation [2]. Unlike instability in other 
joints, patellofemoral instability is usually the 
direct consequence of congenital malformations 
of the patella and/or femoral trochlea. These mal-
formations result from aberrations and disrup-
tions in the evolutionary, embryological, and 
genetic development of the patellofemoral joint. 
The introduction of this chapter addresses the 
development of the patellofemoral joint in order 
to understand the etiology and causative factors 
of patellofemoral instability.

20.2  Congenital 
and Biomechanical Causes 
of Patella Instability

20.2.1  Congenital Aspects

Normal embryonic development of the anatomic 
structures of the patellofemoral joint is of crucial 
importance for proper patellar function and stabil-
ity. The differentiation of the patella and the patel-
lar tendon starts at day 37 with chondrification 
starting at day 45 of gestation. The patella increases 
in relative size up to the sixth month of fetal life, 
and after which it increases at the same rate as the 
other bones of the lower extremity. Initially, the 
medial and lateral patellar facets are equal in size, 
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but at week 23 of gestation, the  lateral facet has 
become the more predominant, which is the key 
characteristic of the adult patella. Ossification of 
the patella usually starts at ages 5–6 but is some-
times visible on radiographs at ages 2–3 [3].

During human embryonic development, limb 
patterning is accompanied by rotation of the 
limbs. Initially, the upper and lower limb buds 
extend laterally from the body wall with the 
thumb and great toe facing cranially and the flexor 
surfaces facing ventrally. Subsequently, the limbs 
shift into a more ventral position with both the 
thumb and great toe still facing cranially, but the 
flexor surfaces are now facing medially. The 
limbs rotate around their proximo-distal axis 
between the sixth and eighth week of embryonic 
development. The upper and lower limbs rotate in 
opposite directions, the upper limbs rotate dor-
sally, and lower limb rotation occurs in the ventral 
direction. At this end stage of limb rotation, the 
flexor/palmar surfaces of the hands face ventrally, 
the flexor/plantar surfaces of the feet face dor-
sally, and the elbows and knees face outward 
(Fig. 20.1). Consequently, the patella, which pri-
mordial anlage is a dorsal structure, comes to lie 
ventrally during limb development [4]. It is 
argued that the patellar instability, which is always 

lateral, is frequently caused by a deficiency in this 
dorsoventral and rotational development.

In the embryo, the knee develops in a position 
of 90° flexion. This means that the patella ini-
tially conforms to the distal aspect of the femoral 
condyles, the part that will articulate with the 
tibial plateau in stance. The general adult form of 
the trochlear surface of the femur is achieved 
very early in fetal life, before movement has 
occurred. This means that it is not formed in con-
tact with or in response to the patella but to the 
quadriceps musculature. As with most anatomic 
structures, form follows function and the final 
shape of both the patella and the femoral trochlea 
will be modified by use [5].

20.2.2  Biomechanical Aspects

The patella is the largest sesamoid bone in the 
human body, and its most important function is to 
facilitate extension of the knee by increasing the 
efficacy of the quadriceps muscle. This is 
achieved through the patella’s function as a ful-
crum, thus anteriorly displacing the line of pull 
and increasing the moment arm of the quadriceps 
muscle force in relation to the center of rotation 

Thumb Thumb

Plantar
surface

Dorsal surface

Fig. 20.1 Rotation of the upper and lower limbs between the sixth and eighth week of gestation
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of the knee. The patella enhances the force of 
extension by as much as 50% throughout the 
entire range of motion (ref: Fulkerson). The func-
tion of the patellofemoral joint is normally main-
tained by a complex interaction between soft 
tissues and bony structures. The structures 
responsible for its stability can be divided into 
three groups: the active stabilizers represented by 
the quadriceps muscles, the passive stabilizers 
(particularly the retinacula, of which the medial 
and lateral patellofemoral ligaments are a part), 
and the static stabilizers represented by the artic-
ular surfaces. In normal knees, these structures 
act in harmony to maintain stability of the joint. 
In case of an imbalance between these stabilizers, 
patellofemoral dysfunction occurs.

Radiologic evaluation of patellofemoral dys-
function is traditionally performed using conven-
tional radiographs and computed tomography 
(CT) scanning. Using these common radiologic 
modalities, excellent work by Dejour and his co- 
workers from the Lyon School has revealed four 
different factors that are significantly correlated 
with recurrent patellar instability and are cur-
rently considered to be the primary causes of 
patellar instability [6]. These four factors are:

• Patella alta
 In case of patella alta, or high-riding patella, 

the position of the patella is more proximal in 
relation to the trochlear groove. Due to this 
position of the patella, it engages in the troch-
lea only at greater flexion of the knee. 
Therefore, the patella has a greater trajectory 
in which there is no bony (static) restraint 
which prevents a lateral dislocation of the 
patella [7]. In this situation, the stability of the 
patellofemoral joint is completely dependent 
on the active (quadriceps muscles, in particu-
lar the m. vastus medialis obliquus) and pas-
sive (medial retinaculum) stabilizers of the 
patella.

• An increased tibial tubercle-trochlear groove 
(TT-TG) distance

 If the position of the patellar tendon insertion, 
the tibial tubercle, is located more lateral on 
the tibia, the distance between the trochlear 
groove and the tibial tubercle increases. This 

in turn increases the angle between the quadri-
ceps muscles and the patellar tendon, the Q 
angle, creating a larger lateral force vector on 
the patella. A lateralized tibial tubercle there-
fore leads to an increased laterally oriented 
force on the patella. A higher lateral force on 
the patella may lead to either instability or ini-
tiate patellofemoral pain by raising the carti-
laginous pressure from the patella on the 
lateral femoral condyle.

• Trochlear dysplasia
 In 96% of patients with patellar instability, 

trochlear dysplasia is present. Trochlear dys-
plasia is a common denominator for all types 
of aberrant anatomy of the femoral trochlea. 
All types of trochlear dysplasia share either a 
flat or convex trochlear groove which 
decreases lateral restraint and/or a bump at the 
entrance of the trochlea which prevents the 
patella from easy entry into the trochlea. A flat 
femoral trochlea reduces the bony lateral 
restraint by 70% at 20–30° of flexion, which 
makes the trochlea the largest contributor to 
patellofemoral stability from 20–30° up to full 
flexion.

• Medial patellofemoral ligament (MPFL) 
rupture

 The MPFL is a thin ligamentous structure 
within the medial capsule of the knee with its 
origin on the proximal half of the patella and 
its insertion just proximal and posterior to the 
medial epicondyle of the femur. After a first- 
time patellar dislocation, the MPFL is rup-
tured in 90–100% of patients. The MPFL is 
the single most important restraint in full or 
near full extension of the knee. It is responsi-
ble for 50–60% of the lateral restraint of the 
patella at 0–20° of knee flexion.

20.3  Clinical Relevance and State- 
of- the-Art Treatment

Primary patellar dislocations should be treated 
conservatively by brief immobilization, followed 
by active mobilization. Recurrent dislocations 
can be treated surgically. In clinical practice, usu-
ally a combination of factors leads to patella 
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instability. The optimal, state-of-the-art, opera-
tive treatment is tailor-made (a la carte) and has 
to be individualized in every patient. Adequate 
physical examination, a good knowledge of the 
patients’ specific (sports) goals, and different 
radiologic modalities—such as conventional 
radiographs, computed tomography (CT) scan, 
and magnetic resonance imaging (MRI)—are 
helpful in making the optimal surgical preopera-
tive plan. In the following paragraphs is a short 
outline of the different treatment options and 
there indications.

20.3.1  MPFL Reconstruction: Novel 
Insights

After patella dislocation, the thin fibers of the 
MPFL are always affected. Although they have 
some healing potential, elongation and wearing 
of the structures almost always persist. Repair of 
this structure leads to poor residual restraint, 
and—in cases of recurrent dislocation—recon-
structing of the MPFL has become a key proce-
dure for stabilizing the patella. Different 
techniques to reconstruct the MPFL have been 
described: static techniques in which the graft is 
fixed rigidly to the bone or dynamic techniques 
with soft tissue fixation. Static MPFL reconstruc-
tion with the use of implants at both the patella 
and femoral side is most commonly used. 
However, dynamic reconstruction deforms more 
easily and presumably functions more like the 
native MPFL.

20.3.2  MPFL in the Young Patient

In young patients, with open physes, bony proce-
dures are usually contraindicated because of the 
likelihood of postoperative growth disturbances. 
Soft tissue procedures may be indicated in 
patients with severe limitations caused by the 
patella instability. Various procedures have been 
described in literature, ranging from muscular 
transfer, patella tendon realignment, to capsular 
procedure. Examples of the latter are VMO trans-
fer, Roux-Goldthwait procedures, and capsular 

reefing/lateral release. MPFL reconstruction has 
replaced much of the previously mentioned oper-
ations. The employed technique differs slightly 
from the techniques use in adults, but the basics 
are the same. In some cases the MPFL recon-
structions can be combined with other soft tissue 
procedure.

20.3.3  Tibial Tubercle Transfer:  
Is It Still Indicated?

Historically, tibial tubercle transfer was the cor-
ner stone of patella surgery, but various articles 
showed poor long-term results of this treatment 
with high changes of developing osteoarthritis. 
The procedure developed a bad name, and its 
central role in the arsenal of the patella surgeon 
has now been overtaken by the MPFL reconstruc-
tion. The question arises: is there still a role for 
this procedure or is it outdated?

The transfer of the tibial tubercle has an enor-
mous biomechanical effect on the force acting 
upon the patella, and by alteration of the tibial 
tubercle-trochlear groove (TT-TG) distance and/
or the patella height, the stability can be improved. 
Most experienced surgeons use a tibial tubercle 
transfer in selected cases, but the TT-TG thresh-
old for correction varies between surgeons and 
institutions, from 15 to 20 mm. The measurement 
has a measurement error of around 2 mm [6]. 
Care must be taken not to overcorrect the abnor-
mality, because this can lead to unacceptably 
high retropatellar pressures and the development 
of osteoarthritis. We use a self-centering tech-
nique to prevent overcorrection; please refer to 
Fig. 20.2 for a brief description of this technique. 
Using this technique we found good improve-
ment in functional scores (VAS pain, Lysholm, 
and Kujala scores are improved significantly 
compared to their preoperative values and do not 
deteriorate at final follow-up), low postoperative 
instability, and a limited deterioration in osteoar-
thritis (similar to the natural course of osteoar-
thritis after patellar dislocation without surgical 
treatment). Based on these results, we conclude 
that this self-centering tibial tubercle osteotomy 
provides good long-term results without inducing 
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progressive osteoarthritis [8]. Nowadays, it is 
usually combined with MPFL reconstruction, the 
cornerstone of patella-stabilizing surgery 
(Figs. 20.3 and 20.4).

20.3.4  Trochleoplasty for Patellar 
Instability

Trochlear dysplasia is a universally accepted pri-
mary anatomic risk factor for patellar instability. 

Trochlea dysplasia can be diagnosed on axial 
radiographs by measuring the sulcus angle or—
on true lateral radiographs—by identifying a spe-
cific sign for trochlear dysplasia, the “crossing 
sign.” Trochlea dysplasia can be classified in four 
categories (Dejour A, B, C, or D), according to 
the severity of the dysplasia [7]. MRI gives more 
precise analysis of the trochlear shape, including 
the cartilaginous shape of the trochlea, which 
does not follow bony morphology in the patello-
femoral joint. Therefore, advanced imaging by 

a

c d

b

Fig. 20.2 Self-centering transfer technique. After a 
straight osteotomy, the knee is flexed and the tibial tuber-
osity medializes. Care must be taken to make a straight 

(and not a step cut) osteotomy because this will lead to 
stress rising in the tibia during weight bearing
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MRI is necessary when considering surgery for 
patellofemoral instability in patients with troch-
lea dysplasia [9].

There are no guidelines for when to correct 
the dysplastic trochlea by a trochleoplasty proce-
dure. In high-degree trochlear dysplasia (Dejour 
B and D), with a highly abnormal shape of the 
trochlea, a prominent bump deformity, and com-
plete lack of sulcus groove, other surgical meth-
ods may not provide adequate stabilization of the 
patella. In patients with mild trochlea dysplasia 

(Dejour A), the shallow trochlear groove does not 
significantly compromise patellar stability, and 
these patients can be treated with isolated MPFL 
reconstruction if there are no other major ana-
tomical risk factors. Generally, trochleoplasty (as 
a primary or secondary procedure) is only indi-
cated in patients with high-degree trochlea dys-
plasia. To gain optimal patella stabilization, 
trochleoplasty is usually combined with MPFL 
reconstruction and some form of lateral capsular 
structure lengthening.

a b

c d

Fig. 20.3 Measurement 
technique for measuring 
the tibial tubercle- 
trochlear groove 
(TT-TG) distance on a 
CT or MRI. The deepest 
point of the sulcus is 
marked on Fig. A, the 
lines are transferred to 
the tibial tuberosity, and 
the medial point of the 
tuberosity is located, and 
the distance between C 
and E is the TT-TG

Fig. 20.4 The crossing sign can be seen best on a true 
lateral radiograph. The posterior condyles need to over-
lap; the crossing of the anterior part of the femoral troch-

lea with the line of the trochlea bottom is located at the 
arrow. The left figure is normal (no crossing of the lines), 
the right figure is dysplastic (with a crossing of the lines)
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Trochleoplasty aims at removing the trochlear 
bump and creating a normal or nearly normal sul-
cus groove. Different surgical techniques have 
been described in the literature, all of which 
deepen the trochlear groove by removing exces-
sive bone after creating a cartilaginous flap. This 
cartilage flap can be created by various methods, 
either by splitting the cartilage (thick flap tech-
nique) in medial and lateral flaps or mobilizing 
the flap subchondrally from proximal without 
touching the cartilaginous surface (thin flap tech-
nique). After a trochlear groove has been created, 
the cartilage flap is fixed, and soft tissue balanc-
ing is performed at lateral structures, combined 
with medial soft tissue restraints (MPFL) recon-
struction. Despite the fact that trochleoplasty is a 
relatively extensive surgery for the patellofemo-
ral joint, complications such as cartilage viability 
issues are rare [10], and rehabilitation closely fol-
lows the standard postoperative MPFL recon-
struction protocol to avoid arthrofibrosis (which 
has been described as a potential risk in earlier 
studies [11]). Recent outcomes for trochleoplasty 
report good results in terms of patellar stability, 
though long-term patient-reported outcomes in 
different surgical techniques are yet to be 
determined.

20.4  Future Directions

Since patella instability has a number of ana-
tomic causes, the surgical plan has to be tailor- 
made (a la carte). The specific indications for 
surgery and the exact surgical plan can vary 
among surgeons and between countries, depend-
ing on regional traditions and expertise. Future 
research can be helpful in establishing which 
interventions provide the best results and the 
smallest change on complications and which pre-
operative workup is needed to define the underly-
ing anatomical problem.

The first step can be a more dynamic approach 
to the problem. Nowadays, surgery is planned 
based on 2D images, but patellar instability is a 
dynamic problem. New imaging techniques are 
available for the real-time dynamic scanning of 
patients. This provides new insights in the patella 

tracking and the influence of, for instance, the 
position of the tibial tubercle on tracking through-
out the whole range of motion. This data can be 
used to plan surgery in a patient-specific manner, 
leading to more advanced planning techniques. 
Advanced computer modeling techniques can be 
used to plan, for instance, the optimal position of 
the tibial tubercle to reduce cartilage stresses and 
optimize patellar tracking. New surgical tech-
niques, like robotics and navigation, can provide 
the tools needed to execute the plan in theater.

20.5  Take-Home Message

Recurrent patella dislocations are caused by a 
(combination of) underlying anatomic disorders. 
The four most critical factors are patella alta, 
MPFL insufficiency, increased tibial tubercle- 
trochlear groove distance, and trochlea dysplasia. 
These anatomic abnormalities have to be identi-
fied before a good surgical plan to stabilize the 
patella can be made. The surgical plan is tailor- 
made (a la carte) and depends on the anatomic 
abnormalities and the patients’ characteristics 
and needs.
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21.1  Introduction

Arthroscopic rotator cuff repair grants successful 
and predictable outcomes for small- and medium- 
sized tears; however it remains challenging and 
controversial for large and massive tears, which 
represent 10–40% of all tears [1]. The ideal repair 
should provide high initial fixation strength, res-
toration of the anatomic footprint, minimization 
of gap formation and mechanical stability until 
biologic healing occurs. Unfortunately, despite 
an improved knowledge of rotator cuff biome-
chanics and biology, tendon healing drops 
 considerably to 47% for massive cuff tears [2]. 

Therefore, one of the main questions after visit-
ing a patient with a large to massive cuff tear is 
“Will it be possible to successfully repair this 
tear?” Some will argue that repairability may 
have more to do with the surgeon’s experience 
and skill rather than anything else. However, 
even for the most talented surgeons, tendon 
mobility is already established to a certain extent 
by tear retraction and chronicity. The rate of 
irreparable rotator cuff tears has been estimated 
to be between 6.5 and 30% [3]. Many surgical 
procedures have been described to treat these 
lesions, including palliative options such as long 
head of the biceps (LHB) tenotomy and cuff 
debridement, functional rotator cuff repair, bio-
logical augmentation with scaffolds, superior 
capsule reconstruction, subacromial biodegrad-
able spacer, tendon transfers and even reverse 
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shoulder arthroplasty as the last option. The pur-
pose of this chapter is to provide an overview of 
the different treatments that can be considered in 
case of massive retracted irreparable rotator cuff 
tears.

21.2  State-of-the-Art Treatment

Exact definition of massive tears is somehow still 
controversial. DeOrio and Cofield [4] described 
them as lesions characterized by an anteroposte-
rior or medio-lateral diameter greater than 5 cm 
on preoperative magnetic resonance imaging 
(MRI). Gerber et al. [5] defined them as tears 
involving two or more tendons. In a recent meta- 
analysis, Henry et al. [6] used a hybrid definition 
that accounts for both length and number of ten-
dons: greater than 3 cm in the coronal plane but 
with complete detachment of both supra- and 
infraspinatus tendons or 4 cm in the coronal plane 
and the complete detachment of at least one 
tendon.

With advanced chronicity and tissue deterio-
ration, massive tears can become irreparable. 
Irreparable rotator cuff tears are well-defined 
lesions consisting of massive retracted tears that 
cannot be repaired primarily to their insertion 
onto the tuberosities despite conventional tech-
niques of mobilization and soft tissue releases.

Massive cuff tears usually occur in two dis-
tinct groups of patients: degenerative tears in 
elderly, low-demand patients that became symp-
tomatic after a minor trauma and traumatic tears 
in younger, active patients, often in the fourth to 
sixth decade of life, who present with dramatic 
symptoms of pain and disability after an acute 
effective trauma. Two distinct anatomic patterns 
can be recognized: postero-superior tears involv-
ing the supraspinatus superiorly and the infraspi-
natus (and rarely the teres minor) posteriorly and 
antero-superior tears involving the supraspinatus 
superiorly and subscapularis anteriorly. Both pat-
terns alter the concavity compression mechanism 
and the balance of force couple, and greater 
forces are then required by both the deltoid and 
the residual rotator cuff to maintain normal 
shoulder kinematics and to prevent superior 
migration of the humeral head during abduction 
[7]. Increase in muscle strain of those muscles 

may be the reason for shoulder pain. Furthermore, 
increased forces required to maintain joint stabil-
ity contribute to the anterior and posterior tear 
propagation, particularly if the remaining ten-
dons are of poor quality.

A number of studies focused on preoperative 
clinical and radiological factors which would 
predict repairability of massive cuff tears [8–13]. 
Infraspinatus atrophy with external rotation lag 
sign in both abduction and adduction or anterior- 
superior subluxation of the humeral head with 
pseudoparalysis has been claimed to suggest an 
irreparable tear. Plain radiographic findings of a 
narrowed (7 mm or less) acromiohumeral dis-
tance also suggest that a tear may not be repair-
able. On MRI, fatty infiltration classified as 
Goutallier stage 3 or greater suggests that a cuff 
tear is unlikely to be repairable [8]. Sugihara 
et al. [13] noted that a tear size >4 cm, atrophy 
and degeneration of the supraspinatus muscle, 
and changes in signal intensity of the infraspina-
tus muscle would predict an irreparable tear. 
Holtby et al. [9] identified that the shape and size 
of the tear, the tissue quality of the rotator cuff, 
the preoperative American Shoulder and Elbow 
Surgeons (ASES) pain and function scores and 
the range of active external rotation were signifi-
cantly correlated to repairability. Koh et al. [12] 
reported that the size of the tear, measured on 
coronal MRI scans, was the only factor that had 
an independent effect on complete footprint cov-
erage. Kissenberth et al. [11] showed that patients 
with a positive tangent sign had an 82.3% post- 
test probability of having an irreparable tear, 
whereas probability in those with a negative tan-
gent sign was only 1.6%. Moreover, tangent sign 
seems to be related to the chronicity of the lesion, 
since it has been reported to appear 4.5 years 
after the initial onset of shoulder symptoms [14]. 
Kim et al. [10] recently proposed a scoring sys-
tem based on a retrospective review of the preop-
erative MRI and surgical records of 87 patients 
who underwent arthroscopic repair of a large to 
massive rotator cuff tear. It included the follow-
ing variables: medio-lateral diameter greater than 
4.2 cm, anteroposterior diameter greater than 
3.7 cm, Warner’s grade of muscle atrophy greater 
than 3, and Goutallier’s grade of fatty infiltration 
greater than 3. The so-called repairability index 
showed that the degree of muscle atrophy and 
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fatty infiltration are two to four times more likely 
to influence repairability than tear size. However, 
reliability and validity of the score have to be 
demonstrated. Currently, arthroscopy is the best 
and probably the only way to ascertain cuff 
repairability. Particularly, tendon reducibility is 
only appreciable when moving the tendons into 
the reduction position.

21.2.1  Scaffold Augmentation

Over the last decades, besides palliative options 
and functional repair, clinicians and researchers 
focused on biological strategies to improve repair-
ability of massive contracted tears. The most 
recent biological augmentation procedures 
include the use of scaffolds. The goals of scaffold 
augmentation are structural stability, improved 
biochemical environment, and complete biocom-
patibility. Scaffolds reinforce and protect the 
repair warranting an increased failure load  without 
increasing its stiffness. They were shown to bear 
45% of the total load at the fixation site [15].

Various types of scaffolds have been popular-
ized: autografts, allografts, synthetic, and xeno-
grafts. Each scaffold type presents specific 
limitations that influence their diffusion. 
Autografts require tissue harvesting, thus imply-
ing some potential donor site morbidity. 
Allografts arose concerns about the presence of 
residual DNA that could increase inflammatory 
response and degeneration. Synthetic scaffolds 
received increasing attention due to the good 
clinical outcomes [16] but showed limited 
ingrowth potential and a negative effect on cel-
lular proliferation and differentiation of osteo-
blasts [17]. Moreover, some safety issues are 
related to possible acute inflammatory response 
and chronic inflammation due to foreign material 
reactions [17]. Xenografts are extracellular 
matrices derived from xenogenic material, decel-
lularized to warrant immunogenicity but with 
enhanced molecule liberation. Porcine acellular 
dermis is the most used scaffold source; it showed 
repopulation and revascularization, minimal 
inflammatory host response and a propensity to 
remodel to a fascia-like architecture by 6 months. 
Integration was demonstrated at 24 months with-
out macrophages and giant cell infiltration and 

without areas of calcification, fibrocartilage and 
ectopic bone and appearing similar to a mature 
tendon-to-bone insertion [18]. Xenografts also 
promote the expression of type I and III collagen 
in the tenocytes, molecules responsible for ten-
don strength, healing and fibrosis. Recent clinical 
studies showed very high healing rate without 
complications [19].

21.2.2  Superior Capsule 
Reconstruction

The superior capsule of the shoulder is a mem-
branous layer beneath the rotator cuff that ranges 
from 4.4 to 9.1 mm at its attachment, which con-
stitutes a substantial area, from 30% to 61% of 
the greater tuberosity [20]. It has been proven 
that the superior capsule plays an important role 
in the stability of the glenohumeral joint. Ishihara 
et al. [21] reported in their biomechanical study 
that a deficient superior capsule increased gleno-
humeral translation in all directions, particularly 
superior translation at 5° and 30° of abduction. In 
massive cuff tears, it has been postulated that the 
lack of both dynamic (tendons) and static (cap-
sule) components of glenohumeral stabilization 
is responsible for superior humeral head migra-
tion and development of the rotator cuff tear 
arthropathy [22]. Mihata et al. [23] proposed the 
superior capsule reconstruction (SCR) to restore 
the static component. In a cadaver model of irrep-
arable supraspinatus tear, SCR restored the supe-
rior stability by enabling the action of the 
remaining tendons and creating some “spacer” 
effect [24]. In another biomechanical study, 
Mihata et al. [25] showed that 8 mm graft fixed to 
the bones at 15 and 45° of shoulder abduction 
(corresponding to 10 or 30° of glenohumeral 
abduction) normalized the superior shoulder sta-
bility. Mihata et al. [26] also proved that acromio-
plasty could play a protective role for the 
reconstructed superior capsule in opposition to 
the risk related with the coracoacromial ligament 
resection in massive cuff tears.

SCR is performed arthroscopically with the 
patient placed in beach chair position. In the first 
study reported by Mihata et al. [23], arthroscopic 
SCR was performed using an autologous fascia 
lata folded twice or three times to achieve about 
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6–8 mm of graft thickness. The graft size was 
evaluated intraoperatively after partial rotator cuff 
repair (subscapularis tendon) and assessment of 
infraspinatus mobility (the sutures for repair could 
derive from the anchors used for graft fixation). 
Then, the graft was fixed medially to the glenoid 
superior tubercle (10–11 and 12–1 o’clock in a 
right shoulder) with a single row of suture anchors 
and laterally to the greater tuberosity using the 
double row combined with the suture-bridge tech-
nique (two anchors placed at the cartilage proxim-
ity and two laterally). Some other authors 
recommended graft fixation with up to six anchors 
in the greater tuberosity (three anchors medially 
and three laterally), depending on the size of the 
graft [27]. The final fixation was performed at 45° 
of shoulder abduction [23]. The graft was also 
sutured to the infraspinatus posteriorly and to the 
anterior supraspinatus or subscapularis anteriorly 
with side-to-side sutures in order to restore ante-
rior and posterior force couples. Authors recom-
mended very gentle suturing of the anterior 
supraspinatus and subscapularis as not to limit the 
range of motion. Other authors replaced the fascia 
lata graft with a human acellular dermal allograft.

Hirahara and Adams [28] were the first to 
report the use of an acellular dermal allograft in 
2015. Burkhart et al. [29] also reported this modi-
fication and additionally proposed a manoeuvre to 
avoid problems with large graft introduction—a 
“zip-line” technique, which was recommended 
for dermal allografts >40 mm in any dimension. A 
third glenoid anchor, placed between the two 
above described, was inserted, and the sutures 
pulled through the Neviaser portal facilitated graft 
positioning into the joint followed by fixation. 
Burkhart et al. [29] recommended fixation of the 
graft with the remnants of the cuff in the posterior 
and the anterior area (Fig. 21.1). The anterior fixa-
tion to the cuff should be performed as long as 
anteriorly some supraspinatus or “comma” tissue 
was left intact. Direct fixation to the subscapularis 
tendon is somehow contraindicated.

Most authors recommend very slow rehabili-
tation after 4–6 weeks of immobilization [27–
29]. It is related to the observation that, in a 
canine model, the acellular dermal allografts in 
the shoulder undergo significant remodelling and 
become weaker before they get stronger [30].

Promising clinical results of SCR were 
reported in 24 patients, who underwent 
arthroscopic SCR for irreparable rotator cuff 
tears at an average follow-up of 34.1 months 
(range, 24–51 months). Acromiohumeral dis-
tance increased from 4.6 mm preoperatively to 
8.7 mm postoperatively, and mean active eleva-
tion increased significantly from 84 to 148°, and 
the ASES score improved from 23.5 to 92.9. MRI 
at follow-up revealed integrity of the graft and of 
the repaired tendons in 20 of 24 shoulders 
(83.3%). Additionally, no progression of osteoar-
thritis (OA) nor rotator cuff muscle atrophy was 
reported. Three patients (12.5%) with severe 
fatty degeneration of the infraspinatus tendon 
had retears of the repaired infraspinatus tendon 
3 months after surgery [23]. Advantages and dis-
advantages of SCR are summarized in Table 21.1.

Fig. 21.1 Superior capsule reconstruction. The graft is 
secured to the postero-superior and antero-superior cuff 
with side-to-side sutures

Table 21.1 SCR: pros and cons

SCR advantages SCR disadvantages

Arthroscopic minimally 
invasive technique, with 
very low infection rate

Technically demanding 
procedure

Restores stable fulcrum Restores stability and 
mobility of the shoulder 
rather than strength

Non-“burning bridges” 
technique does not 
preclude future tendon 
transfer or reverse 
shoulder arthroplasty

Large number of implants 
is necessary (however the 
costs are still lower than 
reverse shoulder 
arthroplasty)

Lower morbidity 
comparing to reverse 
shoulder arthroplasty

Some immobilization due 
to the prolonged graft 
healing is necessary
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21.2.3  Biodegradable  
Subacromial Spacer

The deployment of a real spacer in the subacromial 
space has also been described as a viable option to 
improve shoulder function by lowering the humeral 
head, reducing the forces required to achieve stable 
abduction, and facilitating humeral gliding against 
the acromion, thus reducing subacromial friction 
during shoulder abduction [31, 32] (Fig. 21.2).

Standard shoulder arthroscopy in a beach chair 
or lateral decubitus position is performed. After 
debridement and bursectomy, the rotator cuff is 
assessed for repairability. Tendon mobility to the 
footprint region and quality of the tendon are 
assessed. Once deemed irreparable, the correct 
size of the subacromial spacer is selected by mea-
suring the distance from the lateral border of the 
acromion to approximately 1 cm medial to the gle-
noid apex. If LHB is still present, biceps tenotomy 
is advised. The rolled-up spacer is then inserted 
through the lateral portal and inflated with saline. 
Once optimized by determined passive full range 
of movements, the appropriate inflation volume is 
left in situ by sealing the device.

The spacer begins to degrade approximately 
2–3 months post-implantation and fully disinte-
grates within 12 months, while pain and func-
tional scores continue to improve beyond the 
period of spacer disintegration (Fig. 21.3). 
Contraindications for this treatment option 
include glenohumeral OA, allergies to the device 
materials and active infection [32].

It must be highlighted that subacromial spacer 
cannot restore the force couples in the transverse 
plane; thus subscapularis tendon and teres minor 
should be intact or at least repairable before con-
sidering this option.

Some clinical studies showed that outcomes 
of subacromial spacer are comparable to those 
obtained with arthroscopic debridement and sub-
acromial decompression alone. Subacromial 
spacer provided significant improvement in pain, 
range of motion (ROM) and ability to perform 
activities of daily living, albeit no improvement 
in abduction strength was observed. Interestingly, 
results for subacromial spacer improved over 
time, whereas subacromial decompression and 
acromioplasty alone showed clinical worsening 
over time, while progression of OA was not 
delayed [33, 34].

Senekovic et al. reported on 24 patients that 
underwent subacromial spacer treatment. At 
5-year follow-up, 84.6% showed significant 
improvement from baseline [32]. It was also 
demonstrated that, in contrast with other treat-
ment options, the results of subacromial spacer 
were not influenced by biceps tenotomy [32].

Potential complications include foreign body 
response, local irritation or inflammation, tissue 
necrosis and displacement of the device displace-
ment. However, no complications or unexpected 
device-related adverse events were recorded in 
clinical experiences [31].

21.2.4  Tendon Transfers

Different tendon transfers can be considered as 
proper options for treating massive retracted rota-
tor cuff tears. The most commonly described pro-
cedure is the latissimus dorsi transfer (LDT) with 
or without teres major transfer (LDTMT). While 
no upper age limit has yet been reported, a recent 
systematic review noted a mean age of 59 years. 
However, this indication can be extended to 
elderly patients with even Hamada stage 3 
OA. Previous papers emphasized the importance 
of the integrity of the deltoid and subscapularis 
for a good outcome, as forward elevation and 
shoulder stability drastically decrease with 
 subscapularis insufficiency. Atrophy and fatty 

Fig. 21.2 An illustration of biodegradable subacromial 
spacer (InSpace™) inserted in the subacromial space 
(with permission of OrthoSpace)

21 Massive Retracted Rotator Cuff Tear: Treatment Options



314

infiltration (Goutallier grade 3 or higher) of the 
teres minor were also reported by several authors 
as associated with worse postoperative outcomes 
and with poor recovery of active external rotation 

(ER). Good preoperative ROM is also essential, 
specifically passive forward flexion (FF) and 
abduction over 80–90°. A pseudoparalytic shoul-
der has been associated with poorer outcomes. 

80

70

60

50

40

30

20

10

0

10

8

6

4

2

0
baseline 1 w 3 w 6 w 3 m 6 m 1.5Y 3Y 4Y 5Y

baseline 1 w 3 w 6 w 3 m 6 m 1.5Y 3Y 4Y 5Y

4.08
5.9 5.6

12.23

16.3816.53

12.93
11.26

16.06
13.89

10.9110.29

8.157.85

0.280 00

7.75

8.57.2

0.54
5.18

6.8 6.8 7 7.1 7.06

7.89

7.11

7.53

6.9
6.2

5.65.5

7.67

8.93

6.94

8.31

7.67

8.12
7.73

7.38

8.31

7.337.067.56

6.11

5.535.4

4.4

3.8

4.3

4.7
4.5

5.1

6.1 6.71
7

7.78

7.41

8.4
8.62

7.7

21.3

34.21
36.95

40.25

43.13
45.26

52.6

58.45
60.94

67.77 67.41

20.7
22.7

25.5
26.82 27.55

30.67 29.53
32.4 32.62

9.85 9.5

8.64

3.76 3.13

11.78

Power

ROM

ADL

Pain

TCS

Forward flexion

Abduction

Ext. rotation

Int. rotation

a

b

Fig. 21.3 (a) Clinical results following biodegradable 
spacer insertion presenting total Constant score and its sub-
scores: pain, activity of daily living (ADL), range of motion 
(ROM) and power of abduction. Change in mean scores from 
baseline to 5 years postoperatively is presented. (b) 

Presentation of ROM score variables over a 5-year period of 
time. The values are presented as means and represent two 
points per every 30° of active, pain-free ROM (0 = worst, 
10 = best)
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Other transfers for irreparable postero-superior 
rotator cuff tears include isolated teres major 
transfer (TMT) and the recently described lower 
trapezius transfer (LTT). TMT was designed as a 
transfer for infraspinatus deficiency [35]. The 
authors recommended patients under the age of 
55 with intact subscapularis and anterior supra-
spinatus cable.

Antero-superior rotator cuff tears or subscapu-
laris tears are less common, but the subscapularis 
is essential to the proper function of the shoulder. 
If subscapularis tear increases to involve the 
supraspinatus, the proximal humerus may escape 
antero-superiorly with active elevation of the 
shoulder. Several options to treat irreparable 
antero-superior RCTs have been studied, includ-
ing pectoralis major transfer (PMT), pectoralis 
minor transfer (PmT) and LDT with or without 
teres major transfer (LDTMT).

21.2.5  Tendon Transfers  
for Postero- superior 
Irreparable Cuff Tears

21.2.5.1  Latissimus Dorsi Transfer
The earliest and most studied transfer is the LDT, 
originally described in Gerber’s landmark paper 
[36], which showed how LDT can be used in 
massive cuff tears using a double-incision tech-
nique. The transfer is fixed anteriorly to the sub-
scapularis tendon and laterally to the greater 
tuberosity by transosseous sutures, and the latis-
simus dorsi (LD) is changed into an abductor and 
external rotator of the humerus. Different tech-
niques were also developed with time. 
Habermeyer [37] described a single-incision 
approach with a more posterior attachment of the 
transfer on the humeral head. Moursy [38] 
reported a modification of the technique by using 
small bone chips rather than simple tenotomy 
during LD harvesting. Kany [39] reported an 
arthroscopically assisted approach that provided 
better mechanical resistance to traction due to the 
tubularized tendon and its fixation into a bone 
tunnel. The published results were comparable 
with the Gerber two-incision method [40] 
(Fig. 21.4).

21.2.5.2  Teres Major Transfer
This technique is performed using a two-incision 
technique similar to the LDT, but if the supraspi-
natus is torn, it can be combined with a trapezius 
transfer. Isolated infraspinatus involvement  
and a functional teres minor showed better 
outcomes.

21.2.5.3  Lower Trapezius Transfer
The two-incision technique of LTT prolonged 
with tendon autograft (hamstrings) or allograft 
(Achilles tendon) has been recently published as 
an alternative option to the LDT for the irrepara-
ble posterior rotator cuff tear and in cases of 
chronic isolated musculotendinous tear of the 
infraspinatus [41]. The line of pull of its muscle 
fibres replicates more closely that of the infraspi-
natus (Fig. 21.5). Furthermore, the tension and 
excursion forces of the trapezius are quite similar 
to the infraspinatus. In a cadaveric study, Omid 
et al. [42] concluded that the LTT was superior to 
LDT, and Hartzler et al. [43] also found improved 
ER with the arm at the side compared with the 
LDT, but LDT is a more appropriate technique to 
restore forward elevation or ER at 90° of abduc-
tion. In spite of these theoretical advantages, LTT 
is limited by the fact that a graft must be used to 
improve its excursion so that the problems related 
to healing (tendon necrosis) must be taken into 
account.

21.2.6  Tendon Transfers for Antero- 
superior Irreparable Cuff Tears

21.2.6.1  Pectoralis Major Transfer
Wirth and Rockwood [44] originally described 
and published the PMT (anterior to the conjoined 
tendon) in 1997. Resch et al. [45] modified this 
technique to a transfer involving only the supe-
rior two-thirds of the tendon under the conjoined 
tendon, until it was further developed to a  transfer 
involving the entire pectoralis major tendon 
(Fig. 21.6).

Subcoracoid placement of the graft appears 
much better from a biomechanical standpoint, as 
traction lines of subscapularis might be better 
restored. Unfortunately, poor outcomes are 
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reported in the literature regardless of the muscle 
part used (either clavicular or sternocostal) or 
graft placement (either above or below the con-
joined tendon). This is probably due to the fact 

that the force vectors of the pectoralis major mus-
cle are completely different from those of the 
subscapularis, and this is not in compliance with 
the principles of tendon transfers.

a

c

b

IS + SSI

VK

LD

VK

LD

Fig. 21.4 Latissimus dorsi transfer for postero-superior cuff tear. (a) Graft fixation with suture anchors. (b, c) Graft 
fixation within a bone tunnel
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21.2.6.2  Pectoralis Minor Transfer
If supracoracoid PmT is performed, it can leave 
patients with positive belly-press and lift-off test 
[35]. Wirth et al. [44] first described PmT in 
1997, but Paladini et al. [46] used a subcoracoid 
PmT with a small cortical piece of the coracoid 
for the combined superior two-thirds subscapu-
laris and irreparable supraspinatus tears. Valenti 
et al. recently described an arthroscopically 
assisted PmT technique (unpublished data). This 
technique is associated with less ER loss and 
positive belly-press test postoperatively, with 
adequate restoration of strength in IR.

21.2.6.3  Latissimus Dorsi Transfer
Elhassan et al. [47] biomechanically investi-
gated the potential of LDT, TMT, and LDTMT 
to the subscapularis footprint for anterior cuff 
deficiencies. A recent anatomical cadaveric 
study proved that both isolated and simultane-
ous latissimus dorsi and teres major transfers 
were feasible and safe to reconstruct subscapu-
laris tear, as the force vector of the LD is ana-
tomically similar to that of the subscapularis 
muscle. This technique can be used in patients 
with an anteriorly subluxated humeral head by 
transferring the latissimus dorsi proximally and/
or the teres major distally on the subscapularis 
insertion simultaneously or alone.

Recently, the arthroscopically assisted LDT 
was also described in the literature by Kany et al. 
[48] for cases of irreparable subscapularis (±supra-
spinatus) tears without any significant antero-
superior static instability of the humeral head. This 
technique takes advantage of the tubularized ten-
don with a strong fixation and of tension adjust-
ment of the muscle belly, which are supposed to 
act as dynamic restraints against the superior 
escape of the humeral head. This technique 
showed promising short-term results with com-
plete recovery of the previously positive clinical 
signs (belly press) at 1 year or later after surgery.

b

D

ST

IS

IK

TM

a

Fig. 21.5 (a, b) Lower trapezius transfer for postero-
superior cuff tear

Coracoid P.
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Calvicular P.

JK
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Fig. 21.6 Pectoralis major transfer for subscapularis 
deficiency
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21.2.7  Reverse Total Shoulder 
Arthroplasty

Improved imaging of massive rotator cuff tears 
allows detecting eccentric glenohumeral OA with 
progressive erosion of the upper part of the 
 glenoid. Reverse prostheses were designed for 
pseudoparalytic massive rotator cuff tears, with 
or without associated eccentric glenohumeral OA 
[22, 49–52]. Reverse total shoulder arthroplasty 
(RTSA) was initially indicated in patients older 
than 70–75 years, in light of the limited survivor-
ship beyond 10 years. Nowadays, the indications 
are extended to younger patients in whom alter-
native therapeutic options cannot be employed. 
Indication to RTSA can be limited by insufficient 
glenoid bone stock for the implantation of the 
glenosphere and by impaired deltoid function 
[53–55], albeit muscular transfers to counter any 
insufficiency of the deltoid muscle have been 
suggested [56]. Combining a LDT with RTSA 
allows recovery of external rotation in cases of 
complete external rotation deficit related to a 
combined deficiency of the infraspinatus and 
teres minor muscles [56, 57].

Two surgical approaches are possible: the 
delto-pectoral route and the MacKenzie antero- 
superior approach. The delto-pectoral route allows 
for a wide approach to the humeral shaft for stem 
arthroplasty and repairs for bone loss in the ante-
rior part of the glenoid. However, it exposes the 
anterior fibres of the deltoid muscle during the 
preparation of the glenoid, which requires poste-
rior and inferior dislocation of the humerus. This 
manoeuvre places tension on the neurovascular 
structures. Furthermore, the approach requires 
sectioning of the subscapularis muscle often a par-
tial tenotomy of the pectoralis major muscle.

The MacKenzie antero-superior approach 
allows for simple exposure of the glenoid without 
the need to luxate the humerus downwards and so 
without exerting significant traction on the neuro-
vascular structures and especially on the axillary 
nerve. It also respects the lower part of the 
humeral insertion of the subscapularis muscle. 
The 135° cut provides easier access to the lower 
part of the glenoid, making it possible to place the 
prosthetic glenoid with an inferior tilt, and hence 
more easily a press-fit large  glenosphere. 

Correction for central and posterior bone loss is 
facilitated by the antero-superior approach. 
However, this approach passes through the fibres 
of the deltoid, which creates a risk of  postoperative 
muscle weakness and requires precise muscle 
repair by trans-acromial bone reinsertion.

The preparation of the humerus begins with a 
humeral cut guided by a centromedullary cutting 
guide, which ensures the angulation of the 
humeral rim and the retroversion of the humeral 
implant. This cut is more or less largely depend-
ing on the design of the implant and the desired 
lowering of the humeral epiphysis. The prepara-
tion of the humeral diaphysis begins with ream-
ers, which can serve as a support to guide the 
cutting of the head. This preparation is simple 
and is further simplified in case of stemless mod-
els. This is followed by preparation of the gle-
noid, made possible by resection of the humeral 
head. This preparation is sometimes difficult due 
to deformations of the glenoid and possible 
peripheral osteophytes. CT scans and planning 
software allow for 3D reconstruction of the gle-
noid and the scapula, making it possible to pre-
cisely measure the ideal position of the 
metaglenoid [58–62]. For very large deforma-
tions of the glenoid with great loss of bone sub-
stance, the planning software helps calculate the 
volume and shape of the bone graft or design cus-
tom implants to compensate for such bone loss 
[63, 64]. The metaglenoid position should be as 
low as possible, with a minimal inferior tilt, so as 
not to diminish the strength of the lower pillar of 
the scapula, and no superior tilt, which would 
weaken the bone fixation of the glenoid implants. 
Fixation of the glenosphere can be ensured by 
different methods depending on the different 
types of prostheses [65].

The next step is to lower the humerus, implant-
ing the humeral stem into the diaphysis by either 
press fit or cementing, which limits the possible 
insertion of the humeral prosthesis into the diaph-
ysis and commensurately reduces the lowering of 
the humerus. The introduction of a test of poly-
ethylene component makes it possible to assess 
the lowering and to evaluate the stability. 
Tensioning the conjoint tendon by hand is the 
best way to assess the elongation and stability of 
the prosthesis, given the extent of muscle 
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 relaxation of the deltoid muscle under anaesthe-
sia. Polyethylene in various height options and 
 elevators make it possible to improve humeral 
prosthesis lowering and stability.

Reinsertion of the muscles is favourable but is 
not always possible. The tendons of the teres 
minor muscle and of the lower part of the infra-
spinatus should be reattached if possible. The 
subscapularis muscle must also be attached to the 
front. This gesture is often made difficult by the 
lateralization and the lowering of the humeral 
epiphysis and the lesser tuberosity, on which it is 
normally inserted. It is not always possible to 
attach the subscapularis tendon, even after exten-
sive muscle release.

Postoperative immobilization for simple pros-
theses makes use of an abduction pillow with 
early passive- and active-assisted rehabilitation.

21.3  Future Treatment Options

Clear repairability criteria are of utmost impor-
tance in order to define both clinical and radio-
logical variables that can predict a successful 
rotator cuff repair and subsequently improve the 
surgical decision-making process. In case of an 
irreparable retracted cuff tear, maximizing bio-
logical strategies by adding autogenous or syn-
thetized molecules to the repair site is surely the 
next step. Platelet-rich plasma was the first prod-
uct studied, but no benefit was noted, and its 
application is therefore not recommended. 
Growth factors (BMP-2, BMP-7, bFGF) and 
stem cells from the bone marrow or adipose tis-
sue are providing compelling in vitro and in vivo 
evidences in animal models, with a promising 
potential to enhance rotator cuff repairs [66]. 
However, well-designed clinical studies compar-
ing the results in different existing treatment 
options are still lacking.

Properties of biodegradable spacers still need 
to be elucidated. It is uncertain how long the 
spacer remains inflated, albeit the current results 
demonstrate that the positive effect continues 
beyond the time of spacer degradation period 
[32]. Although the reason for this remains 
unclear, limited animal studies may support the 
hypothesis that an inflammatory response around 

the implant may provide a (fibrotic) barrier 
between the humeral head and the acromion to 
reduce pain.

Although tendon transfers seem to provide 
promising clinical results, anatomical healing of 
transferred tendons on MRI is currently difficult 
to analyse.

Reverse prostheses based on the concepts pro-
posed by Grammont have resulted in spectacular 
improvement in the management of massive 
irreparable rotator cuff tears, cuff tear arthropa-
thy and eccentric glenohumeral OA. Nonetheless, 
irreparable rotator cuff tear is the condition asso-
ciated with the lowest complication rate of RTSA, 
whereas revision surgery is associated with the 
highest complication rate. In order to reduce 
problems related to peri-prosthetic fractures, 
short-stem or stemless prostheses have been 
designed (Fig. 21.7). The initial results are satis-
factory and do not show any complications spe-
cific to the design of the humeral component 
[67–70]. These results are promising and encour-
age an extension of the indications for reverse 
prostheses, particularly to younger patients in 
situations where all other therapeutic possibilities 
have failed.

Fig. 21.7 Short-stem reverse total shoulder arthroplasty
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21.4  Take-Home Message

Treatment of irreparable massive rotator cuff 
tears should be based on patient factors and asso-
ciated pathology. The decision-making process 
includes surgeon personal experience as well as 
scientific evidence. A thorough knowledge of 
existing treatment options and indications is cru-
cial to achieve the best outcome. Irreparable rota-
tor cuff tears can be debilitating, and failed cuff 
repairs are still a surgical challenge. When pos-
sible, biological augmentation by using a scaf-
fold can mechanically reinforce a rotator cuff 
repair, ultimately providing a better tissue heal-
ing. Otherwise, arthroscopic SCR should be 
taken into consideration. It is a minimally inva-
sive procedure that can be converted into any 
other treatment if the results are not satisfactory 
(tendon transfers or RTSA). However, the proce-
dure is relatively new, and more clinical studies 
with longer follow-up are required.

Alternatively, patients with predominant 
symptoms of pain but relatively preserved active 
elevation are probably ideal candidates for a bio-
degradable subacromial spacer. Good clinical 
results can be expected in patients with preserved 
force couple in the transverse plane in absence of 
shoulder OA. The spacer in the subacromial space 
will only influence the force couple in the coronal 
plane by lowering the humeral head, facilitating 
humeral gliding against the acromion and reduc-
ing subacromial friction during shoulder abduc-
tion. The procedure is simple, safe, reliable and 
minimally invasive with a lower complication 
rate compared to other treatment options.

Proposed benefits of tendon transfers are pain 
relief and some increased ROM with a potential 
increase in strength to improve quality of life and 
shoulder function. Different techniques have 
been developed. For postero-superior rotator cuff 
tears, the LDT remains the most commonly used 
method. However, LTT transfer is promising and 
should be considered to restore ER. Isolated sub-
scapularis deficiencies seem to be well managed 
with PMT and may potentially be even better 
with the recently reported LDT.

Reverse prostheses radically changed the 
course of treatment for massive and retracted 

rotator cuff tears, offering a reliable and repro-
ducible solution. Nevertheless, RTSA requires 
adequate glenoid bone stock and must only be 
used as a last resort in the treatment of massive 
and retracted rotator cuff tears.
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22.1  Introduction

National registries have been established in cer-
tain European countries, Canada, Australia, and 
New Zealand, to monitor the rates of revision 
replacement surgery. The average and median 
rates of primary and revision (combined) total 
knee arthroplasty (TKA) were 175 and 149 pro-
cedures/100,000 population, respectively, and 
ranged between 8.8 and 234 procedures/100,000 
population for Romania and the United States, 
respectively [1]. In the United States alone, the 
increasing number of patients undergoing pri-
mary TKA (720,000 in 2010) has been accompa-
nied by a similar increase in the number of 
revisions (70,000 in 2011).

When early TKA failure causes are infec-
tion and instability, equally, instability alone is 
the leading cause (up to 22%) of late revision 
TKAs [2].

Instability after TKA is one of the top three 
reasons as to why revision TKA is performed 
worldwide, especially in the early postoperative 
period [3–5]. Prominent causes of early instabil-
ity include mismatch between the gaps (exten-
sion and flexion), improper component alignment 
in all three planes, and iatrogenic loss of liga-
mentous integrity. On the other hand, late insta-
bility is usually secondary to loss of fixation with 
concomitant mild/moderate/severe bone loss 
related to osteolysis formation from polyethylene 
wear. Since the objective of revision arthroplasty 
is anatomical and functional restoration of the 
knee joint, the gravity of bone loss and ligamen-
tous and capsular laxity might compromise the 
final outcome. During revision TKA for asym-
metric mediolateral instability, increasing levels 
of implant constraint are mandatory in order to 
obtain anteroposterior, mediolateral, and rota-
tional stability of the prosthetic knee joint.
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22.2  Patients at Risk 
for Instability After TKA

There are multiple predisposing patient factors 
that can lead to instability after TKA. These 
include patient medical conditions, anatomic 
considerations, and patient function including 
preoperative instability, muscle strength, and 
range of motion.

22.2.1  Medical Conditions

There are predisposing medical conditions that 
may contribute to increased instability after 
TKA. Connective tissue diseases, such as 
Ehlers- Danlos syndrome and Marfan syndrome, 
may lead to increased tissue laxity that may 
result in instability after TKA [6, 7]. Other con-
ditions, such as multiple sclerosis, may also lead 
to TKA instability resulting in dislocations, and 
the use of revision components may be recom-
mended in these patients to provide greater con-
straint [8–10]. Fibromyalgia patients commonly 
have persistent pain after TKA and are often 
revised for symptomatic instability or arthrofi-
brosis [11].

22.2.2  Anatomic Considerations

Anatomically, the ligaments of the knee contrib-
ute to knee stability. The anterior cruciate liga-
ment (ACL) is often sacrificed during TKA, but 
the posterior cruciate ligament (PCL) may be 
retained to provide increased stability. Thus, if a 
PCL is ruptured postoperatively or if a PCL sac-
rificing implant is used, then there can be 
increased instability after TKA [12]. In a study 
by Montgomery et al., 3 out of 150 sustained a 
postoperative PCL rupture, and these patients 
experienced pain and chronic instability and 
eventually underwent revision TKA [13].

22.2.3  Function

Similar to range of motion, preoperative subjec-
tive instability leads to an increased risk of post-

operative instability after TKA [14]. Of 390 
participants, 72% reported preoperative instabil-
ity, while 32% complained of persistent instabil-
ity 6 months after undergoing TKA. Subjective 
knee instability was measured by the Activities 
of Daily Living Scale of the Knee Outcome 
Survey and was associated with increased pain, 
younger age (<60 years), low power with stair 
climbing, and increased comorbidities [14]. The 
authors concluded that improving lower extrem-
ity strength prior to surgery could reduce the 
amount of subjective instability after TKA. This 
was confirmed by Vince et al., who stated that 
neuromuscular pathology, including quadriceps 
weakness or hip abductor weakness, may con-
tribute to instability and should be addressed 
prior to surgery [15].

Using falls as a proxy for instability after TKA, 
Matsumoto et al. compared TKA patients who fell 
to those who did not [16]. They found that those 
that fell had decreased knee flexion and ankle 
plantar flexion, indicating that increased range of 
motion could improve stability of the lower 
extremity when ambulating after TKA. By enhanc-
ing range of motion and muscle strength, the like-
lihood of instability decreases with diligent 
exercise.

22.3  How to Avoid Instability 
After TKA?

Although the pertinent question on how to avoid 
instability in patients after TKA has kept genera-
tions of knee surgeons busy and a considerable 
amount of research has been done to answer this 
question, the problem remains unsolved.

A detailed analysis of preoperative alignment, 
bony anatomy, and ligament laxity is crucial for a 
successful TKA [17]. The preoperative analysis 
typically starts with the assessment of preopera-
tive leg alignment. In particular, severe varus or 
valgus deformity should be noted. Also, a flexion 
or extension deficit, as well as genu recurvatum, 
should be recognized [17].

Analysis of bony anatomy aims to predict 
bony wear. It is mandatory to perform weight- 
bearing anterior-posterior, lateral, and Rosenberg 
view radiographs. It is important to note if there 

M.T. Hirschmann et al.



325

is flexion facet osteoarthritis (OA), extension 
facet OA, or a combination of both [17].

Finally, ligament laxity should be evaluated 
in extension and 30 and 90° flexion. A compari-
son to the contralateral side is highly recom-
mended [17].

Based on the aforementioned criteria, TKA is 
planned using standard planning software. In 
addition, the adequate level of constraint is cho-
sen [17]. In terms of constraint, a cruciate- 
retaining (CR) TKA should only be used in 
patients with a competent PCL [17]. If the PCL 
is insufficient, a posterior cruciate-substituting 
(PS) TKA is indicated [17]. For both CR and PS 
TKA, the collateral ligaments should be compe-
tent. If the lateral collateral ligament is insuffi-
cient, a limited condylar constrained knee 
(LCCK) might be used [17]. If the medial col-
lateral ligament is insufficient, a rotating-hinge 
TKA should be used [17].

At the time of surgery, the knee surgeon 
should then meticulously execute his plan. A 
profound insight into ligament balancing of 
TKA is necessary. There are numerous balanc-
ing methods and philosophies to achieve a stable 
and well- functioning knee after TKA. Adequate 
ligament balancing is a challenging demand to 
every surgeon. One major problem is the fact 
that, intraoperatively, only passive ligament lax-
ity testing can be done. Navigation might add 
information on the laxity envelope before and 
after TKA.

22.4  Diagnostic Algorithm

Establishment of the correct diagnosis and char-
acterization of the type of instability are difficult, 
even for experienced orthopedic surgeons [17]. 
The three pillars of diagnostics, consisting of 
patient’s history, clinical examination, and radio-
logical evaluation, cannot be overestimated for 
diagnosis of instability after TKA [17].

22.4.1  Patient’s History

The patient’s history brings the attention to the 
differential diagnosis “instability” [17]. Typically, 

patients suffering from instability after TKA 
complain about problems and pain when descend-
ing stairs [17]. The pain pattern is typically 
medial, lateral, or anterior [17]. This depends on 
the type of instability [17].

Patients with instability in extension often suf-
fer from pain at the iliotibial tract insertion site, at 
Gerdy’s tubercle [17]. Patients with instability in 
flexion either suffer from pain at the medial, lat-
eral, or anterior knee compartment [17] (Fig. 22.1). 
Often, anterior knee pain is reported [17].

In the case of an insufficiency of the PCL in 
CR knees, typically anterior knee pain due to 
patellofemoral overloading is found [17].

22.4.2  Clinical Examination

Clinical examination is one of the cornerstones of 
diagnostics [17]. The diagnostic hypothesis, 
which is based on the patient’s history, is specifi-
cally checked one by one [17]. It is important to 
standardize the test battery of clinical examina-
tion to gather experience with assessment of 
patients after TKA [17]. A comparison to the 
contralateral side is always recommended.

The four pillars of clinical examination are 
inspection, palpation, range of motion, and 

Fig. 22.1 Lateral asymmetric flexion instability in a 
patient after CR TKA
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 specific tests [17]. Inspection aims to identify 
erythema, skin coloration, scars, and deformities. 
In addition, the patient should be investigated 
while walking, including heel and toe gait. In 
particular, in heel gait, an instability in extension 
is represented by varus or valgus thrust.

Active and passive range of motion is noted. 
Anterior and posterior drawer tests help to iden-
tify flexion as well as anterior-posterior instabil-
ity. Varus-valgus testing near extension and 30° 
flexion is recommended to reveal asymmetric 
medial-lateral instabilities. The posterior sag sign 
is also found in patients with posterior instability 
after TKA.

22.4.3  Radiological Evaluation

Primary radiological evaluations are two-plane 
radiographs (anterior-posterior and lateral views) 
with the patient standing on the affected leg and 
long-leg views with body weight equally distributed 
on both lower limbs [17]. These radiographs some-
times seem to reveal a more open joint space medi-
ally or laterally, which could be a sign of extension 
gap asymmetry or femoral condyle lift- off but could 
also just be a matter of projection [17].

On weight-bearing lateral radiographs, the 
femorotibial TKA contact point should be in the 
posterior two-thirds of the tibial plateau length 
[17]. However, in radiographs, only frank signs 
of static instability or TKA component malposi-
tion are seen [17]. Long-leg radiographs are 
necessary to determine changes while weight 
bearing and assessment of leg alignment 
(Fig. 22.2). Special radiographs such as the 
Kanekasu view are helpful to detect asymmetric 
flexion instability.

3D-reconstructed CT in combination with 
specific analysis software should be considered 
as the gold standard to evaluate TKA component 
position [17].

For assessment of more subtle findings of 
instability after TKA, stress radiographs should 
be used. Stress radiographs should be done in full 
extension and 20° flexion for varus-valgus stress 

and 15° and 90° flexion for anterior-posterior 
stress [17]. If stress radiographs are not available, 
fluoroscopic stress radiographs should be done 
(Figs. 22.3 and 22.4).

However, it represents not only a major challenge 
to quantify the degree of laxity and to correctly iden-
tify the type of instability but also to interpret the 
measured laxity values seen in stress radiographs 
[17]. The amount of normal laxity before and after 
TKA is still a matter of debate. A safe zone for laxity 
values after TKA has yet not been established [17].

In our opinion, increased laxity in any direc-
tion only represents instability when there are 
matching clinical symptoms and findings [17]. It 

Fig. 22.2 Weight-bearing long-leg radiographs showing 
a medial instability in an obese patient after TKA
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is always the synopsis of patient’s history, clini-
cal findings, and radiological investigation [17].

22.4.4  Laboratory Tests

A periprosthetic joint infection (PJI) algorithm 
should always be followed to rule out infection: 
laboratory tests including C-reactive protein and 
erythrocyte sedimentation rate and analysis of 
the synovial fluid including arthrocentesis with 
cell count, culture, and sensitivity have been sug-
gested by many authors [18]. Recently [19], a 

new leukocyte esterase test performed analyzing 
synovial fluid has been proposed to detect an oth-
erwise negative PJI.

22.5  Classification of Instability 
after TKA

The classification of knee instability can be based 
on:

 1. Time point—preoperative, intraoperative, 
postoperative

 2. Plane of instability—instability in the sagittal 
plane (anteroposterior instability) or coronal 
plane (mediolateral instability)

Fig. 22.3 Fluoroscopic varus stress radiographs showing 
a lateral instability near extension

Fig. 22.4 Stress radiographs showing a lateral instability 
in extension
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 3. Anatomical site—instability of one compart-
ment such as the medial (valgus instability) or 
lateral (varus instability) compartment = asym-
metrical instability; instability of the medial and 
lateral compartment = symmetrical instability

 4. Flexion/extension gap—instability in knee 
extension, flexion, or mid-flexion

 5. Compartment—instability at the femorotibial, 
patellofemoral, or both compartments

A precise analysis of the cause of the instabil-
ity is mandatory for planning of surgery. Most 
often, both components require removal, and a 
higher constraint of TKA is chosen such as total 
stabilized or rotating-hinge design. However, in 
some cases change of single components or soft 
tissue reconstructive surgery might be sufficient.

22.5.1  Time Point

Instability before surgery is one of the indica-
tions for primary TKA. Instability may also 
occur during surgery and mainly affects the 
medial or lateral collateral ligament or the poste-
rior cruciate ligament. Damage to the medial 
collateral ligament during surgery occurs in 
about 1% and is thus a very rare complication 
[20]. Stability is predominantly provided by the 
superficial medial collateral ligament. The deep 
part of the medial collateral ligament is gener-
ally resected during surgery because the inser-
tion site is about 5 mm below the joint line [21]. 
In case of damage of the medial collateral liga-
ment, one may consider conservative treatment 
keeping the patient in a valgus brace for 6 weeks, 
because the ligament shows good vasculariza-
tion and healing capability [22].

In contrast, damage of the lateral collateral 
ligament should not be treated conservatively. 
Reconstructive surgery should be performed 
using the semitendinosus or gracilis tendon.

Iatrogenic damage of the PCL during prepara-
tion of the tibial plateau is not unusual. The inser-
tion site of the PCL is resected in up to 70% 
during primary surgery [23]. It depends from the 
level and the posterior slope of the tibial cut.

The surgeon should be aware that damage of 
the posterior cruciate ligament may affect the 
flexion gap as shown by Schnurr et al. [24]. He 
found an increase in flexion gap of less than 
2 mm in 44% and more than 3 mm in 36% of the 
patients. Twelve percent even showed an increase 
of more than 5 mm.

Instability may also occur after surgery due to 
trauma caused by fracture involving the insertion 
site of the medial or lateral collateral ligament or 
due to rupture of the collateral or posterior cruci-
ate ligament.

22.5.2  Plane of Instability

Instability may occur in the sagittal plane due to 
insufficiency of the PCL, causing an increase in 
anteroposterior femorotibial translation. 
Insufficiency of the PCL during surgery requires 
the usage of either an ultracongruent or posterior- 
stabilized design. In case of secondary traumatic 
damage of the PCL and symptomatic instability, 
revision is required with the change of the 
components.

The most common instability is in the coronal 
plane due to insufficiency of the medial and/or 
lateral collateral ligament. Loss of function of the 
medial collateral ligament will cause valgus 
instability due to opening of the medial femoro-
tibial compartment. A variety of different tech-
niques have been introduced to reconstruct the 
medial collateral ligament [25, 26].

Insufficiency of the lateral collateral ligament 
causes varus deformity due to opening of the lateral 
compartment. There are several techniques to recon-
struct the lateral collateral ligament, by using the 
semitendinosus or gracilis tendon [27–29] or a strip 
of the iliotibial band according to Bosquet [30]. The 
semitendinosus or gracilis tendon might be used for 
reconstruction (Figs. 22.5, 22.6, and 22.7).

The use of a thicker liner is not recommended 
due to the high risk of creating a patella infera. 
Alternatively, in some cases the intraoperative 
change to a higher constrained design such as 
total stabilized or rotating hinged knee might be 
required (Fig. 22.8).
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Combined instability may also occur at the 
medial and lateral site due to inappropriate flex-
ion or extension gap, a complication caused by 
the surgeon.

22.5.3  Anatomical Site

Isolated instability shows varus or valgus defor-
mity and is mainly caused by either severe bone 
loss in one of the two femorotibial compartments 
or ligamentous insufficiency [17]. Varus defor-
mity for instance can be caused by bone loss at 
the medial compartment due to severe osteoar-
thritis or osteonecrosis but also due to insuffi-
ciency of the lateral collateral ligament [17]. On 
the other side, valgus deformity can be caused 
due to bone loss at the lateral compartment or 
damage of the medial collateral ligament [17]. In 
contrast, symmetric instability affects both the 
medial and lateral joint space and in addition 
rotation of the knee as well [17]. Complex insta-
bility is most often caused by inappropriate liga-
ment balancing and a mismatch between the 
flexion and extension gap [17].

22.5.4  Flexion and Extension  
Gap (Fig. 22.9)

Mismatch between the flexion and extension gap 
is predominantly caused by erroneous bony 
resection at the femoral or tibial site [17]. It is 
recommended to measure the resected bone after 
each cut, which will allow the surgeon to be 
aware of any abnormalities during the entire 

Fig. 22.5 There was a history of an acute trauma. Correct 
component placement prior to revision surgery was 
proven. The lateral collateral ligament was reconstructed 
using the gracilis tendon

Fig. 22.6 A tunnel was drilled through the fibular head 
and the insertion site at the medial epicondyle was identi-
fied using an imaging intensifier

Fig. 22.7 An interference screw serves for graft fixation 
at the femoral site
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a b
Fig. 22.8 Total 
stabilized (a) and 
rotating hinged  
(b) knees are the more 
constrained design used 
in total knee arthroplasty

Flexion

Extension

Tight Normal Loose

Tight 1. More tibial resection

2. Decrease the poly
    thickness

1. More resection of
    distal femur

1. More distal femoral
    resection

2. Augment at posterior 
    femoral condyles

Normal
1. More resection of
    posterior femoral
    condyles

1. Augment at posterior
    femoral condyles

Loose

1. More resection at
    posterior femoral
    condyles

2. Augment at the distal
    femur

1. Augment at distal
    femur

1. Increase the poly
   thickness

2. Augment at distal and
    posterior femoral
    condyles

Fig. 22.9 The table shows the treatment options for joint gap difference or asymmetry in flexion and/or extension
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 surgical procedure [17]. In computer surgery, this 
information is provided when the resection needs 
to be confirmed by the surgeon before the com-
puter will allow the next step of the procedure.

Isolated extension instability (mediolateral 
asymmetry with the knee in extension) usually 
arises from an originally poor extension gap bal-
ancing: the main cause is usually excessive distal 
femoral resection that was not originally man-
aged with a large polyethylene insert. Azzam 
et al. [31] suggested the use of distal femoral aug-
ments to facilitate the proper positioning of the 
revision components and to regain the necessary 
extension symmetry, restoring the correct joint 
line level at the same time. On the other hand, 
excessive tibial resection usually increases both 
gaps equally: in this case, the use of a thicker 
polyethylene insert may fill the gaps, but this may 
also lead to patellar impingement during deep 
knee flexion.

Another reason for mediolateral asymmetric 
TKA instability in extension is an excessive intra-
operative medial or lateral soft tissue release to 
compensate for an excessively tight compartment, 
leading to varus-valgus instability in extension: 
this scenario can be treated by increasing the level 
of implant constraint (i.e., revision to a PS or 
semi-constrained implant). In this scenario, the 
level of constraint should be decided according to 
the degree of soft tissue laxity: Azzam et al. [31] 
do not recommend, when this scenario is present, 
soft tissue reconstruction, like a collateral liga-
ment repair or soft tissue advancement, because 
of a high failure rate of such procedures.

Flexion instability usually occurs when the flex-
ion gap is significantly larger than the extension 
gap [17]. Causes of pure flexion gap instability 
include excessive resection of the posterior femoral 
condyles, a small femoral component on the AP 
plane, an insufficient distal femoral resection with 
an appropriate posterior femoral resection com-
bined with an adjusted tibial cut to create a normal 
extension gap, and a progressive attenuation of the 
PCL when a CR design is used [17]. At the time of 
the preoperative evaluation, an intraoperative ante-
rior drawer of more than 5 mm with a relocated 
extensor mechanism may raise suspicion of flexion 
instability. As a solution for this, a more conserva-
tive approach suggests the use of a thicker polyeth-

ylene insert to fill the flexion gap, providing better 
flexion stability but increasing tightness in the 
extension gap, often resulting in a permanent flex-
ion contracture. Because of this possible complica-
tion, in the presence of pure flexion instability, we 
recommend revising the femoral component too: 
posterior femoral augments and/or an upsized fem-
oral component is the gold standard for flexion 
instability correction during revision TKA.

Mid-flexion instability is increasingly raising 
concerns as a cause of TKA revision [17]. This 
kind of knee instability is usually characterized 
by a knee that is stable in both full extension and 
in flexion at 90°, but instability develops during 
the 30–90° arc of motion. Such instability may be 
not recognized in most cases because of the sub-
tle nature of complaints of the patient, like devel-
opment of anterior knee pain while rising from a 
chair or descending a flight of stairs. In a well- 
balanced knee, soft tissue tension should be 
equal, not only mediolaterally but also anteropos-
teriorly. In fact, the main stabilizer of the knee in 
extension is the posterior capsule and in flexion 
are the collateral ligaments: it is important to 
understand the interplay between these soft tissue 
structures at the time of revision surgery.

Usually, the main two causes for mid-flexion 
instability are the inappropriate balancing of the 
soft tissues (medial collateral ligament (MCL) 
and/or posterior capsule) and malpositioning of 
the implant, both leading to poor ligamentous 
isometry [17]. The anterior portion of the MCL 
has been shown to be the main knee stabilizer 
between 30 and 60° of flexion [32]. On the other 
side, malpositioning of the implant modifies the 
tibiofemoral geometry and the final position of the 
epicondyles, influencing collateral ligaments 
isometry and leading to mid-flexion instability too.

Mid-flexion instability associated with correct 
implant positioning can be described in three 
types: (1) over-released MCL and normal poste-
rior capsule, (2) normal MCL with a tight poste-
rior capsule, and (3) over-release of both the 
MCL and the posterior capsule.

Another frequent cause of mid-flexion instabil-
ity is original components downsizing: it has been 
demonstrated that also a mild components down-
sizing (2 mm on the femoral and 1 mm on the tib-
ial component) has a similar increase in laxity in 
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mid-flexion [33]. Treatment of mid- flexion insta-
bility usually includes increasing the femoral con-
dylar offset, proximalization of the joint line, and 
decreasing the posterior tibial slope.

A clear understanding of flexion/extension 
balancing is mandatory before performing either 
primary or revision surgery.

22.5.5  Suboptimal TKA Component 
Position

Evaluation of component malposition must include 
preoperative radiographic [34] and intraoperative 
visual assessment. Component malposition is gen-
erally defined as a coronal plane malalignment of 
>5°, a sagittal plane tibial component malalign-
ment of <0° (anterior slope) or >10° (excessive 
posterior slope), or axial malalignment of the fem-
oral component of >5° internal rotation. Component 
malpositioning can gradually interact with the soft 
tissue environment, leading to a secondary cause of 
instability: for example, component malposition-
ing could attenuate the periarticular soft tissues 
environment and be combined with previously iso-
lated ligament and extensor mechanism insuffi-
ciency. In order to fully understand component 
malpositioning, surgeons must be able to explain 
the direction and pattern of instability.

22.5.6  Isolated Ligament 
Insufficiency

Isolated ligament insufficiency usually includes 
postoperative traumatic rupture or chronic func-
tional attenuation of the PCL in a PCL-retaining 
TKA, of the medial collateral ligament (MCL) or 
of the lateral collateral ligament (LCL) [17]. The 
identification of isolated ligament insufficiency 
etiology is often difficult and not always useful 
for planning revision TKA surgery. On the other 
side, the identification of the anatomical feature 
of the isolated ligament insufficiency and chro-
nicity is rather useful. The specific differentiation 
of the insufficient ligament could make the selec-
tion of constraint prosthesis more reasonable.

22.5.7  Extensor Mechanism-Related 
Instability

Extensor mechanism insufficiency includes acute 
or chronic patellar or quadriceps tendon rupture, 
patellar bone fracture with displaced nonunion, 
patellar dislocation, or dissociation of the patellar 
component [17]. According to the cause of 
patellofemoral- related instability (patellar com-
ponent problems, patellar bone and bone integrity 
issues, soft tissue imbalance, or instability of the 
patellofemoral joint), the revision strategy and the 
degree of constraint might change consequently.

22.5.8  Loosening of Components

Components loosening must be first assessed by 
preoperative radiographic evaluation and by 
intraoperative findings subsequently. Historically, 
radiographically loose components are those 
with a progressive complete radiolucent line of 
>2 mm in width around the component, a visible 
fracture of the cement around the components, or 
a change in component position including sub-
sidence. Knees with component loosening may 
progress to multidirectional instability: the right 
degree of constraint must to be chosen at the time 
of revision surgery in order to obtain neutral 
alignment, accurate components position, proper 
components sizing, and fixation [17].

22.5.9  Global Instability

Global instability is defined as combined medio-
lateral and both flexion and extension instability. 
Knees with global instability can be divided in 
three subcategories: (1) soft tissue attenuation 
due to chronic synovitis, recurrent hemarthrosis, 
or undersizing of polyethylene (PE) insert, (2) 
direct negative effect of PE insert such as post- 
fracture or wear, and (3) knee dislocation. 
Tibiofemoral dislocation is the extreme form of 
global instability: this is usually due to progres-
sion of severe imbalance of flexion gap and 
extensor mechanism insufficiency.
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Generally, the timing of instability symptoms 
manifestation could be related to the causes of 
instability itself. Intraoperative technical errors 
such as flexion/extension gap mismatch and com-
ponent malposition tend to present early in the 
postoperative period. Other instabilities have a 
more subtle appearance, tending to produce 
attenuation of the soft tissues environment first 
and becoming clinically evident. In a review of 
consecutive TKA revisions, it was demonstrated 
that the interval between the primary and the 
revision surgery was significantly shorter in the 
gap mismatch and component malpositioning 
category groups than in other category groups.

22.6  Treatment of Instability

Surgical treatment modalities for instability do 
not include a single procedure, but several differ-
ent procedures, according to the instability etiol-
ogy: treatments range from a simple exchange of 
PE insert to a full TKA revision with variable 
levels of constraint in often complex combined 
surgeries. It has been recommended to use a min-
imally constrained type of prosthesis to regain 
knee stability [35, 36].

Four basic treatment options have been 
described to treat TKA instability:

 1. Isolated polyethylene exchange
 2. Single-component revision
 3. Full-component revision
 4. Hinged arthroplasty

22.6.1  Isolated Polyethylene 
Exchange

Isolated polyethylene exchange is an attractive, 
low-morbidity solution for TKA instability [17]. 
The prerequisites for isolated polyethylene 
exchange are proper knee alignment and stable 
fixation of the retaining components. It is most 
helpful in cases of global instability where it 
appears that the polyethylene originally placed 
was not thick enough: in this scenario, the patient 

knee will likely go into recurvatum in extension 
and will have anteroposterior instability at 90° of 
flexion too. Another possible scenario manifests 
itself when PCL insufficiency occurs in a patient 
with a posterior cruciate-retaining implant: in 
this case, if the manufacturer has an ultracongru-
ent polyethylene insert available, a single poly-
ethylene exchange might be sufficient to regain 
adequate knee stability. A final yet quite rare type 
of instability, where isolated polyethylene 
exchange is still an appropriate option, is pure 
mediolateral instability because of varus/valgus 
ligamentous imbalance: in this scenario, the soft 
tissues on the tight compartment can be gradually 
released to catch up with the stretched compart-
ment and a thicker polyethylene be placed to 
appropriately balance the knee. Unfortunately, 
the current literature [13, 37–39] demonstrated 
that the results of isolated polyethylene exchange 
are usually poor and unpredictable.

22.6.2  Single-Component Revision

The prerequisite for the use of this surgical tech-
nique is stable fixation and proper axial align-
ment of the retained modular implant [17]. The 
primary indication for this technique is in a pos-
terior cruciate-retaining knee when the PCL 
becomes secondarily incompetent: in this sce-
nario, the femoral component can be revised to a 
posterior-stabilized implant, and a posterior- 
stabilized polyethylene insert is placed to address 
the instability issue. Another indication for an 
isolated femoral component revision is the sce-
nario of isolated medial collateral ligament 
incompetence: the femoral component can be 
revised to a constrained condylar design, and a 
constrained tibial insert can be placed into the 
stable well-fixed and well-aligned tibial base-
plate. Early isolated femoral loosening in the pic-
ture of an otherwise stable, well-fixed, and 
well-aligned knee is another indication for single- 
femoral component revision (Fig. 22.10). An iso-
lated femoral revision allows surgeons to adjust 
the joint line height, to balance flexion/extension 
gap, and to increase the level of constraint.
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Isolated tibial revision is indicated in the event 
of isolated tibial loosening (Fig. 22.11) with a 
well-fixed and well-aligned retained femoral 
implant: if this scenario is caught early, there 
might still be little damage to the soft tissue knee 
environment, allowing for the use of a posterior 
stabilized implant without increasing the level of 
constraint.

22.6.3  Complete Revision of TKA 
Components

Full-component revision is generally indicated 
when there is a clear malalignment of the compo-
nents, a poor track record of the retained implant, 
or inadequate constraint options of the existing 
implant [17]. The revision of femoral and tibial 
components allows realignment, correct flexion/
extension gaps balancing, and restoration of the 
joint line [17].

Complete TKA revision is a stepwise proce-
dure: first, the entity of bone loss needs to be 
detected and addressed. Second, femoral and 
tibial implants need to be chosen. Third, the level 
of constraint needs to be intraoperatively selected.

Treatment of bone loss during revision TKA 
has evolved considerably over the past couple of 
decades, primarily due to the emergence and 
rapid adoption of metaphyseal fixation implants. 
To date, there are two basic categories of metaph-
yseal fixation devices [40]: (1) porous-coated 
solid sleeves that are unitized to an intended 
implant stem and (2) highly porous cones that are 
implanted into the metaphyseal region separate 
from the intended final implant (Fig. 22.12).

The selection of the tibial implant should allow 
reconstruction of a stable platform without over-
hanging and stem impingement and with good 
stem support [17]. Wedges (Fig. 22.13) should 
allow bone substitution and raise the joint line to 
its natural height. The selection of the femoral 

Fig. 22.10 Right 
TKA. Femoral (CR) 
component loosening: 
visible fracture of the 
cement (left). Femoral 
component revision: a 
short cemented stem and 
a PS polyethylene insert 
have been used. CR 
cruciate retaining, PS 
posterior stabilized
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Fig. 22.11 Left total knee arthroplasty. Loosening of the 
tibial component and overall varus malalignment (top); 
the tibial component has been revised with a metaphyseal 

porous-coated solid sleeve and a cementless stem: a 
posterior- stabilized (PS) polyethylene insert has been 
used (bottom)
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implant should allow recreation of the natural 
posterior condylar offset and the normal flexion 
gap, improving stability in flexion. Sometimes, 
the use of a long straight femoral stem should be 
avoided because of the tendency to increase the 
anterior offset leading to over- resection of the 
posterior condyles and an increase in flexion gaps: 

this happens because the diaphyseal fit of the stem 
leads to a relative extension position of the femur 
compared to the  relative natural anterior bow of 
the native distal femur [17]. In this scenario, in 
order to recreate a symmetric flexion gap, a 
thicker polyethylene insert is occasionally needed, 
and thus a more proximal femoral resection is 

a b c d

Fig. 22.12 (a) Left TKA. (A) Weight-bearing anteropos-
terior view showing severe poly wear, loosening of the 
tibial component and severe bone loss. (B) Lateral view; 
(C) revision TKA: anteroposterior view showing the use 

of a titanium metaphyseal sleeve. (D) Revision TKA: lat-
eral view. (b) Left RKA revision: intraoperative image 
showing the amount of bone loss after components 
removal

M.T. Hirschmann et al.
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required to fit the same thick polyethylene in 
extension: this can occasionally lead to a mild to 
moderate patella infera [17].

Historically, the guiding principle for the sur-
gical treatment of TKA instability is to use the 
least constrained implant to solve the instability 
problem [41]. Unfortunately, in most unstable 
TKA, because of the periprosthetic soft tissue 
damage, it is practically impossible to achieve 
stability without implanting a semiconstrained or 
fully constrained prosthesis [42]. In fact, 
posterior- stabilized implants provide sufficient 
anteroposterior stability but little mediolateral 
stability: they are mainly used to substitute the 
posterior cruciate ligament. Differently, a con-
strained insert can help regain TKA stability in 
multiple planes: it provides anteroposterior and 

mediolateral stability, and it is primarily designed 
to substitute deficient collateral ligaments. The 
height of the post (different according to the 
manufacturer) avoids posterior knee dislocation 
and is generally taller than a posterior stabilized 
construct. Constraint differs between manufac-
turers with regard to varus/valgus constraint, 
rotational constraint, and post height [43].

A complete revision of the components is 
often necessary in a scenario of patellar maltrack-
ing or instability: this is required because patel-
lofemoral instability results most frequently from 
internal malrotation of the femoral or tibial com-
ponents [44]. Patellar-“unfriendly” designs have 
been related to a high revision rate because of 
severe extensor mechanism complications 
(Fig. 22.14).

a b c d

Fig. 22.13 Left knee. (a) Anteroposterior weight- bearing 
view of a left TKA showing poly wear, definite loosening 
of the tibial component, possible loosening of the femoral 
component with anterior cortical “notching,” and severe 

tibial bone loss. (b) Lateral view; (c) revision TKA: 
anteroposterior view showing the use of a trabecular metal 
wedge to fill the bone loss. (d) Revision TKA: lateral view
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22.6.4  Revision TKA with  
a Hinged System

Primary indications for using a hinged arthro-
plasty are severe distal femoral bone loss 
(Fig. 22.15); severe flexion gap instability, which 
cannot be matched by the extension gap; and 
presence of a totally disrupted MCL in an elderly 
patient. However, in a younger patient popula-
tion, the use of a constrained condylar design 
augmented by a MCL allograft reconstruction 
has been advocated as a better choice. In reality, 
hinged total knee implants have limited usage 
among relatively young and active patients 
because they have been associated with increased 
risk of a secondary revision due to early loosen-
ing caused by excessive stress at the fixation 
interface [45]. When a surgeon is forced to use a 
hinged device, a rotating bearing design has been 
advocated because of the theoretical advantage to 
diminish stress at the implant-bone interfaces. 
Last, when using a hinge, the surgeon must be 

aware of the variability in disengagement poten-
tial between manufacturers [46].

Few studies demonstrated that patients under-
going complete revision had a better outcome than 
those undergoing isolated polyethylene exchange 
[31, 38]. Revision of all components offers the 
opportunity of increasing the level of intra-articu-
lar constraint, improving final stability. 
Controversy exists with regard to different levels 
of constraint in revision TKA. Hass et al. [47] and 
Hwang et al. [48] reported better clinical outcomes 
when PS systems were chosen over more con-
strained implants. On the other side, Shen et al. 
[49] and Lachiewicz et al. [50] showed inferior 
clinical results when an unconstrained prosthesis 
was utilized in the Anderson Orthopaedic Research 
Institute (AORI) [51] type I bone defect. There is 
also controversy regarding the outcome of 
unlinked constrained knees and hinged knee pros-
theses. Barrack et al. [52], Hossain et al. [53], and 
Kim et al. [54] all demonstrated comparable 
results between condylar constrained prosthesis 

Fig. 22.14 Right TKA revision because of severe anterior knee pain and patellar lateral facet chondropathy. A patellar-
“unfriendly” design of the femoral groove can be noted
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Fig. 22.15 Left knee. 
Antibiotic-loaded 
cement spacer following 
left total knee 
arthroplasty septic 
loosening (top); revision 
total knee arthroplasty 
with a hinged implant 
(bottom)
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and hinged prosthesis. Shen et al. [49] suggested 
unlinked constrained prostheses offering superior 
results when used in aseptic AORI type II and type 
III patients; on the other side, the septic AORI type 
II and type III patients were found to have a better 
outcome when hinged prostheses were utilized.

22.7  Take-Home Message

Instability after TKA is one of the most impor-
tant problems after TKA. A detailed analysis of 
preoperative alignment, bony anatomy, and liga-
ment laxity is crucial for a successful TKA. The 
 adequate level of constraint needs to be carefully 
chosen based on the aforementioned evaluation. 
A profound insight into ligament balancing of 
TKA is necessary to avoid instability or stiffness 
after TKA.

In patients with pain after TKA, instability is 
one of the most important causes. Diagnostics is 
challenging and consists of a detailed patient’s 
history, thorough clinical examination, radiologi-
cal investigations, and lab work. Treatment 
depends on the type of instability and ranges 
from a simple exchange of PE insert to a full 
TKA revision with variable level of constraint in 
often complex combined surgeries.
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Dance Orthopaedics, Ballet 
Injuries and When to Perform 
Surgical Treatment

Duncan E. Meuffels, Rintje Agricola, 
and James Calder

23.1  Introduction

Ballet injuries are either injuries that occur whilst 
performing ballet or are musculoskeletal injuries 
that happen to ballet dancers. In either case, a 
thorough knowledge is necessary of the specific 
demands that ballet asks of the artist, who is now 
your patient. An orthopaedic surgeon should be 
specialised in sports medicine and should under-
stand that the demands of the dancer are very spe-
cific due to the nature of the prescribed dance 
technique and due to the extremely demanding 
professions that is ballet.

It starts with knowing the appropriate nomen-
clature and finding out what the demand of the 
dancer is. The treating physician should combine 
this knowledge with the specific anatomical 
knowledge of the lesion and the professional sur-
gical skills as a sports orthopaedic surgeon. This 
chapter focuses on injuries that result from danc-
ing and require surgical intervention that is spe-
cific for professional ballet dancers.

Dance is a very common pastime and comes in 
a wide variety of forms and shapes. Ballet is a very 
specific form of dance, and professional ballet 
dancers are a much more rare breed. Most coun-
tries have a national classical ballet company and 
will have one or more other companies, which will 
use classical ballet as a technique, incorporated in 
many of the choreographies that they perform 
annually. In the Netherlands, the National Ballet 
consists of around 90 dancers, and some of the 
other companies using classical technique but 
maybe no point work are the Nederlands Dans 
Theater, Scapino Ballet Rotterdam and Introdans 
comprising of in total 250 dancers. These dancers 
are full-time dancers and have devoted their whole 
life to the art of dance. They will rehearse daily, 
starting with a barre, and will then rehearse the per-
formance at hand and the new choreography that 
will be performed the next month [1]. In general 
they will perform around 100 times a year and will 
tour nationally and internationally for 2–3 months. 
Performances can be six times a week or even up to 
twice daily (matinee and evening performances). 
There is no periodization or performing at a 
friendly pace, which makes an injury difficult to 
accept, and it is never at the right moment. More 
than half of the professional dancers rehearse and 
perform with pain, which they have come to toler-
ate and accept as part of their dance life [2].

Little has been published specifically on surgi-
cal treatment for ballet injuries. A narrative review 
on what is known and what experience the faculty 
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has with this specific problem in this specific pop-
ulation has been summarised in this chapter.

23.1.1  The Technical and Physical 
Demands of Ballet

What makes ballet different from dance and from 
sport is that these athletes are foremost artists and 
performers for which they trained and formed 
their body through more than a decade of specific 
training to fulfil the specific demands. The basis 
is that all movement is performed with an exter-
nally rotated hip and foot position, which is 
called ‘en dehors’. That means that jumps, land-
ings and turns start and end in that position.

There are five classical foot positions 
(Fig. 23.1), the most common are first, second, 
fourth and fifth.

Secondly, female dancers dance on point 
shoes (Fig. 23.2).

The point shoe enables them to balance on the 
small surface at the top of the shoe which is very 
flexible at the back and more rigid at the front. 
The shoe does not relieve pressure, but creates a 
small even end, so they can be on point (maximal 
plantarflexion of the foot with the weight on the 
distal phalanges as shown in Fig. 23.3).

First Second Third Fourth
ouverte (open)

Fourth
croise

(crossed)

Fifth

Fig. 23.1 The five classical foot positions

Fig. 23.2 Pas de deux, with female dancer on pointe Fig. 23.3 X-ray left foot on pointe

D.E. Meuffels et al.



345

This and numerous jumps and lifts day in day 
out (Fig. 23.4) ask their toll on the dancer’s body.

This position was historically created from the 
time of Louis XIV (the Sun King) as to achieve an 
aesthetically more pleasing position to lengthen 
the leg and foot. The actual point shoe with its 
blocked toes was introduced around 1880 in St. 
Petersburg during the period of Petipa [1].

Long and hard exercise and training are 
required for artistic top performances under the 
scrutiny of the audience and the stress of the 
media. Dance requires maximal propriocepsis 
and coordination, extreme precision and fine 
motor control, combined with stamina and 
perseverance.

Hypermobility is an asset and a prerequisite 
for dancers, who usually score 5 or more points 
of the nine Beighton criteria.

As a general principle of treatment, the physi-
cian must respect the ‘passion’ of the dancer and 
never give an injured dancer the advice to stop 
dancing.

23.1.2  Dance Injury Incidence

Injuries to dancers often result from overuse. 
Constant repetition of prescribed movements 
required by the practice or dance can wear body 
parts down to the point they give way. The 
reported injury incidence is 1.29 injury per 1000 
dance hours [2]. An approach to dealing with the 
available time and costs is looking at severity ver-
sus likelihood. This ranges from more likely to 
occur such as cuts and bruises, which are less sig-

nificant, to more unlikely injuries such as anterior 
cruciate ligament injuries that have a more severe 
impact. In professional football, prospective data 
registration shows that in general 12% of the 
team is not available during the season due to 
injury [3]. No data is available for ballet, as a pro-
spective data registry does not yet exist for pro-
fessional dance companies.

Most injuries are caused by repetitive move-
ment, and a smaller amount of injuries are caused 
by direct or indirect trauma. In a professional 
dance company, 40% of the injuries are traumatic 
injuries. In male dancers, this traumatic injury 
rate is higher; nearly 50% of their overall injury 
rate is traumatic of origin [2]. Very little has been 
published on when to operate on professional 
dancers and the outcome.

Because the lower extremity is the most often 
affected (Table 23.1), the current chapter focuses 
on these injuries.

23.2  Injury of the Lower 
Extremity in Ballet

23.2.1  Foot and Ankle Injuries

The intensity of training and performance with 
the additional high prevalence of nutritional 
problems creates an optimal environment for 
injuries to the foot and ankle in dance and ballet 
[4]. Stress injuries are frequently encountered 
and may be overlooked or ‘hidden’ by dancers 

Fig. 23.4 Grand jeté

Table 23.1 Dance injuries reported per year in a profes-
sional dance company and at a pre-professional level

Anatomic 
location

Professional ballet 
dancer (%)

Dance student 
(%)

Neck 23 11
Shoulder 15 8
Arms/hands 10 5
Thoracic spine 11 7
Lumbar spine 47 42
Pelvis 15 16
Thigh 14 15
Lower leg 26 23
Knees 32 30
Ankles 42 30
Feet 33 21
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reluctant to miss important career opportunities, 
and this may lead to the development of stress 
fractures [5]. Conservative management is cer-
tainly the optimal management for the treatment 
of a stress response to the metatarsals and navicu-
lar, but this may require a protracted period of 
time with adjusted load-bearing and avoidance of 
dance for up to 3 months in order to prevent pro-
gression to a fracture. Some advocate the use of 
bone stimulators such as low-intensity pulsed 
ultrasound (LIPUS) and Exogen, but a full medi-
cal workup for bone health is imperative as low 
vitamin D3 is not an uncommon finding [5]. The 
timing of when it is safe to return to dance is dif-
ficult to determine as MRI findings may remain 
abnormal for several months, and it is probably 
best to adjust according to symptoms and clinical 
findings – there is little evidence in the literature 
to guide on this, and a high rate of non-union 
(26% in the navicular) is reported without cast 
immobilisation and strict adherence to non- 
weight- bearing [6]. CT scan at 3 months may 
indicate healing of a fracture, but for the navicu-
lar, this may be far from normal for even a year, 
if ever [7].

Stress fractures that fail to respond to conser-
vative treatment after 6–12 weeks may require 
surgical fixation. There is one report of 2 s meta-
tarsal base stress fractures in ballet dancers heal-
ing with extracorporeal shockwave therapy [8]. 
Internal fixation with or without bone grafting is 
the more usual approach for the treatment of 
these and navicular fractures, whilst intra- 
medullary screw fixation of fifth metatarsal frac-
tures has a high incidence of union and return to 
sporting activities although little is written about 
this in the dance population [9–15].

Acute injuries to the midfoot with subtle insta-
bility of the Lisfranc joints may be difficult to 
assess. A high index of suspicion is required in 
order to avoid misdiagnosis of a midfoot ‘sprain’. 
The plantar ecchymosis sign is said to be pathog-
nomonic, and weight-bearing radiographs may 
be difficult to obtain initially because of pain 
[16]. A delayed examination with full single- 
stance weight-bearing radiographs (Stork views) 
may be more helpful 5–10 days later, and this 
may demonstrate subluxation of the Lisfranc 

joints. Injuries with more than 2 mm displace-
ment require surgical fixation [17, 18].

Posterior ankle impingement (PAI) pain is a 
problem particularly encountered in ballerinas 
because of the requirement to perform en pointe. 
PAI may be secondary to an os trigonum or from 
flexor hallucis longus (FHL) tenosynovitis and 
associated tendinosis in 63–85% of cases [19–
21]. FHL problems frequently occur due to irrita-
tion from the os trigonum or from a tight neck in 
the retinaculum surrounding the FHL leading to a 
‘ratcheting’ effect, which may be palpable and 
even audible. Physiotherapy to improve strength 
and also posture and stability may eradicate 
symptoms, and an ultrasound-guided injection 
may help alleviate symptoms [22–24]. However, 
ultimately if pain persists, surgery is indicated 
[25–27]. Posterior ankle arthroscopy for excision 
of an os trigonum and/or release of the FHL has a 
high success rate and also has a quicker return to 
dance when compared with open surgical proce-
dures [28].

Ankle instability following acute lateral liga-
ment injury may occur in 15–20% of individuals. 
Functional rehabilitation is supported by the lit-
erature except in elite athletes or when there is 
gross clinical laxity with rupture of both the ante-
rior talo-fibular ligament (ATFL) and calcaneo- 
fibular ligament (CFL), in which case acute 
surgical reconstruction may be considered [29]. 
The problem arises in dancers who frequently 
have a degree of generalised joint laxity and a 
significantly lax anterior draw test. Careful com-
parison with the contralateral ankle is required, 
and assessment at 5–10 days following acute 
injury is preferred [30–32]. The more common 
presentation is chronic instability with a history 
of repeated giving-way and inability to dance 
despite physiotherapy strengthening and proprio-
ceptive training. Surgical management with a 
modified Broström-Gould repair provides a high 
success rate in stabilising the ankle allowing 
return to dance with minimal restriction in range 
of movement post-operatively [29]. Recent 
reports have suggested encouraging results using 
arthroscopic and percutaneous techniques, but 
routine use of augmentation techniques has not 
yet been justified [33–35].
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The forefoot remains a common region for 
injury and complaints. Whilst hallux valgus 
deformity may frequently be treated nonopera-
tively until after retirement from professional 
dance, surgical treatment of hallux rigidus has a 
high success rate with open or minimally inva-
sive cheilectomy [36, 37]. Ultrasound-guided 
injection for Morton’s neuroma may provide 
complete symptomatic relief in up to 87% of 
patients, although only 31% may continue to 
have a good result at 2 years. Surgical excision 
may be considered if symptoms persist [38]. 
Freiberg’s disease usually affects the second 
metatarsal and, less frequently, the third and is 
more commonly encountered in adolescent girls 
[39]. The majority of symptoms will settle with 
off-loading the affected metatarsal head, but it 
may take many months or even a year before full 
dance may recommence, necessitating careful 
explanation to the patient and parents. 
Occasionally, surgery is required if fragmenta-
tion of the metatarsal head occurs [40].

23.2.2  Knee Injuries

In a professional dance company, knee injuries 
are common. In a season, one-third of the dancers 
have missed class or could not perform due to 
knee complaints. The majority of these are over-
use injuries such as patellofemoral complaints, 
iliotibial band injury, prepatellar bursitis and 
patella tendinopathy [1].

A professional dancer will not have knee com-
plaints in the same manner as a beginning or pre- 
professional ballet dancer, where technique 
issues due to a forced turnout caused by lack of 
external hip rotation will give rise to ‘screwing 
your knees’. This refers to forcing the knees in an 
externally rotated position by locking the feet in 
hyperpronation. Due to the tough selection pro-
cess, dancers who do not have a sufficient turn 
out or have found a way to deal with this on a 
daily basis will not have reached the professional 
ranks.

Two knee injuries require surgery frequently: 
traumatic meniscal lesions and knee instability due 
to anterior cruciate ligament (ACL) rupture [41].

Classical ballet has been shown to have a 
higher chance of anterior cruciate ligament rup-
ture than contemporary dance, probably due to 
the higher number of jumps and landing in en 
dehors with the knee in valgus. More than 90% of 
the reported ACL injuries in ballet occurred at the 
landing on one leg after a jump. Seventy-five per-
cent happened during the second half of the per-
formance or at the end of the day. The incidence 
rate of 3.2 symptomatic ACL ruptures per 
100,000 dance-working hours is nearly as high as 
the well-recognised high risk of ACL injury in 
professional skiers [41].

A more frequent knee injury requiring surgery 
is the traumatic meniscal lesion. No true inci-
dence for meniscal injury is known for ballet. 
This injury which can give clear physical impair-
ment such as a locked knee disabling the dancer 
to weight-bear or stretch the knee to full exten-
sion or hyperextension will not be missed primar-
ily. Meniscal injuries that give less clear physical 
impairment but can give rise to pain in the joint 
line or swelling after dancing can be initially dif-
ficult to diagnose. In a classic textbook about 
‘disease and injuries of ballet dancers’, Eivind 
Thomasen describes 73 meniscal injuries during 
his working life whilst treating 750 dancers in 
this period spanning more than 25 years [1]. We 
have learned from prospective data registries in 
football players that lateral meniscal lesions need 
longer time to recover than medial meniscectomy 
before return to play is feasible. A multidisci-
plinary approach is essential in dealing with these 
work-threatening injuries, starting with prompt 
evaluation by the company physiotherapist, swift 
referral to a trained sport orthopaedic surgeon 
and a combined rehabilitation programme in 
close contact and cooperation with the compa-
nies’ director and ballet masters.

23.2.3  Hip Injuries

Ballet exposes the hip joint to repetitive loading 
in extreme ranges of movement and may there-
fore predispose to hip pain and injury. A recent 
survey amongst retired professional ballet danc-
ers in the UK showed that over one-third (36%) 
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retired from ballet due to musculoskeletal injury 
[42]. Of this subgroup, the most common injury 
causing dancers to retire was hip pain. 
Furthermore, 91% of all respondents reported 
muscle and joint pain post-retirement, with the 
hip being one of the most affected joints.

Due to the supra-physiological hip range of 
motion required for ballet dancing, femoroace-
tabular subluxation and femoroacetabular 
impingement (FAI) are frequently found. 
Femoroacetabular subluxation or instability is 
predominantly caused by soft tissue laxity of the 
musculotendinous structures around the hip, hip 
capsule laxity, labral tears, ligamentum teres 
tears and/or a bony morphology with (mild) ace-
tabular dysplasia. FAI is normally caused by 
excessive acetabular coverage or acetabular ret-
roversion (pincer morphology) or a non-spherical 
femoral head (cam morphology). However, FAI 
can occur with normal bony hip anatomy in ballet 
dancers due to the excessive range of motion 
experienced [43]. This was shown in a study of 
11 dancers who performed six different dancing 
movements (arabesque, développé devant, dével-
oppé a la seconde, grand écart facial, grand écart 
latéral and grand plié) which were registered by a 
Vicon motion capture system [43]. The hip joint 
kinematics were then applied to reconstructed 3D 
models of acquired MRI scans in order to simu-
late the range of motion and congruency of the 
hip joint.

Four dancing movements développé a la sec-
onde, grand écart facial, grand écart latéral and 
grand plié induced both impingement and sublux-
ation of up to 5 mm, resulting in significant stress 
in the hip joint. More than 80% of the dancers’ 
hips showed cartilage thinning and degenerative 
labral lesions, with participants having an average 
age of only 25 years. Interestingly, the location of 
these pathological findings corresponded to the 
computed zones of impingement in the superior 
and postero-superior quadrant of the acetabulum. 
Despite a certain level of uncertainty resulting 
from the segmented images and simulated range 
of motion, it seems that a hip with normal anat-
omy can impinge in extreme positions and 
become incongruent resulting in translation/sub-
luxation within the joint.

A study comparing 30 symptomatic and 
asymptomatic female ballet dancers with 14 
asymptomatic non-dancing women showed a sig-
nificantly higher rate of acetabular cartilage lesions 
>5 mm as quantified on MRI in the dancer’s hips 
(29% versus 7%) [44]. Also in this study, the 
lesions were located at the superior side of the 
acetabulum. Labral lesions were also common 
among the dancers and more prevalent than in the 
controls, whilst morphological characteristics 
associated with FAI such as cam or pincer mor-
phology were rare in the dancers [44]. Interestingly, 
they also obtained MRI of the dancer’s hip in the 
split position (grand écart latéral) and observed a 
mean femoroacetabular subluxation of 2 mm, cor-
responding to the findings of the simulated motions 
as described above. In an additional study using 
the same cohort, no correlation between the imag-
ing findings and pain in the dancers was found 
[45]. Mitchell et al. used radiographs in the split 
position to study the degree of subluxation [46]. 
They found that an increasing alpha angle (more 
femoral head asphericity) increased the magnitude 
of subluxation in men and women, as well as 
increasing severity of acetabular dysplasia in men 
[46]. The split position also generates higher peak 
pressures to the cartilage and labrum, as shown by 
finite element analysis [47].

Mayes et al. studied 49 male and female current 
and retired ballet dancers and compared them with 
49 age- and sex-matched non-dancing athletes [48–
50]. They showed that the prevalence of cartilage 
defects as quantified on MRI was 61% in the ballet 
dancers. However, this  percentage was not differ-
ent from the non-dancing athletes [48]. Labral tears 
were also a common finding with a prevalence of 
65% in ballet dancers but not different from the 
non-dancing athletes [49]. Also in this study, no 
relationship between labral tears and hip pain was 
found. Interestingly, ligamentum teres tears were 
more frequently seen in ballet dancers with a prev-
alence of 55% as compared to 22% in the non- 
dancing athletes [50]. As the ligamentum teres 
functions as one of the hip stabilisers, micro- 
instability of the hip due to extreme range of motion 
and/or secondary to FAI might be a cause of the 
higher rate of ligamentum teres tears in ball  ballers 
should be ballet dancers.
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In summary, ballet dancers require extreme 
ranges of motion in their hips. The prevalence of 
cam and pincer morphology is lower in dancers 
than reported in other athletes [51]. However, due 
to a lack of prospective data, it is unknown 
whether they do not develop this morphology 
during adolescence like other athletes or if it is a 
natural selection as cam and pincer morphology 
limit the range of motion [52–54]. Despite these 
findings, it is known that dancers experience FAI 
with a normal hip anatomy at the end points of 
their range of motion during different dancing 
movements. At the locations where this impinge-
ment occurs, the labrum is compressed, and 
higher stresses on the cartilage are placed, espe-
cially at the superior part of the acetabulum. 
During the end points of the range of motion, 
subluxation also occurs as shown by multiple 
studies [43, 44, 46, 47]. Various factors might 
cause the subluxation such as secondary to FAI, 
dysplasia, capsular laxity and ligamentum teres 
tears. Ballet dancers have a higher rate of chon-
dral and labral injury than the general population, 
but these injuries are probably similar to non- 
dancing athletes. To date, the clinical relevance 
of labral and ligamentum tears found on imaging 
is unknown.

23.3  State-of-the-Art Treatment

Any treatment of a dancer should be selected 
with their artistic background in mind, in which 
the body is the tool to express the part or roll they 
are performing. The art of dance is their life, and 
all efforts should be directed to performing and 
getting back on stage as safely and as quickly as 
possible. The team effort has to council and 
inform the dancer of all the possibilities and the 
pros and cons of operative treatment.

Assessment of the dancer’s technique and 
style is necessary in order to understand the 
mechanism of injury and to successfully work 
towards preventing reinjury.

The role of a company physiotherapist is con-
tinuous screening, guiding and treating injuries. 
The close collaboration with an orthopaedic sur-
geon is essential to address urgent traumatic 

lesions but also to discuss when continuing with 
an overuse injury is not tolerable anymore and 
the timing for surgery should be discussed.

Recognising is step one, but deciding when to 
operate or not to operate is maybe even more 
essential. Dancers have an uncanny ability to tell 
you the exact diagnosis but will also remind you 
what your surgery has altered when they are 
recuperating and performing again.

23.3.1  Foot and Ankle Injury 
Treatment

Overall, despite the high frequency of foot and 
ankle conditions in ballet, most may be treated 
nonoperatively with careful management of load 
and prevention of reinjury through strength and 
proprioceptive training whilst maintaining realis-
tic expectations of time to return to dance. Certain 
acute injuries require early accurate diagnosis 
and treatment in order to avoid long-term prob-
lems, and reassessment at 5–10 days following 
an injury may be useful, and even a further re- 
evaluation a week later may be justified to ensure 
optimal management.

23.3.2  Knee Injury Treatment

As for any injury, operative treatment is only one 
side of the coin, as a perfect operation without 
proper and well-managed rehabilitation will have 
a poorer outcome than with a multidisciplinary 
approach.

This is very clearly true for ACL surgery. After 
prompt and adequate diagnosing of an ACL tear 
with the possible comorbidity such as other liga-
mentous lesions, meniscal damage and chondral 
damage, counselling is of the utmost importance. 
The dancer should be aware of the impact of the 
injury to his knee at short term and for the future 
at a longer time span. The dancer is at an increased 
risk of re-rupture of up to 25%, depending on age 
and gender, and an increased risk (5% in the next 
5 years) for rupturing his ACL in the noninjured 
knee. Little is known of the return to dance rate 
although the literature shows percentages equal to 
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professional football players of 90–95% [18]. An 
ACL-injured knee has a tenfold increased risk of 
developing radiological osteoarthritis in 10 years 
post-trauma. Unfortunately, this risk is not yet 
lowered by ACL reconstruction.

ACL reconstruction, however, will reduce the 
risk of consecutive meniscal lesions and will cre-
ate a stable knee, without giving-way moments in 
more than 90% of the procedures. Essential for a 
ballet dancer is a stable knee that does not limit 
knee flexion and above all does not decrease the 
pre-trauma extension or hyperextension. 
Hamstring autograft has lower comorbidity for 
anterior knee pain than bone-patellar tendon- 
bone autograft and is the author’s preferred 
choice for this specific artist.

23.3.3  Hip Injury Treatment

Both nonoperative and operative treatments have 
an important role in returning injured ballet danc-
ers to their previous level. The field of hip arthros-
copy is quickly evolving. Hip arthroscopy in 
ballet dancers can be considered for ballet dancers 
with cam and/or pincer morphology, labral tears, 
ligamentum teres tears or rupture, capsular laxity 
and recurrent anterior hip dislocation. Except a 
case report for recurrent anterior hip dislocation, 
there are no studies available that specifically 
investigated surgery in ballet dancers.

In general, cam and/or pincer morphology 
with or without labral pathology can be addressed 
similar to other athletes. Indications include pro-
longed hip pain together with the presence of 
cam and/or pincer morphology with or without 
labral tears not responding to nonoperative man-
agement [55]. The main contraindication is 
advanced osteoarthritis of the hip.

To date, there are no studies available that 
directly compare nonoperative versus operative 
management in a blinded randomised setting. A 
systematic review on surgical management for 
FAI in athletes included nine case series [56]. A 
total of 440 athletes were analysed who were pre-
dominantly male with a mean age of 26 years in 
which cam morphology was most frequently 
addressed. Of these athletes, 92% returned to 

sports, and 88% returned to their pre-injury level 
of activity at a minimum of 6 months follow-up. 
These percentages were somewhat higher for 
professional athletes and somewhat lower for 
recreational athletes. Another systematic review 
which also included nonathletic populations con-
cluded that the current literature shows improve-
ment in symptoms and bone shape after FAI 
surgery (either open or arthroscopically), but all 
these studies have a high risk of bias, and no 
blinded comparative studies with conservative 
therapy or sham surgery were available [57].

A systematic review on ligamentum teres inju-
ries found only case reports or small case series 
eligible for inclusion [58]. People who were oper-
ated for this condition were predominantly 
women (80%), and surgery consisted in almost all 
cases of debridement of the ligamentum teres. Of 
the included studies in this systematic review, six 
cases of ligamentum teres reconstruction were 
described using a synthetic knee medial collateral 
ligament, a semitendinosus autograft or an ilio-
tibial band autograft. Five out of these six patients 
were able to return to their preoperative level of 
activities or sports. Both debridement and recon-
struction showed a short-term relief of pain, but 
long-term results are unknown.

A case of recurrent anterior hip dislocation 
was described which, after prompt reduction, 
was treated arthroscopically with anterior suture 
capsular plication, repair of an anterior superior 
labral tear and a partial release of the iliopsoas 
[59]. For atraumatic hip instability, thermal cap-
sulorrhaphy in conjunction with partial labral 
resection has been described in some profes-
sional athletes, but long-term outcomes are 
unknown [60].

Thus, good outcomes have been described for 
surgery to address cam morphology, pincer mor-
phology and/or labral tears in athletes. However, 
caution is warranted as no randomised trials are 
available to date. When surgery is considered in 
ballet dancers, one must be aware that FAI and 
FAS can still occur when the ‘normal’ anatomy is 
restored. There is a lack of literature on other 
indications for surgical treatment in ballet danc-
ers such as ligamentum teres tears, capsular lax-
ity and hip  (sub)luxation.

D.E. Meuffels et al.



351

23.4  Future Treatment Options

Combining knowledge from different disciplines 
that are involved in treating dancers is important 
to enhance mutual knowledge and improve out-
come. Professional dancers are rare, and improv-
ing our knowledge on incidence, conservative 
and operative treatment impact and outcome of 
ballet injuries still has a long way to go. A central 
international registry of ballet injuries would be 
an important step, which would enable dance 
orthopaedic surgeons to learn from not only their 
own experience but from a host of other engaged 
and professional colleagues.

23.5  Take-Home Message

In dance orthopaedics, being aware of orthopaedic 
techniques is not enough. A thorough understand-
ing of dance styles, the specific requirements and 
ballet technique is a necessity. A dancer is not just 
another athlete; they are artists in their own right.

References

 1. Thomase E. Disease and injuries of ballet danc-
ers. Aarhus: Universitetsforlaget I Aarhus; 1982. 
isbn:87-504-0480-6

 2. Smith PJ, Gerrie BJ, Varner KE, McCulloch PC, 
Lintner DM, Harris JD. Incidence and prevalence of 
musculoskeletal injury in ballet: a systematic review. 
Orthop J Sports Med. 2015;3(7):23259671155 
92621.

 3. Ekstrand J, Hagglund M, Walden M. Injury incidence 
and injury patterns professional football: the UEFA 
injury study. Br J Sports Med. 2011;45(7):553–8.

 4. Sousa M, Carvalho P, Moreira P, Teixeira VH. Nutrion 
and nutritional issues for dancers. Med Probl Perform 
Art. 2013;28(3):119–23. Review

 5. Wolman R, Wyon MA, Koutedakis Y, Nevill AM, 
Eastell R, Allen N. Vitamin D status in professional 
ballet dancers: winter vs. summer. J Sci Med Sport. 
2013;16(5):388–91.

 6. Khan K, Fuller P, Brukner P, Kearney C, Burry 
H. Outcome of conservative and surgical management 
of navicular stress fractures in athletes. Am J Sports 
Med. 1992;20:657–66.

 7. Torg JS, Pavlov H, Cooley LH, et al. Stress fractures 
of the tarsal navicular. A retrospective review of 
twenty- one cases. J Bone Joint Surg Am. 1982;64: 
700–12.

 8. Silk ZM, Alhuwaila RS, Calder JD. Low-energy 
extracorporeal shock wave therapy to treat lesser 
metatarsal fracture nonunion: case report. Foot Ankle 
Int. 2012;33(12):1128–32. https://doi.org/10.3113/
FAI.2012.1128.

 9. Bica D, Sprouse RA, Armen J. Diagnosis and manage-
ment of common foot fractures. Am Fam Physician. 
2016;93:183–91.

 10. Boutefnouchet T, Budair B, Backshayesh P, Ali SA. 
Metatarsal fractures: a review and current concepts. 
Trauma. 2014;16:147–63.

 11. Fitch KD, Blackwell JB, Gilmour WN. Operation for 
non-union of stress fracture of the tarsal navicular.  
J Bone Joint Surg (Br). 1989;71-B:105–10.

 12. Hong CC, Pearce CJ, Ballal MS, Calder 
JD. Management of sports injuries of the foot and 
ankle: an update. Bone Joint J. 2016;98-B(10):1299–
311. Review

 13. Roche AJ, Calder JD. Treatment and return to sport 
following a Jones fracture of the fifth metatarsal: 
a systematic review. Knee Surg Sports Traumatol 
Arthrosc. 2013;21:1307–15.

 14. Saxena A, Fullem B. Navicular stress fractures: 
a prospective study on athletes. Foot Ankle Int. 
2006;27:917–21.

 15. Thevendran G, Deol RS, Calder JD. Fifth metatarsal 
fractures in the athlete: evidence for management. 
Foot Ankle Clin. 2013;18(2):237–54. https://doi.
org/10.1016/j.fcl.2013.02.005. Review

 16. Ross G, Cronin R, Hauzenblas J, Juliano P. Plantar 
ecchymosis sign: a clinical aid to diagnosis of occult 
Lisfranc tarsometatarsal injuries. J Orthop Trauma. 
1996;10:119–22.

 17. Deol RS, Roche A, Calder JD. Return to training and 
playing after acute lisfranc injuries in elite profes-
sional soccer and rugby players. Am J Sports Med. 
2016;44:166–70.

 18. Eleftheriou K, Rosenfeld PF, Calder JD. Lisfranc 
injuries in sports – an update and algorithm for 
treatment. Knee Surg Sports Traumatol Arthrosc. 
2013;21(6):1434–46.

 19. Hamilton WG, Geppert MJ, Thompson FM. Pain in 
the posterior aspect of the ankle in dancers: differen-
tial diagnosis and operative treatment. J Bone Joint 
Surg Am. 1996;78:1491–500.

 20. Roche A, Calder JD, Williams L. Posterior ankle 
impingement in dancers and the athlete. Foot Ankle 
Clin. 2013;18(2):301–18.

 21. Scholten PE, Sierevelt IN, van Dijk CN. Hindfoot 
endoscopy for posterior ankle impingement. J Bone 
Joint Surg Am. 2008;90:2665–72.

 22. Albisetti W, Ometti M, Pascale V, et al. Clinical evalu-
ation and treatment of posterior impingement in danc-
ers. Am J Phys Med Rehabil. 2009;88:349–54.

 23. Messiou C, Robinson P, O’Connor PJ, et al. Subacute 
posteromedial impingement of the ankle in athletes: 
MR imaging evaluation and ultrasound guided ther-
apy. Skelet Radiol. 2006;35:88–94.

 24. Robinson P, Bollen SR. Posterior ankle impingement 
in professional soccer players: effectiveness of sono-

23 Dance Orthopaedics, Ballet Injuries and When to Perform Surgical Treatment

https://doi.org/10.3113/FAI.2012.1128
https://doi.org/10.3113/FAI.2012.1128
https://doi.org/10.1016/j.fcl.2013.02.005
https://doi.org/10.1016/j.fcl.2013.02.005


352

graphically guided therapy. AJR Am J Roentgenol. 
2006;187:W53–8.

 25. Calder J, Pearce C, Sexton S. Return to training and 
playing after posterior ankle arthroscopy for posterior 
impingement in elite professional soccer. Am J Sports 
Med. 2010;38(1):120–4.

 26. van Dijk CN, Scholten PE, Krips R. A 2-portal endo-
scopic approach for diagnosis and treatment of poste-
rior ankle pathology. Arthroscopy. 2000;16:871–6.

 27. Galla M, Lobenhoffer P. Technique and results of 
arthroscopic treatment of posterior ankle impinge-
ment. Foot Ankle Surg. 2011;17:79–84.

 28. Ballal MS, Roche A, Brodrick A, Williams RL, 
Calder JD. Posterior endoscopic excision of Os tri-
gonum in professional national ballet dancers. J Foot 
Ankle Surg. 2016;55(5):927–30.

 29. Guillo S, Bauer T, Lee J, Takao M, Kong S, Stone J, 
Mangone P, Malloy A, Perera A, Pearce C, Michels F, 
Tourne Y, Ghorbani A, Calder J. Consensus in chronic 
ankle instability: aetiology, assessment, surgical indi-
cations and place for arthroscopy. Orthop Traumatol 
Surg Res. 2013;99(8 Suppl):S411–9.

 30. Friden TZR, Lindstrand A, et al. A stabilometric tech-
nique for evaluation of lower limb instabilities. Am J 
Sports Med. 1989;17:118–22.

 31. Lentell GKL, Walters MR. The relationship between 
muscle function and ankle instability. J Orthop Sports 
Phys Ther. 1990;11:605–11.

 32. Tourné Y, Besse JL, Mabit C. Sofcot. Chronic 
ankle instability. Which tests to assess the lesions? 
Which therapeutic options? Orthop Traumatol Surg 
Res. 2010;96(4):433–46. https://doi.org/10.1016/j.
otsr.2010.04.005

 33. Glazebrook M, Stone J, Matsui K, Guillo S, Takao M,  
Batista J, Bauer T, Calder J, Choi J, Ghorbani A, 
Molloy A, Nery C, Ozeki S, Pearce C, Perera A, 
Pereira H, Pijnenburg B, Raduan F, Stone JW, 
Tourne Y. Percutaneous ankle reconstruction of lat-
eral ligaments (Perc-anti RoLL). Foot Ankle Int. 
2016;37(6):659–64.

 34. Guillo S, Takao M, Calder J, Karlson J, Michels F, 
Bauer T, Ankle Instability Group. Arthroscopic 
anatomical reconstruction of the lateral ankle liga-
ments. Knee Surg Sports Traumatol Arthrosc. 
2016;24(4):998–1002.

 35. Takao M, Matsui K, Stone JW, Glazebrook MA, 
Kennedy JG, Guillo S, Calder JD, Karlsson J. Ankle 
instability group. Arthroscopic anterior talofibular lig-
ament repair for lateral instability of the ankle. Knee 
Surg Sports Traumatol Arthrosc. 2016;24(4):1003–6.

 36. van Dijk CN, Veenstra KM, Nuesch BC. Arthroscopic 
surgery of the metatarsophalangeal first joint. 
Arthroscopy. 1998;14(8):851–5.

 37. Mulier T, Steenwerckx A, Thienpont E, Sioen W, 
Hoore KD, Peeraer L, Dereymaeker G. Results after 
cheilectomy in athletes with hallux rigidus. Foot 
Ankle Int. 1999;20(4):232–7.

 38. Grice J, Marsland D, Lomax A, Ballal M, Lee J, 
Mitchell M, Calder J. Efficacy of foot and ankle corti-
costeroid injections. Foot Ankle Int. 2016;38(1):8–13.

 39. Mizel MS, Yodlowski ML. Disorders of the lesser 
metatarsophalangeal joints. J Am Acad Orthop Surg. 
1995;3(3):166–73.

 40. Sproul J, Klaaren H, Mannarino F. Surgical treatment 
of Freiberg’s infraction in athletes. Am J Sports Med. 
1993;21(3):381–4.

 41. Meuffels DE, Verhaar JA. Anterior cruciate liga-
ment injury in professional dancers. Acta Orthop. 
2008;79(4):515–8.

 42. Smith TO, de Medici A, Oduoza U, Hakim A, Paton 
B, Retter G, et al. National survey to evaluate musulo-
skeletal health in retired professional ballet dancers in 
the United Kingdom. Phys Ther Sport. 2017;23:82–5.

 43. Charbonnier C, Kolo FC, Duthon VB, Magnenat- 
Thalmann N, Becker CD, Hoffmeyer P, et al. 
Assessment of congruence and impingement of the 
hip joint in professional ballet dancers: a motion cap-
ture study. Am J Sports Med. 2011;39(3):557–66.

 44. Kolo FC, Charbonnier C, Pfirrmann CW, Duc SR, 
Lubbeke A, Duthon VB, et al. Extreme hip motion in 
professional ballet dancers: dynamic and morphologi-
cal evaluation based on magnetic resonance imaging. 
Skelet Radiol. 2013;42(5):689–98.

 45. Duthon VB, Charbonnier C, Kolo FC, Magnenat- 
Thalmann N, Becker CD, Bouvet C, et al. Correlation 
of clinical and magnetic resonance imaging findings 
in hips of elite female ballet dancers. Arthroscopy. 
2013;29(3):411–9.

 46. Mitchell RJ, Gerrie BJ, McCulloch PC, Murphy AJ, 
Varner KE, Lintner DM, et al. Radiographic evidence 
of hip microinstability in elite ballet. Arthroscopy. 
2016;32(6):1038–44.e1.

 47. Assassi L, Magnenat-Thalmann N. Assessment of 
cartilage contact pressure and loading in the hip joint 
during split posture. Int J Comput Assist Radiol Surg. 
2016;11(5):745–56.

 48. Mayes S, Ferris AR, Smith P, Garnham A, Cook J. 
Professional ballet dancers have a similar prevalence 
of articular cartilage defects compared to age- and 
seks matched non-dancing athletes. Clin Rheumatol. 
2016;35(12):3037–43.

 49. Mayes S, Ferris AR, Smith P, Garnham A, Cook J. 
Similar prevalence of acetabular labral tear in profes-
sional ballet dancers and sporting participants. Clin J 
Sport Med. 2016;26(4):307–13.

 50. Mayes S, Ferris AR, Smith P, Garnham A, Cook 
J. Atraumatic tears of the ligamentum teres are more 
frequent in professional ballet dancers than a sporting 
population. Skelet Radiol. 2016;45(7):959–67.

 51. Frank JM, Harris JD, Erickson BJ, Slikker W III, 
Bush-Joseph CA, Salata MJ, et al. Prevalence of 
femoroacetabular impingement imaging findings 
in asymptomatic volunteers: a systematic review. 
Arthroscopy. 2015;31(6):1199–204.

 52. Agricola R, Heijboer MP, Ginai AZ, Roels P, Zadpoor 
AA, Verhaar JA, et al. A cam deformity is gradually 
acquired during skeletal maturation in adolescent 
and young male soccer players: a prospective study 
with minimum 2-year follow-up. Am J Sports Med. 
2014;42(4):798–806.

D.E. Meuffels et al.

https://doi.org/10.1016/j.otsr.2010.04.005
https://doi.org/10.1016/j.otsr.2010.04.005


353

 53. Agricola R, Weinans H. What causes cam deformity 
and femoroacetabular impingement: still too many 
questions to provide clear answers. Br J Sports Med. 
2016;50(5):263–4.

 54. Roels P, Agricola R, Oei EH, Weinans H, Campoli G,  
Zadpoor AA. Mechanical factors explain devel-
opment of cam-type deformity. Osteoarthr Cartil. 
2014;22(12):2074–82.

 55. Griffin DR, Dickenson EJ, O'Donnell J, Agricola R, 
Awan T, Beck M, et al. The Warwick agreement on 
femoroacetabular impingement syndrome (FAI syn-
drome): an international consensus statement. Br J 
Sports Med. 2016;50(19):1169–76.

 56. Alradwan H, Philippon MJ, Farrokhyar F, Chu R, 
Whelan D, Bhandari M, et al. Return to preinjury 
activity levels after surgical management of femo-
roacetabular impingement in athletes. Arthroscopy. 
2012;28(10):1567–76.

 57. Fairley J, Wang Y, Teichtahl AJ, Seneviwickrama M, 
Wluka AE, Brady SR, et al. Management options for 
femoroacetabular impingement: a systematic review 
of symptom and structural outcomes. Osteoarthr 
Cartil. 2016;24(10):1682–96.

 58. de Sa D, Phillips M, Philippon MJ, Letkemann S, 
Simunovic N, Ayeni OR. Ligamentum teres inju-
ries of the hip: a systematic review examining sur-
gical indications, treatment options, and outcomes. 
Arthroscopy. 2014;30(12):1634–41.

 59. Epstein DM, Rose DJ, Philippon MJ. Arthroscopic 
management of recurrent low energy anterior hip dis-
location in a dancer: a case report and review of litera-
ture. Am J Sports Med. 2010;38(6):1250–4.

 60. Philippon MJ. The role of arthroscopic ther-
mal capsulorrhaphy in the hip. Clin Sports Med. 
2001;20(4):817–29.

23 Dance Orthopaedics, Ballet Injuries and When to Perform Surgical Treatment



E1© ESSKA 2018
G.M.M.J. Kerkhoffs et al. (eds.), ESSKA Instructional Course Lecture Book, 
https://doi.org/10.1007/978-3-662-56127-0_24

Erratum to: Decision-Making in 
Anterior Shoulder Instability

Michel P. J. van den Bekerom, Derek F. P. van 
Deurzen, Karin M. C. Hekman, Olivier Verborgt, 
Klaus Bak, Marco Brioschi, Chiara Fossati, 
Riccardo Compagnoni, Alessandra Menon, 
Hassanin Alkaduhimi, and Pietro Randelli

Erratum to:
Chapter 16 in: G.M.M.J.  Kerkhoffs et  al. (eds.), ESSKA Instructional Course Lecture Book, 
https://doi.org/10.1007/978-3-662-56127-0_16

The spelling of the author’s name was wrong in chapter 16. The correct name is: Marco Brioschi

M. P. J. van den Bekerom (*) · D. F. P. van Deurzen 
Orthopaedic Department, Onze Lieve Vrouwe 
Gasthuis, Amsterdam, The Netherlands 

Orthopaedic Department, Jan van Goyen Medical 
Centre, Amsterdam, The Netherlands
e-mail: bekerom@gmail.com 

K. M. C. Hekman 
Interdisciplinary Center For Shoulder Rehabilitation, 
IBC Amstelland, Amstelveen, The Netherlands 

Orthopaedic Department, Jan van Goyen Medical 
Centre, Amsterdam, The Netherlands 

O. Verborgt 
Orthopedic Department, AZ Monica,  
Deurne, Belgium 

K. Bak 
Aleris Hamlet Parken, Copenhagen, Denmark 

M. Brioschi · C. Fossati · R. Compagnoni  
A. Menon · P. Randelli 
1st Department, Azienda Socio Sanitaria Territoriale 
Centro Specialistico Ortopedico Traumatologico 
Gaetano Pini-CTO, Milan, Italy 

Department of Biomedical Sciences for Health, 
University of Milan, Milan, Italy 

H. Alkaduhimi 
Orthopaedic Department, Onze Lieve Vrouwe 
Gasthuis, Amsterdam, The Netherlands

The updated original online version for this chapter can be 
found at https://doi.org/10.1007/978-3-662-56127-0_16

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-56127-0_24&domain=pdf
mailto:bekerom@gmail.com


355© ESSKA 2018 
G.M.M.J. Kerkhoffs et al. (eds.), ESSKA Instructional Course Lecture Book, 
https://doi.org/10.1007/978-3-662-56127-0

Index

A
Acetabular fossa, 56
Achilles tendon rupture, 262–265, 267

assessment, 268
consequences of, 261, 262
incidence, 261
management, 262, 263
mechanism of injury, 261
outcomes, 265
treatment, 264

controlled mobilization phase, 264
early recovery, 264, 265
late recovery, 265, 267
rehabilitation, 264

Acromioplasty, 176
Acute patella dislocation, 153
Advanced Trauma Life Support (ATLS), 3
Allografts, 295, 296
Anesthesia

shoulder arthroscopy, 75–77
Ankle instability, 346
Ankle sprains, 109
Anterior calcaneal process fractures, 17, 23
Anterior cruciate ligament (ACL), 124, 144, 189
Anterior drawer test (ADT), 113
Anterior talofibular ligament (ATFL), 109, 110, 112
Antero-superior rotator cuff tears, 315
Arthroscopy, 114, 213

anatomic local tissue repair techniques,  
114, 117

capsular shrinkage, 117, 118
reconstruction, 117
treatment, 118, 119

Autograft, 295

B
Ballet, 343, 345, 347–350

dance injury incidence, 345
lower extremity

foot and ankle injuries, 345, 347
hip injuries, 347–349
knee injuries, 347

technical and physical demands, 344, 345

treatment
foot and ankle injury, 349
hip injury, 350
knee injury, 349, 350

Bankart repair, 222
Beach chair positioning, 71
Biceps tenodesis, 175–177

indication, 174
LHBT, 174
optimal location, 175
postoperative care, 178
surgical technique

arthroscope, 176, 177
glenohumeral joint, 176
patient position, 175
subacromial space, 176

Biodegradable subacromial spacer, 313
Brachial plexus, 182

infraclavicular
retrocoracoid approach, 182

Brachial plexus (BP), 180–182
clinical presentations and indications, 182
endoscopic portals, 180
endoscopic work, 179
exploration, 183
infraclavicular

costoclavicular space, 182
exposition, 181
retro-pectoralis minor space, 181

infraclavicular portals, 180
installation, 180
NTOS, 182
subacromial portals, 180
supraclavicular plexus, 180
symptoms, 180

Bridge-Enhanced ACL Repair (BEAR) technique, 252
Bursectomy, 176

C
Calcaneofibular ligament (CFL), 109, 110, 112
Cam deformity, 61
Capsule, 58
Capsulotomy, 60

https://doi.org/10.1007/978-3-662-56127-0


356

Care pathways, 81
Cedell fractures, 16, 23, 27
Central compartment (CC), 55, 56
Cerebral blood flow (CBF), 77
Child Health Questionnaire (CHQ), 251
Chondro-Labral lesion

cam deformity, 61
classification, 62
diagnosis, 62
treatment, 62

Chronic ankle instability, 112, 114
Chronic lateral ankle instability (CLAI), 110
Classical ballet, 347
Constitutional deformity, 140

D
Dance, 343
Dance injury incidence, 345
Deep MCL (dMCL), 285
Degenerative meniscus tears, 125
Distal biceps tendon, 88–90

anatomical and biomechanical aspects, 85, 86
complications, 86
endoscopy, 87, 88
partial tears, 86, 87
rehabilitation after, 90, 91
single- or double-incision technique

cortical button, intramedullary repair with, 89, 90
fixation methods, 88
subsequent modification, 88

Distal femoral osteotomy (DFO), 96, 137–139
treatment/biomechanical problems, 137

E
Elbow, 202

injuries, 215, 216
rehabilitation, 215, 216

Extensor carpi radialis brevis (ECRB) muscle, 205
Extensor carpi ulnaris (ECU) tendinopathy, 214
Extra-articular disorders, 48

F
Fanelli scale, 280
Fast-track surgery, 82
Femoroacetabular impingement (FAI) syndrome, 58

capsulotomy, 60
complications, 61
diagnosis, 59
image intensifier, 61
portals, 59
preoperative planning, 59
recovery and rehabilitation, 61
setup, 59
smooth head-neck transition, 60
step-by-step reshaping, 60

First-time glenohumeral dislocations, in high-level 
athletes, 226–228

Fixed-bearing UKA, 194

Foot and ankle injury, 345, 349
Foresightful dissection technique, 75
Fovea capitis, 56

G
Glenohumeral internal rotation deficit (GIRD),  

202, 203
Global instability, 332

H
Hamate fractures, 213
Heterotopic ossification, 90
High tibial osteotomy (HTO), 96, 103, 104, 137

ACL-deficient knee, 145
complications, 99
deformity analysis, 97
diagnosis, 97
fixation technique, 98
frontal plane correction, 98
gap filling and additional bone support, 98
ligament reconstructions, 98
medical history, 96
multiple plane deformity, 98
PCL-deficient knee, 145, 146
postoperative rehabilitation, 147
rehabilitation, 99
simultaneous bilateral, 147
treatment/biomechanical problems, 137
UKA, 191
vs. unicondylar knee prosthesis, 103

constitutional deformity, 103, 104
grade of osteoarthritis, 104
indications, 103
ligament stability, 104

Hinge fractures, 99
Hip arthroscopy, 46–49, 51–61

anatomy, 55
central compartment, 56
Chondro-Labral lesion (see Chondro-Labral lesion)
contraindications, 49
femoroacetabular impingement syndrome, 58

capsulotomy, 60
complications, 61
diagnosis, 59
image intensifier, 61
portals, 59
preoperative planning, 59
recovery and rehabilitation, 61
setup, 59
smooth head-neck transition, 60
step-by-step reshaping, 60

indications, 46
extra-articular disorders, 48
FAI, 47
labral tears, 46
loose body removal, 46
septic arthritis, 46
setting of arthroplasty, 49
traumatic and atraumatic instability, 49

Index



357

learning curve, 49–52
patient positioning, 52

joint access, 53
lateral, 52
portals, 54
supine, 52
trial traction, 55

peripheral compartment, 57
capsule, 58
labrum, 57
synovial folds, 58

Hip injury, 347–350
Hip instability, 61
Hospital for Special Surgery Pediatric Functional 

Activity Brief Scale (HSS Pedi-FABS), 252
Hughston scale, 281

I
Infraclavicular brachial plexus

costoclavicular space, 182
exposition, 181
retrocoracoid approach, 182
retro-pectoralis minor space, 181

Intra-articular osteotomy, 140
constitutional deformity, 140
for osteoarthritis, 143
historical background, 140
posttraumatic deformities, 140, 143

J
Joint hypermobility syndrome (JHS), 223

K
Knee injury, 347, 349, 350
Knee Injury and Osteoarthritis Outcome Score for 

Children (KOOS-Child), 251
Knee instability, 324–329, 332–334, 337, 338

avoid, 324
classification, 327

anatomical site, 329
extensor mechanism insufficiency,  

332
flexion and extension gap, 329
global instability, 332
isolated ligament insufficiency, 332
loosening of components, 332
plane of instability, 328
suboptimal component, 332
time point, 328

diagnosis, 325
clinical examination, 325
laboratory tests, 327
patient’s history, 325
radiological evaluations, 326

patients at risk, 324
anatomic considerations, 324
function, 324
medical conditions, 324

treatment, 333
full-component revision, 334, 337
hinged arthroplasty, 338
isolated polyethylene exchange, 333
single-component revision, 333

L
Labrum, 56, 57
Lacertus fibrosus, 210
Latarjet procedure, 171–173
Lateral collateral ligament (LCL), 207–208
Lateral decubitus position, 72
Lateral elbow pain, 205–207
Lateral epicondylitis (LE), 205–206
Lateral talar process fractures, 16, 21, 22, 27
Lateral ulnar collateral ligament (LUCL), 208
Latissimus dorsi transfer, 183, 184, 315, 317
Ligamentum teres, 56
Lisfranc injury, 17, 24–27
Long head of biceps brachii tendon (LHBT), 174
Lower extremity

foot and ankle injuries, 345
hip injuries, 347, 349
knee injuries, 347

Lower trapezius transfer, 315

M
Magnetic resonance imaging (MRI)

distal biceps tendon, 209
ganglion cyst, 185
knee injury, 4
VEO, 204

Maisonneuve fractures, 15, 17, 26
Massive retracted rotator cuff tears, 310, 311, 313, 315, 

317, 318
definition, 310
occur, 310
surgical procedures, 309
treatment, 319

biodegradable subacromial spacer, 313
chronicity and tissue deterioration, 310
scaffold augmentation, 311
superior capsule reconstruction, 311
tendon transfers, 313, 315, 317, 318

Medial collateral ligament complex (MCL),  
290–294

clnical evaluation, 287, 288
imaging, 288
injury, 284
principal structural elements, 285, 287
reconstruction, 292

free allograft/autograft, 293, 294
tenodesis, 292, 293

treatment, 290
and ACL, 290, 291
and PCL, 291
indication, 291, 292

Medial opening wedge high tibial osteotomy (MOW 
HTO), 99

Index



358

Medial patellofemoral ligament (MPFL) reconstruction, 
153

anterior femoral insertion, 163
clinical challenge, 159
complications, 161
isolation, 159
overtensioning, 163
plain lateral radiographs, 162
reconstruction, 304
rupture, 303
surgical intervention, 161
TT-TG distance, 162
types, 163
in young patient, 304

Medial retinaculum, 153
Meniscal allograft, 40
Meniscal injuries, 33, 34, 36–40

augmentation, 36
animal model, 36
arthroscopic skills, 37
results, 38
with scaffold, 37

outcome success, 40
resection, 34–36
surgery, 41
transplant

cost, 40
description, 38
history, 38
patient selection, 38
surgical technique, 38–39

treatment, 33–34
Meniscal scaffold, 40
Meniscus–Cartilage unit, 124, 125

clinical scenarios, 126
daily activity and sports, 126, 127
topographic standpoint, 124
treatment

alignment, 124
depending on adjacent cartilage, 125
depending on adjacent meniscus, 125
reconstructive, 124
stability, 124
traumatic meniscus tears, 125

Metaphyseal osteotomy, 143
Minimal incision surgery (MIS), 139, 192
Minimally invasive osteotomy, 137–140
Mobile-bearing UKA, 193
Multi-ligament knee injuries, 3–9, 274–276, 280, 281, 

284
acute treatment

diagnosis, 3, 4
non-operative, 5
repair vs. reconstruction, 5
timing of surgery, 6

classification, 1
definition, 1
future treatment options, 10
graft selection, 294, 296
knee dislocation, 1

MCL (see Medial collateral ligament complex 
(MCL))

medial-sided injuries, 3
patient demographics, 2
PCL, 273, 276

clinical examination, 274
history, 274
proprioception, 274
radiological diagnostics, 275
reconstruction (see PCL reconstruction)
treatment, 275, 276

PLC, 280
anatomy, 280
grading systems, 280
treatment, 281, 284

surgical treatment
avoiding tunnel convergence, 6
outcomes, 8, 9
rehabilitation, 8
tensioning sequence, 7

N
National Ballet, 343
Neurogenic thoracic outlet syndrome (NTOS), 179, 183

O
Obesity, 189
Open wedge high tibial osteotomy (OWHTO), 147, 148
Orthopaedic surgeon, 343
Orthopaedic surgery, 123
Osteochondral talar fractures, 16, 20
Osteotomy, 93–99, 103, 104, 144–147

aims of correction, 95
allograft, 100
autologous bone graft, 100
cruciate deficient knee

anatomy and biomechanics of slope, 144
HTO, 145

deficient knee
anatomy and biomechanics of slope, 144
deflexion, 145
double and triple varus, 146, 147
HTO, 144–146

deformity
correction, 95
definition, 95

deformity correction, 94
gap size, 100, 101
graft vs. no graft research, 101, 102
hardware selection, 96
HTO, 96

complications, 99
deformity analysis, 97
diagnosis, 97
fixation technique, 98
frontal plane correction, 98
gap filling and additional bone support, 98
ligament reconstructions, 98

Index



359

medical history, 96
multiple plane deformity, 98
rehabilitation, 99
vs. unicondylar knee prosthesis, 103, 104

intra-articular, 140, 143
modern plates, 100
physical examination

correlation, 95
range of motion, 93
sagittal plane, 94

radiological deformity analysis
anatomical and mechanical axes, 94
correlation, 95
femoral mechanical axis, 94
frontal plane analysis, 94
malalignment analysis, 95

risks and complications, 102, 103
surgical plan, 93, 94
surgical tactic, 96
synthetic grafts, 100
treatment, 101, 102

Overhead athletes, wrist injuries, 211
biomechanics, 211
ECU tendinopathy, 214
future research, 214
hamate fractures, 213
scapholunate and perilunate injuries, 212
TFCC lesions, 213

OWHTO, see Open wedge high tibial osteotomy 
(OWHTO)

P
Pain, 216
Partial meniscectomy, 36
Partial tears, of distal biceps

clinical findings, 209
diagnosis, 208
imaging, 209
management, 209

endoscopic techniques, 209, 210
open techniques, 210

Patella instability, 304, 305, 307
biomechanical causes, 302, 303
clinical relevance, 303, 304

MPFL (see Medial patellofemoral ligament 
(MPFL))

tibial tubercle transfer, 304, 305
trochleoplasty, 305, 307

congenital causes, 301, 302
Patellofemoral joint, 301
Patellofemoral joint instability (PFJI), 159, 161–163

acute dislocation, 158
aetiology, 155
bony procedure, 159, 161
clinical examination, 156
management, 155
MPFL reconstruction, 159

anterior femoral insertion, 163
clinical challenge, 159

complications, 161
isolation, 159
overtensioning, 163
plain lateral radiographs, 162
surgical intervention, 161
TT-TG distance, 162
types, 163

nonoperative management, 164
operative management, 164, 165
radiologic assessment, 156, 158

Patellofemoral osteoarthritis (PFOA), 188
Patient-reported outcome measures (PROMs)

CHQ, 251, 252
KOOS-Child, 251
Pedi-IKDC, 250, 251
types, 250

PCL, see Posterior cruciate ligament (PCL)
Pectoralis major transfer, 315
Pectoralis minor transfer, 317
Pediatric anterior cruciate ligament (ACL) injuries, 

243–252
clinical studies, 242
physical activity, 242
risk factors, 242
treatment

BEAR technique, 252
clinical outcomes, 247–249
concomitant knee lesions, 249
conservative, 244
growth disturbances, 249
PROMs, 250–252
prospective cohort study, 243
risks and benefits, 243
Scandinavian groups, 243
surgical, 245–247

Pediatric International Knee Documentation Committee 
(Pedi-IKDC), 250

Peripheral compartment (PC), 57, 58
Periprosthetic joint infection (PJI), 327
Physeal scars, 56
Physical Activity Score (PAS), 267
PLC, see Posterolateral corner (PLC)
Posterior ankle impingement (PAI) pain, 346
Posterior cruciate ligament (PCL)

biomechanics, 274
clinical examination, 274
history, 274
isolation, 273
proprioception, 274
radiological diagnostics, 275
treatment, 275, 276

Posterior interosseous nerve (PIN), 207
Posterior interosseous nerve injury, 86
Posterior malleolus fractures, 15, 18
Posterior oblique ligament (POL), 286
Posterolateral corner (PLC), 280

anatomy, 280
clinical examination, 281
grading systems, 280
treatment, 281–284

Index



360

Post-meniscectomy syndrome, 39
Prophylactic meniscal transplant, 39

R
Radial tunnel syndrome (RTS)

causes, 206
diagnosis, 207
incidence rate, 206
management, 207
pathophysiology and anatomy, 206, 207

Radiculopathy, 208
Radiofrequency devices, 70
Radiographic imaging, 23
Reverse total shoulder arthroplasty, 318
Rheumatoid arthritis (RA), 188
RTS, see Radial tunnel syndrome (RTS)

S
Scapholunate and perilunate injuries, 212
Scapular dyskinesia, 224
Schenck’s knee dislocation classification, 2
Shoulder, 202, 216, 217
Shoulder arthroscopy, 70

anesthesia, 75, 78
patient positioning, 70, 72
performance, 69
surgical technique, 73, 75
technical equipment, 70
visual clarity, 69

Shoulder instability, 231–235
Bankart vs. Latarjet, 229–231
bony and soft tissue procedure, 232
bony tissue

complications, 235
coracoid transfer, 234
Hill-Sachs lesion, 232, 235
labrum repair, 231
risk factors, 232
treatment, 232, 233

incidence, 221
kinetic chain, 225
management, 221
nonoperative management, 222
pain and fear, 225
scapula control, 224
soft tissue, 233, 234
Stanmore classification, 223
strength, 224
treatment and duration, 225

Shrier’s Strategic Assessment of Risk and Risk Tolerance 
(StARRT), 268

Spontaneous osteonecrosis of the knee (SONK), 147, 
148

Standard operating procedures (SOP), 75
Stellate crease, 56
Stress fractures, 346
Stress radiography, 289
Superficial MCL (sMCL), 285
Superior capsule reconstruction (SCR), 311

Supra-acetabular fossa, 56
Suprascapular nerve

anatomy, 184
diagnosis, 185
geometry, 184
nonoperative treatment, 185
operative treatment, 185

Synovial folds, 58

T
Tendinosis, 205
Tendon transfers, 313, 315, 317, 318

for antero-superior irreparable cuff tears
latissimus dorsi transfer, 317
pectoralis major transfer, 315
pectoralis minor transfer, 317
reverse total shoulder arthroplasty, 318

for postero-superior irreparable cuff tears
latissimus dorsi transfer, 315
lower trapezius transfer, 315
teres major transfer, 315

Teres major transfer, 315
TFCC, see Triangular fibrocartilage complex (TFCC)
3D planned and printed osteotomy

bone models, 129
concept, 129
Implant selection, 136
posttraumatic deformity correction, 130
results, 136

Throwing athletes
complications, 211
GIRD, 202, 203
lateral collateral ligament, 207, 208
lateral elbow pain, 205–207
partial tears, of distal biceps, 208–210
proximal kinetic chain, 202
radiculopathy, 208
rehabilitation, 210
results, 211
throwing motion, 202
treatment, 211
upper extremity injuries, 201
upper limb, of rehabilitation, 215
valgus extension overload, 203–205

Tibial tubercle transfer, 304
Tibial tubercle-trochlear groove (TT-TG), 303
Tibial tuberosity, 165
Tibial tuberosity osteotomy (TTO), 160
Tibial tuberosity-trochlear groove (TT-TG), 156
Tillaux fractures, 16, 18, 27
Tönnis classification, 62
Total knee arthroplasty (TKA), 187, 323

causes, 323
instability after (see Knee instability)
UKA, 190

Total knee replacement (TKR), 137
Traumatic meniscus tears, 125
Triangular fibrocartilage complex (TFCC), 213
Trochlear dysplasia, 157, 165, 303, 305
Trochleoplasty, 160, 307

Index



361

U
Ultrasound (US), 209
Unicompartmental knee arthroplasty (UKA),  

187–190, 192
biological factors, 188–189
contraindications, 188
custom-made, 196
fixed-bearing, 194
HTO, 191
indications, 188
lateral compartment, 195
mechanical factors, 189–190
medial compartment fixed-bearing, 195
medial compartment mobile-bearing,  

194
mobile-bearing, 193
outcomes, 191
robotic surgery, 196
TKA, 190
treatment, 192

V
Valgus extension overload (VEO), 203

arthroscopic surgical techniques, 205
evaluation, 204
pathomechanics, 204
treatment, 204

W
Wrist injuries, 211

biomechanics, 211
ECU tendinopathy, 214
future research, 214
hamate fractures, 213
scapholunate and perilunate injuries, 212
TFCC lesions, 213

Z
Zona orbicularis (ZO), 58

Index


	Preface
	Acknowledgements
	Contents
	1: Advances in Treatment of Complex Knee Injuries
	1.1	 Introduction
	1.1.1	 Classification

	1.2	 State-of-the Art Treatment
	1.2.1	 Patient Demographics and Associated Injuries
	1.2.2	 Acute Treatment and Diagnostics
	1.2.2.1	 Acute Multiple-Ligament Knee Injuries Diagnostics
	1.2.2.2	 Treatment
	1.2.2.3	 Repair Versus Reconstruction
	1.2.2.4	 Timing of Surgery

	1.2.3	 Surgical Treatment Pearls
	1.2.3.1	 Avoiding Tunnel Convergence
	1.2.3.2	 Tensioning Sequence
	1.2.3.3	 Rehabilitation

	1.2.4	 Outcomes and Prevalence of Osteoarthritis After Knee Dislocation Surgery
	1.2.5	 Future Treatment Options
	1.2.6	 Take-Home Messages

	References

	2: “Small” Fractures Below the Knee: Do Not Miss—Do Not Mistreat!
	2.1	 Introduction
	2.1.1	 Maisonneuve Fracture [1–15]
	2.1.2	 Posterior Malleolus Fracture [16–21]
	2.1.3	 Tillaux Fracture [22–37]
	2.1.4	 Osteochondral Talar Fracture [38–47]
	2.1.5	 Lateral Talar Process Fracture [48–59]
	2.1.6	 Cedell Fracture [60–65]
	2.1.7	 Anterior Calcaneal Process Fracture [66–71]
	2.1.8	 Lisfranc Injury [72–82]

	2.2	 State-of-the-Art Treatment
	2.2.1	 Maisonneuve Fracture [1–15]
	2.2.2	 Posterior Malleolus Fracture [16–21]
	2.2.3	 Tillaux Fracture [22–37]
	2.2.4	 Osteochondral Talar Fracture [38–47]
	2.2.5	 Lateral Talar Process Fracture [48–59]
	2.2.6	 Cedell Fracture [60–65]
	2.2.7	 Anterior Calcaneal Process Fracture [66–71]
	2.2.8	 Lisfranc Avulsion Fracture [72–82]

	2.3	 Future Treatment Options
	2.4	 Take-Home Message
	References

	3: Meniscal Injuries: Management and Outcome
	3.1	 Introduction
	3.2	 State-of-the-Art Treatment
	3.2.1	 Meniscal Repairs and Return to Sport: Long-Term Outcomes
	3.2.1.1	 Patient Selection and Case Selection
	3.2.1.2	 The Procedure: Tips and Tricks
	3.2.1.3	 Isolated Meniscal Repairs Versus Repair with Ligament Reconstruction
	3.2.1.4	 Outcomes in the General Population and in Elite Athletes
	3.2.1.5	 Rehabilitation


	3.3	 Meniscal Resection: What Next?
	3.3.1	 What Happens to the Knee After Meniscectomy?

	3.4	 Why Augment the Meniscus?
	3.4.1	 How Does Meniscal Scaffold Work?
	3.4.2	 Who Should Have Meniscal Augmentation with Scaffold?
	3.4.3	 Technical Considerations
	3.4.4	 Results of Meniscal Scaffold Implantation

	3.5	 Meniscal Transplant
	3.5.1	 How Have We Got to Where We Are?
	3.5.2	 History of Meniscal Transplant
	3.5.3	 Patient Selection and Surgical Technique
	3.5.4	 Where Next for Meniscal Transplant?

	3.6	 What Does Success Look Like?
	3.6.1	 Defining Success
	3.6.2	 So What Should We Do?
	3.6.2.1	 Meniscal Scaffold
	3.6.2.2	 Meniscal Allograft Transplant

	3.6.3	 Meniscal Surgery Is Specialist Surgery of the Knee

	3.7	 Take-Home Message
	References

	4: Basic Concepts in Hip Arthroscopy
	4.1	 Introduction
	4.2	 State-of-the-Art Treatment
	4.2.1	 Good Indications for Hip Arthroscopy
	4.2.1.1	 Loose Body Removal
	4.2.1.2	 Septic Arthritis
	4.2.1.3	 Labral Tears
	4.2.1.4	 FAI
	4.2.1.5	 Extra-articular Disorders
	4.2.1.6	 Traumatic and Atraumatic Instability of the Hip
	4.2.1.7	 Arthroscopy in the Setting of Hip Arthroplasty
	4.2.1.8	 Relative Contraindications

	4.2.2	 How to Best Learn Hip Arthroscopy: Dealing with the Learning Curve
	4.2.2.1	 Simulation Training
	4.2.2.2	 Cadaveric Skills Training
	4.2.2.3	 Fellowship in Young Adult Hip Surgery
	4.2.2.4	 Mentored Practice During the Learning Curve
	4.2.2.5	 Complications and Learning Curve

	4.2.3	 How to Get Safely into the Joint: Position and Portals
	4.2.3.1	 Patient Positioning
	Supine Position
	Lateral Position

	4.2.3.2	 Hip Joint Access
	4.2.3.3	 Portals
	4.2.3.4	 Author’s Preferred Technique

	4.2.4	 Hip Arthroscopy Anatomy and Variations at Central and Peripheral Compartment
	4.2.4.1	 Central Compartment
	Acetabular Fossa
	Ligamentum Teres
	Fovea Capitis
	Labrum
	Physeal Scars
	Stellate Crease and Supra- acetabular Fossa

	4.2.4.2	 Peripheral Compartment
	Labrum
	Synovial Folds
	Capsule


	4.2.5	 How to Treat Cam Deformity: Tips and Tricks
	4.2.5.1	 Be Sure of the Diagnosis
	4.2.5.2	 Preoperative Planning
	4.2.5.3	 Setup
	4.2.5.4	 Portals
	4.2.5.5	 Capsulotomy
	4.2.5.6	 Step-by-Step Reshaping
	4.2.5.7	 Create a Smooth Head-Neck Transition
	4.2.5.8	 Be Sure that the Shape Is Correct
	4.2.5.9	 Be Prepared to Close the Capsule
	4.2.5.10	 Recovery and Rehabilitation

	4.2.6	 How to Manage a Chondro-Labral Lesion
	4.2.6.1	 Diagnosis
	4.2.6.2	 Classification
	4.2.6.3	 Approach for Treatment


	4.3	 Take-Home Message
	References

	5: Visualization and Anesthesia in Shoulder Arthroscopy: How to Overcome Bleeding and Poor Exposure
	5.1	 Introduction
	5.2	 State-of-the-Art Treatment
	5.2.1	 Technical Equipment
	5.2.1.1	 Fluid Management
	5.2.1.2	 Radiofrequency Devices


	5.3	 Patient Positioning
	5.4	 Surgical Technique
	5.5	 Anesthesia
	5.6	 Take-Home Message
	References

	6: Fast Track in TKA Surgery: Where Are We Now?
	6.1	 Introduction
	6.2	 State-of-the-Art Treatment
	6.2.1	 Patient Demographics: Are All Patients Eligible for Fast-Track Surgery?
	6.2.2	 Fast Track: The Organization Aspect and Reducing Length of Stay
	6.2.3	 Fast Track: Getting Rid of Arthroplasty Traditions

	6.3	 Future Treatment Options
	6.3.1	 Outpatient Joint Arthroplasty: A Bridge Too Far?

	6.4	 Take-Home Message
	References

	7: New Insights in Diagnosis and Treatment of Distal Biceps Pathology
	7.1	 Introduction
	7.1.1	 Anatomical and Biomechanical Aspects of the Distal Biceps Tendon
	7.1.2	 Possible Complications

	7.2	 State-of-the-Art Treatment
	7.2.1	 Partial Tears of the Distal Biceps: Workup and Treatment
	7.2.1.1	 Endoscopic Techniques

	7.2.2	 Single- or Double-Incision Technique
	7.2.2.1	 Fixation Techniques
	7.2.2.2	 Intramedullary Repair with Cortical Button


	7.3	 Future Treatment Directions
	7.3.1	 Rehabilitation After Distal Biceps Tendon Repair

	7.4	 Take Home Message
	References

	8: Osteotomies: The Surgical Details You Want to Know
	8.1	 Surgical Planning
	8.1.1	 Physical Examination
	8.1.2	 Radiological Deformity Analysis
	8.1.3	 Correlation of Physical Examination and Radiological Deformity Analysis
	8.1.4	 Definition of the Deformity and Aim of Correction
	8.1.5	 Planning of Deformity Correction
	8.1.6	 Hardware Selection
	8.1.7	 Description of Surgical Tactic

	8.2	 Ten Bullet Points for HTO and DFO
	8.2.1	 Medical History and Physical Exam
	8.2.2	 Diagnostics (Radiographs, CT, MRI)
	8.2.3	 Deformity Analysis and Planning Depending on the Location of the Deformity
	8.2.4	 Correction of the Frontal Plane: Biplanar HTO and DFO
	8.2.5	 Multiple Plane Corrections
	8.2.6	 Osteotomies Combined with Ligament Reconstructions, Patella Stabilization, and Cartilage Repair
	8.2.7	 Fixation Technique
	8.2.8	 Gap Filling and Additional Bone Support
	8.2.9	 Prevent and Deal with Complications
	8.2.10	 Rehabilitation Tailored to Osteotomy Technique and Strength of Fixation

	8.3	 Filling the Gap
	8.3.1	 Graft Options
	8.3.2	 Gap Size
	8.3.3	 Graft Versus No Graft Research
	8.3.4	 Future Treatment Options

	8.4	 Risks and Complications of Osteotomies Around the Knee
	8.5	 HTO vs Unicondylar Knee Prosthesis
	8.5.1	 Constitutional Deformity
	8.5.2	 Ligament Stability
	8.5.3	 Grade of Osteoarthritis and Indications

	References

	9: The Role of Arthroscopy in Ankle Instability Treatment
	9.1	 Introduction
	9.1.1	 Functional Anatomy and Biomechanics
	9.1.2	 Chronic Ankle Instability: Treatment Overview

	9.2	 State-of-the-Art Treatment
	9.2.1	 The Role of Arthroscopy in the Treatment of Ankle Instability
	9.2.1.1	 Anatomic Local Tissue Repair Techniques
	9.2.1.2	 Anatomic Reconstruction
	9.2.1.3	 Capsular Shrinkage


	9.3	 Future Treatment Options
	9.4	 Take-Home Messages
	References

	10: Combined Meniscus and Cartilage Lesions
	10.1	 Introduction
	10.2	 State-of-the-Art Treatment
	10.2.1	 Meniscus–Cartilage Unit
	10.2.2	 Hierarchy of Treatment
	10.2.2.1	 Alignment
	10.2.2.2	 Stability

	10.2.3	 Meniscus Treatment Depending on Adjacent Cartilage
	10.2.4	 State-of-the-Art-Treatment
	10.2.5	 Cartilage Treatment Depending on Adjacent Meniscus
	10.2.6	 Clinical Scenarios
	10.2.7	 Importance of Meniscus and Cartilage Function for Daily Activity and Sports
	10.2.8	 Future Treatment Options

	10.3	 Take-Home Message
	References

	11: Osteotomies: Advanced and Complex Techniques
	11.1	 3D Planned and Printed Patient Matched Osteotomy
	11.1.1	 Introduction
	11.1.2	 Method
	11.1.3	 Results
	11.1.4	 Conclusion

	11.2	 Minimally Invasive Osteotomies Around the Knee
	11.2.1	 Introduction/Historical Background
	11.2.2	 State-of-the-Art Treatment/Biomechanical Problems HTO and DFO
	11.2.3	 MIS Technique/Future Options
	11.2.4	 Take-Home Message

	11.3	 Intra-articular Osteotomies
	11.3.1	 Introduction/Historical Background
	11.3.2	 State-of-the-Art Treatment
	11.3.2.1	 Constitutional Deformities
	11.3.2.2	 Posttraumatic Intra-articular Deformities
	Intra-articular Osteotomy
	Osteochondral Grafting and Metaphyseal Osteotomy
	Intra-articular Osteotomy for Osteoarthritis of the Knee


	11.3.3	 Future Treatment Options
	11.3.4	 Take-Home Message

	11.4	 Osteotomies for the Cruciate Deficient Knee
	11.4.1	 Anatomy and Biomechanics of Slope
	11.4.2	 High Tibial Osteotomy for the ACL-Deficient Knee
	11.4.3	 Deflexion Osteotomy for ACL Without Coronal Adjustment (Dejour)
	11.4.4	 High Tibial Osteotomy for the PCL-Deficient Knee
	11.4.5	 Double and Triple Varus Knee
	11.4.6	 Take-Home Points

	11.5	 Simultaneous Bilateral High Tibial Osteotomy With Early Full Weight-Bearing Exercise
	11.5.1	 Postoperative Rehabilitation

	11.6	 Open Wedge High Tibial Osteotomy for Spontaneous Osteonecrosis of the Knee
	11.6.1	 Surgical Technique
	11.6.2	 Treatment for SONK

	References

	12: Patellofemoral Joint Instability: Where Are We in 2018?
	12.1	 Introduction
	12.1.1	 Clinical Examination
	12.1.2	 Radiologic Assessment

	12.2	 State-of-the-Art Treatment
	12.2.1	 Acute Patella Dislocation: Cast vs Early Immobilisation vs Surgery
	12.2.2	 Is MPFL Reconstruction the Procedure of Choice?
	12.2.3	 Which Bony Procedure?
	12.2.4	 Failed MPFL? What to Do Next?
	12.2.5	 Patella Instability: Management Summary
	12.2.5.1	 Nonoperative Management
	12.2.5.2	 Operative Management


	12.3	 Future Treatment Options
	12.4	 Take-Home Message
	References

	13: Extra-articular Shoulder Endoscopy: A Review of Techniques and Indications
	13.1	 Axillary Nerve and Musculocutaneous Nerve Anatomy After Latarjet Procedure
	13.1.1	 Introduction
	13.1.2	 Neuroanatomy Before and After Latarjet Procedure
	13.1.3	 Analysis of Complications
	13.1.4	 Discussion

	13.2	 Arthroscopic Suprapectoral Biceps Tenodesis
	13.2.1	 Introduction
	13.2.2	 Surgical Technique
	13.2.2.1	 Patient Position
	13.2.2.2	 Technique

	13.2.3	 Postoperative Care
	13.2.4	 Conclusion

	13.3	 Brachial Plexus Endoscopic Release
	13.3.1	 Technique
	13.3.1.1	 Installation
	13.3.1.2	 Endoscopic Portals (Fig. 13.16)
	Supraclavicular Portals
	Infraclavicular Portals

	13.3.1.3	 Supraclavicular Plexus and Interscalenic Triangle
	Suprascapular Nerve Release
	Interscalenic Space

	13.3.1.4	 Infraclavicular Brachial Plexus
	Exposition
	Retro-pectoralis Minor Space (Fig. 13.18)
	Costoclavicular Space (Fig. 13.19a, b)
	Retrocoracoid Approach (Fig. 13.20)


	13.3.2	 Clinical Presentations, Indications
	13.3.2.1	 NTOS
	13.3.2.2	 BP Exploration


	13.4	 Inferior to Shoulder-Arthroscopic Anatomy for Teres Major and Latissimus Dorsi Transfer
	13.5	 Decompression of Suprascapular Nerve at the Spinoglenoid and Suprascapular Notches
	13.5.1	 Introduction
	13.5.2	 Diagnosis
	13.5.3	 Treatment Options
	13.5.3.1	 Nonoperative Treatment
	13.5.3.2	 Operative Treatment


	References

	14: Unicompartmental Knee Arthroplasty
	14.1	 Introduction
	14.2	 Indications for UKA
	14.2.1	 Biological Factors
	14.2.1.1	 Age
	14.2.1.2	 Advanced Disease
	14.2.1.3	 Physical Activity
	14.2.1.4	 Obesity

	14.2.2	 Mechanical Factors
	14.2.2.1	 Anterior Cruciate Ligament Deficiency
	14.2.2.2	 Mediolateral Subluxation
	14.2.2.3	 Deformity and Restricted Range of Motion

	14.2.3	 Influence of Alternatives on UKA Indications
	14.2.3.1	 Total Knee Arthroplasty
	14.2.3.2	 High Tibial Osteotomy
	14.2.3.3	 Outcome of UKA and HTO Revision to TKA
	Summary of Indications



	14.3	 State-of-the-Art Treatment
	14.3.1	 Technical Aspects of Medial Compartment Mobile-Bearing UKA
	14.3.2	 Technical Aspects of Medial Compartment Fixed-Bearing UKA
	14.3.3	 Technical Aspects of Lateral Compartment UKA
	14.3.4	 Custom-Made UKA
	14.3.5	 Robotic Surgery

	14.4	 Future Treatment Options
	14.5	 Take-Home Message
	References

	15: Sports Injuries in Throwing Athletes
	15.1	 Introduction
	15.2	 GIRD Phenomena in Throwing Athletes and the Impact on Elbow
	15.2.1	 Literature Overview
	15.2.2	 Take-Home Message

	15.3	 Valgus Extension Overload of the Elbow
	15.3.1	 Pathomechanics
	15.3.2	 Examination
	15.3.3	 Treatment
	15.3.4	 Take-Home Message

	15.4	 Lateral Elbow Pain in Athletes
	15.4.1	 Lateral Epicondylitis
	15.4.1.1	 Pathophysiology and Anatomy
	15.4.1.2	 Management

	15.4.2	 Radial Tunnel Syndrome
	15.4.2.1	 Pathophysiology and Anatomy
	15.4.2.2	 Diagnosis
	15.4.2.3	 Management

	15.4.3	 Lateral Collateral Ligament Injuries
	15.4.3.1	 Diagnosis
	15.4.3.2	 Management

	15.4.4	 Radiculopathy

	15.5	 Partial Tears of the Distal Biceps
	15.5.1	 Clinical Findings
	15.5.2	 Imaging
	15.5.3	 Management
	15.5.3.1	 Endoscopic Techniques
	15.5.3.2	 Open Techniques

	15.5.4	 Rehabilitation
	15.5.5	 Results
	15.5.6	 Complications
	15.5.7	 Future Treatment Options

	15.6	 Wrist Injuries in the Overhead Athletes
	15.6.1	 Biomechanics
	15.6.2	 Scapholunate and Perilunate Injuries
	15.6.3	 Hamate Fractures
	15.6.4	 TFCC Lesions
	15.6.5	 ECU Tendinopathy
	15.6.6	 Future Directions
	15.6.7	 Take-Home Message

	15.7	 Rehabilitation of Upper Limb in the Overhead Athlete
	15.7.1	 General Rehabilitation Guidelines For Elbow Injuries
	15.7.1.1	 Phase 1: Immediate Motion
	15.7.1.2	 Phase 2: Intermediate
	15.7.1.3	 Phase 3: Advanced Strengthening
	15.7.1.4	 Phase 4: Return to Activity

	15.7.2	 General Rehabilitation Guidelines For Shoulder Injuries
	15.7.3	 Take-Home Message

	References

	16: Decision-Making in Anterior Shoulder Instability
	16.1	 Introduction
	16.2	 The Indication for Surgical Treatment: How Long and How Should We Treat our Patients Nonoperatively?
	16.2.1	 Strength
	16.2.2	 Scapula Control
	16.2.3	 Kinetic Chain
	16.2.4	 Pain and Fear
	16.2.5	 Treatment and Duration
	16.2.6	 Discussion
	16.2.7	 Take-Home Messages

	16.3	 Surgical or Conservative Treatment for First-Time Dislocations in High-Level Athletes?
	16.3.1	 Introduction
	16.3.2	 State-of-the-Art Treatment
	16.3.3	 Future Treatment Options
	16.3.4	 Take-Home Messages

	16.4	 Bankart Versus Latarjet in Patients with Small or No (Glenoid and Humeral Head) Bone Loss
	16.4.1	 Introduction
	16.4.2	 State-of-the-Art Treatment
	16.4.3	 Future Treatment Options
	16.4.4	 Take-Home Messages

	16.5	 Which Way to Go When Deciding Between Bony and Soft Tissue Procedure?
	16.5.1	 Introduction
	16.5.2	 State-of-the-Art Treatment
	16.5.3	 Future Treatment Options
	16.5.4	 Take-Home Messages

	16.6	 Soft Issue or Bony Procedure for Recurrences?
	16.6.1	 Introduction
	16.6.2	 Revision Soft Tissue Repair
	16.6.3	 Bony Procedures

	16.7	 Discussion
	References

	17: Pediatric ACL Injuries: Treatment and Challenges
	17.1	 Introduction (Lars Engebretsen)
	17.2	 State-of-the-Art Treatment
	17.2.1	 Pediatric ACL Treatment Algorithms (Håvard Moksnes)
	17.2.2	 Surgical Treatment Options in ACL Surgery with Open Physes (Romain Seil)
	17.2.3	 Clinical Outcome in Pediatric ACL Reconstruction (Peter Faunø)
	17.2.3.1	 Clinical Outcome
	17.2.3.2	 Growth Disturbances
	17.2.3.3	 Concomitant Injuries
	17.2.3.4	 Summary

	17.2.4	 Patient-Reported Outcome Measures (PROMs) in Children with ACL Injury (Rob Janssen)
	17.2.4.1	 Pedi-IKDC
	17.2.4.2	 KOOS-Child
	17.2.4.3	 CHQ
	17.2.4.4	 Conclusion


	17.3	 Future Treatment
	17.3.1	 The Bridge-Enhanced ACL Repair (BEAR) Technique (Martha Murray)
	17.3.2	 The Future (Martin Lind)

	17.4	 Take-Home Messages
	References

	18: Return to Play Following Achilles Tendon Rupture
	18.1	 Introduction
	18.2	 Consequences of Rupture
	18.3	 The Achilles Tendon Has Been Ruptured: What Are the Management Options?
	18.4	 Management Decision-�Making Process
	18.5	 Outcome in Elite Athletes and Professional Sportsmen
	18.6	 State-of-the-Art-Treatment
	18.7	 Future Treatment Options
	18.8	 Post-Operative Care and Rehabilitation Following Achilles Tendon Rupture
	18.8.1	 Controlled Motion
	18.8.2	 Early Recovery
	18.8.3	 Late Recovery

	18.9	 What Is a Successful Return to Play?
	18.10	 How Can the Practitioner Best Monitor Abilities?
	18.11	 Use the Working Knowledge of the Athlete
	18.12	 Take-Home Message
	References

	19: Management of Less Frequent and Multi-ligament Knee Injuries
	19.1	 Isolated PCL Injury
	19.1.1	 Introduction
	19.1.2	 Biomechanics
	19.1.3	 Proprioception
	19.1.4	 History
	19.1.5	 Examination
	19.1.6	 Radiological Diagnostics
	19.1.7	 State-of-the-Art Treatment
	19.1.8	 Take-Home Message

	19.2	 PCL Reconstruction: Technical Aspects
	19.2.1	 Introduction
	19.2.2	 Patterns of Injury and Diagnosis
	19.2.3	 PCL Reconstruction
	19.2.4	 Technical Aspects of Reconstruction
	19.2.5	 Technical Tips and Pearls
	19.2.5.1	 Future Treatment
	19.2.5.2	 Take-Home Message


	19.3	 Posterolateral Corner Injuries and Management
	19.3.1	 Introduction
	19.3.2	 Diagnosis
	19.3.2.1	 State-of-the-Art Treatment
	19.3.2.2	 Future Treatment Options
	19.3.2.3	 Take-Home Message


	19.4	 MCL Injuries and Management
	19.4.1	 Introduction
	19.4.1.1	 Functional Anatomy and Biomechanics of the Medial Side of the Knee
	19.4.1.2	 Clinical Evaluation
	19.4.1.3	 Imaging of Medial-Sided Injury
	19.4.1.4	 State-of-the-Art Treatment
	Treatment of MCL Injuries
	Combined ACL and MCL Injuries
	Combined MCL and PCL Injuries
	Indications for Acute MCL Repair


	19.4.2	 Posteromedial Corner Reconstruction
	19.4.2.1	 Tenodesis Procedures

	19.4.3	 Free Allograft/Autograft Procedures
	19.4.3.1	 Take-Home Message


	19.5	 Graft Selection in Multi-ligament Knee Injuries
	19.5.1	 Introduction
	19.5.2	 State-of-the-Art Treatment
	19.5.2.1	 Autograft
	19.5.2.2	 Allografts
	19.5.2.3	 Future Treatment Options
	19.5.2.4	 Take-Home Messages


	References

	20: How to Operatively Stabilize the Patella
	20.1	 Introduction
	20.2	 Congenital and Biomechanical Causes of Patella Instability
	20.2.1	 Congenital Aspects
	20.2.2	 Biomechanical Aspects

	20.3	 Clinical Relevance and State-of-the-Art Treatment
	20.3.1	 MPFL Reconstruction: Novel Insights
	20.3.2	 MPFL in the Young Patient
	20.3.3	 Tibial Tubercle Transfer: Is It Still Indicated?
	20.3.4	 Trochleoplasty for Patellar Instability

	20.4	 Future Directions
	20.5	 Take-Home Message
	References

	21: Massive Retracted Rotator Cuff Tear: Treatment Options
	21.1	 Introduction
	21.2	 State-of-the-Art Treatment
	21.2.1	 Scaffold Augmentation
	21.2.2	 Superior Capsule Reconstruction
	21.2.3	 Biodegradable Subacromial Spacer
	21.2.4	 Tendon Transfers
	21.2.5	 Tendon Transfers for Postero-superior Irreparable Cuff Tears
	21.2.5.1	 Latissimus Dorsi Transfer
	21.2.5.2	 Teres Major Transfer
	21.2.5.3	 Lower Trapezius Transfer

	21.2.6	 Tendon Transfers for Antero-superior Irreparable Cuff Tears
	21.2.6.1	 Pectoralis Major Transfer
	21.2.6.2	 Pectoralis Minor Transfer
	21.2.6.3	 Latissimus Dorsi Transfer

	21.2.7	 Reverse Total Shoulder Arthroplasty

	21.3	 Future Treatment Options
	21.4	 Take-Home Message
	References

	22: Instability After Total Knee Arthroplasty
	22.1	 Introduction
	22.2	 Patients at Risk for Instability After TKA
	22.2.1	 Medical Conditions
	22.2.2	 Anatomic Considerations
	22.2.3	 Function

	22.3	 How to Avoid Instability After TKA?
	22.4	 Diagnostic Algorithm
	22.4.1	 Patient’s History
	22.4.2	 Clinical Examination
	22.4.3	 Radiological Evaluation
	22.4.4	 Laboratory Tests

	22.5	 Classification of Instability after TKA
	22.5.1	 Time Point
	22.5.2	 Plane of Instability
	22.5.3	 Anatomical Site
	22.5.4	 Flexion and Extension Gap (Fig. 22.9)
	22.5.5	 Suboptimal TKA Component Position
	22.5.6	 Isolated Ligament Insufficiency
	22.5.7	 Extensor Mechanism-Related Instability
	22.5.8	 Loosening of Components
	22.5.9	 Global Instability

	22.6	 Treatment of Instability
	22.6.1	 Isolated Polyethylene Exchange
	22.6.2	 Single-Component Revision
	22.6.3	 Complete Revision of TKA Components
	22.6.4	 Revision TKA with  a Hinged System

	22.7	 Take-Home Message
	References

	23: Dance Orthopaedics, Ballet Injuries and When to Perform Surgical Treatment
	23.1	 Introduction
	23.1.1	 The Technical and Physical Demands of Ballet
	23.1.2	 Dance Injury Incidence

	23.2	 Injury of the Lower Extremity in Ballet
	23.2.1	 Foot and Ankle Injuries
	23.2.2	 Knee Injuries
	23.2.3	 Hip Injuries

	23.3	 State-of-the-Art Treatment
	23.3.1	 Foot and Ankle Injury Treatment
	23.3.2	 Knee Injury Treatment
	23.3.3	 Hip Injury Treatment

	23.4	 Future Treatment Options
	23.5	 Take-Home Message
	References

	Erratum to: Decision-Making in Anterior Shoulder Instability
	Index

