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Dear all,

As you know, unfortunately the COVID-19 pandemic forced ESSKA to 
reschedule the  Milan congress for May 2021.  However, the production of 
this book started in 2019 with a very tight schedule in mind, in order to have 
it published for May 2020. When we were asked to approve the opening pages 
of the book, we decided to leave the below preface unchanged, as a testimony 
to the efforts made by all parties involved to meet the original congress 
deadline. 

 The volume editors

Dear readers, Dear ESSKA Members, Dear ESSKA Congress participants,
Milan 2020! The biannual meeting is a special edition with an outstanding 

program.
As a tradition we worked on delivering an ICL book to give you the flavor 

of the meeting and the best update on hot topics in the field of orthopedic, 
arthroscopy, sports, and science.

This edition will be special because we faced some terrific deadlines in 
terms of book production. All our ICL chairs who worked hard for you to 
make the best of the best ICL were given a very short time to collect, resume, 
and write one chapter for each ICL.  It is a huge effort and investment to 
accept to chair an ICL; it is an even bigger investment in terms of time and 
energy to collect the material of their invited speakers and re-write a chapter 
following the rules and guidelines of a scientific book published by one of the 
best publishers in the medicine world (Springer).

Everybody tried to do the best, but the material that we received exceeded 
1000 pages! This shows how ESSKA and especially the people who make 
ESSKA great were involved in their task.

Unfortunately, publishing a book of more than 1000 pages was impossible 
in terms of time, organization, and funding. We had to make a choice—hav-
ing no book and upset many of you including authors or having a memory of 
our meeting and ICL sessions by making a selection from the number of 
articles we received. Of course, nothing was perfect, but the second option is 
what we decided upon. We know that it will give you only a part of the Milan 
2020 Show, but it is yet a very good book for you to read.

Preface
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You will find in it all the different aspects and pathology treatments; it will 
be definitely a very good help in your practice in 2020.

Take the time to go through the following chapters, and for the topic you can-
not find in this book, we invite you to go to the ESSKA Academy, our online 
educational platform, where all material is available: https://academy.esska.org.

We would like to thank the faculty for their involvement and work to give 
you the best.

Bruderholz, Basel Land, Switzerland Michael Tobias Hirschmann 
Milan, Italy  Elizaveta Kon 
Gothenburg, Sweden  Kristian Samuelsson 
Milan, Italy  Matteo Denti 
Lyon, France  David Dejour  
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Meniscus Allografts: How 
to Improve Clinical Results, Limit 
Chondral Degeneration?

Nicolas Pujol, Lukasz Lipinski, 
and Seong Hwan Kim

1.1  Introduction

Meniscus injury is the most frequent injury of the 
knee. Despite the increasing knowledge of the 
meniscus pathology and the importance of repair-
ing repairable lesions, meniscectomy is still a 
way of treatment in symptomatic knee [1]. 
Meniscus allograft transplantation (MAT) is a 
favorable option in patients with a painful knee 
after a meniscectomy. It provides good improve-
ments in function and symptoms [2].

Several techniques of meniscal transplantation 
have been reported. Most frequent used techniques 
are soft tissue fixation and bone plug fixation. 
Bone plug technique is technically demanding.

Soft tissue fixation leads to more extrusion 
when compared to bone block techniques, even if 
there is no clinical relevance [3].

There are a lot of data in the literature about 
the early extrusion of meniscal allografts [4–7]. 
This extrusion may worsen the chondral degen-
eration and might be responsible of failures and 
reoperations in the midterm.

We present a novel technique of soft tissue 
allograft meniscal transplantation with a double 
anterior anchorage involving a tenodesis of the 
intermeniscal ligament of the allograft in addi-
tion to the fixation of the anterior root. This tech-
nique is less complex than bone plug methods, it 
is less invasive but still provides stable and secure 
graft fixation. It will help surgeons to improve 
clinical results and to limit secondary extrusion.

1.2  Surgical Indications 
(Table 1.1)

The ideal indication for MAT is a young, nonobese 
patient with a history of prior meniscectomy, 
almost neutral alignment and no severe cartilage 

N. Pujol (*) 
Department of Orthopedic Surgery, Centre 
Hospitalier de Versailles, Le Chesnay, France
e-mail: npujol@ch-versailles.fr 

L. Lipinski 
Department of Orthopedic Surgery, Centre 
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Department of Orthopedic Surgery, Chung-Ang 
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1

Table 1.1 Indications of MAT

Indications:
Age: between 20 and 50 years old
BMI < 30
Intact ACL or ACL reconstruction
Symptomatic post meniscectomy syndrome
Cartilage lesions: Outerbridge classification  
less than 2 or 3
Kellgren–Lawrence grade I-II on radiographs
Favorable alignment (i.e., no valgus >3° for a lateral 
transplant, no varus >3° for a medial transplant) of the knee

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61264-4_1&domain=pdf
mailto:npujol@ch-versailles.fr
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damage. ACL reconstruction is difficult to perform 
using a bone bridge for lateral meniscal transplan-
tation due to the position of the tibial tunnel.

The classic contraindications for isolated 
meniscal allograft transplantation include 
malalignment and Outerbridge IV changes. There 
is little high-level evidence in the literature to 
guide treatment for combined lesions involving 
ACL, meniscus, malalignment, and cartilage.

Other potential contraindications to meniscal 
allograft transplantation include open physes, 
previous infection, and inflammatory 
arthropathy.

1.3  Meniscal Extrusion 
of Allografts

Numerous publications studying meniscus extru-
sion following MAT have been published [8–10]. 
Noyes and Barber-Westin [11] performed a sys-
tematic review of this literature to determine the 
incidence and clinical significance of meniscus 
extrusion following MAT. They found no signif-
icant association between extrusion and patient 
reported outcomes in the short term. In the long 
term, there is no data but results would be differ-
ent. Extrusion of the native meniscus has a high 
association with the development of osteoarthri-
tis. Therefore, extrusion following MAT may 

result in graft failure and the early development 
of osteoarthritis as well. So one of the goals of 
the technical improvements in MAT should be 
to decrease graft extrusion. Mid-body fixation 
of MAT to the tibia doesn’t prevent extrusion 
under loading conditions [12]. Soft tissue fixa-
tion leads to a higher level of meniscal extrusion 
when compared to bone block fixation technique 
[3]. Bone block fixation keyhole technique may 
lead to greater extrusion when the keyhole tun-
nel is not perfectly placed in the axial plane 
[6]. So there is a need of additional technical 
improvements.

1.4  The Intermeniscal  
Ligament (IML)

The intermeniscal ligament is present in 54–94% 
of knees [13]. Nelson and LaPrade distinguished 
III types of anatomic variants of this ligament 
with I type being most frequent one [14]. It con-
nects anterior horns of medial and lateral menis-
cus, preventing from excessive extrusion during 
knee flexion [15].

Potential positive effect of anterior inter-
meniscal ligament on meniscal allograft fixation 
and preventing extrusion has been neglected. We 
believe that it could increase stability if the MAT 
and prevent early extrusion (Fig. 1.1).

a b

Fig. 1.1 Anatomic description of the ability of the IML to limit extrusion (a) under tension, (b) without tension

N. Pujol et al.
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1.5  Preferred Surgical Technique

1.5.1  Knee Position

Patients under general anesthesia are positioned 
supine on a standard operating table.

The procedure commences with a diagnostic 
arthroscopy to evaluate the chondral surfaces to 
reconfirm that the patient is a candidate for 
meniscal allograft transplantation according to 
the aforementioned indications.

The medial portal is initially created so as to 
align the lateral portal with visualization over 
the anterior horn attachment site. On the medial 
side, superficial medial collateral ligament is 
released with a pie-crusting technique for better 
visualization of medial compartment [16]. 
Debridement of the meniscal remnant is carried 
out minimally to the peripheral capsule and a 
tuft of capsular attachment of meniscus is left to 
provide a reference for anchoring of the trans-
plant, as well as provide some tissue to sew into 
peripherally.

The peripheral rim of the tibial plateau is 
abraded with a shaver or a 4 mm motorized burr, 
using the same principles of the glenoid prepara-
tion for Bankart repair. All osteophytes are 
removed [17].

1.5.2  Tibial Tunnel Preparation

Posterior root attachment is previously marked 
with a radiofrequency device.

Using an ACL tip guide, a 0.62 mm Kirschner 
wire is drilled to a position that would correspond 
to the posterior margin of the posterior root of the 
meniscus. The tunnel is overdrilled with a 4.5 mm 
reamer. A suture is pulled out by the tunnel.

1.5.3  Graft Preparation

Fresh-frozen grafts are being used in all cases and 
graft size is being determined by preoperative 
planning after proper measuring sagittal, coronal, 
and transverse planes on X-ray, CT, and MRI 
scans. Careful inspection of the graft is performed 
in terms of lesions and degeneration. Sterile 

marker is used to determine anterior to posterior 
orientation as well as estimated areas of sutures 
insertions. No 2 FiberWire® (Arthrex, Naples, FL, 
USA) is being used to anchor posterior root with 
several baseball stitches. No 2 TigerWire® 
(Arthrex, Naples, FL, USA) is being used to 
anchor anterior root in the same manner. The 
anterior aspect of the MAT is carefully dissected 
to determine the insertion of intermeniscal liga-
ment (Fig. 1.2). Intermeniscal ligament remnant 
is secured with baseball stich with No 2 
FiberWire®.

The graft is being inserted into the joint by 
pulling suture through the previously prepared 
medial or lateral portal. When MAT is in place 
the posterior root pulling suture is secured tem-
porarily with a clamp. Probe is used to allow 
smooth localization of the graft. MAT is sutured 
from posterior to anterior with Fastfix 360® 
(Smith and Nephew, UK) using combination of 
horizontal and perpendicular sutures located 
alternatively on the superior side or on the infe-
rior side of the transplant. The anterior root is 
fixed with a SwiveLock® 4.75  mm (Arthrex, 
Naples, FL). The remnant of the intermeniscal 
ligament is fixed by using a SwiveLock® 4.75 mm 
near the anatomic insertion to anterior root of the 
native meniscus (Fig. 1.3). Posterior root pulling 
suture is secured to the tibia with a cortical button 
with the knee placed near full extension for a 
medial meniscus and in 70° of flexion for a lat-
eral meniscus. Final inspection is performed to 
confirm proper graft position and tension on the 
whole meniscus.

Fig. 1.2 Dissection of the IML of the allograft

1 Meniscus Allografts: How to Improve Clinical Results, Limit Chondral Degeneration?
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Fig. 1.3 Arthroscopic aspect of the two anterior 
fixations (example of a medial meniscus, left knee)

Fig. 1.4 MRI scans showing MAT with preservation of IML at 1 year

1.6  Conclusion

The purpose of this Technical Article was to 
describe a novel technique of arthroscopic soft 
tissue MAT with additional anterior fixation of 
the intermeniscal ligament. We performed this 
technique for more than 5 years. Mid-term results 
are encouraging (clinically and with MRI con-
trols, Fig.  1.4). Previous soft tissue outcomes 
show less encouraging outcome in term of extru-
sion. This should be a way of research in order to 
improve our results and if possible decrease the 
rate of young patients knees converted into total 
knee replacements.
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First-Time Patellar Dislocation:  
A Modern Treatment Strategy

Patellar Height as a Factor

M. Berruto and D. Tradati

Patellar height is one of the most important pri-
mary factors in patellar instability. At the time of 
the first patellar dislocation x-rays evaluation is 
performed in the majority of the cases, therefore 
patellar height assessment is largely feasible in 
daily practice. The evolving knowledge in 
patello-femoral instability mechanisms led to the 
introduction of further methods to characterize 
more precisely patellar height, including the use 
of other imaging sources like CT-scan and MRI. 
The importance of this parameter relies on the 
fact that patients with pathological patellar height 
could present an inadequate engagement of the 
patella with the femoral trochlea thus leading to 
an increased risk of dislocation.

Dejour and Walch [1] reported an incidence of 
abnormal patellar height in 24% of patients with 
primary lateral patellar dislocation (LPD) while 
only 3% in controls. Higher values were reported 
by Askenberger et al. [2] considering a population 
of 103 children under 14 years of age who under-
went LPD and a control population of 69 patients. 
Patella alta was reported in 76% of the LDP 
patients and in 36% of the control group. Similarly 
Arendt et al. [3] reported an incidence of patella 

alta equal to 54%, analyzing a mixed population 
of 157 patients who underwent primary LPD.

Lower data were reported by Christensen 
et al. [4] in a cohort study including 584 patients 
with LPD and a mean age of 21.5  years. Only 
14.6% of them had radiographic evidence of 
patella alta.

The variability of these data could be heavily 
affected by the age of the selected population. 
Patellar height measurements were initially devel-
oped on adult’s knees. Since the patella ossifica-
tion proceeds from proximal to distal and both the 
tibial and tibial tubercle profile could be not fully 
recognized, therefore higher patellar height val-
ues could be observed considering a younger 
population in comparison to a mixed one.

The most common methods in order to evalu-
ate patellar height, based on plain X-rays, are 
represented by the Insall-Salvati Index (ISI) [5] 
and the Caton-Deschamps Index (CDI) [6].

The ISI represents the ratio between the length 
of the patellar tendon from the lower pole of the 
patella to its tibial insertion and the greatest pole- 
to- pole distance of the patella on a sagittal view.

The CDI is defined as the ratio between the 
distance from the antero-superior angle of the 
tibia to the lower edge of the joint surface of the 
patella and the length of the patellar joint surface. 
Patella alta is defined in the presence of a ISI 
greater than 1.2 or a CDI greater than 1.2.

Since the introduction of the MRI and CT, 
many authors tried to adapt these indexes to both 
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the methods. Current data seem to support the 
good correlation between these techniques, nev-
ertheless a mean patellar height overestimation of 
+0.1 should be assumed for both the MRI and CT 
methods [7, 8].

Both ISI and CDI represent good and reliable 
too for patellar height assessment, nevertheless 
they lack information to describe the relationship 
between trochlea and patella.

Some subjects could present patella alta with-
out experiencing instability due to the increased 
trochlear length improving the patellofemoral 
engagement. Conversely, other patients with non- 
pathological patellar height values could report 
patellar instability due to a short trochlea or a 
small patellar articular surface leading to an inad-
equate engagement. In order to overcome this 
problem, Biedert and Albrecht proposed a new 
method based on the MRI, the Patello-Trochlear 
Index (PTI) [9].

The PTI is defined as the ratio between articu-
lar cartilage of the patella and trochlear cartilage. 
The reference slice used to measure this index is 
represented by the one including the maximal 
patellar length and the cutoff values range from 
0.125 to 0.28.

Nevertheless this technique could be unreli-
able in cases of patella instability, in which 
patella may be positioned more laterally than the 
center of the trochlea therefore lying on a differ-
ent sagittal plane. In order to overcome this limi-
tation, Dejour et  al. [10] proposed the 
measurement of the Sagittal Patellofemoral 
Engagement (SPE), using two different slices for 
both the patellar and trochlear references.

The use of both PTI and SPE are not yet 
commonly spread therefore there are missing 
data in literature in order to consider them as 
standard tools in the assessment of patellar 
redislocation risk. Conversely, both CDI and ISI 
have been objects of many studies in literature 
in order to predict the risk of further 
dislocations.

Arendt et al. [11] reported a predicted proba-
bility of redislocation equal to 15.6% in patients 
with isolated patella alta, rising to 42.8–47.3% 
when in combination to open-growth-plate or 
sulcus angle >154° and equal to 78.5% when 

concomitant to both of them. The adjusted odds 
ratios for redislocation in patients with patellar 
alta was estimated in 3.00 (1.34–6.70).

According to these data, Christensen et al. [4] 
reported in patients with radiographic evidence 
of patella alta a 10.4-fold increased risk of new 
patellar dislocation and 8.9-fold increased risk of 
contralateral patellar dislocation. Moreover, time 
to recurrence was significantly decreased in 
patients with patella alta (16.4  months). 
Overlapping data regarding LDP reoccurrence 
were reported by Zhang et al. [12] using the MRI 
to determine patellar height (OR: 8.4).

Nevertheless there is no complete agreement 
in literature over this topic and some author 
reported no effect of patellar height over the risk 
of LPD reoccurrence. Population age and mea-
surement techniques could highly impact the 
result of these studies and the comparison 
between them could be hardly managed.

The current data seem to suggest that patel-
lar height could be a useful tool in predicting 
the risk of new patellar dislocation when asso-
ciated to other factors of patellar instability, 
conversely should not be considered alone 
since it could be a normal variant of the knee 
anatomy.
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Operative Techniques:  
Kinematic Alignment

Max Ettinger and Tilman Calliess

3.1  Introduction

Over the last years, the dogma of mechanical 
alignment (MA) was fading. With aligning the 
femoral and tibial component perpendicular to 
the mechanical axis in the coronal plane, long- 
term survivorship and the restoration of the 
patient’s function was supposed to be superior 
compared to outliers beyond ±3° to the mechani-
cal axis. Correcting the natural anatomy to neu-
tral means to adapt the soft tissue envelop with 
the risk of instability and paradoxical kinematics, 
is referred to be a major reason for revision sur-
gery. This might be a major reason why up to 
25% of patients are dissatisfied with their TKA 
and 10% need revision within the first 10 years 
[1, 2]. Further, the natural constitution of the gen-
eral population is not neutral [3], thus the correc-
tion of the limb to the mechanical axis requires 
several balancing steps [4].

Kinematic alignment (KA) recently emerged 
as a potential alternative. The biomechanical 
rationale for KA is based on Hollister’s findings 
about the axes of rotation of the knee [5], as well 
as Eckoff’s findings about the three-dimensional 

morphology and kinematics of the distal part of 
the femur [6]. Their findings indicate, that three 
kinematic axes are defined: (1) The primary 
flexion- and-extension axis about which the tibia 
flexes and extends is located in the distal femur 
condyles and defined by the shapes of those. 
Moreover, the axis is geometrically defined by 
the axis of a cylinder aligned to the articular sur-
face of the distal and dorsal condyle. (2) The axis 
where the tibia internally and externally rotates is 
defined to be perpendicular to axis number one 
(femoral-tibial flexion-extension axis). Logically, 
the actual position of the tibia rotation axis is 
dynamic throughout the range of motion. This is 
mandatory in order to get femoral rollback and 
tibial pivoting. These findings are in line with 
biomechanical in  vivo studies showing that the 
position of this tibial rotation axis is depending 
on different motor tasks and loading conditions 
[7, 8]. (3) The third axis is the axis about which 
the patella rotates. This axis is defined to be par-
allel to the primary femur axis and located ante-
rior and proximal to it. Overall, the knee motion 
is defined by the femoral surface anatomy and 
guided by the soft tissue. In particular, the roll-
back of the femur and the rotation kinematics are 
driven by the soft tissue envelop.

Based on the biomechanical rationale, the 
concept of kinematic alignment is to restore the 
constitutional (healthy/pre-arthritic) anatomy 
and the physiological joint line orientation with 
the implant. This is done by aligning the 
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 prosthetic components with respect to the shape 
of the distal and dorsal femur. Therewith the flex-
ion radius of the femoral prosthetic component is 
co- aligned to the physiological primary flexion- 
extension axis of the knee, enabling the restora-
tion of the isometric stability of the medial 
compartment. The reconstruction of the flexion- 
extension axis automatically co-aligns the troch-
lea radius to the patella-rotation axis, as it is 
parallel. As mentioned before, aligning the tibia 
component with respect to the femur (parallel) 
also restores the perpendicular tibia rotation axis.

A key part of the KA concept is, that the pre- 
arthritic joint surface of the individual patient is 
the desired situation, which is to be reconstructed. 
Thus, the individual wear situation has to be ana-
lyzed in order to calculate the pre-arthritic situa-
tion and to restore it with the prosthetic 
components as close as possible.

With aligning the components parallel to the 
natural joint line orientation, this technique pro-
vides a more anatomic position of the implant, 
leading to no- or less-balancing steps [9]. Up to 
date, six randomized controlled trials (RCTs) 
compare KA versus MA with a follow up 
between 12 and 24 months [10–16]. Out of these 
six RCTs, two reported equality between KA 
and MA, whereas four studies are in favor of 
KA. The potential benefit of KA is concluded to 
the ability of a more central weight bearing in 
the knee during gait, combined with the ability 
to stand more parallel to the floor [16], as well as 
better pain relief and an increased range of 
motion (ROM).

3.2  Surgical Techniques

General: The primary goal in KA is to reproduce 
the physiological (natural/pre-arthritic) joint line 
surface of the distal and posterior femur in the 
first place. Thus a “true measured resection tech-
nique” is mandatory, in order to exactly resect the 
amount of bone and cartilage that is replaced by 
the implant thickness. The key issue is to take the 
wear that is present into account aiming for the 
pre-arthritic surface and to compensate for it dur-
ing surgery. Several studies report data concern-
ing the average cartilage thickness and typical 
wear patterns in knee osteoarthritis [17, 18], as 
well as the elasticity of the cartilage and menis-
cus by about 20–25% of the volume [19]. Both, 
thickness and elasticity have to be taken into 
account within the process of wear calculation, as 
the prosthetic implant shows no elasticity at all.

Based on this consideration, 2 mm have been 
established as a good average estimation for 
complete cartilage wear.

3.3  Manual Technique

After calculating the wear, it is compensated by 
the use of spacer blocks of 2  mm thickness 
adjusted to the distal cut. Different variants of the 
block are available in order to compensate for 
different wear patterns (Fig. 3.1).

The orientation of the distal cut is aligned to 
the physiological joint line orientation instead of 
the mechanical axis (Fig.  3.2). The femoral 

Fig. 3.1 Three different blocks are available in order to compensate for different wear patterns at the distal femur. 
Worn/unworn for isolated medial/lateral wear and worn/worn for complete wear medial and lateral

M. Ettinger and T. Calliess
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rotation is aligned to the posterior condylar line 
at 0° external rotation. In the concept of true mea-
sured resection, a strict posterior referencing for 
the component position and sizing is mandatory 
(Fig. 3.3).

Therewith already four of six degrees of free-
dom to position the femoral component are 
defined. The only two parameters left are about 
the mediolateral alignment of the component 
(which is of minor biomechanical impact), and 
the femoral flexion. The femoral flexion should be 
orientated with respect to the physiological flex-
ion of the distal femur (distal ¼) as this influences 
patella tracking and sizing of the component [20]. 
To achieve that, an intramedullary alignment with 
respect to the distal portion of the femur has been 
described as a reliable technique [21]. In the stan-
dard technique a 10-cm-long intramedullary rod 
is inserted through a centered entrance hole a.p. 
and m.l. wise to set the femoral flexion (Fig. 3.4).

The resection height of every cut is measured 
using a caliper. The saw blade thickness is also 
taken into account, so that the typical resection is 
about 7 mm with no wear present and 5 mm with 
complete cartilage abrasion (for an 8 mm femoral 
component) (Fig. 3.5).

Fig. 3.2 The distal resection follows the natural valgus 
angle of the distal femur after compensating for the wear. 
This shows a worn side medial and an unworn lateral side

Fig. 3.3 The rotation is set to 0° with respect to the pos-
terior condylar line after compensating for potential pos-
terior wear. This is done in order to reconstruct the natural 
flexion-extension axis of the knee

Fig. 3.4 A centered entrance hole a.p. and m.l. wise 
aligns the flexion of the femoral with respect to the anat-
omy of the distal femur

3 Operative Techniques: Kinematic Alignment
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The tibia cut now follows the femur with the 
aim to produce a symmetrically balanced exten-
sion gap and an isometric balance on the medial 
compartment through the whole ROM.  On the 
lateral side the physiological laxity in flexion is 
accepted accordingly. As the femoral surface is 
restored physiologically a mismatch of the flex-
ion to the extension gap does not appear and the 
physiological isometry of the medial compart-
ment can be reconstructed.

For alignment of the tibia, the femoral trial 
component is used in the first place. After clearing 
off the relevant osteophytes, it is placed onto the 
femur and the knee is brought to extension. Using 
spacer blocks analogue to unicompartmental knee 
arthroplasty, now the wear on the tibia side can be 
evaluated and the soft tissue can be brought to its 
natural length and tension. This determines the 
resection level on each side as well as the varus-
valgus orientation of the tibia as the cut is parallel 
to the distal femur. With both cruciate ligaments 
still intact, even the tibia rotation can be deter-
mined with respect to the femur (Fig. 3.6).

The initial tibial cut should be conservative 
regarding the thickness and degree of posterior 
slope. Further, the initial cut should go into the 
direction of the tibial varus (Fig. 3.7).

Further, the physiological rollback should be 
reconstructed with the prosthesis. If the later, 
during trial reduction, the knee shows pathologi-
cal rollback, the slope needs to be adapted (if 
excessive rollback occurs) or the prosthesis could 
to be changed to a posterior stabilized design (in 
case of a paradoxical anterior contact point). 
Usually the native slope should be reduced in the 
first place to compensate for the loss of the ante-
rior cruciate ligament.

Fig. 3.5 All cuts have 
to be checked by a 
caliper. The thickness of 
the sawblade as well as 
the wear have to be 
taken into account when 
measuring the resection 
heights. Wear+ 
sawblade+ bone should 
equal the thickness of 
the femoral component

Fig. 3.6 With both cruciate ligaments still intact, the tibia 
rotation can be determined with respect to the femur and 
may be marked with an electric cautery
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Based on these parameters evaluated with the 
femoral trail in place, the tibial cut is aligned and 
conducted. The varus orientation can be visual-
ized using an extramedullary alignment rod and a 

goniometer. After that, the joint balance is evalu-
ated by the use of a balancer (Fig. 3.8). If there is 
an imbalance present, the tibial cut is adapted 
accordingly.

Adapting the tibial cut may be done by using 
correction blocks. Different correction blocks are 
available to adapt the alignment to more varus or 
valgus orientation, or to change the slope pre-
cisely (Fig. 3.9).

In general, this described technique can be 
carried out with standard instruments for TKA, 
independent from the TKA design or manufac-
turer. Only a few basic conditions have to be ful-
filled: (1) ability to set the femoral valgus angle 
independent to the intramedullary guide, (2) 
strict posterior referencing of the femur size and 
rotation, and (3) extramedullary alignment of the 
tibia to reassemble the varus and slope indepen-
dent from anatomical axis.

Fig. 3.7 The initial tibial cut is set in slight varus (left 
knee)

Fig. 3.8 The joint balance and kinematics are evaluated by the use of balancers

Fig. 3.9 The alignment may be adapted by precise cor-
rection blocks

3 Operative Techniques: Kinematic Alignment



16

3.4  Patient-Specific Cutting 
Bocks (PSI)

CT-based PSI blocks may be used for KA as 
well. The major advantage of this technique is, 
that it relies on an image-based, segmented, 
three-dimensional (3D) model of the individual 
patient-derived CT scans. Thus, a precise recon-
struction of the individual anatomy and joint sur-
face is possible by positioning the implant in this 
3D model (Fig.  3.10a–c). The resulting overall 
limb alignment can be displayed, the interaction 
between the actual joint geometry and the later 
prosthetic geometry can be visualized and param-
eters like the optimal component flexion can be 
determined. Further, all cutting angles and resec-
tion heights may individually planned (Fig. 3.11).

The operative plan is transferred in to the 
patient via PSI blocks (Fig. 3.12). The resection 
height of every cut has to be controlled with a 
caliper as well.

However, the drawback of the technique is 
that no soft tissue is included in the planning. 
This becomes a major limitation whenever com-
promises in the position of the prosthesis, for 

example in terms of the slope are to be made. 
Equal to the manual technique, a conventional 
balancer is used after the bony cuts in order to 
check the soft tissue balance. If there is an imbal-
ance present, the tibial cut is adapted accordingly 
using “Cheating blocks” for varus/valgus or slope 
corrections, as described for the manual 
technique.

3.5  Image-Based Robotic Arm 
Assisted Surgery

This CT-based technique works with a preopera-
tive reconstruction of the patient’s individual 
anatomy as well. Figure  3.13 displays the 
patient’s individual anatomy and the preoperative 
KA plan. This patient has an individual valgus of 
1° in the femur and 4° of varus in the tibia 
(Fig. 3.14).

In contrast to the PSI, the surgeon has the fea-
sibility to detect the soft tissue stability and ten-
sion at the beginning of the operation. Thus, the 
preoperative plan can be adapted to the individual 
situation of the patient, in order to achieve the 

a b c

Fig. 3.10 (a–c) The CT-based PSI technique allows a precise reconstruction of the patient’s individual anatomy
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Fig. 3.11 The patients individual anatomy preoperative 
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limb alignment, the posterior slope, the femoral rotation, 
the resection heights, and the implant size may individually 
be planned within the CT based KA planning algorithm
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best stability and kinematics with the implant in 
place. This allows the surgeon to adapt the plan 
for minor changes before the bone cuts are con-
ducted. After cutting, a trial reduction is con-
ducted in order to check the individual balance.

Figure 3.15 displays the real time situation. 
The software shows the postoperative situation 
with trial implants in place. This allows the sur-
geon to adapt the plan for minor changes if an 

imbalance occurs. Bony corrections may be con-
ducted in 0.5 mm steps.

3.6  Image Less Robotic-Assisted 
Surgery

This image less technique works with an intraop-
erative reconstruction of the patient’s individual 
anatomy. Compared to the CT-based techniques, 
the surgeon has to take the wear into account when 
using this technique, because a one-on-one surface 
reconstruction is done during the procedure using a 
pointer. Figure  3.16 demonstrates the image less 
reconstruction of the patient’s individual anatomy 
calculated by the software at the beginning of the 
procedure. Equal to the PSI and image-based 
robotic techniques, the individual 3D reconstructed 
knee is the basis for the conduction of the KA plan.

With this technique, the surgeon has the feasi-
bility to detect the soft tissue stability and tension 
at the beginning of the operation. Thus, the pre-
operative plan can be adapted to the individual 
situation of the patient, in order to achieve the 
best stability and kinematics with the implant in Fig. 3.12 PSI block for the preoperative KA plan

Fig. 3.13 Preoperative KA plan with image based robotics
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place. Figure 3.17 shows the patients individual 
laxity (medial and lateral) throughout the whole 
range of motion.

Due to the detection of the individual soft tis-
sue situation, the preoperative plan can be 
adapted to the individual situation of the patient, 
in order to achieve the best stability and kinemat-
ics with the implant in place. Figure 3.18 displays 
the virtual planning. The software simulates the 
postoperative situation. This allows the surgeon 
to adapt the plan for minor changes before the 
bone cuts are conducted.

Equal to the image-based robotic technique, a 
trial reduction is conducted in order to check the 
individual balance after the cutting with trial 
implants in place.

Figures 3.19 displays the real-time situation. 
The software shows the postoperative situation 
with trial implants in place. This allows the sur-
geon to adapt the plan for minor changes if an 
imbalance occurs. Bony corrections may be con-
ducted in 0.5 mm steps (Fig. 3.20).

Fig. 3.14 (a–c) Image-based robotic arm assisted KA 
reconstruction. (a) Demonstrates a patient’s individual 
valgus of 1° in the femur and 4° of varus in the tibia. (b) 
Demonstrates the individual reconstruction of the joint 
line obliquity and height. (c) Demonstrates the individual 

anatomy in the sagittal plane with 10° tibial slope and 11° 
of flexion of the distal femur with respect to the sagittal 
mechanical axis. (d) Demonstrates 0° of femoral flexion 
with respect to the distal femur anatomy and a reduced 
slope to 3°

3 Operative Techniques: Kinematic Alignment
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a b c d

Fig. 3.15 The software simulates the postoperative situa-
tion. This individual KA plan lead to 1° of valgus in the 
femur and 4° of varus in the tibia, leading to a postopera-

tive limb alignment of 3° varus. By conducting this plan, 
the extension gap was equally balanced, while recon-
structing the asymmetric natural flexion gap

M. Ettinger and T. Calliess
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Fig. 3.16 The software 
calculates an individual 
3D reconstruction of the 
patients knee at the 
beginning of the surgery

Fig. 3.17 Individual 
medial and lateral laxity
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Fig. 3.18 Individual KA plan for a bi-cruciate retaining implant. In contrast to classical CR/PS or medial pivot TKA 
designs, the gaps have to be more loose
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Fig. 3.19 The postoperative balance of the knee throughout the whole range of motion. Figure 3.20 displays the post-
operative result
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Medial Opening Wedge  
High Tibial Osteotomy

Sufian S. Ahmad

The most widely spread and frequently per-
formed osteotomy around the knee joint is the 
medial opening wedge high tibial osteotomy 
(mwHTO), a procedure that has managed to 
occupy a spotlight position as a powerful 
modality for the treatment of medial compart-
ment gonalgia and degeneration [1–3]. The art 
is surely not in the technicality aspect of the 
procedure, but in correct patient selection. 
Therefore, the procedure would provide an ele-
gant modality for the symptomatic patient with 
a constitutional metaphyseal varus of the proxi-
mal tibia. A few aspects are provided in the fol-
lowing chapter.

The art is with no doubt in patient selection 
and correct planning of the procedure. A correct 
analysis of the deformity is necessary to achieve 
favourable results.

To simplify the matter, it is essential to deter-
mine the origin of the varus deformity and the 
severity of medial compartment degeneration. 
The clinician should evaluate whether the varus 
is resultant of joint wasting only as is the case in 
medial joint degeneration with cartilage loss, or 
due to the bony morphology of the femur or tibia, 
or a combination of all, as may be the case in 
some late presenting cases.

There has been sufficient evidence to prove 
that correcting the bony pathology whilst respect-
ing the anatomic boundaries, is likely to result in 
the best outcome [4]. This should mean that allo-
cation of the origin of the deformity is of major 
importance. An intra-articular varus would best 
be treated with an intra-articular procedure to 
build up the joint space and cartilage loss; this 
may be achieved with a medial compartment 
resurfacing procedure. A deformity originating 
from the distal femur should be treated with a dis-
tal femur osteotomy and one originating from the 
proximal tibia with high tibial osteotomy. So it is 
important to underline that mwHTO should not be 
the only working horse in the surgical portfolio 
for the treatment of varus malalignment.

When planning to perform an mwHTO, it is 
furthermore important to consider and respect 
anatomic norms. Overcorrection that would 
result in reverse joint line obliquity is detrimental 
and would alter the biomechanics negatively due 
to the introduction of shear stresses that would 
contribute to progressive degenerative medial 
compartment change despite valgisation [4, 5]. 
This is an unwanted phenomenon that should be 
avoided. Overcorrection also rules out the future 
option of medial compartment resurfacing, which 
clinicians should bear in mind. The medial col-
lateral ligament (MCL) is an important structure 
to consider, given that partial release of the distal 
fibres has been shown to be associated with opti-
mized effects [6].
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The technical aspects of mwHTO have been 
revolutionized with modern implants that allow 
for improved rotational stability. Previous cata-
strophic failures are no longer a primary matter 
of concern [7]. However, recognition of hinge 
fractures remains of major importance and may 
mandate hinge plating to avoid secondary com-
plications that may constitute loss of correction 
or a prolonged healing period [8]. After perfect 
planning, two technical aspects need special 
consideration when performing the procedure. 
The first is MCL management and the second is 
protection of the neurovascular structures. 
Sharp subperiosteal dissection must be achieved 
using a periosteal elevator, to allow for con-
trolled release of the MCL fibres, in a fashion to 
allow for sufficient posterior retraction without 
comprimising continuity of the ligament. 
Complete release of the MCL fibres should be 
avoided. After exposure of the medial aspect of 
the proximal tibia, it is important to release the 
insertion of the popliteus muscle with a sub-
periosteal elevator and insert a retractor 
between the posterior aspect of the tibia and the 
popliteus muscle, only then is sufficient protec-
tion of the neurovascular structures achieved. 
Careful consideration of the above mentioned 
planning and technical aspects should allow for 
optimized outcome and least complication rates 
when performing mwHTO.
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Reverse Arthroplasty Versus Other 
Options: Case Examples

Pascal Gleyze, Nikos Tzanakakis, and Tina Moraiti

5.1  Introduction

There are certain cases where the indications for 
shoulder surgery have never been clear. We can 
describe them as ‘cuff arthropathy and other clin-
ical cases with a variable combination of arthrop-
athy and cuff lesions’. This is a description of 
complex and intercorrelated damages between 
cuff, cartilage and function which lead to a huge 
variety of consequences.

Analysis of these multiple causalities of this 
pathologic state is an important process that we 
must focus on. We need for that to understand 
how multiple factors are cumulated to create and 
make the evolution of (1) anatomical lesion, (2) 
clinical status and (3) natural evolution.

Before decision-making and proposing a 
reverse shoulder arthroplasty (RSA) versus other 
options, we have to check and to take into consid-
eration the pathology for each patient, and we 
must never forget to estimate the future for each 
component of the problem: (1) the cuff, (2) the 
cartilage and (3) the functional demands of the 
patient.

This process takes time, it demands a lot of 
thinking and experience, and at the end it may be 

difficult to take the good decision, especially if 
we choose a technical solution without quick and 
spectacular results like the reverse shoulder 
arthroplasty. We are living in a period of ‘limited 
efforts’ from the patient side who are asking for 
immediate and perfect results. Surgeons are also 
demanding a great reputation of efficiency, they 
need to preserve their ‘image’ by all means, and 
they often have to forget the influence of indus-
trial and commercial pressure.

Under all these circumstances, we have nowa-
days an ‘over-indication’ of reverse shoulder 
arthroplasty. The significant augmentation of the 
rate of reverse shoulder arthroplasty is not nor-
mal according to the population health evolution 
(from 15 to 64% in France in less than 10 years).

We do think that all patients should have a 
period of rehabilitation first (and not immediate 
RSA) and a cuff repair when possible (and not 
immediate RSA). In addition, all trauma or 
degenerative arthropathies with preserved cuff 
should have anatomical arthroplasty even if a 
limited cuff repair should be performed (and not 
immediate systematic RSA) and so on.

This chapter tries to demonstrate through sev-
eral clinical cases that we need to consume time 
for a good clinical examination, with special 
attention to muscle equilibrium of the shoulder, 
scapula and the ‘cervical-to-shoulder zone’. 
These tasks can help for decision-making, and 
they serve the opportunity to give clear explana-
tions to the patients about all the different options 
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that we can propose to them. This sharing time 
with the patient is precious, especially when the 
clinical examination and history are not clear 
with potential hidden problems that could influ-
ence our decision, avoiding the error.

5.2  Practical Guideline 
for Decision-Making 
and Treatment Options

 1. What has to be checked as fundamental 
criteria?
 (a) Age, activity and psychologic profile of 

the patient (active or not): actual and 
future

 (b) Muscles
• ‘Shoulder’: cuff and deltoid muscles: 

history (sport, hard workers, …), state 
at examination and future

• ‘Regional compensation’: trapezius 
muscle, para cervical muscles, scapula 
stabilizers, etc.

 (c) Cartilages of gleno–humeral joint but 
also acromio–clavicular joint

 (d) Clinical examination
• Mechanic/inflammatory pain
• Active/passive range of motion
• Handicap
• Clear clinical conflict (precise painful 

point in adduction internal rotation 
test)

• Analytic muscular testing
 2. What can we propose to the patient according 

to the combination of anatomical state, age 
and functional profile?
 (a) Nothing, if no pain, no functional limita-

tion and no danger for the future
 (b) Rehabilitation and self-rehabilitation 

exercises with precise, intensive and real-
istic protocol

 (c) Acromioplasty with or without partial or 
complete cuff repair

 (d) Patch, graft and spacer techniques
 (e) Surface, anatomical or reverse prosthesis

Without a precise analysis of all of these criteria, 
if we do not have time to propose and explain to 

the patient the benefits and risks for each treat-
ment option and if we do not have the possibility 
to propose to the patient most of the possible 
techniques, then we have not done a good job. In 
this situation, proposing a RSA will only be the 
mask of our deficiency.

RSA for everybody will give satisfaction to 
all, but the price will be payed later:

 – Irreparable cuff with severe arthropathy for 
patient with limited functional demand is the 
actual state of the arts as defined by scientific 
societies and should be followed.

 – The biomechanical constrain of the prosthesis 
design, the definitive sacrifice of residual cuff 
and the bone capital lost will make it easy to 
jump from heaven to hell if anything during 
and/or after the procedure fail and especially 
if the functional demand of the patient is over 
the limited biomechanical service given by the 
implant.

5.3  Clinical Case 1: When We Do 
Think We Have No Choice…

 1. Presentation of the case
 (a) Profile: Male, 65 years old.
 (b) Evolution: 2 years evolution with limited 

cuff rupture suspected (supraspinatus) 
and 4  months small trauma and limited 
post extension of the rupture/pain limited/
important handicap/constant score: 
30/100. Pseudo paralytic shoulder.

 (c) Prior treatment: Rehabilitation 4 months.
 (d) Clinical examination

• Pain: Limited during the day/no pain 
at night.

• Handicap: Major handicap.
• Active range of forward flexion: 70°.
• Passive range of forward flexion: 170°.
• Clinical and superior conflict: No.
• Muscular testing

 – Supraspinatus: OK (deltoid 
compensation).

 – Infraspinatus: OK.
 – Sub-scap: OK.

P. Gleyze et al.
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 (e) Muscles
• Cuff and deltoid: Massive rotator cuff 

tears supra (fatty stage 3) + sup part of 
infra infraspinatus (fatty stage 
2) + sub-scap (fatty stage 2) + no teres 
minor rupture (but fatty stage 2).

• Regional compensation: Major com-
pensation, trapezius and para cervical: 
permanent contraction/trumpet sign 
and pain on the muscular bodies.

 (f) Cartilage: No arthropathy, centred, not 
medialized/limited superior translation 
(Visotsky 1A/Hamada 1/Samilson/
Sirveaux E0).

 (g) Synthesis of the case: Pain, limited func-
tion, major compensation, no arthrosis. 
Failure of rehabilitation.

 (h) Figure 5.1 shows arthro-CT scanner.

 2. Therapeutic options
 (a) Rehabilitation and intensive self- 

rehabilitation (2–3 h a day).
 (b) Acromioplasty ± partial repair.
 (c) Reverse shoulder arthroplasty.

 3. Therapeutic decision
 (a) My first decision: Continuing rehab with 

the addition of intensive self- 
rehabilitation/3 months to be certain that 
we cannot make better: failure of this first 
option. Absolutely no improvement on 
pain, handicap, ROM.

 (b) My second decision after 3  months of 
intensive self-rehab (more than 2 h a day 
reported on a special following docu-
ment) and physiotherapy: acromioplasty 
and partial repair. No partial repair was 
possible during the procedure. Only 

Fig. 5.1 Case 1: Arthro CT scanner
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acromioplasty was performed. Stiff and 
no pain at 3  months, complete passive 
range of motion at 6 months, no pain but 
steel pseudoparalytic shoulder with major 
trapezius compensation.

 (c) My third decision 9 months after acromio-
plasty: Reversed shoulder prosthesis, no 
operative difficulty; Fig.  5.2 shows the 
post-op control X-rays.

 4. Final results: The clinical result was similar 
at 3 months, 6 months and final revision and it 
was a bad result. Moderate/no pain night and 
day with an active ROM below 70° with still a 
major regional compensation and important 
handicap. Ten points of constant score 
improvement. The clinical status was equiva-
lent as it was the first time the patient came.
 (a) Figure 5.3 shows the final clinical exami-

nation in 18 months.
 5. Analysis

 (a) The initial clinical state was due to a massive 
cuff tear with a permanent and major com-
pensation prior to the start of all daily move-
ments. This antalgic reflex position is 
systematic when shoulder pain is after 
trauma, recent cuff rupture or other aetiology 
but should disappear with the use of the 
shoulder rehabilitation protocols, self- control 
of the trapezius and time. Sometimes it stays 
and becomes part of the spontaneous usage 
of the shoulder as new ‘corporeal image’.

 (b) This ‘compensation’ reflex locks the shoul-
der and makes a stimulation of the residual 
cuff muscles and deltoid impossible. 
Forward flexion and abduction are impos-
sible when trapezius and para cervical mus-
cles are contracted because the shoulder 
moves into the scapulo–thoracic joint and 
oblige to spine adaptation. The ‘trumpet 
sign’ shows this regional compensation. 
This clinical sign is a consequence of the 
massive cuff tear but can also be a causality 
of the impossible active range of motion 
when this reflex is maintained by the patient 
as a systematic antalgic reflex day after day.
• Figure 5.3 shows the final examination 

in 18 months.
 (c) This explains why the patient was not 

moving before the prosthesis, and in the 
same way, it explains why he was not 
moving better after. It was just because of 
the persistence of this antalgic reflex.

 (d) We can say that the indication of RSA for 
this patient was not a good indication 
because he had no arthropathy, and the 
handicap and limited function were only 
due to the ‘compensation reflex’ and not 
because of the absence of the cuff. 
Acromioplasty was not a good indication 
because he had no clinical conflict and no 
possibility of any endoscopic reparation 
during the procedure.

Fig. 5.2 Case 1: 
Post-op RSA
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 (e) What could help to make the decision? The 
key point is to know the exact potential of 
the residual cuff and deltoid before deci-
sion-making. This can be done with the 
evaluation of the physiologic age of the 
patient and muscles. A combination of 
MRI or CT scan imaging with a precise 
description of the fatty degeneration of 
each muscle is vital and specially when it 
is possible to individualize the state of the 
superior and inferior part of the infraspina-
tus and teres minor state. The fatty degen-
eration of the inferior part of the 
infraspinatus or teres minor will determine 
the ‘red line frontier’. If it is preserved, the 
patient should be able to move full ROM 
specially if he has no significant arthropa-

thy. In this case we observed a fatty dege-
nerescence of infra residual infra and teres 
minor without rupture, and this could sign 
the absence of use of these muscles for a 
long time. On a biomechanical point of 
view, the preserved inferior part of the 
infraspinatus in combination with an effi-
cient sub-scapular and a good deltoid is 
enough to have full range of motion in 
most of the cases. More posterior exten-
sion of the rupture can be accepted as the 
limit that will give us the decision for RSA.

 6. Conclusion: No arthropathy with a residual 
inferior part of the infraspinatus and a good 
deltoid should be able to give to the patient 
full range of motion with no pain or limited 
pain and no handicap or limited handicap.

Fig. 5.3 Case 1: Final examination—18 months
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 (a) If a clear clinical conflict sign is present and 
can explain the pain, acromioplasty with ± 
partial cuff repair could be proposed.

 (b) If there is no pain, the educational control 
of the compensation should be enough to 
make this shoulder recover without pain, 
full range of motion and limited handicap 
in correlation with limited muscular forces.

 (c) Natural evolution of this patient if he has 
no RSA at this time will be a progressive 
severe cuff arthropathy. But according to 
the fact that it is difficult to precisely 
know and explain to the patient when and 
how this cuff arthropathy will oblige him 
to a RSA, the only solution is to control 
evolution of the shoulder and to propose 
RSA when the adequate time will come. 
This can be 10 years after good use of the 
original shoulder, and this will then be 
justified by a surgical procedure with an 
adequate benefit–risk ratio decision. 
Prevention arthroplasty is not acceptable.

 (d) In this specific case as presented, this is not 
possible for the gleno–humeral joint, with 

or without arthroplasty, if the corporeal 
image of the patient is to lock the shoulder 
before the start of any movement.

5.4  How to Define the ‘Red Line 
Criteria for RSA Índication?

 1. Case 2: Good Result with Rehabilitation
 (a) Clinical case: Male, 72 years old, active 

profile. Well-known old cuff tear (SSP) 
for 4 years. Fall on the shoulder 4 months 
ago and pseudo-paralytic shoulder, ‘trum-
pet sign’ and limited stiffness in forward 
flexion (130°) and external rotation (20°). 
On arthro-CT scan, a diagnosis of mas-
sive cuff tears with fatty degeneration 
grade 3 for SS and with a preserved post 
part of ISS (with fatty grade 2). Eccentric 
arthropathy, and he had three proposals of 
RSA. At the time of the first consultation, 
the patient was not believing anymore in 
his shoulder (Fig.  5.4 shows standard X 
rays and CT scan).

Fig. 5.4 Case 2: State before treatment
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 (b) Option of intensive rehab and self- 
stretching over the pain limits. The patient 
has followed this protocol with more than 
2 h per day over the pain limits: Pain-free 
and complete recover after 3 months with 
a preserved perfect clinical result and no 
arthropathy evolution after 5  years. 
Figure  5.5 shows the clinical evaluation 
before treatment simulated at posteriori 
and after 3 months.

 (c) This clinical case is exactly the same as the 
prior case except that he has arthropathy 
and a preserved no fatty degenerescence of 
the teres minor, but the results are finally 
very good because the patient moved.

 2. Case 3: Temporally Limited Results Due to 
Insufficiency of the Rehabilitation and Self- 
rehabilitation Rxercises
 (a) Female, 66 years old, not an active pro-

file, no stiffness, limited centred arthropa-

Before After

Fig. 5.5 Case 2: State after treatment

5 Reverse Arthroplasty Versus Other Options: Case Examples
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thy, pain night and day and importantly 
handicap. No compensation but no real 
self-rehab work, bad results after 3 months 
and still in depressed psychic condition. 
What to do? We asked her to continue, 
and we explained her that she was in good 
progress and that she has now only to pass 
horizontal angulation. If a patient is able 
to maintain the arm over horizontally, he 
or she should be able to make the full 
active range of motion if he or she works 
hard on rehabilitation and self- 
rehabilitation. For this patient, 6  weeks 
after the examination, she could recover 
full ROM, no pain night and day. This 
good clinical result is stable after 2 years.

 (b) Figure 5.6 patient at first following evalu-
ation at 6  weeks without help and then 
with little help for forward flexion.

 3. Case 4: No Need of a Doctor, Don’t Touch 
Me
 (a) Male, 75  years old, very active profile. 

Massive cuff tear involving post part of 
the infraspinatus. Eccentric arthropathy. 
Limited passive ROM. No pain, no handi-
cap (as analysed by the patient). No doc-
tors needed, came for the knee. No 
treatment and happy active guy.

 (b) Figure 5.7 shows the photo of the patient 
with difficult abduction.

 4. Case 5: Acromioplasty and Partial Repair of 
Post Part of Infraspinatus

Fig. 5.6 Photo of the patient at first following evaluation at after six weeks physio without help and then with little help 
for forward flexion

P. Gleyze et al.
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Fig. 5.7 Photo of the patient with difficult abduction

 (a) Male, 68 years old, active, rupture of the 
supraspinatus more than 5 years ago and 
effort 3 months ago with complete supra 
and infraspinatus rupture (no fatty degen-
eration of the infraspinatus). Eccentric 
arthropathy. Pseudo-paralytic shoulder. 
Acromioplasty and repair of the infraspi-
natus, no repair of the supraspinatus.

 (b) Clinical result at 3 months, no pain, full 
ROM and limited force in external 
rotation.

 (c) Figure 5.8 shows the clinical result 
3 months after acromioplasty and partial 
repair with eccentric arthropathy.

5 Reverse Arthroplasty Versus Other Options: Case Examples
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5.5  Final Conclusion

We must never propose any surgical solution 
before we are sure that we have reached the far 
end of what nature can give. This mean that we 
have to perform musculation, stretching, self- 

exercise and physiotherapy on a very intensive 
way for a minimum of 4  weeks before making 
the decision to conduct RSA. And we should be 
very careful in all cases of the compensation 
reflex which may mask the real potential of the 
shoulder.

Fig. 5.8 Clinical result 3 months after acromioplasty and partial repair with eccentric arthropathy

P. Gleyze et al.
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How to Avoid Complications  
in Hip Arthroscopy

Sverre Løken and Olufemi R. Ayeni

Complications in hip arthroscopy are relatively 
rare, particularly severe complications. In a large 
review of 36,761 patients, the total complication 
rate was 3.3%, and there were 0.2% major com-
plications [1]. Complications can be recognised 
during surgery or after surgery. The consequence 
of a complication can be transient or permanent. 
Although the rate of reported complications var-
ies in the literature, higher complication rates are 
detected when analysing large databases com-
pared with smaller patients series [2]. Higher 
incidences are also reported in studies where 
patients are actively asked about specific symp-
toms after hip arthroscopy [3]. Before surgery it 
is important to inform the patient about the risk 
of surgery as well as the possible complications. 
This overview is limited to surgical 
complications.

6.1  Breakage of Instruments

Check that all instruments are undamaged and in 
good shape before surgery. Using instruments of 
good quality designed for hip arthroscopy is 

important. Avoid bending or applying unneces-
sary force to instruments. It is better to make an 
additional portal if access to the instruments is 
difficult from an established portal.

6.2  Cartilage and Labral Injuries

These injuries most commonly occur when intro-
ducing the instruments at the start of the proce-
dure. The frequency is unknown and probably 
underreported. To start with the peripheral com-
partment can help to avoid these injuries. When 
starting from the central compartment however, 
an image intensifier is used by most surgeons. 
Sufficient traction should be applied, possibly 
with muscle paralysis if needed to achieve joint 
distraction of 10–15 mm. When introducing the 
spinal needle into the joint, it should be kept dis-
tal, close to the femoral head to avoid the labrum. 
The needle should be rotated so that the sharp tip 
of the needle is distal. If too much resistance is 
felt, this may indicate that the needle is entering 
the labrum. After having introduced the needle 
and observed an air arthrogram, saline can be 
injected through the needle while observing that 
the needle is directed downwards by the water 
pressure. This indicates that the needle has 
avoided the labrum. After that, gentle introduc-
tion of the probe is performed, then the probe 
with cannula and finally the arthroscope. By 
first introducing the probe and then the 
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probe + cannula, a stepwise dilatation of the cap-
sular  opening is achieved. The second portal is 
introduced under direct visualisation and fluoro-
scopic control, avoiding the cartilage and labrum. 
The portals should be enlarged enough to reduce 
the levering force needed to move the instru-
ments in the joint. Make a capsulotomy suffi-
cient, but be prepared for capsular closure at the 
completion of surgery. When using a shaver, 
make sure that the whole aperture of the shaver is 
visible to avoid injury to tissue that is outside of 
the visual field. Avoid radiofrequency usage close 
to the labrum and cartilage. When performing 
pincer or cam resections, be careful not to over-
resect both in depth and area. Make smooth 
resection surfaces without sharp edges or angles. 
When placing suture anchors, there is a risk for 
penetration into the acetabulum with the suture 
anchor. To avoid this, a distal mid anterior portal 
is safer. Curved anchor introducers may help 
direct anchors away from the acetabulum which 
can also be useful.

6.3  Dislocation/Instability

Avoid scoping dysplastic hips. Treat the capsule 
carefully by making as small openings as possi-
ble and repair the capsule if a capsulotomy has 
been performed. Dislocation has been reported 
following iliopsoas tenotomy as well [4], so this 
procedure should be considered very carefully 
particularly in dysplastic or unstable hips (con-
nective tissue disorders).

6.4  Nerve Injuries

Pudendal Nerve: The incidence of pudendal 
nerve injury is reported to be 4.3% with the use 
of perineal post and 0.5% without. All cases in 
these series have been resolved within 3 months 
[5]. Avoid traction time over 90  min and avoid 
very high traction forces. Some surgeons use 
instruments to measure the traction force. 
Another technique to reduce traction force is to 
angle the table with lowering of the head end—
Trendelenburg position [6]. It is also very impor-
tant to use a large well-padded perineal post to 

distribute the forces to a large area. Post-free 
techniques have been developed by placing a 
material under the patients combined with a 
Trendelenburg position which prevents the 
patients from sliding on the table [7]. A post-free 
technique using duct tape to stabilise the patient 
has also been described [8].

Lateral Femoral Cutaneous Nerve: This is the 
most common complication following hip 
arthroscopy, around 10% still persistent after 
1 year [3], but usually without too serious conse-
quences for the patient. The nerve is also vulner-
able when not transected. Restricting the use of a 
scalpel to the skin only and staying as lateral as 
possible may reduce the risk of injury to this 
nerve and its branches.

Dorsal Sensory Nerves of the Foot: These 
nerves may be injured due to the traction by pres-
sure from the traction boot. A well-padded boot 
should be used to reduce this risk. The boot may 
also be loosened when traction is released. 
Keeping the traction time and force down is also 
important to protect these nerve branches.

Sciatic Nerve: Injury to this nerve is very 
uncommon during arthroscopy of the hip joint. 
Some patients may be more vulnerable due to 
previous injuries, scar tissue, etc. Meticulous pre-
operative investigations may identify individuals 
at risk. Newer procedures such as hamstring 
repair and ischiofemoral impingement work may 
place this nerve at risk.

Femoral Neck Fracture: A few cases have been 
reported [9]. The obvious prevention is to avoid 
over-resection when performing a cam resection. 
Generally, 30% of the head–neck junction is the 
maximum limit for resection. Restricted weight 
bearing following surgery should be considered.

6.5  Infection

Deep infections are very rare following hip 
arthroscopy [10]. Most surgeons use prophylactic 
antibiotics. A preoperative injection less than 
3 months before surgery has been shown to dou-
ble the risk of postoperative surgical site infection 
(including superficial infections) from 1 to 2% 
[11], so surgery should be delayed by at least 
3 months following an injection.

S. Løken and O. R. Ayeni
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6.6  Heterotopic Ossification

Heterotopic ossification (HO) has become well 
recognised following hip arthroscopy, being reg-
ularly present on post-operative radiographs [12, 
13]. It is well documented that NSAIDs reduce 
the prevalence of radiological HO [14]. 
Nonetheless, the clinical relevance of radiologi-
cal HO remains unknown, as most cases are not 
symptomatic. Although no consensus exists, 
NSAIDs for 2 weeks are commonly prescribed if 
there are no contraindications.

6.7  Thromboembolic 
Complications

The risk of thromboembolic complications is low, 
and it is debated whether prophylaxis in patients 
without increased risk factors is justified from a 
cost–benefit perspective. The use of prophylaxis 
varies between centres/countries. The indication 
will also depend on national guidelines and under-
standing each patient’s risk profile [15].

6.8 Conclusion

The safest way to avoid any complication is to 
avoid surgery; however, this is not always pos-
sible with a symptomatic patient. Therefore, 
there should be good indications for surgery, 
safe access to joint, detailed approach to 
addressing surgical lesion and robust post-oper-
ative surveillance to address any complications 
promptly.
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State of the Art in Ankle Ligament 
Surgery—Repair vs. 
Reconstruction: How to Choose?

Masato Takao

Surgery for lateral ankle instability has evolved 
over time from non-anatomical open procedures 
to anatomical open procedures and more recently 
to arthroscopic procedures. They can be roughly 
divided into the ligament repair using a remnant 
and the ligament reconstruction using a graft, 
and the choice of a surgical procedure should be 
done by evaluating the quality of the residual 
ligament [1, 2]. If the quality of the remnant is 
sufficient, repair technique to suture the remnant 
to its attachment to fibula is indicated. 
Reconstruction technique is chosen if the quality 
of the remnant is insufficient. But there have 
been few reports for how to choose repair or 
reconstruction.

Morvan A et al. compared the result of preop-
erative MRI including axial T2-weighted image 
evaluation and the arthroscopic evaluation [3]. 
The correlation between MRI and arthroscopy 
was 90.9% in observer 1 and 86.4% in observer 
2, and the authors concluded that preoperative 
MRI of the ATFL is a reliable and valid deci-
sional tool to choose the surgical technique for 
stabilization of chronic lateral ankle instability.

The quality of the remnant depends on the 
type of major collagen. Type I collagen consists 

90% in normal ligament and is primarily respon-
sible for stiffness of the ligament [4]. We com-
pared the results of type I collagen staining and 
gene expression of type I collagen by RT-PCR 
with arthroscopic evaluation of the ATFL rem-
nant. As a result, cases where the remnant was 
stained with type I collagen staining, gene expres-
sion of type I collagen was found in all cases in 
RT-PCR (Fig.  7.1). Significant correlation was 
recognized between the staining result of type 1 
collagen staining and the arthroscopic evaluation 
[5] (Fig.  7.2). Accordingly, arthroscopy can be 
relied as a tool to accurately assess the quality of 
the remnant. We also compared the results of 
arthroscopic evaluation with the results of stress 
radiography, MRI, and stress ultrasonography 
and found that only stress ultrasonography 
showed significantly correlation with arthroscopic 
evaluation (Fig. 7.3).

Accordingly, I recommend repair surgery for 
cases in which ligament fibers are found and 
reconstruction for cases in which regiment fibers 
are not found by preoperative stress ultrasound 
examination. And the operative procedure is 
finally determined by intraoperative arthroscopic 
evaluation.
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Type I
collagen stain

RT-PCR

La G3 I IIILa G3 I III

Fig. 7.1 Results of type I collagen stain and the 
RT-PCR. Left shows that the remnant is stained with type 
I collagen staining and the gene expression of type I col-
lagen is found in RT-PCR. Right shows that the remnant is 

not stained with type I collagen staining, and there is no 
gene expression of type I collagen in RT-PCR. La ladder, 
G3 G3PDH, I type I collagen, III type III collagen

Arthroscopic
evaluation

Type I
collagen stain

Fig. 7.2 Results of the 
type 1 collagen staining 
and the arthroscopic 
evaluation. Left shows 
that the ligament fibers 
remain in arthroscopic 
evaluation (arrow), and 
the remnant is stained 
with type I collagen 
staining. Right shows 
the scar tissue without 
ligament fiber in 
arthroscopic evaluation 
(arrowhead), and the 
remnant is not stained 
with type I collagen 
staining

M. Takao
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Fig. 7.3 Stress ultrasonography. The patient’s heel is 
placed on the examiner’s thigh, and the ATFL is described 
while applying manual stress in the anterior-posterior 

direction. LM lateral malleolus, T talus, arrowhead ATFL, 
arrow stump of the ruptured ATFL
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Mind Your Head: Potential Short- 
and Long-Term Effects 
of Concussion in Sport

Anna Nordström, N. Feddermann-Demont, 
and Peter Nordström

8.1  Introduction

Concussions are becoming an important topic in 
sports research and has gained significant public 
attention in recent years. What sometimes used to 
be considered just a bump or a jolt to the head is 
now clearly considered a true brain injury. Even 
more concerning, injuries that were previously 
considered minor can have major impacts on the 
individual—both short-term and long-term. 
However, while we may recognize concussions 
in the acute setting on the playing field, there is 
limited knowledge about the long-term impact of 
both concussions and sub-concussive head 
impacts (e.g., the heading of a football). Despite 

these knowledge gaps, there appears to be suffi-
cient evidence that current protocols, if properly 
used, are effective tools in the clinical identifica-
tion of concussion or more severe brain injury 
and management of return to training and compe-
tition if properly used [1, 2].

In this report, we summarize the most impor-
tant information about concussions, including 
their occurrence, symptoms, pathophysiology, 
and short-term and long-term effects. Our aim is 
to underscore the importance of following cur-
rent guidelines and getting expert advice when an 
athlete has sustained a head injury. Doing so will 
ensure the best possible outcome and avoid 
potentially devastating long-term sequelae.

8.2  Seeing and Reporting 
the Tip of the Iceberg?

Trauma is one of the most common causes of 
injury to the human brain, with more than ten mil-
lion people globally suffering a traumatic brain 
injury (TBI) each year [3]. Most reports of the 
incidence of TBI have been around 200–300 per 
100,000 persons [4], but the actual incidence may 
be as high as 600 per 100,000 since especially 
sports-related concussions do not come to medi-
cal attention [5, 6]. Therefore, several authors 
describe TBI as a ‘silent epidemic’ [7–9].

When it comes to sports-related concussions, 
these occur most frequently in contact sports 
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such as American football, hockey, rugby, soccer, 
and basketball [10]. Among men, most sports- 
related concussions occur in American football, 
cycling, and basketball; among women, most 
occur in cycling and horseback riding. Children 
and teens are more likely to get a concussion and 
can take longer to recover than adults.

8.3  Pathophysiology

Given the high incidence of concussion and the 
risk for short- and long-term sequelae, it is criti-
cal to understand the pathophysiology of this 
condition. While we currently understand the 
pathophysiology of concussion at a broad level, 
much is still poorly understood. Most concus-
sions are caused by a direct or indirect linear or 
rotational force to the head, face, or other area of 
the body, in which the force is transmitted to the 
brain. The initial impact is followed by a com-
plex cascade of ionic, metabolic, and physiologi-
cal events that can adversely affect brain function 
for several days up to weeks [11]. Progress has 
been made in the diagnosis of concussions in 
emergency settings, but there is still much to 
learn about their multifactorial mechanics and 
pathophysiology [12]. Such knowledge is needed 
to improve prevention, diagnosis, and treatment 
[13].

8.4  Symptoms to Watch Out for

The recognition and management of concussions 
in sports is an evolving topic for both science and 
practice. The matter is complicated by the fact 
that symptoms can come and go at different 
stages after the initial trauma and include head-
ache, fatigue, sluggishness, difficulty concentrat-
ing, dizziness, light sensitivity, memory 
dysfunction, visual problems, and balance prob-
lems. Loss of consciousness is not a requirement 
for the diagnosis of concussion, and it is reported 
to occur in less than 5% of cases [14, 15].

The complex picture calls for a comprehen-
sive approach that includes clinical examination, 
cognitive testing, assessment of balance and ves-

tibular function, and symptom reports. Both 
national and international guidelines exist for dif-
ferent sports [16–26]. Research shows that con-
cussion assessments need to be repeated, ideally 
with preseason testing of all athletes to provide a 
comparison in the case of injury. Useful tools for 
both baseline and post-injury assessments include 
SCAT5, Sport Concussion Assessment Tool—5th 
Edition, the standardized tool for evaluating con-
cussions [27], computerized neuropsychological 
instruments, which measure reaction time, mem-
ory capacity, speed of mental processing and 
executive functioning [28], and balance test 
(BESS) at baseline and at follow-ups after trauma 
[28].

8.5  Short-Term Effects 
of Concussion

A much-debated topic in treatment of concussion 
in sports is how and when to decide whether an 
athlete is fit to return to sport after a head trauma. 
Despite a growing body research, few evidence- 
based guidelines are available for determining 
how long it takes for an athlete to recover after 
concussion and when it is safe to return to 
competition.

The changes in brain that occur after a single 
concussion do not appear to have long-term clini-
cally detectable symptoms. These symptoms 
usually disappear within 7–10  days, which is 
often when play is resumed [29, 30]. However, 
the literature suggests that symptom and cogni-
tive recovery can take anywhere from several 
hours to several weeks after a sports-related con-
cussion [31–34]. Approximately 85–90% of ath-
letes with a concussion recover from symptoms 
within 1–2 weeks, and only a small percentage 
have symptoms lasting weeks to months [30, 35]. 
However, it is important to keep in mind that 
most studies on return to sports have been per-
formed in American Football and that in most 
cases symptom relieve was stated at reduced lev-
els of cognitive and physical load. Moreover, it can 
be challenging to make an accurate prognosis for 
return to play since scientific data are limited and 
because the signs and symptoms of  concussions 
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vary considerably. This variability in symptoms 
is evident in studies investigating short-term 
recovery periods in the weeks after the impact, 
where concussion has been associated with sub-
tle cognitive impairments such as impaired atten-
tion, executive functioning, and visuospatial 
skills in computerized tests [36]. These impair-
ments may lead to increased risks of new injuries 
up to a year later [37–40], perhaps because 
delayed neural processing can affect the athlete’s 
ability to anticipate changes in external condi-
tions and workloads and to adapt movement 
accordingly [41]. Since the possible lingering 
effects may affect an athlete’s safety and perfor-
mance, we need to develop more sensitive tests 
for field use. As of now, the best recommendation 
clinical guidelines can give is the use of return- 
to- sports protocols and computerized cognitive 
testing, which will ensure a controlled stepwise 
return to sport and liberal reevaluations [16, 20, 
42, 43]. When in doubt sit them out.

8.6  Long-Term Effects 
of Concussion

Sports and specifically contact sports have 
received widespread media attention in recent 
years as being a risk factor for the development 
of dementia and chronic traumatic encephalopa-
thy (CTE). This attention has sparked fears about 
the potential long-term effects of head trauma of 
any severity on cognitive functioning, leading to 
a public health concern. Evidence has emerged 
suggesting a connection between contact sports 
and increased risk of neurodegenerative disease 
[44, 45]. While the short-term symptoms of con-
cussion are reversible, the evidence suggests that 
even a single trauma to the head can have severe 
consequences later in life [46–48]. To date, only 
a few studies, mostly autopsy studies, have exam-
ined whether sports trauma increases the risk of 
developing dementia or CTE [49–52]. Outside 
the sports field, the data suggest that the risk of 
developing dementia is detectable more than 
30  years after the trauma and that the risk 
increases with the severity of the injury [6, 53].

8.7  Summary

Concussion is one of the greatest health chal-
lenges in sports today, and there is still a large 
knowledge gap in regard to its short- and long- 
term consequences. It is important that athletes 
with a concussion receive care and be cleared to 
return to sports by a medical team trained in con-
cussion diagnosis and management. Individuals 
experiencing a prolonged recovery may have a 
particular need for knowledgeable and coordi-
nated management of their symptoms.
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All the Secrets of Elbow Instability

R. Barco, A. Muller, K. Wegman, A. C. Watts,  
M. van den Bekerom, D. Eygendaal, and L. A. Pederzini

The goal of the present chapter is to have a com-
prehensive approach to instabilities of the elbow 
covering from how to diagnose and how to image 
them to how to treat them. Acute and chronic 
instability have different approaches and the 
presence of associated fractures (“complex insta-
bility”) influences the decision-making process. 
Surgical techniques will be reviewed covering 
with an emphasis on how to repair the lateral and 
medial ligament complex.

9.1  Diagnosis

The elbow represents the crucial mechanical link 
between the upper arm and the forearm and there-
with to the hand. As the hand is one of the key 
instruments of the human body, functional integ-
rity of the elbow is mandatory. Besides many 
pathologies like stiffness or inflammatory pro-
cesses, elbow instability is a common and chal-
lenging issue. As in all pathologies, diagnosing it 
is the basic step of treatment. However, diagnosis 
of elbow instability is difficult and poses high 
demands on the surgeon. The difficulties in the 
diagnosis of elbow instability begin with the fact 
that only very little biomechanical data is avail-
able, which helps to define elbow stability itself. 
As individual variability is high, the investigator 
could be fooled by joint laxity, which is present 
in every patient as a normal variant. Furthermore, 
if pathological instability has been identified, it is 
not clearly defined which amount of instability is 
worth surgical treatment and which is safely 
treated conservatively. Recent research will have 
to tackle this task. Also, the elbow is comprised 
of three joints functioning together as a biome-
chanical construct, surrounded by several critical 
neurovascular bundles, making direct and indi-
rect investigations complex. However, this sec-
tion shall cover the available and reasonable 
clinical tests for elbow instability.

As imaging is going to be discussed in the fol-
lowing section, we will focus on signs of 
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 instability that can be found in patient history and 
manual clinical tests of elbow instability. For 
obvious reasons, we concentrate on subtle insta-
bility and not gross acute instability, which is 
usually apparent and easy to find.

9.1.1  Patient History

It is mandatory to take information on prior inju-
ries, surgeries, and also injection therapies from 
the patients. Subtle signs of elbow instability 
may be clicking sensations, that is, the patient’s 
report. The clicking can be a consequence of 
transitional motions of the radial head against the 
capitulum, especially in posterolateral rotatory 
instability (PLRI). Due to the shift of the radial 
head, the posterolateral plica can get impinged 
and inflamed. These subtle subluxations can 
cause the clicking sensations reported by the 
patients. In cases of marked subluxation or even 
dislocations of the radial head behind the capitu-
lum, the patients may even sensate a “giving way 
symptom,” as known from other joints like the 
knee. If posterolateral rotatory instability is pres-
ent, this giving-way would typically happen 
when the patient is leaning on a table with the 
affected arm, or poses axial weight-bearing on 
the arm in another way. Concerning posterolat-
eral instability, when the forearm is externally 
rotated during this motion, the instability is 
increased. Some patients will realize this influ-
ence and report it when asked. Furthermore, 
symptoms of patients with lateral instability will 
be more present in varus loading, while patients 
with medial instability will suffer distinctively 
from valgus loading. The typical case would be a 
thrower, reporting a minor distortion of the joint 
during exercise or a sudden pain during daily 
routine practice, with now ongoing pain over the 
medial joint space, with increasing pain under 
valgus load. Even closing doors with the affected 
arm may lead to increased pain, and thus is 
reported by the patients. Hence, patient’s history 
may offer important leads in the search of elbow 
instability and should not be neglected.

9.1.2  Manual Clinical Investigations

Palpation is an important part of investigating 
elbow instability. Tenderness may be found over 
the tendons and muscles adjacent to the liga-
ments and the joint space. In case of medial insta-
bility, this would be found over the common 
flexor origin and the pronator mass. Often, the 
ulnar nerve is also involved and shows signs of 
inflammation, exhibiting pain on palpation and 
tapping. Be aware of subluxation of the ulnar 
nerve out of the sulcus. Laterally, tenderness can 
be found over the common extensor origin, and 
also over the posterolateral joint aspect. Typically, 
manual clinical investigations of joint instability 
aim to imitate the motion and direction of the 
suspected instability pattern. In the case of the 
PLRI test or lateral pivot shift test [1], the elbow 
should be brought into valgus loading, axial com-
pression, and supination while the patient is in 
the supine position. When moving from exten-
sion to flexion, subluxation may be noted espe-
cially between 40 and 20°. This test is difficult to 
perform in the awake patient, but sensitive if 
positive. Further testing can be done by the push-
 up test. With this test, the patient pushes himself 
up from a sitting position with the arm for exam-
ple on the arm rest, while the forearm is supi-
nated. Therewith the arm is moved from a 
supinated flexed position into extension. The 
test—if positive—will lead to pain over the lat-
eral joint and may lead to clicking, subjective 
instability, and also apprehension.

Medial instability however is checked via val-
gus stress testing of the elbow in increasing flex-
ion, starting at 30°. Instability will be noted by 
gapping medially and pain. Also the moving val-
gus stress test [2], which is performed with the 
arm abducted at 90°, where the elbow is extended 
from a flexed position under valgus loading and 
therewith shoulder external rotation. Positive 
would be pain especially between 70 and 120° of 
flexion. Several other tests have been reported 
with varying sensitivity and specificity. Imaging 
and intraoperative tests will be discussed in the 
following chapters.
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9.2  Imaging

When considering imaging for instability we 
need to consider the following situations: diagno-
sis of acute traumatic injury, injury grading and 
prognostic indicators, chronic injury diagnosis, 
and pre-operative planning.

9.2.1  Acute Traumatic Injury

Plain radiographs are the initial investigation of 
choice for a patient presenting with a history of 
trauma and elbow deformity. This will differenti-
ate between a simple elbow dislocation, defined 
as a dislocation of the ulnohumeral joint without 
fracture, and an elbow fracture or fracture dislo-
cation. Minor flake avulsion fragments associ-
ated with ligament avulsion from the lateral 
ligament, posterior capitellum, or medial epicon-
dyle may be seen in a simple dislocation, but a 
coronoid injury however minor in appearance 
would make this an elbow fracture dislocation, 
probably of a posteromedial rotatory pattern. 
Simple dislocations are classified by the direction 
of dislocation: posteromedial, posterolateral, 
posterior, anterior, and divergent. The risk of 
recurrent instability after simple dislocation is 
dependent on the extent of the soft tissue injury, 
with a greater degree of instability where the ten-
dons have been avulsed from the epicondyles. 
Fluoroscopy can be used at the time of closed 
reduction to assess the degree of instability, and 
by inference the presence of tendon avulsion, 
with joint gapping of more than 10° on lateral or 
medial side associated with an eightfold increase 
in the risk of recurrent instability. Magnetic reso-
nance imaging (MRI) or ultrasound (US) can 
also be used to grade the injury.

Elbow fracture and fracture dislocations can be 
identified from plain radiographs but classifica-
tion of the pattern of injury is enhanced by the use 
of computer tomography (CT). There are a num-
ber of classification systems in use for coronoid 
fractures (Regan and Morrey, O’Driscoll), radial 
head (Mason Johnson, Hotchkiss) and olecranon 

fracture (Mayo), Monteggia fracture dislocation 
(Bado, Ring), and transolecranon fracture dislo-
cation (Jupiter). A universal classification system 
for elbow fracture dislocations including the coro-
noid, radial head, and olecranon has been devel-
oped (Wrightington classification) that guides 
management of the injury and has been shown to 
be reproducible, accurate from CT, and, when the 
suggested treatment algorithms are applied, can 
result in predictably good outcomes.

Anticipating acute ligament injury in an elbow 
that is reduced at the time that initial plain radio-
graphs are taken can be challenging, but may be 
indicated from careful history and examination 
of the elbow as detailed above. The higher the 
grade of radial head fracture, the greater the risk 
of lateral ligament injury, but the clinical signifi-
cance of these injuries is uncertain. Loss of corti-
cal contact of radial head fragments is predictive 
of instability as shown by Ring. Plain MRI or US 
can be used where clinical concern exists. The 
addition of contrast is not required as the haemar-
throsis will typically provide adequate definition 
of the injury in the acute setting.

9.2.2  Chronic Instability

Chronic instability may occur as a result of liga-
mentous and neuromuscular incompetence, osse-
ous defect, or a combination of these. Most soft 
tissue injuries result from traumatic avulsion but 
attenuation may develop as a result of connective 
tissue disorders, iatrogenic intervention, or abnor-
mal loading patterns. MRI with intra- articular 
contrast injection (MR arthrography (MRA)) is 
the gold standard investigation for the identifica-
tion of chronic injury to the lateral ligament com-
plex with evidence of contrast between the origin 
of the radial collateral or lateral ulna collateral 
ligaments and the humerus or more rarely at the 
insertion of the ligaments on the ulna. An annular 
ligament that is not closely opposed to the radial 
head may be an indication of injury. Avulsion of 
the posterolateral ligament (Osborne–Cotterill 
ligament) can be appreciated on sagittal cuts. 
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Posterior subluxation of the radial head relative to 
the capitellum on the sagittal images is not a reli-
able sign of instability as there is such a wide 
variation in what is normal. The medial ligament 
can be reliably assessed with US or MRA.  US 
offers the advantage of dynamic assessment and 
demonstration of functional incompetence if joint 
gapping is observed. MRA will demonstrate liga-
ment avulsion from the humerus or ulna with the 
classic “T” sign observed in distal avulsion of the 
anterior band. Plain CT can be helpful where 
there is felt to be an osseous element to the insta-
bility, but CT arthrography (CTA) is probably 
more helpful because in most there will be an 
associated ligament injury. CTA will also identify 
the presence of cartilage degeneration which may 
influence the treatment decisions. MRA can also 
provide adequate assessment of osseoligamentous 
injuries if 3D rendering is not required.

9.3  Indications

9.3.1  Acute Simple Elbow Instability

After manual reduction of the dislocated elbow 
this acute instability can often be treated conser-
vatively. It has been shown that immediate mobi-
lization of the elbow does not increase the risk of 
recurrent instability [2–4]. If the elbow “sponta-
neously” dislocates at flexion angles more than 
about 30°, early surgical repair is usually advo-
cated [1]. Routine use of stress radiographs to 
evaluate acute instability is not indicated. A surgi-
cal exploration and repair are indicated if closed 
reduction is not possible or if the elbow remains 
grossly unstable following closed reduction. In 
high-level athletes or manual laborers, ligamen-
tous repair on the lateral and/or medial site can be 
indicated and often leads to good results. [2].

9.3.2  Chronic Simple Elbow 
Instability

Recurrent (complete) dislocations are rare, but 
recurrent subluxations may lead to symptoms as 
clicking or weakness. Patients with chronic insta-
bility are first treated conservatively. When this 

treatment fails, surgery is indicated. This is more 
complex than in acute cases because ligaments 
may be scarred and retracted, so that a direct 
repair may no longer be possible, and a recon-
struction with a graft has to be performed.

Medial instability can occur in overhead ath-
letes because attenuation of the MCL complex 
can lead to symptomatic but often subtle medial 
instability. This patients also start with strength-
ening exercises of the wrist flexors and pronator 
muscles, and if this treatment fails, ulnar collat-
eral ligament reconstruction can be indicated 
dependent from future sport ambitions.

9.3.3  Acute Complex Instability

When elbow instability is associated with a frac-
ture, the dislocation is classified as complex. 
Fractures can include the distal humerus, radial 
head, proximal ulna, or coronoid process. The 
coronoid fracture dictates treatment of many of 
these cases. For understanding the principles of 
treatment, it can be helpful to differentiate 
between dislocation and disruption injuries [5]. 
In general, there are transolecranon fracture dis-
locations, terrible triad injuries, and the antero-
medial coronoid fractures.

9.3.4  Chronic Complex Instability

Most of these cases with symptomatic chronic 
complex instability have to be treated operatively, 
and in some cases, this will be a salvage procedure 
because treatment of this group can be challeng-
ing. Most of these patients had an inappropriate 
initial treatment and have persistent instability, 
post-traumatic arthritis, stiffness, and pain.

9.4  Non-operative Treatment 
of Elbow Instability

Elbow instability is often times subject to surgi-
cal treatment to correct pain, catching or locking, 
subjective sensation of instability, and objective 
episodes of instability. However, there is a role 
for non-operative treatment.
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Conceptually a stable elbow will stay aligned 
throughout its arc of motion. Failure to maintain 
this alignment can produce different forms of 
instability and highlight injury to one or more 
structures that participate in elbow stability.

We will briefly review the anatomic elements 
that contribute to stability, injury patterns that 
can produce elbow instability to understand the 
basis of non-operative management but will 
focus on reduced unstable elbows.

The primary stabilizers of the elbow are a con-
gruous distal humerus and proximal ulna and a 
stable medial and collateral lateral ligament com-
plex. Secondary stabilizers are the radial head, 
the anterior and posterior capsule and the correct 
function of muscles around the elbow [1]. Each 
of the previous structures can be injured to differ-
ent degrees and can combine in different patterns 
that make interpretation of instability difficult in 
certain situations. Most typically, however, they 
present in a predictable fashion that helps us 
understand the possible mechanism of injury and 
will lead to identifying the key injury and possi-
ble associated injuries. In reduced unstable 
elbows, we will find injuries to soft tissues alone 
(simple instabilities) or associating bony injuries 
(complex instabilities) in an acute and chronic 
setting. Anteroposterior and lateral radiographs 
will typically delineate the associated fractures. 
To better define existing fractures and joint con-
gruity, CT scans can be helpful. We do not advo-
cate for MRI scanning in these cases as there is a 
risk of over-treatment although some authors per-
form scans to screen for high-grade elbow dislo-
cations [2].

The basis for non-operative treatment is to 
allow for healing of the injuries while keeping an 
aligned joint. Motion can be started as soon as 
there is a certain degree of dynamic control over 
the elbow and within the ranges permitted by the 
loads applied to injured ligaments and fractures.

Simple elbow dislocations are typically pos-
terolateral, produced by either a PLRI mecha-
nism that can start directly on the lateral side of 
the elbow and progress medially or start with an 
initial injury to the MCL and progress laterally.

After initial reduction, placing the elbow 
though a functional range of motion can assess 
stability. If there is residual instability, it will 

typically show at the last degrees of elbow exten-
sion or might increase with varus or valgus test-
ing. We avoid using exam under anesthesia as 
this decreases muscle contribution to elbow sta-
bility and does not mimic real-life conditions and 
might generate over-treatment. If within 30° of 
extension the elbow is stable, we will follow con-
servative management.

Non-operative treatment of simple elbow dis-
locations consist of immobilization with a bra-
chiopalmar plaster cast. We favor a short-term 
immobilization period of 7–10 days with concen-
tric elbow exercises within the cast followed by 
progressive advancement in elbow motion as 
allowed by the patient. Iordens et  al. recently 
showed that early use of the arm when compared 
to 3  weeks of plaster achieved faster return to 
activities and sooner regain of range of motion 
with no increased risk of residual instability, 
albeit patients should be advised that initially 
they might have more pain [3].

Some patients will feel very confident and can 
resume their normal activities very fast, but some 
will take longer. Gravity-assisted range-of- 
motion exercise are recommended for the fearful 
or the more unstable patients as it helps regaining 
motion while helping reduce the ulnohumeral 
joint by means of gravity [4]. Avoidance of varus 
will help protect the lateral ligament complex, 
but some patients have difficulty grasping the 
concept of reaching out without loading the 
elbow into varus [6]. At 6 weeks we will encour-
age advanced strengthening exercises and will 
allow normal sporting activities by 3 months.

The use of orthotic devices is controversial. 
Some patients may feel safer with the use of an 
orthotic device, but they are difficult to wear cor-
rectly. Not infrequently they will slide down the 
arm altering the center of rotation of the device, 
which along with the weight of the device can 
help to subluxate the forearm. Potentially this can 
be detrimental for adequate healing of the liga-
ments [4, 5].

In complex elbow instability, the extent of 
bony injury will influence the stability of the 
elbow. Of particular interest is the role of coro-
noid and radial head fractures. Radiocapitellar 
contact becomes especially important in the set-
ting of a coronoid fracture. If there is integrity of 
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the radial head, coronoid fractures are well toler-
ated with a specific treatment protocol including 
3 weeks of plaster and three additional weeks of 
sling while starting flexion-extension exercises 
with the forearm in pronation [7]. It is critical to 
assess adequate congruity with the use of CT 
examination.

The degree of involvement of the coronoid in 
size and location might influence the magnitude 
and pattern of instability [8–10]. Fracture of the 
sublime tubercle produces MCL insufficiency and 
generally requires surgical treatment. Fractures of 
the lateral coronoid may produce an insufficiency 
of the annular ligament and may contribute to lat-
eral ligament insufficiency. Tip fractures of up to 
50% of coronoid height can be well tolerated, 
however, with conservative management.

Terrible triad injuries combining a radial head 
fracture and a coronoid fracture are generally 
unstable injuries requiring surgical treatment, but 
small tip coronoid fractures combined with 
undisplaced radial head fractures can be treated 
successfully with non-operative treatment in a 
similar manner as described earlier [11–14].

9.5  Operative Management 
of Elbow Instability

Elbow instability is a spectrum of injuries. Both 
the lateral and the medial ligament can be involved 
as well the radial head and the coronoid. “Terrible 
Triad” is first described by Hotchkiss in 1996. He 
described a fracture dislocation of the elbow with 
a radial head fracture, fractured coronoid, and a 
dislocation of the elbow joint (Fig. 9.1). This type 
of elbow injury is notoriously difficult to treat. A 
careful stepwise approach addressing each of the 
component of this challenging injury can yield 
reliable results [15–17].

9.5.1  Surgical Technique 
for the Terrible Triad

Direct lateral approach is advised as the medial 
anblel ligament tends to heal naturally, if the 
ulnohumeral joint is reduced. A grasping stitch is 

placed through the postero-lateral soft tissues for 
lateral repair. The coronoid fracture is addressed 
first; type 1 with sutures (Fig. 9.2). Type 2 with 
small screws. Second, the radial head is recon-
structed, if reconstruction is not anble replace-
ment is indicated as a stable radial head is the key 
to prevent re-dislocation. After the above- 
mentioned reconstruction, the elbow is assessed 
for stability. If there is a persistent tendency of 
the elbow to dislocate in 30 or more degrees of 
flexion, an additional fixation of the MCL is 
advised. In exceptional cases, the elbow remains 

Fig. 9.1 Plain X-ray of terrible triad

Fig. 9.2 Trans-osseous sutures for type 1 coronoid 
fractures
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unstable after MCL fixation; in those particular 
cases, an external fixator or transfixation with 
plaster, as described by David Ring and co- 
workers, is indicated.

Summary Instability of the elbow encompasses many 
different injuries that require extensive knowledge of 
anatomy of the elbow to guide proper physical examina-
tion and adequate imaging techniques. Proper physical 
examination has to be emphasized to gauge the clinical 
relevance of imaging findings. Simple radiographs remain 
the first imaging technique to rule out associated  fractures. 
If a fracture is seen or highly suspicious, a CT scan can be 
helpful to define the magnitude of the fracture and the 
congruency of the ulnohumeral joint. Rarely, there will be 
a need for MRI in the acute setting.

The majority of simple elbow dislocations will do 
well after non-operative management. The addition of 
associated injuries will add severity to the instability and 
the need for a surgical intervention greatly increases. 
The goals of surgery will be to achieve stability and con-
gruity of the joint. Most typically, complex injuries will 
require a stepwise surgical approach with adequate 
repair of the LCL complex, the coronoid, and radial 
head. In selected cases, replacement of the radial head is 
indicated.

Following these guidelines, a functional elbow will be 
achieved most of the time.
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Basics of 2D Planning in Total Knee 
Replacement

Christian Fink and Elisabeth Abermann

10.1  Introduction

Successful outcomes after total knee arthroplasty 
(TKA) are strongly dependent on accurate com-
ponent alignment and soft tissue balancing [1]. 
Postoperative performance can be altered due to 
inadequate patellofemoral and tibiofemoral kine-
matics caused by malpositioning of the compo-
nents [2]. Thorough preoperative planning is 
critical for optimizing implant position and soft 
tissue balancing and also minimizes the probabil-
ity of subsequent TKA failure [3]. Furthermore, 
it allows for anticipating intraoperative problems, 
implant choice and size estimation [4, 5].

Planning a TKR (total knee replacement) 
starts with talking to and examining the patient 
very closely. Obtaining a thorough history is cru-
cial for patient selection and for the evaluation 
of potential postoperative complications. Factors 
that should be considered include preoperative 
diagnosis, age, characteristics of the knee pain, 
level of activity, functional limitations, involve-
ment of other joints (e.g., back, hip, and foot), 
mechanical symptoms and previous treatment 
[5]. Patients should have good dental health prior 

to surgery [6], and sources of chronic infection 
such as urinary tract infections should be elimi-
nated. Morbid obesity, poor nutritional status, 
anaemia, poorly treated diabetes and heavy 
smoking raise the risk of infection. Patients 
with neuromuscular conditions are at high risk 
of instability following TKA and may benefit 
from specific implant options (e.g., constrained 
or hinged components) [7].

10.2  Clinical Examination

The patient’s gait should be assessed. In addition 
to observing the overall knee alignment, the sur-
geon should look for the presence of thrust and/or 
hyperextension during walking, which indicates 
ligamentous laxity. An in-toeing or out-toeing gait 
may indicate pre-existing rotational deformities 
[5]. Therefore, hip anteversion and tibial external 
rotation should be estimated, at least clinically. 
A hindfoot inspection should also be part of the 
examination because hindfoot valgus is not 
uncommon, and it tends to shift the mechanical 
axis of the lower extremity after TKA [8].

A close look at the preoperative ROM is nec-
essary because the more limited the preoperative 
ROM, the greater the likelihood that the associ-
ated stiffness of the extensor mechanism may 
contribute to limited flexion after surgery [9].

Preoperative assessment of the collateral 
and cruciate ligaments is required to guide the 
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 strategy for soft tissue balancing and the selec-
tion of the implant. Any fixed coronal deformity 
found on physical examination should be noted 
to allow for planning of an intraoperative correc-
tion [5].

10.3  Radiographic Examination

The standard radiographic evaluation in our plan-
ning algorithm for patients undergoing primary 
TKA includes a weight-bearing one-leg AP 
(anterior-posterior) fixed-flexion view, a lateral 
view of the knee, a patellofemoral joint view 
such as a skyline view, a full-length hip-to-ankle 
AP weight-bearing view, an axial view to assess 
rotational alignment [10] and an optional Cobey’s 
view of the ankle to assess hindfoot alignment.

The one-leg fixed-flexion AP radiograph is 
superior to the normal weight-bearing AP X-rays 
[11–13] and is primarily used to verify the diag-
nosis and indication as well as to identify medial 
and lateral osteophytes. In this view, the patient is 
facing the detector with the foot rotated 10° 
externally, the toes are touching the detector and 
the knees are bent until they touch the table. The 
X-ray beam is angled 10° caudal pointing onto 
the joint space [11, 14]. As the patient is facing 
the detector, he/she can hold on to the detector 
and stand on only the affected limb to further 
increase the stress [13].

The lateral views are mid-flexion views. The 
true lateral view can be verified if no overlap is 
present between the medial and lateral femoral 
condyles. This view is necessary to detect poste-
rior osteophytes, to assess the vertical position of 
the patella in relationship to the joint line, to mea-
sure the tibial slope and the posterior femoral off-
set and for size estimation in templating.

The axial view of the patellofemoral joint is 
performed with the knee in 45° of flexion with 
the X-ray beam perpendicular to the detector 
plane [15]. In the axial view the patellar lateral-
ization, the tilt and lateral overhang should be 
determined for intraoperative planning of lateral 
facet resection or release of the retinaculum, and 
the patellar depth should be measured in cases of 
patella replacement.

The full-length hip to ankle AP weight- bearing 
view is necessary for the assessment of the load- 
bearing axis of the lower limb, for estimating coro-
nal laxity, for ruling out extra-articular deformity, 
for templating in the frontal plane and for planning 
the bony cuts with respect to the mechanical axis. 
For this view, the patient stands in front of the 
detector and is instructed to bear weight on both 
feet equally. The patella is felt with the index fin-
ger and thumb and rotated until it points forward, 
irrespective of the foot position.

The radiograph confirms the correct position, 
when it shows the patella centred between the 
femoral condyles [16].

For the rotation radiograph, the patient sits on 
a wooden table facing the detector with the lower 
legs hanging down at neutral rotation. The X-ray 
beam is directed at a 10° upward angle from 
behind [10].

In the case of abnormal hindfoot alignment, a 
weight-bearing modified Cobey’s view is taken. 
This radiograph is obtained with the patient stand-
ing on a radiolucent platform, with the radio-
graphic beam angled from behind at an angle of 
15° downward from the horizontal plane [17].

All radiographs used for templating should be 
carried out with a reference ball at the level of 
the joint to increase the accuracy of size estima-
tion [3, 4].

10.4  Radiologic Assessment

10.4.1  Frontal Plane

10.4.1.1  Alignment
The first step in radiographic templating is to find 
the mechanical axis in the frontal plane. It is 
defined as a line drawn from the centre of the 
femoral head to the centre of the ankle joint [18]. 
In the case of the neutral mechanical axis, the line 
passes through the centre of the knee joint. The 
distance of this line from the centre provides the 
most accurate measure of coronal alignment. The 
normal range is 8 ± 8 mm; however, the ideal is 
4 ± 4 mm. Malalignment refers to the loss of col-
linearity of the hip, knee and ankle joints in the 
frontal plane outside the normal range [19]. To 

C. Fink and E. Abermann



63

further quantify the deformity, the hip–knee–
ankle angle (HKA), formed by the tibial mechan-
ical axis and the femoral mechanical axis, is 
measured. Frontal plane malalignment can arise 
from femoral deformity, tibial deformity, knee 
joint laxity or subluxation and knee joint condy-
lar deformity. To differentiate these, the LDFA 
(lateral distal femoral angle), the MPTA (medial 
proximal tibial angle) and the JLCA (joint line 
convergence angle) are measured [19] (see 
Figs. 10.1a, 10.2a, and 10.3a). Any extra- articular 
deformity and the corresponding CORA (centre 
of rotation of angulation) should be noted. 
Normal alignment of the knee does not identify 
malorientation of the hip and ankle. The intra-
medullary valgus correction angle needs to be 
defined, and the individual entry point on the dis-
tal femur needs to be planned since it depends on 
the distal femur anatomy [20]. According to the 

surgeon’s alignment philosophy (i.e., mechani-
cal, anatomical, or kinematic; see Fig. 10.1b, c), 
the necessary correction for the bone cuts can be 
estimated (see Fig. 10.4a–c). In case of clinical 
hindfoot malalignment, the modified Cobey’s 
view can objectify the degree of deformity (>180° 
indicates valgus deformity or <180° indicates 
varus deformity). As hindfoot deformity tends to 
persist after correction of the HKA and influ-
ences the ground mechanical axis, the hindfoot 
alignment should be taken into account for over- 
or under-correction of the HKA [8, 21].

10.4.1.2  Joint Line Height
The distance between a line perpendicular to the 
mechanical axis of the tibia at the apex of the 
fibular head and a parallel line to this line at the 
level of the distal aspect of the lateral femoral 
condyle is measured [22] (see Fig. 10.5).

a b c d

Fig. 10.1 Varus arthritis of a left knee with 8° of varus 
(LDFA 91.4°, MPTA 87.5°, JLCA 3.8°). (a) The preop-
erative alignment measurements and the intramedullary 
valgus correction angle using Orthoview Software. (b) 

The correction following mechanical alignment with a 
neutral HKA angle, (c) anatomical alignment again with a 
neutral HKA and (d) kinematic alignment with a persis-
tent varus deformity of 3°
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a b c

Fig. 10.2 Kinematic alignment in case of severe valgus 
knee arthritis. (a) The preoperative alignment measure-
ments (LDFA 85.2°, MPTA 90.8°, JLCA 6.1° and a HKA 

angle of 11.8°). (b) A correction according to the concept 
of kinematic alignment is shown. (c) A close-up of the 
correction cuts

Finally, the AP view is used to detect medial 
and lateral osteophytes influencing soft tissue 
balancing, and component sizing can be per-
formed in the frontal plane (see Fig. 10.6b).

10.4.2  Sagittal Plane

10.4.2.1  Slope
To measure the slope on a lateral radiograph, 
consideration of a lateral convex and a medial 
concave joint line is needed; however, for a 
medial parapatellar approach, the medial slope is 
more relevant intraoperatively. Thereafter, the 
slope between a line tangent to the medial or lat-
eral joint line and the sagittal tibial anatomical 
line, obtained by connecting the furthest mid-

point on the diaphysis visible on the X-ray and a 
midpoint 10 cm below the joint line, is measured 
(range 5–11°) [23–25] (see Fig. 10.7a). For the 
sagittal tibial anatomical axis, several anatomical 
landmarks are described: the anterior cortical 
line, the proximal anatomical axis, the central 
anatomical axis, the posterior cortical line and 
the fibular shaft axis [26]. The values of the slope 
change markedly according to the reference axis 
used but show significant correlations and thus 
may be used safely if differences with the 
mechanical axis of the tibia are considered [27].

10.4.2.2  Posterior Condylar Offset
The posterior condylar offset is evaluated on true 
lateral radiographs by measuring the maximal 
thickness of the posterior condyle, projected pos-
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teriorly to the tangent of the posterior cortex of 
the femoral shaft [28] (see Fig. 10.7b). The maxi-
mal obtainable flexion for PCL-retaining TKAs 
is determined by impingement of the posterior 
tibial insert against the femur, which is exagger-
ated by aberrant kinematics involving anterior 
sliding of the femur during flexion. For every 
millimetre lost by posterior condylar offset, the 
maximal final flexion is reduced by a mean of 
6.1°. Therefore, a full restoration of the posterior 
condylar offset is recommended for PCL- 
retaining TKAs, since it allows a greater degree 
of flexion before impingement occurs [28].

10.4.2.3  Patellar Height
Several methods exist to measure patellar 
height. In the case of TKA, only methods refer-
encing the tibia, such as the Insall-Salvati index 
[29], the Caton-Deschamps index (see 
Fig. 10.7c) [30] and the Blackburne-Peel index 
(see Fig. 10.7d) [31], are useful because they are 
reproducible after TKA as well. Whereas the 
Insall-Salvati ratio is good for the identification 
of a true patella baja or alta, it has inferior 
interobserver correlation and reproducibility, 
and its measurements after the operation are 
misleading if the position of the joint line has 

a b c

Fig. 10.3 Anatomical alignment in case of slight varus 
knee arthritis. (a) The preoperative alignment measure-
ments (LDFA 85.6°, MPTA 86.8°, JLCA 3.2° and a HKA 

angle of 4.4°). (b) A correction according to the concept 
of anatomical alignment is shown. (c) A close-up of the 
correction cuts
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a

c

b

Fig. 10.4 A close-up of the correction cuts of the knee 
shown in Fig. 10.1. (a) The femoral and tibial cuts (red 
lines) following mechanical alignment, (b) the correction 

cuts following anatomical alignment and (c) the ones for 
kinematic alignment, which seems to be the best fitting 
option in this case
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been altered. The Blackburne- Peel and Caton-
Deschamps ratios evaluate patellar height rela-
tive to the joint surface and will identify a 
pseudo-patella baja. These methods have supe-
rior reliability and interobserver correlation 
after TKA [32].

Furthermore, anterior and posterior osteo-
phytes, which might cause flexion contracture or 
limit full flexion, should be identified. As the size 
of the components is dictated most commonly by 
the anterior-posterior dimensions of the femur 
and the tibia, sizing is performed in the lateral 
view [5]. By templating the size of the compo-

nents in the frontal and sagittal planes, a possible 
mismatch might be identified before surgery [33] 
(see Fig. 10.6a, b).

10.4.3  Axial Plane

10.4.3.1  Axial View of the Patella
Patellofemoral alignment measured accord-
ing to the American Knee Society Total Knee 
Arthroplasty Roentgenographic Evaluation 
and Scoring System takes into account patellar 
thickness, width, tilt and medial-/lateral dis-
placement [25]. Most important for preoperative 
planning in cases of patella replacement is the 
patellar thickness. The patellar thickness refers 
to the vertical distance from the anterior cortex 
of the patella to the depth of the femoral sulcus 
[25]. Multiple studies have confirmed the asso-
ciation between decreased patellar thickness and 
increased fracture risk [34]. Bone stock preser-
vation is  therefore critical. In thin patellae recon-
stitution of patellar thickness when resurfacing 
can be problematic. In these cases, an increase in 
patellar thickness can be accepted without major 
loss of flexion [34, 35].

10.4.3.2  Rotational Alignment
The angle between the clinical epicondylar 
axis—a line connecting the medial and lateral 
femoral prominences—and the posterior condy-
lar axis—a line connecting the posterior margins 
of the medial and lateral femoral condyles—is 
measured [10] and kept for intraoperative adjust-
ment of rotation (see Fig. 10.8).

Rotational alignment of the femoral compo-
nent during TKA has an influence on patello-
femoral kinematics [36] and on the balance of 
the flexion gap, which can affect the femoro-
tibial kinematics [37, 38]. There is no consensus 
regarding the best method to achieve consis-
tent intraoperative femoral component rotation. 

Fig. 10.5 The measuring method of the joint line height. 
The distance is measured between a line perpendicular to 
the mechanical axis of the tibia at the apex of the fibular 
head and a parallel line to the first line at the level of the 
distal aspect of the lateral femoral condyle
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Traditionally, two techniques have been used: the 
gap-balancing technique, in which the femoral 
component is positioned parallel to the resected 
proximal tibia with each collateral ligament 
under equal tension, and the measured resection 
technique, in which bony landmarks are used as 
references to set femoral rotation regardless of 
the ligament tension [39, 40]. At least five distal 
femoral rotational reference axes are described: 
the transcondylar axis [41], the posterior condy-
lar axis (PCA) [42, 43], the anatomic and surgi-
cal transepicondylar axes (TEAs) [44, 45] and 
Whiteside’s anterior-posterior axis [46]. The 

surgical TEA is a line connecting the medial epi-
condylar sulcus with the most prominent point on 
the lateral epicondyle. It is considered to be the 
most accurate bony landmark for approximating 
the flexion axis of the knee [44, 47]. However, 
whether the TEA is reproducible and accurately 
identified intraoperatively has been debated in 
the literature with contradictory reports [44, 47–
50]. The PCA, formed by a tangent to the pos-
terior aspect of both femoral condyles, has been 
used as a surrogate for the TEA.  In the case of 
normal condylar anatomy, the PCA is 3–4° inter-
nally rotated in relation to the TEA. Nonetheless, 

a b

Fig. 10.6 Size templating. It shows the discrepancy of 
component sizing in the lateral (a) and AP view (b). 
However, as the size is most commonly dictated by the 

anterior- posterior dimensions of femur and tibia, the lat-
eral size estimation is more reliable
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a b

Fig. 10.8 Rotational alignment. The angle between the 
clinical epicondylar axis—a line connecting the medial and 
lateral femoral prominences—and the posterior condylar 
axis—a line connecting the posterior margins of the medial 

and lateral femoral condyles—is measured (two yellow 
lines). The TEA is 4° internally rotated relative to the CEA 
(orange line). (a) Valgus knee arthritis with 7° of TEA-PCA 
angle and (b) varus knee arthritis with 2° of TEA-PCA angle

a b c

d

Fig. 10.7 Sagittal plane radiographic evaluations. (a) 
Posterior slope angle is formed by a line perpendicular to 
the lateral longitudinal axis of the tibia and a line parallel 
to the medial tibial plateau joint line. Its value is positive 
when it is under the line and it is negative when it is above. 
In this case, it is a negative slope of 5°. (b) Posterior con-
dylar offset: thickness of the posterior condyle projected 
posteriorly to the tangent of the posterior cortex of the 

femoral shaft. (c, d) Patella height. (c) Caton-Deschamps 
index: The ratio between the distance of the lower edge of 
the patellar joint surface to the upper edge of the tibial pla-
teau (orange) and the length of the patellar articular surface 
(yellow). (d) Blackburne-Peel index: The ratio between the 
perpendicular distance from the lower articular margin of 
the patella and the joint line level (orange) and the length 
of the articular surface of the patella (yellow)
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several studies have shown variations regarding 
the relationship of the PCA to the TEA, poten-
tially leading to component malrotation [47, 
51–53]. The anatomic or clinical epicondylar 
axis (CEA), a line that connects the medial and 
lateral epicondylar prominences, and the PCA 
are easily identified in the rotational radiograph 
[10]. The TEA is 4° internally rotated relative to 
the CEA, and the angle is constant because the 
sulcus is the attachment of the medial collat-
eral ligament and should have a fairly constant 
ratio to the mediolateral length of the femur [53] 
(orange line, Fig. 10.8). The PCA-CEA angles in 
the rotational radiograph are comparable to those 
measured by CT and help interpret the PCA as an 
intraoperative reference for rotational alignment. 
Furthermore, the preoperative flexion gap imbal-
ance can be estimated, and soft tissue balancing 
can be adjusted accordingly [10].

Ng et  al. stated that the PCA-TEA strongly 
correlates with proximal tibial joint line obliq-
uity, indicating a relationship between distal fem-
oral rotational geometry and proximal tibial 
inclination. These findings could imply that the 
natural knee in flexion attempts to balance the 
collateral ligaments towards a rectangular flexion 
space. A higher tibial varus inclination is matched 
with a more internally rotated distal femur rela-
tive to the TEA [52]. As bony defects due to 
arthritis mainly occur in the main load carrying 
areas and not in deep flexion, this could be a hint 
to estimating the alignment prior to arthritis.

Although not all of these measurements can 
be verified intraoperatively, they should at least 
be used for postoperative self-assessment and 
improving accuracy.

10.5  Alignment Concepts

According to the measurements, one must decide 
which alignment approach to follow. Historically, 
the alignment philosophy for TKA was driven by 
the desire to maximize durability and relieve pain 
with less regard to restoring normal knee kinemat-
ics and function. Michael Freeman introduced the 
concept of right-angled femoral and tibial bone 

cuts (mechanical alignment, see Figs.  10.1b and 
10.4a) and the idea of parallel and equal flexion and 
extension spaces [54]. Jeffery et  al. popularized 
the restoration of the mechanical axis to 0° ± 3°, 
relative to Maquet’s line, with the use of long-leg 
radiographs [55]. This choice of alignment is based 
on the long- held tenet that postoperative alignment 
of the lower limb should be within 3° of a neutral 
mechanical axis [56]. The aim of the mechani-
cal alignment technique for TKA is not to restore 
the constitutional patient-specific alignment but 
rather to systematically create a “biomechanically 
friendly prosthetic knee” [57]. The concept of 
restoring knee joint line obliquity to a few degrees 
of varus in total knee arthroplasty using the “ana-
tomic” method was first proposed by Hungerford 
et  al. [42]. Anatomic alignment still aims for a 
neutral HKA, but the bones are cut 3° oblique to 
their mechanical axes [54] (see Figs. 10.1c, 10.4b, 
and 10.3). The rationale supporting this technique 
is that it promotes a better load distribution on the 
tibial component and better patella biomechanics 
as it reduces the risk of lateral retinacular ligament 
stretching when the knee flexes [57]. In contrast to 
the classically aligned TKA, the surgical goal of 
kinematic TKA is not attainment of neutral limb 
alignment. Instead, the emphasis is placed on the 
soft tissue and the restoration of alignment to the 
pre- arthritic state [52] (see Figs. 10.1d, 10.4c, and 
10.2). The kinematic alignment technique was 
first introduced by Stephen Howell in 2006 and is 
a pure bone procedure with predictable “expected 
thickness of bone cuts” and intraoperative abil-
ity to perform quality assurance checks (calliper 
measurements) and correct low-quality cuts [57]. 
The knee kinematics of patients with kinemati-
cally aligned TKAs were found to resemble more 
closely those of normal healthy controls [58], 
and gait analysis showed a lower knee adduction 
moment [59]. However, their functional outcome 
is not necessarily superior to that of mechanically 
aligned TKAs [60]. Accurate restoration of the dis-
tal femoral, posterior femoral and tibial joint lines 
within ±1  mm is necessary to avoid an increase 
in tibial compartment forces beyond those of the 
natural knee, which result in stiffness and limited 
range of motion [54, 61–63].
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As great variability in the lower limb align-
ment of non-osteoarthritic knees was shown [64–
66], an individualized approach is perhaps the 
best option.
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Minimally Invasive Osteotomies 
Around the Knee

Kristian Kley

11.1  Introduction/Historical 
Background

Osteoarthritis is a very common cause of knee 
pain. It affects high percentages of patients above 
60 years of age [1] but is also seen in younger 
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 osteoarthri-
tis. Numerous studies have shown that at least 
30% of the male population and almost 20% of 
the female population have a lower limb malalign-
ment of more than 3° [1–3]. 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 [4–7].

It is widely accepted that the best way realign-
ing and treating malalignment is with an osteot-
omy 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 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 
[8]. Recently more attention was paid to the ori-
entation of the joint line in relation to Mikulicz 
line to restore the kinematic alignment profile [1, 
9, 10]. To avoid creating a new deformity and 
malalignment of the joint line orientation, proper 
analysis is mandatory [11–13]. 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 [10] 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 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 [14, 
15]. In the case of HTO, the number of recent 
outcome papers is low and mostly based on his-
torical techniques with relatively poor long-term 
outcome [16, 17]. Again in DFO surgery, the pro-
cedure is considered technically challenging with 
higher complication rates, although meta- 
analysis could not find evidence [18].

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 
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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. Adversely, that 
does not affect the rising figures of these proce-
dures [19]. The dilemma is that osteotomy shows 
excellent results [15, 20, 21]; however, the num-
ber of osteotomies carried out is decreasing. This 
could be explained by the feeling that these pro-
cedures are considered to be difficult and high 
risk. Furthermore, the shift to joint replacement 
surgeries over the last decades has been encour-
aged by the industry, and at the same time, we 
have seen a relatively few centers of excellence 
and training initiatives in 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  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 is that recommended 
by the Joint Preservation Expert Group of AO 
(JPEG).

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 sur-
gery is to carry out a medial opening wedge pro-
cedure to the proximal tibia. Unlike the lateral 
closing wedge technique, where there is a risk of 
common peroneal nerve injury, there is a need to 
perform a fibula osteotomy and more soft tissue 
dissection to the lateral compartment, the medial 
approach involves minimal soft tissue dissection, 
significantly less risk of neurovascular damage, 

and the open wedge approach allows “fine tun-
ing” of the osteotomy [22, 23].

For femoral malalignments, routinely closed 
wedge osteotomies, either medially or laterally, 
are performed to correct coronal plane deformi-
ties. The distal femur shows different biomechan-
ics than the proximal tibia. The surface at the 
level of osteotomy is smaller on the femoral side. 
There is no natural “hinge-preserver” such as the 
fibers of the proximal tibio-fibular joint in the 
area of the safe zone [24, 25], and the lever arm 
of the DFO is longer. As a result, DFO is inher-
ently more unstable. To help with this problem 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 [26, 27] (Figs. 11.1 and 11.2).

The biplanar technique for DFO and HTO 
shows numerous advantages. Geometrically the 
volume of the osteotomy is reduced, the osteotomy 

Fig. 11.1 Incisions for conventional (red) and MIS (blue) 
technique
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can be performed closer to the metaphysis with 
better bone-healing, and there is an inherent higher 
axial stability, protection against the potential issue 
of malrotation, and an option for reduction in case 
of a hinge-fracture [23, 26, 27].

These biplanar techniques along with angle 
stable plate fixators reproducibly showed excel-
lent midterm results and patient satisfaction [15, 
28, 29]. 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.

11.3  MIS Technique/Future 
Options

The MIS biplanar technique that we have devel-
oped is less invasive but still allows the proce-
dures to be carried out safely in experienced 
hands. The key is to make the incision in the opti-
mal location to allow good visualization. This 

incision 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 
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 struc-
ture in the approach up to the MCL, MIS does not 
help to reduce the surgical trauma. But taking 
into consideration that osteotomy patients 
undergo revision surgery, the surgical pathways 
need to be planned thoughtfully. The skin-bridge 
between two proximal tibial incisions should at 
least be 5 cm [30]. An incision shorter than that 
can be considered non-critical. 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 

Fig. 11.2 Biplanar osteotomy at distal femur (DFO) and proximal tibia (HTO)
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the level of joint line and no longer to the pos-
teromedial corner. 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 some 4 cm 
above the epicondyles. At the medial side, the 
fascia of vastus medialis is then incised and lon-
gitudinally split. Blunt dissection around the 
muscle is performed to the dorsal circumference. 
At the lateral aspect, the upper border of the ilio-
tibial band needs to be identified and divided in 
a longitudinal way. Care is to be taken at the dis-
tal parts around the vastus lateralis as branches 
of the lateral ascending genicular artery pene-
trate 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 this, there 
is minimal compromise to the vascularity of the 
area. It has been shown with conventional plat-
ing vs. MIPO (minimal invasive plate osteosyn-
thesis) causes and limitations for periosteal and 
bone marrow perfusion, leading to compromised 
osteotomy consolidation [31–33]. Performing 
the osteotomy and applying the plate like in 
HTO is achieved by window-shifting. The place-
ment 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, surgical trauma has been reduced. 
Following deformity analysis, we have found 
significant numbers of varus patients with femo-
ral deformity and now correct up to 20% of our 
varus deformity with lateral closing wedge DFO 
surgery. In conclusion, femoral osteotomy pro-
cedures are currently not carried out in sufficient 
numbers. Where appropriate, osteotomy needs 
to be performed in the femur and not always car-

ried out in the tibia for varus deformity. The 
same is true in valgus deformity, where a signifi-
cant number of patients have deformity in the 
tibia as opposed to the femur, and it is here there-
fore where the osteotomy should be carried out, 
to prevent the surgery creating joint line obliq-
uity and a new deformity. In recent times, atten-
tion has been payed to the orientation of the 
joint-line, along with the postoperative correc-
tion of the weight-bearing line [1, 10, 34]. From 
the dynamic perspective, the knee medializes 
during gait. That leads to a horizontal joint-line 
orientation, when the joint-line is medially 
inclined in stance. As a consequence, altering the 
MPTA to abnormal values to correct the weight-
bearing line might lead to disturbed kinematics. 
Though at present there is no scientific evidence, 
our threshold for a postoperative MPTA is 93°. It 
is important to understand, that the femur decides 
on the joint-line orientation. If the desired cor-
rection cannot be achieved within reasonable 
values for mLDFA and/or MPTA, we tend to 
plan a DLO (double-level osteotomy).

11.4  Take Home Message

Biplanar osteotomy with angle-stable plate fix-
ators produces excellent results when carried out 
for the right indications. As our understanding of 
malalignment, planning and execution of osteot-
omy surgery has evolved, the vast majority of the 
technical challenges 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 tech-
nique 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 
establish these working concepts as standard 
treatment pathways.
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ACL Reconstruction Using a Flat 
Quadriceps Tendon Graft  
Without Bone Block
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Robert Smigielski, Rainer Siebold, 
and Mirco Herbort

12.1  Introduction

The selection of a graft for reconstructing the 
anterior–cruciate ligament (ACL) continues to be 
a controversial issue. While the patellar tendon 
was long considered the “gold standard” for ACL 
reconstructions, it was surpassed gradually in 
popularity by the semitendinosus and gracilis 
tendons, and more recently quadriceps tendon 
got increased attention [1–3].

Clinical studies have documented similar 
excellent results with less donor site morbidity 
than patellar tendon BTB grafts [4]. Clinical 
results are also comparable to the more com-
monly used hamstring graft, but QT was found to 
be associated with a lower re-rupture rate [1, 5].

While many knee surgeons currently accept 
QT as an ideal revision graft, to date it has not 
been widely utilized as a standard graft for pri-
mary ACL reconstructions [6]. One reason might 
be that QT graft harvesting is more technically 
demanding. This downside may be overcome by 
using a standardized minimal invasive technique 
that makes QT harvest saver and yields to more 
favorable cosmetic results [7].

Recent evidence has suggested that broad flat 
QT soft tissue grafts may more closely mimic 
native ACL “ribbon-like” morphology than ham-
string tendon grafts (Fig. 12.1).

Neither a QT graft nor a patellar tendon graft 
is inherently round [8–10]. Only the reaming 
technique necessitates to harvest a graft that 
would fit snugly in a classic bone tunnel.

These considerations led us to develop a tech-
nique for creating rectangular bone tunnels (Karl 
Storz, Tuttlingen) that conform to graft shape. In 
vitro, this modification has been shown to have a 
biomechanical advantage with respect to rota-
tional laxity [10, 11].

As a further advancement of these technique, 
an even flatter and wider femoral tunnel can be 
created on the femur, and instead of a squared 
tunnel on the tibia, a C-shaped tunnel, even more 
closely resembling the natural anatomy, can be 
created using newly developed instrumentation 
(MARS; Medacta, Lugano).

A soft tissue QT graft is suitable for both 
techniques.
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12.2  Operative Technique

12.2.1  Graft Harvest and Preparation

A transverse skin incision approximately 3  cm 
long is made over the superior border of the 
patella. The bursal layer is then dissected aside to 
expose the QT, and a long Langenbeck retractor 
is introduced. Next a tendon knife with two paral-
lel blades (10 mm width) (Karl Storz, Tuttlingen) 
is advanced to 7 cm (Fig. 12.2).

The thickness of the graft is then defined with 
the tendon separator (Karl Storz, Tuttlingen), 

which is set to a depth of 5  mm and is also 
advanced to the 7-cm mark (Fig. 12.3).

Finally, graft length is determined with the 
quadriceps tendon cutter (Karl Storz, Tuttlingen), 
a punch-action instrument that is introduced 
1–2 cm proximal to the superior–patellar border. 
It is advanced to the desired length and activated 
to free the proximal end of the graft. The graft is 
now reflected distally, and the distal end of the 
graft is outlined with a scalpel, cutting down to 
the patella (Fig. 12.4) [7].

a b

Fig. 12.1 Femoral (a) and tibial (b) attachments of the ACL

Fig. 12.2 Subcutaneous advancement of the tendon 
knife. The cutting edges are spaced at the desired graft 
width (Karl Storz, Tuttlingen)

Fig. 12.3 Insertion and advancement of the 5-mm ten-
don separator (Karl Storz, Tuttlingen)
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A periosteal strip equal to the graft width and 
1.5–2 cm long can be dissected from the anterior–
patellar surface (Fig.  12.5a). The strip is then 
folded over (Fig.  12.5b) and whipstitched with 
two nonabsorbable No. 2 sutures (Fig.  12.5c). 
This yields a rounded end that will facilitate later 
graft passage. The sutures are passed through the 
central holes of a FlippTack® fixation button (Karl 
Storz, Tuttlingen). Finally, the free end of the ten-
don is whipstitched with two nonabsorbable Nr. 2 
lead sutures (e.g. Fibre Wire®, Arthrex Naples FL) 
and passed through an Endotack® (Karl Storz, 

Tuttlingen) or a Tibial button (PSP®, Medacta 
Lugano), respectively (Fig. 12.5d).

12.2.2  Femoral Bone Tunnel

A standard arthroscope portal is placed just lat-
eral to the patellar tendon at the level of the patel-
lar apex. A low medial portal is then placed under 
vision, using a trial needle to determine the portal 
site. The cruciate ligament remnants are resected, 
leaving a tibial stump.

With the knee flexed 90°, the anatomic femo-
ral insertion site of the ACL is marked with a 
microfracture awl. The position of this point is 
checked by viewing through the medial arthro-
scope portal (Fig. 12.6).

A 2.4-mm guide wire is now introduced 
through the medial portal using a femoral drill 
guide. The guide wire is advanced to a 1  cm 
laser mark (Fig. 12.7a). Then the length of the 
tunnel is measured with a special depth gauge 
(Karl Storz, Tuttlingen) (Fig. 12.7b, c).

When the correct position of the guide wire 
has been confirmed, it is overdrilled with a 4.5- 
mm drill bit. Then a 10 mm rasp is passed through 
the medial portal. With the knee flexed 115°, the 
rasp is aligned parallel to the tibial plateau 
(Fig. 12.8). The smooth surface of the rasp is fac-

Fig. 12.4 Subcutaneous advancement of the quadriceps 
tendon cutter (Karl Storz, Tuttlingen) and retrieving the 
graft

cb

d

a

Fig. 12.5 (a) Harvesting a QT graft with a 2-cm-long 
periosteal strip conforming to the graft width. (b) The 
periosteal strip is folded over and (c) whipstitched with 

two nonabsorbable No. 2 sutures. (d) The final graft prox-
imally tied to a flip button and distally instrumented with 
a special suture button (PSP® Medact Lugano)
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ing the posterior cruciate ligament to protect that 
structure from injury. A socket is formed by driv-
ing the rasp in slowly to a depth of approximately 
25–30 mm. The rasp is then tapped back out.

Alternatively, the MARS femoral guide 
(Medacta, Lugano) is slided over the central 
guide wire and two more 2.4-mm guide wires are 
placed at the femoral insertion (Fig.  12.9). The 
guide wires are over-reamed by a 4.5-mm can-
nulated reamer, and then the tunnel is finalized 
using a dilatator of the appropriate graft size 
(small, medium, or large) (Fig. 12.10).

12.2.3  Tibial Bone Tunnel

12.2.3.1 Rectangular Bone Tunnel
The tibial drill guide is introduced through the 
medial arthroscope portal. Then a vertical skin 
incision approximately 1.5  cm long is made 
medial to the tibial tuberosity. The first guide 
wire is now drilled in through the center of the 
drill sleeve, and its relation to the roof of the 
intercondylar notch is evaluated by extending 
the knee. The guide sleeve is removed and a 
cannulated 10-mm (or 12-mm) drill bit is 
advanced over the wire. It is predrilled to a 
depth of 0.5–1 cm to create a countersunk bed 
for the later placement of an EndoTack® (Karl 
Storz, Germany). Now the drill sleeve is reintro-
duced and fixed securely in the predrilled hole. 
A second guide wire is drilled in parallel to the 
first at a slightly more anterior position 
(Fig. 12.11).

Each wire is overdrilled with a 5-mm drill bit. 
Both the wires are removed, and any bony 
bridges that remain between the drill holes are 
disrupted with a shaver. Now a guide wire is 
inserted for orientation purposes, and a 10 mm 
rasp is carefully driven into the tunnel. Finally a 
tibial dilator of the appropriate size is carefully 
tapped into place to complete the tibial tunnel 
(Fig. 12.12).

Fig. 12.6 Arthroscopic view from the medial portal con-
trolling the position of the marking for the femoral 
tunnel

c

a b

Fig. 12.7 The 2.4-mm guide wire is advanced to a 1 cm laser mark (a). Then the length of the tunnel is measured with 
a special depth gauge (Karl Storz, Tuttlingen) (b and c)
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12.2.3.2  C-Shaped Bone Tunnel
The MARS tibial aimer (Medacta, Lugano) is 
inserted through the medial portal with the knee 
in 90° of flexion again and placed around the ante-
rior horn of the lateral meniscus and with refer-
ence to the ACL remnant. The guide wire is drilled 
into the center of the ACL footprint (Fig. 12.13).

Now two 4.5-mm drill bits are drilled anterior 
and posterior to the guide pin. Finally, the tibial 
aimer is removed and a cannulated 4.5-mm drill 
bit is used to over drill the guide wire.

The tibial tunnel is finalized using a C-shaped 
dilatator of the appropriate graft size (small, 
medium, or large) (Fig. 12.14).

12.2.3.3  Graft Passage (Fig. 12.15)
The suture loop from the free suture ends from 
the tendon end of the graft to the button are now 
tied off to equal the measured length of the femo-
ral tunnel.

Correct graft rotation is an important consider-
ation during graft [8, 9] passage. It is easier to 

a b

Fig. 12.8 (a) A rasp (8 or 10 × 5 mm) (Karl Storz, Tuttlingen) is driven into the bone tunnel with the knee flexed 
approximately 115°. (b) Final appearance of the squared femoral bone tunnel through a medial arthroscopic portal

Fig. 12.9 Using the 
MARS femoral drill 
guide (Medacta, 
Lugano) to place three 
2.4 mm K-wires in the 
femoral ACL footprint 
(schematic drawing and 
arthroscopic 
visualization)
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achieve correct graft rotation with the knee 
slightly extended. When it is confirmed that the 
fixation button has been flipped, the graft is pulled 
back through the tibial tunnel to seat the button 
securely against the femoral cortex. Now the knee 
joint is taken through ten cycles of flexion exten-
sion while traction is maintained on the distal 
leads. Then, with the knee flexed approximately 
20°, the tibial end of the graft is fixed with an 
8 × 28 mm absorbable interference screw inserted 
on the lateral side of the graft. Additionally, the 
sutures are tied over an EndoTack® (Karl Storz, 
Germany) - rectangular tibial tunnel.

For the C-shaped tibial tunnel, the distal 
sutures are tied over a special tibial fixation but-
ton (PSP®; Medacta, Lugano) (Fig. 12.16).

Finally the QT tendon graft is inspected, and 
ACL remnants that might impinge in full 
 extension are carefully removed using a shaver 
(Fig. 12.17).

12.3  Postoperative Care

While still in the operating room, the knee is 
positioned in an extension brace following appli-
cation of the wound dressing and a Cryo cuff.

If the patient is hospitalized, drains are 
removed and radiographs are obtained on the first 
postoperative day. A 0–0–90° knee brace is 

Fig. 12.10 Dilating the femoral tunnel in the appropriate size equal to graft dimensions (schematic drawing and 
arthroscopic visualization)

Fig. 12.11 Two K-wires are placed parallel in the tibial 
footprint with a special tibial aimer (Karl Storz, Tuttlingen)

Fig. 12.12 A tibial dilator of the appropriate size (Karl 
Storz, Tuttlingen) is carefully driven into place

C. Fink et al.
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Fig. 12.13 The MARS tibial aimer (Medacta, Lugano) is 
inserted through the medial portal with the knee in 90° of 
flexion again and placed around the anterior horn of the 

lateral meniscus and with reference to the ACL remnant. 
The guide wire is drilled into the center of the ACL foot-
print (schematic drawing and arthroscopic visualization)

Fig. 12.14 The tibial 
tunnel is finalized using 
a C-shaped dilatator of 
the appropriate graft size
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applied, and the patient is mobilized under the 
direction of a physical therapist.

Partial weight-bearing at approximately 
20–30 kg should be maintained for the first two 
postoperative weeks. The brace and crutches can 
be discontinued by the third postoperative week. 
In most cases, the patient is discharged on the 
second or third postoperative day and continues 
outpatient physical therapy 2 or 3 times per week 
for at least 6 weeks.

12.4  Discussion

A soft tissue QT graft allows for new, more ana-
tomic ACL reconstruction techniques. Commonly 
used ACL reconstruction techniques use drills to 

Fig. 12.15 Insertion of 
the graft through the 
tibial tunnel

a b

Fig. 12.16 (a) Endoscopic view of the graft in the C-shaped tibial tunnel. (b) Fixation through tying the knots over a 
special tibial suture button (PSP®; Medacta, Lugano)

Fig. 12.17 Final arthroscopic appearance of a flat QT 
graft

C. Fink et al.
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create bone tunnels for graft insertion. However, 
this seems to be the only explanation for them 
being round, because neither the femoral nor the 
tibial insertion sites are round. On the femoral 
side, the rectangular or flat tunnel mimics the 
native insertion better than a round tunnel, and 
the tibia a rectangular or C-shaped tunnel poten-
tially reduces the risk for laceration of the ante-
rior horn of the lateral meniscus. Additionally, 
the increased graft bone contact area of a flat 
ACL graft compared to a round graft with similar 
cross-sectional area may provide a biological 
advantage leading to accelerated ingrowth and 
probably less central graft necrosis.

12.5  Take Home Message

The quality of the QT is often underestimated in 
cruciate ligament surgery. The tendon is very 
flexible in its dimensions. QT harvest without a 
bone block is technically easier (e.g., no risk of 
patellar fracture), and the addition of a perios-
teum flap facilitates its insertion and is poten-
tially beneficial for graft to bone healing.

Because neither the bony attachments nor the 
mid-substance of the native ACL is round, the use 
of round tunnels and tubular hamstring tendon 
(HT) grafts as the optimum reconstruction tech-
nique has been questioned. Anatomically ori-
ented rectangular femoral tunnels and rectangular 
or C-shaped tibial tunnels may more closely rep-
licate the native anatomy, allowing graft rotation 
during knee flexion that is similar to the biome-
chanics of the native ACL [11].
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Void Filler in Opening Wedge 
Osteotomies Around the Knee

Asif Parkar, Philip Pastides, Raghbir S. Khakha, 
and Matt Dawson

Opening wedge osteotomy around the knee is a 
safe, effective and satisfactory surgical technique 
used in active patients in order to restore coronal 
and sometimes sagittal alignment in the manage-
ment of osteoarthritis and other conditions.

An opening wedge osteotomy relies on the 
natural healing processes of the bone to consoli-
date the gap and unite. Recognised risks and 
complications of these procedures include mal- 
union, delayed union or even non-union, with or 
without an associated loss of the deformity cor-
rection. The advent of angle stable plates and 
recent advances in technique have been shown to 
increase the stability across the osteotomy site. 
This allows early weight bearing, which thus 
stimulates the mechanical environment and 
accelerates osseous healing. In fact, locking 
plates compared to non-locking plates appear to 
have a more favourable outcome in terms of sta-
bility at the osteotomy site, with or without the 
addition of void filler [1, 2].

Despite this finding, some surgeons advocate 
the use of void fillers to enhance bone healing 

and increase initial mechanical stability. 
Furthermore, in vitro studies have shown that use 
of void filler increases initial axial and rotational 
stability compared to leaving the osteotomy gap 
empty [3]. Options to fill the osteotomy gap 
include autografts (such as those derived from 
the iliac crest graft), allograft (such as femoral 
head wedges), cement blocks or synthetic grafts 
(in wedges or powder form).

An autograft is tissue that is harvested from 
and transplanted to another part in the same indi-
vidual. Based on the anatomical location of the 
donor site, this can be cortical, cancellous, corti-
cocancellous, vascularised graft or bone marrow. 
Autograft is generally regarded as the gold stan-
dard because it is the only graft option that has 
the potential of providing mechanical stability as 
well as the patient’s own osteogenic cells to pro-
mote bone healing. The exemplar for an autograft 
that gives excellent structural support and osteo-
genic cells is tricortical iliac crest bone graft. 
This provides structural support as well as living 
cells with growth factors having excellent osteo-
genic and osteoinductive properties. This facili-
tates rapid incorporation at the recipient site 
without the risk of disease transmission or immu-
nogenic complications and at no extra cost for 
material or tissue. The disadvantages of autograft 
are donor-site morbidity such as pain, haema-
toma, infection, scar, increased operative time 
and also limited supply.
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An allograft is a graft that is harvested from 
one individual and implanted into another of the 
same species. This can be cortical, cancellous or 
corticocancellous, and based on the processing 
method, it can be fresh, frozen, freeze-dried and 
demineralised. The greatest advantage of 
allograft is that there is no donor site morbidity. 
Large amounts of graft can be made available and 
hence making it more suitable for bigger defects. 
Important disadvantages, however, are that struc-
tural properties as well as the biological potential 
of the allograft may be adversely affected by the 
processing techniques employed. Disease trans-
mission remains a concern when using allografts, 
and thorough screening is mandatory when sup-
plying allografts. Bone banks screen the graft for 
hepatitis B, hepatitis C, HIV, syphilis and rhesus 
status. Other exclusion criteria include malig-
nancy, inflammatory arthritis, autoimmune dis-
ease, prolonged steroid use and diseases such as 
Alzheimer’s, multiple sclerosis and Creutzfeldt–
Jakob disease. The reported risk of infection with 
allograft for HIV is one in 1.6 million, and hepa-
titis C is one in 150,000. Other disadvantages of 
allograft are the risk of immunogenic reaction 
and the cost.

Xenograft is when a graft is harvested from 
one species and implanted into a different spe-
cies. This method is not readily used as of yet, but 
studies have shown encouraging results.

Synthetic or artificial grafts are also an option. 
These have neither donor site morbidity nor risk 
of cross infection, as compared to autograft and 
allograft, respectively. However, their unique 
biological and biomechanical properties need to 
be carefully considered.

The aim of this chapter is to discuss the vari-
ous options to use if void filler is desired and also 
summarise the evidence for each option.

13.1  In Vitro Evidence

13.1.1  Simulation Testing

Large osteotomy gaps (>10  mm) have been 
shown to be associated with a high risk of lateral 
cortex fracture [4, 5]. Using saw bone tibiae, 

Belsey et  al. [6, 7] performed two laboratory 
studies looking at the effect of void fillers for 
larger osteotomy gaps.

In the study published earlier this year, Belsey 
et al. [6] performed 12 mm biplanar MOWHTOs 
in ten medium-sized tibiae. Five of the gaps were 
filled with an allograft wedge whilst the other five 
were left empty. The osteotomies were fixed using 
a Tomofix plate (Synthes GmbH, Oberdorf, 
Switzerland) on the medial side, in the standard 
fashion. Both groups underwent static compres-
sion testing and cyclical fatigue testing until fail-
ure of the osteotomy. Peak force, valgus 
malrotation, number of cycles, displacement and 
stiffness around the tibial head were analysed. 
Intraoperative hinge fractures occurred in all spec-
imens. Under static compression, the allograft 
group withstood higher peak forces (6.01  kN) 
compared with the control group (5.12 kN). Valgus 
malrotation was lower, and stiffness was higher, in 
the allograft group. During cyclical fatigue testing, 
results within the allograft group were more con-
sistent than within the control group.

The second paper by Belsey et  al. looked at 
three groups of five artificial tibiae that underwent 
10 mm biplanar MOWHTO [7]. In two groups, 
the gaps were filled with either an Osferion wedge 
(OSferion60, Olympus Terumo Biomaterials, 
Tokyo, Japan) or an allograft bone wedge, and the 
third group left empty. Fixation was achieved 
using an Activmotion plate (NewClip Technics, 
Haute-Goulaine, France) on the medial side. 
Static compression was applied axially to each 
specimen until failure of the osteotomy. Ultimate 
load, horizontal and vertical displacements were 
measured and used to calculate construct stiffness 
and valgus malrotation of the tibial head. The syn-
thetic group failed at 6.3  kN, followed by the 
allograft group (6  kN) and the control group 
(4.5 kN). The most valgus malrotation of the tibial 
head was observed in the allograft group (2.6°). 
The synthetic group showed the highest stiffness 
at the medial side of the tibial head (9.54  kN 
mm−1), but the lowest stiffness at the lateral side 
(1.59 kN mm−1). The allograft group showed high 
stiffness on the medial side of the tibial head 
(7.54 kN mm−1) as well as the highest stiffness on 
the lateral side (2.18 kN mm−1).

A. Parkar et al.
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13.2  In Vivo Evidence

13.2.1  Autografts

13.2.1.1  Iliac Crest Autograft
Between 2005 and 2009, Fucentese et al. [8] ran-
domised patients undergoing a medial open 
wedge high tibial osteotomy (MOWHTO) with a 
medial angular stable locking plate (Surfix- 
Integra, France), to receive either cancellous 
bone graft from ipsilateral iliac crest (group A, 15 
patients) or no void filler (group B, 25 patients). 
At 3 and 12 months postoperatively, the healing 
of the osteotomy gap was measured using a 40 
slice CT scan. The reconstruction was performed 
in axial, coronal and sagittal planes with slice 
thickness of 2  mm at an increment of 0.5  mm. 
The osteotomy was divided into anteromedial, 
anterolateral, posteromedial and posterolateral 
quadrants. They used the mean value of the four 
quadrants as the percentage of bone healing. This 
quantitative CT measurement was performed 
twice by a blinded musculoskeletal radiologist 
and a blinded orthopaedic knee surgeon. 
Functional assessment was carried out using pre- 
and postoperative KSS and WOMAC scores. The 
groups were similar in age, sex ratio, knee varus 
deformity, body mass index and smoking status. 
Group A and B had similar preoperative varus 
(6.9° vs. 7.6°) and postoperative valgus (2.2° vs. 
3.0°). Compared with the control, group A had a 
significantly greater degree of osseous gap heal-
ing after 3 months (40.1% vs. 10.8%, p = 0.045) 
and 12  months (91.5% vs. 59.1%, p ≤  0.001). 
Multiple linear regression analysis found that 
bone grafting was an independent promoting fac-
tor for gap healing, whilst increased preoperative 
varus and older age were independent retardant 
factors. They noted that iliac crest autograft sig-
nificantly increased healing of the osteotomy 
gap. However, no functional advantage was 
found at 3 or 12 months postoperatively.

Another similarly designed prospective ran-
domised controlled study looked at the clinical 
and radiological results of 46 OWHTO using 
Puddu locking plate. Twenty-three patients were 
randomised to having iliac crest autograft in the 
osteotomy gap and 23 were randomised to no 

graft [9]. They harvested cancellous bone graft 
from opposite iliac crest in all patients including 
the group where it was not used. The authors 
have expressed their view that with modern 
locking plate structural allograft is not neces-
sary. Bone union was assessed by two blinded 
investigators using Apley and Solomon’s crite-
ria which were originally described for fracture 
union. As per these criteria, union occurs when 
there is no pain on local palpation, absence of 
swelling in the limb, painless walking without 
crutches, and presence of bridging callus on 
plain radiographs. This assessment was carried 
out every 2 weeks until both investigators agreed 
with osteotomy union. They found comparable 
mean time to radiological bone union in both 
groups, the autograft group at 12.35 weeks and 
the no void filler group at 13.65  weeks. This 
study reported higher incidence of haematoma 
in no void filler group involving four patients 
(17.4%) compared to two patients (8.7%) in 
autograft group.

13.2.1.2  Autologous Osteophytes
Akiyama et  al. [10] described a technique of 
arthroscopically harvesting osteophytes to then 
use as a void filler from the affected knee in 
patients undergoing OWHTO.  Their theory for 
using these as autografts is that development of 
osteophytes is associated with the process of 
endochondral bone formation and expression of 
various growth factors such as transforming 
growth factor β, insulin-like growth factor 1, 
bone morphogenetic proteins and cartilage- 
derived morphogenetic proteins and therefore 
have osteoinductive properties. In their published 
single surgeon series of 11 patients, the bone- 
healing process was evaluated with computed 
tomography. The average age of the patients was 
60.6 years. As a result, bone healing was observed 
at 5.3  weeks postoperatively on average. 
Subsequent follow-up CT images showed favour-
able union rates. They compared this technique to 
a single patient who had undergone a MOWHTO 
with autologous osteophyte grafting in one knee 
and without bone grafting in the other knee. 
They noted that bone healing at the site of oste-
otomy was accelerated for the knee treated with 
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autologous osteophyte grafting than that for the 
knee without bone grafting.

13.2.1.3  Reamer Irrigator Aspirator 
Autograft

Seagrave et al. [11] published a novel technique 
of using reamer irrigator aspirator (RIA) auto-
graft as a void filler. The autograft was taken via 
a retrograde femoral technique during the 
MOWHTO. Although a very small case series of 
three patients, all patients went on to union and 
had no sequelae due to the collection method. 
They did not comment on the type of plate used 
for their fixation method. The aforementioned 
study is the only published article found using 
this technique. Whilst this technique provides 
excellent quality and volume of cancellous auto-
graft, it is associated with significant risks [12]. 
The senior author has personally used this tech-
nique on two occasions and perceives that on bal-
ance, the risk of comorbidity using this technique 
outweighs the potential benefit.

13.3  Synthetic Fillers

13.3.1  Cement

Bone cement has been used with great success in 
multiple areas throughout orthopaedics. In part 
due to its excellent compressive properties, bone 
cement has also been described as void filler dur-
ing OWHTO procedures.

In a series of 245 OWHTO in 197 patients, 
Hernigou et al. [13] used a wedge-shaped fash-
ioned cement block, placed within the postero-
medial part of the osteotomy, to fill the void and 
maintain the height of the wedge. The size of the 
block was predetermined according to preopera-
tive planning based on the degree of correction 
required. An anteromedial placed plate (non- 
locking) was used to provide a stable fixation. 
Patients were kept non-weight-bearing for 
45 days on average.

They noted four postoperative infections; two 
in the early phase treated with a replacement of 
the cement block with an antibiotic impregnated 

equivalent. They noted two late infections at 2 
and 3 years, which resolved with the removal of 
the metalwork. Union was assessed on radio-
graphs. They defined delayed union as a period of 
more than 45 days, of which they had three cases. 
Only one required further intervention in the 
form of a revision with the removal of the cement 
wedge and replacement with iliac crest bone 
grafting. Complete filling of the osteotomy was 
noted at 3 months in all other cases. The authors 
report that this technique eliminates the morbid-
ity associated with iliac crest harvest and avoids 
the potential risk of infection linked to allograft 
used.

13.3.2  Tricalcium Phosphate

A lot of research has been done looking at the use 
of tricalcium phosphate (TCP) as a void filler in 
either granular or wedge form. It has osteocon-
ductive properties and allows osteoblasts to 
adhere to it, deposit bony tissue on its surface and 
thus act as a scaffold to fill in the osteotomy site 
[14]. The degree of porosity of this synthetic 
filler has shown to be related to its mechanical 
and bioabsorptive properties. Krall et  al. [15] 
showed that complete resolution of 30% micro-
porosity rigid b-TCP wedges did not take place 
up to 8 years postoperatively. Tanaka et al. [16] 
have shown traditional b-TCP with 75% porosity 
is unsuitable for weight-bearing until integration 
and resorption have occurred. As a result, they 
developed a b-TCP block with 60% porosity, 
which is approximately seven times greater in 
terms of compressive strength compared to a 
similar block of 75% porosity. In 25 patients who 
underwent OWHTO, they used two different 
blocks of b-TCP to fill the osteotomy site, using a 
Puddu plate (Arthrex) plate for fixation. They 
inserted a block of 75% porosity b-TCP laterally 
and another block of 60% porosity medially (at 
the cortex). In the longer term follow-up period, 
they had no cases of delayed or non-union and no 
cases of correction loss. Complete or near 
 complete resorption of the b-TCP was obtained 
within 3.5 years. Furthermore they were able to 
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take biopsies from the medial wedge (60% poros-
ity) in 13 cases to assess the degree of resorption 
and incorporation. Within the specimens taken, 
they found lamellar bone formation with a mean 
percentage of residual b-TCP/lamellar bone ratio 
of 6.7% (range 0.3–14.5%).

The clinical relevance and importance of the 
porosity of the b-TCP wedge was also shown by 
Lim et al. [17] in their study using porcine mod-
els. They performed OWHTO in 12 porcine spec-
imens. Six procedures were augmented with a 
70% porosity b-TCP wedge whilst the rest were 
left empty. Follow-up both radiographically and 
with CT scan showed complete union in both 
groups by 6 months with no significant difference 
in healing times between the two groups. 
However, the cohort that also had the void filler 
did show evidence of a statistically significant 
higher bone mineral density.

In contrast to the above findings, Ferner et al. 
[18] reported a significantly higher delayed union 
and non-union rate with the use of tricalcium 
phosphate bone graft. In their prospective non- 
randomised study of MOWHTO, they initially 
treated 19 osteotomies (group A) with a TCP 
void filler (Actifuse granules, Apatech Limited, 
United Kingdom). Based on their experience of 
delayed union and non-union in these 19 patients, 
they stopped using TCP void filler. Remaining 30 
patients (group B) in this study who had surgery 
at a later date, did not have any void filler in their 
osteotomies. The same locking plate (Tomofix) 
was used in all cases. Bone healing was assessed 
clinically and radiologically using radiographs at 
6 and 12 months after surgery. CT scan was used 
only in cases with loss of correction or patients 
who required revision surgery. Unfortunately, 
authors made no differentiation between non- 
union and delayed union. Also, time to bony con-
solidation with or without synthetic augmentation 
was not measured. It was noted that patients with 
TCP augmentation had larger corrections with 
opening angles (6–18°) compared to patients 
who did not have any void filler (4–15°). Another 
finding was 13 out of 19 patients (68%) in group 
A with TCP graft required sagittal plane correc-
tion compared to 16 out of 30 patients (53%) in 

group B without any void filler. Their results 
showed that TCP void filler group showed a 26% 
non-union rate (five out of 19 patients required 
revision surgery) compared to a 3.3% non-union 
rate (one out of 30 patients required revision sur-
gery) in the later technique of not utilising any 
form of void filler.

13.4  Comparative Studies

13.4.1  B-TCP vs. HA Wedge

Onodera et al. [19] compared the use of b-TCP 
and hydroxyapatite wedges in 38 OWHTO (19 in 
each group). They noted that b-TCP had statisti-
cally significant greater osteoconductive and 
absorbability properties compared to HA using a 
modified van Hermert score. However, this did 
not translate in any significant differences in 
complications or clinical outcomes at 18 months.

Lind-Hansen TB et al. [20] compared inject-
able calcium phosphate cement with local bone 
autograft or iliac crest autograft, in a randomised 
controlled trial using 45 patients (3 groups of 15 
patients). Osteotomy was secured with titanium 
spacer plate and non-locking titanium screws 
(Dynafix VS Osteotomy system, Biomet, Warsaw, 
IN) in all patients. Stability of the bony healing 
was evaluated with radiostereometric analysis 
(RSA) up to 24 months postoperatively. Clinical 
outcome was evaluated with the knee injury and 
osteoarthritis outcome score (KOOS). RSA 
revealed translations and rotations close to zero 
regardless of bone grafting material, with no sta-
tistically significant differences between the 
groups. Clinically, the group with the injectable 
calcium phosphate cement had lower quality of 
life KOOS sub-score at 2 years follow-up. This 
was statistically significant (p = 0.047). Authors 
have proposed that this might be due to the 
inflammatory response in the soft tissue from cal-
cium phosphate cement injection. Their study 
therefore concluded that with a stable implant 
and 6 weeks of partial weight-bearing, local auto-
grafting is sufficient to achieve solid bone con-
solidation following MOWHTO.
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13.4.2  B-TCP vs. No Void Filler  
vs. Autologous Bone Graft 
and b-TCP

Jung et al. [21] compared the radiological bone 
union rate after MOWHTO in three patient 
groups. Osteotomy gaps were filled with 
β-tricalcium phosphate (β-TCP) (group A), left 
unfilled (group B) or autologous bone graft and 
β-TCP (group C). In all cases, a TomoFix™ plate 
(Synthes, Oberdorf, Switzerland) was used to 
stabilise the osteotomy. The mean time for radio-
logical bone union was 8.3 ± 3.1 months in group 
A, 7.2 ± 3.2 in group B and 3.4 ± 1.5 in group C 
(p  =  0.001). There was statistically significant 
faster bone union in group C. If the opening dis-
tance was more than 10 mm, group A united in 
8.6 ± 3.6 months, group B in 8.8 ± 3.4 and group 
C in 3.5 ± 1.7 (p = 0.001). IKDC and Lysholm 
knee scores improved significantly (p = 0.004 for 
IKDC and 0.001 for Lysholm knee scores) in 
group C when compared to groups A and B at 
6-month follow-up. At final follow-up, there was 
no difference in IKDC and Lysholm knee scores. 
Less delayed union occurred in group C.

13.4.3  Xenograft vs. bTCP

Maffulli et  al. [22] undertook a prospective 
cohort study using a Puddu plate for MOWHTO, 
using either bovine xenograft or bTCP.  All 
patients were followed up at 6 weeks and at 3, 6, 
12 and 24 months postoperatively. Clinical out-
comes were assessed preoperatively and at 
24  months postoperatively. They found that all 
clinical scores improved significantly in both 
groups after surgery, without any significant dif-
ference between the two groups. Immediately 
after surgery, the HKA angle went from 9.1 ± 5.2° 
in varus to 3.1 ± 4.8° in valgus (P = 0.01) in the 
xenograft group and from 8.5 ± 5.9° in varus to 
3.4 ± 4.2° in valgus (P = 0.01) in the tricalcium 
phosphate group. At the last follow-up, the trical-
cium phosphate group showed a significant loss 
of correction (P = 0.03).

13.5  Systematic Reviews 
and Meta-analyses

Lash et al. [23] performed a systematic review to 
research this question. Their initial review 
included 56 peer-reviewed articles and 3033 
cases of MOWHTO with a mean patient age of 
50 years and mean follow-up period of 42 months. 
Of the 56 studies included, only 17 reported on 
time to union of the osteotomy site. The types of 
fillers used were autograft bone (29.5%), allograft 
bone (25.9%), tricalcium phosphate (12.6%), cal-
cium phosphate (7.2%), HA/tricalcium phos-
phate (3.4%), bioglass (1.7%), combined fillers 
(0.9%), coralline wedge (0.9%) and no filler 
(17.3%).

Autograft was associated with the shortest 
mean time to union (3.1  months), followed by 
allograft bone (3.8 months). Calcium phosphate, 
tricalcium phosphate and no filler had mean 
union times of 25  months, 10.6  months and 
9 months, respectively. Bioglass was only used in 
two cases with a mean union time of 4 months.

There was a combined delayed union rate of 
2% (60 cases) and 1.4% non-union (43 cases). 
Delayed/non-union rates were 1.4%, 2.6%, 4.6% 
and 4.5% for the no filler group, autologous bone 
graft, allograft bone graft and synthetic bone sub-
stitutes, respectively. They concluded that in 
terms of union timing and overall healing rates, 
the use of autograft shown statistically significant 
superiority compared to allograft use. Similarly, 
the use of allograft showed a statistically signifi-
cant benefit compared to not using a void filler at 
all. Comparative rates using autograft or no filler 
showed no statistically significant benefit.

In terms of loss of correction, interestingly the 
cases that reported this outcome all used HA/tri-
calcium phosphate filler and were associated 
with a mean loss of 4 degrees of correction. This 
review also noted that the use of locking plates 
had a mean loss of correction of 2.3° compared to 
non-locking plates that had a mean loss of 0.5°. 
However, all cases that used HA/tricalcium phos-
phate filler were included in the locking plate 
analysis and thus might be a confounding factor.
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Finally HA/tricalcium phosphate use appeared 
to be associated with a superficial wound 
 infection rate of 6.2% compared to 0.6% with 
other fillers. However, caution should be noted in 
analysing this finding as all cases came from a 
single study.

Han et al. [24] performed a meta-analysis to 
compare the radiological outcomes of MOWHTO 
with bone graft (autograft, allograft and synthetic 
bone) and those without bone graft. The hypoth-
eses were that the use of bone graft would pro-
duce superior radiological outcomes. This 
included 25 studies and 1841 patients who under-
went MOWHTO using four different void fillers. 
Out of 1841 patients, 352 had autograft, 547 had 
allograft, 541 had synthetic graft and 401 had no 
void filler. Overall, they reported comparable 
results in all four void filler options with regard to 
delayed union, non-union and loss of correction. 
However, based on their observation, they 
reported union time of about 3 months for auto-
graft, synthetic graft and no void filler group 
whereas longer union time over 5  months with 
allografts. A hinge fracture was found to be a sig-
nificantly negative prognostic factor to failure of 
the procedure. With this in mind, one may con-
sider whether a procedure that undergoes a larger 
correction should be supplemented with a void 
filler. The authors attempted to extrapolate the 
data based on osteotomy gap size. They con-
cluded that a void filler of any type is not recom-
mended if the osteotomy is smaller than 14 mm 
as long as it has been stabilised with a rigid fixa-
tion using a locking system.

Another systematic review was performed by 
Slevin et  al. [25]. Of the 1421 MOWHTO 
included from the 22 studies, 647 underwent 
MOWHTO using allografts, 367 using synthetic 
material (β-TCP, hydroxyapatite or combination 
of both), in 208 no bone void filler and in 199 
iliac crest autograft was used. With a mean fol-
low- up of 41 months (range 6 months to 9 years) 
and mean gap of 9.9 mm, they demonstrated sim-
ilar results in terms of union rates and loss of cor-
rection with or without the use of gap filler. This 
was irrespective of the type of filler used. They 
made an important observation that the gap size 

had direct correlation with the healing time. For 
gaps less than 9 mm, 90% of the osteotomies had 
healed within 12 weeks. Based on this observa-
tion, they recommended that standard osteoto-
mies with gap around 10  mm can be safely 
performed without the use of any void filler. They 
also recommended the use of autograft for oste-
otomy gaps larger than 10  mm. They observed 
that when bone grafting was needed, autograft 
bone provides higher rates of clinical and radio-
graphic union. They also analysed the deep infec-
tion and non-union rates. The infection rate was 
lowest 0.3% in the allograft group, 0.4% in the no 
filler group followed by 1.1% in both autograft 
and synthetic group. Non-union rate was lowest 
0.4% in the no filler group followed by 0.5% in 
both autograft and allograft. It was highest 1.1% 
in the synthetic group. Based on these observa-
tions, the authors recommended that the standard 
MOWTHO procedure, with gaps smaller than 
10  mm and a locking plate fixation, should be 
performed without bone grafting. Furthermore 
they concluded that the use of synthetic void 
filler cannot be recommended in opening wedge 
high tibial osteotomy.

13.6  Discussion

Surgeons demonstrate a wide range of practice 
with regard to gap filling in open wedge osteot-
omy. In some European countries, there is con-
straint around material costs, and in others, the 
decision depends solely on the surgeon’s prefer-
ence. There is also often great variation between 
surgeons within the same nation. Behind this 
sometimes random situation is the lack of strong 
scientific evidence which would provide the 
backbone for consensus. Much of the available 
evidence is based on low numbers in studies 
which often have a flawed methodology. There 
are often too many variables in terms of plate 
design, surgical technique and postoperative 
rehabilitation running alongside the investigation 
of void fillers for any clear conclusions to be 
drawn. There is also an absence of a consistent 
and reliable standard for the investigation of bone 
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union. What we have, therefore, is a clear require-
ment for robust level one evidence from larger 
well-planned studies. Results should yield the 
evidence for a properly structured guidance doc-
ument to instruct upon best practice.

As evidenced from a number of papers dis-
cussed above, the role of synthetic fillers has 
been scrutinised, and in the systematic review of 
Slevin et  al. [25] there is clear advice against 
their use. This should not deter investigators from 
attempts to discover solutions involving biocom-
posites, but it is important to recognise the rela-
tive value of currently available products and 
place these in the context of other available 
alternatives.

When investigating the relative worth of the 
different gap fillers or indeed the choice to leave 
the gap empty, it is crucial that we both produce 
accurate outcome data and importantly that we 
interpret these data in a clinically relevant fash-
ion. In one study [8], whilst one methodology 
proved to have a faster bone healing time, the 
slower healing group had comparatively no 
adverse outcome. Is it therefore justifiable to pro-
mote a technique with a demonstrably quicker 
healing time even if there is no clinical benefit?

As the practice of osteotomy has advanced 
over the last two decades in both technology and 
technique, different questions have started to 
surface.

• Larger corrections, revision surgery and oste-
otomies to change the tibial slope as well as in 
the frontal plane produce a more demanding 
situation for the surgeon. Hinge fractures 
which may follow bigger corrections both 
intraoperatively and postoperatively are now 
much better understood. Laboratory evidence 
[6, 7] supports the use of structural support in 
the osteotomy gap in situations such as these 
where the mechanical environment may other-
wise be suboptimal for good bone healing.

• There is greater interest in osteotomy surgery 
in older active patients including post- 
menopausal women which together with other 
risk factors such as obesity, diabetes and 
smoking presents the likelihood that bone 
strength and healing will not always match the 

ideal standard of a fit 45-year-old male. The 
requirement therefore exists to investigate the 
potential for augmenting the healing response 
to avoid complications such as infection, non- 
union or loss of correction.

• Early recovery from osteotomy including the 
control of pain and swelling [9] is the subject 
of enquiry regarding the effect of gap filling. 
The additional benefits of accelerated rehabil-
itation in single leg correction and even same- 
sitting bilateral surgery have now become 
important to explore.

13.7  Conclusion and Consid-
erations for Gap Filling

A large, multicentred randomised controlled trial 
dedicated to answering specific questions around 
this subject is now overdue. The opinions of high 
volume surgeons around Europe do vary signifi-
cantly but based on limited scientific evidence 
and current ‘perceived wisdom’, we are led to 
make the following recommendations for medial 
opening wedge high tibial osteotomy.

13.8  Our Recommendations

Based on the above-mentioned literature and cur-
rent expert practice, there is good evidence to 
suggest that the use of a graft filler for medial 
opening high tibial osteotomy is appropriate in 
the following categories.

 1. Revision surgery. This can be a result of non- 
union of the osteotomy or loss of correction. 
Commonest causes of loss of correction are 
either fixation failure or significant breach of 
the lateral cortex. Autograft remains the filler 
of choice in the revision scenario for its prop-
erties mentioned above.

 2. In high-risk patients (high BMI, smokers, dia-
betics on insulin, steroid use and poor bone 
quality).

 3. Severe deformity needing large correction. 
The role of a void filler here is twofold. One is 
to minimise the risk of delayed union and 
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healing time and second is to maintain struc-
tural support to avoid collapse of the lateral 
cortex. Other coexisting factors will affect 
decision-making, but gaps of 10  mm and 
above are appropriate for primary bone 
grafting.

 4. In case of significant disruption of lateral cor-
tex. In such a scenario, this should be identi-
fied and addressed intraoperatively with the 
combination of a use of a filler and augmented 
fixation.

 5. In bilateral opening wedge surgery to aug-
ment healing and enable more rapid 
rehabilitation.

 6. In double osteotomy surgery where a closing 
wedge may provide a suitable graft to trans-
plant to a recipient opening wedge site.

 7. In tibial slope changing surgery where a 
bespoke allograft may safely and robustly 
support the multiplanar correction until the 
angle stable plate fixation has been achieved. 
It may also offer subsequent mechanical 
support in addition to the plate in such a sit-
uation when the hinge has necessarily been 
destabilised.

 8. In patients older than 60 years.
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Mobile-Bearing Unis

M. Clarius and L. M. Clarius

14.1  Introduction

Unicompartmental knee arthroplasty (UKA) has 
many advantages over total knee arthroplasty 
(TKA) [1–3] including better function, a better 
feel, better range of motion, higher patient satis-
faction, less blood loss, lower infection rate, 
lower morbidity and even lower mortality [4–6]. 
Therefore, for many surgeons, UKA is option 
number one in the treatment of unicompartmen-
tal medial or lateral knee arthritis [7].

14.2  Unicompartmental Knee 
Designs: Fixed- or 
Mobile-Bearing

When the decision is made for a UKA, surgeons 
have basically two options of implant designs 
they can use.

Fixed-bearing designs are more or less ana-
tomical designs consisting of an anatomically 
shaped metal femoral component in combination 
with an all-polyethylene tibial component or a 
metal-backed tibial component with a polyethyl-
ene insert.

Mobile-bearing uni knees combine a metal 
femoral with a metal tibial component. 

Between them lies an unconstrained mobile 
bearing made out of polyethylene. The mobile 
bearing is driven by the femoral component 
throughout the range of motion and has to 
move unrestrictedly concerning anterior–pos-
terior translation and rotation inside the knee 
to work successfully.

For both uni knee designs, a careful patient 
selection is recommended [8]. The classical indi-
cation for UKA is the isolated medial or lateral 
bone on bone arthritis of the knee with intact 
medial and lateral collateral ligaments as well as 
an intact cruciate ligament complex. Ligament 
deficiency, inflammatory disease and previous 
high tibial or distal femoral osteotomy are con-
sidered as contraindications.

14.3  Fixed- or Mobile-Bearing: 
Comparative Studies 
and Meta-analysis

A lot of studies have been undertaken to investi-
gate the difference between the results of 
mobile- bearing and fixed-bearing UKAs in the 
literature.

In summary, no significant differences have 
been found between the two design options con-
cerning quality of life [9], muscle activity and 
gait [10], survival rate, clinical result [11, 12] or 
complication rate [13, 14] even in the long term 
after 15 years [15] and in obese patients [16].
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Meta-analysis found out that both the designs 
have similar results and that no essential differ-
ences were observed [17, 18]. However, the fail-
ure mode between the two designs is different 
[13]. Polyethylene wear and instability were 
more common in fixed-bearing implants, whereas 
pain and bearing dislocation [13] were more 
common in mobile-bearing implants [19]. 
Bonutti et  al. concluded that the keys to long- 
term survival of both fixed and mobile-bearing 
designs in unicompartmental knee arthroplasty 
are patient selection, surgical technique and sur-
gical experience [20].

14.4  Design of Mobile-Bearing 
Unis

There are several designs of mobile-bearing uni 
knees on the market. The first and probably the 
clinically best documented mobile-bearing uni 
knee was developed in 1974 by John Goodfellow 
and John O’Connor in England and is known as 
the Oxford Uni Knee.

At that time, wear was the main problem of a 
fixed-bearing uni knee. The anatomical, non- 
congruent, shape of the femoral component artic-
ulating on a flat tibia with a minimum of 
polyethylene results in high contact stress, and 
therefore, wear of the polyethylene was inevita-
ble. Both the designers, an orthopaedic surgeon 
and an engineer, wanted to address this problem 
“wear” with a spherical femoral component artic-
ulating with a mobile, fully congruent meniscal 
bearing with a flat tibial surface moving on a flat 
tibial metal component. Despite some significant 
changes in this implant system, these design fea-
tures have not changed over the last 45 years. The 
meniscofemoral interface behaves like “a ball in 
a socket” and allows the angular movements of 
flexion-extension, the meniscotibial interface 
(flat on flat) allows translational movements, and 
axial rotation is allowed by a combination of 
translation and spinning movements at both inter-
faces [21]. In other words, in all positions of knee 
flexion and knee rotation a fully congruent menis-
cal bearing transfers the load and shear forces via 

tibial and femoral component into bone and 
therefore wear of the mobile bearing is reduced 
to a minimum.

All other mobile-bearing uni designs use 
polyradial, more anatomical, femoral compo-
nents in combination with a flat or slightly curved 
tibia. In such implants, the concavity on the upper 
surface of the meniscal bearing must have a 
radius of a curvature large enough to accommo-
date the largest radius of the femoral condyle 
offered in extension and therefore too large to 
match the smaller radii in flexion. This may result 
in higher contact stress and consecutive in wear 
in flexion, because compression forces are greater 
in flexion.

Moreover, due to limited congruency, rota-
tional forces may lead to impingement and may 
increase the risk of dislocation.

In most unicompartmental knee systems, the 
same design is used for the medial and lateral 
compartment. The Oxford Group reported good 
clinical and functional results with the Oxford 
Uni Knee in the lateral compartment; however, 
with a flat tibia design, the dislocation rate was 
reported to be 10%. That was the reason to 
change to a domed tibial plateau shape and a 
biconcave meniscal bearing in combination with 
the traditional femoral spherical design to reduce 
the dislocation rate.

14.5  Clinical Results of Medial 
Mobile-Bearing UKA

Excellent long-term survival of mobile-bearing 
UKA have been described in the literature. 
Bontemps et al. found 96% survival of a polycen-
tric femoral component mobile-bearing UKA 
after 10 years [22]. The Oxford Group published 
excellent long-term data with 93% survival in 
more than 1000 patients operated by 90 surgeons 
after 10 years and 96% survival in 1000 patients 
operated by two surgeons after 15 years [23, 24]. 
While these data came from designer centres and 
may be judged carefully, several other authors 
have confirmed the excellent survival in experi-
enced hands. Lim et al. described a 94% survival 
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after 10 years [25], Yoshida found 95% survival 
in 1279 patients after 10  years [26], and 
 Faour- Martin et  al. published 95% survival in 
416 patients after 10  years [27]. The most 
impressing data come from Sweden, where Ulf 
Svard reported a long-term survival of 91% in 
683 patients after 20 years [28].

However, registered data from several coun-
tries have shown that in general higher revision 
rates are documented, suggesting that the clinical 
and surgical experience of the surgeon is key for 
the success of a UKA.

14.6  Failure Modes

Common reasons for a revision of a uni knee are 
infection, progression of arthritis, loosening of 
one of the components, periprosthetic tibial frac-
tures and persistent pain.

Fixed-bearing and mobile-bearing uni knees 
have different, specific failure modes.

14.7  Wear as a Major Mode 
of Failure in Fixed-Bearing 
Designs

Due to the anatomical shape of the fixed-bear-
ing implants, high contact stress is applied on a 
limited area on the tibia especially in flexion, 
where the radius of the femoral component is 
smaller and contact area is limited. This in 

combination with a thin polyethylene layer on 
the tibia leads to wear and finally to revision 
(Fig. 14.1).

Mobile-bearing unis especially the Oxford 
Uni with the spherical femoral component design 
and full congruency with the mobile-bearing the-
oretically should have solved the problem of 
wear despite the fact that there are two interfaces 
between the meniscal bearing and the femur and 
the tibia. Several studies have shown that the the-
oretical expectation of limited wear has been ful-
filled in practice. The wear rate of retrieved 
bearings of failed Oxford Unis 1–9  years from 
the implantation was 0.03  mm/year on average 
[29]. A second study confirmed this data with 
0.036 mm/year, 1–13 years on average from the 
implantation [30].

If unrestricted movement of the meniscal 
bearing is secured, a wear rate in  vivo of 
0.01  mm/year was found [31]. However, in 
case of restricted movement of the meniscal 
bearing because of bone or cement impinge-
ment, wear of the meniscal bearing can be 
excessive [31, 32].

14.8  Dislocation as a Mode 
of Failure in Mobile-Bearing 
Unis

Dislocation of the bearing can only occur in 
mobile-bearing unis. The incidence of bearing 
dislocation in the medial side is relatively low, 

Fig. 14.1 Fixed-bearing UKA components with wear of the polyethylene and metallosis due to the contact of the metal 
femur and the metal tibial plate
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but clearly dependant on the experience of the 
surgeon, because most dislocations are related to 
technical errors during surgery such as compo-
nent malposition, gap imbalance [33] and 
impingement of the bearing [21]. The mobile 
bearing passively follows the track of the femoral 
component as it moves anterioposteriorly and 
mediolaterally relative to the plateau. The limits 
of the movement are set by the length of the liga-
ments, and within these limits, the freedom of the 
bearing to translate in all directions should be 
unrestricted [21]. Then tensile forces and loads 
can be transmitted into bone. If the bearing move-
ment is resisted by impingement against bone, 
cement or the lateral wall of the tibial component, 

shear stresses develop at the femoral and/or tibial 
interface and can lead to loosening, dislocation of 
the bearing and persistent pain [21]. Therefore, a 
careful surgical technique can prevent this failure 
mode to a minimum in the medial side. In large 
series in experienced hands, the rate of bearing 
dislocation is 0.58 [34, 35]–1% even in the long 
term [28]. However, higher incidences up to 
3.6% are described in the literature [33] 
(Fig. 14.2).

While the pathology of dislocation of a mobile 
bearing in the medial side is mostly understood 
and can therefore be prevented, dislocation of a 
mobile bearing on the lateral side remains to be a 
challenge [36] (Fig. 14.3). In combination with 

Fig. 14.2 X-ray and intraoperative view of an anterior dislocation of a mobile bearing in medial compartment
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the flat tibia medial Oxford UKA design 
implanted on the lateral side, high dislocation 
rates of 10% after years have been reported in the 
literature [37]. The reason is a more complex 
motion in the lateral compartment in flexion with 
a very individual amount of internal rotation rela-
tive to the femur and that the lateral collateral 
ligament can be very loose in flexion. A domed 
tibia design in combination with a biconcave 
mobile bearing was developed to address the 
problem of dislocation, and the first published 
short-term results were encouraging because the 
reported dislocation rate was minimised com-
pared to the flat tibia design with excellent clini-
cal outcome [37–40]. However, the problem of 
dislocation was not solved. Dislocations occurred 
also in the longer term. A multicentre study of 
363 consecutive patients who underwent lateral 
UKA showed a high revision rate of 15% at 
5  years with dislocation of the bearing (8.5% 
after 5 years) as a main reason for implant failure 
with the domed design. The authors concluded 

that despite the observed good functional and 
clinical results and the high patient satisfaction 
rate in this series, they decided to discontinue to 
use the domed mobile-bearing UKA instead of a 
fixed bearing component [41].

14.9  Progression 
of Patellofemoral Arthrosis 
as a Mode of Failure in Fixed- 
Bearing Unis

Fixed-bearing unis aim to reconstruct the anatom-
ical shape of the femoral condyle. A perfect surgi-
cal technique should place the metal component 
in line with the intact cartilage of the condyle. An 
overhang must be avoided to prevent an impinge-
ment of the femoral component with the patella in 
flexion. Impingement can happen when the femo-
ral component is placed in flexion or prominent 
due to anterior placement [42]. But patellar 
impingement can also occur due to degeneration 
of the femoral cartilage as a matter of time in 
fixed-bearing uni knees and can cause clinical 
problems and pain and can lead to revision. In a 
study by Berger et al., patellar impingement and 
development of a patellofemoral arthrosis were 
the main reasons for revision in a 15-year follow-
up after a fixed-bearing uni [43]. The authors 
observed a progression of the patellofemoral 
arthrosis with time. After a 10-year period of time, 
1.6% of the patients showed clinical signs and 6% 
showed radiological changes of patellofemoral 
arthrosis, whereas after 15  years 10% of the 
patients were clinically symptomatic and showed 
26% radiological signs of arthrosis. In the series 
of Hernigou, 29% of the patients showed patello-
femoral arthrosis after 14 years [42] (Fig. 14.4).

To our knowledge, progressive arthrosis in the 
patellofemoral joint has not been described in 
patients who underwent mobile-bearing UKA as 
a major problem. Because the spherical femoral 
component usually ends up in an underhang and 
leaves a gap that is filled with fibrous tissue [21], 
patellar impingement and consecutive patello-
femoral arthrosis do not seem to be a problem in 
mobile-bearing UKA.

Fig. 14.3 Dislocation of a mobile bearing in the lateral 
knee. The bearing slipped up the medial wall
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14.10  Summary

 – Both fixed- and mobile-bearing uni knees 
have excellent clinical long-term survival in 
experienced hands.

 – Wear is inevitable in fixed-bearing unis due to 
a small contact area of the anatomical shape of 
the femur and high contact stress on a thin 
polyethylene tibia.

 – Wear is not a problem in mobile-bearing unis 
as long as unrestricted movement of the bear-
ing is secured.

 – Dislocation of the meniscal bearing can be a 
problem of mobile-bearing unis and can be 
prevented by a proper surgical technique.

 – Progressive patellofemoral arthrosis is a prob-
lem in the second decade after fixed-bearing 
unis and a common reason for revision, but 
not after mobile-bearing unis.
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Reconstructions with Tibial Slings. 
When and How?

Pablo E. Gelber

15.1  Introduction

Several surgical techniques have been described 
to treat posterolateral corner (PLC) injuries. 
These include advancement of the osseous attach-
ment of the arquate ligament complex [1], proxi-
mal advancement of the posterolateral complex 
[2], biceps tenodesis [3], and tibial sling proce-
dures [4]. More recently, in an attempt to address 
these injuries with a more anatomic perspective, 
other techniques have been described. Currently, 
the two more common groups of PLC reconstruc-
tions are considered those involving tunnels in 
the fibular head [5–7], and those combining this 
transfibular tunnel with a tibial sling [8, 9].

PLC reconstructions with only with tibial 
slings have shown similar results comparing to 
those with isolated transfibular tunnels in order to 
restore rotational stability at both 30 and 90° of 
knee flexion [10]. In this study, there was a trend 
of the fibular-based technique to show slightly 
more residual rotatory laxity from an objective 
point of view. Thus, a tibial sling is at least as 

efficient as a transfibular tunnel to address rota-
tional instability in PLC injuries. The tibial sling 
can then be performed alone, or concomitantly 
with a transfibular tunnel technique.

15.2  Anatomic and Biomechanics 
Aspects

The static stability of the PLC is mainly provided 
by the fibular collateral ligament (FCL) and the 
popliteus muscle–tendon complex [11]. This 
popliteus complex provides not only static, but 
also dynamic stability to the knee primarily in 
response to external tibial rotation [11]. The pop-
liteus complex comprises basically the popliteus 
muscle and the popliteofibular ligament (PFL). 
The popliteus muscle originates from the pos-
teromedial aspect of the proximal tibia. The mus-
cle gives rise to the popliteus tendon in the 
PLC.  The popliteus tendon averages 55  mm. It 
continues proximally through the popliteal hiatus 
at which point became intra-articular to insert 
onto the lateral femoral condyle. The insertion is 
found at the most anterior 1/5 of the popliteus 
sulcus of the femur; 18.5  mm anterior-inferior 
from the femoral insertion of the FCL [12]. As 
the tendon courses into the popliteal hiatus (also 
known as the bare area of the lateral meniscus), it 
attaches to the lateral meniscus mainly via the 
anteroinferior and the posterosuperior popliteo-
meniscal fascicles, as described by Stäubli and 

P. E. Gelber (*) 
Department of Orthopaedic Surgery, Hospital de la 
Santa Creu I Sant Pau, Universitat Autònoma de 
Barcelona, Barcelona, Spain 

Department of Orthopedic Surgery and 
Traumatology, ICATME-Hospital Universitari 
Dexeus, Universitat Autònoma de Barcelona, 
Barcelona, Spain
e-mail: personal@drgelber.com

15

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-662-61264-4_15&domain=pdf
mailto:personal@drgelber.com


110

Birrer [13]. They are important in providing 
dynamic stability to the lateral meniscus and pre-
venting medial entrapment of the lateral menis-
cus with functional varus forces to the knee [11]. 
The PFL, on the other side, originates at the pop-
liteus musculo-tendinous junction of the poplit-
eus muscle, just distal to the popliteomeniscal 
fascicles. It courses distally and laterally to attach 
to the medial edge of the fibular head, 1.6 mm 
distal to the tip of its fibular styloid process [12] 
The PFL is a static stabilizer resisting varus, 
external rotation and posterior tibial translation. 
It is relatively isometric and can remain func-
tional through a full range of motion [12]. In con-
trast, the area from the posterolateral corner of 
the tibia (region of attachment for popliteus tibial 
sling techniques) to the lateral femoral epicon-
dyle is only tensioned near full extension. In a 
normal situation, an intact popliteus muscle belly 
tensions this portion of the PT. This explains why 
it is so important to include tissue in the position 
of the PFL when reconstructing the PLC.

15.3  When? Indications

A tibial sling procedure is a more aggressive, 
demanding, and time-consuming technique com-
paring to an only fibular-based technique. 
Therefore, a tibial sling should only be performed 
for the following indications:

• Grade C Fanelli PLC injuries [14]. These are 
the most severe cases of PLC injuries. It 
involves not only the popliteus complex and 
FCL, but also both cruciate ligaments and the 
posterolateral capsule. It could also include 
avulsions of the biceps tendon and other soft 
tissue or bony injuries. Leaving most of the 
rotational stability in such tremendous injuries 
to a single graft within the fibular tunnel might 
not be enough in most cases. It can lead not 
only to persistent or recurrent instability, but 
also to fibular head fractures. Then, it is rec-
ommended a stronger construction where the 
graft introduced in the fibular head is backed 
up by a tibial sling. The Laprade technique [8] 
anatomically reconstructs the FCL and also 

adds a tibial sling graft to fix the PFL as well 
as the reconstructed popliteus tendon. 
Similarly, the Lee technique [9] also use tibial 
and fibular tunnels. However, it reconstructs 
the popliteus complex more anatomically. 
While in the Laprade technique the PFL 
reconstruction is in fact a tibiofibular liga-
ment, the Lee technique uses a split Achilles 
tendon to independently reconstruct the PFL 
and the popliteus tendon.

• In primary cases with fibular head fractures or 
iatrogenic intraoperative fracture of the fibular 
head. In order to independently address the 
fibular head fixation and the soft-tissue recon-
struction. As commented before, this isolated 
tibial sling has shown to achieve similar objec-
tive results than a fibular-based technique in 
terms of restoring the rotational stability to the 
knee [10].

• PLC revision surgeries where a fibular-based 
technique has already failed. In these cases, a 
transfibular tunnel can be performed again. 
But it seems more reasonable to perform a 
tibial sling, instead. This can be done alone or 
in combination with another fibular tunnel.

• In those cases with disruption of the proximal 
tibiofibular joint in grade B Fanelli’s PCL 
injuries [14].

15.4  How? Surgical Pearls

A well-padded tourniquet on the proximal thigh 
of the operative extremity, although not essential, 
is recommended. The patient is placed in the 
supine position on the operating room table. A 
high lateral post is used to stabilize the lower 
extremity. The injured knee is flexed approxi-
mately 60° and maintained with a foot bump.

Although mini-open techniques or arthroscop-
ically assisted techniques for PLC reconstruc-
tions have been described [15], these are not the 
most appropriate for techniques including a tibial 
sling.

Initial lateral exposure is made through a gen-
tle hockey stick incision extending from the mid-
lateral aspect of the distal thigh over the lateral 
femoral epicondyle. This is done parallel to the 
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posterior aspect of the iliotibial band. Distally, it 
goes either toward Gerdy’s tubercle if an isolated 
tibial sling technique is being performed, or mid-
way between the Gerdy’s tubercle and the fibular 
head, if concomitant transtibial and transfibular 
tunnels are going to be performed.

Following the most popular surgical approach 
to PLC of the knee described by Terry and 
LaPrade [16], a first fascial incision posterior to 
the biceps tendon is performed. In all this cases, 
exposing the common peroneal nerve is recom-
mended. It can be just left exposed or, better yet, 
it can be marked and protected by a rubber patch 
during the surgical procedure. In those tech-
nique where only a fibular tunnel is drilled, the 
fascial incision can be done anterior to the 
biceps tendon. Then, the peroneal nerve does 
not have to be specifically dissected, because 
the biceps tendon already protects it from being 
injured.

Next, an incision through the fascia of the lat-
eral head of the gastrocnemius muscle allows to 

open a window to the posterior aspect of the lat-
eral tibial plateau.

A thin membrane exists between the FCL and 
the biceps tendon. It is sometimes difficult to 
reach the area and the fibular head might chal-
lenge a correct positioning of the tibial guide. 
The tunnel should exit the posterior tibia 15 mm 
below the joint line coming through the lateral 
tibia from a point just medial to the Gerdy’s 
tubercle (Figs. 15.1 and 15.2). Although there are 
already some specific guides for this tibial drill-
ing, an ACL tibial guide can also be used 
(Fig. 15.3). After the guide pin is introduced, a 
cannulated reamer of proper diameter is 
advanced. Subsequently, a suture is passed with 
the help of a suture shuttle though the tunnel to 
facilitate graft passage. Once the soft-tissue graft 
has been introduced from posterior to anterior 
following the specific surgical technique, it is 
finally fixed with an interference screw. 
Alternatively, a staple or button in the anterolat-
eral tibia can also be used.

a b

Fig. 15.1 Postoperative 3D CT scan of a right knee. (a) 
anterior view; the entry point of the tibial tunnel (arrow) is 
seen right medial to Gerdy’s tubercle. (b) posterior view; 

the exit of the tibial tunnel (white arrow) is medial to the 
fibular head and 15  mm distal to the joint line (black 
arrow)

15 Reconstructions with Tibial Slings. When and How?
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a b

Fig. 15.2 MRI of a right knee after a PLC including a 
tibial sling. (a) sagittal view; the graft and interference 
screw are seen in the antero-posterior tibial tunnel 
15 mm distal to the joint line (arrow). (b) axial view; 

The interference screw fixing the soft-tissue graft within 
the tibial tunnel is seen; The tunnel is aiming 15–20 mm 
medial (black arrow) to the posteromedial border of the 
fibular head (FH)

Fig. 15.3 Right knee in a cadaveric specimen. The tibial 
tunnel can be easily performed with the help of a standard 
ACL tibial guide. The entry point has to be placed medi-
ally to Gerdy’s tubercle in the anterolateral aspect of the 
proximal tibia. The exit point has to be located 15  mm 
medial to the fibular head y 15 mm distal to the joint line 
in the posterolateral aspect of the proximal tibia

15.5  Conclusions

A reconstruction of the PLC with techniques includ-
ing tibial tunnels, restore at least as efficiently the 
rotational stability as those which are exclusively 
fibular based. Among the several techniques than 

have been described to addressed PLC injuries, 
those including a tibial sling find a crucial role when 
drilling a tunnel in the fibular head might be a chal-
lenge (isolated tibial sling), in revision cases (iso-
lated or combined with a fibular tunnel), and in the 
most severe injuries (Fanelli Grade C, combined 
with a fibular tunnel).
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Arthroscopic Capsulolabral Repair

Francesc Soler

The glenohumeral stability is the result of the 
cooperation of multiple anatomical structures: 
capsule, ligaments, tendons, bone morphology, 
and labrum. Each of these contributes in prevent-
ing joint dislocation in a sophisticated biome-
chanical system which allows the shoulder to be 
the most mobile joint of the human body.

The advent of arthroscopy helped to better 
understand the normal anatomy, the non- 
pathological variations and the pathological con-
ditions of these structures.

The labrum is a fibrous structure strongly 
attached around the glenoid edge (Fig. 16.1) that 
increases the contact surface between the glenoid 
itself and the humeral head. The total surface of the 
head is about four times larger than the glenoid.

The glenoid labrum consists mainly of fibrous 
cartilage, and some studies showed that is com-
posed of dense fibrous colagen’s tissue [1, 2].

The glenoid labrum has multiple effects on the 
shoulder instability [3]:

• “Chock-block” for limiting translation of the 
humeral head

• Increase of the “concavity-compression” 
effect

• Contribute to long head of the biceps anchor 
stability

• Strength of the inferior glenohumeral ligament.

In order to correctly recognize pathological 
conditions of the labrum it requires a good 
knowledge of the normal aspect and also the 
awareness of the several anatomical variations 
that may disguise the surgeon:

• Superior meniscoid labrum: The aspect of the 
superior labrum is somewhat similar to a knee 
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Fig. 16.1 Image from anterosuperior portal. Labrum 
around the glenoid rim
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meniscus with triangular cross section and 
loose edge toward the joint (Fig.  16.2). The 
glenoid surface is covered by cartilage.

• Anterior sub-labral hole: The glenoid rim has 
at its anterior part a small notch. The labrum 
looks detached from the bone without signs of 
lesion (Fig. 16.3).

• Buford complex: It is a cord-like middle gle-
nohumeral ligament blended with the anteror 
superior labrum while no labrum is present on 
the anterior superior glenoid from 12 to 3 
o’clock (Fig. 16.4).

There are three distinct thickenings, called 
anterior glenohumeral ligaments, within the 
 anterior shoulder capsule. They all originate from 

the anterior and inferior surface of the humeral 
head and insert on the anterior glenoid.

The function of glenohumeral ligaments has 
been elucidated in several classic studies [4, 5], 
which have demonstrated that the stability provided 
by the ligaments is specific to the position of the 
arm at the time stress is applied. With the arm in full 
overhead position with greater abduction and exter-
nal rotation, the anterior band and axillary pouch of 
inferior glenohumeral ligament become the most 
important stabilizers of glenohumeral stability.

The Bankart lesion is the attachment rupture of 
the anterior band of glenohumeral ligament to the 
glenoid (Fig.  16.5), allowing the anteroinferior 

Fig. 16.2 Superior meniscoid labrum

Fig. 16.3 Anterior sub-labral hole

Fig. 16.4 Buford complex

Fig. 16.5 Bankart lesion
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displacement of the humeral head, and the gleno-
humeral joint dislocation. This is the main lesion 
of the post-traumatic shoulder instability, and it 
would be necessary to repair it in order to restore 
the correct glenohumeral stabillity.

16.1  Arthroscopic Surgical 
Technique

We can perform the arthroscopic procedure 
with the patient placed in lateral decubitus or 
beach chair position, depending on the sur-
geon’s preferences.

Following the steps described by Snyder [6], 
we start de procedure establishing a posterior 
mid-glenoid portal and introducing the scope, in 
order to have a first glenohumeral articular view. 
After, we perform an anterior portar placed in the 
triangle between the humeral head, the biceps, 
and the subscapularis tendons. Through this por-
tal, and with the arthroscopic hook, we check all 
the articular anatomical structures (superior- 
antero- inferior and posterior labrum, glenoid car-
tilage, biceps tendon, supraspinatus tendon 
attachment, and subscapularis tendon). We can 
identify the Bankart lesion, and define its size.

Afterwards, we perform an anterosuperior por-
tal close to the biceps tendon, and switch the scope 
from the posterior portal to the anterosuperior por-
tal. The view we obtain form this portal allows us 
to control the anterior, inferior, and posterior 
labrum, and also the posterior part of the humeral 
head. From this portal we can check more accu-
rately the extension of the Bankart lesion, and also 
have a better control when we separate the labrum 
from its wrong atachment (Fig. 16.6).

This maneuver has to be very accurate, in 
order to not damage the labrum. The detachment 
finishes when we are able to see the subscapularis 
muscle fibers through it (Fig. 16.7), and put again 
the labrum at its original place.

Through the anterior portal, we introduce the 
drill guide in order to make the hole where we’ll 
put the first implant. The first implant will be 
placed 5  mm superiorly regarding where we’ll 
pass the suture through the labrum and capsule, in 
order to obtain a capsular plication and a volume 
reduction of the axillary pouch [7] (Fig. 16.8).

Fig. 16.6 Bankart lesion detachment

Fig. 16.7 Complet detachment of Bankart lesion

Fig. 16.8 Position of guide-drill first implant

16 Arthroscopic Capsulolabral Repair
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To pass the suture through the capsule and 
labrum, we can use different devices, holding the 
suture in a direct or indirect systems (Fig. 16.9a, b).

Finally, we tie the knot, cut the rest of the 
suture, and check the suture tension (Fig. 16.10).

We’ll repeat the same procedure for every 
implant we place, usually in number of 2–4 for 
the anteroinferior labrum.

If the posteroinferior labrum is torn, and 
need to be repaired, we’ll perform the same 
steps, but instead of working from the anterior 
portal, we create a new portal called “7 o’clock 
portal”, through whom we introduce the 
implant and the device to perform the sutures 
(Fig. 16.11).

Fig. 16.11 Posteroinferior labrum. 7 o’clock portal

a b

Fig. 16.9 (a, b) A direct system device

Fig. 16.10 Checking the suture
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Managing Cam FAI:  
Intermediate Hip Arthroscopy

Karadi H. Sunil Kumar, Z. H. Khokher, 
and Vikas Khanduja

17.1  FAI: Pathology 
and Assessment

Femoroacetabular impingement (FAI) is a clinical 
condition characterised by abnormal contact 
between the femoral head-neck junction and the 
acetabular rim. The pathology is defined by the 
consequential rise in stresses across both articu-
lating surfaces, which may eventually lead to 
labral damage and articular cartilage injury  [1]. 
Other ramifications of this atypical association 
include osteoarthritis, which has been described 
by Ganz and colleagues in 2003 to be an eventual-
ity of FAI syndrome based upon the repetitive 
pathological motion of the hip joint [2]. In the last 
two decades, several interventions have been 
developed focused on treating FAI in order to pre-
vent or stop this progression to osteoarthritis, with 
severe cases often requiring open surgical proce-
dures. There are three major types of FAI that 
have been described depending on the nature of 
the deformity; (1) Cam impingement affecting the 
femoral head-neck junction arising because of an 
asphericity of the femoral head, defined as an 
alpha angle of >55°, (2) Pincer  impingement, 
owing to an overcoverage or retroversion of the 

acetabulum and (3) Mixed  involving features of 
both cam and pincer type impingement [2]. 

Patients typically present with groin pain or 
lateral hip pain, with sporadic radiation towards 
the thigh. The classical presentation involves 
gripping of the affected hip with the ipsilateral 
hand, clinically described as the ‘C’ sign [3]. On 
physical examination, pain may be exhibited on 
flexion, adduction and internal rotation of the 
affected hip (FADIR)  [3]. The combination of 
discomfort in these three planes of movement is 
otherwise known as the ‘Impingement test’ 
which has a high sensitivity but a low specificity, 
thus can only be used for screening of FAI rather 
than guiding clinical diagnosis and treatment [4]. 
Accurate diagnosis of FAI is achieved by incor-
poration of plain radiographs, CT scans (with 3D 
reconstruction analysis to assess bony abnormali-
ties), and MRI scanning to assess the condition of 
the articular cartilage and adjoining acetabular 
labrum [5].

Successful surgical intervention for FAI can 
be achieved through both arthroscopic and open 
procedures [6, 7]. However, in order to attain an 
outcome identifying with the patient’s best inter-
ests, thorough clinical assessment of the subject 
and extensive preoperative investigations are 
imperative in guiding whether the decision 
should be made to proceed to surgical interven-
tion. Radiological investigations for example are 
a practical form of preoperative considerations in 
assessing the extent of chondral damage and 
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intra-articular pathology [8]. In the event that 
early arthritis is evident through imaging, this 
must be further evaluated as arthroscopic surgery 
has a limited ability in preventing progression of 
disease in this cohort of patients.

Cam type deformities frequently lead to labral 
tears and delamination of the acetabular carti-
lage due to the increased shear stresses across 
both the femoral head-neck junction and the 
acetabular rim. This may result in differences in 
thickness of acetabular subchondral sclerosis, a 
key hallmark of osteoarthritis, as a result of the 
transverse nature of the contact force caused by 
the dynamic association. An MRI study con-
ducted by Bieri and colleagues described the dif-
ferences in thickness of subchondral sclerosis 
between hip joints of young Swiss Army recruits, 
with and without cam deformities, demonstrat-
ing that the subchondral sclerosis in cam type 
deformities was 0.66  mm thicker compared to 
those without cam deformities [9]. Mechanical 
stress in the antero- superior part of the hip joint 
was thought to increase with cam deformity and 
it’s consequential impingement, resulting in 
increased subchondral sclerosis in addition to 
concomitant cartilage damage observed in these 
same areas, possibly as a repercussion of the 
hypertrophic bone. This further reinforces the 
perceived association of cam type deformities 
with osteoarthritis.

17.2  Assessment of a Patient 
with FAI

The key to a satisfactory outcome following man-
agement of FAI depends on the accurate diagnosis 
of the deformity, as well as the status of the articu-
lar cartilage and labrum. In the case of moderate 
to severe chondral damage, simple arthroscopic 
procedures may be insufficient. Aside from stan-
dard interventions such as arthroscopic debride-
ment, articular cartilage chondroplasty, and labral 
repair, cartilage regenerative procedures as well 
as various biological therapies have been 
described to be of use in the literature [5]. 

Classification of the hip joint based upon the 
Tonnis grading system, (see Table 17.1) serves as 
an additional tool to help guide management [10]. 
Tonnis Grade 0 and 1 are amenable to hip preser-
vation procedures whereas Tonnis grade 3 hips 
are beyond preservation surgery and may be in 
need of arthroplasty. However, there has been no 
clear guideline for Tonnis grade 2 hips with vari-
able results from hip preservation surgery.

Uemura et al. [8] evaluated 10 different radio-
graphic views commonly performed for evalua-
tion of femoroacetabular impingement, and 
concluded that each view could identify cam 
lesions in varying clockface positions at the head- 
neck junction [11]. Any increase or decrease in 
femoral anteversion changed the clockwise rep-
resentation of the cam deformity [11]. Therefore, 
it is advisable to perform three-dimensional anal-
ysis, for instance, a CT scan with 3D reconstruc-
tion to evaluate the CAM deformity thoroughly 
prior to undertaking FAI surgery. However, the 
3D CT may still not represent the true impinge-
ment, which is a dynamic situation as the hip 
moves through its range of movement. 
Furthermore 3D motion analysis of the hip joint 
with the help of specialised computer software 
e.g. Clinical Graphics may provide further infor-
mation into impingement and guide the surgeon 
to adequately perform targeted osteoplasty of the 
deformity. Navigated hip arthroscopy or robotics 
may be used routinely in the future to guide treat-
ment of the cam deformity [12].

Table 17.1 Tonnis grading of OA in the hip joint

Tonnis grade Signs
0 No signs of arthritis
1 Increased sclerosis

Slight narrowing of the joint space
No or slight loss of head sphericity

2 Small cysts
Moderate narrowing of the joint space
Moderate loss of head sphericity

3 Large cysts
Severe narrowing or obliteration of the 
joint space
Severe deformity of the femoral head

K. H. Sunil Kumar et al.
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17.3  Management Options for FAI

Nonoperative management of FAI includes rest, 
analgesia with nonsteroidal anti-inflammatory 
drugs (NSAIDs), activity modification, and 
focused physiotherapy to strengthen muscles 
around the hip. Corrective surgical interventions 
comprise different approaches to reshape the 
femoral head-neck junction and acetabulum in 
order to eliminate the impingement [13]. Surgery 
can be broadly classified into open surgical dislo-
cation, hip arthroscopy, and mini-open proce-
dures. Advantage of the open procedure is that it 
can correct both intra-articular and extra-articular 
deformities at the same sitting. However, the pro-
cedure carries significantly increased risk, neces-
sitating a high level of expertise by the operating 
surgeon and involving a steep learning curve for 
this procedure [14].

Patients younger than 25 years and those with 
Carlson comorbidity index of <2 had a markedly 
increased rate of bilateral FAI requiring surgery 
compared to other patients of age greater than 
25 years [15]. In their entire cohort, 15.3% (109 
of 694) of patients underwent bilateral hip 
arthroscopy, with radiographic imaging being 
unable to successfully anticipate the occurrence 
of bilateral involvement.

Kaldau and colleagues [16] investigated the 
conversion rate following hip arthroscopy to total 
hip arthroplasty (THA), in their series of 84 
patients they reported a 18% conversion rate 
[16]. They identified that high-grade cartilage 
lesions and age over 40 years were notable risk 
factors for conversion to THA. Therefore, early 
identification of cam and pincer type lesions is 
crucial in order that hip preservation interven-
tions may be performed to stop or delay the con-
version to THA.

Utsunomiya et al. [17] from their large single 
surgeon series of 2396 hip arthroscopies, con-
cluded that older age predisposed towards severe 
cartilage damage (Outerbridge grade III or IV) for 
both the femoral head and the acetabulum [17]. In 
addition, a lower centre-edge angle and larger 
Tonnis angle inclined patients towards severe car-

tilage damage for the femoral head; and severe 
acetabular cartilage damage correlated with male 
sex, increased body mass index, increased alpha 
angle, as well as decreased joint space [17].

Acetabular retroversion is another important 
factor to be considered during preoperative eval-
uation, especially if surgical osteoplasty is 
planned [18]. Vahedi et al. [18] reported a very 
high failure rate of 13.7% among the acetabular 
retroversion group (N  =  51) undergoing mini- 
open femoroacetabular osteoplasty when com-
pared to those patients without any acetabular 
retroversion (N = 550) [18].

Assessment of comorbidities is crucial, prior 
to commitment to surgical management, along-
side imaging to evaluate the extent of the lesion. 
Plain radiographs assess the articulating angles 
involving the hip joint, CT scans provide infor-
mation regarding the type of deformity and joint 
space, whilst MRI scanning ascertains the extent 
and severity of the cartilage and labral lesion. 
Some of the important parameters assessed with 
standard radiological investigations are men-
tioned in Table 17.2.

17.4  Results of Surgery for Cam 
Deformity

Cam deformity can be treated with three differ-
ent surgical approaches: (1) hip arthroscopic sur-
gery with osteoplasty, (2) mini-open surgery, 

Table 17.2 Radiological assessment of a patient with FAI

Investigation Useful assessment
Plain radiographs Centre-edge angle

Tonnis angle
Alpha angle
Joint space

CT scan 3D view of the Cam deformity
3D view of the Pincer 
deformity
Acetabular version
Femoral version
Joint space

MRI scan Extent of chondral injury
Labral pathology
Joint space
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and (3) complete surgical dislocation of the hip. 
Following a multi-criteria decision analysis, 
Diaz-Ledezma and Parvizi [19] concluded that a 
mini-open approach was preferred due to a typi-
cal association with lower costs [19]. However, 
Rego et  al. [20] in their series of 198 patients 
with cam FAI did not find any significant func-
tional difference between those treated with 
either hip arthroscopy or open surgical hip dislo-
cation [20].

Landsdown and colleagues [21] evaluated 707 
patients who underwent surgery involving hip 
arthroscopy, concluding that measurement of the 
extent of the cam lesion was the strongest predic-
tor of outcome following surgery [21]. The pre-
operative false profile alpha angle, AP alpha 
angle and postoperative false profile alpha angle 
were concluded to be independent predictors of 
clinical outcome [21].

Reporting on early outcomes of hip arthros-
copy in the athletic adolescent population, 
Philippon et al. [22] determined that postopera-
tively there was a 35 point increase of modified 
Harris Hip Score to 90 points [22]. Furthermore, 
these patients had high levels of satisfaction in 
the short term as well as exceptional increases in 
functionality reflected by a mean increase in Hip 
Outcome Score (HOS) activities-of-daily-living 
by 54 points. These 16 patients had a combina-
tion of lesions: cam (2), pincer, (5) and mixed 
type (9).

Tran et al. [23] reported that arthroscopic sur-
gery to treat cam type impingement in the ado-
lescent population resulted in a high level of 
satisfaction, return to sport and significant 
improvement in postoperative hip scores (modi-
fied Harris Hip Score and Non-arthroplasty Hip 
Score) [23]. In their case series of 34 patients, 
88% were satisfied with their operation with 
78% of patients returning to full sporting activi-
ties [23].

Recently, there have been publications of two 
large multicentre randomised controlled trials in 
the UK reporting the outcome of FAI surgery: 
FAIT and UK FASHIoN, both of which have sug-
gested that hip arthroscopy resulted in significant 
improvements in outcome in the short term com-
pared with physiotherapy.

FAIT was a multicentre randomised controlled 
trial on treatment of FAI comparing outcome of 
arthroscopic surgery versus nonoperative manage-
ment, involving physiotherapy and activity modi-
fication [24]. The trial randomised 222 patients 
into the two arms equally. The trial determined 
that patients with symptomatic FAI showed better 
outcomes with arthroscopic surgery in comparison 
to physiotherapy. After 8 months of follow up, the 
mean HOS activities- of- daily-living was ten points 
greater in the arthroscopic hip surgery group when 
compared to the physiotherapy program group, 
showing  a statistically significant increase [24]. 
The minimum clinically important difference 
(MCID) between the two groups was decided to 
be nine points [24]. There were no complications 
noted in either of the groups.

The UK FASHIoN trial, another multicentre, 
assessor blinded, randomised controlled trial, 
involved 348 patients and evaluated outcomes of 
hip arthroscopy versus physiotherapy for FAI [25]. 
There were a minimum of 170 patients in each 
arm. Hip arthroscopy once again manifested in a 
clinically significant improvement in outcome 
scores when compared to physiotherapy [25].

Currently another ongoing trial, the 
Femoroacetabular Impingement RandomiSed 
controlled Trial (FIRST), is looking at the out-
come following arthroscopic osteochondroplasty 
with or without labral repair versus sole 
arthroscopic lavage of the hip joint. A total of 
220 patients are due to be recruited into the study 
[26].

Summary Our understanding of FAI has improved trem-
edously since the concept was introduced by Ganz in the 
1990s, and as such the forms of intervention too have pro-
gressively matured. The management of cam type FAI 
must be practiced with considerate prior clinical and 
radiological assessment of the patient to successfully 
guide treatment. Nonoperative measures should not be 
disregarded, with physiotherapy, NSAIDs and activity 
modification being a suitable choice for many patients. 
However, recent results from two large scale multicentre 
RCTs—FAIT and UK FASHIoN, have suggested that hip 
arthroscopy has resulted in significant improvement in the 
short term and may be of preference over  conservative 
measures. Future large-scale, long-term RCTs are pivotal 
in assessing the long-term outcomes of patients who 
decide to undergo such procedures, and whether this 
improvement is sustained.

K. H. Sunil Kumar et al.
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An Update on Ankle Arthroscopy: 
Current Evidence and Practical 
Recommendations for 2020

Daniël Haverkamp

18.1  Introduction

When talking about innovations and progress in 
the field of arthroscopy, we have to focus on indi-
cations and technological improvement. The 
basic principle of looking in the joint did not 
change over the year, but technical innovations 
makes it possible to visualize more and to per-
form more specific procedures. The synergy with 
the industry makes that equipment can be 
invented to perform many surgical procedures 
which were impossible to do before. Off course 
being able to get a tool does not automatically 
mean that it is wise to use it, and we should 
always remain critical.

Due to many innovations more and more pro-
cedures can be done arthroscopically, also in the 
ankle joint. However, we have to focus on the fact 
whether it is really an improvement to perform 
that specific procedure (arthro)scopically com-
pared to the classical open technique. If a suc-
cessful open procedure can be done scopically it 
does not automatically mean that it is superior to 
do so. For the early ages the switch from open to 
arthroscopic was immense, for instance meniscal 
removal with large incisions to the option now to 
perform an arthroscopic repair. For many proce-

dures however it remains to be proven that 
arthroscopic treatment indeed is better than open.

18.2  Cartilage Repair

Specifically for the ankle we see that there is 
more focus on cartilage repair arthroscopically. 
The treatment of osteochondral lesions of the 
talus (OLT) is one that still can be improved with 
results reaching 85% in the smaller defects [1]. 
We see a change going from the classical debride-
ment and bone marrow stimulation to techniques 
(preferably arthroscopic) to restore the cartilage 
as much as possible. In the literature, we see an 
immense increase of interest in biological addi-
tions to enhance the healing of talar osteochon-
dral defect in the ankle [2].

The Amsterdam Foot and Ankle group posed 
the technique of Lift, Drill, Fill, and Fix (LDFF) 
to preserve the original cartilage and reported 
their initial results to be good [3, 4]. This tech-
nique can be performed all arthroscopically.

Adding PRP or BMAC during the arthroscopic 
procedures to enhance healing potential of the 
debrided OLT, literature regarding PRP is not 
conclusive [5]. Perhaps since many differences in 
PRP exists [6]. BMAC have been extensively 
studied in animal models, showing to be promis-
ing [7, 8]. Studies report on adding BMAC to 
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debridement and curettage improves the outcome 
[9, 10]. However comparing BMAC tot MACI, 
the latter shows to be perhaps a better option as 
shown by the Rizolli group [11].

Several types of scaffolds are available now, 
all having limited available evidence [12]. The 
matrix-induced autologous chondrocyte trans-
plantation (MACT) is a second generation ACI 
technique using a collagen type I/III bilayer 
membrane seeded with cultured autologous 
chondrocytes. The disadvantage of this system is 
that it is a two-stage procedure. Bone marrow 
derived cell transplantation (BMDCT) is a one- 
step system in which concentrated bone marrow 
aspirate is secured with a hyaluronic based scaf-
fold. Autologous matrix-induced chondrogeneis 
(AMIC) is a one-stage procedure in which BMS 
with porcine collagen type I/III scaffold is used. 
This technique can be done completely 
arthroscopic as described by Baumfeld reporting 
on the results of an all arthroscopic AMIC proce-
dure showing it to be a reliable and reproducible 
procedure [13] (Fig. 18.1).

Most important for the coming years is that 
we start to perform multicenter studies compar-
ing these different options. For now, there are 
options on the markets for which no publication 
exists for OLT, yet they are used in the field.

18.3  Ankle Instability

Another upcoming area in ankle surgery is the 
arthroscopic treatment of ankle instability. Many 
publications occurred regarding the surgical 
options to restore the ankle ligaments arthroscopi-
cally in which the ESSKA-AFAS Ankle Instability 
Group played a major role [14–18]. Most impor-
tant after reporting on publishing many technical 
and anatomical studies and ‘how to do it’ consen-
sus strategies [15, 19–23] also the results are 
being published [24–27] in which especially the 
French Arthroscopic Society should be praised 
for the effort of publishing the outcome of a 
national prospective series of arthroscopic liga-
ment reconstruction in the ankle [25].

The next challenge will be to prove the supe-
riority of the arthroscopic reconstruction, despite 
the fact that as arthroscopic surgeons we are con-
vinced that it is a better option, we still have to 
define it is better. Especially since the 
arthroscopic surgeries are often more costly as 
more specialized equipment is needed. A recent 
systematic review from Song comparing the 
reported outcome of arthroscopic lateral ankle 
ligament reconstruction to the golden standard 
being the well-documented open procedure 
showed no significant difference in outcome 
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between these procedures in early outcomes 
[28]. However, only one level 1 study could be 
found, and the total of studies included was 4 
with only 207 surgical repairs. A previous 
Systematic review of Guelfi used different crite-
ria including more studies and did not show a 
difference between open and arthroscopic repair 
of the ankle ligaments [29]. The most recent 
publication of Li also did not show superiority of 
the arthroscopic procedure over the open option 
[30]. We as surgeons have to define how we will 
measure and prove that one option is better than 
the other.

18.4  Arthroscopic Assisted 
Fracture Care

An upcoming field seems to be the use of 
arthroscopic assistance during the surgical treat-
ment of ankle fractures. Chen et al. reported on 
the findings of arthroscopy during ORIF of the 
ankle fractures finding up to 92% of loose bodies 
in supination type fractures which would other-
wise have been unnoted [31]. However, retro-
spective descriptive series like these provide 
valuable information on the amount and type of 
concomitant injuries in ankle fractures, it remains 
unclear whether the patients benefit of adding 
arthroscopy to the ORIF and whether the extra 
effort is cost-effective.

A large database study from the United States 
comparing over 32,000 ORIF procedures with or 
without arthroscopic assistance on reoperation 
rate and reported complications [32]. As with 
many database studies we have no clue what 
really happened to these patients and what the 
real outcome is. Even not the reason why only 
0.8% of these 32,000 had arthroscopic-assisted 
ORIF. The conclusion of the authors that arthros-
copy does not add to the outcome of ORIF cannot 
be made on the presented data, but the proof that 
it does have a positive effect is also lacking from 
literature.

Arthroscopic assistance in fracture care might 
be beneficial, but still needs to be proven.

18.5  Needle Arthroscopy 
in Outpatient Setting

Needle arthroscopy which can be performed in 
the outpatient setting is one of the recent advances 
which is a major topic of discussion, now mainly 
for the knee but the same discussion could be 
held for the ankle joint. Should we go back to 
invasive diagnostics now that we are in an era 
where the quality of imaging is enormously 
improved and still expected to improve. Some 
authors really advocate going back to invasive, 
justifying it by degrading the amount of invasive-
ness [33], Amin justifies the use by doing a cost- 
effectiveness analyses with a Markov model 
trying to prove that the use of a needle arthros-
copy is justified [34]. Chapman et al. stated it to 
be a benefit that now a diagnostic arthroscopy is 
not necessary [35]. However, after the needle 
arthroscopy is performed and shows a problem, 
still regular arthroscopy is needed [35]. Gill 
showed that needle arthroscopy shows more 
detailed information than MRI, other authors 
confirmed this [36–38].

However finding details not found on MRI 
may not automatically mean that they need sur-
gery and result in a better outcome. This is yet to 
be investigated. Besides that, we have to realize 
the role of the industry trying to bring this prod-
uct to the market, and most of the pro studies are 
indeed sponsored studies. Although the discus-
sion now focusses mainly on knee and shoulder 
we have to realize that for the ankle the same dis-
cussion exists. Especially since for several indi-
cations in the ankle, diagnostic arthroscopy is 
still considered the gold standard [21, 39].

Also, there is more focus on the anatomical 
structures we can reach with ankle arthroscopy 
and the correlation of arthroscopic interpretation 
to anatomical dissection. Dalmau-Pastor showed 
in an anatomical study for instance that medial 
and lateral ankle ligaments can be well identified 
and reached with the dorsiflexion non-distraction 
anterior ankle arthroscopy [40]. Besides that, we 
need to redefine what is normal and not normal, 
since we do not want to address non-pathological 
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variations thinking they are abnormal. Research 
projects like Lubberts et al. are becoming more 
important by helping us to define when an 
arthroscopic finding is relevant [39]. In this study 
they developed an algorithm defining how to 
classify a syndesmosis as stable or unstable dur-
ing arthroscopic investigation.

18.6  Discussion

In the orthopedic field, more and more traditional 
(arthroscopic) procedures which have been basic 
treatment options are now questioned whether 
they really are more efficient than nonoperative 
treatment. For instance, arthroscopic treatment of 
the degenerative knee or subacromial decompres-
sion are now considered to be non-superior to 
conservative care after well-conducted multi-
center randomized clinical trials.

The main practical recommendation is that we 
have to prove how successful our (arthroscopic) 
surgery is by documenting all procedures, prefer-
ably by joining forces and conducting large mul-
ticenter randomized clinical trials.

We have to keep in mind that with the right 
tools we can do almost anything, but we should 
always be aware if the procedures we perform 
really benefit the patient.
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ACL Injury: Where Are We Now?  
Is Prevention the Key for All Sports?

Gilbert Moatshe and Lars Engebretsen

19.1  ACL Update in 2020

19.1.1  Introduction

Anterior cruciate ligament (ACL) injuries are one 
of the most common injuries of the knee, with an 
estimated incidence of 200,000 per year in the 
United States [1, 2]. Treatment of ACL injuries 
remains one of the most prevalent musculoskele-
tal procedures performed, affecting 1  in 3000 
among the general population of the United 
States. In Norway, there is an annual population 
incidence of primary anterior cruciate ligament 
reconstruction surgeries of 34 per 100,000 citi-
zens (85 per 100,000 citizens in the main at-risk 
age group of 16–39 years) [3]. ACL injuries in 
the pediatric and adolescent population has 
trended much higher in current literature, increas-
ing by 147.8% over the 10-year span from 2005 
to 2015, reaching an overall annual rate of 6.79 
per 100,000 in patients aged 5–14 [4, 5].

19.1.2  ACL Injuries and Risk Factors

Variable factors have been recently identified and 
reinforced which can be attributed to the recent 
increase in ACL injury and subsequent treatment, 
including increased participation in sports, ear-
lier sports specialization in adolescents, and 
improved diagnosis protocols [6].

Increased sagittal slope of the tibial plateau 
has recently been suggested in the literature as a 
significant contributor to ACL reinjury. This is 
attributed to the seemingly synonymous increase 
in anterior tibial translation that occurs from 
increases in posterior tibial slope (PTS), which is 
correlated by an ensuing increased occurrence of 
noncontact ACL injuries in patients with signifi-
cantly greater PTS, 9.39° ± 2.58°, relative to con-
trol subjects, 8.50°  ±  2.67° (P  =  0.003) [7]. 
Measuring PTS by the longitudinal axis method 
has exhibited significant success in inter-rater 
(0.898) and intra-rater reliability (0.928), for use 
as a predictor for noncontact ACL injury [8]. 
Activities involving large compression forces 
significantly contribute to ACL failure when 
combined with greater PTS, with both active and 
passive models displaying substantial increases 
in anterior tibial translation and ACL forces upon 
increased PTS. [9]

New studies have recently surfaced showing 
significant correlations between ACL injuries and 
increased PTS. Using a hamstring tendon- based 
ACL reconstruction (ACLR) procedure with 
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interference screw fixation, Salmon et  al. [10] 
found adolescent patients (<18 years) to experi-
ence significantly greater ligamentous laxity and 
ACL graft rupture relative to the adult cohort. A 
PTS of >12° was found to be a significant predic-
tor of secondary ACL injury as well, with ACL 
graft rupture and contralateral ACL injury 11 
times and 7 times, respectively, more likely to 
occur in adolescents with PTS of >12° relative to 
adults with PTS <12° [10]. Within the adult 
cohort, greater than 12° of PTS made a contralat-
eral knee ACL injury 7 times more likely [10].

Risk factors associated with ACL injuries are 
not only important for avoiding the initial ACL 
rupture, potential graft failure, and reinjury con-
cerns, but also due to the implications it may have 
on the potential development of osteoarthritis 
(OA) [11]. In a meta-analysis of 4108 patients, 
Cinque et al. found the likelihood of developing 
post-traumatic OA (PTOA) following ACLR as 
11.3% at 5 years, 20.6% at 10 years, and 51.6% 
at 20 years, postoperatively [12]. The most sig-
nificant risk factors associated with this probabil-
ity of PTOA development were an increased 
preoperative interval between the ACL tear and 
ACLR, and increased age at the time of surgery. 
A study similar in follow-up length was con-
ducted by Risberg et al. except comparing inci-
dence of OA in isolated ACL injuries relative to 
combined ACL injuries in concomitance of oth-
ers. Results showed a significant rise in the inci-
dence of tibiofemoral and patellofemoral OA 
between follow-up of 15 and 20 years (increasing 
by 13% and 8%), reaching a total incidence of 
42% and 21% [13]. Furthermore, patients sus-
taining ACL injuries with other combined inju-
ries relative to isolated ACL injuries had 
significantly higher prevalence of tibiofemoral 
OA [13].

19.1.3  Treatment of ACL Injuries

Anterior cruciate ligament (ACL) rupture is a 
common knee ligament injury and the treatment 
can be either surgical or nonsurgical in nature [2]. 
Regardless of treatment strategy, patients with 
ACL injuries, especially those with a meniscal 

injury, have an increased risk of knee osteoarthri-
tis (OA) [1, 14, 15] and decreased knee-related 
quality of life [16, 17] as compared with the gen-
eral population [14].

Recent high-quality comparative studies using 
midterm follow-up have largely failed to show 
any clear advantage of surgical or nonsurgical 
treatment on knee OA development and patient- 
reported outcome measures (PROMs) [18, 19]. 
Prior systematic reviews with long-term follow-
 up also lack evidence to support either surgical or 
nonsurgical treatment [1, 20, 21]. However, a 
major problem with these comparative studies is 
the considerable number of patients who initially 
received nonsurgical treatment but later opted for 
surgical treatment and thereby make the conse-
quences of the initial treatment harder to track 
[18, 22, 23]. Another shortcoming of the existing 
comparative studies is selection bias, since 
patients with worse injuries (e.g., concomitant 
ligament, cartilage, and meniscal injuries) are 
generally the ones initially being treated with 
surgery.

19.1.4  ACL Injury and Post-traumatic 
Osteoarthritis

Patients receiving concomitant meniscectomy 
procedures with ACLR previously have been 
reported to have a 3.54 elevated probability of 
OA development [24]. In addition, a recent study 
by the Mars Group reported a 17-fold increase in 
the progression of articular cartilage damage in 
the lateral compartment when >33% of the lat-
eral meniscus was resected at the time of ACLR 
[25]. This increased risk was not reproduced in 
similar loss of meniscus in the medial compart-
ment, which may be reflected by the difference 
in concavity of each compartment and variable 
function of the meniscus in each respective com-
partment [25]. This group also found the use of 
allograft for primary ACLRs resulted in a 15-fold 
elevated risk of OA in the patellofemoral com-
partment [25].

Advancement in identifying the risk factors 
for reinjury and OA progression is vital not only 
in refining the approach for ACLR procedures but 
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also in developing preventative programs [26, 
27]. It is also important to avoid the assumption 
of direct clinical application from promising bio-
mechanical studies that have yet to show out-
come significance. For instance, improved 
biomechanical graft properties have been 
observed from the double-bundle ACLR approach 
compared to single-bundle, [28] but upon analy-
sis of revision rates, recent literature has shown a 
lack of influence contingent on the single- or 
double-bundle approach [29]. In fact, the use of 
bone-patellar tendon-bone grafts were observed 
to have a lower frequency of revision opposed to 
double-bundle hamstring tendon grafts [29]. 
What has been established by current studies is 
that focus should be attentive toward the means 
of reducing the interval between injury to surgery 
by earlier responsive diagnosis and prompt surgi-
cal treatment in knees needing early surgery, and 
of anatomic specific features respective of each 
patient; more specifically regarding increased 
PTS and medial/lateral menisci integrity. 
Preventative programs could partially lessen the 
increased occurrence of ACL injuries seen in 
adolescents due to the elevated training programs 
and increased sports specialization of today’s 
sports culture, with simple decisions having pro-
found impacts upon risk of reinjury [30, 31]. 
These findings have potential to improve the 
treatment of patients affected by ACL injuries, 
and ultimately prevent further damage that fre-
quently occurs following this procedure.

19.1.5  Nonoperative Management

Treatment strategies for anterior cruciate liga-
ment (ACL) injuries continue to evolve. The best 
practice guidelines for the surgical management 
of ACL injury are often based on studies of low- 
quality and low-levels of evidence.

Both operative and nonoperative treatment of 
ACL injury continue to evolve. Improved under-
standing of the structure and function of the 
native ACL has supported the development and 
adoption of anatomic ACLR [32]. Increased rec-
ognition of the adaptability of the neuromuscular 
system to achieve dynamic knee stability despite 

ACL deficiency has concurrently supported non-
operative treatment as a viable strategy in some 
patients [32, 33].

Successful outcomes following both operative 
and nonoperative treatments necessitate progres-
sive rehabilitation in which impairments are 
addressed, functional stability is achieved, and 
the readiness to safely return to sport is confirmed 
[34]. The acute phase after the injury or surgery 
focuses on the elimination of residual symptoms 
(effusion, pain) and impairments (range of 
motion, quadriceps activation, and strength). 
Subsequently, neuromuscular training with addi-
tional perturbation training is implemented to 
improve knee stabilization strategies [35, 36]. 
The last phase aims to further enhance muscular 
strength, return to pre-injury sports level through 
sport-specific exercises, and assess mental readi-
ness for the return to sport. Any discussion of 
nonoperative treatment herein implies the com-
pletion of a progressive, staged rehabilitation 
protocol.

Similarly, any discussion of operative treat-
ment implies anatomic ACL reconstruction, 
which intends to restore the ACL to its native 
dimensions, collagen orientation, and insertion 
sites. Anatomic ACLR includes both single- and 
double-bundle techniques, followed by a pro-
gressive rehabilitation program that considers the 
natural healing cascade and ligamentization of 
the graft [37]. Both operative and nonoperative 
treatment aim to restore knee stability and thereby 
prevent further damage to the meniscus and carti-
lage, which could contribute to post-traumatic 
osteoarthritis. Functional bracing, intended to 
reduce the risk of ACL injury by decreasing peak 
ligament strain, has not yet been conclusively 
shown to achieve this goal [38, 39].

There is still uncertainty as to which patient 
should undergo immediate surgery and which 
patient may be successfully treated nonopera-
tively. Regardless, the treatment approach should 
be determined through a shared decision-making 
process between the patient and the provider 
[40]. In particular, the physician should share 
information on the evidence-based treatment 
options while also considering the patient’s 
expectations and goals. While the patient and 
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provider are the primary stakeholders in the 
shared decision-making process, the potential 
influence of secondary stakeholders, such as fam-
ily and coaches, may be anticipated so as to mini-
mize interests potentially conflicting with the 
health of the patient.

19.1.6  Future Directions

There is a need for larger randomized trials with 
longer-term follow-up in which initial surgery 
(followed by rehabilitation) is compared with a 
strategy of initial rehabilitation and delayed sur-
gery. Data from randomized trials are lacking to 
guide treatment when there are concomitant 
meniscal and collateral ligament injuries. Data on 
long-term clinical outcome are needed to better 
understand the interrelationships of treatment of 
ACL injuries, subsequent injuries to meniscus and 
cartilage, and the development of osteoarthritis.

Take Home Message
Anterior cruciate ligament injuries are one of the 
most common knee injuries in the young and 
active population. Several patient-related factors 
and sports types have been demonstrated to 
increase the risk of ACL injury. Both operative 
and nonoperative approaches are viable treatment 
options for ACL injuries and continue to evolve. 
One of the major challenges is determining which 
patient with ACL injury will benefit from opera-
tion and who will benefit from nonsurgical treat-
ment. Irrespective of the treatment chosen, proper 
and adequate rehabilitation is important to regain 
knee function after injury. Furthermore, it is 
important to implement ACL prevention strate-
gies because ACL injuries have been demon-
strated to affect the knee-related quality of life 
and increase the risk of developing OA.
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Cell Soluble Factors and Matrix 
in Allograft Integration

Laura de Girolamo

20.1  Introduction

In orthopaedic procedures, allografts play a cru-
cial role due to decreased operative times and 
donor site morbidity associated with autograft 
harvesting [1]. Similar to autografts, allograft 
transplantation has a very high success rate, as 
shown for meniscal treatments with only 5% 
drawback in a timeframe up to 5  years [2]. 
Likewise, only a 2.4% complication rate was 
reported for osteochondral allograft [3] and revi-
sion rates after cruciate ligament reconstruction 
showed an encouraging success (93%) 24 months 
after surgery [4]. Very little is known about the 
basic science of integration, remodelling and 
healing of allografts. Ideally, a graft should recre-
ate the biomechanical and anatomical features of 
the native tissues, ensuring a quick biological 
integration, efficient recovery and reduced donor 
site morbidity. Since each tissue behave uniquely 
due to their cellular and mechanical properties, 
not all allograft tissues are alike.

20.2  Meniscal Allograft

When the tear is in the outer third of the menis-
cus, the chances of healing are high. In the cases 
reduced tissue is left, meniscus transplantation is 
to be preferred [5]. Mandatory for transplant suc-
cess, the new meniscus has to perform optimal 
mechanical and biological functions to stabilize 
and support the knee. In this view, viable donor 
cells readily sustain the graft extracellular matrix 
[6]. Therefore, meniscus procurement should 
take place no longer than 12 h after donor’s death 
[7]. Nevertheless, after implantation, donor cells 
are either no longer or in small amounts detect-
able with respect to host cells. For example, in 
goats, donor cells did not survive longer than 
4 weeks [8]. Despite this, in a rabbit model, graft 
neo-vascularization and cell repopulation took 
place at 12 and 26 weeks [9]. This repopulation 
of cells from the host to the allograft is associated 
with an increase in the expression of type I and 
III procollagen mRNAs, especially near the 
region of the synovial capsule. Intriguingly, at 
26 weeks, type I procollagen mRNA expression 
became prominent with only a small amount of 
type III procollagen, indicating active cell metab-
olism [9]. Consistently, in dogs, cells originated 
from the adjacent synovium were able to popu-
late implanted menisci, being able to migrate 
over the surface of the meniscus to invade the 
deeper layers of the tissue [10]. Supporting these 
in vivo results, in humans, after 12 months, 95% 
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of the DNA meniscal allograft was identical to 
the recipient [11]. These data demonstrated that 
the implanted graft is almost entirely repopulated 
by host cells derived from the synovial 
membrane.

Although graft cells are important for first 
steps of engraftment even if they disappear 
quickly, a major issue after transplantation is 
recipient’s immune response [12], since fresh 
meniscal allografts express class I and II his-
tocompatibility antigens [13]. Consistently, in 
rats, evidence of rejection was noted [14]. To 
reduce graft immunogenicity and allow long 
storage periods, a popular method is deepfreez-
ing, where donor cells are destroyed together 
with denaturation of histocompatibility antigens 
[15]. Lyophilisation also preserves the tissue, 
although it may produce changes in the size of 
allografts [15]. Finally, gamma irradiation, often 
used to minimize the risk of disease transmis-
sion, may also compromise the mechanical 
properties of the graft [15]. Thus, to date, fresh-
frozen grafts are among the most widely used in 
clinical practice, and a meta-analysis on 2853 
allografts clearly showed no significant differ-
ence in allograft survival between frozen and 
lyophilized/irradiated grafts [16].

20.3  Osteochondral Allograft

The difficulty to reconstruct articular cartilage 
lesions is mainly due to a lack of vascularisation 
that could provide regenerative progenitor cells 
to sites of damage. Osteochondral defects may 
become naturally filled with a blood clot origi-
nating from microfracturing the subchondral 
bone marrow, that stimulates the mobilization 
and osteochondro- differentiation of marrow 
progenitor cells (MSC) [17]. However, the 
repair tissue is of fibrocartilaginous nature, con-
taining type I collagen without the re-establish-
ment of an arcade-like organization of the 
fibrillar extracellular matrix (ECM) [17]. 
Therefore, despite the availability of options to 
stimulate bone marrow or deliver chondrocytes/
MSC, osteochondral allograft transplantation, 
especially for large defects, remains the most 

preferred option with long lasting results [18, 
19]. For this approach, the initial presence of 
viable chondrocytes is crucial to maintain tissue 
composition, structure, and function [20]. 
Currently, the preferred protocol for storage is 
preservation at 4 °C [21], able to maintain chon-
drocyte viability higher than 90% up to 8 days 
[22]. As an alternative when prolonged storage 
is required, freezing procedure is selected, 
despite reduced viability even under addition of 
cryoprotectants (approximately 15% of initial 
viability) [23]. Alternatively, physiological tem-
perature of 37 °C has also been proposed with 
>70% chondrocyte viability for at least 8 weeks 
[24]. To date, independently from the storage 
approach, the average time from procurement to 
implantation of an osteochondral allograft is 
24 days [21].

The most important issue remains the integra-
tion of implanted osteochondral allograft with 
host osseous and cartilage tissues. In this view, 
technical procedures and supplemental treatment 
options resulted to be crucial. As an example, an 
aggressive approach to insert the graft may cause 
cell death and apoptosis leading to matrix degra-
dation and eventual graft failure [25]. To improve 
viability, the addition of platelet rich plasma 
(PRP) or bone marrow aspirate concentrate 
(BMC) to help repopulate the osseous portion of 
an osteochondral allograft was suggested, bring-
ing stem cells and growth factors to the site of 
injury [26]. Supporting this notion, in dogs, BMC 
and PRP provided a superior osseous integration 
due to release of osteoinductive proteins such as 
osteoprotegerin, increase of bone mineral density 
and bone volume, as well as production of bone 
morphogenetic protein 2, known to stimulate 
osteogenesis. The paradigm of supporting viable 
cells was also observed using Agili-C scaffold 
(CartiHeal, Israel) in an equine model, where 
BMC steadily improved collagen orientation and 
collagen type II content, including the deposition 
of a hyaline-like tissue [27]. Therefore, allografts 
supplemented with BMC or PRP in the osseous 
portion of the graft might be a promising option 
to minimize treatment failures, to improve graft 
survivorship and integration, and thus patient 
outcomes.
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20.4  Tendon Allograft

Several tendon allograft sources are available, 
including patellar, semitendinosus and Achilles 
tendons [28]. Compared with autograft ACL 
reconstruction, allograft incorporation proceeds 
with a similar but slower progression [28] charac-
terized by distinct biological stages. Initially, dur-
ing acute inflammation, transforming growth 
factor-β1 is released by platelets and attracts neu-
trophils and monocytes that generate chemokines 
and components of the proinflammatory cascade 
[29]. Until the fourth postoperative week, necro-
sis increases in the centre of the graft [30] and is 
accompanied by the release of growth factors able 
to stimulate cell migration (including MSC from 
the synovial fluid) [31]. Then, revascularization 
starts on the fourth postoperative week promoted 
by monocytes [30]. Between 4 and 12 weeks, a 
strong proliferation phase occurs and host fibro-
blasts with synovial cells repopulate the trans-
planted tendon after donor fibroblast necrosis 
[32]. IL-1 produced by macrophages, fibroblasts, 
and neutrophils induces matrix metallo-protein-
ases (MMP-1, -3 and -13) to initiate the degrada-
tion of collagen fibrils [32]. In a second step, 
metalloproteases continue collagen degradation 
preparing the tendon for remodelling [33]. 
Further, PDGF and TGF-β, released by degranu-
lation of platelets, contribute to increased fibro-
blast proliferation and production of extracellular 
matrix components to generate a connective tis-
sue scar [34]. From 12  weeks onwards, tendon 
allograft is actively remodelling and acquires its 
maximum properties in 1 year. In this time frame, 
cellularity returns to values of the intact tendon 
with vessels becoming evenly distributed through-
out the entire graft [30], although the central por-
tion of the graft remains essentially acellular [25].

Fresh tendons stimulate an immunologic reac-
tion, because of the expression of major histo-
compatibility markers [28]. Therefore, fresh 
allografts have been abandoned with the use of 
freezing procedures that do not alter their 
mechanical and structural properties (architec-
ture, fibre orientation, matrix, cell infiltration, 
fibroblast proliferation, edema and vasculariza-
tion) [28]. Further, sterilization and irradiation to 

inactivate bacterial and viral pathogens are com-
monly used techniques although high doses of 
gamma irradiation (>2.5 Mrad) may have adverse 
effects on the biological and mechanical proper-
ties (30% average decrease in load to failure) 
[35], prompting the use of multiple stranded ten-
dons to increase the mean peak load to failure 
[36]. To overcome this limitation, fractionation 
of irradiation doses has led to improved proper-
ties of patellar [37] and flexor digitorum superfi-
cialis tendons [38].

20.5  Conclusions

Allografts are effective in response to patients’ 
clinical, biological and functional demands. 
Many biological issues such as incorporation, 
remodelling and immune responses are still to be 
further assessed. It clearly emerges that cell 
types, growth factors and cytokines are involved 
in a coordinated fashion during the early inflam-
matory and advanced remodelling phases. A bet-
ter understanding of the complex biological 
events occurring at the host–implant interface 
will lead to improved biologically driven strate-
gies for allogeneic implants.
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Surgical Technique: What 
We Would Do in Different 
Situations—Graft Choice, 
One or Two Steps, Fixation, 
Associated Lesions

Kazumi Goto and Jacques Menetrey

21.1  Introduction

Anterior cruciate ligament (ACL) tears continue 
to be one of the most common sports injuries. 
ACL reconstruction (ACLR) are also common, 
and the number of ACL reconstruction (ACLR) 
has increased over the last years [1, 2]. Despite 
improved methods and techniques for primary 
ACLR, graft re-rupture rates have been reported 
between 0 and 5.6% [3]. Subsequently, the num-
ber of ACL revision surgeries has increased [4]. 
Outcomes after revision ACLR are generally 
inferior to those after primary ACLR. Only 43% 
of patients have been reported to return to their 
previous activity level, a significantly lower fig-
ure than that reported for primary ACLR [5]. In 
addition, the rates of re-revision ACLR after revi-
sion ACLR are higher than after primary ACLR 
(6.5% at 5 years and 9.0% at 8 years) [6]. The 
exact reasons why revision ACLR results in infe-
rior outcomes are not completely known. 

However, it is a common perception for surgeons 
that revision ACLR is a challenging operation.

21.2  Preoperative Planning

Preoperative planning, including comprehensive 
clinical and radiological evaluation, is the first 
and most important step. It is necessary to ade-
quately understand the patient’s symptoms such 
as instability, swelling, locking, stiffness, and 
pain. The history of previous injuries, how it 
occurred, pre-injured activity level (the competi-
tion and its level), the postoperative course, infor-
mation on the mechanism and timing of reinjuries, 
is also crucial. Blood tests provide surgeons with 
information about possible infections as a routine 
preoperative examination. It is prerequisite to 
know the complete details of the primary surgery, 
the presence of the concomitant lesions and their 
treatment, and the type of graft and fixation 
methods.

Routine clinical examinations are conducted 
to assess anterior instability, rotational instability, 
and associated complications as before the pri-
mary surgery. Imaging evaluation should include 
X-ray, MRI, and CT scan. X-ray is a comprehen-
sive imaging test that is very useful for under-
standing the overall condition. It is important to 
carefully observe the alignment evaluation, espe-
cially varus alignment and/or increased posterior 
slope of the tibia. Those conditions can provoke 
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ACL instability and the risk of graft failure [7]. In 
those cases, it should be considered to perform 
proximal tibial osteotomy concurrently in order 
to obtain suitable alignment. The position of the 
bone tunnel and previous device may also be 
observed, and if there is tunnel lysis or expan-
sion, the decision of the revision surgical proce-
dure will be affected. The CT scan can provide 
more detailed information related to tunnel posi-
tion, size of tunnels, miserable tunnel expansion, 
and the presence of hardware. The MRI is useful 
to perceive the status of the graft, cartilage, 
meniscal lesion, and the surrounding soft 
tissues.

21.3  Graft Choice

The graft choice for revision surgery depends 
upon the graft used for primary ACLR and the 
placement of the tunnel and tunnel size. The sur-
geon’s preferences and concepts are also influ-
enced by the decision. Which of the graft is 
superior for primary or revision ACLR is still 
controversial [8, 9]. However, recent large cohort 
studies of revision ACLR reported that autograft 
is superior to allografts in terms of lower re- 
revision rate, lower postoperative laxity, patient 
reported outcome (IKDC and KOOS) at 2-year 
postoperatively, and the rate of return to sports 
(RTS) [10–15]. On the other hand, there is no 
clear consensus on what type of autograft should 
be selected in the revision ACLR, which depends 
mainly on experience and local conditions. Our 
most frequent graft choice in primary or revision 
is quadriceps tendon (QT). In certain cases, ham-
string tendon (HT) or bone-patellar tendon-bone 
(BPTB) may also be considered, and surgeons 
need to master several techniques. Table  21.1 
summarizes our algorithm for autograft manage-
ment in revision ACLR.

Graft choice for revision ACLR was quite 
variable between large cohorts in France, 
Norway, and North America (Table 21.2) [9]. In 
the Multicenter ACL Revision study (MARS) 
cohort, allografts (49.4%) and autografts (47.9%) 
were used with similar frequency (hybrid were 
used for the remaining 2.6%), with BPTB auto-

grafts (26.2%) used slightly more than HT auto-
grafts (20.1%). In the Norwegian Knee Ligament 
Registry (NKLR), HT autograft (56.0%) was the 
most commonly used graft followed by BPTB 
autograft (32.4%). Other graft types were rare. In 
the Société Française d’Arthroscopie (SFA) sur-
vey, BPTB autograft (55.9%) was most common, 
followed by hamstring autograft (38.6%). QT 
autografts were used in 1–2% of cases in each 
cohort. However, interestingly, the analysis of 
MARS cohort [16] demonstrated that extrinsic 
factors (age, gender, previous graft choice) sig-
nificantly influence graft choice, but finally the 
most important factor in revision ACL R graft 
choice is the surgeon.

21.4  Quadriceps Tendon (QT)

Recently, the quadriceps tendon (QT) autograft 
(Fig.  21.1a.) has been discussed as a potential 
alternative graft for ACLR.  Although the QT 

Table 21.1 Algorithm for autograft choice in revision 
ACLR

Primary graft Revision graft
Quadriceps tendon (QT) Ipsilateral bone-patellar 

tendon-bone (BPTB)
BPTB, Hamstring tendon 
(HT)

Ipsilateral QT

Re-revisions for both BPTB 
and HT harvested

Ipsilateral QT

Re-revisions for both QT 
and BPTB harvested

Ipsilateral HT or allograft

Table 21.2 The data of graft choice between large 
cohorts in France, Norway, and North America [9]

MARS 
(n = 1216)

NKLR 
(n = 793)

SFA 
(n = 277)

BPTB 
autograft

318 (26.2%) 257 (32.4%) 155 (55.9%)

HT 
autograft

245 (20.1%) 444 (56.0%) 107 (38.6%)

QT 
autograft

19 (1.6%) 13 (1.6%) 6 (2.2%)

Other 1 (0.1%) 5 (0.6%) 6 (2.2%)
Allograft 601 (49.4%) 30 (3.8%)
Hybrid 32 (2.6%)
Not 
reported

44 (5.5%) 3 (1.1%)

K. Goto and J. Menetrey



147

autograft is the least studied and least used auto-
graft, its use is expected to increase [17]. In 
2010, 2.5% of all anatomic ACLR were per-
formed with QT autografts [18], but increased to 
11% in 2014 [19]. The biomechanical study 
showed that QT graft has a clear advantage 
because it provided a thicker graft with more 
advantageous tensile properties compared with 
BPTB and HT grafts [20–23]. Several studies 
found that the cross- sectional area of the QT 

was nearly twice that of the BPTB [20–23]. 
Shani et al. [21]. reported that ultimate load to 
failure (2186 vs. 1581 N) and stiffness (466 vs. 
278 N/mm) were significantly higher for the QT 
graft compared with BPTB, respectively. Harris 
et al. [20] demonstrated that the load to failure 
of the QT was 1.36 times higher than that of a 
BPTB graft of comparable width. The most 
recent meta-analysis reported that QT autograft 
had comparable clinical and functional out-
comes and graft survival rate compared with 
BPTB and HT autografts, with QT autograft 
showing significantly less harvest site pain com-
pared with BPTB autograft and better functional 
outcome scores (Lysholm) compared with HT 
autograft [24].

In terms of cosmetic aspects, Bartlett et  al. 
[25] noted that taking QT can cause unsightly 
wounds. In addition, Kim et al. [26] in his series, 
7 patients out of 21 treated with ACLR using QT 
autografts required cosmetic surgery for scars 
that impair the appearance. However, Cavaignac 
et al. [27] reported that the appearance of the scar 
and the length of the incision were significantly 
better in QT versus BPTB and tended to be better 
without reaching the significant threshold of 
2.5% in QT versus HT patients. Moreover, in this 
study, the harvesting of QT autograft for ACLR 
produces less area of hypoesthesia than both 
BPTB and HT autografts with statistical signifi-
cance [27].

While many primary clinical outcomes have 
been reported, there are not many reports on the 
use of QT for revision ACLR. Wright et al. [28] 
reported that the systematic review of 766 
patients showed autograft was used in 89.4% 
(685) and consisted of BPTB in 48%, HT in 40%, 
and QT in 12%. Barié et  al. [29] reported that 
revision ACLR using QT autografts provides 
good objective knee stability in over 90% of the 
patients. This level of stability is comparable 
with that after primary ACLR, as indicated in 
previous studies. It is able to restore the function 
to a good or very good level in over 50% of the 
patients as previously reported in the literature. 
Nonetheless, there is still little data on the use of 
QT in revision ACLR and further research is 
required.

a

b

c

Fig. 21.1 The type of autografts. (a) Quadriceps tendon 
autograft. (b) Bone-patellar tendon-bone autograft.  
(c) Hamstring tendon autograft
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21.5  Bone-Patellar Tendon-Bone 
(BPTB)

BPTB (Fig. 21.1b) is one of the most commonly 
harvested autologous tissues used as grafts for 
primary or revision ACLR [9, 28]. In primary 
reconstruction, some authors suggest that BPTB 
autograft is the most favorable graft choice 
because of faster graft incorporation [30] a 
higher proportion of patients returning to prein-
jury activity levels [31], and potentially a lower 
risk of graft rupture [32]. A recent large 
Scandinavian registry study [33] reported a 
higher risk of graft rupture with HT than 
BPTB. The most recent meta-analysis found that 
patients undergoing primary ACLR with BPTB 
autograft were less likely to experience graft 
rupture and/or revision ACLR than patients 
treated with HT autograft [34].

In terms of revision surgery using BPTB, 
good results have also been reported in the litera-
tures [35, 36]. Keizer et  al. [37] reported that 
there was a significant difference in rate of return 
to sports (RTS) type in favor of using an ipsilat-
eral BPTB autograft over a patellar tendon 
allograft (43.3% versus 75.0%, respectively) in 
patients undergoing revision ACLR after a mini-
mum follow-up of 2 years.

However, disadvantages of using a BPTB 
autograft tendon might include anterior knee pain 
[38], donor site morbidity, quadriceps weakness 
[39, 40], and therefore a lower knee extensor 
moment [41].

21.6  Hamstring Tendon (HT)

HT (Fig. 21.1c) is also one of the common grafts 
used for both primary and revision surgery as 
well as BPTB [9]. Denti et al. [42] reported simi-
lar outcomes between HT and BPTB autografts 
in revision surgery. On the other hand, Grassi 
et al. [12] reported that HT autografts had better 
outcomes than BPTB autografts in revision 
ACLR, with IKDC score, Lysholm score, Tegner 
score and lower rates of complications and re- 

operations, while HT and BPTB autografts had 
similar outcomes in terms of laxity and pivot- 
shift. Legnani et  al. [13] demonstrated that the 
use of contralateral HT autografts for ACL revi-
sion surgery produced similar subjective and 
objective outcomes at 5.2 years follow-up com-
pared to revision with allograft patellar or 
Achilles tendon. With regard to RTS, patients 
undergoing revision surgery with autografts 
experienced a quicker RTS compared to patients 
who underwent allograft revision surgery.

Nevertheless, there are many reports that HT 
is higher risk of graft failure than BPTB in pri-
mary ACLR [32–34], therefore it is important to 
consider graft choice according to the individual 
characteristics.

21.7  Allograft

An allograft is still the preferred graft used in 
North America for revision ACLR [9, 43]. An 
allograft has the greatest advantage of being able 
to avoid donor site morbidity [43]. In addition, it 
can provide a large bone block that helps to fill 
the bone gap [44]. However, consideration should 
be given to infection, disease transmission risk, 
late re-cellularization, possibility of late failure, 
and the increased cost with this option [43–47].

However, a recent systematic review of graft 
type and the outcomes of revision ACLR reported 
autografts to have better results than allografts 
with lower postoperative laxity, and lower rates 
of reoperation and complications [12]. Some pre-
vious studies described allograft is inferior to 
autograft in terms of RTS [13, 36]. The Danish 
registry [14, 15] also showed that the re-revision 
rate was significantly higher for allograft com-
pared with autograft (12.7% vs. 5.4%; P < 0.001), 
leading to a hazard ratio for re-revision of 2.2 
(95% CI, 1.4–3.4) for allografts compared with 
autografts when corrected for age. Otherwise, 
Condello et  al. [48] reported that the use of 
allografts for ACL revision can be regarded as a 
safe and effective approach: data from several 
studies have shown that the infection and overall 
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complication rate, is similar with respect to pri-
mary procedures with autografts [49], and also 
clinical outcomes are satisfactory in terms of 
durable knee stability after revision and RTS 
[5, 7]. Additionally, Kay et al. [35] reported that 
there was no significant influence of graft choice 
on the rate of RTS after revision anterior cruciate 
ligament reconstruction identified between BPTB 
autografts (67%), HT autografts (55%), and 
allografts (64%).

21.8  One-Stage or Two-Stage 
Surgery?

Once all the necessary information has been 
obtained, the surgeon can choose a one- or a two- 
stage revision. One-stage revision can be consid-
ered when graft healing and fixation will not be 
influenced by previous surgery. Therefore, one- 
stage revision can be performed in a patient in 
whom previous tunnel did not interfere with the 
new tunnel, the tunnel did not significantly 
expand, no tunnel lysis or void bony defect, no 
associated injuries (malalignments, meniscal and 
chondral lesion, unless treated simultaneously), 
and no hardware removal problem. The two- 
stage procedure is performed in 6–9% of all ACL 
revision cases [48]. Even if the previous tunnel is 
correctly placed, if there is a significant tunnel 
enlargement or a void bony defect (Fig. 21.2), a 
two-stage revision is recommended [50]. The 
amount of tunnel enlargement required for two- 
stage surgery is still contentious. In general, it is 
accepted that two-stage surgery may be required 
when tunnel enlargement greater than 15–16 mm 
or 100% larger than the original tunnel [51, 52]. 
Even a 10–15  mm anatomically correct tunnel 
may require two-stage surgery depending on the 
shape of the tunnel or anticipated graft choice, 
while tunnels measuring less than 10 mm usually 
may be reused without grafting (permitting 
single- stage surgery) [52] (Fig. 21.3).

If a two-stage revision is deemed necessary, 
the first stage consists of removal of the old graft, 
and the metalwork from the primary repair. Some 

authors now advocate that metalwork should be 
left in situ if possible because screw and graft 
removal can leave large defect obtained between 
3 and 6  months (3–4  months for autograft, 
4–6 months for allograft) to assess the bone qual-
ity and the degree of graft incorporation. If these 
are deemed satisfactory, the second stage of the 
procedure consists of a standard graft repair.

Other indications for a two-stage revision are 
loss of range of motion, and concomitant surgery 
such as repair for locked bucket-handle meniscal 
tear or proximal tibial osteotomy that would slow 
down the postoperative recovery [48].

21.9  Fixation

The fixation method should be considered during 
planning, along with the suspected reason of pre-
vious graft failure. A variety of devices for bone 
and soft tissue fixation must be available aiming 
to not restrict the choice of the graft and use the 
best bone support [53]. The role of graft fixation 
in ACLR is to maintain sufficient graft stability in 
the early stages of healing to allow incorporation. 
The graft is completely reliant on the fixation 
device for its strength until it becomes incorpo-
rated into the tunnel wall. There are multiple 
types of fixation devices (interference screw, sta-
ples, buttons, post-screw, etc.) for the femur or 
tibia, and in some difficult revision cases these 
methods may be combined to increase primary 
resistance [52, 53].

One of the commonest methods is the interfer-
ence screw technique [52], and we also prefer 
this technique. This may be metallic or biode-
gradable and works on the “press fit” principle, 
jamming the graft tightly against the tunnel wall 
so it may be eccentrically placed within the tun-
nels. The disadvantage of this technique was that 
interference screw tends to slip, especially with 
HT grafts. This slippage might provoke the graft 
laxity or graft migration. The EndoButton is also 
useful technique, which has advantage to adjust 
the length of the graft easily and keep bone stock. 
However, tunnel widening is commoner 
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a

c

b

Fig. 21.2 The radiological evaluation of bone tunnel 
placement. (a) X-ray shows a posteriorly placed tibial tun-
nel placed. In this case, we decided to perform staged sur-
gery in order be able to safely place the tibial tunnel and 
to assure a good fixation. (b) CT image after first step sur-
gery for bone grafting. In this particular case, you should 

await 6 months before performing the second stage sur-
gery. (c) Postoperative X-ray shows that previous bone 
tunnel was well filled up with grafted bone and allows for 
a proper placement of the tibial tunnel and a primary fixa-
tion with interference screw  +  post fixation as a safe 
backup

K. Goto and J. Menetrey



151

Fig. 21.3 CT image is able to provide more detailed information about bone tunnel enlargement
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 following the use of EndoButton fixation devices, 
and some authors have postulated that the delay 
in incorporation of these types of fixation method 
allows for micromotion to erode the adjacent tun-
nel wall during knee motion [54].

These techniques for graft fixation are mainly 
dependent on the remaining bone stock and the 
chosen graft [53, 55], thus, surgeons need to be 
familiar with each of these types of characteris-
tics and must be trained in their use.

21.10  Associated Lesions

The most commonly reported associated injuries 
were meniscal tears and chondral lesions [36, 
37, 56]. These associated lesions are very impor-
tant. Revision procedures are able to restore 
knee stability, but symptoms and pain reduce 
knee function, resulting in poorer subjective out-
come. As suggested by a French study, this can 
most likely be explained by concomitant menis-
cal and cartilage injuries in the revision recon-
struction patients [57]. In the MARS ACL 
revision cohort, meniscal and cartilage injuries 
were seen in 90% of patients, and meniscal 
injury at the primary reconstruction resulted in 
an increased risk of cartilage deterioration at the 
time of revision surgery [58–60]. Wu et al. [61] 
obtained similar findings in 63 patients who had 
undergone ACLR and meniscectomy. These 
patients had significantly lower subjective func-
tion scores and ability to perform a single-leg 
hop test compared with patients with intact 
menisci at an average 10.4  years of follow-up. 
Therefore, it is extremely important to provide 
appropriate treatment for these combined inju-
ries since the approach for meniscal injuries and/

or chondral lesions should affect outcome of 
revision ACLR.

Recently, the presence of ramp lesion and pos-
terolateral corner (PLC) injuries associated with 
ACL injury has been reported. Their incidence in 
primary ACLR is reported as high as 23.9% [62] 
to 19.7% [63].

Ramp lesion is a specific type of meniscal 
tear, which were defined as longitudinal tears of 
the peripheral attachment of the posterior horn of 
the medial meniscus (Fig. 21.4a). The posterior 
horn is recognized as a critical stabilizer in the 
ACL-deficient knee [64]. In a more recent cadav-
eric study, sectioning of the posteromedial menis-
cocapsular junction in an ACL- deficient knee 
resulted in a significant increase in anterior tibial 
translation and external rotation [65].

Also, many studies have established that miss-
ing the diagnosis of posterolateral corner (PLC) 
injury can increase the varus load on the ACL 
graft and the risk of graft failure [63, 66, 67]. The 
anatomy of the PLC is complicated, and injury is 
overlooked in many cases (50–76%) [63, 68, 69]. 
Thus, PLC-deficient condition after ACLR may 
be one of reason of graft failure or poor outcome. 
Furthermore, dysfunction of PLC should be over-
looked again in revision surgery so that it is quite 
important to familiar with this pathology and 
strive to repair in both primary and revision sur-
gery. We perform either mini-open or arthroscopic 
technique for these abnormal conditions which 
may lead to knee laxity (Fig. 21.4b, c).

Both ramp lesions and PLC injuries play a 
role in disrupting an important secondary stabi-
lizer of the knee, and arthroscopic examination of 
the posterior structures and PLC of the knee and 
repair of these lesions must always be undertaken 
when revision ACL surgery is performed.
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21.11  Summary

• The preoperative planning is the first and most 
important step.

• Autografts are superior to allograft for revi-
sion ACL surgery in many aspects.

• The evaluation of bone tunnel position and its 
enlargement is very important to determine 
whether to indicate one- or two-stage  
surgery.

• Don’t overlook the associated lesions, espe-
cially ramp lesion and PLC injury.
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Cell-Free Biomaterials:  
Indications and Borders

Giuseppe Filardo

22.1  Introduction

Articular cartilage defects have poor self-healing 
potential and their treatment is a challenge in the 
orthopaedic practice. Moreover, if left untreated, 
they may increase in size and favour the develop-
ment of degenerative processes, eventually lead-
ing to osteoarthritis (OA) in the long term [1], 
which prompts the development of effective 
strategies to restore the articular surface. In fact, 
traditional cartilage repair procedures, such as 
bone marrow stimulation techniques, showed the 
ability to improve symptoms and function in 
selected patients, but also presented several limi-
tations related to the inferior quality of the repair 
tissue, questioning the benefit of these techniques 
especially for the treatment of large lesions [2]. 
More ambitious regenerative procedures have 
been therefore developed with the aim to over-
come these limitations. Autologous chondrocytes 
implantation (ACI) was introduced in the early 
1990s and showed promising outcomes, which 
were later confirmed up to long-term follow-up 
[3] also for the treatment of large defects. 
However, some drawbacks were reported, mainly 
related to a high rate of hypertrophy of the peri-
osteal graft, and the need for two different surger-
ies for cartilage harvesting and subsequent 

implantation after culture expansion [4]. Further 
improvements of the technique involved the com-
bination of cultured chondrocytes with biomate-
rials used as temporary three-dimensional 
scaffolds able to better support the tissue regen-
eration process. Some of these bioengineered tis-
sues also offered the possibility to be implanted 
through an arthroscopic procedure, providing 
good and long-lasting clinical results [5–7]. 
Nevertheless, the practical and economic limita-
tions related to the need of cell processing were 
still present.

Thus, thanks to the advances in biomaterials 
science, cell-free approaches have been intro-
duced. These procedures involve the implanta-
tion of biomaterials capable of allowing the 
adhesion and differentiation of resident cells, in 
order to support tissue regeneration. This kind of 
matrices can be applied to cover the site of mar-
row stimulation, in order to stabilize the blood 
clot, and enhance the differentiation of cell pre-
cursors towards the chondrogenic lineage [8]. At 
the same time, the status of subchondral bone has 
been recognized as a key factor with regard to 
conditions affecting the overlying articular carti-
lage [9]. Therefore, a new treatment rationale 
was developed aimed at addressing both the 
chondral and osteochondral tissues: innovative 
bilayer constructs were tested and introduced 
into the clinical use, to be used as one-step proce-
dures and provide a regenerative support for resi-
dent cells to proliferate and differentiate into both 
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subchondral bone and cartilage tissues [10]. The 
following chapter aims at summarizing the evi-
dence about the clinical use of acellular scaffolds 
for the treatment of chondral and osteochondral 
lesions of the knee.

22.2  Chondral Scaffolds

The use of biocompatible and bioresorbable 
chondral scaffolds aims at ensuring coverage to 
the cartilage defect favouring the homogeneous 
distribution of the cell population coming from 
the bone marrow. This allows to stabilize the 
blood clot and exploit the body limited self- 
regenerative potential [8]. Autologous matrix- 
induced chondrogenesis (AMIC) [11, 12] was 
first introduced by Benthien and Behrens for the 
treatment of lesions up to 1.5  cm2 [12]. 
Subsequently, the possibility to perform the pro-
cedure [13] also by dry arthroscopy using fibrin 
glue for the fixation was introduced. Different 
authors reported a significant clinical improve-
ment at short-term follow-up, with a satisfaction 
rate up to 87% [14, 15]. Gille et al. confirmed the 
effectiveness of the procedure at long-term, with 
a further mild improvement of the clinical scores 
compared to the mid-term evaluation [7, 15, 16].

Despite the positive clinical results, some 
controversies emerged regarding the quality of 
the regeneration offered by this approach as seen 
by MRI.  In fact, different authors reported an 
incomplete filling of the defects [17] or the pres-
ence of residual subchondral bone oedema at 
follow-up [14]. Augmentation procedures, such 
as the one- step combination with autologous 
bone marrow concentrate (BMC) or platelet 
rich-plasma (PRP), were therefore investigated 
in order to improve the potential of these pro-
cedures, with promising results up to mid-term 
follow-up [18, 19].

More recently, another approach to improve 
the outcomes of marrow stimulation techniques 
has been proposed. Chitosan is a biodegradable 
hydrogel which showed optimal biocompatibility 
in the animal model [20]. This material can be 
mixed with autologous peripheral whole blood, 
in order to provide stabilization to the blood cloth 

and in the end to improve the quality of tissue 
regeneration [21]. Similar clinical results were 
reported in a RCT compared to MF at short-term 
follow-up, but with a greater coverage of the 
lesions with hyaline-like tissue at T2 mapping 
[22], as well as better macroscopic and histologic 
scores [23] were observed with the hydrogel 
application. Recently, these findings were con-
firmed as stable at 5 years of follow-up [24].

A recent systematic review and meta-analysis 
has investigated the clinical results improvement 
over time of cell-free cartilage scaffold implanta-
tion [25]. Sixteen studies were identified and 
included in the meta-analysis, showing a signifi-
cant improvement from basal score at 1, 2, and 
≥3 years’ follow-up. The improvement reached 
at 1 year remained stable up to the last follow-up 
for all scores. Therefore, the current literature 
suggests that cell-free scaffolds may provide 
good clinical short-/mid-term results. However, 
the low evidence of the published studies and 
their short/mean follow-up demand further evi-
dence before more definitive conclusions can be 
drawn on their real potential over time and on 
their advantages and disadvantages compared to 
the cell-based strategies.

22.3  Osteochondral Scaffolds

Biphasic scaffolds were introduced with the aim 
to address the regeneration of both subchondral 
bone and cartilage at the same time [26]. These 
constructs are organized in different layers, in 
order to mimic the different anatomical and func-
tional properties of these two different tissues. 
Several osteochondral devices were investigated 
at preclinical level, but only a few of them have 
been reported for clinical use.

The first one developed and introduced into 
clinical use was a resorbable biphasic polymer 
of PLGA-PGA (Trufit CB™, Smith & Nephew, 
USA), originally intended to fill donor sites of 
osteochondral grafting (OAT) [27], showing 
controversial preliminary findings at the imaging 
evaluation [28, 29] and no clinical improvement 
compared with donor sites left empty at mid-
term after OAT [30]. Several reports studied the 

G. Filardo



159

 application of this device for the treatment of 
osteochondral defects, and reported promising 
early clinical findings [31–33], which were not 
confirmed by later reports. In fact, Dhollander 
et al. [34] observed only a slight clinical benefit 
paired with 20% failure rate within the first 
12  months after surgery. Joshi et  al. reported 
seven failures out of ten patients treated for 
patellar defects and evaluated at 24  months of 
follow-up [35]. Finally, Hindle et  al. found a 
higher short-term improvement in patients 
treated with mosaicplasty compared with Trufit 
implantation [36].

A nanostructured biomimetic scaffold made 
of type I collagen and hydroxyapatite (HA) orga-
nized in three gradient layers was later intro-
duced, with the rational to mimic extracellular 
cartilage and subchondral bone matrices [37] 
(MaioRegen™, Finceramica, Faenza, Italy) and 
provide a more effective osteochondral regenera-
tion. The results of a pilot study showed a prom-
ising mid-term clinical improvement up to 
60 months follow-up, which was faster in patients 
with higher pre-injury activity level [38–40]. 
This implant showed positive clinical results also 
for the treatment of osteochondritis dissecans 
(OCD), in a study with 5 years’ follow-up [41], 
and for the treatment of patellar cartilage defects 
in a study with 24 months follow-up [42]. Long- 
term improvement was confirmed in a wider 
study on 79 patients, treated for defects of femo-
ral condyles or trochlea. In this series, degenera-
tive lesions had significantly lower results 
compared to traumatic ones [10]. However, posi-
tive findings were reported even in small series of 
patients treated for early [43] or unicompartmen-
tal OA, where the scaffold was implanted concur-
rently with combined procedures to address 
multiple comorbidities [44]. A further study con-
firmed the benefits of the osteochondral approach 
for this kind of degenerative disease by evaluat-
ing specifically the results of “complex” knee 
lesions, showing higher clinical scores when this 
osteochondral approach was used instead of a 
chondral one [45]. Other authors reported good 
clinical results also in case of large defects [46, 
47], or explored different indications for this 
scaffold, such as spontaneous osteonecrosis of 

the knee [48]. The satisfactory clinical findings 
confirmed the versatility of this procedure for 
various conditions affecting the whole osteo-
chondral unit. A possible exception is the treat-
ment of patellar defects, where lower outcomes 
were reported, together with some abnormal find-
ings at MRI [49].

Conversely with these positive clinical reports, 
imaging evaluation of the graft produced a less 
positive evidence. In fact, despite a good integra-
tion of the implant even at early postoperative 
evaluation [38], most of the authors observed 
abnormalities in the graft structure and a limited 
bone regeneration, which were improved but still 
present up to mid-term follow-up [10, 40, 41, 50, 
51]. However, these issues seem not to affect the 
clinical outcomes [10, 40, 41, 50]. The limited 
tissue regeneration at MRI pushed further inves-
tigations to optimize the procedure, such as the 
improved fixation by using fibrin glue [52].

The last cell-free osteochondral scaffold 
applied in the clinical practice consists of arago-
nite, shaped in cylinders similar to mosaicplasty 
plugs (Agili-C™, CartiHeal (2009) Ltd., Israel). 
These rigid plugs have a bone phase made of cal-
cium carbonate in the aragonite crystalline form, 
and a superficial layer of modified aragonite and 
hyaluronate. Positive findings in terms of safety 
and regeneration potential were reported at 
6 months of follow-up in the animal model [10], 
with further improved tissue features and no 
degeneration occurred between 6 and 12 [53]. 
The first clinical report for this cell-free tech-
nique deals with a case of a 47-year-old who 
underwent to this scaffold implantation at the 
medial femoral condyle for a 2 cm2 post- traumatic 
osteochondral defect. A complete recovery to the 
same level of pre-injury was reported at 
18  months’ follow-up, coupled with good inte-
gration of the bone layer and hyaline-like appear-
ance of the cartilage layer at MRI [54]. 
Furthermore, a recent paper reported the prelimi-
nary results of a group of patients treated with 
this device, showing an overall clinical improve-
ment after implantation of two different shapes 
for the plug, and highlighting the importance of 
this variable, being tapered implants safer than 
cylindrical ones in terms of early failure rate [55].
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22.4  Conclusions

Various biopolymers are currently being tested in 
order to provide a temporary support for the pro-
liferation and differentiation of resident cells. 
The most recent trend involves the use of one- 
step procedures, where the biomaterial can be 
implanted cell-free into the defect to maximize 
the regenerating potential of the tissue itself. 
Different devices, targeted either to chondral or 
osteochondral lesions, showed the ability to pro-
duce satisfactory clinical improvements but a 
limited quality of the regenerated tissues. Even 
though none of the authors found any correlation 
with the clinical results, these issues warrant fur-
ther research in this kind of procedures. High- 
level studies are needed to assess the real benefits 
and the best indications of the available grafts, as 
well as ways to further improve and optimize the 
long-term outcomes of these cell-free scaffold- 
based procedures for the treatment of chondral 
and osteochondral lesions.
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The Rationale for Using Navigation 
for Revision Total Knee 
Arthroplasty

Jean-Yves Jenny

23.1  Introduction

The number of revision total knee arthroplasty 
(RTKA) has dramatically increased in recent 
years and may account for 10% of all TKR [1]. 
Causes for RTKA include septic failure, knee 
instability, implant malpositioning, implant 
breakage, patellar maltracking and aseptic loos-
ening or wear [2]. RTKA is a challenging proce-
dure, especially because most of the standard 
bony and ligamentous landmarks are lost due to 
the primary implantation [3]. However, as for pri-
mary total knee arthroplasty (PTKA), restoration 
of the joint line, adequate limb axis correction 
and ligamentous stability are considered critical 
for the short- and long- term outcome of RTKA.

There is no available data about the range of 
tolerable leg alignment. However, it is logical to 
assume that the same range than after PTKA 
might be accepted, that is ±3° off the neutral 
alignment [4]. Conventional instruments with 
intra- or extra-medullary rods have been devel-
oped for primary replacement and adapted to 
revision cases. It has been demonstrated that their 
accuracy was less than optimal for primary cases 
[5]. One might assume that these conventional 
instruments, which rely on visual or anatomical 

alignments of intra- or extra-medullary rods, are 
associated with significant higher variation of the 
leg axis correction for revision cases. The effi-
ciency of navigation systems has been exten-
sively demonstrated for PTKA [6–9]. It was 
logical to adapt this technology for RTKA as 
well.

We are using for more than 10 years a non- 
image- based navigation system for PTKA [4]. 
We wanted to use the same operative technique 
for revision cases and to compare the accuracy of 
implantation of navigated RTKA to conventional 
RTKA and PTKA. We hypothesized that the rate 
of satisfactory implantation will be higher for 
navigated RTKA than for conventional RTKA.

23.2  Materials and Methods

 1. Operative technique:
 (a) The navigated technique (OrthoPilot®, 

Aesculap Tuttlingen, FRG) has been 
described elsewhere (Jenny). Briefly, 
arrays were fixed by a screw on the distal 
femur and on the proximal tibia and 
strapped on the dorsal part of the foot. A 
kinematic registration of the hip, knee and 
ankle joints was performed. The data 
were implemented by the palpation of 
some relevant anatomical points with a 
navigated stylus. Then the system dis-
played the orientation of the mechanical 
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axes of the femur and the tibia. Navigated 
resection guides were oriented and fixed 
to the bones along these axes to the 
desired position. The bone resections 
were performed with a conventional saw 
blade.

The same software and the same 
instruments were used for 
RTKA. Kinematic and anatomic registra-
tion was performed with the index 
implants left in place (Fig. 23.1), without 
any difference in comparison to 
PTKA.  Navigated resection guides were 
oriented and fixed to the bones along 
these axes to the desired position 
(Fig. 23.2). The bone resections were per-
formed with a conventional saw blade. 
The prosthesis was implanted with either 
normal or extension stems as 
appropriate.

 (b) The conventional technique involved 
intramedullary rods which were intro-
duced into the femoral and tibial canal to 
provide the reference bone axis. 
Resection guides were oriented and fixed 
to the bones along these axes to the 

desired position. The bone resections 
were performed with a conventional saw 
blade. The prosthesis was implanted 
with either normal or extension stems as 
appropriate.

 2. Two groups of cases were defined: navigated 
RTKA (group A) and conventional RTKA 
(group B). All RTKAs implanted during the 
period of the current study were included: 50 
into group A and 36 into group B.

 3. Data collection: We collected following pre-
operative items: age, gender, height, body 
weight, BMI, reason for revision, knee score 
and function score according to the Knee 
Society Scoring System [10], coronal femoro-
tibial angle. The accuracy of implantation was 
retrospectively analyzed on postoperative 
long leg X-rays in unipodal support. Coronal 
mechanical femoro-tibial angle and coronal 
and sagittal orientations of both femoral and 
tibial components [11] were assessed. The 
RTKA was expected to be implanted with the 
following requirements: a coronal femoro- 
tibial mechanical angle of 0° ± 3°, a coronal 
angle between the horizontal axis of the femo-
ral or tibial implant and the mechanical femo-
ral or tibial axis of 90°  ±  3°, and a sagittal 
angle between the horizontal axis of the tibial 
implant and the proximal posterior tibial cor-
tex of 90° ± 3°. A prosthesis was considered 
optimally implanted when all criteria were 
fulfilled.

Fig. 23.1 Data registration with the index prosthesis in 
place

Fig. 23.2 Intra-operative navigated information

J.-Y. Jenny



165

 4. Data analysis: The primary criterion was the 
rate of optimally implanted prosthesis. 
 Secondary criteria were the rate of outliers for 
each individual item. The comparison between 
the three groups was performed with a chi- 
squared test at a 0.05 level of significance for 
qualitative items and with a Student’s t-test at 
a 0.05 level of significance for quantitative 
items.

23.3  Results

We selected 86 cases for the study: 50 navi-
gated RTKA and 36 conventional RTKA. There 
were 57 female and 29 male patients, with a 
mean age of 70.6  ±  7.7  years (range, 
44–88  years). The mean BMI was 31.1  ±  4.8 
(range, 23.5–42.3). The main reasons for revi-
sion were aseptic loosening (52 cases) and 
infection (32 cases). The mean preoperative 
knee score was 49.9 ± 14.1 points (range, 4–90 
points), the mean preoperative function score 
was 39.6  ±  13.4 points (range, 0–90 points). 
The mean preoperative coronal femoro-tibial 
angle was 175°  ±  14° (range, 162°–203°). 
There was no significant difference for all these 
items between all subgroups.

There were 31 cases (62%) with an optimal 
global implantation in group A and 14 (39%) in 
group B (p < 0.05).

The mean postoperative coronal femoro-tibial 
angle was 181° ± 3° (range, 175°–188°) in group 
A and 179° ± 3° (range, 176°–187°) in group B 
(NS). There were nine outliers (18%) in group A 
and nine outliers (26%) in group B (NS).

The mean postoperative coronal femoral angle 
was 91°  ±  2° (range, 88°–96°) in group A and 
89° ± 3° (range, 82°–94°) in group B (NS). There 
were eight outliers (15%) in group A and nine 
outliers (25%) in group B (NS).

The mean postoperative coronal tibial angle 
was 90°  ±  1° (range, 88°–92°) in group A and 
90° ± 2° (range, 86°–93°) in group B (NS). There 
were three outliers (5%) in group A and four out-
liers (11%) in group B (NS).

The mean postoperative sagittal tibial angle 
was 91°  ±  2° (range, 83°–95°) in group A and 

91° ± 3° (range, 88°–99°) in group B (NS). There 
were 11 outliers (23%) in group A and 12 outliers 
(34%) in group B (NS).

23.4  Discussion

Navigation systems have been validated for 
PTKA. However, there are few papers about the 
use of such systems for RTKA [12–14].

Perlick et al. [14] hypothesized that a signifi-
cantly better leg alignment and component orien-
tation were achieved when using a navigation 
system in comparison to conventional technique. 
They compared two groups of 25 RTKAs oper-
ated on either with a CT-free navigation system 
or with the conventional manual technique. The 
postoperative alignment was measured on long 
leg coronal and sagittal X-rays. The mechanical 
limb axis was significantly better corrected in the 
navigated group (92% versus 76%). All navi-
gated femoral components were well aligned in 
the coronal plane, against only 84% of the con-
ventional group (p  <  0.05). All navigated tibial 
components were well aligned in the coronal 
plane, against only 94% of the conventional 
group (p > 0.05). The sagittal alignment of both 
femoral and tibial implants was also improved in 
navigation group (p > 0.05). The level of the joint 
line was also more accurately restored with help 
of the navigation system.

Massin et  al. [13] reported their experience 
about 19 RTKAs operated with a navigation sys-
tem combining intra-operative surface bone reg-
istration and preoperative CT scan imaging, with 
a retrospective comparison to 10 non-navigated 
revision cases performed concomitantly by the 
same surgeon. Although they observed no signifi-
cant difference in the number of outliers for the 
two series, navigation appeared to be a valuable 
aid in reconstructing both bone extremities, while 
controlling the level of the joint line.

Ochs et  al. [15] reported the results of 18 
RTKA operated with the same navigation system 
used in our study. Correction of the deformation 
was routinely obtained, and navigation helped 
controlling implant positioning and restoring the 
joint line.

23 The Rationale for Using Navigation for Revision Total Knee Arthroplasty
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Hoffart et al. [12] reported the development of 
a navigation software dedicated to RTKA, but did 
not document any clinical or radiological result. 
Meijer et al. [16] planned a prospective compara-
tive study but did not report results.

We used the OrthoPilot® non-image-based 
navigation system for RTKA, and our results 
were similar to that already published. The global 
accuracy of implantation was improved when 
using this technology in comparison to conven-
tional, manual technique. Differences, although 
not significant, were also observed for all indi-
vidual items in favor of the navigated technique. 
We confirm the results of the two previous stud-
ies: navigation has the potential to enhance 
RTKA accuracy. However, the accuracy obtained 
for a primary implantation [17] was not achieved, 
although the same navigation software and tech-
nique has been used. We identified a major expla-
nation for this discrepancy.

The standard navigation software did not 
allow navigating the stem extensions and bone 
defects. In several cases, we observed that the 
bone resection at the joint level was well ori-
ented. But the axis of the bone medullary canal 

was not perpendicular to this resection. 
Consequently, the prosthesis implanted with a 
stem extension has been forced to the direction of 
the diaphyseal axis, with a mismatch with the 
articular resection.

Furthermore, the standard navigation software 
offers no possibility to deal with bone loss and 
reconstruction of the joint line height. Therefore, 
a dedicated application for RTKA, including all 
these improvements, was developed (Figs.  23.3 
and 23.4), and the first experience as reported by 
the developing team is encouraging [18]. This 
new application is currently used on a routine 
basis, but it needs to be validated on a larger 
scale.

There might be some drawbacks to use a navi-
gation system for RTKA, as it has been exten-
sively discussed for PTKA [19]. These possible 
drawbacks include increased cost, increased 
operative time, and risk of fracture involving the 
holes for the trackers. We observed no complica-
tion related to the navigation use in the present 
study. We think that the improvement of the qual-
ity of implantation overweighs these possible 
disadvantages.

Fig. 23.3 Specific development—navigation of the bone defects
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23.5  Conclusion

The use of a standard navigation software for 
RTKA allows a significant improvement of the 
accuracy of implantation. However, the use of a 
dedicated software allows addressing more pre-
cisely the specific features of a RTKA, such as 
stem extension positioning, defects filling, and 
joint line reconstruction.
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Pearls, Pitfalls, and Complications 
(MPFL Reconstruction)

Phillip Schöttle

The MPFL is the most important passive stabi-
lizer of the patellofemoral joint. Inadequate func-
tion plays a crucial role in the development of 
patellofemoral instability. According to current 
knowledge, an MPFL rupture or insufficiency is 
considered a prerequisite for patellofemoral 
instability. Several studies have shown that in 
more than 90% of patients who have had patellar 
dislocation, there is a ruptured or insufficient 
MPFL. Here, a distinction must be made between 
an acute, fresh rupture after traumatic dislocation 
event and a chronic insufficiency or MPFL under-
development in patients with already existing 
habitual patellar luxations. The latter group of 
patients may be based on a variety of predispos-
ing factors. It is essential to know and consider 
these when choosing the treatment method. 
These factors include mainly trochlear dysplasia, 
patella alta, valgus deformity, internal femoral 
rotation, and more rarely external tibial rotation. 
In addition, the correct rupture localization of the 
MPFL patellar or femoral for the risk of redislo-
cation in the treatment planning plays an impor-
tant role.

Therefore, for the correct indication for the 
reconstruction of the MPFL, patients history, 
clinical examination, as well as the diagnostic 
imaging are decisive and demanding in order to 
determine the presence or the expression of the 

above-mentioned pathologies to filter out trigger-
ing factors. As a further orientation, the Patella 
Injury Severity Score (PISS) can be used, in 
which each predisposing factor is assigned to a 
score, and the sum can assess the risk of 
relocation.

Since MPFL reconstruction became the most 
common treatment option in patellofemoral 
instability (PFI), it is obvious that we will see an 
increase in number of failures and therefore revi-
sions. Shah et  al. [1], in a systematic review 
(meta-analysis level of evidence II) of complica-
tions and failures associated with the MPFL 
reconstruction in patients with a chronic PFI, 
found that the complication rate associated with 
this procedure (26%) is not at all insignificant 
even though MPFL has a high success rate. 
Therefore, it is important to inform the patient of 
the potential risks of this surgery beforehands. 
These authors also showed that instability repre-
sents 32% of all the complications (52/164) 
found in MPFL reconstruction [1].

It is the idea to help understanding and avoid-
ing the main causes of failure after MPFL recon-
struction which are:

 1. Incorrect surgical indication or surgical tech-
nique/patient selection.

 2. A surgical technical error.
 3. An incorrect assessment of the additional risk 

factors.
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Surprisingly enough, almost half of those 
complications resulted from technical problems 
or surgical errors. Ultimately, most failed MPFL 
reconstructions result from surgeon-dependent 
factors.

24.1  Indication 
and Contraindication 
for MPFL Reconstruction

As in all surgical interventions, the perfect indi-
cation is crucial for an ideal outcome. Therefore, 
the indications and contraindications are pearl 
and pitfall at the same time.

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 an increased lateral PF 
load, tubercle sulcus angle between 0 and 5°, no 
excessive valgus, and no excessive patella height 
(reasonable overlap of patella and trochlea sur-
faces on sagittal MRI measured by patella-troch-
lea index). The Caton-Deschamps index up to 1.4 
can be acceptable, except where there is a very 
short trochlea or significant knee hyperextension.

An MPFL reconstruction can be performed 
isolated as well as in combination with other pro-
cedures. An isolated MPFL reconstruction is 
used in patients with traumatic isolated rupture of 
MPFL without any of the above-mentioned con-
comitant pathologies with persistent instability 
and recurrence dislocations. In the case of purely 
traumatic patellar dislocation, a direct impact 
trauma can result in a patellar dislocation and 
rupture of the MPFL without the presence of a 
predisposing factor. However, this accident 
mechanism is rather inferior in number and is 
about less than 3% of all patella dislocations.

After a fresh dislocation event, the recognition 
of osteochondral detachments at the medial patel-
lar facet or at the lateral femoral condyle in the 
sense of a “contre-coup” injury is of particular 
importance. These occur in about a quarter of all 

patella dislocations. In this case, there is a clear 
recommendation for prompt surgical treatment 
with refixation of the osteochondral flake and 
MPFL reconstruction. Without additional osteo-
chondral injuries, the procedure may be conser-
vative or, if indicated, at a later point. However, it 
is not recommended to have immediate surgical 
treatment in an acute posttraumatic condition, if 
there is no osteochondral flake, making this 
necessary.

Ultimately, surgical decisions involve a blend 
of imaging and physical examination features, 
combined with patient expectation and surgeon’s 
experience and judgment.

The demanding tool in radiological diagnos-
tics is an MRI assessment to determine different 
anatomical issues such as the degree of trochlear 
dysplasia and an eventually increased patellar tilt 
and shift as well as measure the TTTG. In addi-
tion, the condition of the femoropatellar articular 
cartilage as well as the integrity and rupture area 
of the MPFL can be estimated. In case of clinical 
suspicion of a high-grade valgus malalignment 
and persistent patellofemoral instability over 60° 
knee flexion, long leg axis images and, if neces-
sary, a rotation CT must be completed.

Overall, more or less pronounced forms of 
dysplasia are found in up to 96% of all cases with 
patellofemoral instability. In patients with a 
minor degree of trochlear dysplasia, there is an 
instability in the approximate range from 0° to 
about 20° knee flexion. With increasing degrees 
of flexion, the patella is stabilized by the immer-
sion in the trochlear groove. The correct anatomi-
cal reconstruction of the MPFL therefore allows 
the instability to be remedied close to extension.

The challenge in the indication for an operative 
approach is to achieve a sufficient stabilization of 
the patella, without provoking an increase in pres-
sure on the femoropatellar articular surface. To 
select the optimal surgical procedure in patients 
with patella instability, the underlying pathologies 
must be correctly identified and classified. The 
following risk factors must be considered:

• Triggering event (minor trauma vs. chronic 
habitual patellar luxation without adequate 
trauma).

• Age at first luxation <14 years.
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• Instability or dislocation on the opposite side.
• Multiple dislocation events.
• Positive family history.
• Type of trochlear dysplasia.

If there is no adequate traumatic event and 
several of the e.g. points are identified, a higher-
grade, static instability with osseous pathomor-
phology has to be assumed. The risk of 
redislocation after an isolated MPFL reconstruc-
tion would be very high in these cases. So, 
according to an adequate complete examination 
of all involved risk factors is demanding and 
avoids failure after isolated MPFL reconstruction 
[4]. Here, the operative stabilization in combina-
tion with a correction of the existing accompany-
ing bony pathology is indicated.

During the process selection for the respective 
patient, additional information by the clinical 
investigation as well as the radiological diagnos-
tics are needed.

Evidence of the presence of osseous risk fac-
tors in the clinical examination is a valgus posi-
tion prominent at the standing inspection, a 
positive apprehension sign in more then 30° knee 
flexion, and a positive J sign at over 30° knee flex-
ion. In particular, the reversed J-sign indicates the 
presence of a pronounced osseous pathology. This 
phenomenon describes the insertion of the previ-
ously lateralized patella into the trochlea during 
the transition from extension to flexion, which is 
achieved by an accustomed trick movement. 
Likewise, an increased patella shift and tilt is a 
hint sign. If there is a pronounced patella alta in a 
patient, this is also clinically recognizable from 
the outside with a knee flexion of 80°.

If these signs occur during clinical examination, 
an isolated MPFL reconstruction should not be used.

Another diagnostic criterion is the differentia-
tion between complaints caused by patellofemo-
ral instability and patellofemoral pain. The 
anterior knee pain often occurs in patients with 
already existing problems, which may already be 
preexistent and may be an indication of an early 
patellofemoral arthritis. Therefore, an MPFL 
reconstruction is not indicated in patients with 
AKP without patellar instability.

In these situations, an isolated MPFL recon-
struction can lead to an aggravation, since the 

patellar ridge would possibly be pressed into the 
already arthritically altered area of the trochlea.

Overall, an MPFL reconstruction is NOT indi-
cated in patellofemoral pain patients—at least 
not in an isolated manner.

An MPFL reconstruction should not be per-
formed if the patella cannot be laterally 
dislocated.

Last, but not least, the MPFL is not meant to 
pull, but rather to keep the patella in position and 
stabilize it, once the patellofemoral tracking has 
been corrected and the patella is in the correct 
position.

An MPFL reconstruction is not indicated in an 
isolated procedure to eliminate patella J-tracking.

Also it is very important to understand if the 
MPFL insufficiency was the trigger or the result 
of a lateralized patella—therefore, in a fixed lat-
eral patella dislocation, the main problem is the 
retraction of the extensor mechanism of the knee 
and very often a flat lateral condyle, leading to 
secondary MPFL insufficiency.

Furthermore, an isolated MPFL reconstruc-
tion is not indicated in patients with patellofemo-
ral arthrosis because it further increases 
patellofemoral pressure and increases arthrosis. 
In these cases, a pressure release and correction 
of the malalignment has to be addressed before 
the tracking is improved by performing an MPFL 
reconstruction.

24.2  Failure in the Surgical 
Technique

According to Parikh et al., 47% of the complica-
tions that occur after MPFL reconstructive sur-
gery are related to technical errors.

The most frequent and significant technical 
mistake that can lead to MPFL reconstruction 
failure is a malposition, moreover at the femoral 
tunnel then the patellar insertion [4–7]. The femo-
ral fixation point is crucial as it determines the 
length change behavior of the graft and therefore 
the graft tension at different angles of the full 
range of motion. Since it is an anatomical struc-
ture, there should be no length change pattern. 
Due to the knee anatomy and the shape of the 
femur, a normal MPFL is tighter in extension than 
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in flexion. If the femoral fixation point is placed 
excessively anterior and/or superior, the graft 
tightens when the knee is flexed, and patellar 
overload will occur, creating pain, limited range 
of motion, stiffness, and scaring. In the mid-term, 
it may lead to an early onset of patellofemoral 
osteoarthritis. Therefore, the intraoperative accu-
rate monitoring of the femoral tunnel placement is 
mandatory.

Unlike the femoral fixation point, accuracy in 
placing the patellar fixation has been shown to be 
less important.

24.2.1  Failure Due to Excessive  
Graft Tension

Therefore, one has to understand the concept of 
MPFL, which in its native state is NOT under 
constant tension. It only comes under tension 
when the patella starts displacing laterally due to 
an lateral acting vector. My preferred simile is a 
dog leash, which is loose most of the time, except 
when the dog (the patella) wants to run away 
(dislocate), and only then it becomes tight. But if 
I would have the leash (the MPFL) tight all the 
time, it would choke the dog and transferred into 
the patellofemoral joint, and it would create a 
high patellofemoral pressure leading to an early 
osteoarthritis. In vivo, MPFL kinematic studies 
have shown that MPFL length was longest from 0 
to 60° of knee flexion and decreased significantly 
during flexion from 60 to 120°, thereby checking 
excessive patellofemoral compression force dur-
ing high degrees of knee flexion [2].

To avoid hyperpression on the joint and hyper-
tension on the graft, fix the graft when the patella 
is engaged fully into the trochlea at around 30° of 
flexion.

24.3  Failure Due to Insufficient 
Assessment of Concomitant 
Factors

Around 85% of PFI occur between 0 and 30° of 
flexion. In these ROM, patella stability relies 
mainly on the MPFL.  Apprehension that is 
relieved at 30° of knee flexion suggests a good 

clinical result with an isolated MPFL reconstruc-
tion. Beyond 30°, bony factors such as the shape 
of the trochlea and/or rotational alignment 
become important. An apprehension beyond 60° 
of knee flexion suggests a severe trochlear dys-
plasia, a significant patella alta, and/or other bony 
malalignments or all.

While an isolated MPFL reconstruction may 
be sufficient in most cases in the first group of 
patients, failure may/will occur in the second 
group. This has been proven already in early 
studies, such as from Nelitz or Schoettle. 
Furthermore, Wagner et  al. [6, 8] suggested 
that the MPFL graft might be overloaded in 
high degrees of trochlear dysplasia—corre-
lated with poor clinical outcome given that 
there is more instability in dysplastic situa-
tions, additionally resulting in a PF overload. 
In these cases, an additional trochleoplasty has 
to be considered.

We also should remember that a trochleo-
plasty procedure not only corrects the trochlear 
dysplasia but according to Fucentese et  al. also 
normalizes the TT–TG distance.

Dejour et al. [9, 10] have shown that the sulcus- 
deepening trochleoplasty is an acceptable revision 
option for the surgical treatment of patients with 
persisting patellar dislocation and high- grade 
trochlear dysplasia. According to Schoettle as 
well as Fucentese et al. [3, 8], trochleoplasty is a 
useful and reliable surgical technique to improve 
patellofemoral instability in patients with a dys-
plastic trochlea. However, while improved stabil-
ity is predictable, pain is less predictable and may 
even increase following surgery. Interestingly, 
Schöttle et  al. [3] have shown that the risk for 
cartilage damage after trochleoplasty is low. In 
conclusion, severe trochlear dysplasia can be suc-
cessfully treated with a trochleoplasty.

Even more, then in dysplastic trochlea, there 
are significant controversies about other 
 osteotomy indications such as femoral derotation 
or variation or the way and direction of the trans-
fer of the tuberosity. According to Robert Teitge 
and Gerd Seitlinger, we may consider an osteot-
omy in cases with torsion greater than 20° above 
normal (femoral anteversion >35° and tibial 
external torsion >45°) that have failed after an 
isolated MPFL reconstruction.
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24.4  Conclusion

The number and percentage of complications 
after MPFL reconstruction is higher not only due 
to the indication but also due to the still existing 
learning curve in the surgical technique. However, 
most of the patients do well anyhow, since they 
are relieved from their PFI. Nevertheless, failures 
in MPFL reconstruction lead to a limited range of 
motion and/or pain due to a patellofemoral over-
load and therefore early onset of arthritis. In these 
cases, an early revision has to be considered once 
the reason for failure is identified since conserva-
tive treatments are not successful and may addi-
tionally increase pain and degeneration.

To avoid these cases in the future, a national 
MPFL register, compared to those of the ACL 
should and most probably will be installed 1 day.
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What to Do If It Goes Wrong? 
Solutions After Failure

F. Martetschläger and F. Zampeli

25.1  Introduction

Acromioclavicular (AC) joint injuries usually 
occur during sports participation or road traffic 
accidents and fall from height (high-energy 
trauma). They represent about 12% of all trau-
matic shoulder girdle injuries with reported inci-
dence of 9.2 injuries per 1000 person-years in 
young athletes [1, 2]. Surgical management is 
recommended for patients with high-grade injury 
according to Rockwood classification (type IV–
VI) [3, 4]. Although the management of type III 
injuries is still controversial, many authors advo-
cate early surgical reconstruction in select high- 
functioning patients such as manual laborers and 
overhead-throwing athletes [5–8].

The surgical management of high-grade AC 
joint disruption has evolved from the classic 
Weaver–Dunn procedure [9] to its several modi-
fications [5, 10–13] and during the last decade to 
the more anatomic coracoclavicular (CC) liga-
ment reconstruction techniques. With the evolu-
tion of arthroscopic surgery and advances in 
implant designs, arthroscopically assisted ACJ 

stabilization anatomic procedures have gained 
popularity and carry advantages in terms of a 
minimally invasive approach, facilitating man-
agement of associated intra-articular lesions and 
good visualization of the coracoid [14–23]. 
Although there is no consensus about the “gold 
standard” technique, the overall principle of 
arthroscopic-assisted stabilization in acute ACJ 
injury is to use an internal bracing that provides 
reduction of the AC joint during the healing pro-
cess of the CC and AC ligaments. The efficiency 
of such anatomic CC ligament reconstruction 
methods has been evaluated in both biomechani-
cal [7, 24–29] and clinical studies, and the results 
have been good to excellent [14, 16, 23, 30].

However, the increasing popularity of such 
new methods has resulted in some distinct new 
complications that came to be added to the 
already known complications of loss of reduction 
and re-dislocation [31–34]. Due to the internal 
bracing concept, these techniques typically 
involve cortical fixation devices, heavy sutures, 
free tendon grafts, or combination, each of which 
requires drilling holes to the distal clavicle and/or 
the coracoid process. As a result, tunnel widen-
ing, as well as clavicle and coracoid fractures 
occurring through drill holes have been reported 
by several authors. Finally, persistent or recurrent 
horizontal instability has recently gained more 
attention. Complications may vary and be depen-
dent on the implant and fixation method used 
during the index procedure. In fact, the diversity 
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of techniques, the decades of variations and 
 modifications among surgeons, as well as the 
question “was the procedure performed correctly, 
or does this represent poor surgical technique?” 
may have largely affected the incidence and type 
of complications that have been reported [32, 
35]. Except for the type of surgical technique, 
also patients aged >40  years have presented 
higher rates of complications while the increas-
ing severity of AC joint injury did not correlate 
with an increased risk of surgical complications 
[32]. For the treatment of any complication (if 
required) and even more essential to the planning 
process in revision scenarios is understanding the 
contributing factors to failure and the type of sur-
gery performed at the index procedure. The 
objective should be to identify a source or mode 
of failure from the prior procedure, such as pain 
from residual horizontal instability or loss of fix-
ation due to coracoid or clavicle fracture. The 
ability to identify a clear source of failure 
increases the likelihood of success for revision 
surgery.

The purpose of this chapter is to focus on the 
reported complications related to these 
arthroscopically assisted anatomical reconstruc-
tion techniques and their treatment options.

25.2  Complications

25.2.1  Loss of Reduction

The loss of reduction problem after ACJ recon-
struction procedures is a problem for which there 
is still no consensus about its definition and its 
clinical relevance. Clavert et  al. and Shin et  al. 
defined the loss of reduction (also named it as 
radiological failure) as a 50% loss of reduction at 
the final follow-up on AP radiographs of the clav-
icle corresponding to a 50% increase in the CC 
distance compared to the contralateral side [16, 
31, 34]. However, this definition does not con-
sider any “inadequate reduction” during the oper-
ation or in the immediate postoperative 
radiograph. For Choi et al. loss of reduction was 
defined as more than 25% increase of CC inter-
space, comparing the CC percentage of the 
injured shoulder between immediately postoper-

ative visit and the final follow-up visit [36]. 
According to the authors, a value of 25% was 
chosen because a side-to-side CC interspace dif-
ference of more than 25% indicates complete dis-
ruption of the CC ligaments. Martetschläger et al. 
defined it as a side-to-side difference of CC dis-
tance of >10 mm while Milewski et al. defined it 
as more than 5-mm increased CC interval dis-
placement on subsequent postoperative radio-
graphs [37, 38]. Taking these variations into 
consideration in definitions, it is not safe to state 
about the exact incidence of this complication. In 
a systematic review, the range varied from 6.5 to 
80%, and the pooled rate was 27% [39]. On the 
other hand, the rate of recurrent instability has 
been reported to be as high as 11% [32]. Whatever 
the definition, the resulting problem is a re- 
dislocation (partial or complete) during the heal-
ing phase.

Although failure modes leading to loss of 
reduction and/or recurrent instability and their 
prognostic factors have been widely described, 
they have not been assessed systematically so far 
for different surgical techniques. Possible prob-
lems and causes are implant failure (tear, loosen-
ing, cutout), malpositioning of tunnels and 
implants and subsequent implant migration, new 
trauma events, or compliance issues of the 
patient. The main reason for loss of reduction is 
thought to be migration or bony ingrowth of 
implants, loosening of knots, or breakage of 
sutures [40]. In their study, Scheibel et  al. 
reported no correlation between implant migra-
tion and CC distance or difference of CC distance 
between affected and normal side [23]. This 
method of failure due to implant migration is 
considered secondary to inappropriate tunnel 
placement or small-diameter implants. Correct 
clavicular tunnel placement for appropriate 
implant positioning as well as positioning of 
implant centrally under the coracoid base are 
considered key steps in avoiding re-dislocation 
(Fig.  25.1) [40, 41]. Schliemann et  al. investi-
gated possible risk factors for failure and showed 
the negative impact of malpositioning of the cor-
acoid bone tunnel on the outcome after their ana-
tomic procedure [41]. If the coracoid button is 
not placed centrally under the coracoid base, 
 failure of the reconstruction is likely to occur. For 

F. Martetschläger and F. Zampeli



177

patients with coracoid button placed laterally to 
the center of the coracoid base, an early failure of 
the reconstruction because of button dislocation 
may lead to surgical revision [27, 41]. For cla-
vicular tunnel placement, it has been shown that 
very medial tunnel misplacement and very distal 
tunnels are both significant factors in risk for loss 
of reduction and early failures when performing 
anatomic CC ligament reconstructions [31, 42]. 
A further reason for re-dislocation or suture 
breakage might be a persistent horizontal insta-
bility of the AC joint after surgery [22, 40].

Not all patients are symptomatic, and the deci-
sion for revision should be based on patient’s 
symptoms and not on radiographic findings [30, 
33, 37, 43]. Patients who have minimal or no 
symptoms who are showing a loss of reduction 

can be successfully managed conservatively. If 
the symptoms and pain remain and worsen, revi-
sion operation is recommended with tendon graft 
reconstruction/augmentation (open or arthroscop-
ically assisted). Due to prior surgery, the drill 
holes and the status of the coracoid and clavicle 
should be evaluated preoperatively with CT scan 
to facilitate surgical planning. An intact coracoid 
allows the surgeon to have multiple options to 
secure alternate CC graft fixation. In the same 
way, an intact clavicle provides a stable structure 
by which fixation and a graft can be secured. If 
the coracoid base or the clavicle is compromised, 
then revision options will be limited and more 
challenging (see below). Due to recurrent insta-
bility in cases that this presents, biological recon-
struction of the AC and CC ligaments protected 
by a suture tape construct as in chronic AC joint 
instability is proposed [44]. The graft and button- 
suture tape construct enhance horizontal and ver-
tical stability of the AC joint. The graft and suture 
tapes can be looped around coracoid and clavicle 
without need for new drill holes if the bony situ-
ation is already critical (Fig. 25.2).

25.2.2  Fracture

25.2.2.1  Coracoid Fracture
Many of the anatomic CC ligament reconstruc-
tion techniques involve drill holes through the 
coracoid (for either graft placement or fixation), 

Fig. 25.1 Case of recurrent instability following 
arthroscopically ACJ stabilization. Several problems can 
be seen: (1) the clavicle shows an obvious tunnel widen-
ing; (2) The subcoracoid button is placed reverse close to 
the tip of the coracoid; (3) Horizontal and vertical instabil-
ity results

Fig. 25.2 Intraoperative picture of a revision case using a 
“loop technique” with two suture tapes and an autologous 
gracilis tendon graft since a large drill hole was already 
present inside the coracoid base
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and this may increase the possibility of cora-
coid fracture and cutout. The reported inci-
dence is 20% [38] and may occur in both 
single- and double- tunnel techniques [33, 38, 
39, 45], while there is also one report for cora-
coid fracture following a coracoid loop fixation 
technique, that occurred 7  months postopera-
tively in an active baseball player while pitch-
ing [8]. The risk factors for this complication 
are pathological bone density, diameter of the 
drill tunnels, the number and positioning of 
tunnels, and the type of fixation [31]. Besides 
the loss of reduction, the revision surgical 
technique must be decided taking into consid-
eration that anchoring in the coracoid is diffi-
cult or impossible.

In a cadaveric study by Martetschläger et al., 
the failure mechanism analysis showed that one 
2.4-mm drill hole led to less destabilization of 
the coracoid than one or two 4-mm drill holes 
[46]. Therefore, minimization of the tunnel 
diameter may decrease the risk for coracoid frac-
ture. This risk can also be minimized by the pas-
sage of the graft and/or suture around and under 
the coracoid without drilling [37, 38]. 
Furthermore, adequate visualization of the entire 
base of the coracoid is essential. Accurate cora-
coid tunnel placement particularly in the center-
center or medial-center position in the coracoid 
minimizes bony failure risk [27].

Concerning the optimal treatment of coracoid 
fracture following AC joint reconstructions, most 
of the available evidence comes from expert 
opinion and case reports. Non-displaced or mini-
mally displaced fractures can be treated conser-
vatively, and after healing, ACJ stabilization can 
be performed if necessary, like in other chronic 
ACJ instability cases. In displaced fractures, 
open reduction and internal fixation of the cora-
coid fragment depending on the displacement 
and size of the distal fragment can be performed 
with screw fixation [47]. Furthermore, a hook 
plate with or without tendon graft can be a rea-
sonable solution if any fixation to the fractured 
coracoid is impossible. In some cases of coracoid 
tip fractures, looping of a graft along with suture 
tapes around the coracoid base can be a feasible 
option.

25.2.2.2  Clavicle Fracture
Similar to coracoid fractures, the new arthroscop-
ically assisted anatomic CC ligament reconstruc-
tion techniques raise the risk of clavicle fractures 
intraoperatively or during the postoperative 
period. In their biomechanical study, Spiegl et al. 
found that the graft reconstruction technique with 
6.0-mm tunnels, grafts, and tenodesis screws 
caused significantly more reduction of clavicle 
strength compared with the cortical fixation but-
ton (CFB) technique with 2.4-mm tunnels and 
CFB device [48]. Besides, they found that rela-
tive tunnel width correlated highly with the 
strength reduction. Except from large drill holes, 
many clinical studies have also underlined that 
technical errors in tunnel placement are usually 
the reason for clavicle fractures [35, 37–39]. 
Specific recommendations have been made 
regarding minimization of the clavicular tunnel 
diameter along with adequate tunnel spacing of 
20–25 mm between clavicular tunnels to reduce 
the incidence of clavicle fracture [25, 49].

The management of clavicle fractures after ana-
tomic CC reconstruction may be conservative for 
minimally displaced fractures [49]. For displaced 
clavicle fractures with loss of AC joint reduction, 
open reduction and internal fixation are warranted 
with clavicle plates or hook plates depending on 
the location of the clavicle fracture [37].

25.2.3  Tunnel Widening

It has been shown that arthroscopic ACJ stabili-
zation with the use of bone tunnels leads to sig-
nificant increase of the clavicular tunnel size even 
during the early postoperative period. In a recent 
study, 90% of patients showed 67% (2  mm) 
increase in clavicular tunnel width during the first 
4.5  months. This phenomenon carries a higher 
fracture risk, especially in high-impact athletes, 
which needs to be considered preoperatively [50, 
51]. The use of sharp drills, continuous irrigation 
to dampen the heat produced along with perpen-
dicular drill position, is paramount in reducing 
the possibility on initial tunnel widening. The 
occurrence of tunnel widening, and a possible 
fracture risk should be highlighted during 

F. Martetschläger and F. Zampeli



179

informed consent procedure, and different surgi-
cal techniques avoiding bone tunnels should be 
discussed for high-risk individuals such as con-
tact athletes.

25.2.4  Persistent Horizontal 
Instability

In a systematic review, Woodmass et al. (2015) 
evaluated 12 studies [39]. Only one by Scheibel 
et  al. assessed horizontal instability clinically 
(cross-body test; resisted ACJ compression test) 
and radiographically (Alexander view: a modi-
fied scapular lateral view showing posterior dis-
placement of the clavicle in AC joint injuries) 
[23]. An unstable pattern was identified radio-
graphically in 42.9% of cases, and these patients 
had significantly lower TAFT scores and ACJI 
scores that show significantly inferior results in 
both AC joint–specific scoring systems. The 
cross-body test and resisted ACJ compression 
were negative in all patients [23].

Except from the inferior functional results, 
persistent horizontal (anteroposterior) instability 
of the AC joint may be the actual underlying 
cause for many complications as it increases the 
strain on the upper CFB and thus increases the 
risk of suture/hardware failure, clavicular frac-
ture, passing the button through the clavicle, or 
clavicular bone erosion [31].

The underlying cause is the defect of the AC 
joint capsule and ligament even if the fascia is 
intact. Cadaveric studies have shown that only 
combined AC and CC reconstruction can ade-
quately re-establish physiological horizontal ACJ 
stability [52, 53].

If there is no pain or functional disability for 
the patient, no specific treatment is needed. On 
the contrary, in cases that excessive horizontal 
instability is detected and related to patient’s 
symptoms, revision of the AC joint and use of 
graft augmentation may be warranted. The best 
way to prevent this complication is to correctly 
examine the patient for horizontal instability 
and if indicated to use a surgical technique that 
addresses both the horizontal and vertical 
direction.

25.2.5  Other Complications

Cases of cutaneous hardware-related pain (knots, 
superior CFB devices) have been mentioned [31, 
37]. Patients usually reported pain when wearing 
a backpack or carrying a handbag. Methods to 
prevent this is to use knotless implants or to cre-
ate on purpose large knot that can be conse-
quently “buried” and positioned horizontally 
under the fascia instead of being prominent verti-
cally under fascia and skin. In cases of persistent 
pain, the removal of the implant may be 
warranted.

Development of ossifications of the coracocla-
vicular ligaments has been mentioned by several 
studies. Usually it may not have any clinical 
consequences.
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Hip arthroscopy technique is evolving rapidly 
in the last years. Concepts and technical 
aspects become old in only 3–4  years. 
Therefore, along present chapter our goal is to 
update the current concepts about main hot 
topics in hip arthroscopy. We divide the chap-
ter into six topics:

 – Arthroscopic management of cam deformity
 – Modern approach to pincer deformity
 – Management of labral injuries
 – Update on chondral repair techniques
 – Soft tissue management in hip instability
 – Arthroscopic management of deep gluteal 
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26.1  Arthroscopic Management 
of “Cam” Deformity

Cam deformity treatment options include open 
surgical dislocation, direct anterior mini open 
approach, and arthroscopy [1–3]. The rates of 
good to excellent outcomes are comparable 
between open and arthroscopic techniques, 
although reported complications may be slightly 
less with arthroscopy [4–7]. The management of 
the femoral head–neck junction is one of the 
commonest arthroscopic hip procedures, and the 
2018 UK Non Arthroplasty Hip Registry (http://
www.nahr.co.uk/) accounts for 89.4% of all fem-
oral procedures performed. There are many pub-
lished surgical variations of how to approach the 
cam in planning, portals, and use of fluoroscopy, 
and we believe as many anecdotal variations as 
the number of surgeons performing hip arthros-
copy since every physician has their own tricks 
and routine [8–10]. We provide some basic prin-
ciples where the surgeons can evolve their own 
routine (Table 26.1).

26.1.1  Imaging to Evaluate “Cam” 
Deformity

Although three-dimensional (3D) imaging using 
CT and magnetic resonance imaging (MRI) are 
effective for visualizing cam morphology, there 
are increased costs and, in the case of CT, expo-
sure to ionizing radiation. Thus, radiographs 
should serve as the primary means of imaging 
cam morphology [11].

Plain radiographs are used as the sole means to 
evaluate hip morphology in nearly one third of 
patients with cam-type FAI [12]. The ability to 
understand a 3D spherical dynamic pathology from 
2D imaging is difficult, so routine imaging involves 
multiple radiographic views. It is suggested by a 
number of studies that a complete radiographic 
series in evaluating cam-type FAI should include 
an anteroposterior pelvis, 45° lateral Dunn, cross-
table lateral, and frog-leg lateral [13–16].

CT scanning with three-dimensional (3D) 
reconstruction (Fig.  26.1) and analysis of the 
femoral version can be invaluable in providing a 

Table 26.1 Principles for planning and performing head–neck osteoplasty

Principles for planning and performing osteoplasty
Imaging Preoperative radiographs should include anteroposterior pelvis, 45° lateral Dunn views

A 3D CT can further help to evaluate the extent of cam lesion and its relation to the lateral 
retinacular vessels

Fluoroscopy Pre-arthroscopy fluoroscopy should be used in a number of limp positions as dynamic 
imaging to confirm FAI and assist as a baseline to monitor bone resection

Surgical tips and 
tricks

If preoperative imaging studies show cam-type pathology but intraoperative findings do not 
confirm the pathology, bony resection should be debated
Sclerotic and discolored bone is commonly encountered on the femoral neck in areas of 
impingement
The presence of a femoral neck cyst/herniation pit confirms the area of impingement and can 
be used as a guide on the depth of resection
The 5.5-mm round burr which is used for the osteoplasty can be used as a visual aid to 
quantify the amount of bone removed
Sphericity of the head is not easy to judge arthroscopically; the supplement use of fluoroscopy 
in leg positions used at the beginning of the procedure can verify the visual findings
If the perineal post or the tractions boot interferes with the neck osteoplasty, it can be removed 
when traction is no longer required
A T-capsulotomy should be used for increased visualization, as needed, but capsular resection 
should be avoided
If a capsulotomy is performed, it should not extend through the zona orbicularis
The superolateral synovial fold is the site of the superolateral retinacular vessels and should 
be carefully protected throughout the case
It is important to periodically and dynamically assess for impingement during the cam 
resection to avoid over-resection and resultant loss of the labral seal
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detailed assessment of the proximal femoral and 
acetabular geometry in order to define intra- and 
extra-articular sources of impingement [17, 18]. 
Precise localization of the maximal deficiency 
of offset is a principal benefit of 3D CT analy-
sis. Without knowing the site of the maximum 
prominence, surgical decompression may be 
incomplete [19]. 3D dynamic CT has tremen-
dous future potential for identifying additional 
causes and locations of extra-articular 
 impingement [20].

Magnetic resonance imaging (MRI) is the 
imaging modality of choice in the preoperative 
and postoperative assessment of patients under-
going hip arthroscopy. MRI especially after the 
introduction of 3 T MRI is considered the most 
sensitive and specific modality to diagnose labral 
pathology and associated bony and soft tissue 
abnormalities associated with FAI as well as 
those independent of FAI (i.e., osteonecrosis, 
bone tumors, synovial chondromatosis) [20, 21]. 
Recent approaches to quantify the glycosamino-
glycan (GAG) content of hip joint cartilage with 
a contrast-based MR, delayed gadolinium 
enhanced MRI of cartilage (dGEMRIC), are 
very promising into detecting early cartilage 
lesions [22].

26.1.2  Surgical Technique

The authors perform hip arthroscopy in the 
supine position with the use of two to three por-
tals depending on the location of the lesion, with 
the workhorse being the antero-lateral (ALP) 
and mid-anterior (MAP) portals. Once the cen-
tral compartment pathology has been addressed, 
attention is turned to the peripheral compartment 
and the cam lesion. This is performed without 
traction by either releasing the traction or taking 
the foot out of the traction boots. Usually we 
prefer to the keep the foot in the boot rather than 
freeing it. It is advisable though to relax the 
strapping of the boot which could be tight since, 
complications have been described secondary to 
this [23, 24]. The traction is removed in order to 
gain access to the peripheral compartment 
because this relaxes the anterior capsule-liga-
mentous structures, thus making the compart-
ment more spacious allowing easier access and 
maneuverability. This is further achieved when 
the hip is flexed 20–45° and the central post 
removed.

26.1.2.1  Identification of Cam Lesion
During arthroscopy, the femoral head and acetab-
ular rim are visualized regionally through multi-
ple portals. This regional assessment can make 
global evaluation of the bony pathology and sub-
sequent resection difficult. Thus, the cam lesion 
needs to be defined both arthroscopically and 
radiographically. Arthroscopically, the cam is 
identifiable as a sclerotic, discolored (purplish/
gray), or peel-off lesion (fibrillation/flap/fissure) 
that distinctly demarcates it from the rest normal- 
appearing articular cartilage of the head–neck 
junction (Fig. 26.2). During a dynamic examina-
tion, the scope can visualize FAI as excessive dis-
placement of the labrum and simultaneous 
levering of the femoral head out of the socket, 
indicating loss of the suction seal. The amount of 
flexion for this to happen can be as early as 40°, 
particularly in patients with large anterior 
 deformities [25].

Fig. 26.1 3D CT reconstruction of right hip (arrow 
shows cam lesion)
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26.1.2.2  Dynamic Examination
It starts by moving the hip from full extension 
into flexion in neutral position while directly 
visualizing the motion with the arthroscope (the 
70° arthroscope is placed in the MAP). Through 
the ALP, the capsule can be elevated to improve 
visualization. Next, the hip is abducted, and a 45° 
abduction test is performed in both extension and 
in 90° of flexion to evaluate possible superolat-
eral impingement [26]. The hip is then maneu-
vered into flexion, adduction, and maximal 
internal rotation in order to verify anterior 
impingement. The majority of cam lesions are 
almost exclusively anterior, anterolateral, or lat-
eral, so this basic dynamic assessment will allow 
the surgeon to visualize the majority of the bony 
morphology of interest and the areas requiring 
resection. In general, the anteroinferior head–
neck junction is best accessed with the hip in 
flexion external rotation, and the supero-posterior 
head–neck junction is best accessed with the hip 
in extension, internal rotation.

26.1.2.3  Intraoperative Fluoroscopy
It can help to identify the lesion and verify the 
arthroscopic findings as well as to monitor how 
much bone is removed during the procedure since 
under- or over-resection is one of the most fre-
quent problems seen with the technique [19, 27, 
28]. A number of intraoperative fluoroscopic 

techniques have been published to guide the fem-
oral osteoplasty during arthroscopy. The “around- 
the- world” evaluation suggests six fluoroscopic 
images pre- and post-procedure in every case in 
order to better define the head–neck junction and 
adequacy of the resection. Three views are taken 
in 20–40 degrees of flexion with the hip in neu-
tral, 30° external rotation, and 60° external rota-
tion to better evaluate the anterior and posterior 
head–neck junction. Furthermore, another three 
views are taken in full-hip extension with the hip 
in 30° internal rotation, neutral rotation, and 30° 
external rotation in order to better define the lat-
eral and medial femoral head–neck junction [10, 
27, 29]. The concern that radiation exposure dur-
ing fluoroscopy-assisted hip arthroscopy is high 
enough in its own right to repeatedly use image 
for conformation of the osteoplasty for both sur-
geon and patient is largely unfounded. Our opin-
ion is that the use of fluoroscopy is mandatory to 
achieve the best result, but the exposure largely 
depends on physician comfort and experience 
[30, 31].

26.1.2.4  Cam Resection
Initially, the proximal extent of the osteoplasty 
can be demarcated with radiofrequency as a line 
that begins at the inferior head–neck junction and 
runs roughly perpendicular to the femoral neck to 
the superior head–neck junction (Fig. 26.3). This 

Fig. 26.2 Note the discoloration of cam in comparison to 
normal cartilage (L labrum)

Fig. 26.3 Area where the cam is usually located from to 
the superior head–neck junction

O. Marin-Peña et al.



187

can help as a visual aid to the area that needs to 
be resected. The magnitude of femoral osteo-
plasty is variable and should be estimated by pre-
operative radiographs and confirmed with 
intraoperative findings but as a rule of a thump 
the 5.5-mm round burr which is used for the 
osteoplasty can quantify the amount of bony 
resection. If visualization is limited, an additional 
“T” incision can be made down the anterior fem-
oral neck with care not to extend it through the 
zona orbicularis although this is rarely required. 
Typically, the resection is performed from the 
medial synovial fold (the most inferior extent of 
cam) to the lateral retinacular vessels. The blood 
supply to the femoral head, the posterior 
 circumflex vessels, travels within the lateral 
synovial fold, and femoral neck posterolaterally, 
so the resection should stay at a safe distance. If 
working beyond the lateral synovial fold because 
more superior areas of femoral head need to be 
reached, this can be achieved with the hip in 
extension, the foot maximally internally rotated, 
and the use of traction. With the arthroscope in 
the MAP and a 5.5-mm round burr in the ALP, 
the osseous lesion is gradually removed and the 
head–neck junction recontoured, working medi-
ally toward the lateral retinacular vessels and 
proximal to distal in order to recreate the normal 
shape and offset of the hip. Frequent switching 
between portals can aid in visualization and ori-
entation. One needs to be careful not to remove 
too much bone proximally because it will create 
a defect (“apple bite”) (Fig.  26.4) at the head–
neck junction which, when it articulates with the 
acetabulum during flexion, will break the suction 
seal of the labrum. Care should be taken not to 
make too sharp a ledge approaching the articular 
surface because this could compromise the labral 
suction seal. Anecdotally, and in order to give a 
‘smoother’ contour to the proximal edge of the 
osteoplasty, the author finds it helpful to use a 
small curved rasp. When the procedure is com-
plete, a dynamic examination should show elimi-
nation of the bony impingement. At the 
completion of the procedure, the joint is irrigated 
to remove bony debris, and radiofrequency is 
used to provide hemostasis at the site of bone 
resection in order to minimize the risk of hetero-

topic ossification and adhesions, respectively. 
Capsular closure is performed in selected cases 
[8, 24, 32, 33] (Fig. 26.5).

Fig. 26.4 Revision case. Note the osteoplasty, was not 
fully performed from proximal to distal creating an “apple 
bite”-type resection

Fig. 26.5 Herniation pit is often seen in the area of 
impingement—it confirms the lesion. It is advisable to 
curettage the cyst—usually the depth of the cyst can aid in 
the estimation of the bone that needs to be resected
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26.1.3  Future Directions

The contemporary definition of FAI syndrome is 
“a motion-related clinical disorder of the hip with 
a triad of symptoms, clinical signs and imaging 
findings” [11]. The fact that the prevalence of 
cam morphology is common in the general popu-
lation, with or without the presence of symptoms 
casts doubts on the ability of contemporary imag-
ing to diagnose a dynamic condition further rein-
forcing the dictum “treat the patient, not the 
MRI” [34, 35]. The debate thus needs to move 
forward to establish who, when, and what to treat 
rather on how to surgically approach the hip joint. 
So, the future seems to rely on dynamic imaging 
and possibly in computer-assisted hip arthros-
copy two parts that are by definition interlinked 
[36, 37].

26.2  Modern Approach 
to Handling Pincer 
Impingement with Hip 
Arthroscopy

Due to current anatomical studies as well as three- 
and four-dimensional computer analyses of hip 
joint kinematics, an improved understanding of 
involved bones and contact points has evolved. 
Recently knowledge about rotational disorders of 
acetabulum and femur and bone appositions at the 
acetabular site (“pincer”) or at the femur (“cam”) 
demonstrated a reduction of range of hip joint 
motion. This can lead to painful tissue overuse 
and destruction of involved structures at the ace-
tabular side (labrum, cartilage, bone) and thereby 
cause early osteoarthritis (Fig. 26.6).

If we revise the current literature, we could 
find several attempts to establish an approach and 
algorithms for individual pincer classification 
and treatment [38, 39]. All algorithms take into 
account the chondrolabral complex. Several 
parameters have been proposed to describe shape, 
orientation, and position of the hip acetabulum 
and its relation with proximal femur. Assessment 
of pincer deformities should be initiated with 
standard radiological projections (at least two 
views). To evaluate the relationship between 

anterior and posterior rim, a well-done AP pelvis 
view should be carefully analyzed [40]. However, 
despite a correct evaluation of the acetabular 
position (inclination, version, LCE, ACE, AI), 
the determination of the exact location and 
amount of required acetabular bone resection for 
reestablishment of impingement-free range of 
motion remains sometimes unclear. A worldwide 
concern seems to be the differentiation between 
global and segmental overcoverage situations 
[41]. The threshold when a segmental pincer 
turns into a global overcoverage deformity is still 
lacking. It is definitely clear that focal overcover-
age can occur either at the anterior or at the pos-
terior part of the acetabulum.

26.2.1  Anterior Overcoverage

A normal acetabulum is anteverted and therefore 
projects the anterior acetabular rim medial to the 
posterior wall margin. In contrast, overcoverage 
of a prominent anterior acetabular rim results in a 
projected overlap of the posterior wall, resulting 
in the so-called cross-over sign [42]. Anterior 
overcoverage could clinically result in anterior 
painful limited flexion and internal rotation. 

A: Labrum + TZ rupture + Cartilage Flap (viable?)
B: Labrum Ossification (Focal PI)

B

A

© Ch. Gebhart

Fig. 26.6 Chondrolabral complex lesion. (a) 
Chondrolabral disruption. (b) Bone apposition at the 
extra-articular labral side
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Whether the anterior acetabular wall is prominent 
or the posterior wall is deficient can be distin-
guished by detailed analysis of the posterior wall 
that normally descends directly through the cen-
ter of rotation of the femur head.

26.2.2  Posterior Acetabular 
Overcoverage

This can be seen when the posterior wall line is 
projected lateral to the femoral center of rotation 
in an AP pelvis X-ray, resulting in the so-called 
posterior wall sign. Posterior focal pincer impinge-
ment clinically results in a posterior painful hip in 
external rotation and extension. Overall, anterior 
or posterior overcoverage develops a pressure 
increase at chondrolabral complex and could prog-
ress to labral and acetabular cartilage damage.

26.2.3  Acetabular Malrotation

True malrotation of the acetabulum is a clear con-
traindication for an arthroscopic approach. Pelvic 
rotational disorders require detailed three- 
dimensional pelvic analysis with a meticulous 
preoperative evaluation of the bone deformities 
to plan a pelvic osteotomy correction. Compared 
to these open osteotomies, arthroscopically pro-
cedures are usually less invasive and have devel-
oped sophisticated techniques for soft tissue 
repair over recent years.

26.2.4  Arthroscopic Treatment

Once these true malrotations have been excluded, 
an arthroscopic approach could be selected. It 
seems to be generally accepted that the aim of 
arthroscopic treatment should be to restore normal 
function and the original interaction of the ana-
tomical structures. The main goal of arthroscopic 
treatment should be to focus on restoring labrum 
functions of sealing mechanism, stability, and pro-
prioception. Cartilage repair should also be done 
as it plays an important role to prevent the devel-
opment of early osteoarthritis.

The chondrolabral complex or transition zone 
(TZ), where the labrum shall be connected to the 
facies lunata hyaline cartilage, is a key player in the 
osteoarthritis development. Therefore, arthroscopi-
cally repair of the chondrolabral complex damage 
is the basis of an algorithm for arthroscopic treat-
ment of “pincer” deformity (Fig. 26.7).

Labrum width is an important feature for the 
decision-making process in the surgical treat-
ment. According to literature, there is a minimum 
labral width of about 5  mm for normal labrum 
function. Furthermore, “pincer” impingement 
with ossified labrum are not always able to be 
repaired and are tended to develop progressive 
joint degeneration. The aim is to resume normal 
chondrolabral complex function with free range 
of motion. Restoring acetabular normal anatomy 
should prevent cartilage delamination and joint 
degeneration.

Technical tips should include rim trimming with 
a 4.5–5 mm burr with or without previous labrum 
taking down to expose acetabular bone overcover-
age (Fig. 26.7). Frequently, the labrum has not to 
be completely taken down to remove pincer defor-
mity in order to keep chondrolabral complex intact. 
Following pincer deformity removal, impinge-
ment-free range of motion should be tested and 
labral anatomical position should be restored using 
anchors and sutures. When massive labral damage 
appears, only labral resection or labral reconstruc-
tion should be performed.

Contraindication of arthroscopic treatment of 
chondrolabral complex lesions should be estab-
lished in case of global pincer deformity (more 
than 50% of acetabular clockwise) that requires 
deep inferior-anterior or posterior bone resections 
and labral repair. In this special situation, open sur-
gical approach might still have to be considered.

26.3  Labral Lesions: When 
to Repair or Graft?

26.3.1  Labral Anatomy

The acetabular labrum is a fibrocartilaginous struc-
ture at the bony margin of the acetabulum. The cap-
sular side of the labrum is thicker and is composed 
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of dense connective tissue, whereas the articular 
side of the labrum is composed of type II collagen 
fibrocartilage [43]. The cross section of the acetab-
ular labrum is triangular in shape, and the osseous 
rim of the acetabulum penetrates into this triangle 
for attachment to the labrum (Fig. 26.8). The ace-
tabular labrum has no intrinsic blood supply [44], 
and an anastomotic ring surrounding the capsular 
attachment of the labrum provides the blood supply 
to the labrum. The vascularity of the labrum is 
greater at the capsular portion attached to the osse-
ous acetabulum, and therefore, the healing poten-
tial is greatest at the peripheral capsule–labral 
junction. An important factor to consider is whether 
a labral tear is repairable or should be resected or 
even grafted. The normal size of labrum is between 
4 and 6 mm in width.

26.3.2  Labral Tear Classification

In 1996 Lage et  al. came up with a labral tear 
classification and divided the tears into four dis-
tinct etiological and four distinct morphological 
groups [45] (Fig. 26.9).

A modification of this classification has been 
used by the Danish Hip Arthroscopy Registry 
since 2012, and it divides the labral tears and 
damage into five subgroups [46] (Table 26.2).

In younger patients, the most common type of 
labral tear is a longitudinal peripheral tear along 

Fig. 26.8 Acetabular labrum anatomy (with kind permis-
sion from Marc Safran)

L viable

PI Focal
ant/post

TZ OK TZ NOT OK

PI Global

TZ OK or NOT

L DOWNTAKE
PI Res +/- L refix

L NON
viable

Arthroscopical PINCER Treatment
LABRUM

L. Trim, Resect,
Reconstruction

Pincer resction

© Ch. Gebhart

PI res +/-L fix
PI res
+ L fix

Fig. 26.7 Algorithm of arthroscopic treatment of pincer 
deformity. L Labrum, PI pincer impingement, TZ transi-
tion zone or chondrolabral complex, PI res pincer resec-

tion, L fix labral fixation, Resect partial labral resection, L 
refix labral refixation
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the acetabular insertion of the labrum (Fig. 26.10), 
whereas in older patients, the labral tears tend to 
become more degenerative with fatty infiltration 
(Fig. 26.11) or calcified labrum (Fig. 26.12).

Patients with developmental dysplasia of the 
hip (DDH) very often have a very large and 
hypertrophic labrum as it functions as a second-

Fig. 26.9 Labral tear types from Lage classification: (a) Peripheral longitudinal labral tear, (b) Radial flap labral tear 
and (c) Radial fibrillated labral tear

Table 26.2 Labral tear and damage types (Danish Hip 
Arthroscopy Registry)

1 Radial fibrillated tear at the free margin of the 
labrum

2 Longitudinal peripheral tear, along the acetabular 
insertion of the labrum

3 Bucket-handle-type tear
4 Degenerative-type tear
5 Ossification of labrum

Fig. 26.10 Longitudinal peripheral tear (younger 
patients)
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ary stabilizer of the hip joint, because of the 
undercoverage of the femoral head (Fig. 26.13).

26.3.3  Diagnosis and Preoperative 
Evaluations

Patients with labral tears very often present with 
groin pain, and most patients have a positive 
FADIR (Flexion-Adduction-Internal-Rotation) 
test. Sometimes they present with clicking and 
catching of the hip joint and pain on especially 
internal rotation. In any standard screening 

 program, a standing AP-pelvis X-ray is 
 recommended to diagnose possible osteoarthritis, 
femoroacetabular impingement (FAI) or hip dys-
plasia (DDH). Sometimes a partially or fully 
ossified rim can be seen, which means that the 
labrum might be ossified and non-repairable. 
MRI (3 T) or an MRI-arthrogram is commonly 
used for diagnosing labral tears and here the clas-
sification by Czerny is very useful [47].

26.3.4  Surgical Tips and Tricks

In most cases of femoroacetabular impingement, 
the symptomatic patients will have a labral tear at 
the time of surgery, and most of these patients 
will have concomitant injuries to the cartilage 
and some also to the ligamentum teres. Cartilage 
lesions can range from minor fibrillations (grade 
I) to full-thickness (grade IV) lesions with carti-
lage defect. The labral tears in association with 
pincer-type FAI are more likely to be Czerny type 
IIA (Fig. 26.14), whereas the cam or mixed-type 
lesions are more likely to be Czerny type IIIA 
(Fig. 26.15).

But there is a mix of types and extension of 
lesions depending on the severity of the FAI. In 
the more degenerate-type lesions, paralabral 
cysts are seen quite commonly. Nowadays most 
FAI patients are treated arthroscopically, and in 
order to be able to treat the labral tears and repair 
them, it is essential to debride the perilabral 

Fig. 26.11 Fatty degeneration in the labral substance and 
even ossification of the labral tissue is seen (older patients)

Fig. 26.12 Ossified labrum (older patients)

Fig. 26.13 Hypertrophic labrum with large tear
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 sulcus. This area is the sulcus between the cap-
sule and the labrum on the capsular side. Some 
authors prefer to use a synovial resector/shaver 
blade, while others use a radiofrequency ablator 
to remove synovial tissue in order to expose the 
pincer deformity. The bony deformity can then be 
removed with a motorized burr and the labrum 
can be refixated using bone anchors or debrided 
if it is too degenerated.

Labral reconstruction with either autografts or 
allografts is used to reconstruct or augment poor 
labral tissue. A systematic review highlights the 
patients who are candidates for labral reconstruc-
tion, and they are young, active individuals with 
an irreparable or degenerative labrum, prior 

labral resection, and a minimum of 2 mm of joint 
space [46]. The reconstruction is done when the 
labral damage is too severe or the tissue itself is 
too large or degenerative (>10 mm) or too small 
or diminutive (<3  mm) [48]. The labral recon-
struction is a technically demanding procedure, 
and various techniques have been described [46, 
49, 50]. Labral reconstruction should only be 
performed in high-volume centers and by experi-
enced hip surgeons.

26.3.5  Outcomes

There is a scarcity in the literature of high-level 
publications regarding labral debridement versus 
labral repair and clinical outcome. Most relevant 
literature is based on level III case reports, and a 
systematic review from 2016 by Forster-Horvath 
et al. illustrates that [51]. The conclusion in the 
systematic review was that clinical outcomes 
after labral debridement/segmental resection 
versus labral reconstruction were found to be 
comparable. Regarding labral reconstructions, 
both with autografts or allografts, only short-
term outcomes are available, and there remains a 
paucity of literature supporting clinical justifica-
tion for labral reconstruction. A systematic 
review supports the use of labral reconstruction 
as a viable treatment option for advanced labral 
pathology and with equivalent clinical efficacy 
to debridement [51].

26.4  Update on Chondral Repair 
Techniques in Hip 
Arthroscopy

Cartilage injuries in the hip commonly occur as a 
result of femoroacetabular impingement (FAI), 
trauma, developmental dysplasia, slipped capital 
femoral epiphysis, and osteonecrosis to name a 
few. FAI is a condition described in the 1990s by 
Ganz et al., which was postulated to cause arthri-
tis in the hip [52]. Increasingly femoroacetabular 
impingement (FAI) is found to be associated with 
cartilage damage with up to 67% having acetabu-
lar cartilage lesions and 90% having labral tears, 

Fig. 26.14 Labral damage Czerny type IIA (frequently 
seen in “pincer” type)

Fig. 26.15 Labral tear Czerny type IIIA (frequently seen 
in “mixed” type)
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as described by Nepple [53]. The common theme 
in FAI mechanism is the abnormal contact 
between bony surfaces and the acetabular labrum. 
This impaction predisposes to labral and cartilage 
fissuring and delamination [54]. In the last couple 
of decades, there has been a great progress in hip 
arthroscopy alongside developments in imaging 
techniques, especially high-resolution MRI scan-
ning. This has aided early identification and in 
turn progression of treatment strategies [53].

26.4.1  Articular Cartilage Structure 
and Healing

Articular cartilage has poor healing potential due 
to its avascularity and the scarcity of chondro-
cytes [55]. However, when there is an injury to 
the subchondral bone, multipotent stem cells are 
released from the bone marrow to fill the defect 
that promotes the formation of fibrocartilage 
[55]. This newly introduced fibrocartilage, how-
ever, has an inferior mechanical profile when 
compared to hyaline cartilage [55, 56]; hence, 
various repair techniques have been developed to 
try to create hyaline or hyaline-like cartilage at 
the site of the injury.

26.4.2  Cartilage Repair Techniques

The majority of cartilage repair techniques have 
been described in the knee joint, in part because 
it is the most widely arthroscoped joint, and their 
outcomes have been extrapolated and used in 
other joints. However, in the hip, the use of carti-
lage repair techniques is limited and can be 
broadly divided into four types (Table 26.3).

26.4.3  Cartilage Palliation: 
Symptomatic Treatment

Debridement is the main technique used for carti-
lage palliation. Chondral defects lead to an abnor-
mal biomechanical environment encompassing 
the opposing cartilage surfaces precipitating 
symptoms of increased matrix metalloproteinase 

production. The aim of the debridement is to 
remove all unstable cartilage up to the calcified 
layer to form a new layer. Hubbard et al. [57] pro-
duced results showing that excising the damaged 
cartilage in the knee led to the improvement of 
symptoms for 5 years. Notably, however, although 
debridement is useful in superficial cartilage 
defects, the results gradually deteriorated over a 
5-year period. A pilot study in 2012 demonstrated 
that debridement carried out after hip arthroscopy 
was not better than autologous chondrocyte trans-
plantation (ACT). In a cohort of patients present-
ing with posttraumatic hip chondral injury of 
grade 3 or 4 according to the Outerbridge classifi-
cation, with the cartilage defect measuring at least 
2 cm2 [58], Harris hip scores (HHS) were signifi-
cantly better postoperatively in those who under-
went ACT than those who received debridement 
alone (Fig. 26.16).

26.4.4  Cartilage Repair

26.4.4.1  Direct Cartilage Suture 
Repair

In the case of a full-thickness isolated chondral 
flap, direct repair of the chondral flap has been 
described with excellent outcomes [59]. Full- 
thickness flaps are at risk of complete detach-
ment but, if picked up early, may be amenable to 

Table 26.3 Different cartilage repair techniques

Type of 
procedure Repair technique
Cartilage 
palliation

Debridement chondroplasty

Cartilage repair Direct cartilage suture repair
Fibrin adhesive

Cartilage 
regeneration

Microfracture
Autologous chondrocyte 
implantation
Matrix-associated chondrocyte 
implantation
Autologous matrix-induced 
chondrogenesis
Osteochondral autograft 
transplantation (mosaicplasty)
Osteochondral allograft 
transplantation

Biological 
approaches

Intra-articular BM-MSC injection
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repair with sutures [60]. Sekiya et al. reported the 
case of a 17-year-old male with a full-thickness 
chondral flap that was repaired following a 
microfracture procedure underneath the cartilage 
flap in order to generate some mesenchymal stem 
cells (MSCs) into the defect [59].

26.4.4.2  Fibrin Adhesive
Chondral flaps develop after delamination of the 
cartilage from the subchondral bone [61]. Fibrin 
glue has been used to stick down the delaminated 
cartilage to avoid debriding the flap and thus pre-
serves the source of chondrocytes. Tzaveas 
reported a significant improvement in modified 
HHS in 19 patients treated with fibrin glue [62] 
as well as excellent results in 40 out of 43 patients 
treated with fibrin glue repair. The remaining 
three patients had to undergo further arthroscopic 
procedures for persisting symptoms [63].

26.4.5  Cartilage Regeneration

26.4.5.1  Microfracture
A technique introduced by Richard Steadman in 
1990s combines total debridement of all unstable 
cartilage in the defect with making multiple holes 
in the defect up to the subchondral bone, allow-
ing for filling in the defect by multipotent bone 
marrow stem cells which subsequently differenti-
ate to form cartilage. Microfracture has been 
shown to provide medium- to long-term symp-
tomatic improvement [64–66] and, in a system-

atic review, demonstrated good to excellent 
clinical outcomes in active patients with small 
(<2–4 cm2) defects at short-term follow-up [67]. 
Microfracture is a commonly performed proce-
dure without any donor side morbidity with a low 
cost, but the regeneration of hyaline cartilage 
post-procedure is not a certainty and is dependent 
on several variables [68], for instance, age, the 
chondrogenic potential of the mesenchymal cells 
decreases with age [69]. Philippon and 
Karthikeyan have reported satisfactory outcomes 
of hip microfracture [70, 71], and a study by 
Zaltz and Leunig has supported the use of micro-
fracture for hip chondral defects with patients 
returning to the preoperative functional level 
[72]. In their study, at the latest follow-up, there 
was no evidence of narrowing of the joint space 
or asymmetry on radiographic examination 
(Fig. 26.17).

26.4.5.2  Autologous Chondrocyte 
Implantation

In 1994, Britberg et al. described the use of autol-
ogous cultured chondrocytes in the treatment of 
full-thickness cartilage defects in the knee with 
good mid-term results. Since then, there have 
been numerous studies showing the efficacy of 
autologous chondrocyte transplantation (ACT) in 
the treatment of cartilage defects in the knee but 
very few studies on its efficacy for hip cartilage 

Fig. 26.16 Unstable flap in a grade IV cartilage lesion

Fig. 26.17 Cartilage microfracture technique in a 3 cm2 
cartilage lesion
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defects [73]. Pestka et al. reported good outcomes 
with the use of ACT after failure of microfracture 
for well-contained chondral defects between 2 
and 10  cm2 [74]. Furthermore, Oleander and 
Minas revealed a favorable outcome following 
ACT in a 19-year-old female for a hip chondral 
defect of 10  cm2. Postoperative MRI in this 
patient demonstrated that the defect had repaired, 
and joint space was maintained. Also, as detailed 
above, Fontana et  al. have purported that ACT 
may be more effective in posttraumatic chondral 
injuries [58].

26.4.5.3  Matrix-Associated 
Chondrocyte Implantation 
(MACI)

MACI is an advancement of ACT wherein the 
cultured chondrocytes are inserted into and 
 supported by absorbable scaffolds to regenerate 
the cartilage. Associated donor site morbidity is a 
possible consequence, but unlike ACT, MACI 
requires an open surgical dislocation of the hip in 
the second stage of the procedure, which is not a 
procedure without complications. Mancini and 
Fontana compared the results of autologous 
matrix-induced chondrogenesis (AMIC) and 
MACI for all cartilage defects between 2 and 
4 cm2 and found that both the groups of patients 
continued to improve after 2 years [75]. They did 
not find any statistical difference between these 
two groups.

26.4.5.4  Autologous Matrix-Induced 
Chondrogenesis (AMIC)

This is a technique for well-contained chondral 
defects, which utilizes the aforementioned micro-
fracture technique following debridement of the 
cartilage defect to stable edges. The defect is then 
covered with a Chondro-Gide matrix patch, made 
up of protein collagen that helps to stabilize the 
fibrin clot in the defect with a view to forming 
new cartilage. The advantage is that it can be per-
formed as a one-stage procedure with no donor 
site morbidity. Several authors have shown good 
results with AMIC in the short to medium term 
for chondral defects of Outerbridge grade 3 and 4 
[72, 76–78]. In addition, Fontana, in a compara-
tive study between microfracture and AMIC 

techniques, showed that the AMIC group 
remained stable after 4 years when compared to 
microfracture [76].

26.4.5.5  Osteochondral Autograft 
Transplantation 
(Mosaicplasty)

This technique aims to transplant healthy hyaline 
cartilage from non-weight-bearing areas to the 
site of cartilage defect. Due to the autologous 
nature of this procedure, the donor sites are lim-
ited to the inferior aspect of femoral head, femo-
ral head–neck junction, and periphery of femoral 
trochlea [69]. This has the advantages of transfer-
ring hyaline cartilage to the defect, better integra-
tion of autograft and no risk of disease 
transmission. However, there is a limit to the 
donor sites, and it carries a risk of donor site mor-
bidity [69]. Among several case reports showing 
good results with this procedure, Girard et  al. 
have reported significantly improved clinical out-
comes following mosaicplasty in ten patients at 
29 months follow-up [79].

26.4.5.6  Osteochondral Allograft 
Transplantation

Mosaicplasty is useful in providing a functional 
hyaline cartilage for immediate transfer to the 
defect. However, there are limitations in autograft 
mosaicplasty. To overcome these, allograft tissues 
have been used with the ability to obtain a larger 
area of tissue to cover larger cartilage defects and 
also avoid unnecessary donor site morbidity [69]. 
Krych et  al. reported two cases that underwent 
allograft mosaicplasty for acetabular chondral 
defects with successful incorporation of the 
allograft as demonstrated on the MRI scan at 
18  months. These cases also exhibited hip out-
come scores of 100 points each at 2 years [80].

26.4.6  Biological Approaches

Intra-articular BM-MSC injection is gaining 
importance due to its potential to differentiate into 
different tissues, including cartilage, depending 
on specific signals released by the injury site. As 
well as several animal studies reporting good out-
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comes, a case series of 29 patients, who under-
went hip arthroscopy for focal chondral defects 
and three intra-articular injections of bone mar-
row MSCs at 4–6  week intervals, showed good 
clinical outcomes and VAS scores [81].

26.4.7  Conclusion

Although there are many different cartilage resto-
ration techniques available, current best evidence 
does not support any one surgical technique as a 
superior method for treating cartilage injuries in 
the hip. While microfracture, AMIC and mosaic-
plasty are well-reported techniques with reason-
able short-term outcomes, the future perhaps 
holds a move toward biological approaches to 
treat these defects.

26.5  Hip Instability: Soft Tissue 
Management with Hip 
Arthroscopy

Native hip instability after hip arthroscopy is a 
rare but devastating complication. The severity of 
instability can vary from micro-instability with 
vague symptoms to hip dislocations. One study 
found that 3.0% of patients developed symptoms 
of instability after hip arthroscopy requiring revi-
sion surgery. A systematic review of over 6000 
hip arthroscopy patients found a 0.07% rate of 
gross hip instability (i.e., hip dislocations) [82]. 
Female gender, hip dysplasia, generalized liga-
mentous laxity, and connective tissue disorders 
are patient risk factors for hip instability after hip 
arthroscopy [83]. Surgical factors that potentially 
cause instability include over-resection of the 
acetabular rim, unrepaired capsulotomy, and 
excessive labral resection [84].

26.5.1  Imaging Evaluation

Although AP radiographs will typically be nor-
mal appearing, evidence of acetabular dysplasia, 
such as a decreased center-edge angle (CEA), 
may be present. False profile views may show 

widening of the posterior joint space, eccentric 
positioning of the femoral head, or anterior under 
coverage [85]. Evaluation with CT may be use-
ful, particularly in the setting of suspected ace-
tabular dysplasia. Magnetic resonance imaging 
(MRI) may show subtle capsular deficiencies or a 
clear defect in the iliofemoral ligament 
(Fig. 26.18).

26.5.2  Role of Capsular Management

One systematic review found that 78% of patients 
who experienced gross instability after hip 
arthroscopy had an unrepaired capsulotomy [83].

26.5.2.1  Capsulotomy in Hip 
Arthroscopy

It can be useful to improve access to the joint, 
allow working space for instrumentation, and 
improve visualization. The most commonly per-
formed capsulotomy techniques are the interpor-
tal capsulotomy and T-capsulotomy. An 
interportal capsulotomy involves a transverse 
incision in the capsule running parallel to the 
labrum which connects the anterior (or modified 
anterior) and anterolateral portals. A 

Fig. 26.18 MRI of a healthy 30-year-old female who 
experienced an anterior hip dislocation after hip arthros-
copy with an unrepaired interportal capsulotomy. The 
MRI shows significant contrast extravasation through a 
gross capsular defect (a) (Image reproduced with permis-
sion from Yeung et al. [83])
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T-capsulotomy involves a second incision joining 
perpendicular to the interportal capsulotomy in 
line with the femoral neck (Fig. 26.19). In many 
cases, the interportal capsulotomy provides suf-
ficient access to the joint for central compartment 
diagnosis and treatment. The T-capsulotomy 

allows improved access to the peripheral com-
partment and better visualization of the head–
neck junction during CAM resection [87]. 
Minimally invasive capsulotomies and puncture 
capsulotomies that cause minimal disruption of 
the capsule have also been described [88, 89].

Fig. 26.19 Illustration of the commonly used capsulot-
omy and capsular repair techniques. (a) Normal hip joint; 
(b) Interportal capsulotomy; (c) T-capsulotomy; (d) 
Repaired interportal capsulotomy; (e) Partially repaired 

T-capsulotomy; (f) Completely repaired T-capsulotomy 
(Image reproduced with permission from Ekhtiari et  al. 
[86]. Original image by Pontus Andersson)

a b

c d
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The hip capsule represents an important soft 
tissue stabilizer. The capsule is made up of three 
ligaments (iliofemoral, pubofemoral, and ischiofe-
moral) and the zona orbicularis [90]. The iliofem-
oral ligament, the thickest portion of the capsule, is 
partially transected during an interportal or 
T-capsulotomy [90]. Cadaveric studies have found 
that capsulotomies result in increased joint mobil-
ity. Larger capsulotomies and T-capsulotomies 
result in larger increases in rotation [91]. Cadaveric 
studies have also shown that hip rotation can be 
restored to normal ranges through appropriate 
 capsular repair [91].

26.5.2.2  Capsule Closure
Options for post-capsulotomy capsular manage-
ment include leaving the capsulotomy unre-
paired, partial closure (closing only one of the 
perpendicular limbs in a T-capsulotomy), com-
plete closure, or capsular plication. One survey of 
high-volume hip arthroscopists found that all 
respondents routinely performed capsulotomies 
but that 78% only selectively performed capsular 
repairs [92]. Surgeons stated that they base their 
decision on whether to perform a capsular repair 
on factors including the presence of preoperative 

stiffness or instability and intraoperative find-
ings. Capsular plication may be preferred over 
capsular repair in patients with connective tissue 
disorders such as Ehlers–Danlos syndrome [93]. 
The thickness of the capsule can be measured 
using MRI and may be helpful in guiding capsu-
lar management. Patients with thicker capsules 
are known to have less laxity in their hip com-
pared to patients with thinner capsules [94]. 
Table 26.4 summarizes the common indications 
and contraindications for capsular closure.

Belemmi et  al. compared two groups of 
patients undergoing hip arthroscopy that had a 
T-capsulotomy [86]. One group had their capsu-
lotomy repaired, whereas the other group did not. 
No significant difference in functional outcome 
scores was found between the groups. In contrast, 
another study found a significantly greater 
improvement in the Sport Specific Hip Outcome 
Score in patients with a T-capsulotomy treated 
with complete capsular repair versus those treated 
with partial repair [95]. Multiple studies report 
that capsular repair in revision hip arthroscopy 
was a positive predictor of improved outcomes 
[96, 97]. This finding is likely explained by the 
fact that a high percentage of patients undergoing 

e f

Fig. 26.19 (continued)
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revision surgery for reasons other than residual 
impingement are known to have capsular defects 
[98]. Patients who experience instability after hip 
arthroscopy can generally be treated with revi-
sion hip arthroscopy for capsular repair with pos-
itive outcomes. In cases of hip dislocation after 
hip arthroscopy, patients can be treated with 
urgent closed reduction prior to capsular repair. 
However, in patients with persistent hip instabil-
ity after arthroscopic repair, generalized ligamen-
tous laxity, connective tissue disorders, or large 
capsule-ligamentous defects, an open capsular 
reconstruction may be necessary [99, 100].

26.5.3  Conclusions

Most patients with hip instability after hip 
arthroscopy have had an unrepaired capsulotomy. 
However, currently the literature has not shown 
that capsular repair results in significantly 
improved functional outcomes compared to no 
capsular repair. Therefore, it remains unclear if 
routine capsular repair is indicated in primary 
surgery. Capsular repair should be strongly con-
sidered in those with risk factors for instability 
including females, acetabular dysplasia, 
 generalized ligamentous laxity, and connective 
tissue disorders. In patients undergoing revision 
surgery, capsular repair is a positive predictor of 

an improved outcome and should be performed if 
there is any concern for micro-instability contrib-
uting to the patient’s symptoms.

26.6  Deep Gluteal Pain Syndrome 
(DGS) and Role of Hip 
Arthroscopy

26.6.1  Concept and Definition

Deep gluteal syndrome describes the presence of 
pain in the subgluteal space caused from non- 
discogenic and extrapelvic entrapment of the 
 sciatic nerve. The subgluteal space is the cellular 
and fatty tissue located between the middle and 
deep gluteal aponeurosis layers [101, 102].

26.6.2  Etiology

Multiple orthopedic and non-orthopedic condi-
tions may manifest as a DGS [103–105]. 
Although deep gluteal syndrome and piriformis 
syndrome were considered synonymous in the 
past, it has since become clear that piriformis 
syndrome is just one of many different causes 
that may be responsible for sciatic nerve entrap-
ment causing pain in the buttock. In fact, in 
only one-fourth of the patients in a systematic 
review was the piriformis found to be causing 
entrapment of the sciatic nerve intraoperatively 
[106].

26.6.2.1  Fibrous and Fibro-Vascular 
Bands

Diminished or absent sciatic mobility during hip 
and knee movements due to these bands is the 
precipitating cause of sciatic neuropathy (isch-
emic neuropathy) [107]. From the point of view 
of its macroscopic structure, there are three pri-
mary types of bands: fibro-vascular bands, pure 
fibrous bands, and pure vascular bands [108]. 
Depending on the pathogenic mechanism, bands 
can be classified as follows:

 1. Compressive or bridge-type bands (type 1), 
which limit the movement compressing the 

Table 26.4 Indications and contraindications for capsu-
lar closure

Indications Contraindications
Female Preoperative stiffness
Generalized hyperlaxity Adhesive capsulitis
Connective tissue 
disorders

Inflammatory arthritis

Gross instability Capsular hypertrophy and 
thickening

Micro-instability
Acetabular dysplasia
Revision surgery
Impaired neuromuscular 
function
Concern for excessive rim 
resection
Concern for excessive 
labral resection
Ligamentum teres tear
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nerve from anterior to posterior (type 1A) or 
from posterior to anterior (type 1B).

 2. Adhesive bands or horse-strap bands (type 2), 
which bind strongly to the sciatic nerve struc-
ture, anchoring it in a single direction and not 
allowing it to perform its normal excursion 
during hip movements. These bands can be 
attached to the sciatic nerve laterally from the 
major trochanter (type 2A) or medially from 
the sacro-tuberous ligament (type 2B).

 3. Bands anchored to the sciatic nerve with 
undefined distribution (type 3). These kinds of 
bands with an erratic distribution are charac-
terized by anchoring the nerve in multiple 
directions.

26.6.2.2  Piriformis Syndrome

Hypertrophy of the Piriformis Muscle
Asymmetry associated with sciatic nerve hyper-
intensity at the sciatic notch revealed a specificity 
of 93% and sensitivity of 64% in patients with 
piriformis syndrome distinct from that which had 
no similar symptoms [109].

Dynamic Sciatic Nerve Entrapment by 
the Piriformis Muscle
Often the only finding at imaging that can be 
shown is nerve signal hyperintensity in edema- 
sensitive sequences.

Anomalous Course of the Sciatic Nerve 
(Anatomical Variations)
Six categories of anatomic variations of the rela-
tionship between the piriformis muscle and sci-
atic nerve were originally reported in 1938 by 
Beaton and Anson. The anomaly itself may not 
always be the etiology of DGS symptoms as 
some asymptomatic patients present these varia-
tions, and some symptomatic patients do not. A 
subsequent event such as any etiology reported in 
this chapter or prolonged sitting, direct trauma to 
the gluteal region, prolonged stretching, overuse, 
pelvic/spinal instability or orthopedic conditions 
may then precipitate sciatic nerve neuropathy 
[110].

26.6.2.3  Gemelli-Obturator Internus 
Syndrome

Dynamic compression of the sciatic nerve caused 
by a stretched or altered dynamic of the obturator 
internus muscle should be included as a possible 
diagnosis for DGS.  As the sciatic nerve passes 
under the belly of the piriformis and over the 
superior gemelli/obturator internus, a scissor-like 
effect between the two muscles can be the source 
of entrapment.

26.6.2.4  Quadratus Femoris 
and Ischiofemoral Pathology

Ischiofemoral impingement syndrome (IFI) is an 
under-recognized form of atypical, extra- articular 
hip impingement defined by hip pain related to 
narrowing of the space between the ischial tuber-
osity and the femur. Characteristic findings are a 
decreased ischiofemoral space compared to 
healthy controls (the ischiofemoral space mea-
sures 23 ± 8 mm and femoral space 12 ± 4 mm) 
and altered signals from the quadratus femoris 
muscle, which results in edema, muscular rup-
ture, or atrophy [111]. The ischiofemoral space 
should be understood as a gait-related dynamic 
area with several contributing and predisposing 
factors [112] (Table 26.5).

Table 26.5 Potential etiologies and predisposing factors 
of IFI according to the pathophysiological mechanisms 
[112]

Primary or 
congenital 
(orthopedic 
disorders) Secondary or acquired
Congenital 
posteromedial 
femoral position

Functional disorders (hip 
instability, pelvic/spinal 
instability, abductor/adductor 
imbalance)

Prominence of the 
lesser trochanter

Traumatic, overuse, extreme 
motion

Abnormal femoral 
antitorsion

Iatrogenic causes

Coxa breva Tumors
Variations of the 
pelvic bony anatomy

Other etiologies (genu valgum, 
leg discrepancy, pronated foot)

Coxa Valga Ischial tuberosity enthesopathies
Larger cross section 
of the femur
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26.6.2.5  Hamstring Conditions
The sciatic nerve can be affected by a wide spec-
trum of hamstring origin enthesopathies appear-
ing either isolated or in combination:  partial/
complete hamstring strain (acute, recurrent, or 
chronic), tendon detachment avulsion fractures 
(acute or chronic/non-united), apophysitis, non- 
united apophysis, proximal tendinopathy, calci-
fying tendinosis, and contusions result in 
entrapment during hip motion (ischial tunnel 
syndrome) [110].

26.6.3  Clinical Examination 
and Symptoms

26.6.3.1  Deep Gluteal Syndrome/
Sciatic Nerve Entrapment: 
Pain by Palpation 
at the Sciatic Notch

The active piriformis and seated piriformis 
stretch tests reveal higher sensitivity and specific-
ity for the diagnosis of sciatic nerve entrapments 
than the other tests, especially when both are 
used in combination [107].

26.6.3.2  Ischiofemoral Impingement: 
Pain by Palpation Lateral 
to the Ischium

The specific physical examination test included 
the long-stride walking test and ischiofemoral 
impingement test [101, 110, 113].

26.6.3.3  Hamstring Conditions: Pain 
by Palpation Lateral and/or 
Posterior to the Ischium

Hamstring active test at 30° knee flexion in seated 
position (hip 90°) [114].

26.6.4  Imaging Evaluation

Plain radiography, ultrasound (US), computed 
tomography (CT), and magnetic resonance imag-
ing (MRI) have all been used to assess posterior 
hip anatomy and pathologies [102]. Nerve stiff-

ness associated with limb movements in the diag-
nosis of sciatic nerve entrapment in deep gluteal 
syndrome can give us crucial information about 
the degree of nerve entrapment.

26.6.5  Surgical Treatment: 
Endoscopic

The technique of endoscopic decompression of 
the sciatic nerve requires significant hip arthros-
copy experience with familiarity with the gross 
and endoscopic anatomy of the subgluteal space 
[102, 115].

26.6.5.1  Position
Supine position in a traction table, standard prep-
aration for hip arthroscopy, no traction, and 20° 
of contralateral tilt. Leg is abducted to about 
15–20° in order to open the interval between the 
trochanter and the iliotibial band, and the leg is 
internally rotated 20–40° for the same reason. 
This procedure can also be done in the lateral 
decubitus position [116, 117].

26.6.5.2  Portals
(1) Standard portals redirected to the peritrochan-
teric space (anterolateral, anterior, and posterolat-
eral portals) and (2) portals described to access 
the peritrochanteric space [118] (proximal antero-
lateral accessory portal, distal anterolateral acces-
sory portal, peritrochanteric space portal, and 
auxiliary posterolateral portal). Auxiliary distal 
portals at the level of the lesser trochanter are cru-
cial for the treatment of ischiofemoral impinge-
ment (IFI portals) [113] (Figs. 26.20 and 26.21).

26.6.5.3  Distal Dissection
Inspection of the sciatic nerve begins distal to the 
quadratus femoris, just above the gluteal sling. 
Inspect the ischial tunnel hamstring origin and 
sacrotuberous ligament, releasing any fibers from 
the sciatic nerve. Assess the lateral, medial, and 
posterior borders of the sciatic nerve to ensure 
the distal release is complete and identify the 
posterior cutaneous nerve.
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26.6.5.4  Proximal Dissection
After the distal dissection, move proximal. When 
the piriformis tendon is identified, it should be 
possible to identify the tendons of the gemellus 
and obturator internus muscles. Constant atten-
tion must be paid to the branches of the inferior 
gluteal artery lying in proximity to the piriformis 
muscle. A rotatory shaver can be used to shave 
the distal border of the piriformis muscle to gain 
adequate access to the piriformis tendon. Finally 
probe the sciatic nerve up to the sciatic notch. 
The kinematic excursion of the sciatic nerve is 
then assessed with the leg in flexion with inter-
nal/external rotation and full extension with 
internal/external rotation.

26.6.5.5  Lesser Trochanter Approach 
for IFI Syndrome

Arthroscopic access to decompress the IFS, as 
an alternative to an open approach, has been 
recently described with high success rates 
because it managed to significantly improve 
clinical scores [113, 119–121]. Due to the loca-
tion of the lesser trochanter (LT), the arthroscopic 
procedure can be approached either anteriorly or 
posteriorly and with partial or complete resec-
tion of the LT. The goal of surgery is to restore a 
normal distance, which may not require a com-
plete resection of the lesser trochanter. We agree 
with other authors that the posterolateral trans-
quadratus approach seems to be the most appro-

Fig. 26.20 Right 
gluteal region showing 
portal placement for 
subgluteal endoscopy. 
(1) Mid-anterior portal, 
(2) anterolateral distal 
portal, (3) posterolateral 
portal, and (4) auxiliary 
posterolateral portal

Fig. 26.21 Right 
gluteal region showing 
portal placement for 
ischiofemoral 
impingement 
decompression. Scope in 
the midanterior portal. 
Radiofrequency in the 
anterolateral distal 
portal. Cannula in the 
posterolateral portal. 
Rod in the posterior 
ischiofemoral proximal 
portal
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priate route [110, 113]. The anatomy of vascular 
structures suggests increased safety of posterior 
access to the lesser trochanter [122]. Another 
advantage of this approach is that allows simul-
taneous assessment of the sciatic nerve and ham-
string repair if needed. Resection of the ischium 
could be done through this approach if neces-
sary. The aim of the osteoplasty of the posterior 
one third of the lesser trochanter is to obtain a 
minimum IFS distance of 17 mm, leaving non-
impingement bone and the iliopsoas insertion 
intact. Access to the lesser trochanter is achieved 
via a small window in the quadratus femoris 
muscle (Fig. 26.22).

26.6.6  Results

26.6.6.1  Deep Gluteal Syndrome 
Outcomes

Overall, 33 studies evaluating the surgical man-
agement (open and endoscopic) of deep gluteal 
syndrome were identified in the literature [106, 
110, 123]. Outcomes were positive, with an 
improvement in pain at final follow-up.

26.6.6.2  Ischiofemoral Syndrome 
Outcomes

A systematic review by Nakano et al. found 17 
relevant papers, with five studies reported on the 

a b

c d

Fig. 26.22 Right hip. Endoscopic view showing ischio-
femoral impingement decompression. Access to resection 
of the lesser trochanter through the posterolateral trans- 

quadratus approach. Identification of lesser trochanter (a, 
b) and posterior partial resection with a 4.5 mm burr (c, d)
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use of endoscopic surgical management. All of 
them reported on partial or entire resection of the 
LT and good short- to medium-term outcomes 
without any neurological or vascular complica-
tion [124]. We have reviewed and evaluated our 
results for this publication, 14 patients (15 hips) 
(14 female) (9 right and 6 left) treated in our 
clinic for ischiofemoral impingement and endo-
scopic posterolateral trans-quadratus approach 
decompression of the lesser trochanter between 
November 2011 and April 2018. Mean age was 
38  years (20–52  years). The mean modified 
Harris Hip Score increased from 58 points preop-
eratively to 92 points at the final follow-up. No 
complications or adverse effects were found.
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Platt’s Syndrome: A Nerve 
Complication Associated 
with Ligament Injuries
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M. R. Morro, R. Seijas, E. Alentorn, D. Barastegui, 
and R. Cugat

27.1  Introduction

Common peroneal nerve (CPN) palsy is associ-
ated with acute trauma injuries in the lower 
extremity, especially around the knee. The occur-
rence rate of CPN palsy in the general population 
with knee dislocation or bicruciate ligament 
injury ranges from 10 to 40% [1]; the peroneal 
nerve injury associated with sports-related knee 
injury has been reported to account for 18%. Cho 
[2] retrospectively reviewed 84 cases, evaluated 
for injury mechanism and other items and found 
84 of 448 cases of peroneal nerve injury, all of 

which were found to be sports related (skiing 42 
cases, football 23 cases, soccer 8 cases, basket-
ball 6 cases, ice hockey 2 cases, track 2 cases, and 
volleyball 1 case). Sports that are more related to 
knee injury and peroneal nerve lesion are skiing, 
American football and soccer. The high preva-
lence is due to the risks associated not only with 
particular sport but also with the biomechanics of 
the trauma. These biomechanics could be direct 
or indirect such as a common occurrence in foot-
ball in which injury happens when the foot is 
fixed on the ground with a typical varus and 
hyperextension of the knee. In Spain of course, 
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soccer is the main cause of nerve lesion and 
sport-related knee injury. Our group, Mutualitat 
Catalana de Futbolistes (soccer players’ mutual 
insurance in Catalonia) includes 150,000 athletes 
and performs medical assistance to 26,000 soccer 
players per year.

From the neurological point of view, when 
evaluating patients, the orthopedic surgeon must 
take into account the extension of the lesion, the 
level of the lesion, and the severity of the lesion. 
Extension determines the extent of the injury. 
Does it affect only the peroneal nerve, or does the 
damage reach the tibialis nerve and/or other 
related nerves as well; level refers to the affected 
area. This may be distal or proximal (or very 
proximal) to the fibular head, the latter being the 
most frequent and difficult. The severity of the 
injury is related to the degree of structural disrup-
tion of the peripheral nerve.

Seddon [3] classified nerve injuries, and 
structural disruption, into three major groups: 
neuroapraxia, which involves myelin damage 
with delayed conduction and intact structural 
components; axonotmesis, characterized by 
axon discontinuity, with the development of 
Wallerian degeneration; and neurotmesis, being 
the most severe injury characterized by a com-
plete disruption of the nerve, including separa-
tion of the axons and/or the epineurium. 
Sunderland [4] describes a more extensive nerve 
injury classification in which grade 1 corre-
sponds to Seddon’s neuroapraxia, grade 2 corre-
sponds to axonotmesis; grade 3, however, 
represents an endoneurial disruption, grade 4 a 
perineurium disruption, and grade 5 equivalent 
to a Seddon neurotmesis. Grades 3 and 4 reflect 
a functional nerve disruption but with the epi-
neurium intact, leaving only the epineurium 
sheath in continuity (Table 27.1) [5].

Traumatic knee-level sport-related peroneal 
nerve injury is usually due to stretching or contu-

sion, with or without fracture/dislocation [1]. Not 
all the nerve injuries are of this type. When the 
onset is not acute but progressive, the most com-
mon is compressive neuropathy around the fibu-
lar neck [6]. Likewise, not all the acute paralysis 
with foot drop are due to direct nerve injury. 
Keep in mind to always rule out the devastating 
compartment syndrome, with its symptoms of 
intense disproportionate pain and a severe swell-
ing or an associated vascular injury, usually with-
out pulse in the main distal vessels [7].

27.2  Anatomy

CPN is a part of the sciatic nerve. In the thigh, the 
peroneal division is located in the lateral and pos-
terior areas of the common sciatic nerve. At mid-
level of the thigh, the peroneal nerve supplies the 
innervation to the short head of the biceps femo-
ris muscle before separating from the tibial nerve 
in the upper part of the popliteal fossa. At that 
level, the nerve crosses posterior to the lateral 
head of the gastrocnemius muscle through the 
posterior intermuscular septum and gives off the 
lateral sural cutaneous branch that is going to join 
the main sural nerve in the calf. After that, the 
peroneal nerve becomes subcutaneous for a short 
segment, to proceed deep to the peroneus longus 
muscle while it curves around the fibular head 
(Fig. 27.1). Just at this level the nerve divides into 
the superficial peroneal neve (SPN), deep pero-
neal nerve (DPN), and articular branch for the 
proximal tibiofibular joint. The SPN travels dis-
tally in the lateral compartment of the leg, inner-
vating the peroneus longus and peroneus brevis 
muscles. Approximately 8–12  cm above the 
lateral malleolus, the superficial branch pierces 
the sural fascia over the lateral compartment, 
becomes subcutaneous, and divides into its ter-
minal branches as the intermediate and medial 

Table 27.1 Nerve injury classification and pathology correlation

Classification Seddon Sunderland Pathology
Neuroapraxia Grade 1 Myelin injury or ischemia
Axonotmesis Grade 2 Axon loss, internal derangement Endo, peri, and epineurium intact

Grade 3 Endoneurium disrupted
Grade 4 Perineurium disrupted

Neurotmesis Grade 5 Epineurium disrupted

Adapted from Birch [5]
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dorsal cutaneous nerves on the dorsum of the foot 
and toes for sensory innervation (except sensory 
innervation of the dorsal first web space) [5, 6, 8].

The DPN courses from 2 to 4  cm along the 
anterior cortex of the fibula and then travels dis-
tally to pierce the intermuscular septum between 
the anterior and lateral compartment to join the 
anterior tibial artery at the upper part of the calf. 
Distally the DPN supplies innervation to the most 
powerful foot dorsiflexor, the tibialis anterior 
muscle (through the first branch of the DPN very 
close to the fibular neck) and the toe dorsiflexors 
including the hallux (extensor digitorum longus, 
peroneus tertius, extensor hallucis longus). 
Finally, at the ankle level, the nerve passes under 
the extensor retinaculum and terminates as a sen-
sory branch in the dorsal first web space.

27.3  Pathomechanics of the Platt 
Syndrome

The peroneal nerve is relatively fixed at the level 
of the lateral intermuscular septum, especially 
under the long peroneus fibrous arch origin 
around the fibular head and, finalizes when the 
deep branch pierces the intermuscular septum 
between the anterior and lateral compartments [5, 
8]. That is because in all these areas the nerve is 
vulnerable to stretch forces, such as varus and 
hyperextension that result in posterolateral knee 
complex lesions. In this kind of varus knee injury, 
Harry Platt recognized the relation between fibu-
lar head avulsion through the biceps tendon 
insertion and lateral collateral insertion on the 

styloid apophysis and stretch lesion of the pero-
neal nerve [5, 9] (especially at proximal part of 
the nerve, extended far proximal to the fibular 
head, with frank nerve rupture or long neuroma 
in continuity (Fig. 27.2a).

CPN palsy depends on the direction and degree 
of the initial displacement causing the different 
ligament ruptures, which depend on knee posi-
tion, trauma velocity, and strength of the struc-
tures involved. Besides, peroneal nerve connective 
tissue damage may occur with severe stretch inju-
ries, which can lead to intraneural and extraneural 
tissue destruction, intraneural hematoma, subse-
quent fibrosis, and scar formation (Fig. 27.2b).

Fig. 27.1 Posterolateral view of a left knee. Course of 
the common peroneal nerve and its main branches SPN 
and DPN, just behind the biceps femoris muscle and ten-
don unit and around the fibular neck

Fig. 27.2 Macroscopic anatomopathological findings in 
the Platt syndrome: fibular head avulsion, through the 
biceps tendon insertion and lateral collateral insertion on 
the styloid apophysis, and proximal stretch lesion (frank 
nerve rupture) of the peroneal nerve very distant from the 
fibular head (a). Severe stretch injuries can lead to an ini-
tial intraneural hematoma due to the rupture of the vasa 
nervorum and subsequent fibrosis and scar formation 
inside the nerve over time (b)

27 Platt’s Syndrome: A Nerve Complication Associated with Ligament Injuries
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The basic biomechanical role played by the 
posterolateral structures in this mechanism are 
varus laxity, mainly contained by lateral collat-
eral ligament, regardless of the degree of knee 
flexion, and secondarily by the popliteal complex 
and posterolateral capsule; injury of the postero-
lateral structures increases lateral tibial rotation, 
maximum at 30° of flexion. The cruciate liga-
ments also play a considerable role in controlling 
varus and lateral rotation; when posterioanterior 
forces (hyperextension) are applied, the tibia 
tends to turn in lateral rotation [2, 10, 11].

Isolated injuries of the posterolateral struc-
tures account for 5.7% of the knee sprains [10]. 
The frequency of posterolateral lesions associ-
ated with anterior cruciate ligament tear is as 
high as 10% and those with posterior cruciate 
ligament tear 27%. The fibular nerve is involved 
in 15% of cases [10].

There is a consensus as to the parallel nature 
of the neurologic and ligament lesions: The more 
extensive and severe the latter, the more frequent 
and severe the CPN palsy [1]. However, the knee 
position and direction of the applied force are 
essential; the degree of varus deformity seems to 
be the more important in developing a true Platt 
syndrome [11].

27.4  Diagnosis

The general clinical evaluation and radiographic 
studies for posterolateral instabilities were covered 
previously in this ICL and is out of the scope of this 
presentation. Just remember Platt syndrome is 
associated with fibular head avulsion because of 
the severe varus force applied through the biceps 
tendon insertion and lateral collateral insertion on 
the styloid apophysis. This should be an alarm sign 
to suspect this devastating injury. In fact, the final 
prognosis of the injury and surgical repair or recon-
struction depends on the functional recovery of the 
nerve lesion if it coexist in the injury [12–15].

27.4.1  Clinical Diagnosis

Clinical diagnosis of a CPN palsy is obvious; the 
characteristic foot drop with paralyzed ankle dor-

siflexors and anesthetic cutaneous area over the 
dorsum of the foot and toes and hallux is evident. 
That, with acute onset related to a knee trauma 
seem to be enough for a clinical diagnosis. A 
more detailed exploration and physical examina-
tion focusing on the elements of each component 
of the nerve, superficial and deep main branches, 
should be done to define the extent of the injury 
and to localize the level of nerve injury. Numbness 
or dysesthesias in the upper lateral leg and paral-
ysis or paresis of the anterior compartment mus-
cles (extensor digitorum longus and peroneus 
tertius, extensor hallucis longus, the main ankle 
dorsiflexor, and tibialis anterior muscle) and lat-
eral compartment muscles (peroneus lateralis 
longus and peroneus lateralis brevis) indicates a 
proximal injury to the fibular head. Paralysis of 
the short head of the biceps femoris muscle (mus-
cle contraction over the short head of the biceps 
may be difficult to appreciate clinically but can 
be assessed by electro-neurological studies) indi-
cates an even more proximal injury. Decreased or 
abnormal sensation in the first web space (with 
preservation of the sensation in the lower lateral 
leg and dorsum of the foot and toes) and anterior 
compartment muscles paralysis or paresis with 
preservation of lateral compartment muscles 
function indicate a DPN injury [2, 5, 6, 9]. The 
less frequent but tricky situation is decreased or 
abnormal sensation in the lower lateral leg and 
dorsum of the foot and toes (with preservation of 
the first web space sensation) and lateral com-
partment muscles paralysis or paresis (with pres-
ervation of anterior compartment muscles), 
indicating an SPN injury. This last situation could 
be missed if enough attention is not paid because 
ankle dorsiflexion is functioning (but is dorsiflex-
ion with varus).

It should be emphasized that in these cases 
of acute trauma around the knee, it is manda-
tory to explore the vascular status of the lower 
extremity, looking for and ruling out a vascular 
injury of the popliteal artery, tibialis anterior 
artery, or tibialis posterior. The results should 
be written down in the medical report very 
clearly as such injuries may raise legal prob-
lems [14, 16, 17]. Assessment of vascular 
lesions in knee injuries is initially based on 
clinical examination, pulse-taking and Doppler 
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exploration of the main vessels, popliteal artery 
and pedis artery (as a continuation of the tibia-
lis anterior artery) and tibialis posterior at the 
retromalleolar sulcus. In case of doubt, a man-
datory angioTC and consult a vascular surgeon 
[16, 18, 19]. The problem is not only the acute 
rupture or the artery but the intimal lesions of 
the vessel that can be initially present even with 
some peripheral pulse but could induce a sec-
ondary ischemic problem in hours by clotting 
around the intimal flap. It seems the popliteal 
artery rupture is more frequently associated 
with trauma while the knee is 90° flexed and 
the fearsome intimal lesion occurs in knee 
hyperextension injuries, as in posterolateral 
ligament injuries. According to available litera-
ture, the incidence of associated vascular inju-
ries in biligamentous cruciate injuries of the 
knee ranges from 16 to 64% with a mean rate of 
30% [19, 20]. In a report from the French 
Society of Orthopedic Surgery and Traumatology 
(SOFCOT) published by Boisrenoulte in 2009, 
a multicenter prospective study was conducted 
where among 67 patients with dislocation or 
bicruciate injury of the knee [16], nine were 
vascular injuries (12%) and that the absence of 
vascular lesion could be confirmed in 58 of the 
59 patients with peripheral pulse at initial 
examination.

On the contrary, it is possible to detect periph-
eral pulses initially, even though the patient would 
have suffered an intimal lesion with a secondary 
ischemia. This is especially true for the tibialis 
artery in the area close to the intermembranous 
space. At that level the artery presents a marked 
angulation while it is fixed at the popliteal muscle 
point where the popliteal artery divides into the 
tibioperoneal trunk and the ramification of the tibi-
alis anterior artery is almost 90° (Fig. 27.3).

It seems commonsensical to distinguish a 
common peroneal palsy from a compartment 
syndrome, but some cases prove to be more com-
plicated. Paralysis of the foot dorsiflexors is a 
common fact for both conditions but dispropor-
tionated pain, hard swelling with tightness of 
compartment, is pathognomonic of the last con-
dition. The trick is that some vascular lesion with 
intima flap in the artery, characteristically in the 

tibialis anterior artery, could lead to secondary 
ischemia by clotting and a subsequent compart-
ment syndrome [16].

27.4.2  CT

A CT scan may be used to evaluate further bony 
abnormalities.

In any case of abnormal pulse, emergency 
imaging is essential (angioscan or angio-TC). In 
cases of uncertain clinical situations, some sur-
geons advocate selective indications for angio-
 TC [16, 21–23] or echo-Doppler, with a high 
diagnostic sensitivity, specificity, and 98% diag-
nostic accuracy [24, 25]. This last technique, 
however, is operator-dependent. The reason for 
this attitude is that there are many reports of ini-
tially normal pulse associated with popliteal 
artery lesions [26, 27].

27.4.3  MRI

Assessment of knee injuries generally includes 
an MRI scan in the outpatient evaluation (in some 
centers, this may be included in the emergency 
departments) to evaluate the ligaments, menis-
cus, other soft tissues, and associated fractures 
[28, 29]. The radiologist must be instructed to 
evaluate especially the CPN, not only in close 
relation with the fibular head and neck but also in 

Fig. 27.3 Left knee. Posterior view of anatomic prepara-
tion showing the popliteal artery and its division in com-
mon tibioperoneal trunk and the ramification of the tibialis 
anterior artery coming off at almost 90° angle at this level. 
High risk of intimal lesion of the artery
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the proximal part around the intermuscular sep-
tum were most Platt injuries are seen. Some 
authors even order an angio-MRI to assess vascu-
lar around the knee before surgery [28, 30].

27.4.4  Ultrasonography

Ultrasonography is considered to evaluate not 
only the soft tissues as the ligaments, capsule, 
meniscus, and in some degree cartilage involve-
ment but also, as mentioned before, the periph-
eral nerve relationships, especially nerve 
continuity, swelling and intraneural hematomas 
[25, 31], and if the specialist is familiar with the 
technique, the echo-Doppler could assess the 
vascular status of the main vessels.

27.4.5  Electrodiagnostic Studies

Electrodiagnostic studies are not useful and 
should not be performed during the initial 
2–3 weeks. Nerve conduction velocity (NCV) 
studies and electromyography (EMG) are valu-
able tools for diagnosing nerve palsy, helping 
the surgeon evaluate the motor end sensory 
axons of the peroneal nerve and its branches, 
localizing the site of injury, and determining 
the severity of an injury [32, 33]. Specific study 
of the posterolateral cutaneous nerve of the 
calf may help to localize the level of the injury, 
and it is important to rule out Platt syndrome 
[6]. Of course, the studies should include the 
common sciatic nerve, the tibial nerve, and the 
sural nerve to diagnose or exclude other nerve 
injuries. Needle EMG helps to identify loca-
tion and severity of CPN lesion. Besides the 
muscle innervated by the DPN (anterior com-
partment) and SPN (lateral compartment), 
studies of the short head of the biceps femoris 
muscle and muscles innervate by the tibial 
nerve distal to the knee help to identify injuries 
of the sciatic nerve proximally or the tibia 
nerve at the popliteal level. The tibial nerve is 
most often injured in association with knee 
 dislocation or very severe cases of posterolat-
eral injuries [2].

Electrodiagnostic studies are also used for 
monitoring recovery after a nerve injury or after 
its surgical treatment. The results of the NCV and 
EMG studies could help to determine the course 
treatment and prognosis, and when surgical inter-
vention is necessary. An electrophysiology study 
should be performed in all patients with a nerve 
lesion to obtain a baseline in all cases [5, 6, 33]. 
The study may be repeated every 6  weeks or 
3 months to monitor improvement or spontane-
ous recovery, or to monitor the surgical treatment 
of the nerve lesion (repair or neurolysis). On the 
other hand, intraoperative electrophysiological 
studies have a specific place in the surgical treat-
ment of nerve lesions in continuity; nerve action 
potential (NAP) studies are done along the course 
of the nerve when there is a lesion in continuity, 
even if there is a visible neuroma (Fig. 27.4). If 
NAP studies are flat, the segment of the nerve is 
resected and the nerve ends prepared for graft 
repair [32–35]. When the nerve is initially with-
out continuity, then it is clear that we should pro-
ceed with grafting the gap, usually with the 
contralateral sural nerve.

27.5  Treatment

Initial treatment of peroneal nerve lesions and 
palsy in the common population involved a non-
surgical approach as it resulted in partial or full 
spontaneous recovery returns over time. In this 
group of patients, the etiologies for nerve palsy 

Fig. 27.4 Intraoperative nerve action potentials (NAPs) 
have a specific place in the surgical treatment of nerve 
lesions; intraoperative NAP studies in a CPN with a neu-
roma in continuity
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are numerous, compression being the most com-
mon cause. Even traumatic cases and direct blunt 
trauma injuries are managed non-surgically as 
they tend to result in positive prognosis and spon-
taneous recovery in most of them. A period of 
observation and nonoperative treatment is initially 
performed, utilizing a rehabilitation program and 
orthotic devices to avoid drop foot [36] and avoid-
ing the imbalance between the functional plantar 
flexors of the ankle (triceps sural, tibialis poste-
rior, flexor digitorum longus of the toes and flexor 
hallucis longus muscles) and the paralyzed dorsi-
flexors or extensors that could result in fixed or 
hard to reduce equinovarus position. The only 
exception is lacerations or fractures around the 
knee when the surgical approach for the osteosyn-
thesis is in close vicinity with the nerve.

On the other hand, in the population group 
with CPN and sports-related knee injury, the atti-
tude of the orthopedic surgeon is very different in 
the initial treatment of this type of lesion, espe-
cially when there is a posterolateral anatomic 
structure damage or a knee dislocation. This is 
not only because we are dealing with special 
group of very active individuals, most of them 
being professional athletes, but also because the 
severity of the injuries used to be much more 
intense, equivalent to a high energy car accident 
or fall from height. The energy released during 
the sporting accident is so high that it produces a 
real soft tissue explosion with severe damage, 
including peripheral nerves. To remark that there 
are reports of a higher incidence of nerve lesion 
in obese and sedentary patients with ultra-low- 
velocity dislocations of the knees, surgical liga-
ment reconstruction of posterolateral corner and 
nerve appears to improve outcomes [37, 38]. 
Biomechanics of a combination of varus, exter-
nal rotation and hyperextension forces across the 
knee predispose it to the stretch or avulsion injury 
of all the soft tissues including peroneal nerve 
stretch injury or rupture. The other reason for ini-
tial surgical treatment of the nerve injury is 
because most surgeons agree to treat primarily 
these complex posterolateral instabilities in the 
acute period when it is relatively easy to localize 
and anatomically repair or reconstruct the dam-
aged structures and the nerve is in close relation.

27.5.1  Nonoperative Treatment

In cases where non-surgical treatment is selected, 
the patient needs to follow a rehabilitation pro-
gram adapted to each injury and personal situa-
tion. In general, rehabilitation includes a physical 
therapy program, the use of orthotic devices at 
knee level, and anti-drop foot orthosis (Rancho 
Los Amigos orthosis or new adapted orthosis). It 
is important that the patient be educated of the 
importance of preserving ankle joint flexibility 
and avoid any contracture of the Achilles tendon, 
tibialis posterior tendon, or flexor digitorum ten-
dons that could compromise any recovery of the 
innervation of the ankle dorsiflexor and evertors 
[2, 37]. Physical therapy should insist on stretch-
ing all these muscles. Electrical stimulation could 
be considered to maintain some muscle trophism 
and biomechanical properties. It may have a lim-
ited role in the initial period but could be very 
useful if the nerve recovers its functions using the 
electrical stimulation to fire muscle contraction. 
During all the recovery period, the surgeon must 
control the reinnervation of the muscles by EMG 
studies every 6 weeks to 3 months [5, 6, 33]. In 
cases when there is no appropriated progression 
in the reinnervation, the surgeon should consider 
surgical options for the nerve injury (neurolysis, 
nerve grafts, tendon transfers or even the new 
option of nerve transfer, or nerve allograft, 
depending on each particular situation and case).

27.5.2  Operative Treatment

Early surgical ligament repair or reconstruction 
is uncommon in isolated ligament injury. Even 
so, posterolateral complex structural injuries, 
especially in association with posterior cruciate 
ligament injury, are better managed by surgical 
treatment. Immediate or early surgical repair or 
reconstruction is reportedly superior to late 
reconstruction [10, 36]. Most of the ICL is dedi-
cated to this specific topic and is beyond our 
scope. In clinical practice, our team has a clear 
idea that these cases must be tackled using a mul-
tidisciplinary approach among specialized ortho-
pedic surgeons, sport and knee surgeons, and 
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neuro orthopedic surgeons. In our institution, 
because we are a close-related working team 
sharing offices and operating rooms, the collabo-
ration is always between the sport and knee spe-
cialist and neuro orthopedic surgeon. In fact, 
most of the time we preoperative joint visits and 
evaluations, we collaborate during the procedure, 
and again, postoperative together; and when sec-
ondary surgery is needed for neurolysis, nerve 
grafting, tendon or nerve transfer if nerve recov-
ery was not adequate. Collaboration between sur-
gical teams could be a little tricky; you must 
know well each other’s way of work and organize 
and coordinate the operation. Our experience 
includes 14 patients with knee ligamentous 
injury, and CPN palsy has been treated in two dif-
ferent centers.

The time from trauma to repair has been found 
to be important on good functional outcome of 
the injured CPN [2, 33]. Although most neurosur-
geons recommend follow-up for the first 3 months 
before operating [6, 39], we disagree with this 
idea and prefer to review the nerve at the same 
time that the posterolateral structures repair and 
reconstruction in the acute period.

27.5.2.1  Operative Treatment 
in Acute Cases

In case of an acute ligament repair or reconstruc-
tion in patients with CPN palsy, the first thing we 
do is discuss how to position on the operating 
table and agree on a surgical approach that per-
mits to do our technique for repair of the pos-
terolateral structures and reconstruction (sport 
and knee team) and to explore and treat the CPN 
lesion (neuro orthopedic team) in the same oper-
ation. Usually we agree in placing the patient in 
a supine position with the knee and leg straight 
on a support unit, but with the possibility to flex 
the knee and holding this position. Generally, a 
lateral incision along the posterior biceps tendon 
that curve towards the Gerdy tubercle is selected 
(Fig. 27.5). With that approach we can elevate a 
vascularized cutaneous flap to expose the 
peroneal nerve along all its course from the 
intermuscular septum in the upper part to the 
fibular neck in the inferior part. This allows for a 
Gerdy tubercle osteotomy for ligament recon-
struction and posterolateral complex structure 

repair. Once the approach is done, the next step 
is to evaluate all the soft tissue lesions and asso-
ciated fractures and plan how to proceed to 
repair and reconstruct. After that, it is the time 
for nerve exploration and evaluation and to trace 
a plan for treatment or reconstruction. At this 
moment, we stop for a while and expose our spe-
cialized requirements and make a conjoint strat-
egy to follow.

In our practice we found different clinical situ-
ations in the acute period.

The CPN is located and inspected, and nerve is 
in continuity with any sign of partial rupture. 
Usually there is an important diffuse or fusiform 
hematoma inside the epineurium of the nerve due 
to the rupture of the vasa nervorum. We palpate the 
nerve looking for internal disruption [40]. At this 
moment, it is only possible to electroestimulate the 
nerve or, if you have the adequate team of electro-
neurophysiologist, an intraoperative electroneu-
rography may be performed looking for the nerve 
action potentials (NAP) along all the course of the 
nerve, from very high close to the intermuscular 
septum or even from the common sciatic nerve 
before it divides into peroneal and tibial, until the 
fibular neck level [32–35, 39, 41]. If NAP studies 
are correct and are transmitted across the lesion, 
then we only perform an external neurolysis, but 
also, very important, a longitudinal epineurotomy 
and internal neurolysis just to clean the hematoma 
inside the nerve (Fig.  27.6a–d). This hematoma 
acts as a compressive force inside the nerve and is 
similar to an intraneural compartment syndrome 

Fig. 27.5 Patient position in the table and surgical 
approach after agreement between sport and knee team 
and neuro orthopedic team that permits repair/reconstruc-
tion of the posterolateral structures and exploration and 
treatment of the CPN lesion in the same intervention
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and, after some weeks, leads to a fibrous tissue and 
scar formation, precluding nerve regeneration. 
This is the main reason we prefer to review the 
nerve early on. Nothing more is done, other than 
clinical follow-up, checks and electroneurophysi-
ologic studies every 3 months. Kim and Kline [39] 
report their results of neurolysis performed at 
6  months after injury in patients with different 
mechanism of lesion including stretch injury 
where 71–80 patients (89%) with transmittable 
NAP across lesions in continuity recovered useful 
function. If the NAP traces are negative or flat, the 
segment of nerve is resected, and a repair is done 
with a graft (depending on the length, we use the 
lateral cutaneous branch for short defects or the 
contralateral sural nerve for longer defects). At 
present nerve allograft is an option to consider, but 
promising experience with this technique is only at 
the initial stages. Allografts have a limitation in 
width (4–5 mm) and length (70 mm).

A second situation is when the nerve is in con-
tinuity, but after exploration and release a partial 
rupture is suspected. Again, electrostimulation 
and NAP studies are done to try to localize the 

non-functioning fascicles. Whenever possible we 
proceed to a partial graft using the lateral sural 
cutaneous branch as donor (with a vascularized 
pedicle or not) or an allograft. This situation is 
very infrequent.

Finally, the worst situation is when the nerve 
is in discontinuity. It could be a frank discontinu-
ity or a tricky appearance where all the intraneu-
ral structures are in discontinuity but the 
epineurium is in continuity (a Sunderland grade 4 
lesion); the latter, in delayed cases, looks as a 
neuroma in continuity. You must inspect very 
carefully all the length of the nerve, from the 
proximal part, close to the sciatic division, to the 
nerve division into superficial and deep peroneal 
branches, distal to the fibular neck. In the 
 literature there are reports of neurolysis around 
the fibular head vicinity, but, if there is no recov-
ery of the nerve, a second operation verified a 
very proximal nerve rupture [40].

Experience recommends not to trust the first 
impression and macroscopic aspect and to dis-
card rupture of the nerve all along its course by 
direct visualization, palpation, and opening the 

Fig. 27.6 Left knee. Peroneal nerve with important epi-
neural thickening and fibrosis. After external neurolysis 
(a), a longitudinal epineurotomy is done (b) and limited 
internal neurolysis just to clean the hematoma inside the 

nerve and release the fascicles is performed (c). Final 
appearance (d). Hematoma, after some weeks leads to a 
fibrous tissue and scar formation, precluding nerve 
regeneration
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epineurium to rule out a Sunderland grade 4 
lesion (all the axons and perineurium are dis-
rupted but the epineurium is still in continuity as 
shown in Fig. 27.7a–d)). This type of lesion is not 
suitable for nerve suture due to the characteristic 
pathological changes of traction or stretch nerve 
injuries [5, 32, 35], and the nerve ends should be 
trimmed until normal nerve tissue appears in 
order to receive an autograft from the contralat-
eral sural nerve (Fig.  27.8a–d). At present, in 
some countries, there is a possibility to use an 
allograft (limitation in width (4–5  mm) and 
length (70 mm)).

In cases where the nerve is in discontinuity, 
initially the surgical attitude is to graft the gap; 
but at this point the defect length and graft 
length are very important in the prognosis for 
recovery of function of the nerve and muscles. 
There are many reports dealing with this spe-
cific topic [42, 43].

According to Bleton [44], 20 cm is the limit, 
beyond which functional regeneration is no lon-

ger obtained; other surgeons set this limit at 
15 cm [45] and some others [33] at 6 cm. For our 
team, it is not only the length of the graft but also 
when you graft, because time is a very important 
factor in nerve regeneration and recovery. Kim 
[32] analyzes 318 CPN lesions with different 
injury mechanisms, and graft repair was per-
formed in 138 patients at 6 months after diagno-
sis. Useful function was achieved in 75% of 
patients with grafts less than 6 cm, in 38% with 
grafts between 6 and 12 cm, and in 16% in grafts 
longer that 13 cm.

In our practice we proceed to graft the nerve 
gaps up to 12 cm in the acute cases but only up to 
6 cm in the chronic cases. In this acute period we 
refuse to graft nerve defects longer than 12 cm 
because you need to recollect both sural nerves if 
you use autograft (allograft maximum length is 
7  cm); besides, the risks (more surgical time, 
sural graft from both legs, etc.) and benefits (poor 
functional outcomes, not useful motor recovery, 
etc.) is not clear. Graft length is one of the main 

Fig. 27.7 Right knee. Harry Platt syndrome typical intra-
operative anatomopathological findings: fibular head 
avulsion, through the biceps tendon insertion (upper and 
right corner), and a hematoma in relation to CPN (a) just 
behind the biceps femoris tendon; diffuse or fusiform 
hematoma inside the epineurium and stretch lesion of the 

peroneal nerve (b). Connective tissue damage occurs with 
intraneural tissue destruction (c). Even though it seems 
the CPN was initially in continuity in fact it was a 
Sunderland grade 4 injury, epineurium in continuity but 
perineurium and endoneurium totally disrupted (d)
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factors to be considered in the recovery prognosis 
of nerve repair but time and patient age need to 
be considered too [33, 39]. Our group of patients 
use to be young, healthy and active sportsman but 
we must be realistic; We should clearly informed 
the patient and his family (before the operation) 
about the possibility of this severe and extensive 
nerve destruction and the possible future pallia-
tive treatments (poor results of long nerve graft 
and acceptable results of tendon transfers); in 
that cases, we put sutures as a reference at the 
nerve ends, just in case the patient decided to try 
a long grafting in the near future, associated or 
not to a tendon transfer.

The immediate postoperative treatment in 
case of neurolysis do not interfere with the gen-
eral recommendations for the ligament repair and 
reconstruction. In case of nerve grafting, we only 
recommend limitation of the flexo-extension for 
2 weeks and that do not interfere neither, except 
to take some care at dressing the wounds.

Depending on what surgical technique we 
used to manage the nerve lesion, we control the 
recovery with clinical examination every 
6 weeks, and we order the first electrodiagnostic 
studies at 3  months, and from that on every 
3-month intervals. Nerve recovery used to be 
very slow and depends on the initial severity of 
the injury, time to repair, quality of the repair, 
length of the lesion, the graft if used, associated 
vascular injury, and patient age [5, 34, 35], but 
usually it takes months or 1–2 years to recover. 
And some partial recovery is not useful enough 
or sometimes there is no recovery at all. That is a 
very negative situation for young active 
 sportsmen, and you should be cautions when 
answering questions about the prognosis for 
nerve recovery.

Between 6 and 9 months, we need to reevalu-
ate the whole situation. Sometimes a second- 
stage surgery for posterior cruciate or anterior 
cruciate ligament was planned, but very 

Fig. 27.8 Clinical case. Mechanism of injury: severe 
varus and hyperextension of the right knee. Typical avul-
sion of fibular head, biceps (marked with a suture) and 
lateral collateral ligament, and stretching of the peroneal 
nerve at the proximal part (marked with yellow vessel 
loops) (a). Aspect after ligament repair and reconstruc-

tion, and remaining a long nerve defect (b). Sural nerve 
autograft (right) for insertion and comparison with a nerve 
allograft (left) (c); In this patient we used conventional 
sural nerve graft with 9-0 nylon suture and fibrin adhesive 
(d)
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frequently this reconstruction is no longer needed 
because the nerve lesion sequela precluded their 
indication. This is one important factor to con-
sider: evolution and recovery.

In cases with nerve revision in the acute period 
but with nerve defect longer than 12 cm that we 
refuse to graft initially, now is a good moment to 
explain to the patient the real situation. Maybe a 
good option could be to discard a nonmandatory 
surgery on the cruciate ligaments and try to 
improve the nerve palsy dysfunction. In our prac-
tice, we explain the option of long grafts for the 
nerve defect but without expecting a great recov-
ery, perhaps some proprioception, some sensory 
improvement, and maybe some muscular func-
tion but probably not useful for dorsiflexing the 
ankle, and at the same time perform tendon trans-
fers for ankle dorsiflexion and toe and hallux 
extension in a single stage.

27.5.2.2  Operative Treatment 
in Chronic Cases

In cases that the patient arrived to us at the 
chronic stage, the initial planification for pos-
terolateral instability and nerve injury is similar 
to that in the acute stage. The nerve used to be 
difficult to individualize, and there is no hema-
toma to decompress, instead we found an impor-
tant fibrosis around the nerve. We use 
intraoperative NAP across the lesion in the nerve 
in continuity and proceed in the same way as in 
the acute cases [33–35, 39]. The main difference 
is that we do not use grafts alone if the defect is 
longer than 6 cm; in that case we propose a one-
stage nerve repair and tendon transfers [46–49] 
once the patient has recovered from the ligament 
repair or reconstruction [50], once rehabilitation 
of the knee is finished and trophic changes, and 
swelling and edema of the foot and leg have sub-
side resolve. Acquired flatfoot does not appear to 
be a significant long-term complication despite 
the loss of a functioning tibialis posterior tendon 
[51] maybe in relation with the tendency to rigid 
deformity in equinovarus position or technical 
modifications [52]. The new tendency of nerve 
transfers advocates for using a branch of the tib-

ial nerve to the motor branch of the tibialis ante-
rior muscle [53–55] or a lateral gastrocnemius 
branch to tibialis anterior too [56–58]; we have a 
limited experience of one case with the latter 
technique, and we think it is better because of 
the synergism between gastrocnemius and tibials 
anterior (knee flexion and ankle dorsiflexion). 
Some authors proposed a free functional muscle 
transfer (latissimus dorsi, gracilis or rectus fem-
oris muscle), but this is a very complex micro-
surgical procedure [59, 60], with a new donor 
area, and not useful strength for active sport 
practice. Even though we use this microsurgical 
technique in brachial plexus cases, in this paraly-
sis we prefer tibialis posterior tendon transfer to 
the second cuneiform for reanimation of ankle 
dorsiflexion, and hemiabductor hallucis to exten-
sor hallucis longus for hallux extension 
(Fig. 27.9a–d).

27.6  Take Home Message

As a general consideration, we would like to 
remark that nerve repair is one of the most impor-
tant priorities to consider, and a timely operation 
and thorough evaluation and treatment by a mul-
tidisciplinary team are essential for good results. 
We recommend early exploration at the same 
time that of ligament reconstruction or repair. 
The anatomic appearance of a nerve in continuity 
in case of a possible stretch injury should be eval-
uated very carefully, and NAP studies be done. 
The length of the contusion or elongation in a 
non-ruptured nerve is predictive of recovery; If 
NAP traces are negative, the segment of nerve 
should be resected (if less than 6 cm) and grafted 
in the acute phase. Graft length is a prognostic 
factor for regrowth after interfascicular graft.

Functional prognosis for sport-related liga-
ment knee injury associated with CPN palsy 
depends not only on ligament repair and healing 
but also on neurologic recovery; early intraneural 
hematoma decompression is a factor that could 
improve better recovery avoiding intraneural scar 
formation and permanent paralysis.
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28.1  Understanding What PRPs 
Are and How They Work

Platelet-rich plasma (PRP) is a blood derivative, 
produced by centrifugation or filtration of the 
whole blood to concentrate or isolate platelets to 
a level higher (generally considered 3–5 times 
more) than normal plasma levels [1]. The reason 
for this variability in platelet concentration is 
explained by the many different methods avail-
able to produce PRP (e.g., different centrifuga-
tion protocols and the development of several 
commercial kits) [2]. This contributed to gener-
ate confusion in literature, as there are several 
products which may differ in terms of effects and 
indications, which hampers the possibility to 
compare studies and understand the real effec-
tiveness of PRP in the several applications and 
study conditions.

Regardless of the production methods and the 
platelet concentration, PRP is characterized by a 
high concentration of a large composition of 
growth factors and cytokines involved in both 
healing process and immunoregulation. These 
biological mediators are released by exocytosis of 
the platelet α-granules (as well as by the mem-
brane disruption which might occur during 
manipulation of this blood derivative) after their 
activation with an initial burst followed by further 
sustained release. To this regard, there are actually 
different methods to activate PRP, which might 
influence the release curve, but calcium chloride 
is currently the most common. In particular, 5% 
calcium chloride seems to be effective to obtain a 
high concentration of biological mediators in 
PRP, although some products are also promoted 
without the use of an activator, relying on the 
spontaneous activation induced in by the contact 
with the collagen in situ once PRP is injected [3].

The high amount of GFs released is responsi-
ble for the multiple effects of PRP, such as the 
anabolic effect and the enhancement of cell pro-
liferation and differentiation, vessels remodeling, 
modulation of inflammation and immunoregula-
tion, promotion of cell migration and synthesis of 
extracellular matrix proteins [4–7]. In particular, 
among the most studied GFs secreted by platelets 
are included vascular endothelial growth factor 

(VEGF), fibroblast growth factor (FGF), platelet- 
derived growth factor (PDGF), insulin-like 
growth factor-1 (IGF-1), interleukin-10 (IL-10), 
transforming growth factor-β1 (TGF-β1), epider-
mal growth factor (EGF), hepatocyte growth fac-
tor (HGF), etc. [2, 8].

The effects of these GFs have been extensively 
analyzed through in vitro and in vivo studies [2, 
4–10]: TGF-β1 has been shown to enhance 
matrix deposition and induce chondrogenic dif-
ferentiation and cell proliferation, and it down-
regulates type-I collagen gene expression and 
upregulates type-II collagen (like in hyaline car-
tilage) and proteoglycans expression in contrast 
to the effect of IL-1; moreover, it induces migra-
tion toward the site of injury, proliferation, and 
chondrogenic differentiation of bone marrow 
stromal cells (BMSCs). VEGF is a signal protein 
involved in angiogenesis, together with other 
angiogenic factors.

FGF stimulates the proliferation of fibroblasts 
and contributes to angiogenesis.

PDGF stimulates cell proliferation and angio-
genesis, and it has a mitogenic role for fibroblast. 
IGF-1 enhances matrix deposition and stimulates 
cell proliferation and fibroblast differentiation; 
moreover, it is a mediator in growth and repair of 
skeletal muscle; recent evidences has identified 
in the IGF-1 a possible inhibitor of apoptosis, 
regulating the expression of the PDCD 5 protein 
[11]. EGF stimulates proliferation and migration 
of mesenchymal and epithelial cells. HGF stimu-
lates angiogenesis and proliferation of endothe-
lial cells, and it has an anti-fibrotic role and 
increases the level of anti-inflammatory cyto-
kines. IL-10 is an anti-inflammatory cytokine.

Besides the biological rationale, current evi-
dence further supports the role of PRP in modu-
lating the intra-articular environment by affecting 
inflammation in degenerative joint diseases: after 
an initial pro-inflammatory action, with the stim-
ulation of synoviocytes to release metalloprotein-
ases and cytokines, a following phase of 
modulation and reduction of the inflammatory 
response has been demonstrated, with a decrease 
in pro-inflammatory cytokines, contrasting the 
chemotaxis of monocyte-like cells [12]. 
Moreover, pre-clinical literature also showed an 
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analgesic effect of PRP, possibly by increasing 
cannabinoid receptors [13]. Based on this evi-
dence, it is important to underline that PRP may 
not directly promote tissue regeneration, but it 
may rather act through its different bioactive 
molecules affecting tissue homeostasis, slowing 
down the catabolic and degenerative processes, 
and offering a benefit in terms of symptom relief 
and functional improvement.

Thanks to these biological effects, PRPs have 
found different clinical applications over the 
years, from dentistry, maxillo-facial surgery, 
plastic surgery, dermatology, to even orthopedic 
surgery with different evidences of effectiveness. 
The confusion regarding the effectiveness of 
PRPs mostly derives from the aforesaid different 
procedures for its production, with different fea-
tures in terms of platelets, leucocytes, and fibrin 
content, which may cause different biological 
and mechanical characteristics. For this reasons, 
in 2009 Dohan Ehrenfest et al. divided PRP into 
four categories according to the fibrin architec-
ture and the leucocyte content: pure platelet-rich 
plasma (P-PRP), leukocyte- and platelet-rich 
plasma (L-PRP), pure platelet-rich fibrin 
(P-PRF), leukocyte- and platelet-rich fibrin 
(L-PRF) [14]. Each category presents some 
major specificities, but also inside the same cate-
gory, each different product has its own individ-
ual identity. For example, several studies 
evaluated the different behavior of PRF and PRP, 
revealing that PRF remains solid and intact and 
continues to release a large quantity of growth 
factors produced by the cell population longer. 
PRP, instead, releases most of its growth factors 
in the first hours, although a sustained release has 
been demonstrated by some more concentrated 
blood derivatives [14, 15].

Another parameter of this classification is the 
presence/absence of leukocytes. Some authors 
argue that the presence of leukocytes can provide 
a stimulation of the inflammatory process, while 
other authors argue that the presence of leukocyte 
[16] in PRP may increase growth factors and 
anti-pain mediators production [17, 18], also pro-
viding an antimicrobical activity [19]; in general, 
leukocytes have a key role in the regulation of 
inflammatory and healing processes, but this 

remains nowadays one of the most important dis-
cussed point about PRPs. Regardless of these dif-
ferences, PRPs have been applied in clinical 
practice, showing promising results as minimally 
invasive treatments for knee osteoarthritis, where 
it seems to provide a short-term symptomatic 
benefit [20]. However, although the general bio-
logical rationale for the use of PRPs is known, 
and despite some promising clinical findings, 
further studies are still needed to better under-
stand the different biological and clinical effects 
of the different formulations, as well as the best 
way to exploit PRP properties to provide better 
clinical results and to identify the best indications 
for the use of PRPs.

28.2  Growth Factors 
for the Treatment 
of Myotendinous Injuries

With the increasing prevalence of acute muscle 
injuries associated with competitive sport, there 
has been an increased interest in optimizing treat-
ment strategies for athletes who suffered these 
lesions. Clinical examination and imaging are the 
bases for the diagnosis of muscle injury, in par-
ticular magnetic resonance imaging (MRI) and 
ultrasound (US) are mainstay of imaging, and 
both modalities have demonstrated good speci-
ficity and sensitivity for tendinopathy or tears 
[21–23]. During the last few years, platelet-rich 
plasma (PRP) used to speed up and improve the 
healing of muscles and tendons, modulate inflam-
mation mediators, decrease time to return to 
sports, and improve activities of daily living [24] 
and has become popular.

As we explained previously, PRP is obtained 
centrifuging autologous blood to separate it into 
layers based on the density of the contents. 
Platelets and leukocytes are separated from 
erythrocytes, and further centrifuging increases 
the concentration of each component. In addi-
tion, thrombin and calcium, which are activating 
agents, can be added to serum to begin the release 
of growth factors, or PRP can be injected and 
activation occurs when it comes into contact with 
collagen [24, 25].
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The main component of PRP are the platelets, 
which can mediate the release of several growth 
factors essential in the healing process. Various 
formulations of PRP are on the market, and there 
is speculation regarding the benefit of leukocyte- 
rich (LR) versus leukocyte-poor (LP) PRP [25]. 
A recent study comparing LR and LP PRP for-
mulations for tendinopathy demonstrated a better 
histologic healing response with LP PRP, possi-
bly from a higher concentration of catabolic cyto-
kine such as IL-6, in LR preparations [26].

During the healing response, the inflammatory 
phase is important, but an excessive reaction and 
duration of this phase can increase pain, fibrosis, 
and ring scar [27]. For this reason, the optimal 
platelet and leukocyte concentrations actually 
remain unclear.

In orthopedic practice, benefits have been 
shown with the use of PRP for the management 
of conditions such as lateral epicondylitis, knee 
osteoarthritis, rotator cuff tendinopathy, patellar 
tendinopathy, Achilles tendinopathy, and plantar 
fasciitis [28–33]. Conversely, surgical repair such 
as anterior cruciate ligament reconstruction, rota-
tor cuff repair, Achilles tendon repair, and frac-
ture healing have not been shown to benefit from 
the application of PRP [34–36].

Basic science research demonstrated that 
muscle regeneration and myogenesis depend on 
paracrine growth factors such as insulin-like 
growth factor-1 (IGF-1), hepatocyte growth fac-
tor (HGF), fibroblast growth factor 2 (FGF-2), 
transforming growth factor-ß1 (TGF-ß1), tumor 
necrosis factor-a (TNF-a), platelet-derived 
growth factor (PDGF), and prostaglandins (PG). 
Moreover, a single study demonstrated that the 
addition to PRP of an antifibrotic agent, such as 
Losartan, enhances muscle healing by stimulat-
ing regeneration and angiogenesis and preventing 
fibrosis [37].

A recent work [27] has investigated the time 
of return to sport and the risk for reinjury after 
acute grade 2 muscle lesions in recreational 
group of patients and competitive athletes treated 
with or without PRP. Statistically significant dif-
ference (p = 0.001) was found between these two 
groups with a mean time to return to sport of 
21.1 days for the PRP group and 25 days for the 

control group [27]. Delos et al. reported no com-
plications from PRP injections and a return to 
sport in half the time compared to athletes not 
treated with PRP, but no control group was avail-
able for comparison [38]. In 2014, a randomized 
controlled trial [39] examined outcomes for the 
use of PRP in acute grade 2 hamstring injuries, 
with a return to play of 26.7 days compared to 
42.5 days for the control groups (p < 0.001), but 
no statistical significance was found in the over-
all VAS pain scores [39]. A recent systematic 
review [40] evaluated return to sport in 268 ath-
letes (mean age 25 years) treated with or without 
PRP for acute muscle injuries in different sports, 
with 12 months follow-up. Soccer was the most 
common sport for acute muscle injury at 69.2%, 
the difference in time to return to sport between 
the groups was 6  days in favor of PRP [40]. 
Furthermore, while for acute 1 or 2 muscle 
strains, there was a significant reduction in time 
to return to sport with no increased risk for re- 
rupture at 6 months, acute grade 1 or 2 hamstring 
strains showed no difference in time of return to 
sport compared with the control group [40].

Conversely, some additional studies challenge 
the clinical utility of this treatment, for example, 
Hamilton et  al. [41] comparing the use of PRP 
injection, platelet-poor plasma (PPP) injection, 
and no injection, reported that the mean time of 
return to sport was 21  days in the first group, 
27 days in the PPP group, and 25 days in the no 
injection group. Comparing PRP and PPP, there 
was a significant difference in favor of PRP 
(p = 0.01), with no significant difference between 
PRP and no injection groups (p = 0.210). Reinjury 
rate at 6 months posttreatment showed no differ-
ence between the groups. A meta-analysis evalu-
ated six studies, among which only two were 
randomized controlled trials, analyzing the effect 
of PRP for the management of acute muscle inju-
ries comparing the use of placebo injection or 
physical therapy [42]. The time to return to sport 
was significantly shorter in patients treated with 
PRP with a mean difference of 7.17  days 
(p  <  0.05). However, considering that in this 
meta-analysis only studies (n  =  3) dealt with 
hamstring injuries, no significant differences 
were found between the groups [42].
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In summary little evidence and a low number 
of studies exist demonstrating a clear benefit of 
PRP, and the comparisons between outcomes 
studies are limited by variability in design, PRP 
preparation, or application techniques; moreover, 
reinjury rates are reported only in some studies. 
More studies are needed to better understand the 
role of PRP in the management of acute muscle 
and tendon strains.

28.3  Growth Factors 
for the Treatment 
of Ligamentous Injuries

28.3.1  Ligament Structure 
and Composition

Ligaments are key joint elements since they con-
nect the bones to each other and provide stability 
to the joint. However, these bands of fibrous tis-
sue have a structure and composition that condi-
tion their regenerative properties and therefore 
their ability to repair. Said composition is charac-
terized by a high water content compared to the 
solid material, most of which is extracellular 
matrix dotted with a small number of fibroblasts 
that are also responsible for the maintenance and 
repair of this tissue.

The most predominant protein in the ligament 
is collagen, which is mostly organized in colla-
gen fibers type I, with a much lower presence of 
fibers type 3. Due to the torsion and traction 
forces to which the ligaments are subjected, these 
collagen fibers adopt a wide variety of directions 
and orientations. Other extracellular matrix pro-
teins present in ligaments are proteoglycans, 
elastin, actin, laminins, and integrins [43].

Microvascularity and nerve ending reach the 
ligaments through the epiligament providing pro-
prioception and nociception. All these structural 
characteristics allow the ligaments an optimal 
mechanical and visco-elastic behavior for their 
stabilization function in addition to detect and 
control the position and the movement of the 
knee.

However, this excellent organization for the 
performance of joint functions is limited in terms 

of regenerative properties, which are also ham-
pered by the poor vascularization of the liga-
ments. Consequently, they are structures with 
little capacity for repair after injury and that also 
are susceptible to relapse. Thus, the use of bio-
logical therapies that stimulate the regenerative 
processes is a promising tool in this kind of 
lesions [44].

28.3.2  Ligament Repair Process

In the manner of other musculoskeletal injuries 
and PRP applications, it is necessary to under-
stand the repair processes that occur in the liga-
ment after an injury in order to maximize the 
therapeutic properties of PRP.  Actions such as 
strong impacts or abrupt direction changes cause 
the rupture of ligaments due to the large excess of 
mechanical energy they generate. As a conse-
quence of this rupture, both the extracellular 
matrix and vascularization are affected, generat-
ing extravasation of plasma in the injured tissue 
as well as in the adjacent areas [45]. The signals 
generated at this stage attract cellular elements, 
namely endothelial cells, macrophages, platelet, 
and mesenchymal stem cells (MSCs), which are 
activated and migrate from their niches to the 
injured site. Because of biomolecules, growth 
factors, and cytokines released by these cells, 
symptoms such as heat, edema, pain, and dys-
function appear to protect the knee from further 
damage. Along with this cell migration, an angio-
genesis occurs through which new vessels as well 
as new extracellular matrix are synthesized. Next, 
a fibrin clot is formed where platelet and MSCs 
are anchored, releasing more biomolecules that 
favor repair process [46]. All these steps lead to 
the formation of a scar of granular tissue in which 
the proteins, mainly the collagen type I and III, 
are synthesized by fibroblasts. The last and lon-
gest stage is the remodeling of the tissue where 
cellularity and vascularity decrease.

Therefore, the biological element is essential 
in ligament repair, and it is necessary to take it 
into consideration for an optimal healing. 
Biological therapies such as PRP or MSCs con-
tain or synthetize biomolecules that can modulate 
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and optimize these repair processes. Associating 
the biological therapies in the anterior cruciate 
ligament reconstruction surgery could be a great 
advance due to the great variability of results in 
this surgery [47]. They would help to enhance the 
key aspects that influence the failure or not of 
reconstruction such as the integration of anchor 
points or the remodeling of the graft, promoting 
safer rehabilitation and a faster return to activity.

28.3.3  Biological Action of Platelet- 
Rich Plasma in Ligament 
Injuries

The therapeutic action of PRP is based on 
increased concentrations of platelets with respect 
to blood levels and the absence of harmful ele-
ments for the articulation such as red blood cells. 
In addition, being an autologous product makes 
this therapy completely personalized with high 
patient safety. The activation of the platelets pres-
ent in the PRP causes the active biomolecules 
that reside in their granules to be released and 
together with the circulating plasma molecules 
form a biological cocktail capable of mimicking 
and modulating the physiological process of tis-
sue repair [44]. This biological regulation carried 
out by the growth factors takes place throughout 
all the phases of the healing process explained 
above.

Thus, an exaggerated initial inflammatory 
response in a ligament injury that could lead to 
fibrosis and limit recovery could be attenuated by 
growth factors such as hepatocyte growth factor 
(HGF) and insulin-like growth factor (IGF-1). 
These molecules act on the NF-kB cellular sig-
naling pathway, inhibiting their inflammatory tis-
sue stimulation and thereby generating an 
anti-inflammatory effect [48]. Other growth fac-
tors within the PRP enhance the processes related 
to the activity of the cells and their arrival at the 
area of the lesion. Platelet-derived growth factor 
(PDGF) and transforming growth factor-β (TGF- 
β), for instance, stimulate the activation, migra-
tion, and proliferation of different cell 
populations, including MSCs, and VEGF is a key 
protein in neovascularization [49]. Finally, in the 
new tissue formation phase, several studies have 

demonstrated the importance of fibroblast growth 
factor (FGF) in the stimulation of the processes 
that lead to the synthesis of collagen and in the 
proliferation of fibroblasts, both are key elements 
in the structure and composition of the ligaments 
[50, 51].

In vivo studies confirmed that the application 
of biological stimuli based on PRP improves the 
recovery and quality of repaired tissue. 
Hildebrand et al. observed that the application of 
growth factors in a rabbit model of acute collat-
eral ligament injury favored the biomechanical 
properties of the ligament in the repair of early 
stages [52]. In another study carried out in a por-
cine model of anterior ligament reconstruction, 
the authors demonstrated that the application of a 
collagen-platelet composite improved the struc-
tural properties of the graft and reduced early 
knee laxity [53]. Zhang et  al. also studied the 
application of PRP-based therapies for anterior 
cruciate ligament reconstruction in rabbits. They 
combined PRP with a gelatin sponge and 
achieved bone marrow MSC proliferation, osteo-
genic gene expression, and early healing process 
at the tendon–bone junction [54].

The translation of these findings achieved in 
basic research to clinical practice has generated 
variable although promising results [55]. This 
variability of the outcomes could be due to the 
early stage of the use of PRP in this type of sur-
gery, whose protocols are neither optimized nor 
standardized, and their application is very hetero-
geneous. In some cases, the choice of PRP can be 
key since the use of leukocyte-rich plasma could 
hinder the anti-inflammatory action [56, 57] so 
the results when used in this surgery could not be 
as expected [58, 59]. In addition, the application 
of PRP is also an important factor to obtain the 
adequate result. When applying the PRP, it is 
necessary to cover all the elements of the surgery, 
injecting both the tunnels and the graft. This 
favors the ligamentization of the tendons used as 
graft, an antiapoptotic effect on it and a better 
bone integration [44]. The lack of application on 
any of these components could lead to a decrease 
in the effectiveness of the technique [36, 59, 60]. 
Authors of several works observed improvements 
in aspects such as bone tunnel [61], joint stability 
[59], and return to previous level of activity with-
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out surgery in patients without partial ACL tears 
[62]. More clinical studies are necessary to opti-
mize both the type of PRP and the application 
protocol used in ligament injuries.

However, the outpatient or surgical applica-
tion of this technique in a tissue with a low regen-
erative capacity is a promising tool in these 
pathologies. Its biological action together with 
the mechanical stimuli generated during physio-
therapeutic work would achieve an optimal 
recovery. To that end, it is necessary both to 
understand the mechanism of action of PRP and 
to administrate it properly.

28.3.4  Application of Platelet-Rich 
Plasma in Ligament Injuries

28.3.4.1  Anterior Cruciate Ligament 
Reconstruction by 
Arthroscopy Associated 
with PRP

Next, the application of PRP at different times 
during the reconstruction of anterior cruciate lig-
ament by arthroscopic surgery is described in 
order to leverage the biological stimuli in key 
aspects of the surgery (Fig. 28.1) [44, 63]. These 

points can also be transferred to other ligaments 
that require surgery.

Before inducing anesthesia, the volume of 
peripheral venous blood needed is withdrawn to 
obtain the required amount of PRP that will be 
applied during surgery. Part of the PRP will be 
activated with calcium chloride to allow a fibrin 
clot/membrane to form and place it at the end of 
surgery in the donor region of the tendon or bone- 
tendon- bone if it has been used as autograft.

The steps followed during surgery include the 
usual arthroscopic assessment of the joint, 
cleaned of remaining LCA, chondroplasty, and 
the obtention of autografts if their use has been 
selected. In addition, a bed of bleeding bone is 
created, which will provide cells and proteins 
that enhance the integration of the graft. 
Regardless of whether allografts or autografts are 
used, they are infiltrated with activated PRP as 
well as soaked in a recipient with PRP until 
implantation. The activation of PRP with calcium 
chloride prior to infiltrations performed during 
surgery not only causes the release of platelet 
content but also prevents local hypocalcemia.

When generating the tunnels, and in case the 
chosen surgical technique involves the use and 
extraction of bone plugs, these will also be 

1

2

3

Fig. 28.1 Application of PRP in the reconstruction of the 
anterior cruciate ligament. The activation of PRP with cal-
cium chloride at the beginning of surgery allows the for-
mation of a fibrin clot to place it in the donor region of the 
autografts if these are used (1). The liquid formulation of 

activated PRP is used to infiltrate and soak grafts and bone 
plugs (if this technique is used) (2). At the end of the sur-
gery, activated PRP is also injected into the grafts as well 
as into the tunnels intraosseously (3)
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immersed in activated PRP and re-implanted 
when the graft is introduced, sealing the tibial 
tunnel. Moreover, the bone surrounding the tun-
nels is injected with PRP after graft fixation using 
trocar for bone biopsy, and graft is again infil-
trated after placing. All this PRP application will 
provide a source of proteins and cells that enhance 
graft integration. Finally, a PRP intraarticular 
infiltration is conducted generating a biological 
anti-inflammatory environment.

For the optimal recovery of the patient, it is 
necessary that we follow a physiotherapy plan so 
that the mechanical stimulation generates the 
mechanotransduction phenomena [64]. The syn-
ergy between these and the biological action of 
the PRP will achieve a better and faster healing.

28.3.4.2  Ultrasound-Guided Platelet- 
Rich Plasma Injections 
for Ligament Injuries

In both the cases of acute injuries and chronic 
conditions that do not require surgery, the outpa-
tient application of PRP may help the patient 
improve symptomatically and accelerate their 
recovery. This technique is in demand in the inju-
ries of knee lateral ligaments, and lesions may be 
located into the ligament body or insertions 
(Fig. 28.2) [58].

Prior to infiltration, all the interventions will 
be conducted under aseptic conditions, cleaning 
and sterilizing the intervention area and using a 
sterile protector on the ultrasound probe. Local 
anesthesia is normally not necessary and the vol-

ume of injected PRP could vary from 3 to 8 mL 
depending on the size of the ligament.

When ligament lesion is located by ultrasound 
examination, activated PRP is also performed 
under ultrasound guidance with the probe in the 
long axis. It is applied both in the area of the 
damaged tissue and in the adjacent healthy areas, 
whose biological stimulation will help repair the 
damaged area. The needle should be inserted as 
parallel as possible to the ligament to ensure a 
proper distribution and diffusion of the PRP 
along the ligament. After infiltration, it is advis-
able to apply ice for a few minutes to relieve both 
pain and inflammation.

This infiltration could be repeated weekly 
depending on the clinical evolution of the injury 
which is assessed by ultrasound or magnetic res-
onance. As mentioned in the anterior cruciate 
ligament reconstruction, in these outpatient cases 
a good physiotherapy work is also key to achiev-
ing an optimal recovery.

28.4  Growth Factors 
for the Treatment 
of Meniscal Injuries

28.4.1  Anatomy and Biomechanical 
Aspects of the Meniscus

The term meniscus is derived from the Greek 
“meniskos” (crescent), adopted because of the 
structures’ semilunar shape when seen from the 

a b

Fig. 28.2 Ultrasound-guided percutaneous PRP injec-
tions into medial collateral injection. The infiltration of 
the ligament is performed with the ultrasound probe in the 
long axis, allowing to observe the ligament (blue) as well 

as reference structures such as the distal femur (red) and 
the meniscus (green) (a). Placing the needle parallel to the 
ligament allows diffusion along this structure, which 
thickens when the PRP infiltrates (yellow) (b)
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top [65]. The knee joint has two menisci, the larg-
est in the human body—a C-shaped medial menis-
cus covering approximately 50–60% of the medial 
tibial plateau, and the lateral meniscus with a more 
circular shape, covering approximately 70–80% of 
the lateral tibial plateau [65, 66].

The menisci constitute a part of the “meniscus- 
meniscal ligament complex” consisting of the 
menisci, their bone attachments (anterior and 
posterior roots) and the ligaments attached to the 
respective meniscus bodies (menisco-tibial, 
menisco-femoral, menisco-patellar, transverse 
meniscal, oblique meniscomeniscal) [65, 67]. 
Their histological structures change in accor-
dance with age, injuries, pathological conditions, 
and other factors. About 70% of a meniscus is 
water, with the remaining 30% dry weight com-
posed of collagens, glycosaminoglycans, DNA, 
and glycoproteins [65, 66]. About 75–80% of the 
organic matter is collagen, predominantly colla-
gen type I, with low content of collagen II, III, V, 
VI, and XVIII [65, 66, 68].

The important factors fostering meniscal 
development and healing are the structure and 
proximity to the perimeniscal capillary plexus. 
Based on the observation described, menisci 
were divided into zones [69]: red-red (vascu-
larized part, fibroblast-like cells, Cooper zone 
0 or 1) characterized by a good healing poten-
tial, white-red (transition part, Cooper zone 2) 
with intermediate healing potential, and white-
white (avascular part, chondrocite-like cells, 
Copper zone 3) with very low healing poten-
tial. [65, 68]

A classification of meniscal tears was devel-
oped by ISAKOS, containing the following com-
ponents: (1) tear depth, (2) rim width (zone 1, 2, 
3), (3) radial location, (4) location according to 
popliteal hiatus, (5) tear pattern, (6) tissue qual-
ity, (7) length of tear, (8) the amount of meniscal 
tissue excised, (9) the percentage of meniscus 
excised (surface area) [70–74].

Risk factors from a meta-analysis by Snoeker 
et  al. showed a strong evidence that age (older 
than 60  years), gender (male), work-related 
kneeling and squatting, and climbing stairs 
(greater than 30 flights) constituted risk factors 

for degenerative meniscal tears [75]. Playing soc-
cer or rugby was also connected to higher inci-
dence of acute meniscal tears. Knee instability 
for a period longer than 12 months constituted a 
strong risk factor for a medial meniscal tear but 
not for lateral meniscus injuries [75]. Medial 
meniscal tears were also associated with advanced 
age, female gender, higher BMI, increased 
Kellgren-Lawrence grade, varus mechanical axis 
angle, and low sports activity level [76].

The meniscus plays pivotal role for biome-
chanics of the knee. Its major roles include load 
transfer, shock absorption, lubrication, and nutri-
tion of joint cartilage [68, 70]. As menisci are 
involved in so many different processes, their 
injuries are very common, with annual incidence 
estimates at 0.33–10.08 per 1000 person-years 
[75, 77–81]. Arthroscopy is the procedure of 
choice for most of these patients, with 
arthroscopic partial meniscectomy performed 
most typically. The data available regarding the 
early osteoarthritis onset after meniscectomy has 
not changed the routine for many years [67]. 
Currently, meniscal repair is considered “a gold 
standard” for young and active patients, but an 
increasing volume of data shows that even in 
patients aged 40 years and older, meniscal repair 
yields very good healing rates and patient- 
reported outcome measures (PROMs) [82].

Approximately 52–93% of meniscal repairs 
have been reported to heal, with many factors 
influencing the process already identified. The 
most important seems to include tear type, time 
from injury, chronic vs. acute injury, knee load 
bearing, medial vs. lateral meniscus injury. A 
subgroup of patients with failed meniscal repairs 
still remains, though. So far, many techniques 
have been used to improve the healing rates after 
meniscus repair. A limited number of clinical 
 trials have provided evidence for the use of bio-
logical augmentation: vascular access channel 
formation, fibrin clot/fibrin glue technique, 
platelet- rich plasma, or bone marrow venting 
procedures. Still, extending our knowledge of 
current methods fostering meniscus healing and 
developing new ones continue to be of high 
importance [65, 66, 83].
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28.4.2  Patient Assessment

28.4.2.1  Clinical Examination
Physical examination and medical history are 
essential for correct diagnosis, constituting the 
initial step in clinical evaluation for meniscal 
tears [65, 67]. Within a short time after the injury 
and before seeing a doctor, the patient may com-
plain of pain when bending the knee, climbing 
stairs or squatting, decreased range of motion, 
locking, swelling, popping, catching, etc. Patients 
with degenerative meniscal tears report mild 
catching, snapping or clicking, occasional pain, 
or mild swelling [66, 67, 83, 84].

Uncovering the injury mechanism is impor-
tant. Most meniscal injuries occur when the knee 
is partially flexed and a rotational force is applied 
to the joint. Then the menisci may become 
impaled between two condyles [65, 66, 71, 84], 
and patients usually report having heard or felt a 
“pop” followed by acute pain [65, 67].

A physician examines general knee structures 
and then proceeds to specific tests to exclude 
associated injuries, e.g., of cruciate ligaments or 
collateral ligaments [65, 66, 71]. The final diag-
nosis is then confirmed with specific meniscal 
tests. There are several provocative tests used for 
meniscal tear detection: palpation tests (joint 
line tenderness, McMurray’s) and rotation tests 
(Apley’s, Thessaly’s, Childress, etc.). There is 
no single perfect test for meniscal injury (sum-
marized in Table  28.1), with most satisfactory 

results possibly achieved by performing 2–3 dif-
ferent tests and comparing the results, taking 
medical history and personal experience into 
account [65, 71, 84].

28.4.3  Radiological Assessment

Imaging techniques also play an important role in 
confirming meniscal tear diagnoses. Standard 
X-ray images (anteroposterior and lateral) should 
be made after acute injury to exclude bone frac-
tures and other bone pathologies [71, 84]. 
Ultrasonography may be useful in diagnosing 
meniscal tears because of low cost and high avail-
ability. The sensitivity of meniscus ultrasonogra-
phy is 85%, while specificity ranges around 69% 
[89, 90].

Currently, magnetic resonance imaging con-
stitutes a gold standard for meniscal tear imaging 
with its high sensitivity of 79% for lateral menis-
cus and 93% for medial meniscus and specificity 
of 96% for lateral meniscus and 88% for medial 
meniscus [65, 72].

MRI for meniscal pathologies should consist 
of three planes: sagittal, coronal, and axial, high 
spatial resolution, a typical field of view of 
14 cm × 16 cm, and slice thickness of no more 
than 3  mm. It should be performed in two 
sequences: T1-weighted proton density sequences, 
sagittal, to evaluate anatomy and morphology of 
ligaments, menisci and osteochondral structures, 

Table 28.1 Meniscal test specificity and sensitivity [85–88]

Test Examination
Sensitivity 
(%)

Specificity 
(%)

Joint line 
tenderness

Pain while pressing on the medial/lateral joint line, bent knee 83 83

McMurray’s test Pain with flexed knee and twisting the foot in external and internal 
rotation, patient supine

61 84

Apley’s test Pain with foot pressed forced and rotated internally and externally, 
patient prone, knee is flexed at 90°

60 70

Thessaly’s test Discomfort and locking sensation when patient stands on one foot 
with the other knee flexed at 5° and then 20°. Perform knee and body 
rotation three times internally and externally

75 87

Childress sign 
(squat test)

Pain while doing squats and “duck walk” 68 66

Steinmann I test Pain during external and internal rotation of foot while patient sits on 
the table with legs dangling

48 89
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with the view providing high sensitivity to menis-
cal tears, followed by T2-weighted fast spin-echo 
with specific fat suppression or STIR, to evaluate 
pathology of intra-articular structures, exhibiting 
lower sensitivity but higher specificity. A 3-grade 
scale of abnormal meniscal signal is also avail-
able, with third grade identified in arthroscopy in 
90% of cases. The scanner used for meniscal tear 
imaging should operate at no less than 1.5 T, and 
3.0 T yields somewhat more detailed images, but 
several studies already compared 1.5 T and 3.0 T 
and demonstrated no significant difference [65, 
71, 91–94].

MRI Meniscal Tears Classification includes 
orientation within the meniscus (longitudinal, 
radial, parrot-beak tears) and the spatial plane 
(horizontal, vertical). Additionally, special types 
of meniscal tears like bucket handle, flipped 
meniscus, complex tear, or meniscal root tear are 
included [71].

When patients are not able to get an MRI, usu-
ally because of medical contraindications (heart 
pacemakers—especially older types, insulin 
pumps, implanted hearing aids, neurostimulators, 
ferromagnetic metal clips, metallic bodies in the 
eye), computer tomography arthrography could 
be performed. The CT arthrography has sensitiv-
ity of 86% and specificity of 100% for the evalu-
ation of meniscal lesions, surpassing an 
ultrasound scan [65, 91].

28.4.4  Orthobiological Techniques

Injury of the meniscus occurring in close proxim-
ity to the perimeniscal capillary plexus (red-red 
zone) is amenable to repair. Unfortunately, tears 
in the avascular part (white-white zone) are very 
unlikely to heal. These patients often undergo 
partial meniscectomy to preserve the undamaged 
meniscus part, relieve pain and regain range of 
motion in the locked knee. Disadvantages of the 
treatment include bigger load on knee cartilage 
and erosion of articular surface leading to osteo-
arthritis development and usually total knee 
replacement in the near future [65, 95, 96]. The 
progression encouraged orthopedic surgeons to 
develop new options for the treatment of tears 

located in red-white or white-white zone, starting 
with simple options such as rasping of the injury 
site and the synovium [97]. Throughout the years, 
many orthobiological techniques have been dem-
onstrated to enhance meniscal tear healing in 
clinical trials, including vascular access channels 
and synovial abrasion, fibrin clot, platelet-rich 
plasma (PRP), and bone marrow venting proce-
dures (BMVP) [66, 96].

28.4.4.1  Vascular Access Channels 
and Synovial Abrasion

These simple methods were developed in the 
1980s. First evidence was provided by Arnotzky 
et al. [98] and Gao [99] on a canine meniscal tear 
model. Later on Fox et al. [100] analyzed the effi-
cacy of incomplete meniscal lesion trephination 
with good to excellent results in 90% of patients. 
Additional evidence was provided by Zhang 
et  al., who demonstrated significantly smaller 
retear rate of repaired menisci when performed 
concomitantly with meniscal trephination [101]. 
In addition to creating vascular access channels, 
the increasing rate of synovial attachment to the 
meniscus also increases blood supply. In animal 
studies, this technique was found successful and 
valuable in the treatment of meniscal lesions 
[102]. A modified technique was developed to 
create a synovial flap [103, 104]. Interestingly, 
synovial abrasion was effective in clinical setting 
[105] and capable of inducing meniscal healing 
without surgical fixation [106].

28.4.4.2  Fibrin Clot (FC)
Studies have demonstrated that extra-articular 
tissues heal following a predefined sequence of 
events. At the beginning, a blood extravasation 
and formation of a primary fibrin–platelet clot 
occurs, which then fills the gap between the torn 
tissue ends. This process creates scaffold for the 
cells to migrate to and remodel the primary clot. 
In the next steps, a scar forms, filling the defect. 
In contrast, an injury to the joint tissues activates 
synoviocytes and upregulates urokinase plasmin-
ogen activator (PA) expression, which is excreted 
to the intra-articular environment. As a result, the 
plasminogen present in the synovial fluid is con-
verted into its plasmin [72], which degrades 
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fibrin. Therefore, fibrin in the intra-articular 
space is unable to form a stable clot [73–75]. This 
early loss of this provisional scaffold is consid-
ered as a reason why tissues within joints fail to 
heal [73, 74, 107].

The use of exogenous fibrin clot represents an 
initial augmentation technique in meniscal repair. 
It was demonstrated successful in preclinical and 
clinical studies [108, 109].

Injuries occurring within the meniscus red-red 
zone lead to the activation of coagulation pro-
cesses in damaged vessels. Initiation of extruding 
and intrinsic coagulation pathways results in 
thrombin formation and conversion of fibrinogen 
into an FC, releasing inflammatory cells and 
growth factors as well as distributing undifferen-
tiated mesenchymal cells. The white-white zone 
of the meniscus does not possess vascular supply 
to provide healing factors [109–111]. An FC 
made from peripheral blood and supplied close to 
the meniscus tear could imitate the process which 
occurs in response to injury in the vascular zone 
and supports the healing cascade [109, 112].

The mechanism of autologous FC action is 
still unsure. It is presumed that injury exposes 
collagen fibers and attaches FC to them enabling 
a gradual release of growth factors (GF)—the 
transforming growth factor (TGF-β1), platelet- 
derived growth factor (PDGF), and vascular 
endothelial growth factor (VEGF)—into the local 
environment. GFs exhibit chemotactic activity as 
well as stimulate angiogenesis, fibroblast prolif-
eration, and collagen synthesis [95, 110, 113]. 
FCs form fibrin matrices, highly organized struc-
tures to better stimulate the healing process and 
stem cell migration [110, 114]. Studies have 
demonstrated that FC releases growth factors 
gradually and in small concentrations over a lon-
ger period of time as compared to platelet-rich 
plasma (PRP) [110]. The former may be also pre-
pared faster and cheaper, as there is no need for 
special equipment [112].

In 1988 Arnoczky et al. made FC more pop-
ular when he examined 12 dogs with full-thick-
ness meniscus injury and revealed that 
supplying FC to the meniscal lesion supports 
healing by stimulating proliferation of fibrous 
connective tissue that eventually develops into 
fibrocartilaginous tissue [115]. Sethi et al. mod-

ified the technique and successfully applied it 
in clinical practice [113]. Later on, studies by 
Henning et  al. showed that application of the 
fibrin clot technique in meniscal repair may 
decrease the failure rate from 41 to 8% [116]. 
Jang et  al. repaired 41 meniscal tears by sup-
plying FC through a cannula inserted under the 
meniscus and sutures. Eight months after the 
initial surgery, they performed second-look 
arthroscopy or MRI. Interestingly, 39 out of 41 
menisci were healed (95%) [112]. Similar 
results were obtained when FC was applied to 
the repair site of radial meniscal tears [117]. 
Chrystanthal et  al. treated 24 patients with 
meniscus tear arthroscopically along with FC 
injected into the joint through a cannula and 
then placed into the meniscal gap reduced by 
tightening the sutures [108]. Another study by 
Ra et  al. involving 12 patients provided evi-
dence for augmentation of radial meniscal tears 
with fibrin clot. Postoperative MRI after 
11  ±  3  months showed 11 completely and 1 
incompletely healed menisci. Postoperative 
Lysholm and IKDC subjective knee scores were 
improved significantly at a mean of 
30 ± 4 months after surgery [118].

28.4.5  The Use of Platelet-Rich 
Plasma (PRP) in Meniscal 
Injuries

PRP is a concentration of blood platelets and 
growth factors in a small volume of plasma. 
Platelets, called thrombocytes, are cytoplasmic 
fragments of mature megakaryocytes in bone 
marrow. If the defect site is small, platelet clot-
ting is sufficient, but larger wounds may require 
mature blood clots. A blood clot is activated via 
intrinsic and extrinsic pathways. Coagulation 
occurs by polymerization of fibrinogen mono-
mers. The fibrin clot provides a matrix environ-
ment for migration of fibroblasts and other 
tissue-forming cells, including endothelial cells, 
leukocytes, etc. [119]. They stimulate tissue 
regeneration and wound healing and release GF 
locally. TGF-β, PDGF, VEGF, EGF, and IGF-1 
are associated with the healing cascade leading to 
cellular chemotaxis, promotion of angiogenesis, 
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collagen matrix production, cell proliferation, 
and stimulation of bone tissue regeneration.

Platelet-rich plasma clots also stimulate 
DNA synthesis, extracellular matrix (ECM) 
synthesis, and mRNA expression of biglycan 
and decorin [95, 107, 119–122]. PRP is made 
from patient’s own blood. Centrifugation sepa-
rates whole blood into three fractions: platelet-
poor plasma (PPP), platelet-rich plasma, and red 
blood cells [119–123].

Ishida et  al. carried out in  vitro and in  vivo 
studies to verify a hypothesis of PRP enhancing 
meniscal tissue regeneration. The in vitro study 
showed that concentration of growth factors was 
higher in the PRP sample than in the PPP sample. 
PRP was found to promote meniscal cell prolif-
eration by stimulating higher expression of bigly-
can and decorin mRNA and synthesis of TGF-β1, 
VEGF, and SGAG. The in vivo study in rabbits 
with injury in the avascular meniscus zone 
showed that PRP stimulated higher expression of 
biglycan and decorin mRNA as well as higher 
synthesis of DNA and ECM [124].

Several clinical trials have been carried out 
with PRP as an adjuvant to the operative menis-
cal repair. In a study by Pujol et al., 51 young 
patients underwent open meniscal repair. 
Seventeen of them received an additional PRP 
injection during the procedure. After 1  year, 
MRI was performed and five cases were 
observed without hypersignal within the 
repaired meniscus (chronic tear) in the group 
with PRP injection contrasted with no cases as 
described above in the group without PRP. After 
minimum 2 years of follow-up, improved scores 
were reported for PRP group in KOOS and 
IKDC scales [125]. A study by Kaminski et al. 
showed a significant improvement in the rate of 
meniscal healing of complete vertical meniscal 
tears after arthroscopy [126]. The recorded 
improvement was from 47% (no PRP) to 85% of 
repaired menisci treated with PRP supported 
arthroscopy. Similarly to previous studies, a sig-
nificant improvement in PROM scores was 
noticed. Griffin et al. performed a retrospective 
analysis, with a second- look surgery and the 
Lysholm score as the main outcomes analyzed, 
with minimum 2 years of follow-up. The authors 
failed to show any benefit of PRP augmentation 

in the treatment of meniscal tears [127]. 
Furthermore, in a non- randomized study, plate-
let-rich fibrin and PRP were incorporated into 
17 arthroscopic meniscal repairs, with five 
patients in the control group [110]. The PROMs 
recorded were comparable in both groups, and 
no benefits of biological augmentation use were 
observed. Similarly, a recent study of lateral dis-
coid meniscus lesion arthroscopic repair dem-
onstrated no significant differences in pain 
relief, functional improvement, or failure rate 
between the groups at mid-term follow-up 
[128]. However, all these studies were small in 
terms of participant numbers, with the risk of 
having been underpowered for all the outcomes. 
Additionally, tear type and location differed for 
each of the studies.

PRP was also used to augment meniscal 
transplants. Recently Zhang et al. [129] reported 
the outcomes of 31 patients who underwent a 
meniscal allograft transplant procedure, with 
90.7% improving in terms of pain and PROMs. 
Unfortunately, the efficacy of the PRP could not 
be identified as no control group was included. 
Everhart et al. performed a study on 550 patients 
undergoing meniscal repair with or without PRP 
administration as well as with or without ACL 
reconstruction. Results after 3  years showed 
that meniscal repair with PRP (14% failures) 
has better outcomes than the same procedure 
performed without PRP (17% and 20% for iso-
lated meniscal repairs), but no differences were 
recorded when the surgery was performed with 
a concomitant ACL reconstruction [130]. 
Another study by Kemmochi et al. involved 22 
patients with meniscal tears. Seventeen under-
went meniscus repair with platelet-rich plasma 
and platelet-rich fibrin. Five patients were 
assigned to a control group with the menisci 
merely sutured. After 6  months follow-up, a 
comparison of pre- and postoperative MRIs and 
functional assessments (Tegner Activity Level 
Score, Lysholm Knee Scoring Scale, 
International Knee Documentation Committee 
Score) was carried out. There were no signifi-
cant difference between both groups in terms of 
PROMs, but both showed gradual improvement 
in functional assessment. MRIs did not indicate 
any significant improvements, either [110].
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Some studies were also carried out on chronic 
meniscal lesions. Blanke et al. revealed that per-
cutaneous injections of PRP were able to provide 
pain relief and stop the progression of intrasu-
bstance meniscal lesions on MRI over the period 
of 6 months [131]. A recent report by Betancourt 
et al. described a favorable outcome of PRP treat-
ment in a patient with grade 3 medial meniscus 
tear over a 30 months follow-up [132]. Another 
study by Strümper et al. demonstrated that intra- 
articular PRP injection was an effective option in 
knee pain associated with meniscal lesions [133]. 
The study showed significantly improved func-
tion in 83% patients. Additionally, concomitant 
PRP injection lowered the need for a future 
arthroscopy during the 6-month observation 
period. No progression of meniscal lesions in 
MRI, measured by Boston Leeds Osteoarthritis 
Knee Score, was noticed. Kaminski et al. carried 
out a prospective, randomized, double-blind, 
parallel- group, placebo-controlled study with 72 
patients who underwent meniscal trephination 
with or without PRP injection. Failures con-
trolled by MRI/second-look arthroscopy were 
rarer in the group with concomitant PRP injec-
tion (70–48%), as was the need for future surgery 
in the PRP-treated group. In both the groups the 
KOOS subscale, IKDC score, and WOMAC 
score improved, but values of VAS and KOOS 
symptoms exceeding MCID (minimally impor-
tant clinical difference) were significantly ele-
vated in the PRP group [96].

28.4.6  Bone Marrow Venting 
Procedures (BMVP) 
and Mesenchymal Stem Cells

Mesenchymal stem cells (MSC) are pluripotent 
cells, as they can differentiate into other specific 
cell types, like adipocytes, osteoblasts, and chon-
drocytes. Regardless of their differentiation 
potential, they support healing effect by regulat-
ing tissue homeostasis, remodeling, and neovas-
cularization. They also have the ability to migrate 
toward the site of injury. MCS release cytokines 
and growth factors induce paracrine and auto-
crine activity [66, 95, 134]. Paracrine effects of 
MCS are responsible for angiogenesis by releas-

ing vascular endothelial growth factor (VEGF) 
and hepatocyte growth factor (HGF) as well as 
immunosuppression of lymphocytes and periph-
eral blood mononuclear cells by releasing prosta-
glandin E2, leukemia inhibitor factor, and 
kynurenine [135]. MCS can be isolated from 
bone marrow (BM), periosteum, trabecular bone, 
adipose tissue, synovial membrane, skeletal mus-
cle, and teeth. First isolation of MCS from bone 
marrow was reported in late 1960s, and bone 
marrow remains as a major source [95, 136]. BM 
healing potential is outlined during meniscal 
repair with concomitant ACL repair, where drill-
ing tunnels in femur and tibia also release bone 
marrow with progenitor cells and growth factors 
[137, 138]. A potential mechanism leading to 
regeneration and repair of injured meniscus may 
involve differentiation of MSC into desired tis-
sue, production of growth factors, and fusion 
with meniscus cells [135]. Animal study on MSC 
has presented good outcomes in the treatment of 
meniscal injuries. Limited studies on human 
menisci are also available, suggesting that stem 
cells may have the potential to support meniscal 
regeneration in humans.

The in vivo study on eight equine menisci per-
formed by Ferris et  al. compares the treatment 
with bone marrow-derived mesenchymal stem 
cells (BMSC) combined with fibrin to fibrin 
alone. Constructs were implanted subcutane-
ously in mice. The BMSC group demonstrated 
significantly improved vascularization, decreased 
thickness in histological examination, and 
increased total bonding as compared to control 
group [139]. Driscoll et al. performed a study on 
18 rabbits with full-thickness cylindrical defect 
in the avascular meniscus zone. In the right knee, 
marrow was released from the bone into the joint 
using a 2.4 mm Kirchner wire. The left knee con-
stituted a control group, without drilling. After 1, 
4, and 12 weeks, medial meniscus was examined 
histologically, immunohistologically, and histo-
morphometrically. In the BM group, a better tis-
sue quality was observed and a larger field of 
damaged meniscus was covered by regenerative 
tissue than in the control group, but no statisti-
cally significant differences were recorded at 
12-week end point. Higher concentrations of 
IGF-1, TGF-beta, and PDGF were found in the 
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regenerated tissue [138]. Tarafter et  al. used 
bovine menisci in an in  vivo study of healing 
avascular meniscus tears using fibrin glue with 
connective tissue growth factor (STGF, chemo-
tactic, and profibrogenic agent) or transforming 
growth factor beta 3 (chondrogenic factor) to 
recruit synovial mesenchymal stem cells and 
form fibrous matrix as well as facilitate chondro-
genic remodeling [140].

Clinical trials by Dean et al. [137] have pro-
vided high-quality evidence for the efficacy of 
BMVP in augmenting the rate of meniscal heal-
ing after repair. The failure rate was similar 
between meniscal repair with BMVP augmenta-
tion (12.9%) and meniscal repair plus ACL 
reconstruction (7.8%). Kaminski et  al. carried 
out a prospective, randomized, double-blind, 
parallel group, placebo-controlled study to sup-
port the hypothesis of BM improving meniscal 
healing as assessed by a second-look arthros-
copy. Twenty patients underwent meniscus 
repair only while another 20 received surgery 
with concomitant BMVP of the intercondylar 
notch; 100% menisci in the BMVP group were 
healed as compared to 76% in the control group. 
In both the groups, patients showed an improve-
ment in pain score (VAS and KOOS) with no 
significant difference between groups. Functional 
outcomes (IKDC, WOMAC, KOOS) were sig-
nificantly better in the BMVP group [141]. 
Piontek et al. analyzed 2-year follow-up of clini-
cal and MRI results in 53 patients with meniscal 
tear in the red-white and white-white zones 
treated by arthroscopy and ChondroGide 
Collagen Membrane with BM injection. They 
observed significantly better outcomes in IKDC, 
Lysholm, and Barret score (86.8%) as compared 
to preoperative data. MRI showed no meniscal 
tear in 76% of operated menisci [142].

Interestingly, adipose tissue-isolated stem cells 
were also used in meniscal repair augmentation. 
Pak et al. injected left patient knee with grade II 
meniscal tear with adipose tissue stem cells (ASC). 
The adipose tissue was harvested from subcutane-
ous layer of the lower abdominal area, and ASC 
was extracted through enzymatic digestion. At 
3 months after the injection, MRI showed complete 
absence of meniscus injury, and patient-reported 
outcomes were significantly improved [135].

28.4.7  Treatment Options

28.4.7.1  Acute Meniscal Tears
An acute meniscus tear (AMT) is a conse-
quence of knee injury, with the patient usually 
recalling the circumstances. An acute injury is 
usually accompanied by sudden pain, swelling, 
and other complaints. AMT often involves con-
comitant damage to knee structures [71]. The 
PRICE protocol (protection, rest, ice, compres-
sion, elevation) should be applied at the onset 
of an AMT, with MRI and X-ray recommended 
to exclude other lesions and arrive at a final 
diagnosis.

Many factors will influence the final (opera-
tive or nonoperative) treatment offered: age, 
activity level, expectations, location of menis-
cus tear, tissue quality, concomitant injury, etc. 
[67]. Conservative treatment (physiotherapy, 
exercise, anti-inflammatory pharmacotherapy, 
intra- articular injections) is recommended for 
symptom duration of less than 3 months without 
mechanical symptoms (locking). Otherwise, an 
arthroscopic meniscal repair should be consid-
ered [67, 71, 143]. The major exception is a 
locked knee when urgent arthroscopic surgery is 
indicated [143].

An arthroscopic meniscal surgery may take on 
the following forms: meniscectomy, meniscal 
repair, or meniscal reconstruction [67]. 
Meniscectomy is reserved for tears located in the 
avascular zone, otherwise meniscal repair by out-
side- in, inside-out, or all-inside technique should 
be undertaken.

As more evidence is accumulated, biological 
augmentation may improve the likelihood of 
meniscal healing after surgical repair. Simple, 
almost costless and safe techniques such as 
trephination, synovial, and meniscal rasping as 
well as BMVP may be an attractive option to be 
applied during arthroscopy.

28.4.7.2  Chronic Meniscal Lesions
The mechanism of degenerative meniscal lesions 
is still unknown. In all likelihood, it is related to 
obesity, aging, and osteoarthritis [67, 71]. Clinical 
trials have shown arthroscopy to be as effective 
as placebo in the treatment of chronic meniscal 
lesions [144, 145].
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Nonoperative treatment (physiotherapy, 
exercise, anti-inflammatory pharmacotherapy, 
intraarticular injections) and X-ray (AP +  lat-
eral + Schuss view) for at least 3 months is the 
first-line strategy in degenerative lesions. If 
treatment fails and patient presents with symp-
toms, the diagnosis should be verified by 
means of MRI, and a non-urgent arthroscopic 
meniscal repair may be considered. An excep-
tion would be advanced structural osteoarthri-
tis, when arthroscopic meniscal surgery is not 
indicated unless mechanical symptoms are 

present. In such case early treatment of arthri-
tis is recommended [67, 143, 146].

Chronic meniscal tears are still a bit of a mystery. 
They tend to be a part of knee degenerative disease, 
and no definitive treatment is established. We 
believe these patients may benefit from percutane-
ous procedures, carrying very little risk when com-
pared to surgery. PRP in particular is already quite 
well documented as playing a positive role in the 
treatment of knee osteoarthritis. At this point multi-
center clinical trials are necessary to verify PRP 
efficacy in meniscal lesions treatment (Fig. 28.3).
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Fig. 28.3 Modification of ESSKA and BASK algorithm on the meniscal lesion treatment, including the use of 
orthobiologics
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28.4.7.3  Future Treatment Options
In the future, meniscal surgery will involve 
younger and more active patients with higher 
expectation levels. The challenges of meniscal 
repair will still focus on the limited blood supply 
and high degree of meniscal tissue fragmenta-
tion. Meniscal transplants or scaffolds will play a 
clearly defined role, while blood- and cell-based 
techniques still require further evaluation. The 
development of meniscal repair devices may also 
improve the healing rates to a great extent.

In summary, meniscectomy should no longer 
constitute the first-line treatment. The knowledge 
of the meniscus biology has improved and the 
biological options to augment repairs have 
obtained evidence, thus synovial/meniscal abra-
sion as well as bone marrow stimulation tech-
niques should be applied when feasible. The 
nonoperative treatment for degenerative tears 
should be considered and may include percutane-
ous procedures such as PRP. Further research is 
necessary to gather high-quality evidence.

28.5  Current Application of Stem 
Cell Therapy in Orthopedics 
and Sports Medicine

There is a growing interest in orthopedics and 
sports medicine with the use of innovative bio-
logical therapies where traditional conservative 
or operative therapies have failed to achieve 
success. The International Society for Cellular 
Therapy proposes minimal criteria to define 
human MSC.  First, MSC must be plastic- 
adherent when maintained in standard culture 
conditions. Second, MSC must express CD105, 
CD73, and CD90 and lack expression of CD45, 
CD34, CD14 or CD11b, CD79alpha or CD19, 
and HLA-DR surface molecules [147]. Third, 
MSC must differentiate to osteoblasts, adipo-
cytes and chondroblasts in  vitro. Recently, as 
per Arnold Caplan, it is more appropriate to call 
MSCs as medicinal signaling cells, as these 
cells in vivo respond to the injury or disease by 
secreting bioactive factors that has immuno-
modulatory effect, providing promising thera-
peutic options [148].

The application of MSCs could facilitate the 
healing mechanism of tissues with limited heal-
ing potential and vascularity such as tendons, 
cartilage, meniscus, and ligaments. The term 
stem cell has been overused based on the consen-
sus of the expert’s opinion [149]. It is recom-
mended that the use of minimally manipulated 
cell products and tissue-derived culture-expanded 
cells be referred to as cell therapy, and the nature 
of these treatments be clearly understood. Basic 
science research affirmed proof of concept that 
MSC therapy downregulates inflammation and 
produces an analgesic effect. Few studies show 
promising long-term clinical results for cartilage 
injuries and ligaments tears. As such, there is a 
continued need for high-quality basic science and 
clinical investigation into the safety and efficacy 
of cell-based therapies. The DOSES tool for 
describing cell therapies must be utilized by cli-
nicians, researchers, regulators, and industry pro-
fessionals to improve transparency and to allow 
clinicians and patients to understand the 
 characteristics of current and future cell prepara-
tions [150]. It is recommended that physicians 
and institutions offering biological therapies 
establish patient registries for surveillance and 
quality assessments.

28.5.1  Cell-Based Therapies

Various therapeutic protocols involving the use 
of MSCs have been developed for clinical appli-
cations, and they have demonstrated the potential 
for enhancing regenerative processes for a many 
condition. These cells may be isolated from a 
variety of tissues such as the muscle, periosteum, 
synovium, bone marrow, and adipose tissue. 
Bone marrow aspirate concentrate (BMAC) is 
classified through the US Food and Drug 
Administration (FDA) as a 361 product, and 
hence, it is not subjected to premarket review and 
approval. The regulatory foundation of European 
Union (EU) similar to the US system, processes 
such as centrifugation, are considered as minimal 
manipulation. BMAC has progenitor cells and 
growth factors with reparative, homing, and tro-
phic properties causing them to migrate to areas 
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of damage. Once at the site of injury, they release 
numerous factors that can help in healing and 
inflammation modulation. Recently, Cassano 
et al. found an increased concentration of inter-
leukin 1 receptor antagonist (IL-1RA), which, in 
combination with the other constituents, may 
provide anti-inflammatory and immunomodula-
tory effects [151]. Adipose-derived stromal cell 
therapy, also known as an adipose stromal vascu-
lar fraction (ASC), has gained recent popularity 
as a minimally manipulated product. Adipose tis-
sue, which is typically structured with consistent 
vascularity, has been increasingly recognized as a 
reliable source of these cells; also in comparison 
to BMAC, it has the advantage of procuring 
much larger source for MSCs.

28.5.2  Osteoarthritis

Few studies have demonstrated patient safety and 
improved clinical outcomes after BMAC treat-
ment for OA; however, there is a paucity of high- 
level studies or randomized trials with joint 
osteoarthritis.

Adipose-derived stromal cell therapy, also 
known as adipose stromal vascular fraction 
(ASC) therapy, has gained recent popularity as a 
treatment. Compared with BMAC, adipose tissue 
has been reported to have larger quantities of pro-
genitor cells. An RCT demonstrated a significant 
reduction in Western Ontario and McMaster 
Universities Osteoarthritis Index (WOMAC), an 
improvement in Lysholm score, and significant 
pain reduction (VAS) [152]. Although promising, 
these studies have been insufficient to conclude 
the efficacy of ASC therapy to adopt it into stan-
dard practices.

28.5.3  Focal Osteochondral Injuries

Gobbi et  al. [153] in a prospective study con-
cluded that the repair of full-thickness cartilage 
injury in the knee with a HA-BMAC provides 
good to excellent clinical outcomes at long-term 
follow-up in the treatment of small to large 
lesions, single or multiple lesions, and lesions in 
one or two compartments, as well as in cases of 

associated lesion treatment. While good out-
comes can be expected among patients more than 
45 years of age, outcomes may be comparatively 
more successful in younger patients.

In our experience based on the quantification 
of colony-forming units (CFUs) in 25 patients, 
we did not find any correlation between the clini-
cal outcomes and the number of CFUs.

An intriguing explanation for these results 
may come from the new vision of MSC recently 
proposed by Caplan as “medicinal signaling 
cells.” According to this concept, MSCs, rather 
than participating in tissue formation, work as 
site-regulated “drugstores” in  vivo by releasing 
trophic and immunomodulatory factors and are 
activated by local injury. They hypothesize that 
the harvesting procedure from the iliac crest may 
be enough to activate the MSC and allow for the 
establishment of a regenerative microenviron-
ment within the defect site [154].

28.5.4  Tendon Injuries

In the setting of rotator cuff repair, there are few 
studies using bone marrow cells (BMAC) to aug-
ment the healing rate. One case–control study 
using BMAC sourced from posterior iliac crest 
showed significant improvement in healing out-
comes and reduced number of re-tears deter-
mined by ultrasound and MRI at 10  years 
follow-up [155]. However, another study showed 
no significant difference in clinical scores at 
6 months using BMAC sourced from the ipsilat-
eral humeral head.

28.5.5  Ligament Injuries

The injection of autologous bone marrow con-
centrate and PRP using fluoroscopic or 
arthroscopic guidance with good clinical out-
comes and MRI showing the ACL healing was 
documented in patients with partial and complete 
ACL tears with less than 1-cm retraction [156]. 
Gobbi et al. [157] concluded that primary ACL 
repair combined PRP and BMAC to treat select 
cases of knee instability secondary to incomplete 
ACL rupture demonstrated good long-term 
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outcomes in athletes, with high rates of restora-
tion of knee stability and returned to preinjury 
athletic activities.

28.5.6  Meniscal Injuries

Clinical studies using cellular therapies for 
meniscal repair are currently limited. An RCT 
found statistically significant meniscus growth 
on MRI at 24 weeks post-injection, as well as 
better functional and clinical outcomes using 
expanded autologous bone marrow mesenchy-
mal stem cells injected percutaneously in knees 
[158]. A clinical study reported the repair of a 
grade II meniscal tear following a percutaneous 
injection of autologous adipose stem cell 
(ASCs) along with PRP, hyaluronic acid, and 
CaCl2 [159].

The use of mesenchymal stem cells to stimu-
late the regeneration of meniscal tissue appears 
to be a promising approach to restore as much 
meniscal tissue as possible [160]. However, 
these regenerative technologies still need to be 
optimized.

28.6  Growth Factors 
for the Treatment 
of Cartilage Injuries

The degenerative process of the articular carti-
lage affects almost everyone. The reasons that 
cause its degradation are the aggressions caused 
by articular trauma and because the cartilage is 
under pressure that may be excessive.

The avascularity of the articular cartilage, the 
limited chondrocytes in a mature tissue, and the 
inability to migrate to the injured site provoke a 
slow cartilage healing and, in many cases, a per-
manent cartilage defect [161]. Under physiologi-
cal conditions, the application of mechanical 
force to the joint results in increased proteogly-
can synthesis and collagen synthesis may also 
increase if shear forces increase, especially in the 
superficial zone [162].

Understanding beforehand the biological pro-
cesses of the tissue repair, the use of biological 
therapies based on signaling proteins is recom-

mendable and useful. It is well known that the 
platelets have a major role in hemostasis, inflam-
mation, and proliferation for remodeling and tis-
sue healing. In addition, platelets have an 
angiogenic power to deliver molecules into the 
damaged tissue. This inherent healing potential 
has made some authors use plasma rich in growth 
factors (PRGF) for the treatment of cartilage 
injuries.

Growth factors have a proliferative, differen-
tiative, and anti-inflammatory effect. The platelet- 
rich plasma (PRP) has been shown to have a 
strong positive effect on chondrocyte prolifera-
tion in vitro, observed either in a monolayer or 
three-dimensional environment. There is less 
concordance in the effect of PRP on chondrocyte 
differentiation, but PRP treatment seems to 
increase proteoglycan and collagen type II syn-
thesis and could also induce the expression of 
chondrocyte differentiation proteins such as 
aggrecan and Sox9 [163]. PRP also released 
diminished multiple inflammatory IL-1 beta- 
mediated effects on human osteoarthritic chon-
drocytes, including inhibition of NF-κB activation 
[164]. It should also be noted that some PRP for-
mulations could be pro-inflammatory, and the 
presence of concentrated leukocytes increased 
the levels of catabolic and pro-inflammatory sig-
naling molecules.

Due to these properties of inherent healing 
potential, the use of PRP for cartilage injuries has 
been widely studied. In particular, a study per-
formed in 808 patients with knee pathology who 
were treated with three intra-articular PRP injec-
tions showed at 6 months statistically significant 
differences between pretreatment and follow-up 
values for pain, stiffness, and functional capacity 
in the WOMAC index; pain and total score, dis-
tance and daily life activities in the Lequesne 
index; the VAS pain score; and the SF-36 physi-
cal health domain improving in function and 
quality of life [165]. The same procedure was 
performed in 205 patients, and at 12 months sta-
tistically significant differences between pretreat-
ment and follow-up values for the same 
parameters confirmed the effectiveness of the 
treatment.

Two case studies of full-thickness knee carti-
lage injuries were published, treated with an 
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autologous-made scaffold consisting of hyaline 
cartilage chips combined with a clot of mixed 
plasma poor-rich in platelets [166]. They 
reported successful outcomes with good func-
tion and ability to return to high-level soccer. 
Moreover, the same group performed a study in 
sheep where the same technique was success-
fully applied [167]. A histological and immuno-
histochemical analysis demonstrated that this 
technique was able to restore hyaline cartilage 
with adequate presence of type II collagen and 
minimum of type I collagen.

This novel autologous-made matrix consist-
ing of hyaline cartilage chips combined with 

mixed plasma poor-rich in platelets clot, and 
plasma rich in growth factors (PRGF) in liquid 
stage provided excellent clinical, functional, 
and MRI- based (cartilage repair quality and 
quantity) outcomes in young, active individuals 
with full- thickness cartilage or osteochondral 
defects. This technique seems an excellent alter-
native for cartilage injuries, as it can be per-
formed in very active, young individuals as a 
single surgery, is cheap, has no intolerance or 
rejection potential, and has demonstrated histo-
logical and immunohistochemical characteris-
tics very similar to healthy articular cartilage in 
animal studies [167, 168] (Fig. 28.4).

a b

c

Fig. 28.4 Composition of figures demonstrating the ini-
tial injury and surgical treatment. (a) Intraoperative picture 
demonstrating the debrided defect in the lateral femoral 

condyle. (b) Intraoperative picture demonstrating the 
autologous matrix before implantation. (c) Arthroscopic 
view of the filled defect at the end of the procedure
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ARIF (Arthroscopic Reduction 
and Internal Fixation) Around 
the Elbow

E. Guerra, A. Marinelli, G. Bettelli, M. Cavallo, 
A. Ritali, and R. Rotini

29.1  Introduction

Arthroscopy of the elbow is a relatively recent 
surgical procedure. Although the first experi-
ence described in the literature dates back to the 
80s, it is only in the last 15 years that a real and 
increasing interest can be seen with the inclu-
sion of series of patients [1] and case reports that 
describe the research for new indications.

Intra-articular fractures, by their definition, 
should be anatomically reduced with extreme 
accuracy besides being fixed in a stable manner. 
Arthroscopy has already shown its usefulness in 
all the joints, by improving the visual field of the 
joint surface with a minimally invasive surgical 
approach.

Besides several case reports in the literature 
on single fractures, in 2010 Savoie et  al. [1, 2] 
performed the first overview on this innovative 
elbow arthroscopy technique.

The literature shows little scientific evidence 
about the various indications for arthroscopy of 
the elbow [3]. These indications include frac-
tures of the radial head, capitellum, trochlea, and 
coronoid.

This chapter addresses the various articular 
fractures of the elbow, where arthroscopy can 
nowadays be considered to be a real help. The 
most important technical aspects are summarized 
in the light of the literature and the authors’ per-
sonal experience.

29.2  Fractures of the Capitulum 
humeri and Trochlea (Shear 
Fracture)

Fractures of the capitulum humeri and trochlea 
are rare fractures that alter the joint considerably. 
Even when they are not the result of high energy 
trauma, they produce severe stiffness and insta-
bility in the elbow, if they are not immediately 
recognized and treated adequately.

Various classifications try to group the vari-
ous morphologies and determine correct treat-
ment algorithms (Bryan and Morrey 1985 [4], 
McKee 1996 [5], Ring 2003 [6], Dubberley 2006 
[7]). Anatomical reduction is necessary to restore 
the joint anatomy and the correct tension of the 
external ligament compartment.

29.2.1  In the Literature

Only a few cases have been described. Feldmann 
[8] reported two cases of fracture with thin osteo-
chondral fragments (Type 2 fracture, Regan and 
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Morrey). Having ascertained the absence of com-
bined joint instability, this author decided for 
the simple removal of the fragments by arthros-
copy using two approaches, anteromedial and 
anterolateral.

In 2002, Hardy [9] described reduction and 
fixation of a Hahn-Steinthal fracture (Type I, 
Regan and Morrey) achieved arthroscopically, 
by three different anterolateral approaches. The 
metal screw, in the subchondral bone must be 
tilted from lateral to medial on the frontal plane, 
to avoid the radial nerve.

In 2009, Mitani [10] published a new clini-
cal case with interesting practical advice. By two 
simple anteromedial and anterolateral portals, he 
used the arthroscope together with the probe to 
reduce the displaced osteochondral fragment; 
maintaining the reduction with the probe from 
the anterolateral portal, he performed fixa-
tion with two metal screws in a posteroanterior 
direction.

The following year Kuryjama [11] went a step 
further by attempting arthroscopic reduction and 
fixation (ARIF) of two more complex cases (Type 
IIIA Dubberley) through two portals (anterolat-
eral and midlateral). In one of the two cases the 
operation was transformed into open surgery, 
albeit with an incision of only a few centimeters.

29.2.2  Surgical Technique in our 
Experience

From 2000 to 2017 about 51 type I or type II 
shear fractures were treated in our department 
by open reduction and internal fixation in 43 
cases, by miniopen technique in 5 cases and all 
arthroscopic in 3 cases. Our experience with 
arthroscopic treatment started in 2004 with 3 
type III fractures in which we performed frag-
ment removal. In the last 2 years our indications 
were widened to include strictly selected type I 
and type II fractures (8 cases).

All the patients underwent preoperative CT 
of the elbow that is essential to define the frac-
ture morphology and to find medial fracture lines 
directed toward the trochlea or impacted frac-
tures with osteochondral fragments deformity 

(so-called elbow Hill–Sachs lesions) which can 
make the reduction more difficult.

In open surgery, the Kocher approach extended 
proximally (Extensile Kocher approach) with 
posterolateral subluxation maneuvers, enables 
easy control over both the anterior articular com-
partment (with access to the medial trochlea) and 
the posterior one (to treat impacted lesions).

The capitellum and trochlea fractures that 
come to our attention are apparently simple inju-
ries. The CT nearly always shows more medial 
fracture lines (toward the trochlea) or impact 
lesions with deformation of the osteochondral 
fragments (elbow Hill–Sachs lesions) that make 
reduction difficult. In arthroscopic surgery, the 
fracture must be well visualized in the ante-
rior compartment and the posterolateral gutter 
(Fig. 29.1). Therefore, if arthroscopic treatment 
is selected, it is not sufficient in our opinion to 
perform only the anterior or posterolateral por-
tals, but it is necessary to move the arthroscope 
several times, before performing fixation, which 
is a very complex procedure.

It is common to find an intraoperative lesion of 
the external collateral ligament complex, which, 
in open surgery can be repaired.

Another aspect to take into consideration is 
the direction of the fixation. We strongly advocate 
anterograde fixation, with screws and pins made 
of polylactic acid. In this direction compression 
fixation can be performed by sinking the screws 
under the cartilage plane, perpendicularly to the 
fracture lines. If the ARIF technique is chosen 
screws that enter posteriorly are needed in order 
to avoid risks to the radial nerve. Therefore, the 
screws are made of metal, and making thinner 
fractures stable (Type 2) will be difficult.

These reasons suggest restricting arthroscopic 
treatment of capitellum and trochlea fractures to 
rare cases that fulfill the following criteria:

 – Type I and II fractures without posterior 
depression.

 – Type III fractures.
 – Absence of combined ligament lesions.

For the recommended surgical technique, the 
patient is placed in a lateral position. Insufflate 
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sterile saline solution repeatedly to drain the 
hematoma before starting surgery (useful tip in 
the arthroscopic treatment of all intra-articular 
fractures). Through three arthroscopic approches 
(antero medial, antero lateral and proximal antero 
lateral), appropriate joint shaving and lesion plan-
ning can be performed, by keeping the arthro-

scope in the medial portals and working through 
the two lateral portals. Some authors recommend 
placing the elbow in extension to facilitate reduc-
tion. In our opinion, extension reduces the space 
to work, so we prefer to keep flexion at 90° and 
operate with the two lateral approaches. After 
performing temporary reduction and fixation, 

Fig. 29.1 Impacted capitellum fracture. Thirty-six-year- 
old patient, right elbow. CT scan image of a rare impacted 
fracture of the posterior face of the capitellum before (a, 
b) and after (c, d) reduction and fixation. Drawing (e) of 
the arthroscopic portals used to perform ARIF of the frac-
ture. Examination of the anterior joint compartment 
allowed to remove the intra-articular fractured tip of the 

coronoid. In order to visualize the fracture it was neces-
sary to reach the posterolateral gutter placing the scope in 
the posterolateral portal (f). Once the fracture has been 
reduced by a probe through the midlateral portal (g), fixa-
tion has been performed by a temporary percutaneous K 
wire (h) and by a resorbable pin (h, i) (RSB implant, Hit 
Medica, Lima Corporate)

a b

c d
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the fracture must be explored posterolaterally. 
We also recommended exploring the posterior 
compartment to drain the hematoma and check 
for any posterior loose bodies (posterolateral and 
posterocentral arthroscopic approaches). By the 
posterolateral portals it will be thus possible to go 
down posterolaterally to the posterior humero-
radial joint (using the palpator and shaver through 
the midlateral approach). At this point, by bring-
ing the arthroscope back anteromedially under 
image intensifier guidance, percutaneous fixation 
can be performed with cannulated screws, in a 
posteroanterior direction (enlarging the midlat-
eral approach).

In our five cases, we preferred to end the oper-
ation in open surgery, with a small incision that 
joins the anteromedial portal to the midlateral 
one (ideally following the incision by the Kocher 
approach). This miniopen surgery enabled us to 
perform fixation with resorbable screws and pins, 
in an anteroposterior direction, without putting 
the radial nerve at risk.

Treatment was completely arthroscopic with 
fragments removal in three type III cases. Also 
in these cases we deem mandatory to explore by 
the arthroscope all the joint compartments, after 
having accurately examined the fracture commi-

nution by CT scan, in order to reduce the risk of 
leaving debris.

We have concluded ARIF in only two cases: 
One type II where the fragment was so thin that 
only an osteosuture was possible and one type I 
fracture where the fragment was quite at its place, 
thick but unstable (by two cannulated screws). A 
small incision posteriorly on the capitulum by the 
same technique described for the osteosutures 
and screw fixation of the coronoid fracture, (see 
later).

The last case, apart from the presented series, 
is a rare impacted fracture of the capitellum 
(Osborne-Cotteril lesion) combined with a coro-
noid tip fracture (Fig.  29.1). By arthroscopy it 
was possible to remove the coronoid fragment 
(working in the anterior compartment), to raise 
the impacted osteochondral fragment and fix it 
with resorbable pins (working in the posterolat-
eral gutter). In this case arthroscopy displayed all 
of its efficacy, reducing surgical aggressiveness 
at a minimum.

At the end of fixation or debridement, articular 
stability is evaluated (possible also arthroscopi-
cally [12]). Faced with doubt about the stability, 
we recommend exploring, and possibly repair-
ing, the lateral collateral ligament.

e f g

h i

Fig. 29.1 (continued)
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29.3  Coronoid Fractures

The coronoid plays a key role in elbow joint sta-
bility. Fractures were classified into three types 
according to their size by Regan and Morrey 
[13] in 1989 and only recently have new more 
complex classifications been devised [13, 14] to 
include possible morphologies of the fragments 
connected to the type of injury that can produce 
them.

Larger fractures are caused by a direct poste-
rior injury, whereas a posterolateral or postero-
medial distortion mechanism has been identified 
for fractures of the apex and medial surface, 
respectively (sublime tubercle insertion site of 
the anterior bundle of the medial collateral liga-
ment) [14].

Reduction and fixation of coronoid fractures 
is necessary to restore the anterior and medial 
elbow stability that was lost with the injury.

When combined with fractures of the radial 
head, which require prosthetic replacement, 
after radial head excision the coronoid frac-
ture can be reached through Kocher’s lateral 
approach. Conversely, when the fracture is 
isolated, reaching and exposing the coronoid 
requires wide approaches (anterior, anterome-
dial or medial), which are aggressive and not 
simple to perform [15].

29.3.1  In the Literature

There are only two articles in the literature.
Liu [16] in 1996 showed two cases of cor-

onoid tip fracture, which after conservative 
treatment produced pain and joint stiffness. 
Arthroscopic removal of the fracture fragment 
is decisive.

But the first real experience was described by 
Adams [17] in 2007. Two of the seven fractures 
described had fragments that were too small to 
be fixed. In four cases arthroscopic-assisted fixa-
tion (ARIF) was performed, whereas in one case 
open surgery was needed to perform a stronger 
fixation, by dedicated plate. In three of the seven 
cases, reconstruction of the lateral collateral liga-
ment (LUCL) was needed.

29.3.2  Surgical Technique in our 
Experience

As for capitellum fractures, coronoid fractures are 
very rarely isolated. Mostly, they are combined 
with radial head or olecranon fractures. In these 
cases, open surgery, necessary to treat combined 
fractures, cannot be replaced by arthroscopic 
treatment of the coronoid.

Conversely, isolated fractures of the coronoid 
can be treated arthroscopically. From January 
2000 to July 2017, 13 of the 21 isolated coro-
noid fractures treated by the authors were treated 
arthroscopically. Four cases were treated with 
reduction and fixation with wires alone, three with 
cannulated screws as well as K wires, five with 
one or two osteosuture and one case with osteo-
suture combined with K wires. In five patients the 
evaluation under anesthesia revealed a posterolat-
eral instability after the coronoid synthesis and a 
collateral repair were needed.

With the patient in a lateral position, and after 
having washed repeatedly with needle and saline 
solution, the anterior arthroscopic portals are made 
(anteromedial, anterolateral, and anteromedial or 
lateroproximal). Having removed the hematoma 
the arthroscope is inserted into the anterolateral 
portal to assess the fracture well. With a motor-
ized instrument and thermal ablator the surfaces 
of the fragments are exposed. The retractor in 
the proximal anterior portal (medial or lateral) is 
fundamental in this phase to keep the joint space 
open, thus permitting working with a lower inflow 
pressure. The joint capsule is constantly lacerated 
and retracted, together with the fragment/s of the 
fracture. A high pressure of infusion will lead to 
an early extra-articular swelling, making surgery 
gradually more difficult and dangerous.

Through the “combined effect” of the retractor 
(from the proximal portal) and the probe (from 
the anteromedial portal) the larger articular frag-
ments are put back in place, thus maintaining the 
capsular insertion, whereas the smaller ones can 
be removed. At this point, it is useful to expose 
the dorsal surface of the ulna with a small inci-
sion, so that the skin and the subcutaneous tissue 
do not interfere with the instruments required for 
the fixation.
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According to the size of the fragments, two 
different fixation techniques can be used:

 – cannulated screws and/or K wires
 – osteosuture

Cannulated screws and/or K wires (Fig. 29.2): 
After redislocating the intra-articular fracture 
with the lever from the proximal portal, K wires 
are drilled from the posterior cortex of the ulna, 
keeping the arthroscope in the anterolateral 

Fig. 29.2 Coronoid fracture. ARIF of a coronoid frac-
ture: (a–c) Drawing of the anteromedial, anterolateral, 
and proximal anterolateral arthroscopic portals. In red 
the path of the percutaneous fixation (a small skin inci-
sion is advised to avoid possible K wire impingement); 
(d) CT scan of the fracture is routinely performed to 
study the fracture morphology and to plan the surgical 
steps; (e, f) – intraoperative X-ray checking of the tem-
porary fixation by K wires and of the definitive one by K 
wire and cannulated screw; intraoperative images: the 

fracture is approached by the scope in the anterolateral 
portal, the retractor in the proximal anterolateral portal 
and the shaver in the anteromedial one (g); at least two K 
wires are placed out-in under the fracture fragments (h); 
while the fracture reduction is held, the wires are 
advanced behind the fragment (i) while protecting their 
tips to prevent damage to the vascular and nervous struc-
tures. If the fragment size is adequate, fixation can be 
performed exploiting the wires by one or more cannu-
lated screws (j, k, l)

a

b c
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portal and checking its exit from the base of the 
fractured coronoid (Fig.  29.2h). This action is 
made safer and repeatable by the use of an aim-
ing device for cruciate ligament surgery; a small- 
sized tip device must be used, because it has 
to enter through the anteromedial portal, and a 
bulky tip might impinge in the brachial muscle. 
The intraoperative radiographic checking is use-
ful to evaluate the direction of the wires, espe-
cially if the freehand technique is chosen.

Having placed the first K wire, the others are 
placed (at least two to achieve rotational stability 
of the fixation).

After slightly retracting the wires, until the 
tip goes into the medullary bone, the fracture is 
reduced with the lever by the proximal portal, 
and with an arthroscopic grasper by the antero-
medial portal.

While maintaining reduction (pushing 
strongly the fragments against the anterior sur-
face of the trochlea that works as a mold), the 
wires are pushed forward again, checking that 
they come out anteriorly to the fragments.

When the size of the fragment allows, a can-
nulated screw, 3.5 mm in diameter, can be placed 
on one of the K wires. It is cautious to hold the tip 

i
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Fig. 29.2 (continued)
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of the intra-articular K wire firm with a Kocher, 
while inserting the cannulated drill and the screw, 
to prevent the wire from being pushed anteriorly, 
crossing dangerously the anterior brachial mus-
cle (Fig. 29.2l–n).

Osteosuture: this is chosen when the frag-
ments are too small and numerous to be fixed. 
This fixation will not be as stable as the pre-
vious one, but it enables the correct tension 
of the anteromedial joint capsule to be main-
tained, while scarring takes place. Often this 
technique also enables small bone fragments to 
consolidate.

To contain the joint capsule with suture 
thread, the suture passer commonly used for 
suturing rotator cuff lesions is extremely useful. 
The work portal is always anteromedial, whereas 
the arthroscope one remains anterolateral. Once 
again the retractor through the accessory proxi-
mal portal plays a fundamental role.

The vector suture is replaced by a reinforced 
double-zero suture (Orthocord, Depuy-Mitek or 
Hi-Fi Conmed Linvatec or Fiberwire Arthrex…).

Having placed the suture thread through the 
joint capsule (immediately behind the fragments 
of the coronoid tip), the first out-in hole is made 
at the base of the coronoid with a K wire 1.4 mm 
in diameter. Having removed the thread, a spinal 
needle (18 GA 3.50 IN/1.2  mm  ×  90  mm spi-
nal needle) is inserted by which a vector thread 
(single- filament 1 mm in diameter), which hav-
ing been recovered from the anteromedial portal, 
will take the first head of the osteosuture through 
the ulna, posteriorly. By inserting the second 
head using the same technique, the osteosuture 
can be closed on the posterior cortex, guiding the 
fracture fragments with the probe (Fig. 29.3).

Regardless of the ARIF technique chosen, 
the fixation must be stable upon palpation and 
flexion- extension tests of the elbow, to reduce 
the period of postoperative immobilization to 
a minimum. Therefore, in our cases we always 
supplemented screw fixation or osteosuture by K 
wiring.

At the end of the synthesis, the elbow wasn’t 
deemed stable in five cases by X-ray stress tests. 

Fig. 29.3 Osteosuture of a coronoid fracture. The portals 
to perform osteosuture are the same as for K wires or 
screw fixation (a, b). Preoperative CT scan (c) shows a 
displaced fracture, suggesting joint derangement. By 

placing the scope in the anterolateral portal it is possible 
to perform an ostheosuture as described in the text (d–i), 
eventually reinforced by K wires (j, k)

a c d

e fb

29 ARIF (Arthroscopic Reduction and Internal Fixation) Around the Elbow



264

g h

i

k

j

Fig. 29.3 (continued)

E. Guerra et al.



265

In the first two cases, we decided to repair the 
lateral collateral ligaments by a small incision 
on the lateral epicondyle. In the last three cases, 
we proceeded with a posterolateral arthroscopic- 
assisted capsular plication (as described for the 
combined radial head and coronoid lesions) 
invented by Van Riet. All cases resulted stable 
after the plication and the open ligament repairs 
were not necessary.

29.4  Radial Head Fractures

Radial head fractures, extremely common, are 
classified into four types by Mason and Johnston 
and divided further into simple and complex, 
according to possible combined lesions [17]. 
The option of conservative or surgical treat-
ment depends on the number of fragments, their 
displacement, whether the fracture involves the 
olecranon and/or coronoid and if there are liga-
ment lesions. When surgery is the choice, the 
surgeon has to decide among radial head exci-
sion, reduction and fixation of the fracture, or 
prosthetic replacement. It has been shown that 
ORIF or the prosthetic replacement of the radial 
head enables a better recovery of articular stabil-
ity [18, 19] and therefore will certainly be the 
best choice when there is a combined lesion of 
the medial collateral ligament. Conversely, an 
isolated fracture of the radial capitellum can be 
treated by the simple excision of the fragments 
(if they interfere with the passive joint range) or 
by full radial head excision (if more than 50% of 
the surface is involved).

29.4.1  In the Literature

The first arthroscopic treatment was described in 
2004 [20] for a fracture of the surgical neck of 
the proximal radius of a child, which was reduced 
by a manual maneuver and fixed by percutaneous 
wiring.

In 2006, Rolla [21] published a short series 
of six fractures of the radial head (II, III and IV 
types according to Mason) reduced and fixed with 
a percutaneous screw. The author used his own 

surgical technique, and recommended reducing 
the fracture by working in the anterior compart-
ment, and moving in the posterolateral gutter for 
arthroscopic fixation.

Fourteen cases were collected by Michels 
[22] the following year, all Mason type II with a 
mean follow-up of 5.6 years and results ranging 
from good to excellent, matching those of open 
 surgery. For this series the author managed ARIF 
by the use of only two portals (anterolateral and 
posterolateral) besides a small incision to insert 
the screws.

The elbow and wrist ESSKA [23, 24] commit-
tee showed on specimen studies that all the radial 
head surface is approachable and that modified 
anteroinferior portals are more effective to per-
form a correct radial head fracture ARIF.

29.4.2  Surgical Technique in our 
Experience

In our center arthroscopic treatment of isolated 
fractures of the radial head began in 2007. Until 
now 21 cases have been treated arthroscopically 
(7 ARIF, 8 partial removals of the fragments, 3 
radial head excisions and 3 simple reductions, 
without fixation).

29.4.2.1  Arthroscopic Reduction 
Internal Fixation (Arif) 
for Mason Type II Fractures

The first stage consists of removing the intra- 
articular hematoma and visualizing the fracture 
in the anterior compartment. We perform three 
approaches routinely: anteromedial (for the 
arthroscope), anterolateral (for the tools), and 
proximal anterolateral (for the retractor). The 
fracture is reduced by using alternately the probe 
from the anterolateral portal and proximal antero-
lateral, by pronosupination movements. Having 
achieved reduction, the fragments must be stabi-
lized with K wires, after choosing the position in 
pronosupination to hold for fixation.

The working position to perform screw fixa-
tion may vary. In our experience we divided the 
fractures according to the position of the fracture 
fragment/s in relation to the safe zone (part of the 
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radial head that does not come in contact with the 
small sigmoid notch). Dividing the radial head 
ideally into two halves in neutral  pronosupination 
we have the lateral half (which contains the Safe 
Zone) and the medial one (Fig. 29.4).

Fractures of the lateral half can be fixed by 
holding the position used for reduction, by plac-
ing the forearm in pronation. The retractor and 
the probe hold reduction and keep the workspace 
open. An accessory lateral portal is directed at the 
radial head and a small 5-mm cannula is placed 
in the joint. The cannula is important to protect 
the soft tissues from the rotating tools (K wire, 
drill, screwdriver) as well as to prevent the thin 
K wire, used to insert the screw, from bending 
or breaking. The K wire is inserted through the 
cannula. If the fracture appears to be stable the 
fixation procedure is performed (measurement, 
drilling, screw), otherwise other percutaneous K 
wires should be placed (outside the cannula) to 
hold the fragment still while the drill produces 
the hole for the screw (Fig. 29.5).

Fractures of the lateral half can also be fixed 
by working in the [20] the posterolateral gut-
ter, by opening the posterolateral and midlateral 
portals to place alternately the arthroscope and 
the work tools. The forearm will have to be pro-
gressively placed in supination, until the fracture 
can be visualized. The procedure for the fixation 
is the same as that seen in the previous position 
(Fig. 29.5).

Conversely, when the fracture involves the 
medial half of the radial head (Fig. 29.5) prono-
supination cannot put the fragment to be fixed in 

the correct place. In this case arthroscopic fixa-
tion can be performed by the anteromedial portal 
by placing the arthroscope in the anterolateral 
one. The work cannula is even more important to 
protect the soft tissues.

The ARIF described is certainly more diffi-
cult than fixation in open surgery, but offers the 
numerous advantages of arthroscopy. For exam-
ple in four of the seven cases treated surgically 
we found small loose osteochondral fragments 
not visible by preoperative CT that certainly 
would not be found in open surgery.

However, choosing the length of the screws is 
more difficult because it is not easy to perform an 
intraoperative radiographic check with the tools 
in place; Generally, the screws range from 14 to 
18 mm long and in case of doubt it is better to 
choose a shorter screw and check at the end of 
fixation, without risking a loss of reduction or 
bending the K wires in an attempt to get a satis-
factory radiographic view.

The instruments should be chosen carefully 
so that the drill and the screwdriver of the 2.5-
mm diameter screws are not too short, especially 
when fixation is performed by the anterome-
dial portal. If these tools are not available, the 
arthroscopic cannula can be cut on the serving 
table, before inserting it inside the joint.

29.4.2.2  Simple Arthroscopic 
Reduction

In three cases of Mason fracture type II, after 
debriding the fracture, reduction was easy. The 
reduced fragment on the remaining intact part of 

Supination Pronation

Fig. 29.4 Cadaver specimen. Radial head in full supination, in neutral position and in full pronation. Fractures involv-
ing the side of the radial head opposite to the safe zone are more difficult to fix through the direct lateral portal
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Fig. 29.5 Different fixation modes for radial head frac-
tures. In the posterolateral gutter (a–e) and in the ante-
rior compartment (f–j) for radial head fractures 
involving the lateral half, fixation will take place 

through a direct accessory portal (in red); in the anterior 
compartment (k–r) for fractures of the medial side of 
the radial head, fixation will be done through the antero-
medial portal (in red)

a b

c

e

d

29 ARIF (Arthroscopic Reduction and Internal Fixation) Around the Elbow



268

f g

h

j

i

Fig. 29.5 (continued)

E. Guerra et al.



269

k l

m n

o p

Fig. 29.5 (continued)

29 ARIF (Arthroscopic Reduction and Internal Fixation) Around the Elbow



270

the radial head was firmly kept in place by the 
annular ligament, which the arthroscopic tech-
nique leaves intact.

After several stability tests we decided to 
avoid further surgical steps; all cases had a favor-
able outcome and full, swift recovery.

29.4.2.3  Arthroscopic Fragment 
Removal

In fractures with more comminution, when more 
than 50% of the radial head is still in site, fixation 
is not reliable and prosthetic replacement can be 
excessive.

In these cases, arthroscopic exploration 
enables removal of the fragments and ample 
joint debridement, without invalidating articular 
stability with the surgical approach. It is per-
formed in the anterior compartment (by antero-
medial, anterolateral, and proximal anterolateral 
approaches) or in the posterolateral gutter (by 
the posterolateral and midlateral approaches).

Arthroscopy can also be used to assess the 
articular stability of the ulno-humeral joint [12], 
which is important in decision-making about 
radial head prosthesis.

29.4.2.4  Arthroscopic Radial Head 
Removal

When the comminution does not enable fixa-
tion, the elbow is stable, and the patient is not so 
young, resection of the radial head is indicated, 
which can be performed by arthroscopy.

After removing the fragments in the anterior 
compartment, resection of the radial head is pre-
cise and easy by inserting the burr through the 
midlateral portal while the arthroscope is still in 
the anteromedial portal. The radial head is cut 
at the level of the superior margin of the intact 
annular ligament. Shortening the proximal radius 
as little as possible without impairing the annular 
ligament helps to hold the tension of the lateral 
collateral compartment (Fig. 29.6).

q r

Fig. 29.5 (continued)
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Fig. 29.6 Radial head removal. Drawing of the antero-
medial, anterolateral, and midlateral arthroscopic portals 
(a, b) TC scan of the comminuted radial head fracture in 
an elderly woman (c, d), representing an indication for 

radial head excision, performed arthroscopically through 
anteromedial, anterolateral, and midlateral portals (e). 
Radiograph of the radial head excision (f, g)

a b

c d
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29.5  Combined Radial Head 
and Coronoid Fractures 
(Terrible Triad)

We treated arthroscopically seven cases of elbow 
dislocation and combined radial head and coro-
noid fracture (terrible triad). All cases where 
really selected with a fractures pattern that could 
be an indication of ARIF.

By arthroscopy we followed carefully the path 
of the radial head fracture, (removing in three 
cases or reducing and fixing the fragments in four 
cases), and performed an ARIF of the coronoid 
(by k Wires and screws as we have described. 
At the end of the synthesis the elbow wasn’t 
deemed stable in five cases by dynamic tests. 
We proceed with a posterolateral arthroscopic-
assisted capsular plication (Fig.  29.7). All five 

e

g

f

Fig. 29.6 (continued)
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a b c

d

f g

e

Fig. 29.7 Posterolateral plication after surgical ARIF of 
radial head and coronoid in Terrible triad: CT scan images (a) 
and intraoperative X-rays (b, c) of the radial head and coro-
noid fracture. The scope is in through the posterolateral portal 

while the midlateral portal is needed to retrieve the sutures. 
These sutures are passed percutaneously by two spinal nee-
dles inserted in the direction of the fibers of the Lateral Ulnar 
Collateral Ligament (green area in d) as shown (d–g)
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elbows resulted stable after the plication and the 
open ligament repairs were not necessary.

29.6  Complications

No neurological or vascular lesions were 
recorded.

There were two cases of postoperative stiff-
ness. One Manson II fracture occurred with 
extension deficit, which was treated again after 
9 months by soft tissue release and arthroscopic 
removal of the screw. The screw was in place, the 
fracture healed, and the stiffness was connected 
to the reactive fibrosis of the anterior capsule. 
The soft tissue release enabled the full recovery. 
The second is the case of heterotopic ossifica-
tions as a sequela of the terrible triad treated by 
arthroscopy.

29.7  Conclusions

The indications for arthroscopic surgery have 
become wider and more perfected, over the last 
two decades, and provide new tools to better 
address various diseases: one example is the joint 
fracture treatment which has witnessed the move 
from surgical debridement to arthroscopic reduc-
tion and fixation (ARIF).

The impetus to strive for this difficult but 
interesting evolution comes from the need to 
reduce the surgical trauma caused by exposing 
and reducing articular fractures, which even now 
give high sequela rates over time.

If 10  years ago ARIF was a future possibil-
ity, today it is becoming a reality which, with its 
advantages and limits (see Table 29.1), is on a par 
with open surgery.

In this chapter we have tried to summarize 
the state of the art in the light of our experience. 
The various surgical techniques described are 
still not perfectly reproducible, and the surgeon 
must adapt them to suit each patient. If the feel-
ing is that of a promising road to go down, the 
two complications that we have highlighted teach 

us that arthroscopy is also not exempt from the 
risk of postoperative stiffness. The number of 
cases is still too small and more in-depth studies 
are required to assess the real cost/benefit rela-
tionship of arthroscopic treatment of articular 
fractures.

A strict selection of the surgical indication is 
indispensable; currently we can indicate the fol-
lowing conditions for arthroscopic treatment:

 – Fractures of the radial head: Mason type 2—3 
fractures (no combined ligament lesions).

 – Isolated fractures of the coronoid.
 – Fractures of the capitulum humeri (no com-

bined ligament lesions).

Only case reports are found for the 
arthroscopic treatment of combined fractures of 
the radial capitellum and coronoid, other articular 
fractures (inter or supra-condyloid) or lesions of 
the lateral collateral ligament [25]. These cases 
are to be left in the hands of more expert surgeons 
of the  sector, while waiting for further technical 
development and significant results.

Table 29.1 Advantages and limits of ARIF technique

Advantages
  –  Minimally invasive
  –  Better control of the reduction and stability of the 

fixation
  –  Draining of the hematoma and removal of small 

fragments in the recesses
  –  Does not preclude conversion into open surgery
Limits
  –  Current lack of dedicated instruments (aiming 

device, screwdriver and long cannulated drill, 
arthroscopic cannulae

  –  Possible need to have to change the patient’s 
position if open surgery is required

  –  Need for precise selection of the surgical 
indication, excluding beforehand cases that 
require repair/reconstruction of the collateral 
ligaments

  –  Technique still in evolution: although the 
removal of small articular fragments and radial 
head excision can also be performed by surgeons 
with limited experience, conversely ARIF 
requires deep knowledge of traumatology and of 
open and arthroscopical elbow surgery

E. Guerra et al.
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Intra-articular Osteotomies 
After Tibial Head Fractures

Karl-Heinz Frosch

Malreduced tibial plateau fractures often lead to 
pain and can be accompanied by instability, devi-
ation of the mechanical axis, restricted mobility, 
and constant wear of the joint [1]. The main rea-
sons for malreduction after tibial head fracture 
are insufficient visualization of the fractured joint 
surface or insufficient fixation with secondary 
loss of reduction [1]. It has been demonstrated, 
that through standard approaches only 30–40% 
of the joint surface can be visualized [2]. With 
standard approaches and intraoperative fluoros-
copy around 30% of lateral tibial plateau frac-
tures are not sufficiently reduced, especially in 
the posterolateral quadrant [3]. In bicondylar 
fractures the “posterolateral-central segment” is 
involved in 85% of all cases [4] and cannot be 
visualized by fluoroscopy [5] nor by a lateral 
standard approach [2]. Remaining steps of more 
than 5 mm in the posterolateral quadrant of the 
tibial head are associated with a worse clinical 
result [1, 6].

The complexity of the different pathologies of 
tibial head fractures requires comprehensive and 
standardized preoperative analysis and planning. 
A standardized clinical examination is used in 
conjunction with the radiological imaging. After 
a thorough clinical exam radiological evaluation 

with long leg X-ray, CT scan, MRI, and lateral 
slope views are necessary in most cases of post-
traumatic malreduction after tibial head fractures. 
Intra-articular and extra-articular deformities 
should be distinguished. It is essential to differ-
entiate between ligamentous and pseudo- 
ligamentous instabilities. In the case of 
intra-articular malreduction, bony defects, steps, 
and gaps must be accurately identified and local-
ized during preoperative planning. The correct 
surgical approach can only be chosen after an in- 
depth analysis of the posttraumatic malreduction 
and a detailed planning of the operative proce-
dure. Prior to the osteotomy an arthroscopy is 
performed to evaluate cartilage, remaining intra- 
articular malreduction and the status of the 
menisci. To be successful, a direct view into the 
affected articular surface is necessary. Extended 
approaches with osteotomy of the medial and/or 
lateral femoral epicondyle play an increasing role 
in this context [1, 2, 7]. The surgical approach 
should allow an intra-articular osteotomy with 
anatomical reconstruction of the articular surface 
and osteosynthetic stabilization. Intra-articular 
osteotomies of the tibial plateau can achieve good 
long-term results. In some cases, irreparable 
damage to the articular surface, or already pro-
nounced osteoarthritis, make an artificial joint 
replacement necessary. Furthermore, in cases of 
additional loss of the meniscus at the side of the 
fracture or age higher than 65  years the 
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 implantation of a total knee arthroplasty should 
be considered.

Whenever possible and reasonable the knee 
joint should be preserved.
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Preoperative Planning

Adrian Błasiak, Wojciech Solecki, 
and Olivier Verborgt

31.1  Introduction

The goal of this video is to present preoperative 
planning of reverse shoulder arthroplasty.

The number of RSA performed worldwide is 
increasing with time and the long-term outcomes 
are encouraging. Overall survivorship reaches 
91–93% at minimum 10-year follow-up [1, 2].

The goal of preoperative planning in RSA is 
an assessment of anatomical or pathological con-
ditions of the glenoid and proximal humerus for 
accurate sizing and placing the implants.

The most common indication for RSA are 
conditions which are contraindications to ana-
tomic prosthesis like arthritis with cuff disease, 
rheumatoid arthritis, failed cuff repair, arch insuf-
ficiency, failed arthroplasty, failed HHR, failed 
anatomic arthroplasty, posttraumatic conditions, 
acute fracture (4-part), malunion or nonunion, 
posttraumatic sequelae, instability, and tumors.

Currently RSA is the most common solution 
of all kind of shoulder replacement in Europe.

31.2  Positioning Principles

Glenosphere positioning is crucial. It determines 
the center of rotation and biomechanical traits. 
Malposition of the glenosphere can lead to vari-
ous complications such as dislocation, scapular 
notching, decreased range of motion, and compo-
nent loosening.

Main reasons for malposition are inaccurate 
assessment of pathologic anatomy, incorrect 
choice of implant and/or positioning of the 
implant to correct pathology, inaccurate execu-
tion of the preoperative plan at the time of sur-
gery [3–5]. Overall complications rate of RSA is 
around 16% of all operated patients [6]. 
Instability, periprosthetic fracture, infection and 
component loosening make up over 81% of all 
complications. Sixty percent of them are biome-
chanical problems resulting from implant malpo-
sition and periprosthetic fractures. This means 
that better preoperative planning could prevent 
complications in 10% of all operated patients [6].

Patients undergoing revision surgeries after 
failed osteosynthesis of proximal humerus, hemi-
arthroplasty, anatomic or reverse prosthesis are 
the other group in which preoperative planning is 
so important. Preoperative assessment of defor-
mity, implant selection, accuracy of implant 
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placement, and bone grafting consideration can 
save many complications. Due to a three- 
dimensional character of deformities, both of gle-
noid and humeral head preoperative planning 
should be based on CT scan, instead of plain 
X-rays. Preoperative planning applies to both 
standard and patient-specific instrumentation.

31.3  Patient Selection

Patients who require advanced preoperative plan-
ning with use of a CT scan are all revision cases 
and selected cases of primary RSA.  Selection 
should be based on a modified Walch classifica-
tion of glenoid deformity in transverse plane, and 
Favard’s classification in the oblique coronal 
plane to distinguish a group which would need 
advance preoperative planning [7, 8]. Types A2, 
B2, B3, C in Walch classification and E3  in 
Favard’s classification are the indications to pre-
cise preoperative CT analysis with 3D reconstruc-
tion. In these cases sole intraoperative glenoid 
assessment can be misleading and result in base-
plate malposition. Glenoid types B1, D, E1, and 
E2 should be considered when combined with an 
anterior or posterior shoulder subluxation.

31.4  Baseplate Positioning

In general precise preoperative planning should 
be considered especially regarding the glenoid, 
which is deformed in almost 40% patients quali-
fied for the RSA [9]. 2D CT scan still remains the 
basic tool in pre-op planning, however 3D recon-
structions seem to be more reliable and are supe-
rior to subjective intraoperative landmarks such 
like “subchondral smile” [10–13]. It is crucial 
that the baseplate size fits the anatomical size of 
the glenoid and should not be oversized neither in 
pre-op planning nor intraoperatively. The base-
plate should be implanted in inferior part of the 
glenoid. To achieve this position intraoperatively 
it is important to reveal and identify the scapular 
pillar. The lower ridge of the baseplate should be 
aligned with the inferior glenoid neck. The posi-
tion of the baseplate in transverse plane should be 

perpendicular to the long axis of the scapula, not 
parallel to the glenoid surface, which is very 
often deformed and retroverted. However, it is 
important to keep in mind that in the glenoid with 
a severe bone loss, placing the baseplate in slight 
retroversion saves part of the bony bed during 
rimming and provides better bone support. In 
coronal-oblique plain the baseplate should be 
placed 10 or at least zero degrees inferiorly—this 
decreases a risk of inferior notching. Baseplate 
should be supported by native bone in at least 
50% of its surface, usually in the inferior part of 
the glenoid due to inferior tilt (subchondral 
smile) [14]. If the native bone is missing, auto or 
allogenic grafts or special implants can be used to 
fill in the gap. In case of autologous grafts, tra-
becular bone from the humeral head is used. In 
case where there is not enough bone, iliac crest 
graft can be used. Rotational orientation of the 
base plate influences the position of fixating 
screws. Drill holes orientation in the 11–5 o’clock 
axis provides more stable screw fixation to the 
scapula than drilling in the 12–6 o’clock axis 
[15]. When using two fixating screws, the supe-
rior one should be oriented superiorly, toward the 
coracoid base and the inferior one toward scapu-
lar pillar but perpendicular to the peg. This 
decreases the risk of notching, erosion, and 
implant destabilization. While the size of the gle-
nosphere is determined by the size of glenoid and 
implanted baseplate, its’ position can be modi-
fied by increasing the inferior eccentricity to 
optimize the range of motion and avoid 
notching.

31.5  Humeral Implant Positioning

The humeral head should be either cut according 
to the guidelines of the surgical method, different 
in inlay and onlay implants, or a bit less—it can 
be cut more in the later part of the surgery. The 
optimal position is 10–20 degrees of retrover-
sion. In case of the external rotators deficit, the 
lack of external rotation can be diminished by 
reducing the retroversion angle. Increasing the 
humeral neck-shaft angle can optimize range of 
motion and decrease notching.
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31.6  Conclusions

Positioning of the glenoid implant is crucial in 
the following aspects: version, tilt, position, rota-
tion, screws placement, and bone support. On the 
humeral head side, the height of the cut and retro-
version are the main factors that influence the 
outcome. The augmented reality is a new solution 
in an experimental phase and perhaps may 
become more popular in the future.
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Inlay Patellofemoral Arthroplasty

Geert Pagenstert

32.1  Introduction

Isolated arthroplasty of the patellofemoral joint 
has been invented more than 30 years ago [1, 2]. 
However, it’s use is still discussed controversial 
[3, 4]. Poor clinical outcomes and high failure 
rates have been reported for patellofemoral 
arthroplasty (PFA) in the past [2, 3, 5, 6–8].

Concerns with the early designs of the troch-
lear component have been believed to be a major 
reason for failures [4]. Since the invention of new 
implant designs, PFA has produced more consis-
tent outcomes and regained relevance in clinical 
practice [9, 10].

Currently available trochlear implant designs 
can be divided into inlay and onlay designs [4, 
11]. Inlay design trochlear components are 
implanted minimally deep to the surrounding 
cartilage after creation of a bone bed within the 
native trochlea. Onlay design trochlear compo-
nents replace the whole anterior compartment by 
using the same anterior cutting procedure known 
from total knee arthroplasty.

First generation inlay designs have been asso-
ciated with higher failure rates compared to 
second- generation onlay designs [2–4, 6–8, 11]. 

Therefore, onlay design trochlear components 
have been considered the gold standard for the 
last several years [4, 11]. However, with the 
invention of a new second-generation inlay 
design, which allows for individualized and ana-
tomic trochlear resurfacing, a much better 
implant became available. Advantages of the new 
inlay designs include no overstuffing of the patel-
lofemoral joint, no impingement or contact to the 
retinacular soft tissues, and increased implant 
stability [9, 12–14].

32.2  Indications 
and Contraindications

PFA is indicated in patients with isolated dis-
abling patellofemoral pain and the presence of 
patellofemoral osteoarthritis (grade III–IV 
Kellgren–Lawrence [15]) or chondral destruction 
(grade III-IV Outerbridge [16]) refractory to non-
surgical treatment and/or failed prior.

Patellofemoral instability and leg deformities 
are relative contraindications and need to be 
addressed during PFA as has been described else-
where. The tuberosity should be transferred if the 
tibial tuberosity trochlear groove distance is over 
15–20  mm, and/or the Caton-Deschamps Index 
[17] is over 1.3. The femoral malalignment 
should be corrected if mechanical valgus over 5° 
or excessive internal femoral torsion of more 
than 20° to the normal values where found [18].
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Contraindications for PFA were inflammatory 
arthropathy, progressive chondrocalcinosis of the 
menisci and femorotibial cartilage, chronic 
regional pain syndrome, active infection, and 
symptomatic tibiofemoral OA with pain during 
activities of daily living. Mild osteoarthritic 
changes in the tibiofemoral joint without symp-
toms can be neglected. Trochlea dysplasia is not 
a contraindication for inlay PFA because bone- 
bed preparation is adapted to act as deepening 
trochleoplasty [19].

32.3  Implant Design and Surgical 
Technique

The inlay PFA (HemiCAP® Wave) incorporates a 
cobalt chrome trochlear component that is con-
nected to a titanium bone anchoring socked via a 
taper interlock, and an all-polyethylene patella 
component. This system intends to replicate joint 
biomechanics by intraoperative joint surface 
mapping, three-dimensional socket reaming, and 
implantation of a matching, contoured trochlear 
inlay component. Eight implant sizes with vary-
ing offsets are available which allows for a 
patient-specific geometry match (Fig. 32.1).

A dynamic leg holder is recommended for 
easy flexion adjustments during the procedure 
and a tourniquet can be used. A medial parapatel-
lar surgical approach without eversion of the 
patella is recommended. With the knee in 20–30 
degrees of flexion the patella can be retracted by 
temporary K-wires. An offset drill guide is used 
to establish a working axis to the central trochlear 
articular surface and to confirm trochlear defect 
coverage. In the presence of a dysplastic trochlea 
with a central spur, the spur is removed by a ron-
geur to allow the offset guide to rest on the ante-
rior cortex of the femur with its superior feet. The 
inferior feet of the guide should not impinge at 
the posterior cruciate ligament. Once the superior 
and inferior drill guide feet were aligned with the 
trochlear orientation, a guide pin is advanced into 
the bone. To determine the proper implant geom-
etry, the superior/inferior and the medial/lateral 
offsets were measured using specific instrumen-
tation to measure the depth of the trochlear 
groove and the height of the sagittal curve. In 
case of a flat trochlea dysplasia, the deepest 
groove will be renamed despite the flat measure-
ment and the curvature set to the anterior cortex 
of the femur. According to the plan, the implant 
bed is reamed three-dimensionally with the aid of 

Fig. 32.1 Second-generation inlay trochlear design (HemiCAP® Wave, Arthrosurface, Franklin, MA, USA). (Reprinted 
with kind permission from Arthrosurface)
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a guide block. The screw fixation socked bearing 
a conus is then advanced into the bone and the 
trochlear component is fixed to the conus using 
an impactor. Debridement of patellar osteo-
phytes, lateral facetectomy, and circular denerva-
tion can be performed as necessary. Resurfacing 
of the patella is recommended in patellofemoral 
incongruence caused by patellar dysplasia, or in 
the presence of large subchondral bone defects. 
To replace the patellar surface the thickness of 
the patella is measured, and the surface resected 
using a saw aiming for a bone block preservation 
of more than 12 mm thickness. An asymmetric 
whole surface all-poly with three pegs along with 
cemented fixation is recommended to remove the 
painful margins of the patella.

32.4  Postoperative Rehabilitation

Patients with isolated PFA are allowed immedi-
ate full weight-bearing and free range of motion 
using two crutches as needed during the first 
2–6  weeks. In case of osteotomies of the tibial 
tubercle or the femur, partial weight-bearing 
according to the protocol is adjusted. Lateral reti-
nacular lengthening or reconstruction of the 
medial patellofemoral ligament usually need 
restriction of weight-bearing as well. We use con-
tinuous passive range of motion and compression 
cooling for our patients.

32.5  Outcome of Inlay 
Patellofemoral Arthroplasty

There is just evidence growing for this inlay PFA 
implant. Imhoff et al. [20]. published a paper in 
2019 including 2 and 5  years results counting 
only isolated PFA. All patients with concomitant 
surgical procedures have been excluded (app. 
50%). Clinical and radiographic results were 
assessed in 32 patients at the 2-year follow-up 
and in 24 patients at the 5-year follow-up. Patients 
converted to TKA were included in the risk factor 
and survival analysis. Both showed significant 
improvements at the 2- and 5-year follow-up 
compared to preoperative values. No significant 
difference was observed between the 2-year and 

5-year results. Pain and function showed signifi-
cant improvements after 2 and 5 years, whereas 
improvements in the stiffness subscale reached 
significance at 2 years alone. At the 5-year fol-
low- up, 20 out of 24 patients (83%) were satis-
fied with the procedure: 7 patients (29%) rated 
themselves “excellent,” 8 patients (33%) rated 
themselves “good,” 5 patients (21%) rated them-
selves “fair,” and 4 patients (17%) rated them-
selves “poor.” No significant progression of 
tibiofemoral OA according to the Kellgren–
Lawrence grading was observed and no signifi-
cant change in patellar height according to the 
Caton-Deschamps Index was seen. No evidence 
of periprosthetic loosening, cyst formation, or 
implant subsidence was found when comparing 
AP and lateral radiographs of the ones which 
were taken immediately after implantation to the 
ones at the 5-year follow-up. Six patients under-
went TKA during the study period, with a mean 
time to conversion of 27 ± 13 months. One patient 
suffered from an allergic reaction to chrome and 
nickel resulting in progressive synovitis and stiff-
ness and five patients suffered from persistent 
knee pain without radiographic evidence of pro-
gressive tibiofemoral arthritis. There were no sta-
tistical significant differences in patient 
demographics such as age and BMI in the failure 
group. The overall survival rate was 91% at 
2 years and 83% at 5 years.

Patel et al. [21] evaluated the outcome of 16 
consecutive patients after a mean follow-up of 
24  months and found a statistically significant 
improvement in clinical outcomes, however, no 
significant improvement was observed for range 
of motion and Short Form-36. Radiographically, 
only one patient had progression of OA and no 
patient was converted to total knee arthroplasty.

The outcome of 19 knees in 15 patients after a 
mean follow-up of 35 months was evaluated in 
another study by Zicaro et  al. [22]. Significant 
improvements were observed for all outcome 
measures, and no progression of OA was 
observed. Two patients were converted to TKA 
because of persistent pain.

Laursen [23] reported results on 18 patients 
who were followed prospectively for 1 year; of 
those, 11 were followed for 2 years. The patella 
was resurfaced in 7 of the 18 (39%) patients. 

32 Inlay Patellofemoral Arthroplasty
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Significant improvements were observed for 
clinical and functional outcomes using the 
American Knee Society Subjective Score (AKSS) 
with an improvement in AKSS of more than 20 
points in 91% of the patients. However, signifi-
cant progression of OA in the medial tibiofemo-
ral and patellofemoral compartment was 
observed. Implant survival rate was analyzed at 
6 years postoperatively using the National Joint 
Replacement Register of Denmark. Within 
6  years, a total of 5 implants were revised to 
TKA. The high revision rate reported by Laursen 
does not correspond to the experience of the other 
studies and may be explained with a different 
algorithm for indication and treatment, but also 
underlines the crucial need for preoperative 
patient selection.

32.6  Comparing Inlay and Onlay 
Patellofemoral Arthroplasty

Feucht et  al. compared current onlay and inlay 
designs in isolated PFA [24]. Based on the theo-
retical advantages of an inlay design, it was 
hypothesized that an inlay design will produce 
better clinical results and less progression of tib-
iofemoral osteoarthritis (OA) compared to an 
onlay design.

Only patients who underwent isolated PFA 
were included (n = 64). An onlay trochlear design 
(Journey™ PFJ, Smith & Nephew, Andover, MA, 
USA) was used in 15 patients and 49 patients 
received isolated implantation of the inlay design 
(HemiCAP® Wave). Since the patients were not 
randomized preoperatively, a matched-pair anal-
ysis was conducted in order to minimize selec-
tion bias. Matching criteria were age (±5 years), 
gender, body mass index (±5 kg/m2), and follow-
 up period (±3 months).

In this series, patellofemoral resurfacing was 
performed in five patients within each group 
(33%). Postoperative rehabilitation was identical 
for both groups. Patients performed partial weight-
bearing with 20 kg for 2 weeks, followed by pro-
gression of weight-bearing with 20 kg per week. 
Full range of motion was allowed immediately.

Both implants significantly improved func-
tional outcome scores and pain, without signifi-
cant differences between both groups. In addition, 
no significant difference between both implants 
was found with regard to the reoperation rate, 
which was low in both groups. None of the 
patients with an inlay component required reop-
eration because of patellofemoral maltracking or 
mechanical patellofemoral complications such as 
catching, snapping, or clunking. The authors con-
cluded that the development of the second- 
generation inlay component has resolved 
design-specific complications of first-generation 
inlay designs and can be considered a valuable 
alternative to currently used onlay designs, with 
the theoretical advantages of an inlay design 
component.

Progression of tibiofemoral OA is the most 
common reason for failure of PFA using modern 
prosthetic designs [25, 26]. An interesting finding 
of the study was that none of the patients with an 
inlay component showed progression of tibio-
femoral osteoarthritis (OA), whereas more than 
half of the patients in the onlay group demon-
strated progression of medial and/or lateral tibio-
femoral OA. The hypothesis for this observation 
is the more anatomic approach of the inlay design 
that better reproduces the complex kinematics of 
the patellofemoral joint, by preventing soft tissue 
irritation due to overstuffing.
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Conservative Treatment 
Approaches of Patellar 
and Achilles Tendinopathies
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and Baris Kocaoglu

33.1  Patellar Tendinopathy

33.1.1  Introduction

Formerly known as “jumper’s knee,” patellar ten-
dinopathy gives rise to considerable functional 
deficit and disability in recreational as well as 
professional athletes. It can affect their perfor-
mance, cause trouble in their sports carrier, and 
even can cause to end it. With the help of the 
diagnostic tests which are ultrasonography 
(USG), magnetic resonance imagining (MRI), 
and X-Ray, the diagnosis of tendinopathy is 
mainly based on the clinical examination [1].

Nowadays, therapeutic protocols are pre-
ferred by experience rather than scientific evi-
dence. Moreover, current evidences make us 
able to change our minds about previous doc-
trines and dogmatic belief on tendon overuse. 
Surprisingly, histologic and biochemical results 
have indicated that the underlying pathology of 
tendinopathy is not an inflammatory tendinitis 
but a degenerative tendinosis. Therefore, pain in 

chronic patellar tendinopathy is not caused by 
inflammatory process, but its exact origin is still 
unknown. In the light of molecular evidences, 
rehabilitation with eccentric exercises should be 
more important than the anti-inflammatory pro-
tocols when it comes to conservative manage-
ment. The surgery should be preferred when the 
conservative therapy is not enough for recovery. 
However, wide spectrum of the surgical proce-
dures and absence of the randomized studies, 
the effectivity of the surgical treatment of the 
patellar tendinopathy is still under debate. Based 
on the pathophysiology and molecular mecha-
nisms of the pain in the patellar tendinopathy, 
new treatment strategies should be planned in 
the future.

33.1.2  Anatomy and Definition 
of Patellar Tendinopathy

The extension of the common tendon of insertion 
of the quadriceps femoris muscle, patellar ten-
don, extends to the tibial tuberosity from the infe-
rior pole of the patella. It has approximately 3 cm 
width in the coronal plane and 4–5 mm thickness 
in the sagittal plane. Macroscopically it appears 
bright, fibrous, and white.

Contribution of blood supply to patellar tendi-
nopathy is a common belief [2, 3]. The anasto-
motic ring in the thin layers of loose connective 
tissue covering the dense fibrous expansion of the 
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rectus femoris constitutes the patellar tendon 
 vascularization. The major arteries are the medial 
inferior genicular, lateral inferior genicular, lat-
eral superior genicular, and the anterior tibial 
recurrent artery [4, 5]. The proximal posterior 
side of the tendon is the most commonly affected 
by patellar tendinopathy.

It’s widely accepted that the patellar tendon 
has a “relatively avascular osteotendinous junc-
tion.” There is an “avascular zone between liga-
ment and bone” in the distal attachment of the 
tendon to tuberosity of tibia, the proximal attach-
ment is adjacent to the inferior half of the patella 
and the infrapatellar fat pad, which are both 
highly vascularized. Hence the proximal patellar 
tendon is well vascularized. However, blood flow 
at rest and activity does not necessarily overlap 
each other. Patellar tendon vasculature at rest and 
activity would be possible by the recent technical 
advances [6].

The stretching can cause corruption of the 
arrangement of the fibrils. During the sportive 
activities, the particular load causes the fibrils 
to become more parallel and the tendon has a 
relatively linear response to mechanical stress. 
Beyond this limit lengthening, micro failures 
can occur [7]. The mesh structure of the colla-
gen fibers fails. With even further elongation, 
the elastic failure of fibers themselves, com-
bined with shear failure, causes macroscopic 
damage [8].

33.1.3  Epidemiology

Patellar tendinopathy can affect a wide variety of 
sports branches like basketball, volleyball, soc-
cer, football, running even in the military, etc. 
There are a lot of intrinsic or extrinsic risk factors 
that have been described in musculoskeletal 
overuse injuries. More specifically, patellar ten-
dinopathy is very common in the elite athletes of 
volleyball probably due to intensity of training on 
jumping performance, and ankle and knee joint 
dynamics. Also, current literature mostly says 
that patellar tendinopathies are more common in 
males than females.

33.1.4  Pathophysiology

Like other chronic tendinopathies such as 
Achilles tendinopathy or extensor tendinopathy 
of the elbow, patellar tendinopathy is basically 
caused by tendon overload. Cumulative micro-
trauma occurs due to failure of coherence 
between collagen fibers, which is caused by 
repeated strain of the tendon, beyond its elastic 
capacity.

Tendency to injury is inevitable as a result of 
low metabolic rate of tendon when it comes to 
increased demand for raw materials like collagen 
and matrix to repair of the tissue. This is the main 
cause of the vicious cycle, which then results 
with the further reduction of repair capacity and 
more predispositions to injury. The final result of 
this overload mechanism or failed healing 
response is the formation of a tendinosis area 
within the tendon, which is as indicated by the 
proposed nomenclature of a noninflammatory 
condition. The predisposition of the posterior 
tendon fibers within the patellar tendon is still 
unclear.

The precise origin of pain caused by patellar 
tendinopathy remains unclear but it’s clear by the 
evidences that chronic patellar tendinopathy is 
not an inflammatory condition. Peritendinous 
pain receptor activation may be the cause of the 
symptoms.

The inferior pole impingement of the patellar 
tendon is an alternative hypothesis to chronic 
overload hypothesis, which is widely accepted. 
However, there are a lot of studies that say the 
opposite of each other so the impingement 
hypothesis is a scientifically weak hypothesis [3].

33.1.5  Diagnosis

The usual presentation of pain in the patellar ten-
dinopathies is anterior knee pain which worsens 
with prolonged knee flexion. Pain starts mostly 
insidious, but often patients can notice it during 
or after sportive activity. The proximal insertion 
of patellar tendon to patella is the generally cer-
tain location of pain. At the beginning of the dis-
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ease the pain starts after the end of the activity, 
and as the disease progresses, pain may be expe-
rienced at the beginning of specific activities or 
even throughout their sport activity. When this 
happens, patellar tendinopathy can affect their 
performance. In severe cases, patient feels pain 
during daily activities or at rest. Several scoring 
systems for knee pathology are used in the litera-
ture but most of them fail to detect the specific 
deficits of athletes with patellar tendinopathy.

Physical findings are generally parallel to 
patellar tendinopathy. The most consistent find-
ing is localized tenderness at the inferior patellar 
pole [9]. Decline squatting is a good functional 
testing for patellar tendon [10]. The number of 
pain-free decline squats is generally low. 
Patellofemoral pain syndrome or Hoffa impinge-
ment is one of the most important differential 
diagnoses. Sometimes, these conditions can be 
seen even together.

Plain X-rays can be a good option to diagnose 
bony abnormalities and occasional neurotendi-
nous calcification. Technological advancement 
makes us able to get more detailed visualization 
of the tendons, bones, etc. However, the issue is 
to decide which imaging modality is the best 
choice and its clinical relevance of detected 
abnormalities.

Due to the alignment of the patellar tendon is 
superficially and in parallel with the skin surface, 
it is well suited for ultrasonographic evaluation 
[11]. Hypoechogenic zone often associated with 
tendon thickening due to disorganization of col-
lagen fibers. In advanced tendinosis, small areas 
of hyperreflectivity or intratendinous clefts can 
be observed.

The good correlation of imaging and histo-
pathological findings does not necessarily corre-
spond to a good clinical correlation or guidance 
for therapy. Tendon imaging has been used for 
several purposes, ranging from screening modal-
ity to surgical indication and postoperative moni-
toring guidance. However, recent studies have 
questioned some of these assumed qualities of 
tendon imaging.

They can be used in the screening of athletes 
to establish individual tendon prevention pro-

grams, as athletes with increased risk can be 
identified, or they can be used to confirm the ath-
lete’s symptoms so that therapeutic decisions can 
be made.

With color and power Doppler evaluation 
made us obtaining an estimation of intratendi-
nous blood flow [12]. In patellar and Achilles ten-
dinopathy, color Doppler ultrasonography could 
characterize the neovascularization and this 
increased blood flow in symptomatic tendons. 
Ultrasonographic effects of different treatments 
need to be established in longitudinal studies.

The USG as the first line investigation for its 
lower cost, availability, direct clinical correlation, 
and possibility of adding blood flow evaluation 
through Doppler technique, and MRI can be hold 
up for additional anatomical view as differential 
diagnosis or preoperative evaluation is required.

33.1.6  Therapy

The deficiency of the knowledge of the patho-
physiologic events and the pain mechanisms 
about the patellar tendinopathy can be the reason 
for the different treatment methods. Conservative 
treatment before surgical treatment has been pre-
ferred for long years [13]. The current trend in 
therapeutic approach for patellar tendinopathy 
focuses the requirement for a more comprehen-
sive approach with emphasis on strengthening 
exercises in contrast to the previous literature that 
may be caused by lack of studies about the con-
servative treatment options. Strengthening could 
be the critical point in a more pathophysiology- 
based management of patellar tendinopathy 
because the missing healing response is the key 
element of this tendinopathy.

33.1.6.1  Conservative Management

Correction of Intrinsic and Extrinsic Risk 
Factors

Training Errors
It has been known by evidences that training con-
ditions like ground selections, training intensity, 
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style, frequency, etc. are extremely important 
about this tendinopathy.

Flexibility
Mobility limitations are one of the most impor-
tant reasons of the tendinopathies (REF), and the 
flexibility of the muscles is very important for the 
mobility of a joint (REF); Witvrouw et al. [14], 
found that flexibility of quadriceps and hamstring 
muscles can be the only reason of this injury. 
Therefore, correction of limited flexibility of the 
responsible muscles by corrective exercises is a 
very logical option.

Biomechanical Abnormality
It’s been hypothesized that intrinsic risk factors 
like foot hyperpronation, pes planus or cavus, 
forefoot varus or valgus, hindfoot varus or val-
gus, tibia vara, genu valgum or varum, patello-
femoral malalignment, femoral neck anteversion, 
and leg length discrepancies can play role in the 
biomechanical derangement in patellar tendinop-
athy but unfortunately there is no evidence in the 
literature which proves this theory. But of course, 
if an apparent biomechanical abnormality exists 
in a patient with patellar tendinopathy, correction 
of this could be logical because it doesn’t mean 
that lack of evidence is equal evidence of the 
opposite.

Symptomatic Approach

Relative Rest
The tendinopathy results from mechanical over-
load, therefore decreasing the overload by giving 
a break to the activity can cause relief of these 
firing mechanisms. That does not mean complete 
immobilization; moreover, complete immobiliza-
tion causes thinner and disoriented collagen 
fibers, decreased blood volume which results to 
tendon atrophy.

Nonsteroidal Anti-Inflammatory Drugs 
(NSAID)
Anti-inflammatory medication for an injury, 
which originates from degenerative, noninflam-
matory causes, should be questioned. There is no 

evidence about supportive effect of NSAIDs on 
chronic tendinopathy. There is an isolated study 
on the patient’s acute tendon pain, reveals a posi-
tive effect of NSAIDs but still the place of pain in 
the overuse-related tendinopathy is questionable. 
Currently, the histopathology of acute tendon 
pain remains unclear. NSAIDs can also have 
additional effects than simply anti-inflammatory 
or analgesic effects [15]. There are some studies 
which have proved the potential favorable effects 
of NSAIDs in tendon healing while others have 
reported deleterious mechanisms of NSAIDs in 
tendons. Still, in the clinical management of 
chronic tendinopathy, the use of an NSAID can 
hide symptoms by its analgesic effect and conse-
quently prevent optimum therapeutic manage-
ment. Therefore, until further evidence of exact 
effects of NSAIDs in tendinopathy is revealed, 
their use in patellar tendinopathy is not evidence 
based.

Corticosteroids
Corticosteroid application in the tendinopathy 
treatment is a popular issue [16]. There are a lot 
of studies on this topic, some of these say it 
causes short-term pain relief but some of these 
say there is no positive effect. The increased risk 
of tendon rupture is a fact because strengthening 
is an important issue that has to be regained. 
Nevertheless, as patellar tendinopathy is a nonin-
flammatory condition and corticosteroids can 
impair collagen synthesis and tendon strength, 
usage of corticosteroids needs to be rethought.

Ice Application
Icing causes vasoconstriction and by this, it 
causes neovascularization within tendinosis, and 
as a consequence it decreases leakage of blood 
and protein. Still, there is no precise protocol, 
which includes the parameters like time, dura-
tion, frequency, and repetition. Due to masking 
of the pain effect by icing, avoidance of usage 
before sport participation would be logical.

Local Physiotherapeutic Modalities
There are a lot of studies about the beneficial 
effects of the different physical therapy strategies 
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about the treatment of patellar tendinopathy, 
including, fine needling, electrotherapy, electro-
magnetic fields, ultrasound, and laser therapy 
(Figs. 33.1, 33.2 and 33.3) [17]. Increase of col-
lagen synthesis and tensile strength of the tendon 
have been showed by studies. Therefore, the 
local application of physical modalities is still 
debatable.

Extracorporeal Shock Wave Therapy
An ESWT session consists of the application of 
shock waves, which are sonic pulses generating 
high stress forces in tissue, which we better know 
this modality as a successful treatment method 
for urolithiasis. Analgesic process, the dissolu-
tion of calcific deposits, and the stimulation of a 
tissue regeneration process are known mecha-
nisms of action of this therapy and the positive 
results of its use in patellar tendinopathy are sup-
ported by some studies [18]. Recently, the effi-
ciency of ESWT was demonstrated in a 
randomized, double-blind, placebo-controlled 

Fig. 33.1 Patellar tendon needling

Fig. 33.2 Electrotherapy

Fig. 33.3 Magnetic field therapy
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trial in the short-term management of chronic 
patellar tendinopathy [19]. Further studies seem 
justified and warranted to clarify the contradic-
tory results in other insertional tendinopathies 
and evaluate long-term effects and the relative 
effectiveness of ESWT for patellar tendinopathy 
compared with other therapeutic approaches.

Autologous Blood Injection
Augmentation of tendon healing through colla-
gen regeneration and the stimulation of a well- 
ordered angiogenic response is the principle of 
this method by providing cellular and humoral 
mediators. However, there are no perfect models 
for tendinopathy, and clinical application is 
unreliable.

Mesenchymal Stem Cells
Not only their ability to differentiate and to 
directly participate in the regeneration process 
but also the immune modulation and trophic 
activities may be the most important therapeutic 
effect of mesenchymal stem cells (MSCs). As 
they arrive on sites of inflammation or tissue 
injury, they start to secrete immunomodulatory 
and trophic agents such as cytokines and growth 
factors that re-establish physiological homeosta-
sis. Combined with the relative easy process of 
isolation and expansion, all these factors have 
made the MSCs very useful in recent years for 
clinical applications [20].

Rehabilitation
Due to heterogeneity in every single step of the 
diagnosis, therapy, patient selection, program 
design, results about the success rate have vari-
ety, there is no strong evidence that one precise 
physical therapy program is superior to others, 
still it is truth that rehabilitation of the afflicted 
muscle tendon is the cornerstone of tendinopathy 
management. Mostly, strength training especially 
eccentric exercise training is become the key ele-
ment in the treatment of chronic tendinopathy but 
unfortunately most of the studies are about the 
Achilles tendinopathy.

Unfortunately, the mechanisms through which 
eccentric exercise can alter pain in chronic tendi-
nopathy remain still unclear. There are some 
in vivo studies that show the increased metabolic 

activity and increased formation of collagen type 
I in response to acute exercise of peritendinous 
tissue [21]. Therefore, scientifically, it’s impos-
sible to say that one exercise program is superior 
to others in treatment of patellar tendinopathy.

33.1.7  Conclusion

Patellar tendinopathy is a common and important 
problem. Clinical examination and history are 
generally enough however technological 
advancement of the imaging techniques are help-
ing to physician. The therapeutic regimen should 
be shifted from anti-inflammatory approaches to 
a more compete rehabilitation. Pain in tendinopa-
thy patients is still unclear. If the conservative 
therapy cannot relieve the pain, surgical proce-
dure can be applied. There are different surgical 
techniques but the real effect of surgery is still 
contentious. Pathophysiology-based new emerg-
ing techniques may lead to better curative or pre-
ventive regimens in the future.

33.2  Achilles Tendinopathy

33.2.1  Introduction

Achilles tendinopathy is a common condition, 
particularly in running dominant sports. It is a 
chronic syndrome, which is characterized by the 
pain and thickening in the Achilles tendon. The 
prevalence of Achilles tendinopathy is 52% in 
former runners, and the annual incidence is 7–9% 
in current runners. This syndrome is a summation 
of several pathologies and is different from rup-
ture or partial rupture. Onset is generally subtle 
and chronic, although in some cases a patient 
may present with acute tendinopathy [22].

There is no worldwide accepted classification 
system. If the symptoms last longer than 
3 months, the term “tendinitis” is not precisely fit 
to the situation because it has to be addressed to 
degenerative structural changes (tendinosis) 
within the tendon, not to the inflammation, which 
is rarely present in most cases.

Discrimination of tendinosis from paraten-
donitis is hard and not possible in most cases 
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and these two are generally seen together. Still 
efforts should be made to diagnose the source 
of pain.

33.2.2  Anatomy and Definition 
of Achilles Tendinopathy

The Achilles tendon is the biggest and strongest 
tendon in the human body. The tendon is very 
capable of absorbing strong forces. It originates 
from a distal confluence of the gastrocnemius and 
soleus muscle and inserts at the bottom of the 
calcaneus.

A typical tendon structure consists of thin, 
cylindrical cells and an extracellular matrix. The 
cells of the tendon, commonly tenocytes teno-
blasts, are responsible for the synthesis of all of 
the components of the extracellular matrix. 
Inside the matrix we find bundles of type I col-
lagen and elastin. This type-I collagen is respon-
sible for the strength of the tendon. Between the 
collagen there is a ground substance located 
which is made up of proteoglycans and glycos-
aminoglycans [23].

The Achilles tendon is surrounded by 
paratenon and by this it can move freely between 
surrounding tissue. The paratenon includes a 
layer of cells and is responsible for the blood sup-
ply of the tendon. The layers that are placed 
under the paratenon are the epitenon, which is a 
thin membrane and the endotenon, which sur-
rounds the collagen fibers which results in 
bundles.

The blood supply of the tendon is low, as it has 
small numbers of blood vessels in all sections but 
especially 4–6 cm proximal of calcaneus. Lower 
vascularity may be the reason of slow healing 
rate following trauma.

Males have greater maximum rupture force 
and stiffness with a larger cross-sectional area 
than females. Younger individuals have greater 
tensile rupture stress and lower stiffness.

33.2.3  Epidemiology

The Achilles tendon has a cumulative lifetime 
injury incidence of approximately 24% in ath-

letes. Running-related injuries have a prevalence 
between 11 and 85% or 2.5–59 injuries per 
1000 h of running [24]. Results from one study 
cite the frequency of Achilles tendinopathy to be 
1–2% in elite adolescent athletes [25]. Another 
study cited the frequency of injury as 9% in rec-
reational athletes [22]. The lifetime injury inci-
dence of 2.35 per 1000 is strongly associated 
with sporting activities [26]. This incidence 
increases in older men.

33.2.4  Pathophysiology

Achilles tendinopathy is basically caused by 
tendon overload. Cumulative microtrauma 
occurs due to failure of coherence between col-
lagen fibers, which is caused by repeated strain 
of the tendon, beyond its tendons elastic capac-
ity [27, 28].

As in other tendinopathies, tendency to injury 
is inevitable as a result of low metabolic rate of 
tendon when it comes to increased demand for 
raw materials like collagen and matrix to repair 
of the tissue [29]. This is the main cause of the 
vicious cycle which then results with the further 
reduction of repair capacity and more predisposi-
tion to injury. The final result of this overload 
mechanism or failed healing response is the for-
mation of a tendinosis area within the tendon, 
which is as indicated by the proposed nomencla-
ture of a noninflammatory condition.

The causes and mechanisms of Achilles tendi-
nopathy (AT) can be divided into intrinsic and 
extrinsic factors. The intrinsic factors include 
anatomic factors, age, sex, metabolic dysfunc-
tion, foot cavity, dysmetria, muscle weakness, 
imbalance, gastrocnemius dysfunction, anatomi-
cal variation of the plantaris muscle, tendon vas-
cularization, torsion of the Achilles tendons, 
slippage of the fascicle, and lateral instability of 
the ankle. And extrinsic factors include mechani-
cal overload, constant effort, inadequate equip-
ment, obesity, medications improper footwear, 
insufficient warming or stretching, hard training 
surfaces, and direct trauma, among others.

Strong and flexible type I collagen fibers are 
the main component of the Achilles tendon and it 
is covered by elastin rich paratenon which is a 
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thin layer of connective tissue and it penetrates 
into the tendon, keeping the collagen bundles 
together while allowing movement between 
them [30].

The difference between tendinosis and tendi-
nitis is that in tendinosis there are degenerative 
changes in the tendon’s structure and the sheath, 
which makes the tendon more vulnerable to 
breaking.

Healthy tendons are almost avascular. Forming 
of abnormal vessels, neovascularization, is one 
feature of Achilles tendinopathy [31]. It is 
hypothesized that pain in chronic midportion 
Achilles tendinopathy is caused by neovascular-
ization. The midportion Achilles tendon and the 
paratendon tissues have greater postcapillary 
venous filling pressures but there is no difference 
between Achilles tendinopathy and normal ten-
don tissue.

33.2.5  Diagnosis

Pain is the main symptom of Achilles tendinopa-
thy but the main mechanism is the chronically 
deranged healing response nature, even in acute 
cases. In most cases pain appears at the begin-
ning and at the end of a training session, rela-
tively comfortable in between. As the pathologic 
process progresses, pain can extend to exercise, 
and, in further cases, it can even affect daily 
activities.

Detailed clinical examination is the best way 
to diagnose. Both legs are exposed from above 
the knees and the patient was examined during 
standing and prone. The foot and the heel should 
be inspected for any malalignment, deformity, 
and obvious asymmetry in the tendons size, 
localized thickening, Haglund heel, and any pre-
vious scars. The AT should be palpated for ten-
derness, heat, thickening, nodule, and crepitation. 
The tendons excursion is estimated to determine 
any tightness. The “painful arc” sign helps to dis-
tinguish between tendon and paratenon lesions. 
In paratendinopathy, the area of maximum thick-
ening and tenderness remains fixed in relation to 
the malleoli from full dorsiflexion to plantarflex-

ion, whereas lesions within the tendon move with 
ankle motion. There is often a discrete nodule, 
whose tenderness significantly decreases or dis-
appears when the tendon is put under tension.

Although plain soft tissue radiography is not 
the imaging modality of choice in tendon disor-
ders nowadays, it still took its place in diagnosing 
associated or incidental bony abnormalities. It can 
be taken more extensive information could be 
obtained about the internal morphology of tendon 
and the surrounding anatomy by magnetic reso-
nance imaging (MRI). It is a useful tool to assess 
the different stages of chronic degeneration and 
differentiation between paratendinopathy and ten-
dinopathy of the main body of the tendon.

When it comes to tendon incomplete rupture, 
MRI is superior to ultrasound (US). However, 
very high amount of extensive information com-
ing from MRI has to be interpreted in correlation 
to the patient clinic before making any recom-
mendation. Ultrasonography is bit of more 
operator- dependent, but it correlates well with 
histopathologic findings, and specifically in 
Europe, it took its place as a first imaging method. 
Thickening of the AT can be detected easily with 
both methods. So, US can be used as a first diag-
nostic method and an additional magnetic reso-
nance study may be needed if US remains unclear 
and, together with the clinical diagnosis, decision 
of surgery can be taken more effectively. One 
important advantage of US is the interactive 
facility, which helps to provoke symptom by 
probes compression on the pathologic area. 
Concerning the high specificity and sensitivity of 
US, like MRI, it has a relatively high incidence of 
false positive findings.

33.2.6  Therapy

33.2.6.1  Conservative Management

Noninvasive Methods
Noninvasive methods such as relative rest or mod-
ification of activity, orthotics, heel lifts, massage, 
hot and cold compresses, strengthening exercises, 
ultrasound, and nonsteroidal anti- inflammatory 
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drugs (NSAID) or oral corticosteroid can be 
applied as a first line treatment. NSAIDs has 
been questioned about its  effectiveness because 
of prostaglandin inflammatory mediator absence 
in AT [32].

Corticosteroids Injections
Corticosteroids are a group of medications that 
contain cortisone. They relieve pain by reducing 
the inflammation that occurs in a diseased ten-
don. There is a controversy about the use of these 
injections in Achilles tendinosis since there is no 
inflammatory process. In some studies, cortisone 
injection gives short-term pain relief but in some 
other studies there is no pain relief after the 
injection.

Eccentric Training
The eccentric training program designed by 
Alfredson et al. [33] improve tendon healing by 
enhancing the tendon volume and signal intensity 
which is thought to be a response to trauma. But 
after a 12-week program, size and appearance of 
the tendon returns to normal on ultrasound and 
magnetic resonance imaging (MRI). With longer 
periods, eccentric loading program of the Achilles 
tendon, muscle tendon unit length will be 
increased and resistance of tendon to load will be 
increased overtime. Damage to abnormal blood 
vessel and the nerves may be the mechanism of 
repetitive eccentric loading on eliminating pain 
in the tendon concluded by Alfredson et al. [34] 
with the 12-week program, it has produced 90% 
good results with midportion, 30% good results 
in insertional Achilles tendinosis (Fig. 33.4).

Extracorporeal Shock Wave Therapy
The extracorporeal shock wave therapy (ESWT) 
is another treatment option for Achilles tendino-
sis (Fig. 33.5). There are two treatment strategies: 
first one is the low energy treatment which is 
three weekly sessions without local anesthesia or 
intravenous anesthesia and second one is the high 
energy treatment which is a one session but with 
local or intravenous anesthesia. Repeated shock 
wave to the affected area causes microtrauma 
which is then followed by neovascularization. 

Fig. 33.4 Proprioception training

Fig. 33.5 ESWT
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Emerging blood flow stimulates tissue healing 
which results with relief of pain. It can also block 
afferent pain receptor functioning and increase 
nitric oxide synthase. This treatment strategy 
seems beneficial and may have a place in the 
treatment of Achilles tendinosis [35].

Low-Level Laser Therapy
Low-level laser therapy produces effects on a 
diseased tendon like enhanced adenosine tri-
phosphate production, enhanced cell function, 
and increased protein synthesis [36]. It also 
reduces inflammation, increases collagen syn-
thesis, and promotes angiogenesis. In a study by 
Stergioulas et  al. [35], it was established that 
Achilles tendinosis patients who underwent 
eccentric exercises together with low-level laser 
therapy demonstrated decreased pain intensity, 
morning stiffness, tenderness to palpation, 
active dorsiflexion, and crepitus with no side 
effects in comparison with the patients who 
underwent eccentric exercises only. However, 
the data to confirm the efficiency of low-level 
laser therapy is still inadequate for the treatment 
of Achilles tendinosis.

Other Additional Methods
There are other methods that increase blood cir-
culation. One of them is Graston method, which 
is performed by a metal rod (Fig.  33.6). It is 
mostly useful for tendon and soft tissue mobiliza-
tion. Tecar therapy is another additional method. 
It is endogenous thermotherapy based on the 

principle of capacitive and resistive energy trans-
fer that has an effect within the tendon, activating 
body’s natural repairing and anti-inflammatory 
processes (Fig.  33.7). During those therapies, 
athletes shouldn’t lose their cardiovascular con-
dition. At this situation, anti-gravity treadmill 
helps patients to continue their cardiovascular 
form (Fig. 33.8).

Platelet Rich Plasma
In chronic Achilles tendinosis, there is no inflam-
mation or paucity of platelets. Activated platelets 
begin to produce cytokines and granules, which 
followed, by producing of the growth factors that 
support the healing process. Higher number of 
concentration of platelets through injection to the 
tissue increases the healing possibility by trigger-
ing revascularization of the injured tendon. 
Although the current literature doesn’t say that 
PRP is the treatment of choice in AT, emerging 
evidences suggest that patient may improve by 
PRP treatment. However, the rate of improve-
ment not superior is to physical therapy or pla-
cebo [37].

Fig. 33.6 Graston therapy Fig. 33.7 Tecar therapy
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33.2.6.2  Rehabilitation
Rehabilitation for an Achilles tendon rupture 
helps to regain strength and flexibility in the ten-
don and leg. It can be done at home or in a gym.

Rehabilitation program may include:

• Stretching and flexibility exercises.
• Strengthening exercises.
• Endurance activities, such as riding a station-

ary bicycle.
• Coordination and/or agility training.

Recovery varies among people. It depends on 
how severe the tendon injury is and whether you 
complete your program. Giving time and energy 
to a rehab program will speed recovery and help 
prevent future injury.

33.2.7  Conclusion

There are diverse conservative and surgical treat-
ment strategies for Achilles tendinosis, which 
emphasizes the lack of the gold standard of the 

treatments. Mechanism of action for the ideal 
treatment is still controversial. Conservative 
measures such as corticosteroid injection reduces 
inflammation, but on the other hand eccentric 
training lengthens muscle tendon unit. ESWT or 
PRP stimulates neovascularization. Surgical 
measures include tendon microtenotomy, tendon 
debridement, and paratenon stripping [38].
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34.1  Basic Science and Diagnosis 
of Tendinopathy

Tendinopathy is a common clinical problem 
which affects a substantial portion of recreational 
and professional athletes and those in many occu-
pations involving repetitive work [1].

Tendon injuries, which represent approxi-
mately 50% of all sports injuries, can occur in 
any tendon. It is often at the level of or near its 
insertion where there is the area of major mechan-
ical stress concentration [2]. The most commonly 
involved tendons are the rotator cuff (particularly 
supraspinatus) tendons in the shoulder, the fore-
arm extensor and flexor tendons in the forearm, 
the patella tendon in the knee, and the Achilles 
tendon in the ankle as they are more exposed to 
repeated loads, shear and compressive forces [3].

The term “tendinopathy” describes the clini-
cal features in and around tendons which include 
activity-related pain, swelling, focal tendon ten-
derness, decreased strength and movement in the 
affected area associated with decreased exercise 
tolerance and function of the limb, up to total 
rupture [4].

The histologically descriptive terms “tendino-
sis” (a degenerative pathological condition with a 
lack of inflammatory change) and “tendonitis” or 
“tendinitis” (implying an inflammatory process 
associated to degenerative injury) should be used 
only after histopathological confirmation. The 
pathogenic mechanisms underlying the onset of 
tendinopathies are still unclear [5].

Historically, inflammation has been thought of 
as the central pathological process in tendon dis-
orders, but histological studies of surgical 
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 specimens have consistently shown the presence 
of degenerative lesions, either absent of or with a 
minimal inflammatory component [6].

The most widely shared hypothesis sees 
inflammation’s contribution only in the early 
phases of disease. Currently, mechanical over-
load and excessive mechanical stress on the mus-
cle–tendon unit seem to play a key role in the 
onset and perpetuation of tendon degeneration 
even though a full understanding of the biome-
chanical basis for tendinopathy is still lacking 
and needs to evolve [3].

Histological changes in tendinopathies have 
been widely described [7]. Macroscopically nor-
mal tendon is white, brilliant and has a fibroelas-
tic consistency. Affected tendons lose their 
normal sparkling white appearance and become 
gray or brown, amorphous, thinner and softer [8]. 
The typical thickening in the degenerated regions 
can be diffuse, fusiform, or nodular [9]. 
Microscopic histopathological changes include 
loss of the parallel orientation of collagen fibers 
along with a decrease in collagen fiber diameter 
and in the overall density collagen. There is also 
increased overall cellularity, increased deposition 
of mucoid ground substance and proteoglycans 
as well as the proliferation of new randomly ori-
ented blood vessels. Moreover, an increase in 
type III (reparative) collagen fibers is usually 
described [10]. All these reflect a failure of the 
native tendon healing process.

Depending on the histopathological altera-
tions, different theories on tendinopathy etio-
pathogenesis have been hypothesized.

The mechanical theory places overuse injury 
at the center of the pathologic process. The exces-
sive load to which the tendon is exposed may 
cause repeated microinjuries that lead to biologi-
cal alterations of ground substance and tenocytes 
with subsequent mechanical breakdown of the 
loaded tendon. The increase in E2 prostaglandin 
and B4 leukotriene production seems to be 
mainly responsible for degenerative process. The 
affected tendons lose their mechanical properties, 
resulting in a reduction of the tendon cross- 
sectional area over which muscular forces are 
transmitted thereby making them more suscepti-
ble to failure [11].

The vascular theory would explain the onset 
of tendinopathy as a consequence of an inade-
quate vascular supply during mechanical activi-
ties due to the presence of intratendinous 
avascular areas as occurs in the Achilles tendon 
or extensors tendon of the elbow [12]. In con-
trast to the vascular theory, a new pathogenic 
hypothesis is being put forth. It postulates that 
physical training could create a localized hyper-
thermia condition, causing a decrease in teno-
cyte survival [13].

The neuronal response to repetitive tendon 
microtrauma seems to be involved. In degener-
ated tendons, a high level of nervous mediators 
(such as glutamate, calcitonin, P-peptide) and 
small nerve ingrowth are widely noticed [14]. 
Finally, disuse has also been identified as tending 
to alter tendon properties. Denervation and 
immobilization have both been found to decrease 
tendon stiffness and reduce final tissue strength 
and, at the same time, inactivity and unloading 
could have an effect on tendon collagen homeo-
stasis dysregulation [13–15].

Some individuals are more susceptible to 
developing tendinopathy than others who have 
similar levels of physical activity [16]. This pre-
disposition derives from the interaction between 
several risk factors identified in two large catego-
ries, extrinsic and intrinsic factors. Among the 
intrinsic factors, individual’s genetic characteris-
tics must be considered. The ABO blood group 
and tendon molecular structure were suggested 
as possible predisposing factors. Gender is 
another genetic expression key. Women seem to 
have less tendinopathy than men, thanks to the 
protective role of estrogens. Estrogenic protec-
tion is supported by the evidence that tendon rup-
tures are almost exclusively described after the 
onset of menopause [16, 17]. Increased age is 
another important intrinsic risk factor and cer-
tainly the prevalence of tendinopathy seems to 
increase with age. Age-related intratendinous 
changes such as the reduction in proteoglycans 
and an increase in cross-links between collagen 
fibers make tendons stiffer and less capable of 
tolerating load [18]. Body composition has 
recently been linked to tendinopathy. A greater 
waist circumference and high levels of adipose 
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tissue suggest increased risk to the onset of tendi-
nopathy. Ligamentous laxity, articular hypermo-
bility, muscular stiffness or weakness, 
malalignment of the lower extremity, and limita-
tion of joint mobility also has to be mentioned. 
Finally, the association between tendinopathy 
and several pathological conditions has been 
demonstrated [19]. Endocrine-metabolic diseases 
such as obesity, diabetes mellitus, hypertension, 
increased serum lipids, and hyperuricemia seem 
to have a positive association with the pathology 
[20]. Other diseases that have been found to be 
associated with tendinopathy include systemic 
diseases, neurological conditions, infectious dis-
eases, chronic renal failure, psoriasis, systemic 
lupus erythematosus, hyperparathyroidism, and 
hyperthyroidism [21].

The main important extrinsic risks factors 
include mechanical overuse linked to sports activi-
ties like training errors (excessive distance, inten-
sity, hill work, erroneous running technique, 
fatigue) and the use of several drugs (fluroquino-
lone antibiotics, statins, oral contraceptives, and 
locally injected corticosteroids) [22, 23]. 
Environmental conditions such as cold weather 
during outdoor training, faulty footwear and equip-
ment, inadequate training surfaces or frequent 
changes in playing surface have been found to 
increase the prevalence of tendinopathy [19–23].

The clinical history and a physical examina-
tion are essential to making a diagnosis of tendi-
nopathy. Clinically, tendinopathy is characterized 
by pain, swelling (diffuse or localized), and 
impaired physical performance. Pain is the cardi-
nal symptom that usually occurs at the beginning 
of the training session or a short while afterwards. 
In advanced cases, it may interfere with the activ-
ities of daily living. Clinical examination is the 
best diagnostic tool and presupposes a careful 
valuation of the overall anatomical structures 
involved, and the use of specific tests to elicit 
pain and tenderness. Radiological imaging has a 
secondary role and it is used as diagnostic sup-
port. Ultrasound is considered the most appropri-
ate and advantageous imaging modality for 
routine clinical evaluation despite it being opera-
tor dependent. MRI studies should be performed 
only if the ultrasound scan remains unclear.

34.1.1  Achilles Tendinopathy

Achilles tendinopathy is a clinical syndrome 
characterized by pain and swelling in and around 
the Achilles tendon associated with impaired 
physical performance [24]. The typical patient 
affected by Achilles tendinopathy is the so-called 
“middle-age weekend warrior,” a recreational 
athlete who practices sports, like running, with 
explosive accelerations and eccentric loads 
located on the lower limb [25]. The etiology of 
Achilles tendinopathy remains debatable and is 
likely caused by the interaction of intrinsic and 
extrinsic factors. In addition to the ones analyzed 
for tendinopathy etiopathogenesis in general, 
there are other specific factors responsible for the 
onset of the Achilles tendon disease. Intrinsic 
factors include an anatomical foot alteration like 
hypo-hyperpronation. It is often associated with 
ankle misalignment, varus or valgus hindfoot and 
forefoot, pes cavus or flat foot, tendon vascular-
ity, weakness of as well as the lack of flexibility 
of the gastrocnemius–soleus complex and lateral 
ankle instability [26]. Excessive loading of the 
tendon is considered the major extrinsic caus-
ative factor for Achilles tendinopathy. Free radi-
cal damage occurring on reperfusion after 
ischemia, hypoxia, hyperthermia, and impaired 
tenocyte apoptosis has been linked to tendinopa-
thy [27]. In a case-control study, subjects with 
painful Achilles tendinopathy had a lipid profile 
characteristic of dyslipidemia [28]. The use of 
local corticosteroid injections and of systemic 
antibiotics (in particular fluoroquinolones) has 
shown an increase in the development of the dis-
ease [29]. Achilles tendon pathology can be sub-
divided into acute and chronic tendinopathy, 
including the simple forms of tendinosis up to 
total rupture of the tendon.

Chronic tendinopathies are painful clinical 
conditions commonly found in athletes, often 
middle-aged male runners even though they can 
also affect sedentary subjects. They are typically 
associated with overuse damage and this would 
explain their greater incidence in athletes. 
However, 30% of patients with chronic tendinop-
athy do not participate in sports activities. Other 
pathogenetic mechanisms responsible of the 
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chronic damage have to be found. Metabolic and 
vascular imbalances seem to play a crucial role in 
the onset of the disease.

Chronic Achilles tendinopathy can be catego-
rized as insertional or non-insertional. They are 
two distinct disorders with different underlying 
pathophysiologies and options.

Non-insertional tendinopathies (also known 
as “tendinopathy of the main body of the Achilles 
tendon” or “midportion Achilles tendinopathy”) 
are caused by an inflammatory cellular response 
that occurs inside the tendon structure. They are 
associated with microcirculatory alterations and 
edema that can progress, in the chronic phase of 
the pathology, toward the formation of fibrosis 
and exudate [30].

Pain is the most common clinical symptom. 
In athletes, pain typically occurs at the beginning 
and end of a training session, with a period of 
diminished discomfort in between. As the condi-
tion progresses, pain may occur with even minor 
exertion, and may interfere with activities of 
daily living. Clinical examination is the best 
diagnostic tool. The patient is examined while 
standing and prone with both legs exposed from 
above the knees. The tendon appears diffusely 
swollen and edematous, and tenderness is usu-
ally greatest 2–6  cm proximal to the tendon 
insertion [31]. The most widely used diagnostic 
tests for non-insertional Achilles tendinopathies 
are the Royal London Hospital Test and the 
Painful Arc test. In the first one, once the tester 
has elicited local tenderness by palpating the 
tendon with the ankle in neutral position, the 
patient is asked to actively dorsiflex and plan-
tarflex the ankle. With the ankle in maximum 
dorsiflexion and in maximum plantarflexion, the 

portion of the tendon originally found to be ten-
der is palpated again. The Painful arc test, 
instead, helps the surgeon to distinguish between 
tendon and paratenon lesions. In paratendinopa-
thy, the area of maximum thickening and tender-
ness remains fixed in relation to dorsi- to 
plantarflexion [32]. Again, the Victorian Institute 
of Sports Assessment—Achilles (VISA-A) ques-
tionnaire can be used to evaluate the severity of 
Achilles Tendinopathy. It covers the domains of 
pain, function, and activity and has a total score 
of 100. An asymptomatic patient would score 
100 [33]. Ultrasonography (Fig.  34.1), though 
operator dependent, represents the primary 
imaging method to make the final diagnosis 
thanks to its interactive capability. Grey scale 
ultrasonography is associated with color or 
power Doppler to detect neovascularity [34].

Only if ultrasonography remains unclear, 
should magnetic resonance imaging (MRI) be 
performed. MRI gives more detailed information 
about the internal morphology of the tendon, sur-
rounding bone, and soft tissues. Because of its 
high sensitivity in detecting incomplete tendon 
ruptures, the MRI data should be interpreted with 
caution and correlated to the patient symptoms 
before starting any treatments. However, both US 
and MRI show damaged tissue as focal or diffuse 
thickening of the Achilles tendon with focal 
hypoechoic areas.

34.1.2  Patellar Tendinopathy

Patellar tendinopathy is a painful condition of 
the knee caused by small tears on the patellar 
tendon, usually localized in its proximal region. 

Fig. 34.1 Ultrasound 
image of the Achilles 
tendon in longitudinal 
view. Note the 
hypoechogenic area of 
the tendon (black zone 
inside the tendon), 
calcification (arrow) as 
well as a thickened 
tendon (double arrow)
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It mainly occurs in sports which require strenu-
ous jumping such as volleyball, track (long and 
high jump), and basketball. For this reason, 
patellar tendinopathy is also known as “Jumper’s 
knee.” This condition is a knee extensor mecha-
nism overuse injury caused by repetitive 
mechanical stress to which the tendon is primar-
ily exposed during knee extension [35]. The 
inferior pole of the patella, in correspondence of 
patellar tendon insertion, is the component of 
the knee extensor mechanism mostly involved. 
Less frequently, the injury is localized at the 
level of the quadriceps tendon insertion to the 
superior pole of patella and where the patellar 
tendon inserts into the tibial tuberosity. However, 
considering that most cases of Jumper’s knee 
are due to problems on the patellar tendon inser-
tion in the inferior pole of patella, the term 
patellar tendinopathy is used interchangeably. 
Patellar tendinopathy has a male predominance 
and usually affects adolescent athletes to those 
in their third decade and up [35]. The patho-
genic mechanism underlying the disease 
includes the coexistence of several extrinsic and 
intrinsic factors. Overload on the knee extensor 
is the most important extrinsic factor which pre-
disposes to the onset of patellar tendinopathy. 
Repetitive activities such as jumping, landing, 
acceleration, deceleration, and cutting cause 
microscopic changes within the tendon at high 
loads that causes progressive weakness and 
eventually leads to failure. Other extrinsic fac-
tors are the excessive frequency of training, the 
hardness of the ground on which sport is prac-
ticed, and the athletes’ level of performance. On 
the other hand, intrinsic factors include joint 
misalignment, ligamentous laxity, abnormal 
patella height, quadriceps muscle weakness, 
and extreme hamstring muscles stiffness [36].

The diagnosis of patellar tendinopathy is 
mainly made through a patient’s clinical history 
and physical examination. Anterior knee pain is 
the main symptom. Patients usually refer to well- 
localized pain on the inferior pole of the patella 
that is exacerbated by prolonged sitting, squat-
ting, and stair climbing. Sudden tendon pain 
occurs with loading and usually stops almost 
immediately when the load is removed. 

Sometimes, patients even feel pain at rest. 
Physical examination presupposes a thorough 
evaluation of the entire lower extremity in order 
to identify the relevant abnormalities in the hip, 
knee, and ankle/foot region. Atrophy or reduced 
strength in antigravity muscles, including the 
gluteus maximus, quadriceps, and calf is often 
observed. Pain is elicited through palpation of the 
proximal portion of the tendon or by the com-
plete extension of the leg. A positive decline 
squat test allows the surgeon to make a diagnosis 
of patellar tendinopathy. To do one, the patient 
performs a squat with a single leg, flexing the 
knee up to 30° and keeping the contralateral leg 
extended. In this way, the mechanical load is pri-
marily exerted on the patellar tendon exacerbat-
ing the onset of symptoms [37].

The Victorian Institute of Sports Assessment 
—Patella (VISA-P) questionnaire specifically 
measures the severity of patellar tendinopathy. It 
covers the domains of pain, function, and activ-
ity. Scores are summed to give a total out of 100. 
An asymptomatic person would score 100. 
VISA-P can be used to assess the severity of 
symptoms as well as to monitor outcomes [38].

Currently, patellar tendinopathy is classified 
into five different stages according to the onset of 
pain in relation to physical activity: Stage 0: 
absence of painful symptoms; stage I: rare pain 
without performance limitation; stage II: moder-
ate pain during sport without performance limita-
tion (normal performance); stage III: pain with 
initial qualitative or quantitative limitation of 
performance (reduced training intensity); stage 
IV: pain with significant changes in sports perfor-
mance; stage V: pain in everyday life with the 
impossibility of practicing sport. Ultrasound 
(Fig.  34.2) and magnetic resonance imaging 
(MRI) are widely accepted as first choice diag-
nostic techniques. Both can be used to detect 
abnormalities in the patellar tendon itself. 
Ultrasound is noninvasive, repeatable, accurate, 
and provides a dynamic image of the knee struc-
ture. Ultrasound images show the loss of tendon 
normal echogenicity, tendon thickening and 
irregularity, intratendinous calcifications and ero-
sions localized primarily in the inferior pole of 
the patella. The use of the color Doppler makes 
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for visualization of the vascular neoformations in 
proximity to Hoffa’s fat pad (also called the 
infrapatellar adipose body) [39]. Tardive changes 
such as elongation of the involved pole of the 
patella, calcification and increased density within 
the patellar tendon matrix are usually viewable 
after 6 months of symptoms.

The MRI shows, preferentially in sagittal sec-
tions, thickening of the patellar tendon along 
with foci of increased signal intensity in the 
affected region. A CT and bone scan may also be 
used in the initial stages of the disease even 
though they are not usually indicated. It is impor-
tant to highlight that the radiological assessment 
must be considered only as a diagnostic support 
since the diagnosis of patellar tendinopathy can-
not ignore the patient’s clinical history and physi-
cal examination.

34.2  Traditional Conservative 
Treatment for Achilles 
and Patellar Tendinopathy

34.2.1  Achilles Tendinopathy

34.2.1.1  Noninvasive Methods
Noninvasive methods such as relative rest or a 
modification of activity, orthotics, heel lifts, mas-
sage, hot and cold compresses, strengthening 
exercises, ultrasound, and nonsteroidal anti- 
inflammatory drugs (NSAID) or oral corticoste-
roids can be applied as a first line treatment. The 
use of NSAIDs has been questioned as to their 

effectiveness because of the prostaglandin 
inflammatory mediator absence in Achilles tendi-
nopathy (AT) [40].

34.2.1.2  Corticosteroid Injections
Corticosteroids are a group of medications that 
contain cortisone. They relieve pain by reducing 
the inflammation that occurs in a diseased ten-
don. There is controversy around the use of these 
injections in Achilles tendinosis since there is no 
inflammatory process. In some studies, cortisone 
injections bring about short-term pain relief. 
However, there is no pain relief after the injection 
according to some studies.

34.2.1.3  Eccentric Training
The eccentric training program designed by 
Alfredson et al. [41] improves tendon healing by 
enhancing the tendon’s volume and the signal 
intensity that is thought to be a response to 
trauma. But after a 12-week program, the size 
and appearance of the tendon returns to normal in 
ultrasound and magnetic resonance imaging 
(MRI). With an extended eccentric loading pro-
gram of the Achilles tendon, muscle–tendon unit 
length will be increased and the resistance of ten-
don to load will be increased overtime. Repetitive 
eccentric exercise could be the mechanism to 
eliminate pain in the tendon due to abnormal 
blood vessels and the nerves with the 12-week 
program as concluded by Alfredson et al. [42]. It 
has produced 90% good results with the midpor-
tion and 30% good results in insertional Achilles 
tendinosis.

Fig. 34.2 High 
definition ultrasound 
image of the patellar 
tendon in longitudinal 
view. Observe the 
hypoechogenic area of 
the tendon (arrow) with 
hypervascular ingrowth 
(∗) as well as a 
thickened tendon 
(double arrow) and with 
involvement of the Hoffa 
fad pad
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34.2.1.4  Extracorporeal Shock Wave 
Therapy

Extracorporeal shock wave therapy (ESWT) is 
another treatment option for Achilles tendinosis 
(Fig.  34.3). There are two treatment strategies. 
The first one is the low-energy treatment strategy. 
It consists of three weekly sessions without local 
anesthesia or intravenous anesthesia. The second 
one is the high-energy treatment of one session 
but with local or intravenous anesthesia. Repeated 
shock waves to the affected area cause micro-
trauma that is then followed by neovasculariza-
tion. Emerging blood flow stimulates tissue 
healing that results in relief of pain. It can also 
block afferent pain receptor functioning and 
increase nitric oxide synthase. This treatment 
strategy seems to be beneficial and may have a 
place in the treatment of Achilles tendinosis [43].

34.2.1.5  Low-Level Laser Therapy
Low-level laser therapy produces effects in a dis-
eased tendon-like enhanced adenosine triphos-
phate production, enhanced cell function, and 

increased protein synthesis. It also reduces 
inflammation, increases collagen synthesis, and 
promotes angiogenesis. In a study by Stergioulas 
et al. [44], it was established that Achilles tendi-
nosis patients who underwent eccentric exercises 
together with low-level laser therapy demon-
strated decreased pain intensity, morning stiff-
ness, tenderness to palpation, active dorsiflexion, 
and crepitus with no side effects in comparison to 
the patients who took up eccentric exercises 
exclusively. However, the data to confirm the 
efficacy of low-level laser therapy is still inade-
quate for the treatment of Achilles tendinosis.

34.2.1.6  Other Additional Methods
There are other methods that increase blood circu-
lation. One of them is the Graston method. It is 
carried out with a metal rod (Fig.  34.4). It is 
mostly useful for tendon and soft tissue mobiliza-
tion. The Tecar therapy is another method. It is 
endogenous thermotherapy based on the principle 
of capacitive and resistive energy transfer having 
an effect within the tendon, activating the body’s 
natural repair and anti-inflammatory processes 
(Fig.  34.5). During those therapies, athletes 
should work at maintaining their cardiovascular 
form. In this situation, the antigravity treadmill 
helps patients with that maintenance.

34.2.1.7  Rehabilitation
Rehabilitation for an Achilles tendon rupture aids 
in regaining strength and flexibility in the tendon 
and leg. It can be done at home or in a gym.

Fig. 34.3 Extracorporeal shock wave therapy (ESWT) 
for Achilles tendinosis Fig. 34.4 Graston method in Achilles tendinopathy
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The rehabilitation program may include:

• Stretching and flexibility exercises
• Strengthening exercises
• Endurance activities, such as riding a station-

ary bicycle
• Coordination and/or agility training

Recovery varies among people. It depends on 
how severe the tendon injury is and whether they 
complete your program. Giving time and energy 
to a rehab program will speed recovery and help 
prevent future injury.

34.2.2  Patellar Tendinopathy

34.2.2.1  Correction of Intrinsic 
and Extrinsic Risk Factors

Training Errors
Training conditions like ground selection, inten-
sity, style, and frequency are extremely important 
and well-studied in the literature.

Flexibility
Mobility limitations are one of the most impor-
tant reasons behind tendinopathies, and the flex-
ibility of the muscles is very important for the 
mobility of a joint. Witvrouw et  al. [45] found 
that the lack of flexibility of the quadriceps and 
hamstring muscles may be the reason for this 
injury. Therefore, the correction for the limited 
flexibility of the responsible muscles with correc-
tive exercises is a very logical option.

Biomechanical Abnormality
It has been hypothesized that intrinsic risk factors 
like foot hyperpronation, pes planus or cavus, 
forefoot varus or valgus, hindfoot varus or val-
gus, tibia vara, genu valgum or varum, patello-
femoral malalignment, femoral neck anteversion, 
and leg length discrepancies play a role in biome-
chanical derangement in patellar tendinopathy. 
Unfortunately, there is no evidence in the litera-
ture which proves this theory. But of course, if an 
apparent biomechanical abnormality exists in a 
patient with patellar tendinopathy, correction of 
this could be logical.

34.2.2.2  Symptomatic Approach

Relative Rest
Tendinopathy results from mechanical overload. 
Therefore, decreasing the overload relieve the pain. 
That does not mean complete immobilization. 
Moreover, complete immobilization causes thinner 
and disoriented collagen fibers, and decreased 
blood volume that result in tendon atrophy.

Nonsteroidal Anti-inflammatory Drugs 
(NSAID)
The administration of anti-inflammatory medica-
tion for a degenerative injury (noninflammatory 
causes) should be questioned. There is no evi-
dence on the supportive effect of NSAIDs in 
chronic tendinopathy. There is an isolated study 
on acute tendon pain. Currently, the histopathol-
ogy of acute tendon pain remains unclear. 
NSAIDs can also have additional effects other 
than simply anti-inflammatory or analgesic 
effects [46]. Some studies have proven the poten-
tial favorable effects of NSAIDs in tendon heal-
ing while others have reported on deleterious 

Fig. 34.5 Application of Tecar therapy in Achilles 
tendon
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mechanisms of NSAIDs in tendons. Still, in the 
clinical management of chronic tendinopathy, the 
use of an NSAID can hide symptoms due to its 
analgesic effect and consequently prevent opti-
mum therapeutic management. Therefore, until 
further evidence of exact effects of NSAIDs in 
tendinopathy is revealed, their use in patellar ten-
dinopathy is not evidence based.

Corticosteroids
Corticosteroid use in tendinopathy treatment is a 
topical issue [47]. There are a lot of studies of 
this topic. Some of them say that they provide 
short-term pain relief, but others say there is no 
positive effect. The increased risk of tendon rup-
ture is a fact to be considered. Nevertheless, due 
to patellar tendinopathy being a noninflammatory 
condition and as corticosteroids can impair col-
lagen synthesis and tendon strength, the use of 
corticosteroids needs to be rethought.

Ice Application
Cryotherapy causes vasoconstriction and neovas-
cularization within the tendinosis. Consequently, 
it decreases blood and protein leakage. Still, there 
is no precise protocol that includes parameters 
like duration, frequency, and repetition. Due to 
the masking of the pain effect caused by icing, 
avoiding using it before sport participation would 
be logical.

34.2.2.3  Local Physiotherapeutic 
Modalities

There are many studies on the beneficial effects 
of the different physical therapy strategies for the 
treatment of patellar tendinopathy. They include 
fine needling, electrotherapy, electromagnetic 
fields, ultrasound, and laser therapy. An increase 
in collagen synthesis and the tensile strength of 
the tendon has been described in some studies. 
As such, the local application of physical modali-
ties is still debatable.

Ultrasound-Guided Galvanic Electrolysis 
Technique (USGET)
In recent years, the ultrasound-guided galvanic 
electrolysis technique (USGET) has been 
described in the scientific literature as giving the 
good results as seen yielded in the treatment of 

refractory tendon injuries in comparison to other 
previous conservative treatments (Fig. 34.6) [48].

USGET is a nonthermal electrochemical abla-
tion with a cathodic flow to the clinical focus of 
tendon degeneration. This treatment produces a 
dissociation of water, salts, and amino acids in 
the extracellular matrix that creates new mole-
cules through ionic instability. The organic reac-
tion, which occurs in the tissue around the 
cathodic needle causes a localized inflammation 
in the region dealt with. It produces an immediate 
activation of an inflammatory response and over-
expression of the activated gamma receptor for 
peroxisome proliferation (PPAR-gamma). 
Furthermore, it acts to inhibit the action of IL-1, 
TNF, and COX-2, mechanisms of tendon degen-
eration through the direct inhibitory action of fac-
tor NFKB that facilitates phagocytosis and 
tendon regeneration [49].

Extracorporeal Shock Wave Therapy
An ESWT session consists of the application of 
shock waves, which are sonic pulses generating 
high stress forces in tissue. This modality is bet-
ter known as a successful treatment method for 
urolithiasis. The analgesic process, the dissolu-
tion of calcific deposits and the stimulation of a 

Fig. 34.6 Ultrasound-guided galvanic electrolysis tech-
nique (USGET) on patellar tendon. Use of ultrasound is 
mandatory to ensure the correct application
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tissue regeneration process are the known mecha-
nisms of action of this therapy and positive results 
with its use in patellar tendinopathy is supported 
by some studies [50]. The efficacy of ESWT was 
recently demonstrated in a randomized, double- 
blind, placebo-controlled trial of the short-term 
management of chronic patellar tendinopathy 
[50]. Further studies seem justified to clarify the 
contradictory results in other insertional tendi-
nopathies and evaluate the long-term effects and 
the relative effectiveness of ESWT for patellar 
tendinopathy compared with other therapeutic 
approaches.

Rehabilitation
Due to heterogeneity in every single step of the 
diagnosis, therapy, patient selection, program 
design, and the results relative to the success rate 
are varied [51]. There is no strong evidence that 
one precise physical therapy program is superior 
to others. Still, it is true that rehabilitation of the 
afflicted muscle tendon is the cornerstone of ten-
dinopathy management. Mostly strength train-
ing, especially eccentric exercise training, is 
becoming the key element in the treatment of 
chronic tendinopathy. Unfortunately, most of the 
studies are of Achilles tendinopathy.

The mechanisms through which eccentric 
exercise can alter pain in chronic tendinopathy 
remain still unclear. There are some in vivo stud-
ies that show increased metabolic activity and the 
increased formation of collagen type I in response 
to acute exercise of peritendinous tissue [52]. 
Therefore, it is scientifically impossible to say 
that one exercise program is superior to another 
in the treatment of patellar tendinopathy.

34.3  Orthobiologics 
in Management of Achilles 
and Patellar Tendinopathy

34.3.1  Achilles Tendinopathy

34.3.1.1  Growth Factors
Growth factors like the transforming growth 
factor-β (TGF-β), vascular endothelial growth 
factor (VEGF), platelet-derived growth factor 
(PDGF), and insulin-like growth factor (IGF-I) 

are signal molecules involved in the process of 
proliferation, differentiation, cell chemotaxis, 
and synthesis of the extracellular matrix. These 
factors are produced by tenocytes and white 
blood cells and are released by platelets during 
the process of degranulation. In the case of a ten-
don injury, numerous growth factors are involved 
in the activation and regulation of the cellular 
responses [53].

34.3.1.2  Transforming Growth 
Factor–β

TGF-β1 regulates cellular migration and prolifera-
tion and can increase the synthesis of collagen type 
I and III in tendon-derived cells. Moreover, TGF- 
β1 is overexpressed in tendon in the early postin-
jury period. Promising results have been obtained 
using TGF- β1 complementary DNA- transduced 
BMSCs grafts, injections of TGF-β, and delivery of 
TGF-β by adenovirus-modified muscle grafts in rat 
Achilles tendon models [54, 55].

Maeda et  al. in 2011 [56] showed that the 
interruption of tendon continuity in an acute 
injury can cause a loss of tensile loading, result-
ing in the destabilization of the extracellular 
matrix and releasing excessively high levels of 
active TGF-β that lead to tenocyte death. 
Jorgenses and Katzel demonstrated, in an Achilles 
tendon model, that mannose-6-phosphate can 
reduce latent TGF-β activation, which results in 
an increase in elastin production and increased 
strain and peak stress failure [57, 58]. Recently, 
Potter et al. evaluated the role of TGF-β1 in regu-
lating tendon extracellular matrix after acute 
exercise in rats. That work showed that TGF-β1 
signaling is necessary for the regulation of ten-
don cross-link formation as well as collagen and 
lysyl oxidase gene transcription in an exercise- 
dependent manner. Target therapy with TGF-β 
can increase the mechanical strength of the heal-
ing Achilles tendon through the regulation of col-
lagen synthesis, upregulation of cross-link 
formation, and enhanced matrix remodeling [59].

34.3.1.3  Vascular Endothelial Growth 
Factor

VEGF-mRNA plays a key role in neovasculariza-
tion around the repair site. In fact, in vitro studies 
showed an increased peak at days 7–10 but 
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returned to baseline by day 14 [59]. In an Achilles 
tendon model, VEGF gene therapy increased 
TGF-β gene expression, and exogenous VEGF 
appears to increase tensile strength [60].

Recently, Tempfer et  al. stopped VEGF-A 
signaling using a local injection of Bevacizumab 
in a rat model with a complete Achilles tendon 
rupture. After the treatment, angiogenesis was 
found to be significantly reduced in the 
Bevacizumab- treated repair tissue. It was accom-
panied by significantly a reduced cross-sectional 
area, improved matrix organization, increased 
stiffness and in Young’s modulus, and maximum 
load and stress [61, 62].

34.3.1.4  Platelet-Derived Growth 
Factor

PDGF is a basic protein composed of two sub-
units, an A and a B chain, that exist in three dif-
ferent isoforms (PDGF-AA, PDGF-BB, and 
PDGF-AB). Each isoform acts as a chemotactic 
agent during inflammation and helps to increase 
type I collagen synthesis and induce TGF-β1 
expression and IGF-I [63]. An in vitro study dem-
onstrated that the addition of exogenous PDGF 
increases the expression of type I collagen of the 
tenocytes.

Thomopoulos showed, in  vivo, that a sus-
tained delivery of PDGF-BB via a fibrin matrix 
led to an increase in cell density, cell prolifera-
tion, and type I collagen mRNA expression. 
Additionally, a fibrin/heparin delivery system 
demonstrated that PDGF-BB improved tendon 
function but not tendon structure [64, 65].

34.3.1.5  Insulin-Like Growth Factor
IGF-I is one of the three single-chain polypep-
tides belonging to the IGF family (IGF-I, IGF-II, 
and insulin). The expression of this molecule 
increases during wound healing, and its absence 
is thought to impair dermal repair [66]. Kurtz 
reported promising results using IGF-I to increase 
the rate of healing in the transected rat Achilles 
tendon [67]. Following transection, each tendon 
was treated with 25 mg of a recombinant variant 
form of IGF-I.  It showed a positive effect on 
healing within 24 h after the transection and addi-
tion of IGF-I. This effect continued up until the 
tenth and last measurement on day 15.

34.3.1.6  Platelet-Rich Plasma
Platelet-rich plasma (PRP) is the plasma fraction 
of blood containing concentrated platelets and 
white blood cells. Due to its autologous nature, 
PRP is inherent, safe, and provides a natural con-
ductive scaffold containing several growth fac-
tors [53].

A new classification regarding the contents 
and the role of different PRP was published in 
2009 [68]. The classification separates the prod-
ucts in accordance with the cell’s content (mostly 
leukocytes) and the fibrin architecture.

PRP was divided into four main families:

• Pure platelet-rich plasma, or leukocyte-poor 
platelet-rich plasma, is a preparation without 
leukocytes and with a low-density fibrin net-
work after activation. It can be used as a liquid 
solution or in an activated gel form. The gel 
form is often used during surgery and can be 
injected. Many methods of preparation exist, 
particularly using cell separators (continuous 
flow plasmapheresis) even though this method 
is too involved to be used easily in daily 
practice.

• Leukocyte and platelet-rich plasma is a prepa-
ration with leukocytes and with a low-density 
fibrin network after activation. It can be used 
as a liquid solution or in an activated gel form. 
Most commercial systems belong to this fam-
ily, and several protocols have been developed 
in the last few years. It requires the use of spe-
cific kits that allow for minimum handling of 
the blood samples and maximum standardiza-
tion of the preparations.

• Pure platelet-rich fibrin, or leukocyte-poor 
platelet-rich fibrin, is a preparation without 
leukocytes and with a high-density fibrin net-
work. This product only exists in a strongly 
activated gel form and cannot be injected or 
used like traditional fibrin glues. However, it 
can be handled like a real solid material for 
other applications because of its strong fibrin 
matrix. Its main inconvenience remains its 
cost and relative complexity in comparison to 
the other forms of platelet-rich fibrin.

• Leukocyte and platelet-rich fibrin products are 
preparations with leukocytes and with a high- 
density fibrin network. These products only 
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exist in a strongly activated gel form and can-
not be injected or used like traditional fibrin 
glues. However, because of their strong fibrin 
matrix, they can be handled like a real solid 
material for other applications.

The clinical use of PRP in Achilles tendinopa-
thies is still debated and the current literature is 
conflicting. A review published in 2018 by Lin 
et  al. compared the effectiveness of autologous 
blood-derived product (ABP) injection with that 
of a placebo (sham injection or no injection or 
physiotherapy alone) in patients with Achilles 
tendinopathy [69]. A total of seven articles were 
included. The ABP injection and placebo revealed 
equal effectiveness in the Victorian Institute of 
Sports Assessment-Achilles questionnaire 
(VISA-A) improvement score at 4–6, 12, 24, and 
48  weeks. In a meta-regression, there was no 
association between the change in the VISA-A 
score and duration of symptoms at 4–6  weeks 
(short term), 12  weeks (medium term), and 
24 weeks (long term). The authors concluded that 
ABP injection was not more effective than a pla-
cebo in Achilles tendinopathy and that no asso-
ciation was found between the therapeutic effects 
and duration of symptoms [69].

Filardo et al. [70] analyzed four papers deal-
ing with the use of PRP for Achilles tendon rup-
tures that highlighted that no beneficial effects of 
PRP administration during and/or immediately 
after tendon suturing were reported. It is worth 
noting that Schepull [71] hypothesized that PRP 
addition could even be detrimental in tissue heal-
ing because no biomechanical advantages and 
lower performance were reported in PRP patients 
with respect to the “suture-alone” group.

34.3.1.7  Adipose-Derived Stem Cells
In recent years, adipose-derived stem cells 
(ADSCs) have been the focus of several clinical 
and preclinical studies on tendon regeneration. 
The growing interest in them is mainly due to 
their high numbers in the human body (ADSCs 
are 5% of the nucleated cells in adipose tissue), 
the simplicity of harvesting and their rapid expan-
sion and high proliferative potential [72, 73]. 
These cells can differentiate into different lines, 

such as adipocytes, chondrocytes, osteoblasts, 
hepatocytes, pancreatic cells, muscle cells, and 
neuron-like cells both in vitro and in vivo [72].

In tendon tissue, ADSCs can enhance the gene 
expression profile of the cartilage oligomeric 
matrix protein (COMP), an extracellular matrix 
protein. It is present primarily in cartilage. COMP 
is crucial to the binding and organization of col-
lagen fibrils [72]. The use of ADSCs for the treat-
ment of pathologic tendon conditions has been 
widely investigated in experimental animal mod-
els. The results have been encouraging. ADSCs 
can induce tenocyte differentiation, overexpress-
ing the bone morphogenetic protein 12 gene [73].

Usuelli et al. first described the use of ADSCs 
to treat human non-insertional Achilles tendinop-
athy in comparison to PRP injections (28 patients 
in ADSCs group and 28 in PRP group). At final 
follow-up, there were no clinical (Visual Analog 
Scale pain, the VISA-A, the American Orthopaedic 
Foot and Ankle Society Ankle- Hindfoot Score, 
and the Short Form-36 [SF-36]) or imaging (MRI 
and ultrasonography -US) differences between 
the two groups. Neither were any serious side 
effects nor adverse events observed during the 
follow-up period. Both treatments were effective, 
but patients treated with ADSCs obtained faster 
results and they should be taken into consider-
ation for patients who require an earlier return to 
daily activities [74].

Moreover, a significant increase in tendon 
thickness, measured using magnetic resonance 
(P  =  0.013) and ultrasound (P  =  0.012) and a 
power Doppler signal (P  =  0.027), was seen. 
There was no significant difference between the 
pre- and posttreatment cross-sectional area, sig-
nal intensity, and echotexture (P > 0.217). None 
of the pretreatment parameters was a predictor of 
treatment outcome (P > 0.104). There was excel-
lent agreement for tendon thickness measure-
ments between magnetic resonance and 
ultrasound (intraclass correlation coeffi-
cient = 0.986) [75].

34.3.1.8  Peripheral Blood 
Mononuclear Cells

Recently, several studies highlighted peripheral 
blood mononuclear cells (PBMNCs) (mono-
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cytes/macrophages and lymphocytes) as a new 
generation of regenerative autologous cell con-
centrates as monocytes and macrophages pro-
mote tissue repair and regeneration [76].

In fact, monocytes and macrophages have a 
degree of plasticity comparable to that of mar-
row stem cells. They also have multiple action 
mechanisms [28], an angiogenic action thanks to 
the release of VEGF [77], a regenerative action 
through the release of growth factors, cytokines, 
and messenger molecules [78]. Furthermore, a 
recent study affirmed that osteo-inductive action 
is characteristic of monocyte populations rather 
than stem cells populations. They can activate 
resident MSCs through a paracrine effect and the 
release of exosomes [79]. They also have an 
anti- inflammatory and immune-modulatory 
action through the polarization of macrophages 
M1 in M2 [32] in injured tissues with a healing 
delay. Most of the macrophages are activated in 
the M1 state (degenerative inflammatory), 
whereas polarization in M2 (macrophages acti-
vated in anti-inflammatory regenerative state) 
allows for the regeneration of the injured or 
inflamed tissues.

Sugg et  al. [80] performed a tenotomy and 
repair of the Achilles tendons of adult rats and 
evaluated changes in the macrophage phenotype 
(M1/M2) and related genes of both the extracel-
lular matrix and the epithelial-mesenchymal tran-
sition pathways for a period of 4  weeks. The 
results suggest that changes in the phenotype of 
macrophages and the activation of epithelial- 
mesenchymal transition-related programs proba-
bly contribute first to the degradation of the 
injured tissue and then to the subsequent repair of 
the tendon tissue. The results also confirmed that 
the sequential transition between the M1 and M2 
phenotypes supports the dual function of macro-
phages in the degradation and repair of damaged 
tendon tissue.

To date, no clinical studies have been 
reported in the literature. However, autologous 
cell therapy with injection monocytes could 
represent new perspectives. Moreover, it is not 
very invasive and has a solid scientific rationale 
in the treatment of tendinopathy. Moreover, the 
use of PBMNCs could be used as a complement 

during surgical procedures as biological aug-
mentation to enhance the healing process, 
improve surgical outcomes, and reduce compli-
cation rates.

34.3.1.9  Bone Marrow Aspirate 
Concentrate

BMAC is the result of different density gradient 
centrifugations of bone marrow aspirated from 
the iliac crest [81]. This aspirate has a concentra-
tion of nucleated cells of less than 0.01%, and its 
role is to deliver MSCs to the injured tendon [82]. 
This procedure concentrates the mononucleated 
cells, hematopoietic stem cells, and platelets in 
one layer and the red blood cells in another. The 
efficacy of cells contained in BMAC is to modu-
late the healing response of the pathologic tendon 
by controlling inflammation, reducing fibrosis, 
and recruiting other cells, including tenocytes 
and MSCs [83].

Broese demonstrated, in vitro, an increase in 
cell proliferation in Achilles tendon scaffolds 
seeded with bone marrow aspirate [84]. Stein 
first reported outcomes in patients with sport- 
related Achilles tendon ruptures treated via open 
repair augmented with BMAC injection. A total 
of 27 patients treated with open repair and BMAC 
injection were reevaluated at a mean follow-up of 
29.7 months and no re-ruptures were noted. Of 
those patients, 92% returned to their sport at 
5.9 months. No soft tissue masses, bone forma-
tion, or tumors were observed in the operated 
extremity [85].

34.3.1.10  Scaffolds
Several natural and synthetic materials have 
recently been analyzed with the aim to promote 
cellular growth and provide mechanical support 
for tendon repair. The ideal scaffold for the 
Achilles tendon should allow a natural and fast 
bridging of tendinous defects as well as orga-
nized collagen-rich tissue with complete incorpo-
ration of the material within 8 weeks, returning 
functionality to the same. Moreover, the scaffold 
should release chemotactic factors to promote the 
recruitment of progenitor cells [53, 86].

Polyhydroxyalkanoates is a material that pos-
sesses several of the above qualities. It is part of 
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the family of biopolymers consisting of polyes-
ters produced in nature by microorganisms to 
store energy and carbon. These materials, poly- 3- 
hydroxybutyrate-co-3-hydroxyhexanoate 
(PHBHHx) in particular, are compatible with 
many mesenchyme-derived cell types and have 
adaptable mechanical properties along with 
delayed biodegradability [87]. A study by Webb 
and colleagues reported how tendon repair using 
a PHBHHx scaffold was mechanically and histo-
logically superior in comparison to controls [87].

Another type of scaffold involves the use of 
decellularized tendon tissue, which maintains the 
native characteristics and preserves more than 
90% of the proteoglycans and growth factors. In 
vitro, the decellularized tendon slices were able 
to facilitate repopulation and the attachment of 
fibroblasts. Farnebo et al. [88], analyzing the use 
of decellularized grafts in rats, demonstrated an 
enhancement of the mechanical properties and a 
reduced immune response.

Decellularized porcine tendon can also be 
recellularized with human tenocytes [89]. An 
acellular human dermal allograft (GraftJacket; 
Wright Medical Technology, Inc., Arlington, 
TN, USA) reported significant improvement in 
mechanical strength and stiffness in biomechan-
ical tests. In in  vivo studies, patients treated 
with GraftJacket showed a desirable return-to-
activity time without complications [90]. 
Recently, interest has also increased around 
xenografts. They seem to improve tendon 
strength if compared with isolated repair. The 
most used tissue is porcine small intestinal sub-
mucosa (SIS) [91]. Preclinical studies reported 
on the ability of SIS to remodel the tendon. SIS 

retains several growth factors, including VEGF, 
TGF- β, and fibroblast growth factors. They 
likely contribute to the behavior and migration 
of cells into the scaffold [48, 49]. Moreover, SIS 
is subject to a rapid degradation, with 60% of 
the mass lost after 30 days and complete degra-
dation within 90 days. After complete degrada-
tion, the extracellular matrix looks very similar 
to native tissue in terms of vascularity and orga-
nization. A strength of SIS is its ability to recruit 
marrow-derived cells involved in the remodel-
ing and repair process [92].

34.3.1.11  FARG (Foot and Ankle 
Reconstruction Group) 
Algorithm for Use 
of Biologics for Achilles 
Tendinopathy

We created an algorithm for the use of biologics 
for Achilles tendinopathy based on our clinical 
experience. In developing the FARG (foot and 
ankle reconstruction group) algorithm for 
Achilles tendinopathy [53], we were inspired by 
the MRI-based classification of tendinopathy 
described by Oloff et al. [93], and we categorized 
symptomatic patients according to their level of 
sporting activity:

• sport-active patients (sports activity at least 2 
times a week)

• nonathletic patients (sports activity <2 times a 
week)

The treatment scheme is shown in Table 34.1. 
It is noteworthy that the major differences con-
cern grades 1 and 2 tendinopathy in which, 

Table 34.1 Treatement options in achilles tendinopathy

Achilles tendinopathy grade Sport-active patients Nonathletic patients
Grade 0: Hypertrophy, with homogeneous signal Conservative treatment Conservative treatment
Grade 1: Hypertrophy, with isolated signal changes 
in <25% of tendon

Biologic treatmentb Conservative treatment

Grade 2: Hypertrophy, with signal changes in >1 
area, or diffuse changes in >25% of tendon

Strippinga + biologic 
treatmentb

Biologic treatment

Grade 3: Severe hypertrophy, <50% tendon signal 
changes, with interstitial tear

Strippinga + biologic 
treatmentb

Stripping + biologic treatment

Grade 4: Severe thickening, >50% of tendon with 
abnormal signal, partial tendon tear

FHL transfer ± biologic 
treatmentb

FHL transfer ± biologic 
treatment

aStripping technique as described by Maffulli and colleagues [94]
bAuthors’ preferred biologic treatments are ADSCs and PBMNCs injections
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 considering the lower functional request, the 
nonathletic patient can probably benefit more 
from less-invasive treatments.

To get satisfactory results in the treatment of 
Achilles tendinopathy with biological treatments, 
three goals need to be achieved [53]:

 1. Identify the most appropriate biological tools
 2. Achieve a strong level of evidence
 3. Create evidence-based and personalized treat-

ment protocols

In fact, Achilles tendinopathies are a chal-
lenge for orthopedic surgeons, particularly so 
considering the scarce tendency to healing and 
that patients are often young with a high- 
functional demand. In recent years, several stud-
ies have focused on biologics for the treatment 
of Achilles tendinopathy with preliminary good 
to excellent results [53]. Despite the encourag-
ing results, there is still a huge variability in bio-
logical treatments and a wide spectrum of 
techniques and technologies available with no 
standardized protocols. Combining imaging 
with clinical features might be the key to arriv-
ing at a protocol for the use of biologics for the 
treatment of Achilles tendinopathy. Considering 
this, we have described our recently published 
protocol [53].

34.3.2  Patellar Tendinopathy

34.3.2.1  Platelet-Rich Plasma
The use of PRP for patellar tendinopathy has 
been reported in 19 papers as reported in the 
review published by Filardo et  al. [70]. All but 
two PRP were used as a conservative injective 
treatment for the management of tendinopathy 
not responsive to other previous therapeutic 
attempts. All papers performing a surgical proce-
dure were randomized controlled trials (RCTs), 
whereas only 4 out of 17 papers dealing with 
conservative management were RCTs.

The studies describing the intraoperative PRP 
application were authored by De Almeida et al. 
[95] and Seijas et al. [96], who injected PRP in 
the patellar tendon gap site after ACL reconstruc-
tion. In both trials, the results were in favor of the 

PRP group. Better pain control was documented 
in the initial post-op phases [95, 96] and, at the 
6-month follow-up. The MRI evaluation also 
showed better tissue healing at the harvest site 
after PRP administration [95]. Looking at conser-
vative treatment, the literature showed overall 
good results, but the heterogeneous therapeutic 
protocols differ in terms of number of injections 
performed and time interval between administra-
tions. Some authors performed a single injection. 
It was followed by a second one in some cases 
only when a poor clinical outcome was reported, 
whereas other authors opted for a multiple injec-
tion regimen (2 or even 3 injections) ab initio. In 
most of the published studies, the injection treat-
ment was followed by a rehabilitation program. 
Two RCTs [95, 96] investigated the correlation 
between clinical results and the number of PRP 
administrations, with controversial conclusions. 
In both studies, 40 patients were included and 
randomized to receive one or two PRP injection 
at two-week intervals. Kaux et al. [97] failed to 
show any significant beneficial effect related to 
the 2-injection protocol, whereas Zayni et al. [98] 
documented superior clinical outcome in patients 
treated with multiple PRP injections. Up to now, 
the low number of patients evaluated in these tri-
als does not allow for drawing any reliable con-
clusions on the usefulness of multiple- vs. 
single-injection protocols. The other published 
RCTs compared PRP injections versus external 
shock wave therapy (ESWT) [99] and dry nee-
dling [100]. In the study authored by Vetrano 
et al. [99], 46 patients were randomized to receive 
either two PRP injections (at 2-week interval) or 
three weekly sessions of ESWT.  The overall 
results were positive, but the best outcome was 
obtained in the PRP group. Those in the PRP 
group experienced more significant pain reduc-
tion and greater functional recovery at 6 and 
12 months after treatment. In the trial by Dragoo 
et  al. [100], 23 patients were included and ran-
domized to receive a single PRP injection or dry 
needling alone. The authors documented that, at 
12 weeks of follow-up, only the PRP group pre-
sented with a statistically significant improve-
ment in pain and functional scores. These 
differences were not maintained at the final 
26-week evaluation when the clinical outcomes 
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were comparable between groups. However, it 
was significantly better in both cases than at the 
basal evaluation. The positive results described in 
said RCTs were confirmed by lower-quality stud-
ies. They reported encouraging results for PRP 
therapy in all cases.

34.3.2.2  Bone Marrow Aspirate 
Concentrate

Pascual-Garrido et al. [101] reported on the clin-
ical results of a case series of ultrasound-guided 
BMAC injection for refractory patella tendinitis 
unresponsive to nonoperative treatment. Their 
report included eight patients (four males and 
four females) aged between 14 and 35 years. The 
study reported a significant improvement in 
pain, daily living activity scores, knee-related 
quality of life, and functional knee scores 
(International Knee Documentation Committee 
(IKDC) and the Knee Injury and Osteoarthritis 
Outcome Score (KOOS)) in seven out of eight 
patients treated with ultrasound-guided BMAC 
injection. Seven out of eight patients stated they 
would have the procedure again and categorized 
the outcome of their treatment as excellent. In 
this study, the number of nucleated cells in the 
BMA was 37 × 103 and it reached to 45 × 103 
after concentration.

34.3.2.3  Hyaluronic Acid
High molecular weight hyaluronic acid has been 
reported to have an anti-inflammatory effect in 
addition to promoting tendon healing at the 
bone–tendon interface as well as tissue regenera-
tion [102]. The current literature reports only a 
level IV study of 50 patients with patellar tendi-
nopathy with no improvement after a minimum 
2-month course of nonsurgical treatment. Patients 
were treated with a mean of two injections of 
hyaluronic acid and reported positive effects on 
recovery. High-quality evidence regarding this 
treatment is still lacking. More studies are needed 
to determine the efficacy of this treatment option, 
which remains at an investigational stage.

34.3.2.4  Sclerosing Agents
Neovascularization is a phenomenon that plays a 
key role in the pathophysiology of patellar tendi-

nopathy. It is present in 60–80% of patients with 
pain [36]. The aim of sclerosing agents is to 
inhibit vessel formation and vessel collapse that 
have already formed and destroy the accompany-
ing vasa nervorum, which has a denervating 
effect.

Alfredson [103] reported a considerable 
reduction in pain during activity following an 
ultrasound-guided injection of a sclerosing agent 
(5  mg/mL polidocanol) to the paratenon in his 
study. It indicates that sclerosing agents can 
reduce pain.

Additionally, Hoksrud et  al. [104] adminis-
tered an ultrasound-guided injection of polidoca-
nol (10  mg/mL) into the paratenon in patients 
with painful chronic patellar tendinopathy and 
found a substantial difference in the Victorian 
Institute of Sport Assessment-P score in the 
group treated with a sclerosing agent versus a 
placebo. However, more than one-third of the 
group treated with sclerosing agents underwent 
surgery for pain in a subsequent study of the 
same group with a longer follow-up (44 months) 
[105]. Therefore, the usefulness of sclerosing 
agents remains unclear, and the agents still are at 
an experimental stage.

34.3.2.5  Additional Treatments
Various other treatments have been examined in 
level I studies. Glyceryl trinitrate delivers nitric 
oxide, which has exhibited a role in fibroblast 
proliferation, collagen synthesis, and the contrac-
tion of collagen lattices. Macrophage angiogenic 
activity, which is important for wound healing 
also depends on nitric oxide synthase, and nitric 
oxide synthase activity is upregulated in tendi-
nopathy [36].

Steunebrink in 2013 [105] assessed whether 
continuous topical glyceryl trinitrate treatment 
(GTN) improved outcomes in patients with 
chronic patellar tendinopathy when compared to 
eccentric training alone. Randomized double- 
blind, placebo-controlled clinical trial comparing 
a 12-week program of using a GTN or placebo 
patch in combination with eccentric squats on a 
decline board. Measurements were performed at 
baseline, 6, 12, and 24 weeks. The primary out-
come measure was the Victorian Institute of Sports 
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Assessment-Patella (VISA-P) questionnaire. 
VISA-P scores for both groups improved over the 
study period to 75.0  ±  16.2 and 80.7  ±  22.1 at 
24 weeks. The results showed a significant effect 
for time (p < 0.01) but no effect for treatment × time 
(p = 0.80). The mean visual analogue scores for 
pain during sports for both groups increased over 
the study period to 6.6 ± 3 and 7.8 ± 3.1. Those 
results showed a significant effect for time 
(p  <  0.01) but no effect for treatment  ×  time 
(p = 0.38). Patient satisfaction showed no differ-
ence between the GTN and placebo groups 
(p = 0.25) after 24 weeks but did show a significant 
difference over time (p = 0.01). Three patients in 
the GTN group reported some rash.

Stasinopoulos and Warden [106, 107] each 
conducted a randomized study on the effective-
ness of low-intensity pulsed ultrasonography and 
found that this modality provided no benefit com-
pared with eccentric exercises for the manage-
ment of patellar tendinopathy. These findings are 
supported by an earlier study by Giombini et al. 
[108] that showed that hyperthermia was more 
effective than low-intensity pulsed ultrasonogra-
phy for the treatment of patellar tendinopathy. All 
these modalities remain at an investigational 
stage and are not recommended for patellar ten-
dinopathy management.

34.4  Surgical Treatments 
of Achilles and Patellar 
Tendinopathy

34.4.1  Achilles Tendinopathy

34.4.1.1  Indications for Surgery
There are no absolute indications for surgical 
treatment in Achilles tendinopathy. Often the 
pain comes gradually and is first tolerated pretty 
well. If Achilles tendinopathy makes training 
impossible or symptoms reoccur after rest, 
proper conservative treatment surgery can be the 
last treatment option [109]. If surgery is consid-
ered, the decision to operate must be done indi-
vidually and the operation scheduled for when 
best suited for the athlete. Often enough, the 
symptoms have lasted more than 6  months 

before the operation is performed. It is important 
to know that conservative management is unsuc-
cessful even in 24–45.5% of patients with 
Achilles tendinopathy [110, 111].

34.4.1.2  Non-insertional Achilles 
Tendinopathy

In Achilles tendinopathy, the aim of the surgery is 
to relieve the pain and stimulate tendon healing. 
The pain in non-insertional Achilles tendinopa-
thy can have several reasons. For example, peri-
tendinous edema, thickened crural fascia, 
adhesions, tendinosis, partial tearing, and adher-
ent plantaris tendon can be the reason for non- 
insertional Achilles tendinopathy. Sometimes 
there is only one reason for chronic pain and 
sometimes the pain is developed because of a 
combination of these factors.

All these reasons may be an indication for 
operation. Using an open surgical technique, the 
crural fascia covering the Achilles tendon is 
opened longitudinally. Kager’s triangle is freed 
on both sides and fibrotic adhesions are removed. 
A fascial incision is continued proximally. Good 
hemostasis is very important. Excessive patho-
logical blood neovessels locating ventrally to the 
Achilles tendon can be cut and cauterized. In ten-
dinosis, longitudinal tenotomies may be needed 
to remove soft degenerative nodules. Sometimes 
in tendinosis, the so-called microtenotomy tech-
nique with Topaz radiofrequency may be needed 
as well. In partial Achilles tears, suturing or fas-
cia augmentation may be used to repair the rup-
tured and scarred area. Pain because of an 
adherent plantaris tendon is often resolved by 
doing liberation and a simple resection of part of 
the plantaris tendon.

34.4.1.3  Insertional Achilles 
Tendinopathy

Insertional Achilles tendinopathy is a frequent 
cause of chronic heel pain in athletes [112]. 
Chronic and disabling symptoms can be a result 
of the prominence of the posterosuperior corner 
of the calcaneus and an irritated retrocalcaneal 
bursa [113]. Sometimes, intratendinous calcifica-
tions and a partial insertional tear can also aggra-
vate symptoms [114].
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In the operation, the posterosuperior corner of 
the calcaneus is resected as well as the inflamed 
retrocalcaneal bursa. Intratendious calcifications 
are removed. If the insertional tear is large, the 
tendon may also need suture anchor fixation or 
even graft reinforcement. The endoscopic tech-
nique is increasingly used nowadays for the exci-
sion of a prominent calcaneus corner [115].

Postoperative rehabilitation after common Achilles tendi-
nopathy operations

Sutures 10–12 days
First 1–2 weeks limited weightbearing, crutches, elastic 
bandage allowing light ankle movements
Then gradually increasing weight with help of crutches, 
important to increase stress for the Achilles tendon and 
calcaneus using a step-by-step rehabilitation protocol
Aqua training after 3 weeks
Stationary cycling, spinning, and cross trainer after 
4–6 weeks
After pain-free cycling, proceed to Alter-G treadmill 
running and walking
Progressive return to sports-specific exercise without 
pain, usually 3–6 months

The patients are often encouraged to weight- 
bear soon after surgery. If there is a big partial 
tear or augmentation and suturing or suture 
anchor fixation is needed, then early protection 
with a cast or orthoses is often required. Then, 
more careful postoperative rehabilitation is 
followed.

34.4.1.4  Results of Surgery
The end results following Achilles tendinopathy 
operations are usually good in general. According 
to Khan et al. and Traina et al., the overall success 
rates after surgery were 83.5% in non-insertional 
tendinopathy and 89.6% in insertional tendinopa-
thy [116, 117]. It is important to note that careful 
patient selection is an essential factor relating to 
good surgical results. Moreover, the experience 
of orthopedic surgeons has its own effect on the 
result. One needs to see and examine many ath-
letes and tendon problems to be able to determine 
which disorders require surgery and which ones 
heal with conservative means.

34.4.1.5  Complications
Using proper surgical techniques and taking 
potential risk factors (good planning, patient 

selection, tissue handling, postoperative wound 
control) into consideration, the number of 
operative- related complications (infection, hema-
toma) can be reduced [118]. However, severe 
complications may also occur like skin necrosis. 
They call for significant plastic surgery repair to 
cover skin defects using vascularized graft.

34.4.2  Patellar Tendinopathy

34.4.2.1  Indications for Surgery
Like in Achilles tendinopathy, there are no abso-
lute indications for surgery in patellar tendinopa-
thy. If high-quality conservative treatment has 
failed and MRI or ultrasound reveals a partial 
patellar tendon rupture/large tendinosis area 
 (tendinotic nodule) and scar, surgery can be 
considered.

34.4.2.2  Surgical Technique
There is no consensus as to the optimal surgical 
technique to use. Surgery can be done using an 
open procedure via vertical or horizontal incision 
or by using the arthroscopic technique.

In open surgery, the paratenon is excised and 
the tendon structure is opened longitudinally so 
that the tendinotic area can be removed from 
the posterior side of the proximal patellar ten-
don. The lower edge of the bony patella is also 
removed and then flattened [119]. The 
arthroscopic procedure is also possible in this 
Jumper’s knee operation [119, 120]. 
Debridement and excision of the pathological 
tissue is done by shaving and vaporization. The 
microtenotomy technique with Topaz radiofre-
quency can also be used.

Sometimes the tendinotic area is more distally 
located [121]. Intratendinous calcifications can 
be a reason for the patellar tendinopathy, too.

34.4.2.3  Postoperative Rehabilitation
Very similar postoperative guidelines can be used 
after patellar tendinopathy surgery like in the 
Achilles surgery. The patient is encouraged to do 
light early mobilizations and practice full range- 
of- motion. It is very important is to achieve vastus 
medialis activation during early rehabilitation.
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34.4.2.4  Results of Surgery
Surgery is not a “quick fix” for patellar tendinop-
athy. If after failed conservative treatment and the 
decision to operate has been taken, the surgeon 
must advise the patient about the possibly long 
rehabilitation process and told not to be too opti-
mistic about the result [122–124]. Even though 
the symptomatic benefit is very likely to occur 
after surgery, the return to sport cannot always be 
guaranteed. If the previous sport level is achieved, 
it can take several months and even 1  year in 
some cases.

34.5  Return to Play After Achilles 
and Patellar Tendon Injury

In the process of tendon lesion treatment, the 
diagnostic phase [51] is as important as the thera-
peutic phase [48]. Of course, making for opti-
mum Return to Play [125] and the subsequent 
Return to Performance are equally critical.

With the establishment of the Ardent et al. in 
Return to Play consensus as of 2016 [125], differ-
ent levels are stratified according to the individ-
ual objective of each person in terms of 
rehabilitation. The goal is common regardless of 
whether we are talking about a professional ath-
lete, an amateur athlete or just an active person. 
The aim is to return to the initial levels prior to 
the injury [126].

At the end of the last century, Alfredson 
et al. [41] had already proposed a rehabilitation 
program based on high-load eccentric exercise. 
In an antithesis to this proposal, heavy-slow 
resistance training (HSRT) arose [127] and was 
subsequently advocated for in a relatively 
review [128]. With a combination of different 
exercises with eccentric and concentric compo-
nents along with a progression proposal, the 
last program proposed by Silbernagel & 
Crossley was defined [129].

As a result of these programs, a multitude of 
studies arose that attempted to validate the most 
appropriate program for a correct rehabilitation. 
Thus, we find those that compare the Alfredson 
Program vs the Silberganel Protocol, from 
which no definitive data was obtained [130]. On 

the other hand, there are studies in which the 
Alfredson Program vs HSRT were compared 
and no conclusive data was obtained from either 
[131]. Some studies have also been conducted 
to analyze the differences between concentric 
and eccentric exercises in the rehabilitation pro-
cess, but no global consensus was arrived at in it 
either [132].

Finally, the main idea is defined by the impos-
sibility of determining a unique and effective pro-
gram. Therefore, the design of a program based 
on the individual characteristics of each individ-
ual (injury, progression, treatment, functional 
requirements, and expectations) must take 
precedence.

There is no doubt that eccentric work is not for 
everyone [133] even though it has been shown to 
be beneficial in many cases [134]. Similarly, it is 
worth noting the known beneficial effect of iso-
metric work in the management of pain caused 
by the injury [135]. Therefore, opting for one or 
another method would lead to eliminating the 
possibility, right from the start, of using countless 
different stimuli in pursuit of a correct recovery. 
This is even more so the case when we are talking 
about a process that lasts no less than 12 weeks, 
thus demonstrating the need to provide constant 
stimuli.

The readjustment process must have an ade-
quate progression in which the tendon assimi-
lates the different loads gradually. The patient 
needs demanding situations in which the tendon 
needs to perform actions similar to the activity to 
be readapted to in a final phase of the process 
[136]. In this way, very high force peaks have 
been seen in actions such as the jump that are also 
generated in a very short time. Thus, in the final 
stages, the objective in patellar or Achilles tendi-
nopathies should be to look for actions such as 
those described.

In addition to the stretching-shortening and 
velocity cycle, one of the elements that causes the 
tendon the most stress is the work with eccentric 
overload. Since its implementation in a NASA 
program [137], the use of flywheels and conical 
pulleys has moved to the training field. Although 
not without reluctance, given the difficulty of its 
use both from the execution technique and from 
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the load management, this factor can be easily 
solved with qualified personnel (Fig. 34.7). The 
benefits of eccentric work have been demon-
strated relative to the improvement in strength 
and hypertrophy [51, 138]. These two are neces-
sary in tendinopathies when muscular atrophy is 
a factor [136]. There have been improvements in 
the implications that it may have on actions in 
team sports [139] as well as in direction changes 
[140]. This type of exercise has also proven ben-
eficial for older people, in achieving an improve-
ment in balance and mobility [141], more 
specifically, in patellar tendinopathies [142] and 
in terms of injury reduction [143].

All this will not come to fruition without 
proper planning of the process. For this, it is vital 
that the tendon regeneration processes as well as 
the individual characteristics of the case be taken 
into account. For this, the recording methods of 
both load management and the rating of per-
ceived exertion (RPE) [144] should be used. In 
addition, it is fundamental to implement constant 
pain monitoring.

In conclusion, the importance of designing a 
program adapted to the individual characteristics 
of each case is stressed. This will not be possible 
without a coordinated work team and different 
competencies in medicine, physiotherapy, psy-
chology, nutrition, and sports sciences.
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