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Chapter 1

Tibial Femoral Tunnel for 
Isokinetic Graft Placement Based 
on a Tensegrity Model of a Knee
Wangdo Kim

Abstract

We characterize the concept of a “knee axis” and further the concept of “invari-
ant.” It is now generally recognized that one of the features of the tensegrity 
(prestressable to the same configuration) allows the knee tensegrity system to be in 
producing the knee instantaneous axis (KIA). We found that the line of the ground 
reaction force (GRF) vector is very close to the KIA. It aligns the knee joint with the 
GRF such that the reaction forces are torqueless. The reaction to the GRF will then 
be carried by the whole structures on the knee tensegrity instead. The use of knee 
tensegrity model introduces the new useful dimensions of sensitivity in foot loading 
to the knee axis alignment. We demonstrated a method to determine ideal place-
ment of the tibial tunnel with respect to the KIA. Such placement in vivo has the 
potential to reliably produce an isokinetic graft without risk of impingement.

Keywords: knee tensegrity system, knee instantaneous axis, the haptic perceptual 
system, knee alignment

1. Introduction

The perceptual psychologist James J. Gibson regarded the senses as aggressively 
seeking mechanisms rather than mere passive receivers [1]. The active movement 
involves the concomitant operation of anatomical components, in which foot 
touches the ground and rotation of the joints are combined, together with voluntary 
contractions of the muscles. The total flux of stimulation involved in the so-called 
active movement is enormously complex, but lawful modes of combination occur. 
Presumably, the modes of combination of these inputs specify the difference 
between touching (active) and being touched (passive) [2].

To identify the haptic system’s medium, Turvey focused on connective tissue and 
the conjunction of muscular, connective tissue net, and skeletal as the body’s proper 
characterization [3]. Myers has also posed the medium as a body-wide responsive 
physiological network—the myofascial meridian [4]. Taking on “geometry” first, 
cell biologist Donald Ingber placed one final piece of the puzzle: to view the body’s 
architecture in the light of “tensegrity” geometry [5]. “Tensegrity” was coined from 
the phrase “tension integrity” by the designer R. Buckminster Fuller (working from 
original structures developed by artist Kenneth Snelson) [6].

The principle of tensegrity describes precisely the relationship between the con-
nective tissues, the muscles, and the skeleton. Weight applied to shank/thigh bones 
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would cause it to slide off its knee joint if it were not for the tensional balances 
that hold it in place and control its pivoting [7]. The invariant feature of tensegrity 
structures encompasses those that stabilize themselves through a phenomenon 
known as prestressing. Architects call this type of prestressed structural network, 
composed of opposing tension and compression elements that self-stabilizes 
its shape through the establishment of a mechanical force balance, a tensegrity 
structure. Biotensegrity is a term introduced by Dr. Stephen Levin and denotes the 
application of tensegrity’s principles to biological structures [8].

Tensional forces naturally transmit themselves over the shortest distance between 
two points, so the elastic members of tensegrity structures are precisely positioned to 
best withstand applied stress. For this reason, tensegrity structures offer a maximum 
amount of strength for any given amount of material [4]. The invariant feature of a 
knee tensegrity system (specified by a given set of external forces such as the ground  
reaction force (GRF)) is a stable equilibrium if the structure returns to the originally 
given configuration after the application of arbitrarily small perturbations with 
respect to the KIA anywhere within the configuration [5] (Figure 1).

Consequently, estimating of the knee axis is one of the key topics for the 
“2010 ASME Grand Challenge Competition to Predict in Vivo Knee Loads” [11]. 
Knee functional axis information is referred to the knee instantaneous axis (KIA) 

Figure 1. 
The tensegrity structure of surrounding forces applied to the knee joint: a native system of the knee where six 
constraints $΄ are collectively reciprocal to the KIA $ indicated by ⊗ that the virtual coefficient should vanish is 
necessary, and sufficient conditions [9, 10], or the pair ($΄ and $) are in involution. The tensegrity’s structure 
is characterized by the contact normal elements $΄4 and $΄5, while all the other elements are, continuous tension 
elements, showing specific configuration having torqueless connections.
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[12–14]. In that case, the intersegmental force such as ligaments and contact forces 
are in pure tension/compression and are surrounding the KIA in such a way that 
those forces result in no (virtual) works [9, 10].

The objective of this study is to show how the knee tensegrity system manages 
the balance between tension and compression during locomotion by utilizing a 
unique combination of the KIA and GRF stimuli.

2. Materials and methods

The intra-articular structures of the tensegrity system of the knee include 
the muscles, the anterior cruciate ligament (ACL), posterior cruciate ligament 
(PCL), medial collateral ligament (MCL), and articular contact in the medial 
(P1) and lateral (P2) compartments (Figure 1) [15]. We have shown that six 
constraints are members of the “joint reaction subspace (JRS)” and are spatially 
oriented in such ways that by imposing an internal tension or “prestress” to 
reduce the play in the system, this ensures immediate mechanical responsive-
ness (i.e., that movement of one element is felt by all others) and reduces impact 
fatigue at the joint.

3. Results and discussion

We have measured the KIA through readily accessible benchmark data [11]. Also, 
we have measured the GRF on how the progression of the entire body over the limb 
uses the so-called rockers on foot. The issues of relating the reciprocal connection 
of the body framework to the movements of cutaneous kinesthesis [9, 10, 15, 16] 
(zoomed up the pan in Figure 2) enunciate that the body’s haptic perceptual system 
registers the covariance of the KIA and GRF. The upward pressure on the surface 
of support on the ventral side of the foot provides, for every terrestrial animal, a 
 continuous background of stimulation. It is covariant with the continuous input 
of the appropriate receptors of the articular motion in the knee joint already men-
tioned. Together they provide what the ordinary person calls the “sense of  
support.”

A unique combination of invariants, such as the KIA and GRF, a compound 
invariant, is just another invariant. It is a unit, and the components do not have 
to be combined or associated. Only if percepts were combinations of sensations 
would they have to be associated. Otherwise, we can postulate that when the KIA 
and GRF are completely covariant when they always go together, they constitute a 
single “stimulus.” If the knee tensegrity system is capable of extracting invariants 
from changing haptic stimuli, there is no reason why it should not extract invari-
ants that seem to us highly complex. Therefore, the reaction torque caused by the 
foot-ground at the knee will be taken on partially by muscles surrounding the 
joint.

Perception is not based on the structure of force as it falls upon the plantar 
side of the foot, the erroneous theory of the passive, sense-datum theory, but 
on continuous modifications brought about by foot movement which cooperates 
with body posture to reveal its invariants—a surface of support. The pattern of a 
compound invariant may indicate the neural loops of an active perceptual system 
that includes the adjustments of the perceptual organs, our locomotor apparatus. 
We may suppose that the brain governs the orienting of the organs of perception 
so that the whole locomotor system of afferent/efferent loops resonates to the pat-
terns of compound invariants [17]. Locomotion is controlled not by the brain, but 
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by information. We showed that the GRF might reciprocally be used to control 
locomotion.

We should choose surgical procedures that not only reconstruct the anatomy but 
also restore the articular kinesthesis, that is, the pickup of own movement [18–21]. 
In such an application, avoiding roof impingement during reconstruction of a torn 
ACL might find benefit in choosing a tunnel placement that can come near to a 
tensegrity model of a knee.

We found that the line of the ground reaction force (GRF) vector is very close 
to the KIA. It aligns the knee joint with the GRF such that the reaction forces are 
torqueless. The reaction to the GRF will then be carried by the whole structures on 
the knee tensegrity instead.

Conflicts of interest

The author declares no conflicts of interest.

Abbreviations

COP center of pressure
GRF ground reaction force
KIA knee instantaneous axis

Figure 2. 
A unique combination of the KIA and GRF invariant. When deformed by the shank to the ground via GRF, 
the strain is distributed over the whole structure, not localized in the area being deformed, i.e., the joint itself. 
A reaction torque is zero on the knee joint if the GRF line of action intersects the joint axis, or the configuration 
can exert a large force on the ground without overloading the knee joint. A considerable ground reaction force 
can be exerted on a foot when the vector nearly coincides with a reciprocal screw of joints. It is indicative of the 
“sense of support” being manifested based on the close correspondence of the vector of the ground reaction force 
at COP, and the IAK with fluctuations at the spatial scale of a millimeter (GRF-KIA coupling).
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can be exerted on a foot when the vector nearly coincides with a reciprocal screw of joints. It is indicative of the 
“sense of support” being manifested based on the close correspondence of the vector of the ground reaction force 
at COP, and the IAK with fluctuations at the spatial scale of a millimeter (GRF-KIA coupling).
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Abstract

Ski is a popular sports practiced worldwide although it is considered a high-risk 
sports with high incidence of injuries. A common place for injuries is the knee, with 
a wide range from knee sprains to complex ligamentous injuries to fractures. In 
this chapter, we made a search in PubMed using the words “knee” and “ski.” Later, 
we selected those articles according to the inclusion criteria. When reviewing the 
literature, we found that the most common place for a ski-related injury is the knee, 
with knee sprains and ACL lesions being the most common diagnosis in the latter 
years with a decreasing incidence of tibia fractures. We could also analyze the risk 
factors different authors have found, for professional athletes and for recreational 
skiers. In conclusion, the ACL lesion in the skier presents a high incidence, which 
suggests an effort should be made to prevent it.

Keywords: knee, ski, ACL, ligament, MCL

1. Introduction

Alpine skiing is a very popular sports with an increasing number of participants 
worldwide although being considered a high-risk sports with a high incidence of 
injuries in its participants. It is a sports with a great diversity in the profile and level 
of people practicing it, from amateur skiers to professional athletes with a high 
number of hours of exposure to injury risk.

Among the most frequent injuries, there are those affecting the knee joint, with 
a wide specter of severity: from mild sprains or contusions to serious multiligamen-
tary injuries or complex fractures.

The aim of this study is to perform a literature review to assess the more com-
mon injuries in alpine skiing, see if there is a change in recent years due to new 
equipment and attitudes, look for its risk factors, and analyze possible preventive 
measures to reduce the risk of serious injuries.
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2. Epidemiology

Alpine skiing is the most popular winter sports [1] worldwide. Only in the 
United States, more than 18 million people 5 years old or older participated in alpine 
skiing or snowboarding at least in one occasion in the 2011–2012 season [2], and 
there are about 200 million skiers worldwide [3]. Even more this popularity seems 
to be increasing all around the world.

Professional skiing is also a popular sports, with 3625 ski races arranged by the 
International Ski Federation (FIS) in the 2007–2008 season, of those 74 were Alpine 
Ski World Cup races in which up to 443 athletes participated [4]. Ski racing com-
prises diverse disciplines from aggressive-turning and highly technical demands 
like slalom to high speed with big jumps with almost no protective wear like down-
hill. Besides, alpine ski racing is a popular TV sports, with up to 250 million of TV 
spectators in 2009 according to FIS data.

It is a well-known fact that skiing is a sports with a high incidence of injuries, 
some estimate about 2.5–3 injuries per 1000 skier days in amateur practice [3], 
with head trauma and injuries around the knee being the most frequently reported. 
Knowing this data one can simply imagine the huge sanitary, social, and economic 
burden that skier injuries suppose in our societies.

3. Material and methods

A literature search was made using the PubMed database. We used keywords 
as ski and knee in order to maximize the number of results. In this first search, we 
obtained 285 results. We decided to include articles from 1995 to 2018 to be able to 
compare data published before many technological innovations were introduced 
with more recent data; this limited the number of articles to 211. All titles and 
abstracts were analyzed to identify the articles of interest: those investigating about 
the incidence, types, and risk factors for knee injuries during the practice of alpine 
skiing in adult population, either amateur or professional.

Figure 1. 
Chart showing the selection process of our study.
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Descriptive and analytical studies were included, and some reviews were taken 
into account for its particular interest and value. Experimental and laboratory stud-
ies were excluded, as well as case reports. We had to discard all articles not written 
in English and those whose complete text was not possible to obtain for any reason. 
All the process with its phases is detailed in Figure 1.

Given the reduced number of studies with high-quality evidence in knee injuries 
in alpine skiing, it was deemed that the best methodology was to do a narrative 
review.

4. Results

After applying the process explained in the previous point, we had 21 results, 18 
original articles, and 3 reviews.

When analyzing all the studies, the first thing that stands out is the big vari-
ability between them. We could find studies referring to professional athletes and 
others to general amateur skiers. We could also find studies done in high-level 
trauma centers and others done in small ski resort clinics without a physician, with 
great differences in the diagnostics and clinical information reported. Moreover, the 
studies’ designs also presented a great variability.

4.1 Athlete skiers

Referring to the alpine ski racers’ population, Stenroos and Handolin [1] reported 
no differences in the absolute injury rate in men compared to women, although the 
mean age of their study is 14 years old, which in our opinion can produce some bias. 
The most common injury mechanism was the fall down on the same level, with 
56% of injuries taking place on giant slalom runs (characterized by higher speed 
runs) and 31% on slalom runs. About 74% of injuries in this study group required 
hospitalization. Knee injuries represented the 34.4% of all injuries: 81% were 
ligamentous injuries being 47% of them anterior cruciate ligament (ACL) injuries 
(which means the ACL injuries were the 13% of the total). Ligamentous knee injuries 
were more common in women than in men; in the ACL group, 75% of injured skiers 
were women. Recovery after an ACL injury took a mean time of 175 days (range 
150–180 days) without skiing, and all those patients reported mild or great discom-
fort in skiing 6 months after the injury. No knee fractures were reported; but 26% of 
injuries were leg (tibia and fibula) fractures, a surprising high rate when comparing 
to literature, probably due to the relative young age of this study population.

Similar results were reported by Schmitt et al. [5] in a study in athletes in the 
Swiss national ski teams. A knee injury rate of 35% was reported, with no differ-
ences between men and women; 71% were ACL injuries, of which 26% were iso-
lated ACL injuries and 44% presented an associated injury of a collateral ligament 
and/or menisci. Their conclusion is that ACL is the most frequent knee injury in 
competitive alpine skiing. In their objective to describe risk factors for ACL injury, 
they report a higher risk in slalom runs (with more aggressive and technical turns 
but at lower speeds) and in athletes with better FIS score and rank, highlighting a 
higher prevalence of ACL ruptures in the top 30 World Cup skiers. Finally, body 
mass index, weight, and fitness status (assessed with a specific fitness test: Swiss 
Ski Power Test) did not correlate with ACL injury risk.

In two successive studies, Flørenes et al. [4] and Bere et al. [6] investigated the 
sex differences in risk injury in World Cup skiers, first for two seasons [4] and then 
for six seasons [6]. They report a mean absolute injury rate of 36.2 injuries/100 
athletes/season with a higher relative injury rate in men (11.3 injuries/1000 runs) 
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than in women (7.1 injuries/1000 runs). Of this 82.3% were time-loss injuries, with 
43% being reported as severe (absence from skiing >28 days) and 31% moderate 
(absence 8–28 days). 45.5% of the injuries took place during the World Cup races. 
Knee injuries represented the 38% and lower leg and Achilles tendon injuries the 
9%. In ACL injuries, there were no sex differences (5.4 ACL injuries/100 athletes/
season in men vs. 5.5 in women).

When analyzing knee injuries, they reported that 83% were ligamentous 
injuries, of which 45% were ACL injuries (that makes the ACL the most common 
ligament injury), and only 4.4% were fractures. They report that 50% of knee 
injuries are classified as severe. The relative ACL injury rate was higher in downhill 
and supergiant races (high speed with softer turns) than in giant and slalom races; 
this result matches with Stenroos’ study results [1].

In [7, 8], Jordan et al. made a review in which they report literature finding that 
only 55% of alpine skiing athletes are able to return to their preinjury level after an 
ACL rupture. They also support the result we have found that in this group of skiers 
there is no sex difference in ACL injury rates.

4.2 Amateur skiers

Referring to amateur skiers, Patrick et al. [2] made a study comparing injury 
epidemiology in skiers between the 1996 and 2013 seasons. In both years, the knee 
was the most commonly injured body part (28%). An interesting fact they report is 
that helmet use augmented from only 6 to 84%, which means that although there 
is an increasing effort to make skiing a safer sports this has had no impact on the 
amount of knee injuries. They also report and increase in injuries among people 
older than 45 years. This results match with the published by Stenroos et al. [1] 
when they report an injury risk of 1 injury/10,000 ski lifts or in their calculation 
1.97 injuries/1000 skier days in amateur people. Knee lesions were the 28.5% of the 
total, almost half of them being suspected as moderate or severe injuries. A major 
limitation in this study, which is also present in similar ones, is the lack of precise 
diagnostics, as data is collected by rescuers and/or in small ski resort clinics.

Continuing with the epidemiology review, Girardi et al. [9] studied factors 
affecting injury severity using the Injury Severity Score (ISS). They found that 
being a man and being older than 60 years were risk factors for an increased ISS, 
while the ISS was lower in beginner skiers and during a snowfall. There is no 
information in this article about these risk factors relating to knee injury risk. In 
[10], Khalilifar et al. report a lower knee injury rate, of only 14%, but this rate being 
higher in women, a result also found in other studies [11–14].

In [15], Davidson and Laliotis, a 9-year survey (from 1983 to 1992) of injury pat-
terns in alpine skiers, reported an increase in injury rate from 1.9 to 3 injuries/1000 
skier days. Knee injuries were 35%, and what is more relevant is a 92% increase in 
the number of knee injuries during their study period.

A very similar study period is researched by Warme et al. in [16] reporting a 
stable injury rate of 3.7 injuries/1000 skier days and knee injuries being 34% of the 
total. The most relevant part is that they report an exact diagnostic information 
(30% of the total on injuries affected the knee ligaments): 18% the medial collateral 
ligament (MCL), 16.5% the ACL, and in 20% of knee sprains, both ligaments were 
affected. They report a significant increase in ACL injuries.

Coury et al. [17] compared the epidemiology of skiing injuries in a ski resort 
clinic between 1995 and 2000 and the 2009/2010 seasons. Their results show also 
the knee injury as the most frequent (43%). Knee ligament sprain or strain was 
diagnosed in 25% on injured people, 10% with torn cruciate ligament, and 6% with 
what they call “internal derangement of the knee” (probably, a torn meniscus was 
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to be diagnosed in this group of patients). Skiing injuries were more common in 
intermediate- or advanced-level skiers, but beginner skiers were the ones most at 
risk for knee injuries. They report only 3.2% on tibia and fibula fractures, and only 
3.6% of ankle injuries in skiers, while snowboarders present up to 13% of ankle 
injuries. This difference may be explained by the use of hard-shell boots in ski.

A recent interesting study [18] discusses about injuries from 2001 to 2006 in a 
level 1 trauma center, which probably means a loss of minor injuries but on the other 
hand can inform about the most severe ones. They report a 52.3% of lower extremity 
injuries, the majority classified as soft tissue knee injuries but with a 2% of knee dislo-
cation, 26% of tibia fractures (ankle not included), and 15.7% of femur fractures. The 
mean hospitalization rate was of 3.36 days, and 13.9% of patients required a surgical 
intervention. In our opinion, the high rates of severe injuries, especially major bone 
fractures, are because of a selection bias due to the nature of the hospital where the 
study took place. Results published by Ekeland et al. [19] support our conclusion: 
injury rate of 1.27 injuries/1000 skier days with leg fractures being only 3.6% in adult 
population. In children these fractures made up to 12.6% of injuries. They conclude 
that while there was a huge reduction in leg fractures during the 1970s–1980s prob-
ably due to higher quality of boots, making them higher and hard-shelled, and 
bindings, this reduction was not observed in children to the same degree.

In the same direction point, the article by Castellani et al. [14] reported that 
fractures in skiers are more common in men and especially in younger patients 
(<15 years old). Knee injuries are the most common (28.3–31.3% of injuries), with 
knee fractures being between 2 and 5%. A result that is important to be highlighted 
is their finding of an increased risk in women for knee ligamentous injury: men 
presented 14–15% of ligamentous knee injuries and 36–41% in women. In their 
data, the hospitalization rate was of 26%, from which 62% underwent surgery; 
mean hospital stay was 10.5–12.8 days. Knee arthroscopy was realized in 1.9–6.3% 
of operations. These results can be biased by the fact that almost half of injured 
patients were referred to their home hospital for treatment of lesions; and as liga-
mentous injuries are not a surgical emergency, the probability of being referred to 
in the presence of such an injury grows when compared to a patient with a fracture.

4.2.1 Risk factors in amateur skiers

Some studies did an effort to clarify which risk factors play a role in knee injuries 
in alpine skiers. As commented before this is a more heterogeneous group with big 
differences with respect to ski racers, so risk factors may be completely different.

Sulheim et al. [20] reported that beginners (OR 2.7) and children younger than 
13 years old (OR 1.32) were more at risk for injury. In their data, 27.3% of injuries 
affected the knee joint, and more than half of injuries required reference to a hospital 
as a potentially severe injury was suspected. When considering knee injuries alone, 
they also found that beginners (OR 3.13) were at increased risk, which matches results 
found by Coury et al. [17]. Alpine skiing was a risk factor for knee injury (OR 1.82) 
when comparing with other snow sports like snowboarding and telemark.

Ruedl et al. [13] confirm that women are at higher risk for knee and ACL injuries 
presenting almost double prevalence for this kind of lesions in their data (30.1% 
in men and 57.4% in women). They report that 93% of knee injuries happened on 
slopes, and while off-piste skiing had a higher risk injury, it was not at an expense 
of knee ones. When analyzing by sex, no environmental risk factors for knee injury 
were found in men, while in women skiing during a snowfall doubled the preva-
lence on knee injuries compared with injuries of other body parts. Additionally, 
they found an increased risk when temperature was low (OR 1.6 when skiing at 
−10°C vs. +2.7°C). Finally, in this study more knee injuries were found in situations 
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than in women (7.1 injuries/1000 runs). Of this 82.3% were time-loss injuries, with 
43% being reported as severe (absence from skiing >28 days) and 31% moderate 
(absence 8–28 days). 45.5% of the injuries took place during the World Cup races. 
Knee injuries represented the 38% and lower leg and Achilles tendon injuries the 
9%. In ACL injuries, there were no sex differences (5.4 ACL injuries/100 athletes/
season in men vs. 5.5 in women).

When analyzing knee injuries, they reported that 83% were ligamentous 
injuries, of which 45% were ACL injuries (that makes the ACL the most common 
ligament injury), and only 4.4% were fractures. They report that 50% of knee 
injuries are classified as severe. The relative ACL injury rate was higher in downhill 
and supergiant races (high speed with softer turns) than in giant and slalom races; 
this result matches with Stenroos’ study results [1].

In [7, 8], Jordan et al. made a review in which they report literature finding that 
only 55% of alpine skiing athletes are able to return to their preinjury level after an 
ACL rupture. They also support the result we have found that in this group of skiers 
there is no sex difference in ACL injury rates.

4.2 Amateur skiers

Referring to amateur skiers, Patrick et al. [2] made a study comparing injury 
epidemiology in skiers between the 1996 and 2013 seasons. In both years, the knee 
was the most commonly injured body part (28%). An interesting fact they report is 
that helmet use augmented from only 6 to 84%, which means that although there 
is an increasing effort to make skiing a safer sports this has had no impact on the 
amount of knee injuries. They also report and increase in injuries among people 
older than 45 years. This results match with the published by Stenroos et al. [1] 
when they report an injury risk of 1 injury/10,000 ski lifts or in their calculation 
1.97 injuries/1000 skier days in amateur people. Knee lesions were the 28.5% of the 
total, almost half of them being suspected as moderate or severe injuries. A major 
limitation in this study, which is also present in similar ones, is the lack of precise 
diagnostics, as data is collected by rescuers and/or in small ski resort clinics.

Continuing with the epidemiology review, Girardi et al. [9] studied factors 
affecting injury severity using the Injury Severity Score (ISS). They found that 
being a man and being older than 60 years were risk factors for an increased ISS, 
while the ISS was lower in beginner skiers and during a snowfall. There is no 
information in this article about these risk factors relating to knee injury risk. In 
[10], Khalilifar et al. report a lower knee injury rate, of only 14%, but this rate being 
higher in women, a result also found in other studies [11–14].

In [15], Davidson and Laliotis, a 9-year survey (from 1983 to 1992) of injury pat-
terns in alpine skiers, reported an increase in injury rate from 1.9 to 3 injuries/1000 
skier days. Knee injuries were 35%, and what is more relevant is a 92% increase in 
the number of knee injuries during their study period.

A very similar study period is researched by Warme et al. in [16] reporting a 
stable injury rate of 3.7 injuries/1000 skier days and knee injuries being 34% of the 
total. The most relevant part is that they report an exact diagnostic information 
(30% of the total on injuries affected the knee ligaments): 18% the medial collateral 
ligament (MCL), 16.5% the ACL, and in 20% of knee sprains, both ligaments were 
affected. They report a significant increase in ACL injuries.

Coury et al. [17] compared the epidemiology of skiing injuries in a ski resort 
clinic between 1995 and 2000 and the 2009/2010 seasons. Their results show also 
the knee injury as the most frequent (43%). Knee ligament sprain or strain was 
diagnosed in 25% on injured people, 10% with torn cruciate ligament, and 6% with 
what they call “internal derangement of the knee” (probably, a torn meniscus was 
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to be diagnosed in this group of patients). Skiing injuries were more common in 
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population. In children these fractures made up to 12.6% of injuries. They conclude 
that while there was a huge reduction in leg fractures during the 1970s–1980s prob-
ably due to higher quality of boots, making them higher and hard-shelled, and 
bindings, this reduction was not observed in children to the same degree.

In the same direction point, the article by Castellani et al. [14] reported that 
fractures in skiers are more common in men and especially in younger patients 
(<15 years old). Knee injuries are the most common (28.3–31.3% of injuries), with 
knee fractures being between 2 and 5%. A result that is important to be highlighted 
is their finding of an increased risk in women for knee ligamentous injury: men 
presented 14–15% of ligamentous knee injuries and 36–41% in women. In their 
data, the hospitalization rate was of 26%, from which 62% underwent surgery; 
mean hospital stay was 10.5–12.8 days. Knee arthroscopy was realized in 1.9–6.3% 
of operations. These results can be biased by the fact that almost half of injured 
patients were referred to their home hospital for treatment of lesions; and as liga-
mentous injuries are not a surgical emergency, the probability of being referred to 
in the presence of such an injury grows when compared to a patient with a fracture.

4.2.1 Risk factors in amateur skiers

Some studies did an effort to clarify which risk factors play a role in knee injuries 
in alpine skiers. As commented before this is a more heterogeneous group with big 
differences with respect to ski racers, so risk factors may be completely different.

Sulheim et al. [20] reported that beginners (OR 2.7) and children younger than 
13 years old (OR 1.32) were more at risk for injury. In their data, 27.3% of injuries 
affected the knee joint, and more than half of injuries required reference to a hospital 
as a potentially severe injury was suspected. When considering knee injuries alone, 
they also found that beginners (OR 3.13) were at increased risk, which matches results 
found by Coury et al. [17]. Alpine skiing was a risk factor for knee injury (OR 1.82) 
when comparing with other snow sports like snowboarding and telemark.

Ruedl et al. [13] confirm that women are at higher risk for knee and ACL injuries 
presenting almost double prevalence for this kind of lesions in their data (30.1% 
in men and 57.4% in women). They report that 93% of knee injuries happened on 
slopes, and while off-piste skiing had a higher risk injury, it was not at an expense 
of knee ones. When analyzing by sex, no environmental risk factors for knee injury 
were found in men, while in women skiing during a snowfall doubled the preva-
lence on knee injuries compared with injuries of other body parts. Additionally, 
they found an increased risk when temperature was low (OR 1.6 when skiing at 
−10°C vs. +2.7°C). Finally, in this study more knee injuries were found in situations 
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of grippy snow in which, as reported by them, this finding is contrary to other 
literature reporting a higher index on icy snow.

A very interesting study [11] researched the relationship between ACL injury 
and ski binding failure. In this study 77.9% of ACL-injured patients reported a 
failure of ski bindings to release. The percentage of failure to release bindings was 
even higher in female skiers, in skiers injured after a fall backward (vs. a forward 
fall), and in those who were skiing slow or very slow. There is always a significantly 
higher percentage of failure to release in patients diagnosed with a complete tear of 
the anterior cruciate ligament (vs. those with a partial tear), probably because when 
the ski is not released it acts as a lever at the knee joint for a longer time. Similar 
results are reported in [12]: bindings only released in 23.8% of knee-injured skiers, 
with an even worse percentage if only adults (>18 years old) are considered, and 
19.3% of binding release among amateur skiers with a knee injury.

5. Discussion

In the elite alpine skiers, there is a high injury rate, especially in knee injuries 
and ACL. This high prevalence of knee ligament injuries can also be found in 
amateur skiers, but probably a more aggressive skiing and risk-taking behavior 
trying to achieve the best results is what explains the higher injury rate in this 
expert skiers’ group. Comparing to studies done in general population, studies in 
ski racers present better data with more exact diagnostic information and progno-
sis. ACL and other knee structure injuries present the same incidence in both men 
and women; this was a surprising finding when taking into account what literature 
reports about amateur skiers and other high-risk sports for ACL injury: a higher 
incidence in women. Differences in skiing technique, fitness, behavior, and equip-
ment between elite alpine skiers and amateurs may explain why ACL injury rate is 
equal in men and women, among ski racers. Whatever the reason is, in our opinion 
an effort should be made to minimize ACL injury risk in all athlete skiers, as it is a 
devastating injury that can be the end of the skier’s professional career. We found 
no agreement in the literature about the most dangerous alpine ski discipline for 
the knee: slalom is characterized for aggressive technique with short turning-radius 
skis, which may be a risk factor of a knee ligament lesion with a rotational injury 
mechanism; on the other side, downhill and giant slalom are characterized for 
higher speeds, which means higher kinetic energy, plus the fact that a longer ski 
means a greater lever-arm rotational force being transmitted to the knee joint.

Even with the limitations present in studies involving amateur skiers due to their 
heterogeneity in methodology and limits on precise diagnostic, treatment, and 
follow-up, we found that the knee joint is the most frequently injured body part, 
and some studies show there is an increasing trend in ligamentous knee injuries 
among alpine skiers. Literature found reports that up to half of the injuries are 
moderate or severe, especially among older skiers, who present a higher injury risk 
and also a higher risk for serious injury. In our opinion this may be explained by 
the decrease in physical capabilities associated with aging. Another group at risk 
for knee injury is the beginner skiers; no explanations for this were found in the 
literature. In our opinion a poorer technique, bad decision taken related to poorer 
risk awareness, and probably less knowledge about the correct settings of equip-
ment gear as ski bindings may explain it.

As also found in other sports studies, amateur women have a higher ACL injury 
risk when skiing. This was found to be supported widely in literature [10–14]. To 
explain this difference in incidence, we found literature suggesting on a combi-
nation of intrinsic factors: anthropometric differences, decreased notch width, 
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augmented articular laxity and muscle (hamstring) flexibility, age, fitness status, 
and menstruation phases, plus the extrinsic ones such as the type of ski, ski binding 
setting, slope, and weather. We agree that most probably a combination of ana-
tomic, functional, and extrinsic factors justifies this higher risk. The exact reasons 
have still to be discovered, but at least we should be able to focus the preventing 
efforts in the higher injury-risk groups.

We found literature reporting that in 44% of lower extremity injuries (in 44% 
of MCL injuries and 43% of ACL injuries) skiers were going slow or were station-
ary, meaning that skiing slowly increments the risk for ACL injury and the risk of 
bindings fails to release. This last result probably explains the increased ACL injury 
risk in a fall when skiing slowly, as a lower kinetic energy, should mean a lower 
injury risk for knee structures.

Skiing in bad weather situations, lower temperature, and/or during a snowfall 
also were risk factors for knee injury, especially in women. The explanation for this 
last finding may be the increased risk of cooling which causes a decrease of muscle 
performance. In [13], there is reference to literature where a 10 times increase in 
ACL injury risk is reported in bad light conditions and also in case of strong snow-
falls (double of risk) probably due to bad visibility plus lower temperatures. In our 
opinion bad visibility conditions like snowfalls are high-risk situations as it can 
make the skier to run into bumps able to turn the ski without being able to see and 
avoid it. This knowledge should be used to warn or even prevent people from skiing 
in bad weather days.

5.1 ACL biomechanics and injury mechanisms

As multiple articles in the literature report, the ACL is probably the most 
common injured ligament of the knee in alpine skiers. The second most common 
injured structure would be the MCL, although not all series agree on this order.

The anterior cruciate ligament is a primary stabilizer of the knee joint, being the 
main structure to resist tibia anterior translation with respect to the femur. It also 
restricts tibia internal rotation with knee between 0 and 30° of flexion, prevents 
hyperextension, and is a secondary stabilizer against the valgus, especially with the 
knee in extension, when the MCL has a decreasing role.

The medial collateral ligament is the most important knee-stabilizing structure 
in the medial part of the joint; its main function is to resist the valgus forces and 
tibia internal rotation and has a secondary role in preventing the anterior transla-
tion of the tibia with respect to the femur.

As just seen both ligaments have similar or supplementary functions and are 
believed to act synergistically. This can explain the prevalence of combined total 
and partial injuries in skiing and other sports accidents. In other ACL injury high-
risk sports, such as soccer, this lesion usually happens when with a foot planted 
on the ground the player does a sudden deceleration plus external rotation and/or 
valgus, presenting a twist at the level of the knee joint. Skiing mechanics involve a 
dual-surface movement [17], and skiers tend to sustain injuries when the ski catches 
an edge and there is a body torqueing with relation to the knee joint.

A consequence of special mechanics involved in skiing is that several injury 
mechanisms have been proposed. Shea et al. [12] affirm that injury mechanism in 
elite and amateur skiers might be different, a point partially supported by other 
literature when they report different percentages of each injury mechanism in each 
one of these groups.

In [12], and also in two interesting reviews [7, 21], proposed injury mechanisms 
are explained; a summary of this is of high interest for a better understanding of 
knee injuries in skiers:
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of grippy snow in which, as reported by them, this finding is contrary to other 
literature reporting a higher index on icy snow.

A very interesting study [11] researched the relationship between ACL injury 
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higher percentage of failure to release in patients diagnosed with a complete tear of 
the anterior cruciate ligament (vs. those with a partial tear), probably because when 
the ski is not released it acts as a lever at the knee joint for a longer time. Similar 
results are reported in [12]: bindings only released in 23.8% of knee-injured skiers, 
with an even worse percentage if only adults (>18 years old) are considered, and 
19.3% of binding release among amateur skiers with a knee injury.
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In the elite alpine skiers, there is a high injury rate, especially in knee injuries 
and ACL. This high prevalence of knee ligament injuries can also be found in 
amateur skiers, but probably a more aggressive skiing and risk-taking behavior 
trying to achieve the best results is what explains the higher injury rate in this 
expert skiers’ group. Comparing to studies done in general population, studies in 
ski racers present better data with more exact diagnostic information and progno-
sis. ACL and other knee structure injuries present the same incidence in both men 
and women; this was a surprising finding when taking into account what literature 
reports about amateur skiers and other high-risk sports for ACL injury: a higher 
incidence in women. Differences in skiing technique, fitness, behavior, and equip-
ment between elite alpine skiers and amateurs may explain why ACL injury rate is 
equal in men and women, among ski racers. Whatever the reason is, in our opinion 
an effort should be made to minimize ACL injury risk in all athlete skiers, as it is a 
devastating injury that can be the end of the skier’s professional career. We found 
no agreement in the literature about the most dangerous alpine ski discipline for 
the knee: slalom is characterized for aggressive technique with short turning-radius 
skis, which may be a risk factor of a knee ligament lesion with a rotational injury 
mechanism; on the other side, downhill and giant slalom are characterized for 
higher speeds, which means higher kinetic energy, plus the fact that a longer ski 
means a greater lever-arm rotational force being transmitted to the knee joint.

Even with the limitations present in studies involving amateur skiers due to their 
heterogeneity in methodology and limits on precise diagnostic, treatment, and 
follow-up, we found that the knee joint is the most frequently injured body part, 
and some studies show there is an increasing trend in ligamentous knee injuries 
among alpine skiers. Literature found reports that up to half of the injuries are 
moderate or severe, especially among older skiers, who present a higher injury risk 
and also a higher risk for serious injury. In our opinion this may be explained by 
the decrease in physical capabilities associated with aging. Another group at risk 
for knee injury is the beginner skiers; no explanations for this were found in the 
literature. In our opinion a poorer technique, bad decision taken related to poorer 
risk awareness, and probably less knowledge about the correct settings of equip-
ment gear as ski bindings may explain it.

As also found in other sports studies, amateur women have a higher ACL injury 
risk when skiing. This was found to be supported widely in literature [10–14]. To 
explain this difference in incidence, we found literature suggesting on a combi-
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and menstruation phases, plus the extrinsic ones such as the type of ski, ski binding 
setting, slope, and weather. We agree that most probably a combination of ana-
tomic, functional, and extrinsic factors justifies this higher risk. The exact reasons 
have still to be discovered, but at least we should be able to focus the preventing 
efforts in the higher injury-risk groups.

We found literature reporting that in 44% of lower extremity injuries (in 44% 
of MCL injuries and 43% of ACL injuries) skiers were going slow or were station-
ary, meaning that skiing slowly increments the risk for ACL injury and the risk of 
bindings fails to release. This last result probably explains the increased ACL injury 
risk in a fall when skiing slowly, as a lower kinetic energy, should mean a lower 
injury risk for knee structures.

Skiing in bad weather situations, lower temperature, and/or during a snowfall 
also were risk factors for knee injury, especially in women. The explanation for this 
last finding may be the increased risk of cooling which causes a decrease of muscle 
performance. In [13], there is reference to literature where a 10 times increase in 
ACL injury risk is reported in bad light conditions and also in case of strong snow-
falls (double of risk) probably due to bad visibility plus lower temperatures. In our 
opinion bad visibility conditions like snowfalls are high-risk situations as it can 
make the skier to run into bumps able to turn the ski without being able to see and 
avoid it. This knowledge should be used to warn or even prevent people from skiing 
in bad weather days.

5.1 ACL biomechanics and injury mechanisms

As multiple articles in the literature report, the ACL is probably the most 
common injured ligament of the knee in alpine skiers. The second most common 
injured structure would be the MCL, although not all series agree on this order.

The anterior cruciate ligament is a primary stabilizer of the knee joint, being the 
main structure to resist tibia anterior translation with respect to the femur. It also 
restricts tibia internal rotation with knee between 0 and 30° of flexion, prevents 
hyperextension, and is a secondary stabilizer against the valgus, especially with the 
knee in extension, when the MCL has a decreasing role.

The medial collateral ligament is the most important knee-stabilizing structure 
in the medial part of the joint; its main function is to resist the valgus forces and 
tibia internal rotation and has a secondary role in preventing the anterior transla-
tion of the tibia with respect to the femur.

As just seen both ligaments have similar or supplementary functions and are 
believed to act synergistically. This can explain the prevalence of combined total 
and partial injuries in skiing and other sports accidents. In other ACL injury high-
risk sports, such as soccer, this lesion usually happens when with a foot planted 
on the ground the player does a sudden deceleration plus external rotation and/or 
valgus, presenting a twist at the level of the knee joint. Skiing mechanics involve a 
dual-surface movement [17], and skiers tend to sustain injuries when the ski catches 
an edge and there is a body torqueing with relation to the knee joint.

A consequence of special mechanics involved in skiing is that several injury 
mechanisms have been proposed. Shea et al. [12] affirm that injury mechanism in 
elite and amateur skiers might be different, a point partially supported by other 
literature when they report different percentages of each injury mechanism in each 
one of these groups.

In [12], and also in two interesting reviews [7, 21], proposed injury mechanisms 
are explained; a summary of this is of high interest for a better understanding of 
knee injuries in skiers:
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• Valgus external rotation: after losing balance and shifting the center of gravity 
forward, the inside edge of the ski touches the ground producing abduction and 
external rotation of the tibia, while the skier’s body advances respect to the knee, 
creating a valgus force. This mechanism is thought to damage the MCL and the 
ACL due to the valgus plus the rotation force applied to the knee. The presence 
of a valgus deformity may also cause a lateral meniscus traumatic tear. This was 
found to be the most common mechanism of injury in recreational skiers (up to 
32.9% of cases) since the generalized use of carving skies [11, 12], and in one pub-
lication [12], it was related to high-level amateur skiers. This injury mechanism 
was found to be related with the failure of ski bindings to release [11].

• Hyperextension internal rotation: occurring in heavy snow, it happens when 
the ski is slowed while the body keeps advancing forward. Usually, it associates 
a crossing of ski tips, producing internal rotation and varus force. The forced 
internal rotation in a probably extended knee is responsible for the ACL injury; 
as in an extended position, the ACL is the main knee joint restrictor against 
the internal rotation. This forced movement can also damage lateral structures 
like the lateral collateral ligament by distraction or the lateral meniscus if it is 
trapped under the femoral condyle when turning. This is the reported mecha-
nism in 19% of injured skiers.

• Boot-induced anterior drawer: when the skier lands from a jump, the ski tail is 
the first part to contact the snow causing the body weight to go backward while 
the leg is driven forward by the boot attached to the ski, applying an anterior 
force on the tibia. This effect can be increased by a strong quadriceps contraction 
to avoid a fall. With this mechanism the ACL is putted under great tension to 
avoid the anterior translation of the tibia with respect to the femur causing the 
injury. As the ACL is isolated and there is no rotation or varus-valgus deforming 
forces, the MCL and other knee structures remain unharmed. This mechanism 
was reported as the one responsible for only 7.8% of ACL injuries in amateur 
skiers [12], but it seems to be the most frequent mechanism in elite skiers [4]. Ski 
bindings are not designed to release when a backward-directed force is applied in 
the absence of rotational forces, so in this mechanism bindings will not release.

• Phantom foot: it happens when the skier losses balance and falls backward on 
the rear part of skis, placing the hips below the knees with all body weight on 
the downhill ski, which internally rotates the knee in hyperflexion. Knee hyper-
flexion puts the ACL under strain, which facilitates its injury due to the forced 
rotation. The MCL is also injured, as it is the main restrictor structure against 
internal rotation in the flexed knee. The fact that all body weight is on this ski 
makes the lateral meniscus vulnerable to injury as it can get trapped under the 
turning femoral condyle with axial load. This was reported as the most frequent 
mechanism before the introduction of carving skis [11], and a recent study 
reports a 22.5% of cases caused by this mechanism, being the second most 
frequent in skiers between 30 and 40 years old [12]. There is no agreement in 
literature about the influence of ski binding’s failure to release in these cases.

In elite skiers another two mechanisms have been described:

• Dynamic snowplow: with the weight backward and skis in split position, the 
unweighted ski forces the knee in valgus and internal rotation. It is believed to 
be the cause of 15% of ACL injury. It has big similarities with the hyperexten-
sion mechanism. The ACL, and also the MCL, limits knee valgus and internal 
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rotation, so in this mechanism both structures are under strain and vulnerable 
to injury.

• Slip and catch: it is very similar to the previous one but is considered more 
frequent. This happens during a turn, after losing contact with the snow by 
the outer ski; when it recovers the ski catches the edge causing rapid flexion, 
internal rotation, and valgus. A very important reported fact is that in 100% 
of slip-catch ACL injuries in athletes ski bindings do not release or are release 
after the injury took place [7].

These two mechanisms are believed to be related with the use of more aggres-
sive and smaller turn radius skis like the ones used in slalom races; even some 
authors suggest that carving skies (shorter, wider in tip and tail, easier to turn) may 
augment the injury risk as their design may increase kinetic energy in slopes [7], 
although this last point is controversial [12].

5.2 Associated injuries

When an ACL injury occurs, other knee joint structures may be at risk, as up to 
68% of skiers with an ACL injury present a lesion of another knee joint structure.

If, as seen before, a valgus force is present in the injury mechanism, the medial 
collateral ligament will probably suffer a tear; the rate of associated ACL + MCL 
injury has been reported between 16 and 57% [21]. The isolated MCL injury is 
caused by a direct valgus load of the knee. A problem exist in preventing these inju-
ries, as ski bindings are designed to release when falling forward or when rotating 
force is applied, so no releasing mechanism exists in cases of isolated valgus torque.

In alpine skiing, the most commonly affected menisci is the lateral. This is reported 
to be found in 23–55% of ACL-injured knees. Some authors [2, 21] tried to explain the 
lower incidence of menisci lesions in ACL-injured knees when comparing to other ACL 
injury high-risk sports. The fact that some injury mechanisms are caused by forces that 
do not contain rotation or valgus may explain that. Another point is that, contrary to 
soccer or basketball, at the moment of injury in skiing there can be a distraction of the 
knee joint and by that not loading the meniscus and saving it from tears and less sec-
ondary trauma to the joint. Independent of the cause of a lower incidence of menisci, 
cartilage, and other joint structure injuries, this is a positive point, as all these lesions 
can be responsible for the onset of early osteoarthritis in young and active patients.

In two literature reviews, we found contradictory affirmations about the trends 
in tibia plateau fractures, associated or not with ACL injury. In [3], authors report 
the finding of a rise in tibia plateau fractures, almost in all cases affecting the 
anterior part of the lateral plateau (Schatzker I, II, and III fractures) caused by 
valgus axial forces. In an opposite direction point, the results found in [21] report a 
92% decrease in tibia plateau fractures from 1970 to 2003. In our literature review, 
reports about fractures affecting the knee joint are very scarce, and even some 
articles are done in ski resort clinics without RX; others are done in hospitals with 
all diagnostic methods available. In our opinion, it is very improbable that a tibia 
plateau fracture can go undiagnosed as the injured skier would not be able to go 
to his home hospital, a situation much more probable to happen in cases of minor 
injuries or even moderate to severe knee sprains.

A conclusion present in the vast majority of literature reviewed is the low preva-
lence in ankle and lower leg injuries in adult skiers, either amateur or elite athletes. 
Ankle and tibia diaphysis fractures were once the most feared and frequent injuries; 
but there are [3] reports of a 92% decrease in ankle fractures and sprains and up to 
80% decrease in tibia fractures since the 1970s.
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• Valgus external rotation: after losing balance and shifting the center of gravity 
forward, the inside edge of the ski touches the ground producing abduction and 
external rotation of the tibia, while the skier’s body advances respect to the knee, 
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ACL due to the valgus plus the rotation force applied to the knee. The presence 
of a valgus deformity may also cause a lateral meniscus traumatic tear. This was 
found to be the most common mechanism of injury in recreational skiers (up to 
32.9% of cases) since the generalized use of carving skies [11, 12], and in one pub-
lication [12], it was related to high-level amateur skiers. This injury mechanism 
was found to be related with the failure of ski bindings to release [11].

• Hyperextension internal rotation: occurring in heavy snow, it happens when 
the ski is slowed while the body keeps advancing forward. Usually, it associates 
a crossing of ski tips, producing internal rotation and varus force. The forced 
internal rotation in a probably extended knee is responsible for the ACL injury; 
as in an extended position, the ACL is the main knee joint restrictor against 
the internal rotation. This forced movement can also damage lateral structures 
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• Phantom foot: it happens when the skier losses balance and falls backward on 
the rear part of skis, placing the hips below the knees with all body weight on 
the downhill ski, which internally rotates the knee in hyperflexion. Knee hyper-
flexion puts the ACL under strain, which facilitates its injury due to the forced 
rotation. The MCL is also injured, as it is the main restrictor structure against 
internal rotation in the flexed knee. The fact that all body weight is on this ski 
makes the lateral meniscus vulnerable to injury as it can get trapped under the 
turning femoral condyle with axial load. This was reported as the most frequent 
mechanism before the introduction of carving skis [11], and a recent study 
reports a 22.5% of cases caused by this mechanism, being the second most 
frequent in skiers between 30 and 40 years old [12]. There is no agreement in 
literature about the influence of ski binding’s failure to release in these cases.

In elite skiers another two mechanisms have been described:

• Dynamic snowplow: with the weight backward and skis in split position, the 
unweighted ski forces the knee in valgus and internal rotation. It is believed to 
be the cause of 15% of ACL injury. It has big similarities with the hyperexten-
sion mechanism. The ACL, and also the MCL, limits knee valgus and internal 
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rotation, so in this mechanism both structures are under strain and vulnerable 
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knee joint and by that not loading the meniscus and saving it from tears and less sec-
ondary trauma to the joint. Independent of the cause of a lower incidence of menisci, 
cartilage, and other joint structure injuries, this is a positive point, as all these lesions 
can be responsible for the onset of early osteoarthritis in young and active patients.

In two literature reviews, we found contradictory affirmations about the trends 
in tibia plateau fractures, associated or not with ACL injury. In [3], authors report 
the finding of a rise in tibia plateau fractures, almost in all cases affecting the 
anterior part of the lateral plateau (Schatzker I, II, and III fractures) caused by 
valgus axial forces. In an opposite direction point, the results found in [21] report a 
92% decrease in tibia plateau fractures from 1970 to 2003. In our literature review, 
reports about fractures affecting the knee joint are very scarce, and even some 
articles are done in ski resort clinics without RX; others are done in hospitals with 
all diagnostic methods available. In our opinion, it is very improbable that a tibia 
plateau fracture can go undiagnosed as the injured skier would not be able to go 
to his home hospital, a situation much more probable to happen in cases of minor 
injuries or even moderate to severe knee sprains.

A conclusion present in the vast majority of literature reviewed is the low preva-
lence in ankle and lower leg injuries in adult skiers, either amateur or elite athletes. 
Ankle and tibia diaphysis fractures were once the most feared and frequent injuries; 
but there are [3] reports of a 92% decrease in ankle fractures and sprains and up to 
80% decrease in tibia fractures since the 1970s.
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A general agreement is found in the literature and is also of our opinion that the 
reason for such a decrease in lower leg injuries while knee injury rates have grown or 
at least maintained is the change in the skier’s equipment. Back in the 1960–1970s, 
ski boots were made of leather, shorter, and soft-shelled. It is evident that a major 
change has occurred; nowadays, boots are made of plastic, hard-shelled, and much 
higher than before. Ski is still a high-risk sports, with falls with or without collision 
being very frequent; and the kinetic energy of the fall is the same than it was 30–40 
years ago. With actual equipment these forces bypass the ankle joint and the leg 
with all the energy absorbed and dissipated at the knee joint’s level. In the authors’ 
opinion, the sole fact of the existence of an injury mechanism called “boot-induced 
anterior drawer” should be enough to prove this point.

Another gear part that has had major improvements in quality is ski bindings. It is 
very probable that these changes also played a role in the decrease of lower leg fractures 
and are considered as key safety equipment. Ski bindings are designed to release when 
there is a fall forward with or without body rotation (reproducing the most frequent 
injury mechanisms) but are not done to free the skier’s foot in case of a backward fall. 
In our opinion this is a big design deficiency that has to be fixed soon if there is a will 
to make skiing a safer sports. The problem now is that, as explained previously, several 
articles report high percentages of ski binding failure to release, especially linked to 
some injury mechanisms. In our opinion these equipment failures’ high rates are to be 
considered unacceptable, and efforts have to be made to keep improving with the goal 
of reducing skiing injuries, particularly those affecting the knee joint.

5.3 Treatment

When considering the management and treatment of knee skiing injuries, the 
first thing that surprised us is that the majority of authors made no reference to it. 
Publications using small ski resort clinics, some of them without physician and/
or diagnostic tools, admit its limitations and explain their procedure for refer-
ring patients with a suspected severe injury to hospitals. In other cases, with data 
obtained from these near hospitals, great treatment and follow-up evolution are lost 
when referring the patient for definitive treatment to his/her home hospital [14]. 
A limitation present in both study types is that of skiers with minor or moderate 
injuries that do not seek medical attention or that do it later in their home hospital.

Only in [1] et al. report the time loss after an ACL injury in elite skiers, but many 
times this is a population group with big differences in treatment strategies and 
goals.

Nowadays, the gold standard treatment for an ACL complete tear in a relatively 
young and active patient is its reconstruction. Debate about the better technique 
(mono- vs. bifascicular reconstruction, type of graft, graft fixation, etc.) is a topic 
outside this review’s objectives.

It is also generally accepted that the treatment for an isolated MCL injury is 
a conservative treatment, which is thought to heal without sequels. There is less 
evidence about the best treatment of ACL and MCL combined injury.

Some surgeons affirm that the best method is to treat each injury in its gold 
standard way: surgical reconstruction of the ACL and conservative treatment for 
the MCL. Others argue that in a combined injury an anterior and valgus instability 
is present and that for this reason the MCL will not heal properly in the presence of 
an injured ACL. To solve this problem, there are two options, an operative recon-
struction of all injured structures and an early surgery for ACL treatment, which 
would allow for a successful MCL non-operative treatment.

In our opinion, the majority of combined injuries should be treated with surgery 
but only for ACL reconstruction. We do not agree with the idea that an early ACL 
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reconstruction surgery is needed; in fact, for us a delayed ACL surgery is a better option, 
waiting until medial stability is recovered. Only in cases with a grade III MCL tear with 
great knee instability after at least 2 months of MCL tear conservative treatment, we 
recommend its surgical treatment, with plasty reconstruction of both structures.

6. Conclusion

Alpine skiing is a high-risk sports with an elevated number of people injured 
every year. Ligamentous knee injuries are among the most common, and it does 
not seems to be any tendency to decrease its high rate despite changes in attitudes 
and equipment that have lowered the number of other serious injuries. As seen, the 
percentage of knee injuries that can be considered severe is high, with ACL tears as 
the most common knee injury. Having such high rates of serious injuries in alpine 
skier’s knee implies big challenges in prevention, to identify skiers at risk and to 
improve equipment parts that are proven to be failing. More research needs to be 
done to define all risk factors so that prevention efforts can be well directed. Also, 
more research is needed to identify the best treatment option for ACL and other 
knee ligamentous injuries, and consensus in treatment and rehabilitation protocols 
are needed for both elite athletes and amateur-injured alpine skiers.
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A general agreement is found in the literature and is also of our opinion that the 
reason for such a decrease in lower leg injuries while knee injury rates have grown or 
at least maintained is the change in the skier’s equipment. Back in the 1960–1970s, 
ski boots were made of leather, shorter, and soft-shelled. It is evident that a major 
change has occurred; nowadays, boots are made of plastic, hard-shelled, and much 
higher than before. Ski is still a high-risk sports, with falls with or without collision 
being very frequent; and the kinetic energy of the fall is the same than it was 30–40 
years ago. With actual equipment these forces bypass the ankle joint and the leg 
with all the energy absorbed and dissipated at the knee joint’s level. In the authors’ 
opinion, the sole fact of the existence of an injury mechanism called “boot-induced 
anterior drawer” should be enough to prove this point.

Another gear part that has had major improvements in quality is ski bindings. It is 
very probable that these changes also played a role in the decrease of lower leg fractures 
and are considered as key safety equipment. Ski bindings are designed to release when 
there is a fall forward with or without body rotation (reproducing the most frequent 
injury mechanisms) but are not done to free the skier’s foot in case of a backward fall. 
In our opinion this is a big design deficiency that has to be fixed soon if there is a will 
to make skiing a safer sports. The problem now is that, as explained previously, several 
articles report high percentages of ski binding failure to release, especially linked to 
some injury mechanisms. In our opinion these equipment failures’ high rates are to be 
considered unacceptable, and efforts have to be made to keep improving with the goal 
of reducing skiing injuries, particularly those affecting the knee joint.

5.3 Treatment

When considering the management and treatment of knee skiing injuries, the 
first thing that surprised us is that the majority of authors made no reference to it. 
Publications using small ski resort clinics, some of them without physician and/
or diagnostic tools, admit its limitations and explain their procedure for refer-
ring patients with a suspected severe injury to hospitals. In other cases, with data 
obtained from these near hospitals, great treatment and follow-up evolution are lost 
when referring the patient for definitive treatment to his/her home hospital [14]. 
A limitation present in both study types is that of skiers with minor or moderate 
injuries that do not seek medical attention or that do it later in their home hospital.

Only in [1] et al. report the time loss after an ACL injury in elite skiers, but many 
times this is a population group with big differences in treatment strategies and 
goals.

Nowadays, the gold standard treatment for an ACL complete tear in a relatively 
young and active patient is its reconstruction. Debate about the better technique 
(mono- vs. bifascicular reconstruction, type of graft, graft fixation, etc.) is a topic 
outside this review’s objectives.

It is also generally accepted that the treatment for an isolated MCL injury is 
a conservative treatment, which is thought to heal without sequels. There is less 
evidence about the best treatment of ACL and MCL combined injury.

Some surgeons affirm that the best method is to treat each injury in its gold 
standard way: surgical reconstruction of the ACL and conservative treatment for 
the MCL. Others argue that in a combined injury an anterior and valgus instability 
is present and that for this reason the MCL will not heal properly in the presence of 
an injured ACL. To solve this problem, there are two options, an operative recon-
struction of all injured structures and an early surgery for ACL treatment, which 
would allow for a successful MCL non-operative treatment.

In our opinion, the majority of combined injuries should be treated with surgery 
but only for ACL reconstruction. We do not agree with the idea that an early ACL 
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reconstruction surgery is needed; in fact, for us a delayed ACL surgery is a better option, 
waiting until medial stability is recovered. Only in cases with a grade III MCL tear with 
great knee instability after at least 2 months of MCL tear conservative treatment, we 
recommend its surgical treatment, with plasty reconstruction of both structures.

6. Conclusion

Alpine skiing is a high-risk sports with an elevated number of people injured 
every year. Ligamentous knee injuries are among the most common, and it does 
not seems to be any tendency to decrease its high rate despite changes in attitudes 
and equipment that have lowered the number of other serious injuries. As seen, the 
percentage of knee injuries that can be considered severe is high, with ACL tears as 
the most common knee injury. Having such high rates of serious injuries in alpine 
skier’s knee implies big challenges in prevention, to identify skiers at risk and to 
improve equipment parts that are proven to be failing. More research needs to be 
done to define all risk factors so that prevention efforts can be well directed. Also, 
more research is needed to identify the best treatment option for ACL and other 
knee ligamentous injuries, and consensus in treatment and rehabilitation protocols 
are needed for both elite athletes and amateur-injured alpine skiers.
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Abstract

The anterolateral ligament (ALL), which was first described in 1879, was 
reintroduced in 2013 by Claes et al. It originates near the lateral epicondyle of the 
distal femur, runs along the lateral outer aspect of the knee, and inserts on the 
proximal tibia between Gerdy’s tubercle and fibular head. The ALL tightens when 
the knee is internally rotated (twisted inwards), and in doing so, it is proposed to be 
a stabilizer to internal tibial rotation. Biomechanical studies showed that the ALL 
restrains internal rotation of the tibia and thus affects the pivot-shift phenomenon 
in the anterior cruciate ligament (ACL)-injured knee. Therefore, it is proposed 
that the deficient ALL can be a reason for persistent rotatory instability after ACL 
reconstruction. Furthermore, ALL reconstruction techniques have evolved and 
indications extended. Commonly accepted indications for concomitant ACL and 
ALL reconstruction are ACL revisions, high-grade pivot-shift test, chronic ACL 
rupture, and young patients and patients doing pivoting activities. Most surgeons 
perform an anatomic reconstruction technique with gracilis autograft. However, 
only few studies published reporting the outcomes of ALL reconstruction and more 
studies with longer follow-up times are, therefore, needed to provide the compelling 
clinical evidence for the efficacy of concomitant ACL and ALL procedures.

Keywords: anterolateral ligament, ALL reconstruction,  
indications for ALL reconstruction, anterior cruciate ligament, pivot shift

1. Introduction

The anterolateral ligament (ALL) is a newly re-introduced ligament on the 
lateral aspect of the knee, which originates at the lateral epicondyle of the femur, 
and inserts at the anterolateral aspect of the proximal tibia. It was first described by 
Paul Segond as “a pearly, resistant, fibrous band” at the anterolateral aspect of the 
human knee; however, it was not given much importance until Claes et al. identified 
the ALL in an anatomic study as a distinct structure of the lateral compartment 
of the knee [1]. Subsequently, many studies have been published regarding the 
anatomy, biomechanics, and radiology of ALL.

The clinical relevance of ALL mostly comes from its high association with ante-
rior cruciate ligament (ACL) injuries. Studies showed a high incidence of radiologi-
cal ALL damage (78.7%) in ACL-injured knees [2]. Biomechanically, it is claimed 
to be a stabilizer in internal rotation of the tibia particularly at high knee flexion 
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angles; however, the biomechanical role of ALL is still the subject of debate [3, 4]. 
This chapter reviews the main features related to ALL and focuses on the current 
indications and techniques of ALL reconstruction.

2. Anatomy

The anatomy of the ALL has been investigated by several authors in order 
to accurately identify the features of the structure. There has been some debate 
regarding the exact attachments of the ligament; however, it is generally accepted 
that the ALL is a distinctive triangular, anterolateral structure under the iliotibial 
band (ITB). Investigations of the anatomy of the ALL in several cadavers have 
revealed variability of the structure particularly for the femoral attachment. The 
femoral origin is located at the lateral femoral epicondyle (LFE) at either the identi-
cal position of the origin of the fibular collateral ligament (FCL) or just posterior 
and proximal to it with the average width at this point 11.85 mm [5]. The ALL then 
runs distally by overlapping the proximal portion of the lateral collateral ligament, 
and some fibers of the ALL are attached to the lateral meniscus and the anterolat-
eral capsule at the level of knee joint. The majority of the fibers continue to run 
distally and attach midway between the tip of the fibular head and GT (Figure 1). 
The tibial attachment is 12.2 ± 3.0 mm width and is centered 21.6 mm posterior to 
Gerdy’s tubercle, and 4–10 mm far from the joint line [1, 6–8]. The mean length of 
the structure has been measured between 34 and 59 mm from its femoral origin to 
tibial attachment [7, 8]. The thickness of ALL also varies and has been measured as 
2.09 mm in males and 1.09 mm in females [9].

3. Biomechanics

Zens et al. [10] found that the isolated ALL had an ultimate tensile strength of 
50 ± 15 N, at a strain of 36 ± 4%. With a mean cross-sectional area of only 1.54 mm2, 
the ultimate tensile stress was 33 ± 4 MPa and the overall stiffness was 4.2 N/
mm extension. However, Kennedy et al. [11] reported that the ALL had a tensile 

Figure 1. 
Anterolateral ligament anatomy (ITB: iliotibial band, ALL: anterolateral ligament, FH: fibular head, GT: 
Gerdy’s tubercle, and LCL: lateral collateral ligament).
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strength of 175 N (139–211 N 95% CI) and stiffness 20 N/mm [12–21] with a more 
substantial structure than that shown by Zens et al. [10]. The mean ultimate load 
to failure and the mean stiffness of ALL have been measured between 50 and 205 N 
and between 20 and 42 N/mm, respectively, in different studies [11, 22, 23].

In most of the studies, the ALL is described as a secondary stabilizer to internal 
rotation and to some extent anterior translation [3, 24, 25]. The biomechanical 
studies demonstrated that in the presence of ACL deficiency, sectioning the ALL in 
cadaveric specimens significantly effects the anteroposterior (AP) stability as well 
as results in a significant increase in internal rotation [12, 24]. The contribution of 
the ALL during internal rotation increases significantly with increasing flexion, 
whereas that of the ACL decreased significantly. Therefore, it is speculated that 
the ALL deficiency can be a reason for persistent rotational instability after ACL 
reconstruction [13].

The isometry of the ALL was measured by Dodds et al. [7], by threading a 
suture along the ligament fibers, attaching it to the moving tibia and then measur-
ing the changes of the separation distance between the attachments using a trans-
ducer. It was shown that the ALL was not isometric, but was close to being isometric 
from 0 to 60° knee flexion. Internal tibial rotation increased the length between 
the attachments, and external rotation reduced it. When the knee was in extension, 
tibial rotations in response to 5 Nm torque were not large enough to cause signifi-
cant change in the length of the ALL. However, internal tibial rotation increased 
the mean length between the ALL attachments from 3.6 mm (SD 0.7; 1.5–5.7) at 
30° (p = 0.003) to 9.9 mm (SD 1.4; 5.7–14.2) at 90° of flexion of the knee. Imbert 
et al. [14] investigated isometric characteristics of the ALL in a cadaveric navigation 
study and found that ALL is not isometric at any of the femoral insertion locations 
but had different length change patterns during knee flexion and internal tibial 
rotation at 90°. However, they found that the proximal and posterior to epicondyle 
femoral position is favorable to being isometry.

4. Injury

Injury to the ALL is most commonly associated with a concomitant tear of the 
ACL. In a retrospective MRI study, Claes et al. [2] analyzed 206 ACL injured knees 
and found 78.8% radiological ALL abnormalities. Most of the ALL abnormalities 
were found to be situated in the distal part of the ligament (77.8%), whereas 20.4% 
of the injuries were proximal and only 1.8% knees were diagnosed with a bony ALL 
avulsion. Ferretti et al. [15] exposed the lateral knee compartments of 60 patients 
undergoing ACLR and found several lesion types of the ALL injuries including mac-
roscopic hemorrhage extending to the anterolateral capsule (32%) or to the postero-
lateral capsule (27%), complete transverse tear of the ALL near its tibial insertion 
(22%), and a bony tibial avulsion (Segond fracture) (10%). In a retrospective MRI 
study, Gurpinar et al. found 65.2% ALL injury in patients underwent ACL surgery 
who were diagnosed with isolated ACL injury previously [13]. In a similar study, 
van Dyck et al. [16] found ALL abnormalities in 46% of 90 knee MRIs of patients 
with an acute ACL rupture. Furthermore, they found that these patients were more 
likely to have a lateral meniscal tear, collateral ligament injury, or osseous injury 
compared with patients with an intact ALL.

After re-discovery of ALL, Segond fractures, which were previously considered 
as a diagnostic clue for ACL injury, are classified as ALL equivalent injuries [17]. 
Porrino et al. [18] evaluated 20 knee MRIs with a Segond fracture and found that 
the ALL was attached to the fracture fragment in all but one case limited by ana-
tomic distortion. Claes et al. [17] also suggested that the Segond fracture is actually 
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strength of 175 N (139–211 N 95% CI) and stiffness 20 N/mm [12–21] with a more 
substantial structure than that shown by Zens et al. [10]. The mean ultimate load 
to failure and the mean stiffness of ALL have been measured between 50 and 205 N 
and between 20 and 42 N/mm, respectively, in different studies [11, 22, 23].

In most of the studies, the ALL is described as a secondary stabilizer to internal 
rotation and to some extent anterior translation [3, 24, 25]. The biomechanical 
studies demonstrated that in the presence of ACL deficiency, sectioning the ALL in 
cadaveric specimens significantly effects the anteroposterior (AP) stability as well 
as results in a significant increase in internal rotation [12, 24]. The contribution of 
the ALL during internal rotation increases significantly with increasing flexion, 
whereas that of the ACL decreased significantly. Therefore, it is speculated that 
the ALL deficiency can be a reason for persistent rotational instability after ACL 
reconstruction [13].

The isometry of the ALL was measured by Dodds et al. [7], by threading a 
suture along the ligament fibers, attaching it to the moving tibia and then measur-
ing the changes of the separation distance between the attachments using a trans-
ducer. It was shown that the ALL was not isometric, but was close to being isometric 
from 0 to 60° knee flexion. Internal tibial rotation increased the length between 
the attachments, and external rotation reduced it. When the knee was in extension, 
tibial rotations in response to 5 Nm torque were not large enough to cause signifi-
cant change in the length of the ALL. However, internal tibial rotation increased 
the mean length between the ALL attachments from 3.6 mm (SD 0.7; 1.5–5.7) at 
30° (p = 0.003) to 9.9 mm (SD 1.4; 5.7–14.2) at 90° of flexion of the knee. Imbert 
et al. [14] investigated isometric characteristics of the ALL in a cadaveric navigation 
study and found that ALL is not isometric at any of the femoral insertion locations 
but had different length change patterns during knee flexion and internal tibial 
rotation at 90°. However, they found that the proximal and posterior to epicondyle 
femoral position is favorable to being isometry.

4. Injury

Injury to the ALL is most commonly associated with a concomitant tear of the 
ACL. In a retrospective MRI study, Claes et al. [2] analyzed 206 ACL injured knees 
and found 78.8% radiological ALL abnormalities. Most of the ALL abnormalities 
were found to be situated in the distal part of the ligament (77.8%), whereas 20.4% 
of the injuries were proximal and only 1.8% knees were diagnosed with a bony ALL 
avulsion. Ferretti et al. [15] exposed the lateral knee compartments of 60 patients 
undergoing ACLR and found several lesion types of the ALL injuries including mac-
roscopic hemorrhage extending to the anterolateral capsule (32%) or to the postero-
lateral capsule (27%), complete transverse tear of the ALL near its tibial insertion 
(22%), and a bony tibial avulsion (Segond fracture) (10%). In a retrospective MRI 
study, Gurpinar et al. found 65.2% ALL injury in patients underwent ACL surgery 
who were diagnosed with isolated ACL injury previously [13]. In a similar study, 
van Dyck et al. [16] found ALL abnormalities in 46% of 90 knee MRIs of patients 
with an acute ACL rupture. Furthermore, they found that these patients were more 
likely to have a lateral meniscal tear, collateral ligament injury, or osseous injury 
compared with patients with an intact ALL.

After re-discovery of ALL, Segond fractures, which were previously considered 
as a diagnostic clue for ACL injury, are classified as ALL equivalent injuries [17]. 
Porrino et al. [18] evaluated 20 knee MRIs with a Segond fracture and found that 
the ALL was attached to the fracture fragment in all but one case limited by ana-
tomic distortion. Claes et al. [17] also suggested that the Segond fracture is actually 
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a bony avulsion of the ALL. However, Shaikh et al. [19] claimed that ITB and lateral 
capsule attached to the Segond fracture in 94% of the patients and Segond fracture 
is not merely an ALL avulsion but the avulsion of the anterolateral complex.

On the other hand, anterolateral injuries and instability can also occur in the 
ACL intact states. Gottsegen et al. [20] and DeLee et al. [21] reported the Segond 
fracture combined to popliteal tendon avulsion and iliotibial band avulsion. 
Wharton et al. [26] published a case report in which the Segond fracture was com-
bined to posterolateral ligament injury without ACL rupture. Furthermore, Ferreira 
reported an absolute isolated Segond fracture.

5. Diagnosis

Diagnosing ALL lesions can be difficult since no specific clinical tests have been 
validated for the diagnosis of ALL injuries. To achieve an impeccable diagnosis, 
meticulous clinical examination and appropriate evaluation of the radiographic and 
MRI imaging are necessary. Since ALL is highly associated with ACL injury, patients 
subjected to trauma mechanisms similar to an isolated ACL injury such as contact 
and noncontact injuries involving early flexion, dynamic valgus, and internal rota-
tion should also be suspected for ALL injury. Anterior drawer and Lachman tests 
can be positive due to the concomitant ACL injury. However, since ALL is primarily 
responsible for rotational stability, pivot-shift test is considered to be the most reli-
able test to evaluate ALL integrity. Monaco et al. [27] demonstrated that a grade III 
pivot shift is only seen in the absence of both the ACL and ALL in vitro. However, 
the potential confusing factors of a high-grade pivot shift, such as a lateral meniscus 
or root tear, ITB injury, or general hyperlaxity should be assessed [28, 29].

Segond fracture is also considered to be ALL avulsion, and therefore, it can be 
assumed that symptoms related to a Segond fracture may be present in ALL injury 
including provoked pain on palpation of the lateral tibia or increased laxity in varus 
stress. On examination, the lateral compartment of the knee should be carefully 
evaluated, and the integrity of the cruciate and collateral ligaments should be 
examined too. However, in the acute phase, diagnosis can be challenging and evalu-
ation should be repeated in subacute and chronic phases after swelling and pain has 
decreased.

6. Surgical indications

The optimal ACL reconstruction is still a debate in orthopedic research, and 
persistent rotatory instability has been reported up to 25% of cases after an isolated 
ACL reconstruction procedure [30]. Some studies found that an isolated ACL 
reconstruction can control the translational instability, but is insufficient to restore 
the normal rotational stability. In addition, the persistent rotatory instability 
does not only cause difficulties with pivoting sports, but also can cause secondary 
meniscal and cartilaginous problems [31]. Furthermore, younger and higher-level 
athletes with rotational instability can be vulnerable to re-ruptures. Therefore, 
combining a lateral extra-articular procedure with an intra-articular reconstruction 
for the treatment of ACL injury emerged, with the aim of decreasing rotational 
instability. However, long-term results of ALL reconstruction are not known and 
have not been suggested as a standard procedure with ACL reconstruction. Despite 
this, additional ALL reconstruction has been recommended in patients with grade 
III pivot shift or Segond fracture and athletes practicing of sports with pivot move-
ments [32–34]. In addition ACL revision, subjective rotational looseness, and Telos 
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value >10 mm are also considered as indicative of ALL reconstruction associated 
with ACL reconstruction [35]. Some surgeons also suggested ALL reconstruction in 
cases of chronic ACL reconstruction, high level of sports activity, and radiographic 
lateral femoral notch sign [36].

Recently the ALL Expert Group [37] proposed a decision tree for the manage-
ment of ACL ruptures and recommended ALL reconstruction for patients who 
present at least: (1) decisive criteria for increased risk of secondary ACL rupture 
or postoperative residual positive pivot shift or (2) secondary criteria for increased 
risk of secondary ACL rupture or postoperative residual positive pivot shift includ-
ing history, clinical or imaging signs, or patient profile. However, literature still 
lacks good-quality randomized studies and more studies are needed to prove these 
findings.

7. Reconstruction

7.1 Graft type and preparation

Wytrykowski et al. [38] performed a cadaveric study to compare the biome-
chanical properties of the ALL, gracilis, and IT band. The gracilis was found to have 
six times the stiffness of the ALL (131.7 vs. 21 N/mm) and had the highest maxi-
mum load to failure (200.7 vs. 141 N). The mechanical properties of the IT band 
(stiffness, 39.9 N/mm; maximum load to failure, 161.1 N) most closely resembled 
those of the ALL. However, many authors have published techniques using a gracilis 
graft for ALL reconstruction and a tripled semitendinosus auto- or allograft or qua-
drupled semitendinosus autograft with all-inside technique for the reconstruction 
of ACL [39–41]. The use of polyester tape [42] or a single-bundle semitendinosus 
auto- or allograft has also been described in the literature [43]. In our clinic, we use 
gracilis graft for ALL reconstruction, and for the ACL, we use quadriceps autograft, 
tripled semitendinosus, or allograft.

7.2 Femoral and tibial origins and fixation

On the tibia, the anatomical landmarks are the center of the fibula head, the 
center of Gerdy’s tubercle, and joint line (Figure 2a). We use the midpoint between 
Gerdy’s tubercle and the fibula at 5–10 mm below the lateral joint line for the site 
of tibial fixation. We make a stab incision 5–10 mm below the joint line, halfway 
between the center of Gerdy’s tubercle and the fibula head (Figure 2b). Helito et al. 
[44] have described the radiographic landmarks to determine this location. They 
choose a point around 7 mm below the tibial plateau on the AP view and around 
50% of the plateau length on the lateral view [39]. Similar tibial attachment points 
have been used by many authors; however, some surgeons used two attachment 
points, and therefore, they used one point just anterior to the fibular head and 
second point posterior to the Gerdy’s tubercle [45].

Since the origin of the femoral insertion of the ALL varies, the location of 
femoral fixation during ALLR is a debate. Many authors [40, 46, 47] described a 
fixation at a point posterior and superior to the lateral femoral epicondyle; however, 
some [41, 42] described a fixation slightly anterior to the lateral epicondyle. As a 
radiological reference point, Helito et al. used Blumensaat’s line and identified the 
femoral attachment at approximately halfway along Blumensaat’s line from the 
anterior edge of the femoral condyle [44]. Kennedy et al. used the intersection of 
two lines: one was the parallel extension of the posterior femoral cortex and the 
second line was drawn perpendicularly to the first line and intersecting the most 
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mum load to failure (200.7 vs. 141 N). The mechanical properties of the IT band 
(stiffness, 39.9 N/mm; maximum load to failure, 161.1 N) most closely resembled 
those of the ALL. However, many authors have published techniques using a gracilis 
graft for ALL reconstruction and a tripled semitendinosus auto- or allograft or qua-
drupled semitendinosus autograft with all-inside technique for the reconstruction 
of ACL [39–41]. The use of polyester tape [42] or a single-bundle semitendinosus 
auto- or allograft has also been described in the literature [43]. In our clinic, we use 
gracilis graft for ALL reconstruction, and for the ACL, we use quadriceps autograft, 
tripled semitendinosus, or allograft.

7.2 Femoral and tibial origins and fixation

On the tibia, the anatomical landmarks are the center of the fibula head, the 
center of Gerdy’s tubercle, and joint line (Figure 2a). We use the midpoint between 
Gerdy’s tubercle and the fibula at 5–10 mm below the lateral joint line for the site 
of tibial fixation. We make a stab incision 5–10 mm below the joint line, halfway 
between the center of Gerdy’s tubercle and the fibula head (Figure 2b). Helito et al. 
[44] have described the radiographic landmarks to determine this location. They 
choose a point around 7 mm below the tibial plateau on the AP view and around 
50% of the plateau length on the lateral view [39]. Similar tibial attachment points 
have been used by many authors; however, some surgeons used two attachment 
points, and therefore, they used one point just anterior to the fibular head and 
second point posterior to the Gerdy’s tubercle [45].

Since the origin of the femoral insertion of the ALL varies, the location of 
femoral fixation during ALLR is a debate. Many authors [40, 46, 47] described a 
fixation at a point posterior and superior to the lateral femoral epicondyle; however, 
some [41, 42] described a fixation slightly anterior to the lateral epicondyle. As a 
radiological reference point, Helito et al. used Blumensaat’s line and identified the 
femoral attachment at approximately halfway along Blumensaat’s line from the 
anterior edge of the femoral condyle [44]. Kennedy et al. used the intersection of 
two lines: one was the parallel extension of the posterior femoral cortex and the 
second line was drawn perpendicularly to the first line and intersecting the most 
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posterior aspect of Blumensaat’s line [11]. In our clinic, we make a 5–10 mm incision 
just proximal to the epicondyle, and after dividing the ITB, we insert the drill pin 
slightly proximal and posterior to the lateral epicondyle (Figure 1c and d).

After inserting femoral and tibial pin guides, the passing suture is placed under 
the ITB around the femoral wire and tibial wires. The knee is then moved through 
the full range of motion (Figure 1d). The isometry assessment is made to be sure 
that the graft will not tighten in flexion and will be tight in extension. If the suture 
tightens in flexion, the femoral socket may be too distal or anterior.

After the isometry test, the graft is passed under the ITB and fixed with interfer-
ence screws or anchors on both sides, while the knee is 30° flexed and at neutral 
rotation (Figure 2). However, fixation in full extension at 45–60° of flexion or 
fixation at 60–90° of flexion have also been described in the literature [39, 40, 47]. 
Different surgical techniques and indications are summarized in Table 1.

8. Postoperative rehabilitation

The plaster cast immobilization or bracing were popular in the historical 
literature when ACL and lateral extra-articular procedures were performed together 
[49]. However, use of brace is much less common in current practice. Many authors 
recommend that rehabilitation after an additional ALL reconstruction should 
be carried out in a similar way compared to isolated ACL rehabilitation. An early 
aggressive rehabilitation program can be applied. Emphasis should be placed on 
achieving symmetrical full knee extension, decreasing knee joint effusion, and 
quadriceps activation early in the rehabilitation process. Passive flexion and patellar 
mobilization, avoiding eccentric quadriceps contraction, should also be performed. 
Weight bearing as tolerated is recommended immediately following surgery to 
promote knee extension and hinder quadriceps inhibition.

Figure 2. 
Step-by-step anterolateral ligament reconstruction.
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posterior aspect of Blumensaat’s line [11]. In our clinic, we make a 5–10 mm incision 
just proximal to the epicondyle, and after dividing the ITB, we insert the drill pin 
slightly proximal and posterior to the lateral epicondyle (Figure 1c and d).

After inserting femoral and tibial pin guides, the passing suture is placed under 
the ITB around the femoral wire and tibial wires. The knee is then moved through 
the full range of motion (Figure 1d). The isometry assessment is made to be sure 
that the graft will not tighten in flexion and will be tight in extension. If the suture 
tightens in flexion, the femoral socket may be too distal or anterior.

After the isometry test, the graft is passed under the ITB and fixed with interfer-
ence screws or anchors on both sides, while the knee is 30° flexed and at neutral 
rotation (Figure 2). However, fixation in full extension at 45–60° of flexion or 
fixation at 60–90° of flexion have also been described in the literature [39, 40, 47]. 
Different surgical techniques and indications are summarized in Table 1.

8. Postoperative rehabilitation

The plaster cast immobilization or bracing were popular in the historical 
literature when ACL and lateral extra-articular procedures were performed together 
[49]. However, use of brace is much less common in current practice. Many authors 
recommend that rehabilitation after an additional ALL reconstruction should 
be carried out in a similar way compared to isolated ACL rehabilitation. An early 
aggressive rehabilitation program can be applied. Emphasis should be placed on 
achieving symmetrical full knee extension, decreasing knee joint effusion, and 
quadriceps activation early in the rehabilitation process. Passive flexion and patellar 
mobilization, avoiding eccentric quadriceps contraction, should also be performed. 
Weight bearing as tolerated is recommended immediately following surgery to 
promote knee extension and hinder quadriceps inhibition.

Figure 2. 
Step-by-step anterolateral ligament reconstruction.
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9. Clinical outcomes

To date, only few studies reported the clinical outcomes of ALL reconstruction 
since the rediscovery of this ligament [32, 33, 36, 50]. In a retrospective case series, 
Sonnery-Cottet et al. [36] evaluated 92 patients at a minimum 2-year follow-up 
after concomitant ACL and ALL reconstruction. Compared with the preoperative 
assessment, the follow-up showed significant improvements in Lysholm score, 
subjective IKDC score, and objective IKDC score. Pivot-shift results were also 
significantly improved; however, this study did not have a control group.

In a prospective comparative study of 502 patients, Sonnery et al. found lower 
graft rupture rate with combined ALL-ACL reconstruction technique in a high-risk 
population, compared to the isolated ACL reconstructions that used a bone-patellar 
tendon-bone graft or a quadrupled hamstring tendon graft [33]. Another random-
ized study showed an improvement in knee laxity measured using a KT-1000 
arthrometer in patients with combined ACL and ALL reconstructions compared to 
patients with isolated ACL reconstructions; however, the other measured param-
eters did not differ significantly [32]. Recently, Helito et al. [50] evaluated the 
results of combined ACL-ALL reconstruction with isolated ACL reconstruction in 
101 chronic ACL injuries. Regarding functional outcome scores, they found bet-
ter results on both the IKDC and the Lysholm evaluations in combined ACL-ALL 
reconstruction group. In addition, patients in the ACL-ALL reconstruction group 
had better KT-1000 evaluation and a lower pivot-shift rate at physical examina-
tion. Although the results of the recent studies are promising, indications for ALL 
reconstruction are not identical in these studies and additional studies are needed to 
confirm these results.

10. Conclusions

In conclusion, it is commonly accepted that the ALL is a distinctive structure 
that originates from proximal and posterior to the femoral epicondyle, attaches 
slightly posterior to the Gerdy’s tubercle, and functions as a secondary stabilizer 
to internal rotation. In addition, it has been reported that it has a crucial role in 
preventing pivot-shift phenomenon. However, there is a lack of evidence support-
ing that it can be a reason for persistent pivot shift after ACL reconstructions [13]. 
Although the results of the recent studies reporting the outcomes of ALL recon-
struction are promising, the total volume of literature on this topic is limited and 
composed of low-quality evidence. More studies with longer follow-up times are, 
therefore, needed to provide the convincing clinical evidence for the favor of con-
comitant ACL and ALL procedures. In addition, despite the lack of clear evidence 
for an increase in lateral compartment osteoarthritis after concomitant procedures, 
compression in the lateral compartment seems to be a concern and was regarded as 
a reason to abandon concomitant lateral procedures historically [51–53].
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9. Clinical outcomes

To date, only few studies reported the clinical outcomes of ALL reconstruction 
since the rediscovery of this ligament [32, 33, 36, 50]. In a retrospective case series, 
Sonnery-Cottet et al. [36] evaluated 92 patients at a minimum 2-year follow-up 
after concomitant ACL and ALL reconstruction. Compared with the preoperative 
assessment, the follow-up showed significant improvements in Lysholm score, 
subjective IKDC score, and objective IKDC score. Pivot-shift results were also 
significantly improved; however, this study did not have a control group.

In a prospective comparative study of 502 patients, Sonnery et al. found lower 
graft rupture rate with combined ALL-ACL reconstruction technique in a high-risk 
population, compared to the isolated ACL reconstructions that used a bone-patellar 
tendon-bone graft or a quadrupled hamstring tendon graft [33]. Another random-
ized study showed an improvement in knee laxity measured using a KT-1000 
arthrometer in patients with combined ACL and ALL reconstructions compared to 
patients with isolated ACL reconstructions; however, the other measured param-
eters did not differ significantly [32]. Recently, Helito et al. [50] evaluated the 
results of combined ACL-ALL reconstruction with isolated ACL reconstruction in 
101 chronic ACL injuries. Regarding functional outcome scores, they found bet-
ter results on both the IKDC and the Lysholm evaluations in combined ACL-ALL 
reconstruction group. In addition, patients in the ACL-ALL reconstruction group 
had better KT-1000 evaluation and a lower pivot-shift rate at physical examina-
tion. Although the results of the recent studies are promising, indications for ALL 
reconstruction are not identical in these studies and additional studies are needed to 
confirm these results.

10. Conclusions

In conclusion, it is commonly accepted that the ALL is a distinctive structure 
that originates from proximal and posterior to the femoral epicondyle, attaches 
slightly posterior to the Gerdy’s tubercle, and functions as a secondary stabilizer 
to internal rotation. In addition, it has been reported that it has a crucial role in 
preventing pivot-shift phenomenon. However, there is a lack of evidence support-
ing that it can be a reason for persistent pivot shift after ACL reconstructions [13]. 
Although the results of the recent studies reporting the outcomes of ALL recon-
struction are promising, the total volume of literature on this topic is limited and 
composed of low-quality evidence. More studies with longer follow-up times are, 
therefore, needed to provide the convincing clinical evidence for the favor of con-
comitant ACL and ALL procedures. In addition, despite the lack of clear evidence 
for an increase in lateral compartment osteoarthritis after concomitant procedures, 
compression in the lateral compartment seems to be a concern and was regarded as 
a reason to abandon concomitant lateral procedures historically [51–53].
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Chapter 4

Medial Epicondyle Osteotomy for 
Balancing Severe Varus Knee
Gabriel Stan

Abstract

Varus malalignment is the most common deformity leading to total knee arthro-
plasty (TKA) for knee arthritis. For correcting this deformity, a stepwise approach is 
used by surgeons during TKA. When a severe varus malalignment is present, there 
are some concerns regarding balancing procedure, meaning that aggressive release of 
medial structures could lead to instability and need for a more constrained implant. 
In this chapter, the results of an unconventional method for balancing severe varus 
malalignment are shown. This method is medial epicondyle osteotomy (MEO). 
For this reason, a total of 135 knees with severe varus deformity were studied. In 
65 cases, the MEO technique was used for balancing during TKA. The other 70 
cases were balanced using additional resection of medial tibial plateau. Clinical and 
radiological outcomes were measured before and after surgery for both groups. Also 
the results were compared to a control group consisting of 50 patients with TKA for 
varus deformity less than 15 degrees. The amount of resected tibial bone was noted 
for study groups. Range of motion, the Knee Society Score (KSS), frontal laxity, 
and correction of femoro-tibial angle were studied. Frontal laxity decreased from 
12.81° ± 3.9° to 0.37° ± 1.2° (P < 0.001). The results showed no statistically significant 
differences between groups regarding the KSS, range of motion, femoro-tibial angle, 
and frontal laxity. The amount of resected tibial bone and the mean thickness of 
the polyethylene insert were statistically significantly smaller in the MEO group. 
MEO technique could be useful when treating severe varus arthritis knee during 
TKA by avoiding aggressive medial release and malalignment. Also the bone stock is 
preserved.

Keywords: medial epicondyle osteotomy , knee varus deformity,  
total knee arthroplasty, prosthetic outcomes, survivorship

1. Introduction

Total knee arthroplasty is a common surgical procedure for the end stage of knee 
arthritis, providing long-term pain relief and patient satisfaction. Although many 
studies have measured the success of knee arthroplasty in terms of survival, another 
important aspect of TKA is its functional outcome; that is, postoperatively, patients 
should be free of pain and able to perform daily activities such as standing, walking, 
and stair-climbing.

The varus knee is the most common deformity that requires total knee arthro-
plasty. Malalignment affects articular hyaline cartilage, menisci, subchondral bone, 
and ligaments, and contributes to progression of osteoarthritis (OA). When varus 
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alignment is present, the forces passing the knee are unequally distributed between 
condyles with an increased load passing through medial condyle due to an increase 
of the adduction moment during gait [1].

Anatomical changes are present in varus knee as a result of deforming forces. 
According to Puthumanapully, some reference axes and surface features are signifi-
cantly different to normal knees [2]. For the femur, he found less femoral anteversion 
in varus knees. In the tibia, the tubercle (and tibial tubercle axis) was externally 
rotated and there was a medial tilt of the tibial plateau in the coronal plane. The coro-
nal slope was found to be significantly more (P = 0.001) in varus knees (3.5°) when 
compared to normal knees (0°), indicating that the slope contributes to the varus 
deformity. Normal femoral version has been reported to be varied between 10° and 
20° [3]. Retroversion or decreasing femoral anteversion is associated with external 
rotation of the knee and varus deformity contributing to the development of OA in 
adults [4]. Authors like Bretin and Papaioannou showed that loads shift from center 
to medial compartment when external femoral malrotation is present [5, 6].

OA also affects the anatomy of superficial medial collateral ligament (MCL), 
which is the main structure providing medial stability. These changes are secondary to 
fibrosis of the posteromedial complex, to impingement of marginal osteophytes, and 
to extrusion of the medial meniscus. According to Haidar, there is no shortening of the 
MCL in knee OA. There are deforming structures such as the oblique ligament with 
adhesion and thickening of posteromedial corner structures. Those changes are sup-
posed to cause a posterior bowing to the superficial MCL without an actual shortening 
of the ligament. The scarring tissue in the posteromedial corner and the adhesion act as 
a soft phyte tensioning and deform the ligament and the posterior capsule [7].

Ignorance, fear of surgery, access to alternative and traditional medicine, and 
the high costs of treatment are among main reasons that contribute to late pre-
sentation for treatment. Factors like age of the patients, level of activity or disease 
progression have been discussed when deciding to choose methods of treatment 
in knee osteoarthritis (OA). Financial aid is a leading factor in decision-making of 
treating OA. Conservative treatment in knee osteoarthritis is also expensive because 
it fails to correct the malalignment and abnormal joint loading. The disease will 
progress and the TKA will be the optimal solution for treatment. Severe preopera-
tive deformities have long been a challenge for surgeons performing total knee 
arthroplasty.

Limb alignment and proper soft tissue balance are the main factors that influ-
ence long-term results of TKA in terms of survivorship. What kind of alignment 
should be obtained, anatomical, mechanical, or kinematic, is still a matter of 
debate, but everyone agrees that a balanced prosthetic knee will provide better 
results. Most of the authors state that the mechanical alignment provides the best 
chances in terms of survivorship of TKA. Mechanical alignment means that femoral 
cut is perpendicular to the mechanical axis of the femur and tibial cut is perpen-
dicular to the mechanical axis of the tibia [8].

Technical flows are challenging for surgeons no matter the surgical strategy. A 
part of this issue is represented by the instruments’ errors. The accuracy of obtain-
ing the desired angle of femoral distal cut is dependent on the ability to actually 
engage the intramedullary rod in the medullary canal respect the anatomic axis 
of the femor. This maneuver is influenced by the rod length and diameter and the 
intramedullary diameter of the femoral canal. The location of the entry hole also 
could have an impact upon alignment. Do to this, the surgeon must be aware that 
even if he/she is aiming for a mechanical alignment, for example, the instruments 
and placement of the entry holes could lead to errors. Alignment is critical to load 
transfer, both at the articular surface and at the implant-host interface, and hence 
essential for the success of total knee replacement (TKA). Most of the early failures 
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of TKAs are related to technical flaws. Valgus or varus malpositioning of the tibial 
component of a total knee implant may cause increased propensity for loosening or 
implant wear and they may eventually lead to revision surgery [9]. Experimental 
and clinical data indicate that, in order to achieve optimal mid-term and long-term 
results of a TKR, good alignment in the frontal plane of the lower limb is mandatory.

Releasing the superficial MCL can sometimes lead to a major instability of the 
knee and other surgical methods should be assessed for balancing the prosthetic 
knee in cases of severe varus deformity when aggressive MCL release is expected. 
A severe varus deformity (more than 15 degrees) is a challenge in terms of the type 
and extent of release required. More constrained types of implants may be needed 
if the MCL cannot be trusted.

A balanced knee must be the goal of every TKA because this will increase the 
chances for a better survivorship [10–13]. When malalignment is present, some 
parts of the soft tissue around the knee are contracted and must be released, thus 
leading to correction of the deformity [14, 15].

When severe varus deformity is present, medial structures become fibrous. 
Among the methods used to correct severe varus deformity, the most common are 
subperiosteal release of the superficial medial collateral ligament and joint line 
release of the medial collateral ligament. Some other methods like medial epicon-
dyle osteotomy (MEO) and tibial reduction osteotomy are less used due to concerns 
regarding survivorship [16].

For this study, we used the medial epicondyle osteotomy technique because 
we believe that this method will allow early recovery, bone stock preservation, 
and a good overall alignment of the limb as we will show later in this chapter. 
Some authors also used the MEO technique in the past, but their method involves 
subsequently reattaching the medial epicondyle with screws, sutures, or anchors 
in an optimal position for balancing the prosthetic knee, which will not allow early 
rehabilitation after surgery. We did not reattach this fragment and early rehabilita-
tion program was started. The goal of our study was to underline the results of TKA 
after using MEO as a balancing method for severe varus deformity. The results were 
compared with those of TKA after using additional resection of the tibial medial 
plateau to correct this deformity and to those of TKA for varus deformity less than 
15 degrees when standard measures were used for balancing.

2. Materials and methods

Between April 2006 and April 2017, we performed 135 TKAs on patients with 
severe preoperative varus (of more than 15°). The control group included 50 
patients with TKA for preoperative varus less than 15°. In 65 cases (40 female and 25 
men), the MEO technique was used, and in 70 cases (45 female and 25 men), addi-
tional resection of the tibial medial plateau. The mean age at the time of the TKA in 
MEO group was 68.6; mean height, 1.72 m; and mean weight, 76 kg. In the resection 
group, the mean age was 65.4 years; mean height, 1.77 m; and mean weight, 76.9 kg. 
In the control group, there were 30 female and 20 male patients; mean age was 62.5; 
mean height was 1.71 m; and mean weight was 76 kg.

Patients with preoperative valgus and secondary OA to trauma or inflammatory 
diseases were not included in the study. All surgeries were performed by the same 
main surgeon, using the medial-parapatellar and subvastus approaches. The same 
type of cemented postero-stabilized knee prosthesis was implanted in all cases 
(Zimmer Nexgen).

No full weight bearing X Ray films were available for this study, so the distal 
femoral cut was performed at 5° of valgus relative to the anatomical axis of the 
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No full weight bearing X Ray films were available for this study, so the distal 
femoral cut was performed at 5° of valgus relative to the anatomical axis of the 
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Figure 1. 
Medial epicondyle osteotomy with TKA.

femur, using an intramedullary rod. The tibial cut was perpendicular to the tibial 
mechanical axis, also using an intramedullary guide. A 3° femoral external rotation 
was set in almost every case. Rotation of the femoral component was decided using 
Whiteside’s line, transepicondylar axis, and posterior condylar reference. A com-
bined anterior and posterior referencing was used for sizing of femur.

All patients underwent stepwise sequential medial soft tissue release consisting 
of deep MCL, posteromedial release, superficial MCL, and pes anserinus. All the 
osteophytes were removed. Bony defects were managed with the cement or struc-
tural bone grafts and screws. No stem extenders were used. For the control group, 
no further measures were necessary to balance the prosthetic knee.

For both study groups, these steps were insufficient for balancing the knee and 
therefore further action was necessary.

In the first group, the surgeon performed a medial epicondyle osteotomy, contain-
ing the insertion of the MCL, starting with a saw-blade and finishing with an osteo-
tome (Figure 1). Then, a valgus stress was applied lowering the epicondyle to its new 
position. The inferior margin of the epicondyle was cut with a rongeur for not interfer-
ing with the articular part of the implant during movements. No fixation method was 
used for the epicondyle. The flexion and extension gaps were assessed for balance.

In the second group, as the medial compartment was still tight in extension and 
flexion, the surgeon performed a secondary asymmetrical tibial coronal recut using 
the specific instrument and removed an extra 2 mm of bone from the medial tibial 
plateau (Figure 2). Thus proceeding, the extension and flexion gaps were equal and 
the knee was balanced.

For all cases, the patella was resurfaced and no tourniquet was used. 
Rehabilitation started immediately after surgery, with alternative positioning of the 
knee in flexion-extension. On day 1 after surgery, all patients started active motion 
of the operated knee with flexion-extension exercises. Full weight bearing was 
allowed form day 1, using no brace for protection. No passive motion device was 
needed. Postoperative follow-up was scheduled 6 weeks, 3 months, 6 months, and 
1 year after the surgery, and once per year afterward. The mean follow-up for the 
study was 7 years (± 3).
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The main inclusion criterion for the study group was preoperative varus defor-
mity greater than 15°. The outcomes were measured: Knee Society score (KSS), the 
range of the motion (ROM), clinical frontal laxity of the knee, femoro-tibial angle, 
the mean thickness of the polyethylene insert, the amount of resected tibial medial 
plateau bone, and the union state of the osteotomy site. The amount of resected 
tibial medial plateau bone was defined as the difference between preoperative and 
postoperative distance from a perpendicular to the axis of tibia through the peroneal 
head and a perpendicular to the same axis through the lowermost point of the tibial 
medial plateau in anteroposterior Rx incidence. The choice of surgical technique was 
random and we did not use any criteria for performing one or other in this study, but 
we selected the patients who had a preoperative varus deformity greater than 15°.

Statistical tests were performed using SPSS software. Paired Samples Test was 
used to compare the results. The 0.05 level was used to denote statistical signifi-
cance throughout testing.

3. Results

There were no statistically significant differences regarding personal character-
istics (age, sex, height, and weight) between the two groups and the control group. 
No differences were noted regarding postoperative outcomes of KSS, range of 
motion, femoro-tibial angle, and frontal laxity.

The results are summarized in Table 1.
We observed a significant statistical difference regarding positioning of tibial 

component between groups. The mean angle between tibial component and tibial 
mechanical axis was 1° ± 3.5°of varus for the MEO group, and 4° ± 2.5° of varus for 
the resection group (P < 0.001). In the control group, the angle was 0.7° ± 2.3°.

The mean thickness of the polyethylene insert was 12.5 ± 1.24 mm in the MEO 
group and 13.61 ± 1.59 mm in the second group, with statistically significant 
P = 0.005.

Figure 2. 
Additional medial tibial resection (note the varus malposition of tibial component).
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Figure 1. 
Medial epicondyle osteotomy with TKA.
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medial plateau in anteroposterior Rx incidence. The choice of surgical technique was 
random and we did not use any criteria for performing one or other in this study, but 
we selected the patients who had a preoperative varus deformity greater than 15°.
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Additional medial tibial resection (note the varus malposition of tibial component).
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Figure 3. 
Medial epicondyle osteotomy Rx (3 months and 5 years follow up).

Figure 4. 
The amount of tibial medial plateau resected bone- MEO.

For all knees with medial epicondyle osteotomy, a fibrous union occurred at the site 
of osteotomy (Figure 3). In this group, the amount of resected tibial medial plateau 
bone (Figures 4 and 5) was statistically significantly smaller than in the other group 
(1.33 ± 0.46 mm in the MEO group and 3.73 ± 2.5 mm in the other group; P < 0,001).

Group KSS ROM F-T angle Frontal laxity

MEO Preop. 18.15 ± 15.6 72.3° ± 23.5° 25.3° ± 5.51° varus 12.43° ± 3.5°

Postop. 94.1 ± 5.6 112.3° ± 10.8° 4.0° ± 1.18° valgus 0.32° ± 1.3°

Resection Preop. 21.44 ± 13.6 86.8° ± 15.5° 24.7° ± 5.1° varus 12.81° ± 3.9°

Postop. 91.7 ± 7.6 115.4° ± 8.4° 4.1° ± 0.97° valgus 0.37° ± 1.2°

Control Preop. 25.15 ± 12.1 76.4° ± 24.3° 15.6° ± 7.41° varus 8.81° ± 2.8°

Postop. 96.3 ± 5.6 118.3° ± 9.7° 2.0° ± 1.2° valgus 1.34° ± 1.2°

Table 1. 
Results after TKA for the study groups.
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Residual frontal laxity was present in four cases, two in the MEO group and two 
in the second one. No revision surgery was necessary for any of the cases at the last 
follow-up.

4. Discussion

The varus knee is the most common deformity that requires total knee arthro-
plasty. Severe varus deformity grossly affects normal anatomy of the knee, meaning 
that bone and soft tissue are affected by the disease.

For better survivorship of a knee implant, it is mandatory to achieve a proper 
alignment and a perfect balance of total knee prosthesis. It is a great challenge for 
surgeons to balance a severe varus knee due to changes in the anatomy of medial 
compartment. Fibrosis of the posteromedial complex, marginal osteophytes, 
extrusion of the medial meniscus, adhesion and thickening of the oblique ligament 
with all the posterior medial complex, and posterior bowing to the superficial MCL 
are problems that must be corrected during surgery. MCL release is very important 
in balancing the fixed varus deformity. The surgeon must progressively release the 
medial soft tissue until it reaches the length of lateral structures. The endpoint of 
the release is when the knee is stable and the alignment is optimal. In severe varus 
deformity, the separation of the periosteal layer from the tibia is distal to the MCL 
attachment. For this reason, some authors raised concerns about the integrity of 
the MCL after aggressive release. Releasing the superficial MCL can sometimes lead 
to a major instability of the knee, requiring a more constrained implant [7]. Our 
method of medial epicondyle osteotomy for severe varus deformity could prevent 
this problem.

There are few literature reports that describe MEO as a method of balancing the 
prosthetic knee. Engh has described his results after medial epicondyle osteotomy 
during TKA. He performed this procedure on 80 patients [16]. The clinical results 
showed the KSS improvement from 42 to 93 points after surgery and the range of 
motion increase from 101 to 111 degrees. He has found no instability in his patients 
group during the follow-up period. Regarding frontal laxity, the mean varus-valgus 
stability measured 14.2 points (Knee Society scale, 0–15 points). Improvement of 
function and patient satisfaction was found in 95% of the cases. In every case of his 
study, the osteotomized epicondyle was fixed during surgery at the optimal posi-
tion for balance. Despite this, bone union occurred only in 54% of the knees and 

Figure 5. 
The amount of tibial medial plateau resected bone (an additional resection of tibial medial plateau case).
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Figure 3. 
Medial epicondyle osteotomy Rx (3 months and 5 years follow up).
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The amount of tibial medial plateau resected bone- MEO.
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the MCL after aggressive release. Releasing the superficial MCL can sometimes lead 
to a major instability of the knee, requiring a more constrained implant [7]. Our 
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motion increase from 101 to 111 degrees. He has found no instability in his patients 
group during the follow-up period. Regarding frontal laxity, the mean varus-valgus 
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function and patient satisfaction was found in 95% of the cases. In every case of his 
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tion for balance. Despite this, bone union occurred only in 54% of the knees and 

Figure 5. 
The amount of tibial medial plateau resected bone (an additional resection of tibial medial plateau case).
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fibrous union occurred in 46%. No symptoms like tenderness, restricted motion, 
or other were associated with fibrous union. Other authors like Sim and Kwak 
reported their results after using medial epicondylar osteotomy for treating varus 
deformity in 32 cases [17]. Clinical and radiological outcomes, including the Knee 
Society score (KSS), the function score (FS), the range of the motion (ROM), the 
union state of the osteotomy site, were measured. They found an improvement of 
KSS after surgery from 46.5 ± 7.6 to 89.1 ± 5.9 points (P < 0.001). The FS increased 
from 39.5 ± 9.2 to 84.2 ± 8.5 points (P < 0.001). Also the range of motion was better 
after the surgery (101.5° ± 28.2° to 116.0° ± 10.8°; P = 0.006). A significant number 
of patients presented fibrous union on the osteotomy site despite the fixation of 
the condyle during procedure (10 patients). Bone union occurred only in 22 knees. 
There was no significant difference regarding clinical outcomes between the bone 
union group and the fibrous union group (P = 0.175). The femoro-tibial angle was 
corrected from an 8.2° ± 5.0°-varus to a 5.6° ± 1.5°-valgus (P < 0.001). Despite 
the fact that in both studies the epicondyle was fixed with sutures or screws, a 
major part of the patients presented fibrous union of the epicondyle. The authors 
concluded that there was no significant difference between the bone union group 
and the fibrous union group. We do not consider that any reattachment of the 
epicondyle is necessary, and in consequence, we did not perform fixation in any of 
the cases. Also no splinting after the surgery was used and the rehab program was 
started immediately, avoiding knee stiffness and accelerating recovery.

Nobody could tell for sure the ideal positioning of the knee prosthetic compo-
nents. The disagreement among surgeons is amplified by the significant number of 
unsatisfied patients with TKA.

Most of the authors state that mechanical alignment provides the best chances 
in terms of survivorship of TKA. Mechanical alignment means that femoral cut is 
perpendicular to the mechanical axis of the femur and tibial cut is perpendicular 
to the mechanical axis of the tibia. If mechanical alignment is achieved, it means 
that mechanical axis of the leg passes through the center of the knee and the loads 
are equally distributed between medial and lateral compartments. The native 
knee interline is inclined about 3 degrees in varus, meaning that the mechanical 
alignment will change it to 0 degrees, changing the normal anatomy of the knee. 
The proximal tibial joint line is therefore converted from 87 degrees (3 degrees 
of varus) to 90 degrees and the distal femoral line from 87 degrees (3 degrees of 
valgus) to 90 degrees.

For these considerations, some authors proposed the so-called “anatomic align-
ment” when the tibial component was placed at 3 degrees of varus and the femoral 
component at 3 degrees of valgus, and overall alignment to be neutral [18]. There is 
an important variability in natural alignment among population. A significant part 
of neutral alignment is not normal, leading to distalization of the joint line on the 
lateral compartment, which can cause anterior knee pain. The concept of restoring 
constitutional alignment rather than mechanical has gained more interest recently. 
For the supplementary tibial resection group in our study, we have created the 
situation of placing the tibial component in varus. In case of a medio-lateral tibial 
plateau length of 8 cm, an additional resection of 2 mm from medial side lead to a 
maximum 3 degrees of varus positioning of tibial implant. Attention should be paid 
in cases where this additional cut adds to a previous unknown error of first cuts 
due to the instrument’s or surgeon’s mistake, and this could lead to a supplemental 
varus, and potential danger in terms of survivorship.

Other authors showed that a femoral component placed in 7° valgus, with tibial 
plateau placed at 90° to the long axis of the tibia, provides equal force distribu-
tion between the medial and lateral plateaus and consecutively best chances for 
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survivorship [19]. According to Howell, kinematically aligning the knee means 
coaligning the transverse axis of the femoral component with the primary trans-
verse axis in the femur about which the tibia flexes and extends and placing the 
tibial component so that the longitudinal axis of the tibia is perpendicular to the 
transverse axis in the femur, about which the tibia flexes and extends [20]. This 
means that the femoral cut is plus 1°–2° in valgus and tibial cut, plus 1°–2° in varus 
compared with the mechanically aligned total knee arthroplasty [21]. The authors 
who propose this approach state that restoring mechanical alignment is unnatural 
in patients with constitutional varus and valgus alignment and could cause higher 
strain in collateral ligaments [22]. They say that by restoring the native alignment, 
patients will have better clinical and functional outcome scores as compared with 
patients in whom the limb alignment is corrected to neutral [23]. The present gen-
eral consensus is that overall mechanical femoro-tibial alignment should be 0 ± 3 
degrees, thus providing the best survivorship chances for the knee implant [24]. No 
matter of the technique used for TKA, the next important problem for surgeons are 
technical flows. The accuracy of obtaining the desired angle of femoral distal cut is 
dependent on the ability to actually engage the intramedullary rod in the medullary 
canal to be in line with anatomical axis of the femor. This maneuver is influenced 
by the rod length and diameter and the intramedullary diameter of the femoral canal. 
The location of the entry hole also could have an impact upon alignment. Do to this, 
the surgeon must be aware that even if he/she is aiming for a mechanical align-
ment, for example, the instruments and placement of the entry holes could lead to 
errors. Regarding tibial component alignment, we observed a significant difference 
between groups. For the MEO group, the alignment was neutral (1°± 3.5°) and in 
the resection group, the alignment was mainly in varus (4° ± 2.5°). In 90% of MEO 
group cases, the tibial component is placed in line with mechanical axis. Only 5% 
of the knees from the second group present 90° tibial component placement. The 
vast majority of them are outliers due to additional asymmetric tibial varus cut. The 
MEO is a method that increases chances for a mechanical alignment of the pros-
thetic knee.

5. Conclusion

Based on our results, we suggest that the outcomes of TKA with MEO are 
similar to those with additional resection of the tibial medial plateau and to those 
from the control group. No revision surgery was needed at the last follow-up in 
any of the cases.

Some advantages of medial epicondyle osteotomy have resulted from this study. 
First of all, it avoids excessive weakening of the medial collateral ligament in cases 
of severe contracture of medial structures by lowering the epicondyle instead of 
aggressive releasing of the ligament. This will prevent also the need for a more con-
strained implant. The exposure during surgery is much easier and avoids complica-
tions like extensor mechanism disruption. It is a technique that provides optimal 
conditions for obtaining neutral overall alignment of the limb, minimizing the risk 
of malpositioning the tibial component, which is higher in cases of additional tibial 
resection. The tibial bone loss is less than that in additional resection group which is 
better for revision surgery.

This study highlights early and mid-term results of TKA with medial epicon-
dyle osteotomy. Further analyses are necessary to assess the long-term results of 
this technique, especially in terms of survivorship. So far, there are no differences 
between groups regarding patient satisfaction, range of motion, or survivorship.
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survivorship [19]. According to Howell, kinematically aligning the knee means 
coaligning the transverse axis of the femoral component with the primary trans-
verse axis in the femur about which the tibia flexes and extends and placing the 
tibial component so that the longitudinal axis of the tibia is perpendicular to the 
transverse axis in the femur, about which the tibia flexes and extends [20]. This 
means that the femoral cut is plus 1°–2° in valgus and tibial cut, plus 1°–2° in varus 
compared with the mechanically aligned total knee arthroplasty [21]. The authors 
who propose this approach state that restoring mechanical alignment is unnatural 
in patients with constitutional varus and valgus alignment and could cause higher 
strain in collateral ligaments [22]. They say that by restoring the native alignment, 
patients will have better clinical and functional outcome scores as compared with 
patients in whom the limb alignment is corrected to neutral [23]. The present gen-
eral consensus is that overall mechanical femoro-tibial alignment should be 0 ± 3 
degrees, thus providing the best survivorship chances for the knee implant [24]. No 
matter of the technique used for TKA, the next important problem for surgeons are 
technical flows. The accuracy of obtaining the desired angle of femoral distal cut is 
dependent on the ability to actually engage the intramedullary rod in the medullary 
canal to be in line with anatomical axis of the femor. This maneuver is influenced 
by the rod length and diameter and the intramedullary diameter of the femoral canal. 
The location of the entry hole also could have an impact upon alignment. Do to this, 
the surgeon must be aware that even if he/she is aiming for a mechanical align-
ment, for example, the instruments and placement of the entry holes could lead to 
errors. Regarding tibial component alignment, we observed a significant difference 
between groups. For the MEO group, the alignment was neutral (1°± 3.5°) and in 
the resection group, the alignment was mainly in varus (4° ± 2.5°). In 90% of MEO 
group cases, the tibial component is placed in line with mechanical axis. Only 5% 
of the knees from the second group present 90° tibial component placement. The 
vast majority of them are outliers due to additional asymmetric tibial varus cut. The 
MEO is a method that increases chances for a mechanical alignment of the pros-
thetic knee.

5. Conclusion

Based on our results, we suggest that the outcomes of TKA with MEO are 
similar to those with additional resection of the tibial medial plateau and to those 
from the control group. No revision surgery was needed at the last follow-up in 
any of the cases.

Some advantages of medial epicondyle osteotomy have resulted from this study. 
First of all, it avoids excessive weakening of the medial collateral ligament in cases 
of severe contracture of medial structures by lowering the epicondyle instead of 
aggressive releasing of the ligament. This will prevent also the need for a more con-
strained implant. The exposure during surgery is much easier and avoids complica-
tions like extensor mechanism disruption. It is a technique that provides optimal 
conditions for obtaining neutral overall alignment of the limb, minimizing the risk 
of malpositioning the tibial component, which is higher in cases of additional tibial 
resection. The tibial bone loss is less than that in additional resection group which is 
better for revision surgery.

This study highlights early and mid-term results of TKA with medial epicon-
dyle osteotomy. Further analyses are necessary to assess the long-term results of 
this technique, especially in terms of survivorship. So far, there are no differences 
between groups regarding patient satisfaction, range of motion, or survivorship.
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Abstract

Nowadays, the incidence of knee arthritis increases with the prolongation of 
human life and the increase in world population. As a result, total knee arthroplasty 
application rates increased and surgeons gained more experience. There have also 
been technical advances and total knee arthroplasty operations have been per-
formed using better implants. However, despite these developments, the number 
and variety of complications are increasing. In addition to performing total knee 
arthroplasty correctly, it is now becoming more important to recognize complica-
tions that may or may develop. Variety of complications after total knee replace-
ment; from minor skin problems to life-threatening complications. In this review 
article, we aimed to investigate early and late complications during and after total 
knee replacement surgery.

Keywords: knee, total knee arthroplasty, survival, complications

1. Introduction

Total knee arthroplasty is an effective treatment option which has been applied 
with increasing rates in recent years with its highly satisfactory results. Recently 
increased total knee arthroplasty (TKA) procedures increase the number of 
complications too. In addition to proper patient selection, an accurate surgical 
technique, early diagnosis, and proper management of complications are required. 
Complications of TKA have a wide range. Complications vary from small skin prob-
lems to mortality. The development of complications may be due to many factors. 
Some of these are listed below:

• Error in surgical technique.

• Medical error.

• Nurse error.

• Patient non-compliance.

• Trauma.

• Associated comorbid diseases.
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Reviewing all the risk factors before surgery and being prepared for the com-
plications that may occur may be lifesaving in TKA, which is currently applied 
frequently. It is important to recognize, identify, and classify the complications in 
a timely manner in the correct and effective management of complications. The 
ambiguity about the complications of TKA in the literature helped identify and 
classify the complications in a study conducted in 2013 by the knee community [1]. 
According to this study, 22 complications were described. These are [1]:

• Bleeding

• Wound problems

• Thromboembolism

• Neural deficit

• Vascular issues

• Medial collateral ligament injury

• Instability

• Malalignment

• Stiffness-toughness-contracture

• Deep wound infection

• Fracture

• Extensor mechanism injury

• Patellofemoral dislocation

• Tibiofemoral dislocation

• Bearing surface wear

• Osteolysis

• Implant loosening

• Implant breakage

• Reoperation

• Revision

• Re-hospitalization and mortality [1]

When the complications are examined, it is seen that some of them are simple 
and easy to overcome with a short-term solution, while some of them can be serious 
and can go to revision arthroplasty. The number of complications such as implant 

57

Complications after Total Knee Arthroplasty
DOI: http://dx.doi.org/10.5772/intechopen.89818

fracture and polyethylene surface wear has been reduced due to the techniques and 
innovations in implant materials and designs. In a study, it was shown that the most 
common cause of revisions in the first 5 years postop was infection, and the reasons 
for revision in the next 5 years were polyethylene loosening [2]. Complications will 
be classified as intraoperative, early postoperative, and late postoperative complica-
tions (Table 1).

2. Intraoperative complications

2.1 Vascular injuries

Although arterial injury during knee replacement is rare, it may have serious 
results from limb loss to mortality. Arterial injuries can be seen as thromboembo-
lism, direct vascular laceration, pseudoaneurysm, and arteriovenous fistula [3]. The 
incidence is reported to be 0.03–0.2% in the literature [4].

Vascular injuries may develop due to the thermal effect of cement polymerization, 
joint manipulations, dislocations, and excessive manipulation [5]. Considering the 
issue as specific to the total knee arthroplasty, care should be taken against vascular 
injury during posterior cruciate ligament and posterior capsular release during femo-
ral condylar cutting. Atypical localization of vascular structures due to changes in 
adhesions and normal anatomy in revision cases increases the risk of vascular injury 
twice as compared to primary cases [6]. Nowadays, increasing procedures of TKA 
bring about the possibility of vascular injuries although they are rare. Therefore, it is 
necessary to take precautions against vascular injuries that may develop, to identify 
risky patients and to make an early diagnosis. For this, a good anamnesis and physical 
examination are essential. It is important to examine the presence of hypertension, 
diabetes, smoking, and vascular claudication. Coldness of the extremities to be oper-
ated during physical examination, skin atrophy and thinning, prominent vascular 
structures, ulcerative wound, and distal arterial pulse weakness are the findings that 
need attention. In addition to these findings, the presence of vascular calcifications in 
radiological scanning, a history of bypass, and an ankle-brachial index below 0.9 are 
other findings that should be considered. No tourniquet should be used in patients 
with the abovementioned conditions [7]. Embolism and arterial insufficiency may 
develop due to tourniquet effect in patients with vascular disease and atheroma 
plaque in the superficial artery [8]. It has been shown that during the manipulation 
of the superficial femoral artery fixed during tourniquet effect, intimal damage may 
occur [9]. Improper placement of retractors can also cause damage by direct mechani-
cal trauma [10]. Particularly during insertion of the posterior retractor, a 1 cm area 

Intraoperative Early postoperative Late postoperative

Vascular injuries Bleeding Instability

Neurological complications Superficial skin problems Joint stiffness

Extensor mechanism injury
 Patellar tendon injury
 Quadriceps tendon injury
 Patella fractures

Deep skin problems Periprosthetic joint infection

Deep vein thrombosis Periprosthetic fractures

Pulmonary embolism Aseptic loosening

Osteolysis

Medial collateral ligament injury Patellofemoral joint problems

Table 1. 
Intraoperative, early postoperative, and late postoperative complications.
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incidence is reported to be 0.03–0.2% in the literature [4].

Vascular injuries may develop due to the thermal effect of cement polymerization, 
joint manipulations, dislocations, and excessive manipulation [5]. Considering the 
issue as specific to the total knee arthroplasty, care should be taken against vascular 
injury during posterior cruciate ligament and posterior capsular release during femo-
ral condylar cutting. Atypical localization of vascular structures due to changes in 
adhesions and normal anatomy in revision cases increases the risk of vascular injury 
twice as compared to primary cases [6]. Nowadays, increasing procedures of TKA 
bring about the possibility of vascular injuries although they are rare. Therefore, it is 
necessary to take precautions against vascular injuries that may develop, to identify 
risky patients and to make an early diagnosis. For this, a good anamnesis and physical 
examination are essential. It is important to examine the presence of hypertension, 
diabetes, smoking, and vascular claudication. Coldness of the extremities to be oper-
ated during physical examination, skin atrophy and thinning, prominent vascular 
structures, ulcerative wound, and distal arterial pulse weakness are the findings that 
need attention. In addition to these findings, the presence of vascular calcifications in 
radiological scanning, a history of bypass, and an ankle-brachial index below 0.9 are 
other findings that should be considered. No tourniquet should be used in patients 
with the abovementioned conditions [7]. Embolism and arterial insufficiency may 
develop due to tourniquet effect in patients with vascular disease and atheroma 
plaque in the superficial artery [8]. It has been shown that during the manipulation 
of the superficial femoral artery fixed during tourniquet effect, intimal damage may 
occur [9]. Improper placement of retractors can also cause damage by direct mechani-
cal trauma [10]. Particularly during insertion of the posterior retractor, a 1 cm area 

Intraoperative Early postoperative Late postoperative

Vascular injuries Bleeding Instability

Neurological complications Superficial skin problems Joint stiffness

Extensor mechanism injury
 Patellar tendon injury
 Quadriceps tendon injury
 Patella fractures

Deep skin problems Periprosthetic joint infection

Deep vein thrombosis Periprosthetic fractures

Pulmonary embolism Aseptic loosening

Osteolysis

Medial collateral ligament injury Patellofemoral joint problems

Table 1. 
Intraoperative, early postoperative, and late postoperative complications.
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in the lateral portion of the midline was identified as a risky area [11]. In a cadaver 
study, neurovascular structures on the tibial side were mapped on a clock diagram. 
Accordingly, the popliteal vein at 12 o’clock, the popliteal artery at 1 o’clock, and the 
anterior tibial artery at 2 o’clock for the left knee were shown as in place [12]. Cautious 
use of the saw between 11 and 3 o’clock defined in the tibial cutting is important in 
protecting vascular structures [12].

If vascular injury is suspected the tourniquet should be deflated, and bleeding 
control should be performed before the incision is closed. The possibility of arterial 
injury should be taken into consideration in the presence of excessive and pulsatile 
bleeding and in the absence of peripheral pulses. Although recent studies suggest 
bleeding control after routine tourniquet deflation prior to incision, its benefit is 
controversial [13]. The surgeon should perform a postoperative peripheral pulse 
examination routinely, suspect acute ischemia in the presence of cold and delayed 
distal capillary filling, and request cardiovascular consultation [14]. Acute ischemia 
cases with delayed diagnosis of 4–6 hours cause irreversible damage. Prophylactic 
fasciotomy is performed after revascularization [14].

Pseudoaneurysm may present with pulsatile swelling in the popliteal fossa due 
to direct damage to the popliteal artery during surgery. Doppler ultrasonography 
is useful in the diagnosis. In the treatment, excision of the lesion and repair with 
vascular graft is applied after embolization [15]. Arteriovenous fistula is less com-
mon. It usually occurs due to injury to the medial and lateral geniculate arteries and 
its branches. It may present with pulsatile swelling in the popliteal region that gives 
“trill.” Hemarthrosis or pseudoaneurysm may develop. Ultrasound and angiography 
are used for diagnosis [16]. The detected lesions should be evaluated together with 
cardiovascular surgery, and treatment should be planned. Embolization, lesion 
excision, and graft repair are treatment options [15].

2.2 Neurologic complications

Nerve injuries are rare during TKA. Peroneal nerve injury is the most common 
of these [17]. Sacral plexopathy and sciatica neuropathy are also seen, although 
rarely [18]. Risk factors for neurological injury are [19]:

• Flexion deformity

• Advanced valgus deformity

• Presence of an intra-articular hematoma

It has been shown that the risk of nerve injury is increased in patients with rheu-
matoid arthritis [20]. However, none of these risk factors is directly related to nerve 
injury [18]. Nerve injury is associated not only with the surgical procedure but also 
with the anesthesiologist-induced regional anesthesia [21]. Hypertension, diabetes, 
nerve compression history, presence of tethered cord, and rheumatoid arthritis in the 
patients increase the risk of neural complications secondary to regional anesthesia 
[22]. The duration of tourniquet use was associated with nerve injuries. According to 
this, in the tourniquet applications exceeding 2 hours, the risk of peroneal and tibial 
nerve injuries including 89% peroneal nerve was determined as 7%. All of these have 
been shown to get recovery. In procedures exceeding 2 hours, the 10–30-minute break 
and deflation of the tourniquet reduces the complication rate [19]. Although there 
is a minimal effect on the functional results of the patients effect on the functional 
results of the patients during the follow-up, paresthesia and numbness are seen in 
the distal and lateral site of incision due to the injury of the infrapatellar branch of 
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the saphenous nerve. It is seen in the literature at a rate of 25–76%, and most of these 
recover spontaneously [23]. Nerve injuries are difficult to detect intraoperatively. 
In the presence of postoperative nerve injury, physical therapy should be planned 
immediately. EMG examination is recommended after 3 months [20]. If no improve-
ment is observed, nerve exploration may be planned in the future.

2.3 Extensor mechanism injuries

The extensor mechanism in the knee joint consists of quadriceps muscle group, 
quadriceps tendon, patella, patellar retinaculum, patellar tendon, and tuberosi-
tas tibia. Extensor mechanism integrity may be impaired during surgery [20]. 
Although extensor mechanism injuries occur more frequently postoperatively, they 
may also occur intraoperative. The incidence is reported to be between 1 and 12% 
[24]. The treatment of extensor mechanism injuries is quite difficult and the results 
are not satisfactory.

2.3.1 Patellar tendon rupture

Rupture usually occurs at the site of insertion to the tuberositas tibia. The risk 
of development is less than 1% [25]. Less frequently, intratendinous and infrapatel-
lar tendon rupture may also occur [25]. The risk of injury increases when patellar 
tendon mobility decreases. These are [26]:

• Patella baja

• Previous surgery

• Severe limitation of movement in the knee

The risk of tendon injury especially on stiffness knees due to forced manipula-
tions and during the tibial bone cutting increases during surgery. The most com-
mon injury mechanism after surgery is falling onto the knee while knee is flexed 
[27]. Patellar tendon injury without trauma is seen by weakening the tendon after 
repeated contact of the polyethylene insert [27].

In patients with patellar tendon rupture, pain, swelling, loss of extension, and a 
palpable defect at the infrapatellar side are detected.

Age, functional status, tendon rupture localization, and soft tissue status are the 
determinants of the treatment. Splitting and bracing are considered in patients who 
do not have functional expectations and are unsuitable for surgery [28]. Treatment 
of acute patellar tendon rupture intraoperative is primary repair [26]. Several tech-
niques have been described using staple and suture anchors for this purpose [28]. 
Reconstruction techniques are used in patients with poor soft tissue quality. For 
this purpose, biological materials (hamstring tendon autograft, achilles, peroneal 
tendon autograft, and extensor mechanism allograft) and synthetic materials can 
be used [28–30].

2.3.2 Quadriceps tendon rupture

It is very rare. It is especially seen as a rupture from the intersion side to the 
patella. Excessive patella cutting, previous quadriceps snip, or V-Y tipping are risk 
factors [28]. The clinical finding is similar to patellar tendon rupture.

Good results have been reported with plaster cast in partial tears [31]. Extensor 
loss greater than 20° is considered a complete tear and should be treated surgically. 
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in the lateral portion of the midline was identified as a risky area [11]. In a cadaver 
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to direct damage to the popliteal artery during surgery. Doppler ultrasonography 
is useful in the diagnosis. In the treatment, excision of the lesion and repair with 
vascular graft is applied after embolization [15]. Arteriovenous fistula is less com-
mon. It usually occurs due to injury to the medial and lateral geniculate arteries and 
its branches. It may present with pulsatile swelling in the popliteal region that gives 
“trill.” Hemarthrosis or pseudoaneurysm may develop. Ultrasound and angiography 
are used for diagnosis [16]. The detected lesions should be evaluated together with 
cardiovascular surgery, and treatment should be planned. Embolization, lesion 
excision, and graft repair are treatment options [15].

2.2 Neurologic complications

Nerve injuries are rare during TKA. Peroneal nerve injury is the most common 
of these [17]. Sacral plexopathy and sciatica neuropathy are also seen, although 
rarely [18]. Risk factors for neurological injury are [19]:

• Flexion deformity

• Advanced valgus deformity

• Presence of an intra-articular hematoma

It has been shown that the risk of nerve injury is increased in patients with rheu-
matoid arthritis [20]. However, none of these risk factors is directly related to nerve 
injury [18]. Nerve injury is associated not only with the surgical procedure but also 
with the anesthesiologist-induced regional anesthesia [21]. Hypertension, diabetes, 
nerve compression history, presence of tethered cord, and rheumatoid arthritis in the 
patients increase the risk of neural complications secondary to regional anesthesia 
[22]. The duration of tourniquet use was associated with nerve injuries. According to 
this, in the tourniquet applications exceeding 2 hours, the risk of peroneal and tibial 
nerve injuries including 89% peroneal nerve was determined as 7%. All of these have 
been shown to get recovery. In procedures exceeding 2 hours, the 10–30-minute break 
and deflation of the tourniquet reduces the complication rate [19]. Although there 
is a minimal effect on the functional results of the patients effect on the functional 
results of the patients during the follow-up, paresthesia and numbness are seen in 
the distal and lateral site of incision due to the injury of the infrapatellar branch of 
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the saphenous nerve. It is seen in the literature at a rate of 25–76%, and most of these 
recover spontaneously [23]. Nerve injuries are difficult to detect intraoperatively. 
In the presence of postoperative nerve injury, physical therapy should be planned 
immediately. EMG examination is recommended after 3 months [20]. If no improve-
ment is observed, nerve exploration may be planned in the future.

2.3 Extensor mechanism injuries

The extensor mechanism in the knee joint consists of quadriceps muscle group, 
quadriceps tendon, patella, patellar retinaculum, patellar tendon, and tuberosi-
tas tibia. Extensor mechanism integrity may be impaired during surgery [20]. 
Although extensor mechanism injuries occur more frequently postoperatively, they 
may also occur intraoperative. The incidence is reported to be between 1 and 12% 
[24]. The treatment of extensor mechanism injuries is quite difficult and the results 
are not satisfactory.

2.3.1 Patellar tendon rupture

Rupture usually occurs at the site of insertion to the tuberositas tibia. The risk 
of development is less than 1% [25]. Less frequently, intratendinous and infrapatel-
lar tendon rupture may also occur [25]. The risk of injury increases when patellar 
tendon mobility decreases. These are [26]:

• Patella baja

• Previous surgery

• Severe limitation of movement in the knee

The risk of tendon injury especially on stiffness knees due to forced manipula-
tions and during the tibial bone cutting increases during surgery. The most com-
mon injury mechanism after surgery is falling onto the knee while knee is flexed 
[27]. Patellar tendon injury without trauma is seen by weakening the tendon after 
repeated contact of the polyethylene insert [27].

In patients with patellar tendon rupture, pain, swelling, loss of extension, and a 
palpable defect at the infrapatellar side are detected.

Age, functional status, tendon rupture localization, and soft tissue status are the 
determinants of the treatment. Splitting and bracing are considered in patients who 
do not have functional expectations and are unsuitable for surgery [28]. Treatment 
of acute patellar tendon rupture intraoperative is primary repair [26]. Several tech-
niques have been described using staple and suture anchors for this purpose [28]. 
Reconstruction techniques are used in patients with poor soft tissue quality. For 
this purpose, biological materials (hamstring tendon autograft, achilles, peroneal 
tendon autograft, and extensor mechanism allograft) and synthetic materials can 
be used [28–30].

2.3.2 Quadriceps tendon rupture

It is very rare. It is especially seen as a rupture from the intersion side to the 
patella. Excessive patella cutting, previous quadriceps snip, or V-Y tipping are risk 
factors [28]. The clinical finding is similar to patellar tendon rupture.

Good results have been reported with plaster cast in partial tears [31]. Extensor 
loss greater than 20° is considered a complete tear and should be treated surgically. 
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It has unsatisfactory results due to high complication rates and tendency to re-
rupture depending on tendon quality and soft tissue condition.

2.3.3 Patella fractures

Patellar fractures are the most common injury among the extensor mechanism 
injuries [24, 32]. In general, the risk increases with excessive bone cutting while 
preparing for patellar component. Patellar fracture may occur by direct trauma to 
the anterior knee or as an avulsion due to the pull of the quadriceps muscle [32].

For diagnosis, pain, swelling, and extensor insufficiency are detected in front of 
the knee. Lateral knee radiography and tomography in case of clinical suspicion are 
helpful imaging methods for the diagnosis.

A classification has been developed to assess implant stability and extensor 
mechanism continuity for periprosthetic patella fractures [33]. Type 1, a stable 
implant and continuous extensor mechanism; Type 2, a stable implant but a 
discontinuous extensor mechanism; and Type 3, which indicates instable implant 
and discontinuous extensor mechanism. Patellar bone stock is classified as 3A if 
good and 3B if poor. Treatment is also determined according to this classification. 
Conservative treatment methods are preferred for type 1 cases, while surgical 
treatments are preferred for types 2 and 3 [33]. In recent studies, it is reported 
that 40–50% of complications occur and more than half strength loss of extensor 
mechanism is observed [34].

2.4 Medial collateral ligament injury

During total knee replacement, medial collateral ligament (MCL) is important 
for soft tissue stabilization and coronal plan stability. The incidence of iatrogenic 
MCL injury is 2.2–2.7% [35]. In the case of surgical injuries, direct repair, con-
strained prosthesis use, and even revision at the same session are among the options 
[36]. Unrecognized MCL injuries during surgery cause early instability. This leads 
to early implant wear and consequently the need for early revision. Therefore, it is 
important to diagnose and repair the injury during surgery [37]. Sudden instabil-
ity in the valgus stress test during knee stabilization indicates MCL injury. Injury 
may occur from femoral insertion, within the tendon or tibial insertion [38]. 
Primary repair technique varies according to injury level. Fixation with screw is 
recommended if MCL injury occurs from its femoral insertion site. Otherwise, if 
it is through tendon, repairing with insoluble suture technique is recommended. 
Finally, if MCL injury occurs from its tibial insertion site, both insoluble suture 
anchor technique and fixation with staple technic are recommended [39, 40]. 
Factors that increase the risk of medial collateral ligament injury during surgery are 
as follows [39]:

• Using a larger saw blade than femoral condyle

• Delayed excision of medial side osteophytes

• Performing challenging manipulations of varus-valgus

• Patients with flexion contractures [39]

Patient-related risk factors include obesity and severe deformities [41, 42].
A certain algorithm has not yet been established for the treatment of iatro-

genic MCL injuries that occur intraoperative. Many treatment methods with 
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disadvantages and advantages have been used [39, 43, 44]. The traditional method 
is using constrained prosthesis. However, in this method, it was shown that the 
stress load on the implant increased and direct repair and treatment with non-
constrained prosthesis were recommended instead. In addition, augmentation 
or increase in polyethylene thickness has been proposed [45]. In one study, it was 
shown that the risk of instability was 57% in the use of non-constrained prostheses 
independent of the repair technique after MCL injury [37]. In a 2016 study, four 
treatment modalities were compared after MCL injury. These are the use of non-
constrained prosthesis only, the use of non-constrained prosthesis with primary 
repair, the use of non-constrained prosthesis only, and the use of constrained pros-
thesis with primary repair. In 23 patients, the most appropriate treatment method 
according to the knee community scoring was found to be the use of constrained 
prosthesis only [46]. However, due to the small number of patients, larger series of 
studies are needed to determine which treatment is most appropriate.

3. Early postoperative complications

3.1 Bleeding

Bleeding is seen in varying rates between 0 and 39% after TKA [47]. This 
naturally increases the need for blood transfusion. Intraoperatively, care should be 
taken about bleeding and good bleeding control is established. Thus, the amount of 
bleeding is reduced to a minimum. As a result, the risks of immunological reaction 
due to transfusion are reduced.

Bleeding tolerance is low in patients with comorbid disease and in patients with 
insufficient cardiac capacity, and the risk of complications increases even in small 
amounts of bleeding. Preoperative blood preparation before surgery and limitation 
of the use of anticoagulants are among the measures that can be taken. Precautions 
during and after TKA surgery can reduce the amount of bleeding. These methods 
are as follows:

• Use of femoral intramedullary plugs [48]

• Hypotensive anesthesia [49]

• Cryotherapy and Jones bandage [50]

• Use of fibrin tissue adhesive [50, 51]

• Clamping the drain [52–54]

• Application of tranexamic acid [55]

Fibrinolysis is activated by surgical trauma and tourniquet use [56]. Increased 
fibrinolytic activity causes increased bleeding during TKA. Tranexamic acid shows 
an anti-fibrinolytic effect by inhibiting the conversion of plasmin to plasminogen 
[57]. Tranexamic acid can be administered in four different ways: intravenous, oral, 
intramuscular, and intra-articular [55]. Transition to maximum plasma levels is 
30 minutes for intramuscular use, 5–15 minutes for intravenous use, and 2 hours after 
oral use [58]. Patients with total knee arthroplasty may be treated with a fast-acting 
intravenous route. Many studies have shown that administration of tranexamic 
acid after tourniquet deflation and postoperative dose repeat reduces the amount of 
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It has unsatisfactory results due to high complication rates and tendency to re-
rupture depending on tendon quality and soft tissue condition.

2.3.3 Patella fractures

Patellar fractures are the most common injury among the extensor mechanism 
injuries [24, 32]. In general, the risk increases with excessive bone cutting while 
preparing for patellar component. Patellar fracture may occur by direct trauma to 
the anterior knee or as an avulsion due to the pull of the quadriceps muscle [32].

For diagnosis, pain, swelling, and extensor insufficiency are detected in front of 
the knee. Lateral knee radiography and tomography in case of clinical suspicion are 
helpful imaging methods for the diagnosis.

A classification has been developed to assess implant stability and extensor 
mechanism continuity for periprosthetic patella fractures [33]. Type 1, a stable 
implant and continuous extensor mechanism; Type 2, a stable implant but a 
discontinuous extensor mechanism; and Type 3, which indicates instable implant 
and discontinuous extensor mechanism. Patellar bone stock is classified as 3A if 
good and 3B if poor. Treatment is also determined according to this classification. 
Conservative treatment methods are preferred for type 1 cases, while surgical 
treatments are preferred for types 2 and 3 [33]. In recent studies, it is reported 
that 40–50% of complications occur and more than half strength loss of extensor 
mechanism is observed [34].

2.4 Medial collateral ligament injury

During total knee replacement, medial collateral ligament (MCL) is important 
for soft tissue stabilization and coronal plan stability. The incidence of iatrogenic 
MCL injury is 2.2–2.7% [35]. In the case of surgical injuries, direct repair, con-
strained prosthesis use, and even revision at the same session are among the options 
[36]. Unrecognized MCL injuries during surgery cause early instability. This leads 
to early implant wear and consequently the need for early revision. Therefore, it is 
important to diagnose and repair the injury during surgery [37]. Sudden instabil-
ity in the valgus stress test during knee stabilization indicates MCL injury. Injury 
may occur from femoral insertion, within the tendon or tibial insertion [38]. 
Primary repair technique varies according to injury level. Fixation with screw is 
recommended if MCL injury occurs from its femoral insertion site. Otherwise, if 
it is through tendon, repairing with insoluble suture technique is recommended. 
Finally, if MCL injury occurs from its tibial insertion site, both insoluble suture 
anchor technique and fixation with staple technic are recommended [39, 40]. 
Factors that increase the risk of medial collateral ligament injury during surgery are 
as follows [39]:

• Using a larger saw blade than femoral condyle

• Delayed excision of medial side osteophytes

• Performing challenging manipulations of varus-valgus

• Patients with flexion contractures [39]

Patient-related risk factors include obesity and severe deformities [41, 42].
A certain algorithm has not yet been established for the treatment of iatro-

genic MCL injuries that occur intraoperative. Many treatment methods with 
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disadvantages and advantages have been used [39, 43, 44]. The traditional method 
is using constrained prosthesis. However, in this method, it was shown that the 
stress load on the implant increased and direct repair and treatment with non-
constrained prosthesis were recommended instead. In addition, augmentation 
or increase in polyethylene thickness has been proposed [45]. In one study, it was 
shown that the risk of instability was 57% in the use of non-constrained prostheses 
independent of the repair technique after MCL injury [37]. In a 2016 study, four 
treatment modalities were compared after MCL injury. These are the use of non-
constrained prosthesis only, the use of non-constrained prosthesis with primary 
repair, the use of non-constrained prosthesis only, and the use of constrained pros-
thesis with primary repair. In 23 patients, the most appropriate treatment method 
according to the knee community scoring was found to be the use of constrained 
prosthesis only [46]. However, due to the small number of patients, larger series of 
studies are needed to determine which treatment is most appropriate.

3. Early postoperative complications

3.1 Bleeding

Bleeding is seen in varying rates between 0 and 39% after TKA [47]. This 
naturally increases the need for blood transfusion. Intraoperatively, care should be 
taken about bleeding and good bleeding control is established. Thus, the amount of 
bleeding is reduced to a minimum. As a result, the risks of immunological reaction 
due to transfusion are reduced.

Bleeding tolerance is low in patients with comorbid disease and in patients with 
insufficient cardiac capacity, and the risk of complications increases even in small 
amounts of bleeding. Preoperative blood preparation before surgery and limitation 
of the use of anticoagulants are among the measures that can be taken. Precautions 
during and after TKA surgery can reduce the amount of bleeding. These methods 
are as follows:

• Use of femoral intramedullary plugs [48]

• Hypotensive anesthesia [49]

• Cryotherapy and Jones bandage [50]

• Use of fibrin tissue adhesive [50, 51]

• Clamping the drain [52–54]

• Application of tranexamic acid [55]

Fibrinolysis is activated by surgical trauma and tourniquet use [56]. Increased 
fibrinolytic activity causes increased bleeding during TKA. Tranexamic acid shows 
an anti-fibrinolytic effect by inhibiting the conversion of plasmin to plasminogen 
[57]. Tranexamic acid can be administered in four different ways: intravenous, oral, 
intramuscular, and intra-articular [55]. Transition to maximum plasma levels is 
30 minutes for intramuscular use, 5–15 minutes for intravenous use, and 2 hours after 
oral use [58]. Patients with total knee arthroplasty may be treated with a fast-acting 
intravenous route. Many studies have shown that administration of tranexamic 
acid after tourniquet deflation and postoperative dose repeat reduces the amount of 
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bleeding and the need for transfusion [59–61]. However, many different protocols 
for the use of tranexamic acid have been implemented. Preoperative single dose 
and repeated dose every 8 hours for 3 days have been described in the literature and 
shown to be effective [62]. In a study conducted in 2011, tranexamic acid was admin-
istered at a dose of 10 mg/kg 10 minutes before the tourniquet was opened, and the 
same dose was repeated 3 hours postoperatively. Five hundred mg tranexamic acid 
was administered orally 3 times a day for 5 days. At the end of this study, it was shown 
that the amount of hemorrhage and the rate of transfusion decreased effectively [55].

3.2 Skin healing problems: superficial and deep infections

The incidence of wound problems after TKA is 1–25% [63]. The skin problems 
may be delayed wound healing, skin necrosis, traumatic or atraumatic separation of 
the lips of the wound, prolonged serous discharge at the wound site, formation of 
superficial or deep hematoma, allergic reaction to patch, suture material or dressing 
materials, bullae formation, fat necrosis, bleeding, keloid formation, and superfi-
cial or deep infection [64].

Etiologic reasons that may develop the problem before TKA should be deter-
mined in advance, and appropriate measures should be taken [65]. Presence of 
systemic diseases such as diabetes, hypertension, rheumatoid arthritis, and vascular 
insufficiency, which may adversely affect wound healing before TKA, should be 
questioned. Since the soft tissues around the knee are thinner than the other parts 
of the body, even the smallest problem that may occur at the wound site can cause 
serious complications. Incision planning should be made carefully in the case of a 
history of operation from the same place and scarring beforehand, and if necessary, 
plastic surgery assistance should be taken.

3.2.1 Skin healing problems

Factors adversely affecting wound healing are obesity, hypertension, diabetes, 
smoking, chronic drug use, steroid use, previous radiotherapy, scarring, inflam-
matory disease, malnutrition, albumin levels below 3.5 g/dl, and hemoglobin levels 
below 10 g/dl. Transferrin and lymphocyte levels may also contribute to wound 
healing problems [66]. Therefore, a detailed anamnesis and physical examina-
tion and laboratory examination before surgery give an idea about possible skin 
problems. Accordingly, measures are taken, replacement therapies are given, and 
surgery may be postponed until the current pathology is corrected, if necessary. 
Adjustment of fasting blood sugar levels below 200 g/dl and keeping HbA1C below 
6.5 in patients with diabetes will reduce the risk of possible wound problems [67].

Patients with a body mass index above 30 kg/m2 are 6 times more likely to have 
infection and wound problems [66]. In obese patients, dietician support should be 
given before surgery; unnecessary exclusion should be avoided during surgery, and 
soft tissue surgery should be applied carefully.

A study of smoking patients showed that there were 2 times more wound 
problems [65]. Because of the vasoconstrictor effect of nicotine in the cigarette, 
it is recommended to quit smoking 60 days before surgery due to decreased blood 
supply at the wound site.

Incision planning should be performed in the presence of scar after previous surgery. 
In the presence of a single longitudinal incision without problems, the same incision 
should be used. If the old incision cannot be used, a distance of at least 7–8 cm should 
be left. If there is more than one old incision scar in the anterior part of the knee, the 
most lateral scar is used considering that the anterior knee feeding is from the medial 
perforating artery. In addition, the lateral soft tissue flap should not be dissected too 
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much [65]. Unnecessary retractors and additional soft tissue damage should be avoided 
during surgery. The wound lips should be exactly opposite to each other. Overstretched 
closing should be avoided. This should be checked with capillary filling time.

Especially in patients with risk factors, it should be performed without tourniquet 
or at low pressures [65]. Difficult rehabilitation in the early postoperative period 
should be postponed if possible until it is ensured that there are no wound problems.

Hematoma formation increases the risk of infection [65]. Therefore, measures 
should be taken to prevent the formation of hematoma. These include no dead 
space during wound closure, good bleeding control, use of a Jones bandage, and 
avoidance of overdose of the prophylactic anticoagulants used [65, 68]. Once 
the hematoma has developed, a needle aspiration can be performed. However, if 
the hematoma is organized and the drainage cannot be achieved, discharge and 
debridement can be achieved by arthrotomy under operating room conditions.

The presence of necrosis in the wound leads to catastrophic consequences. 
Respect to soft tissue is the most important step to prevent necrosis development. 
The depth of necrosis is important. Superficial necrosis can be treated by local 
intervention. If larger, debridement and full-thickness skin grafts or fasciocutane-
ous flaps are required [69]. If necrosis includes full-thickness soft tissue, closure 
with fascial skin or muscular skin graft should be performed after urgent aggressive 
debridement [70].

3.2.2 Superficial and deep infections

Despite all current precautions, surgical site infections remain the most serious 
and feared complications of TKA. After TKA, patients should be followed up with 
daily dressings, and wound discharge should be evaluated carefully. Prolonged 
wound discharge is defined as a discharge that lasts more than 48 hours regardless 
of the amount of drainage [64]. Wet wounds greater than 2×2 cm are considered 
abnormal after 72 hours and are associated with fat necrosis, hematoma, necro-
sis, or poor closure of the fascia. They are reported as 1–10% after primary knee 
replacement [65]. In the early stage of treatment, usually dressing and immobi-
lization for 3–5 days is recommended [71]. Continuous discharge for 72 hours is 
dangerous. If it exceeds 5 days, debridement should be applied in operating room 
conditions as it will increase the risk of superficial or deep infection [64].

Superficial infection: It is defined as infection of the soft tissue above the 
skin—subcutaneous and deep fascia that has not passed under the deep fascia, 
not opened into the joint cavity. It occurs most frequently in the first 30 days after 
surgery. The incidence of superficial infection after TKA has been reported as 
10% [72]. It may occur through direct contamination or blood. Improper prepara-
tion of direct contamination sterilization environment, inadequate surgical field 
preparation, presence of sloppy surgical team, non-sterile dressing materials, and 
application may occur as a result of the presence of infected patients in the same 
environment [73]. The risk of direct contamination can be minimized by precau-
tions. Hematogen contamination can occur if there is any other focus of infection 
in the body. Therefore, in the presence of a possible infection focus with detailed 
anamnesis and examination before the operation, the current focus treatment can 
be planned through detailed examination.

Infection after TKA can be evaluated as patient-related risk factors, surgical 
intervention-related factors, and postoperative factors [66, 68, 74–77].

• Patient-related risk factors include advanced age, previous knee surgery, previ-
ous knee infection, steroid use, presence of inflammatory disease, obesity, 
diabetes, smoking, intravenous drug use, hematologic diseases, oncologic 
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bleeding and the need for transfusion [59–61]. However, many different protocols 
for the use of tranexamic acid have been implemented. Preoperative single dose 
and repeated dose every 8 hours for 3 days have been described in the literature and 
shown to be effective [62]. In a study conducted in 2011, tranexamic acid was admin-
istered at a dose of 10 mg/kg 10 minutes before the tourniquet was opened, and the 
same dose was repeated 3 hours postoperatively. Five hundred mg tranexamic acid 
was administered orally 3 times a day for 5 days. At the end of this study, it was shown 
that the amount of hemorrhage and the rate of transfusion decreased effectively [55].

3.2 Skin healing problems: superficial and deep infections

The incidence of wound problems after TKA is 1–25% [63]. The skin problems 
may be delayed wound healing, skin necrosis, traumatic or atraumatic separation of 
the lips of the wound, prolonged serous discharge at the wound site, formation of 
superficial or deep hematoma, allergic reaction to patch, suture material or dressing 
materials, bullae formation, fat necrosis, bleeding, keloid formation, and superfi-
cial or deep infection [64].

Etiologic reasons that may develop the problem before TKA should be deter-
mined in advance, and appropriate measures should be taken [65]. Presence of 
systemic diseases such as diabetes, hypertension, rheumatoid arthritis, and vascular 
insufficiency, which may adversely affect wound healing before TKA, should be 
questioned. Since the soft tissues around the knee are thinner than the other parts 
of the body, even the smallest problem that may occur at the wound site can cause 
serious complications. Incision planning should be made carefully in the case of a 
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much [65]. Unnecessary retractors and additional soft tissue damage should be avoided 
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diseases, above ASA score 2, immunosuppressive use, regional skin problems, 
old incision scars, previous radiotherapy procedures, malnutrition, vascular 
insufficiency, albumin level below 3.5 g/dl, transferrin level below 200 mg/dl, 
hemoglobin level below 10 g/dl [78, 79].

• Surgical intervention related risk factors include prolonged surgical time of more 
than 2 hours, absence of laminar flow in the operating room, transfusion, use 
of hinged knee prosthesis, failure of surgical team to comply with asepsis, and 
sterility rules [80].

• Operative period related risk factors include prolonged hospital stay pre- and 
postoperative, lack of appropriate antibiotic prophylaxis, hematoma forma-
tion, and prolonged wound drainage for more than 5 days [81].

Superficial wound infection is considered with the presence of at least one of the 
following: discharge from the wound incision, culture of the wound from aseptic 
conditions, suspicion of infection in clinical evaluation, disproportionate pain, 
increased temperature, erythema, and localized swelling [79].

In superficial wound infection, unlike deep infection, there is no progressive 
change in erythrocyte sedimentation rate, C-reactive protein level, and periph-
eral leukocyte count; the increase is below 25% [82]. In addition, leukocytes in 
synovial fluid are detected less than 2000/ml, and polymorphonuclear leuko-
cytes are detected under 50%. Alpha defensin and leukocyte esterase tests are 
negative [71].

When superficial wound infection is detected, the development of deep infection 
can be prevented by early intervention. Otherwise, it may develop into periprosthetic 
infection and cause catastrophic results. In the presence of superficial infection, local 
wound care due to the underlying cause and debridement should be performed if 
appropriate anti-therapy is required [80]. In the selection of antibiotics, consulta-
tion with infectious diseases should be requested. Antibiotherapy is continued after 
reproduction. If deep infection is excluded in surgical debridement, the joint should 
not be opened, and the implant should not be touched [83]. Hyperbaric oxygen 
therapy has a positive effect on appropriate patient selection [84].

3.3 Deep vein thrombosis and pulmonary embolism

Deep vein thrombosis is the general name of thrombosis in the venous circula-
tory system. It occurs most commonly in the deep veins of the lower extremity [85]. 
From asymptomatic deep vein thrombosis to pulmonary embolism, which can be 
fatal, it can be confused with clinical manifestations of varying degrees [85]. It is 
one of the important complications that increase morbidity and mortality after 
TKA [86]. Even with mechanical or pharmacological methods, the incidence of 
asymptomatic DVT is 5.1%, and the incidence of symptomatic DVT is 0.4% [87]. 
The mortality rate due to pulmonary embolism after TKA is 0.08% [88].

It is important to understand the Virchow triad in the pathogenesis of DVT 
development. There is a slowdown in blood flow (stasis), endothelial damage, 
and hypercoagulability [89]. The admixture of fat and bone marrow particles 
into the venous system after engraving of the femoral canal during TKA explains 
the hypercoagulability branch of the Virchow triad. Hyperflexion of the leg 
during surgery and anterior manipulation of the tibia with retractors explain 
endothelial damage. In addition, this manipulation causes obstruction of the 
popliteal veins and prolonged immobilization of the leg, leading to venous pool-
ing and stasis [89].
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3.3.1 Risk factors

• VTE risk increases after age of 40 and doubles every 10 years after that age 
[90]. Age increases the risk of VTE regardless of other risk factors.

• Genetic factors are also an important parameter that increases the risk of 
DVT. Factor V Leiden mutation that causes thrombophilia, as well as protein C, 
protein S, and antithrombin III deficiency are among the factors that increase 
the risk of DVT.

• Although tourniquet use has been reported to cause venous stasis, it has been 
shown that it does not significantly increase the risk of DVT because of its 
fibrinolytic effect [91, 92].

• The type of anesthesia also affects the risk of developing DVT. General anesthesia 
has been shown to increase the risk of DVT compared to neuraxial anesthesia (spi-
nal or epidural). Neuroaxial blockade causes vasodilatation in the lower extremities 
and reduces venous pooling; therefore it explains the mechanism of action [93].

• Other risk factors that increase the risk of DVT are immobilization, smoking, 
oral contraceptive and hormone use, history of VTE, obesity, malignancy, and 
difficult knee manipulations.

3.3.2 Diagnosis

A painful, swollen, and reddened leg after TKA should suggest the possibility 
of DVT. Incomplete DVTs usually do not show signs. Incomplete DVTs are seen 
especially after arthroplasty. Clinical findings are seen in 1% of all DVT cases. 
Physical examination findings include redness, swelling, and Homan’s sign test and 
Pratt test positivity. Clinical Wells risk score was established for the diagnosis of 
deep vein thrombosis [94]. Clinical Wells Scoring criteria are malignancy, paralysis 
(paresthesia or splinting lower extremity), immobilization for more than 3 days, 
localized tenderness in the deep venous system, swelling of the lower extremity, 
3-cm-diameter differentiation from the other leg, pretibial gode positive edema, his-
tory of deep vein thrombosis, and collateral superficial veins. The presence of each 
risk factor was evaluated as 1 point, and clinical scoring of 3 and above was found to 
be a high risk for the development of deep vein thrombosis.

Clinical data are not sufficient for the diagnosis of DVT. Therefore, further 
examination with clinical risk scoring, D-dimer level, Doppler ultrasonography, 
contrast-enhanced venography, CT, and MRI should be performed. Venography is 
the best method for the diagnosis of DVT in the lower extremities. The accuracy rate 
was 97% in the lower extremity veins and 70% in the iliac veins [95]. Venography is 
not preferred as first-line imaging because it has a 3% risk of DVT and is an invasive 
method, and also it requires contrast matter that can be toxic to the kidneys. Doppler 
USG is the most commonly used first-line imaging method because of its cheapness, 
reproducibility, and patient comfort in the suspicion of DVT. Proximal DVT sensitiv-
ity was 96%, distal DVT sensitivity was 44%, and DVT specificity was 93% [96].

Pulmonary embolism should be suspected in the case of sudden shortness of 
breath, tachypnea, tachycardia, and chest pain after TKA. However, since there are 
many other diseases with these findings, risk factor assessment and effective dif-
ferential diagnosis should be made. Wells pulmonary embolism clinical probability 
scoring was established [97]. Pulmonary angiography is the gold standard for the 
diagnosis of pulmonary embolism [85].
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3.3.3 Prophylaxis

Primary treatment of DVT and related pulmonary embolism is very difficult 
and cost-effective. Therefore, it is more plausible to establish protocols that prevent 
the development of DVT and to give ideal prophylaxis. Many pharmacological and 
mechanical prophylaxis methods are available. The aim is to prevent the develop-
ment of DVT and not to increase bleeding. Therefore the drug or method of choice 
should be patient-specific:

• Mechanical prophylaxis: The aim is to reduce venous stasis by compressing 
the lower extremity and to increase fibrinolysis. The risk of hemorrhage is 
very low, and, if applied correctly, there are almost no complications. Patient 
compliance is important in mechanical prophylaxis and is the only negative 
aspect of the method. Mechanical prophylaxis methods include early mobi-
lization, in-bed exercise, use of antithromboembolic socks, and pneumatic 
compression devices. It has ben shown that intermittent pneumatic compres-
sion devices provide as effective prophylaxis as chemical prophylactic agents, 
and the American College of Chest Physicians (ACCP) recommends the use of 
mechanical prophylaxis [98].

• Chemical prophylaxis: Many agents are used. They all have their own advan-
tages and disadvantages. Risk factors are determined by patient-based evalua-
tion and the most appropriate agent should be preferred:

 ○ K vitamin antagonist warfarin: It prevents the formation of fibrin by inactivating 
2, 7, 9, and 10 of the clotting factors. It also inhibits the activation of fibrinoly-
sis-causing protein C and S. Since this effect occurs earlier, it creates a tempo-
rary clotting condition. Patients with warfarin should therefore be heparinized 
until the effect on coagulation factors begins. The anticoagulant effects of 
warfarin are reversible and monitored by the international normalization rate 
(INR) measurement. Interaction with other drugs, narrow confidence interval, 
and dual effect have recently reduced the usage of post-TKA [99, 100].

 ○ Heparin: It acts by inactivating circulating antithrombin III. Antithrombin 
III also inactivates circulating factors 2, 9, 10, 11, and 12. The use of standard 
heparin has recently been restricted due to the low risk of bleeding due to 
low-molecular-weight heparin.

 ○ Acetylsalicylic acid: It acts as an anticoagulant by blocking thromboxane A2, 
which is necessary for platelet aggression. Recent studies have shown that 
VTE can be used prophylactically [101].

 ○ Other oral anticoagulants that may be used: rivaroxaban (direct factor Xa 
inhibitor), apixaban (direct factor Xa inhibitor), and dabigatran (direct 
thrombin inhibitor).

4. Late postoperative complications

4.1 Instability

The development of instability after TKA is the third most common cause of 
revision (17%) after aseptic loosening and infection [102]. Patients present with 
signs of pain and swelling with movement and weight loss. There may also be 
pain, emptiness, or abnormal friction and rattling noise in some range of motion.  
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On the knee during walking, varus or valgus orientation and recurvatum can be 
seen. Anterior knee pain during sitting up is typical in flexion instabilities. The 
heaviest table is knee dislocation. The treatment of instability is revision surgery. 
However, the rate of recurrent instability after revision was 18–60% [103]. This high 
rate is usually due to the lack of correct identification of the cause of instability.

A clinical classification of knee instability was established. Components of this 
classification are flexion-extension gap mismatch, component alignment problem, 
isolated ligament failure, extensor mechanism failure, component loosening, and 
global instability [103].

4.1.1 Risk factors

The success of total knee replacement depends on the correct alignment of the 
lower limb mechanical axis. It is recommended that the postoperative lower limb 
mechanical axis should be in neutral alignment. The tibial cut surface in the coronal 
plane should be made perpendicular to the mechanical axis of the tibia. Similarly the 
femoral cut in the coronal plane should be made perpendicular to the mechanical axis 
of the femur. It is necessary for a stable knee to obtain a rectangular gap in both flexion 
and extension after bone incisions and soft tissue release in TKA. Balancing the gaps 
is important to ensure stability and for full range of motion. Flexion gap controlled by 
posterior femoral condylar cut and tibial cut. Extansion gap controlled by distal femo-
ral condylar cut and the tibial cut. If there is a symmetric gap problem, tibial bone cut 
is adjusted first; otherwise if there is asymmetric gap problem, adjust femoral bone cut 
first. For example, if the knee is tight both in extension and flexion, it is called sym-
metrical gap problem, and its solution is to cut more proximal tibia. The asymmetric 
gap is one of the most common causes of instability. In some patients, the underlying 
cause increases the risk of instability. These reasons can be listed as follows:

• Knee with advanced deformity.

• Regional muscle weakness.

• Neuromuscular disease.

• Internal side ligament or posterior cruciate ligament failure.

• Obesity and rheumatoid arthritis.

• Charcot arthropathy

4.1.2 Treatment

It is necessary for a stable knee to obtain a rectangular gap in both flexion and 
extension after bone incisions and soft tissue release in TKA. If the cavity is larger than 
the prosthesis, the term symmetrical discrepancy is used. The reason for this instability 
is that the distal femoral incision or the tibial incision is more than necessary [85].

If the tibial incision is excessive, both extension and flexion will be loose. If this 
condition is noticed intraoperatively, it is thought that the problem is solved with 
a thicker insert, but in fact, both the patellofemoral joint problems can arise as the 
joint line will go down more inferiorly and the early relaxation and fixation prob-
lems can arise because the tibial component will sit on the narrower surface.

If the distal femoral incision is excessive, there will be looseness in the extension 
range. The use of a thick insert during surgery will improve the looseness of the 
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extension, but there will be tightness in flexion [104]. In addition, as the joint line 
will increase, both the effective distance of collateral ligament will decrease, and 
patellofemoral joint problems will occur. Therefore, if the distal femoral incision is 
excessive, the use of distal femoral augment should be preferred instead of the use 
of a thick insert [105].

Asymmetric mismatches occur when the joint space is trapezoidal rather than 
rectangular. It occurs mostly during surgery after excessive loosening of the soft 
tissue and is most commonly seen in extension. In this case, the transition to the 
restrictive prosthesis should be considered [106].

4.2 Joint stiffness

One of the reasons that greatly affect patient satisfaction after TKA operations 
is the amount of joint range of motion. To achieve good results, a flexion range of at 
least 90° is required. Sixty-five degrees of flexion is required during walking; 106° 
of flexion is required when sitting on a chair and tying shoes. Postoperative limited 
and painful joint movements significantly reduce patient comfort. A flexion range 
of less than 90° for 6 weeks after TKA surgery is defined as a rigid knee [107].

4.2.1 Risk factors and causes

Hip osteoarthritis, heterotropic ossification, and reflex symptomatic dystrophy 
can be considered as independent factors. Inadequate posterior femoral incision and 
inadequate medial collateral ligament releasing of the knee with severe varus defor-
mity may be among the causes for a rigid knee due to surgical technique [108, 109]. 
In one study, it was observed that joint stiffness occurred more frequently than uni-
lateral knee arthroplasty in patients who underwent bilateral total knee arthroplasty 
in the same session, and manipulation was required under anesthesia [110].

Excessive tight extension and flexion gap, tight PCL, malrotation of compo-
nents, and inadequate tibial slop angle may lead to joint stiffness [108].

One of the most important indicators of joint stiffness is the extremely limited 
range of motion in the knee before surgery [109]. The range of motion obtained 
within the surgery should be considered in the determination of joint stiffness. A sud-
den loss of motion should suggest a mechanical problem, loosening, and infection.

Arthrofibrosis is the most treatment-resistant cause of joint stiffness. It develops 
due to excessive increase of fibrous tissue in the joint [108].

4.2.2 Treatment

The strongest determinant of postoperative flexion movements is the degree of 
preoperative flexion. Other than that, age, preoperative diagnosis, and severity of 
deformity are other factors [111].

The efficacy of conservative treatment is limited in joint stiffness after 
TKA. Aggressive range of motion improvement of 3.1° was observed with aggressive 
physical therapy for almost 1 year [112]. It has been shown that the use of continuous 
passive motion device (CPM) in the early postoperative period reduces bleeding and 
is beneficial in preventing joint stiffness by reducing the formation of fibrosis [113].

Although there is no consensus in the literature, manipulation under anesthesia 
should be performed in cases where knee flexion is below 90° between 2 weeks 
and 3 months. Revision rates are lower in patients with early manipulation [114]. 
Manipulation is performed under general anesthesia using a muscle relaxant until 
the knee and hip reach at least 90°. After this procedure, an average gain of 30–47° 
was reported [115].
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If the joint movement limitation continues despite these methods, surgical 
procedures are performed. These are arthroscopic release, open release and limited 
revision knee arthroplasty, and total revision knee arthroplasty [116].

4.3 Periprosthetic joint infections

Deep infection after TKA is the most common cause of revision. Systemic 
complications such as septicemia and cardiopulmonary insufficiency may also 
occur in patients with periprosthetic infection [117]. As a result, it increased 
mortality rates. Nowadays, the incidence of deep infection after TKA varies 
between 0.4 and 2% [74]. Factors that pave the way for infection in the postopera-
tive period include the presence of rheumatoid arthritis, diabetes, hemophilia, 
malignancy, HIV, obesity, smoking, intravenous drug addiction, knee septic 
arthritis and osteomyelitis, prolonged surgical time, malnutrition, steroid use, 
and prolonged skin problems.

Antibiotic prophylaxis is the most effective method to prevent infection [118]. 
Prophylaxis should be administered 30–60 minutes. Before skin incision [119]. It 
has been shown that short postoperative antibiotherapy is more beneficial than the 
longer one [120].

Fewer people entering the operating room, using drapes to prevent superficial 
contamination, providing laminar air flow, effective sterilization of surgical 
instruments, and keeping the surgical time 150 minutes below are also necessary to 
prevent infection [121].

Risk groups of patients should be identified before the operation, and a sepa-
rate planning should be made for each patient according to comorbid diseases. 
Antibiotic cement has been shown to reduce the infection rate in patients at risk 
[122]. However, it has been reported that the use of antibiotic cement in the patient 
group with no risk may cause premature loosening [123].

The most common organisms produced after infected knee arthroplasties are 
Staphylococcus aureus, coagulase negative Staphylococcus, and Streptococcus bacteria 
[124]. However, many microorganisms can also be active. Variations have occurred 
in microorganisms due to the unnecessary antibiotics used recently, and this has 
led to the development of resistance. Of these microorganisms, the most common 
isolates are methicillin-resistant Staphylococcus aureus (MRSA) and many antibiotics 
[125]. Fungal infections are not common, but the most common causative agents in 
these isolated are Candida species [126].

Bacteria that cause prosthetic infection form a biofilm layer on the implant. This 
biofilm layer increases the virulence of the agent. In addition, it forms resistance to 
treatment because of its limitation on antibiotic permeability. The best antibiotic to 
cross the biofilm layer is rifampicin [127]. There are studies suggesting the addition 
of rifampicin to antibiotic treatment specific for the reproductive bacteria [127, 128].

4.3.1 Diagnosis

Detailed anamnesis and detailed physical examination should be performed in 
the diagnosis of periprosthetic infection. In addition, the presence of a progres-
sive radiolucent area around the prosthesis with direct radiographs, osteopenia, 
or osteolysis extending to the subchondral bone and the formation of new bone 
in the periosteal area can be evaluated in favor of infection [129]. The pain caused 
by rest is unique. However, increasing severity of pain and prolonged drainage 
at the wound site can also be evaluated in favor of infection. Arthrocentesis is 
then performed. In the case of active isolation, the necessary treatment is started. 
Empirical antibiotic therapy should be avoided. Wait until the agent is isolated. 
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If the joint movement limitation continues despite these methods, surgical 
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4.3 Periprosthetic joint infections

Deep infection after TKA is the most common cause of revision. Systemic 
complications such as septicemia and cardiopulmonary insufficiency may also 
occur in patients with periprosthetic infection [117]. As a result, it increased 
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and prolonged skin problems.

Antibiotic prophylaxis is the most effective method to prevent infection [118]. 
Prophylaxis should be administered 30–60 minutes. Before skin incision [119]. It 
has been shown that short postoperative antibiotherapy is more beneficial than the 
longer one [120].

Fewer people entering the operating room, using drapes to prevent superficial 
contamination, providing laminar air flow, effective sterilization of surgical 
instruments, and keeping the surgical time 150 minutes below are also necessary to 
prevent infection [121].
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cross the biofilm layer is rifampicin [127]. There are studies suggesting the addition 
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or osteolysis extending to the subchondral bone and the formation of new bone 
in the periosteal area can be evaluated in favor of infection [129]. The pain caused 
by rest is unique. However, increasing severity of pain and prolonged drainage 
at the wound site can also be evaluated in favor of infection. Arthrocentesis is 
then performed. In the case of active isolation, the necessary treatment is started. 
Empirical antibiotic therapy should be avoided. Wait until the agent is isolated. 
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Because empirical antibiotherapy will suppress a possible infection and may cause 
deep infection due to delayed diagnosis of prosthesis infection that may be saved by 
debridement and may require removal of the prosthesis [130].

CRP and sedimentation values should be evaluated in diagnosis. However, 
it should be remembered that CRP returns to its previous level after 14–21 days 
postoperatively [131]. Alpha defensin, lactoferrin, ELA-2, BPI, procalcitonin, and 
synovial CRP values are other parameters that can be used in diagnosis [132].

Current consensus has been reached in the diagnosis of periprosthetic infection 
[133]. Accordingly:

• Major criteria

 ○ Generation of the same agent in two positive cultures.

 ○ Presence of sinus mouth associated with prosthesis. In the presence of one of 
them, the diagnosis is established [133].

• Minor criteria

 ○ Calculated weights of high serum CRP (>1 mg/dL), D-dimer (>860 ng/mL), 
and erythrocyte sedimentation rate (>30 mm/h) are also 2, 2, and 1 points, 
respectively.

 ○ High synovial fluid white cell count (>3000 cells/μL), alpha defensin (signal 
cutoff ratio > 1), leukocyte esterase (++), polymorphonuclear percentage 
(>80%), and synovial CRP (>6.9 mg/L) were arranged as 3, 3, 3, 2, and 1 
points, respectively.

Patients with a total score equal to or greater than 6 were considered infected.

4.3.2 Treatment

The goal of infection treatment in total knee arthroplasty is eradication of the 
infection, pain relief, and maintenance of limb function. Treatment options are 
antibiotic pressure, debridement, single- or double-stage revision, arthrodesis, 
resection arthroplasty, and amputation. Revision surgery also has single-stage or 
double-stage revision options [134–136].

4.4 Periprosthetic fractures

Periprosthetic fractures around the knee are fractures that occur during or after 
surgery within 15 cm of the knee joint or within 5 cm of the intramedullary part of 
the prosthesis, if any [137]. The incidence of these fractures after TKA is 0.3–2.5% 
for femur and 0.4 01% for tibia [138, 139].

The main risk factor related to the patient is the age of the patient. This risk is 
due to an increased risk of falling due to the patient’s age and osteoporosis associ-
ated with age [140]. Corticosteroid use, diseases that may increase the risk of falling 
with rheumatoid arthritis (epilepsy, Parkinson’s, cerebellar ataxia, myasthenia 
gravis) can be counted as other patient-related risk factors [141].

Intraoperative diaphyseal femoral fractures may occur due to incorrect place-
ment of the intramedullary guide and osteopenia [142]. Unsuitable bone incisions, 
aggressive impaction of the ligamentous posterior stabilized femoral component, 
and eccentric placement of trial components are also risk factors for femoral 
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fracture. It has been shown to increase the frequency of periprosthetic fractures 
due to increased resistance in flexion and rotation movements in anterior femoral 
notching [143]. The possibility of periprosthetic fracture is increased in revision 
TKA cases [144]. Periprosthetic fractures are more common due to the rotational 
forces of restrictive prosthesis using shear forces in the prosthesis [141].

Due to the stronger structure of the tibia, fracture development is rare.
For femoral periprosthetic fractures, there is a classification that questions 

fracture displacement and component fixation.

• Type 1 describes fractures with non-displaced and stable components.

• Type 2 refers to component stable fractures with displacement of more than 
5 mm or angulation of more than 5°.

• Type 3 indicates loose fractures [145].

4.4.1 Treatment

4.4.1.1 Femoral fractures during surgery

The femur fractures vertically more than the metaphyseal region. A stable peri-
osteum prevents displacement. It is followed conservatively without any additional 
intervention. For fractures penetrating the femoral cortex, whether or not a bone 
graft is used, the penetration level should be treated with a stem prosthesis that is at 
least twice the diameter of the femoral canal [146].

4.4.1.2 Postoperative femoral fractures

When non-displaced fractures and stable prosthesis occur after TKA, conserva-
tive treatment may be preferred. Four to six weeks of non-weight procedure, long 
leg plaster, or hinged orthosis is followed.

Displaced and unreducible supracondylar fractures are almost always treated 
surgically in the presence of adequate bone stock (Figure 1) [147].

Figure 1. 
Supracondylar periprosthetic femur fracture treated with open reduction and internal fixation.
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fracture. It has been shown to increase the frequency of periprosthetic fractures 
due to increased resistance in flexion and rotation movements in anterior femoral 
notching [143]. The possibility of periprosthetic fracture is increased in revision 
TKA cases [144]. Periprosthetic fractures are more common due to the rotational 
forces of restrictive prosthesis using shear forces in the prosthesis [141].

Due to the stronger structure of the tibia, fracture development is rare.
For femoral periprosthetic fractures, there is a classification that questions 

fracture displacement and component fixation.

• Type 1 describes fractures with non-displaced and stable components.

• Type 2 refers to component stable fractures with displacement of more than 
5 mm or angulation of more than 5°.

• Type 3 indicates loose fractures [145].

4.4.1 Treatment

4.4.1.1 Femoral fractures during surgery

The femur fractures vertically more than the metaphyseal region. A stable peri-
osteum prevents displacement. It is followed conservatively without any additional 
intervention. For fractures penetrating the femoral cortex, whether or not a bone 
graft is used, the penetration level should be treated with a stem prosthesis that is at 
least twice the diameter of the femoral canal [146].

4.4.1.2 Postoperative femoral fractures

When non-displaced fractures and stable prosthesis occur after TKA, conserva-
tive treatment may be preferred. Four to six weeks of non-weight procedure, long 
leg plaster, or hinged orthosis is followed.

Displaced and unreducible supracondylar fractures are almost always treated 
surgically in the presence of adequate bone stock (Figure 1) [147].

Figure 1. 
Supracondylar periprosthetic femur fracture treated with open reduction and internal fixation.
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Locked compression plates are preferred for knee periprosthetic fractures [144]. 
Prosthetic revision should be performed in fractures that cause prosthesis loosen-
ing and malposition. In these cases, stented prosthesis of sufficient length should 
be placed to obtain a stable fixation of the intact bone [138]. Knee replacement 
revision after periprosthetic fractures is often associated with the loss of range of 
motion (ROM) [148].

4.4.1.3 Tibia fractures

The majority of tibial periprosthetic fractures during surgery involve the plateau 
region and are generally non-displaced [146, 149]. If prosthetic loosening is pres-
ent, revision surgery using a stem component long enough to cross the fracture line 
is required [150].

Postoperative tibial fractures can be examined in four groups. In type 1 fracture, 
revision is recommended because tibial component will be in varus alignment. The 
medial defect should be closed with bone graft or metal support [150]. Type 2 fractures 
are treated with nonsurgical treatment if the component is stable and there is minimal 
displacement [149]. Displaced type 2 fractures are treated with internal fixation. If the 
component is unstable, it must be revised using a long tibial stem to cross the fracture 
line [149]. Internal fixation should be performed for type 3 and 4 fractures [145].

4.5 Aseptic loosening

The deterioration of the relationship between prosthesis and bone is defined as 
loosening. The loosening may be between the prosthetic cement and the cement 
bone. Loosening is inevitable in long-term prostheses. It is useful to distinguish the 
concepts of osteolysis and loosening. Without prosthesis osteolysis, loosening of the 
cement may occur. The mechanisms that cause loosening are micromotion, compo-
nent collapse, and periprosthetic osteolysis [151].

Overuse and osteopenia are the causes of patient-related loosening. Implant 
design may also be the cause of loosening. According to this, loosening is more 
likely in cementless prosthesis and constrained prosthesis. One of the most 
important causes of aseptic loosening is malalignment. It has been shown that a 
4 mm medial collapse of the tibial component and varus deformity of more than 
2° increases the likelihood of loosening [152]. In the early period, a radiolucent line 
is seen between the component and bone on radiography, and a collapse occurs as 
the loosening progresses. Loosening is more common around the tibial component 
[152]. In the presence of loosening around the whole component, septic loosening 
should be considered, and differential diagnosis should be performed.

In the case of loosening, the treatment is decided according to symptoms and 
progress. If pain is associated with instability and there are X-ray findings, early 
revision surgery is recommended for bone stock preservation.

4.6 Osteolysis

Osteolysis usually occurs due to inflammatory reactions caused by worn polyeth-
ylene particles or in the presence of infection. Metal particles can also cause osteolysis. 
Titanium causes more osteolysis than cobalt and chromium. Giant cells that develop 
against abrasive particles act by forming a membrane [153]. Particle size is important 
for this mechanism. The particle sizes range from 1 to 100 micrometers under the 
electron microscope. Large parts do not cause osteolysis [153]. There is no osteolysis 
if the parts are not spread to the cancellous bone, so osteolysis is not seen when 
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the cancellous bone is properly covered with cement [154]. On the other hand, the 
incidence of osteolysis increases when pres-fit prosthesis is applied; screw fixation 
without cement is used or cement breaks [155]. Osteolysis is closely related to pros-
thetic design. Osteolysis usually occurs after 2 years of TKA. Occurrence is rare before 
2 years [156]. Osteolysis is mostly seen in the tibia [157]. Diagnosis includes pain, joint 
effusion, and synovitis due to joint instability. Focal bone destruction may be seen on 
radiolucent line and X-ray. It can be seen that there is no continuity of trabeculae and 
bone cortex in cancellous bone. Therefore, control X-rays are very important in patient 
follow-up and must be compared with old radiographs in controls. CT and MRI can be 
used for osteolysis that cannot be detected on direct radiography [158].

If the lesion is small in treatment and the prosthesis is stable, observation is 
sufficient. Bisphosphonate and calcium supplementation can be initiated [159]. If 
the prosthesis is instable, two options can be applied. The first one is debridement, 
polyethylene replacement, and curettage, followed by impaction of the defect with 
bone graft. The second is revision [159].

4.7 Patellofemoral joint problems

Patellofemoral joint problems after TKA generally cause anterior knee pain. 
Patients’ ability to tolerate this pain rarely causes patellofemoral joint problems to 
be revised [160]. It should be kept in mind that not only patellar component-related 
procedures but also procedures involving the tibiofemoral joint may cause this 
problem. Even in revision surgery due to a problem of patellofemoral origin, it is 
often caused by a component in the tibia and femur [161]. In a study, patella and 
malrotation were among the eight most common causes of failed TKA [162].

Advanced valgus alignment, previous high tibial osteotomy, or tuberositas tibia 
osteotomy increases the rate of patellofemoral joint problems in TKA [160].

There are many points to be considered in the surgical technique to prevent 
patellofemoral joint problems. These are [163]:

• Component placement: If the femoral component is placed medially,  anteriorly, 
or flexed, or if there is internal rotation and if the component is excessive in 
size, patellofemoral problems may occur finally. Likewise, the medialization 
and internal rotation of the tibial component increases the risk.

• Surgical approach type: Midvastus and subvastus interventions that protect the 
extensor mechanism more can reduce PF joint problems.

• Lateral release: The need for lateral retinacular release increases PF joint 
problems.

• Patella resection amount: When patellar component is used, resection of the 
patella with anterior–posterior reduction of 12 mm increases the risk of PF 
joint problems [164, 165].

Patellar surface replacement is controversial today. However, in a recent study, 
it was found that anterior knee pain was less common in patients who underwent 
patellar surface change than those who did not. In the same study, the causes of PF 
joint revision were more common in patients without patella surface changes [166].

The results in patients with patellar articular surface alteration due to persistent 
anterior knee pain after TKA are not as successful as those with surface replacement 
during primary TKA [167]. In the treatment of anterior knee pain after TKA, mechan-
ical causes should be investigated after the exclusion of an underlying infection.
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for this mechanism. The particle sizes range from 1 to 100 micrometers under the 
electron microscope. Large parts do not cause osteolysis [153]. There is no osteolysis 
if the parts are not spread to the cancellous bone, so osteolysis is not seen when 
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the cancellous bone is properly covered with cement [154]. On the other hand, the 
incidence of osteolysis increases when pres-fit prosthesis is applied; screw fixation 
without cement is used or cement breaks [155]. Osteolysis is closely related to pros-
thetic design. Osteolysis usually occurs after 2 years of TKA. Occurrence is rare before 
2 years [156]. Osteolysis is mostly seen in the tibia [157]. Diagnosis includes pain, joint 
effusion, and synovitis due to joint instability. Focal bone destruction may be seen on 
radiolucent line and X-ray. It can be seen that there is no continuity of trabeculae and 
bone cortex in cancellous bone. Therefore, control X-rays are very important in patient 
follow-up and must be compared with old radiographs in controls. CT and MRI can be 
used for osteolysis that cannot be detected on direct radiography [158].

If the lesion is small in treatment and the prosthesis is stable, observation is 
sufficient. Bisphosphonate and calcium supplementation can be initiated [159]. If 
the prosthesis is instable, two options can be applied. The first one is debridement, 
polyethylene replacement, and curettage, followed by impaction of the defect with 
bone graft. The second is revision [159].

4.7 Patellofemoral joint problems

Patellofemoral joint problems after TKA generally cause anterior knee pain. 
Patients’ ability to tolerate this pain rarely causes patellofemoral joint problems to 
be revised [160]. It should be kept in mind that not only patellar component-related 
procedures but also procedures involving the tibiofemoral joint may cause this 
problem. Even in revision surgery due to a problem of patellofemoral origin, it is 
often caused by a component in the tibia and femur [161]. In a study, patella and 
malrotation were among the eight most common causes of failed TKA [162].

Advanced valgus alignment, previous high tibial osteotomy, or tuberositas tibia 
osteotomy increases the rate of patellofemoral joint problems in TKA [160].

There are many points to be considered in the surgical technique to prevent 
patellofemoral joint problems. These are [163]:

• Component placement: If the femoral component is placed medially,  anteriorly, 
or flexed, or if there is internal rotation and if the component is excessive in 
size, patellofemoral problems may occur finally. Likewise, the medialization 
and internal rotation of the tibial component increases the risk.

• Surgical approach type: Midvastus and subvastus interventions that protect the 
extensor mechanism more can reduce PF joint problems.

• Lateral release: The need for lateral retinacular release increases PF joint 
problems.

• Patella resection amount: When patellar component is used, resection of the 
patella with anterior–posterior reduction of 12 mm increases the risk of PF 
joint problems [164, 165].

Patellar surface replacement is controversial today. However, in a recent study, 
it was found that anterior knee pain was less common in patients who underwent 
patellar surface change than those who did not. In the same study, the causes of PF 
joint revision were more common in patients without patella surface changes [166].

The results in patients with patellar articular surface alteration due to persistent 
anterior knee pain after TKA are not as successful as those with surface replacement 
during primary TKA [167]. In the treatment of anterior knee pain after TKA, mechan-
ical causes should be investigated after the exclusion of an underlying infection.
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Abstract

Total knee arthroplasty remains the definitive treatment for end-stage osteoar-
thritis of the knee. Despite being a very successful intervention in terms of relieving 
pain and returning a patient’s function, it is not without complications. Post-operative 
stiffness after total knee arthroplasty is one of those complications that can be puzzling 
for physicians and debilitating for patients. While the etiology of stiffness is multifac-
torial, the treatment options are essentially limited to manipulation under anesthesia, 
removal of adhesions and revision total knee arthroplasty. With patient outcomes 
directly related to relief of pain and post-operative range of motion, it is paramount 
that surgeons do all that is necessary to minimize risk of post-operative stiffness.

Keywords: total knee arthroplasty, stiffness, manipulation under anesthesia, revision 
total knee arthroplasty

1. Introduction

Total knee arthroplasty (TKA) remains the mainstay of treatment in terms of pain 
relief, restoring mobility, and quality of life improvement for patients with end-stage 
osteoarthritis of the knee. Pain relief and postoperative range of motion (ROM) have 
consistently been the two variables of most importance to patients [1–3]. Stiffness after 
TKA can be debilitating due to pain and functional limitations in daily activities such 
as going up or down the stairs and sitting or arising from a chair. This chapter discusses 
the prevalence, etiology, and management of stiffness after primary TKA.

2. Prevalence

The reported incidence of stiffness after TKA varies greatly in literature with 
rates ranging from 1.3 to 12% [4, 5]. This wide range of incidence results largely due 
to lack of a consistent widely accepted definition of stiffness after TKA. Laubenthal 
et al. reported in their quantitative analysis of knee range of motion during activities 
of daily living (ADL) that patients required a mean of 83 degrees of knee flexion to 
climb stairs, 93 degrees to sit in a chair without using their hands and 106 degrees for 
tying their shoes while seated [6]. In fact, many authors use a cut-off of around 95 
degrees of flexion to define stiffness as that allows patients to do most of their ADLs 
[7]. What is less clear is perhaps, at what time point in the postoperative period must a 
patient obtain 95° [7–9]. Based on the international consensus definition for stiffness 
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TKA can be debilitating due to pain and functional limitations in daily activities such 
as going up or down the stairs and sitting or arising from a chair. This chapter discusses 
the prevalence, etiology, and management of stiffness after primary TKA.

2. Prevalence

The reported incidence of stiffness after TKA varies greatly in literature with 
rates ranging from 1.3 to 12% [4, 5]. This wide range of incidence results largely due 
to lack of a consistent widely accepted definition of stiffness after TKA. Laubenthal 
et al. reported in their quantitative analysis of knee range of motion during activities 
of daily living (ADL) that patients required a mean of 83 degrees of knee flexion to 
climb stairs, 93 degrees to sit in a chair without using their hands and 106 degrees for 
tying their shoes while seated [6]. In fact, many authors use a cut-off of around 95 
degrees of flexion to define stiffness as that allows patients to do most of their ADLs 
[7]. What is less clear is perhaps, at what time point in the postoperative period must a 
patient obtain 95° [7–9]. Based on the international consensus definition for stiffness 
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according to restriction in ROM, the severity may be graded according to loss of move-
ment based on the deviation from full flexion or extension as mild, moderate, and 
severe extension restriction (5–10, 11–20, >20) or flexion range (90–100, 70–89, <70) 
[10]. However, no consensus statement was made on time frame.

3. Etiology

The etiology of stiffness is multifactorial and the associated risk factors can be 
evaluated by dividing them into three categories: preoperative, intraoperative, and 
postoperative.

3.1 Preoperative risk factors

There are several preoperative risk factors that may contribute to stiffness after 
TKA and can be further subcategorized into modifiable versus nonmodifiable.

3.1.1 Modifiable

The major modifiable risk factor is preoperative ROM. Preoperative ROM 
has consistently been shown to be one of the best predictors of postoperative 
ROM. Patients with decreased preoperative ROM often have decreased postopera-
tive ROM as well as lower functional scores compared to those without decreased 
preoperative ROM [11, 12]. With respect to flexion, studies have shown that 
patients with poor preoperative flexion (<90 degrees) tend to gain flexion postop-
eratively and those with good preoperative flexion (>105 degrees) experience a net 
loss in flexion, yet retain a greater ROM overall [13, 14].

3.1.2 Nonmodifiable

Certain patients, that senior author calls “scar-formers”, may be at increased risk 
of stiffness due to their genetic makeup. Several studies have implicated the role of 
genetics in the formation of arthrofibrosis [15, 16]. It is unclear how to identify these 
Scar-formers as literature is lacking on whether or not patients with previous keloids 
or hypertrophic scars go onto to develop stiffness after TKA. At the very least, these 
findings may serve as a reminder to the treating physician to pay particular attention to 
these patients as they progress through their postoperative rehabilitation.

While a history of previous surgery and/or trauma has certainly been shown to 
adversely influence outcomes after TKA, whether or not previous surgery predicts 
postoperative ROM or stiffness is less clear [17]. In a study by Scranton et al., 85% 
of the patients with a stiff knee after TKA had previous surgery or diabetes mel-
litus [9]. Another study evaluating the results of total knee arthroplasty after failed 
proximal tibial osteotomy for osteoarthritis, reported average arc of motion to be 8 
degrees less in TKA patients with prior history of failed proximal tibial osteotomy 
than those without it. Despite the small difference in arc of motion, the final aver-
age arc of motion was 95 degrees in the osteotomy group and there were no differ-
ences in rate of people undergoing manipulation for stiffness when compared to 
those without the osteotomy [18]. Similarly, Harvey et al. showed previous proxi-
mal tibial osteotomy had no effect on ultimate ROM [13]. Patients that underwent 
TKA after a failed unicompartmental knee arthroplasty have demonstrated mean 
postoperative arcs of motion between 104 and 115 degrees [19]. When comparing 
patients undergoing TKA for primary osteoarthritis versus post-traumatic osteo-
arthritis, literature demonstrates that overall there is significant improvement in 
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postoperative ROM when compared to preoperative ROM in both cohorts [20, 21]. 
However, the improvements were significantly inferior in the post-traumatic cohort 
[20]. Ultimately, we suspect that the specific type of prior surgery and/or trauma 
may play a significant role in determining its effect on postoperative ROM.

Lastly, obesity itself has not been shown to be a significant risk factor for post-
operative stiffness, but patients with large thigh diameters may have reduced range 
of motion with flexion due to a mechanical block from abutment of soft tissues [22].

3.2 Intraoperative risk factors

Total knee arthroplasty should be thought of as a patient-specific procedure. 
Each patient’s anatomy and deformity presents a unique challenge and no two con-
secutive knee arthroplasties are the same and therefore, attention to small details is 
crucial for a successful result. Most of the intraoperative variables that contribute to 
postoperative stiffness are related to the surgical technique. Improper gap balanc-
ing, incorrect component sizing or positioning, excessively elevating or lowering 
the joint line, incomplete resection of osteophytes, and closure techniques can all 
contribute to stiffness in both flexion and extension.

Improper gap balancing can lead to a joint that is “overstuffed” in flexion and/or 
extension, resulting in a stiff joint. Gap balancing can be easily understood by apply-
ing McPherson rules: if the tightness is symmetric in both flexion and extension, 
problem lies in the proximal tibia resection and if the tightness is asymmetric (i.e. tight 
in flexion but not in extension and vice versa), problem lies in the femoral resection. 
Excessive tightness in extension is caused by inadequate distal femur resection, tight 
posterior capsule, and inadequate resection of osteophytes. If tightness is present in 
both flexion and extension, it is generally due to a polyethylene insert that is too thick 
or insufficient proximal tibial resection. Excessive tightness in flexion is often caused 
by inadequate posterior femoral cut, decreased tibial slope, an oversized femoral 
component, and a femoral component that is shift posteriorly or malrotated. If using 
a cruciate retaining implant, a tight posterior cruciate ligament can also limit flexion. 
Furthermore, intimate knowledge of the instrumentation used during TKA is crucial 
as when an anterior referencing guide is used, the selection of a larger femoral compo-
nent leads to tightness in flexion if sizing guide measurement is in between sizes.

While gap balancing in the sagittal plane is important, the patellofemoral joint 
(PFJ) deserves equal attention as overstuffing the PFJ can lead to tightness of the 
extensor mechanism and stiffness after TKA. PFJ is usually overstuffed due to two 
reasons: (i) inadequate resection of the patella or (ii) anterior placement of the femoral 
component. Generally speaking, the amount of patellar bone resected should equal 
the width of the patellar component while also keeping in mind the thickness of the 
cartilage that may not be present at the time of TKA. In a study by Alcerro et al., 
patients in whom the patellar thickness after TKA was restored as close to the native 
thickness demonstrated the greatest improvements in quality of life, physical measures 
and Western Ontario and McMaster Universities Arthritis Index stiffness scores [23].

Additionally, their study also showed that patients who reported more stiffness 
and lower knee active flexion had greater than native patella thickness after surgery 
[23]. Studies by Daluga et al. and Shoji et al. further show that an increase of 12% in 
anterior–posterior diameter of the knee and increase of 20% in patellar thickness, 
respectively, leads to marked increase in postoperative stiffness [8, 22]. In a similar 
fashion, joint line elevation can lead to issues with PFJ kinematics and cause stiff-
ness after TKA. Elevated joint line, whether due to inadequate resection of tibia, 
excessive resection of distal femur, or thick polyethylene inserts, leads to patella 
baja. Patella baja has been associated with decreased postoperative ROM and patient 
reported outcome measures [24, 25]. The importance of maintaining correct patellar 
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according to restriction in ROM, the severity may be graded according to loss of move-
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adversely influence outcomes after TKA, whether or not previous surgery predicts 
postoperative ROM or stiffness is less clear [17]. In a study by Scranton et al., 85% 
of the patients with a stiff knee after TKA had previous surgery or diabetes mel-
litus [9]. Another study evaluating the results of total knee arthroplasty after failed 
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than those without it. Despite the small difference in arc of motion, the final aver-
age arc of motion was 95 degrees in the osteotomy group and there were no differ-
ences in rate of people undergoing manipulation for stiffness when compared to 
those without the osteotomy [18]. Similarly, Harvey et al. showed previous proxi-
mal tibial osteotomy had no effect on ultimate ROM [13]. Patients that underwent 
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may play a significant role in determining its effect on postoperative ROM.
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operative stiffness, but patients with large thigh diameters may have reduced range 
of motion with flexion due to a mechanical block from abutment of soft tissues [22].
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secutive knee arthroplasties are the same and therefore, attention to small details is 
crucial for a successful result. Most of the intraoperative variables that contribute to 
postoperative stiffness are related to the surgical technique. Improper gap balanc-
ing, incorrect component sizing or positioning, excessively elevating or lowering 
the joint line, incomplete resection of osteophytes, and closure techniques can all 
contribute to stiffness in both flexion and extension.

Improper gap balancing can lead to a joint that is “overstuffed” in flexion and/or 
extension, resulting in a stiff joint. Gap balancing can be easily understood by apply-
ing McPherson rules: if the tightness is symmetric in both flexion and extension, 
problem lies in the proximal tibia resection and if the tightness is asymmetric (i.e. tight 
in flexion but not in extension and vice versa), problem lies in the femoral resection. 
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Furthermore, intimate knowledge of the instrumentation used during TKA is crucial 
as when an anterior referencing guide is used, the selection of a larger femoral compo-
nent leads to tightness in flexion if sizing guide measurement is in between sizes.

While gap balancing in the sagittal plane is important, the patellofemoral joint 
(PFJ) deserves equal attention as overstuffing the PFJ can lead to tightness of the 
extensor mechanism and stiffness after TKA. PFJ is usually overstuffed due to two 
reasons: (i) inadequate resection of the patella or (ii) anterior placement of the femoral 
component. Generally speaking, the amount of patellar bone resected should equal 
the width of the patellar component while also keeping in mind the thickness of the 
cartilage that may not be present at the time of TKA. In a study by Alcerro et al., 
patients in whom the patellar thickness after TKA was restored as close to the native 
thickness demonstrated the greatest improvements in quality of life, physical measures 
and Western Ontario and McMaster Universities Arthritis Index stiffness scores [23].

Additionally, their study also showed that patients who reported more stiffness 
and lower knee active flexion had greater than native patella thickness after surgery 
[23]. Studies by Daluga et al. and Shoji et al. further show that an increase of 12% in 
anterior–posterior diameter of the knee and increase of 20% in patellar thickness, 
respectively, leads to marked increase in postoperative stiffness [8, 22]. In a similar 
fashion, joint line elevation can lead to issues with PFJ kinematics and cause stiff-
ness after TKA. Elevated joint line, whether due to inadequate resection of tibia, 
excessive resection of distal femur, or thick polyethylene inserts, leads to patella 
baja. Patella baja has been associated with decreased postoperative ROM and patient 
reported outcome measures [24, 25]. The importance of maintaining correct patellar 
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height is further demonstrated by Vives-Barquiel et al. by showing improvements in 
flexion and clinical scores after osteotomy of the tibial tuberosity to move it proxi-
mally in knees with postoperative patella baja [26]. Of course, there is potential for 
catastrophic complication with this procedure, including nonunion and escape.

Lastly, several studies have demonstrated that knee position (i.e. flexion, 
semi-flexed, versus extended) during surgical wound closure may influence 
postoperative ROM. In a literature review by Faour et al., authors concluded that 
wound closure in flexion was associated with significant improvement in ROM 
recovery at earlier follow-ups after TKA and faster physical recovery compared with 
wound closure in extension. However, no difference was noticed in long-term ROM 
recovery when comparing closure with knee in flexion versus extension [27]. On the 
contrary, studies by Motififard et al. and Masri et al. demonstrated no differences in 
postoperative ROM with knees closed in flexion versus extension [28, 29].

3.3 Postoperative risk factors

Postoperative risk factors that can contribute to stiffness include lack of patient 
participation/compliance with therapy, uncontrolled pain, complex regional pain 
syndrome (CRPS), heterotrophic ossification (HO), infection, patellar complica-
tions, and arthrofibrosis. Postoperative physical therapy is an integral component 
of recovery after TKA, as patients often have issues with gait, balance, strength, and 
ROM. It requires significant commitment on the part of the both the physician and 
the patient to come up with an individualized plan meet postoperative rehabilitation 
goals. Poorly motivated patients are less likely to mobilize after surgery, comply with 
postoperative ROM and more likely to have a prolonged hospital stay. It is pertinent 
to identify these patients early (often even before surgery) and intervene early.

Uncontrolled pain or CRPS can also prohibit patients from exerting their maxi-
mum effort at therapy and must be correctly identified early and correct interven-
tions including a possible referral to pain management be instituted. The incidence 
of postoperative infection after TKA is around 2% and should be considered in any 
patient with postoperative stiffness. If suspicion for infection is high appropriate 
labs including ESR, CRP and possible aspiration must be obtained to rule out an 
infection. Patellar complications such as unresurfaced patella, avascular necrosis of 
patella, patellar fracture, or mal-tracking can also cause also cause pain and stiff-
ness. Lastly, while the incidence of radiographic HO after TKA may be as high as 
26%, it is rare to find HO significant enough to limit ROM.

4. Management

The most important aspect of management for a stiff TKA is identifying the 
underlying etiology.

There are several treatment options available for stiffness after TKA including 
observation with more aggressive physical therapy, manipulation under anesthesia 
(MUA), surgical debridement, and revision total knee arthroplasty (rTKA). All of 
these strategies are only successful if done for the right indications. For example, a 
patient with stiff knee due to component misalignment or underlying infection is 
not likely to respond to a MUA.

4.1 Manipulation under anesthesia (MUA)

MUA should be considered when stiffness persists despite an aggressive program 
to gain motion.
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Since MUA is not a benign procedure given the risk of fracture, extensor 
mechanism disruption, and hemarthrosis, correct patient selection is crucial. 
Anterior femoral notching is considered an absolute contraindication to MUA due 
to increased risk of femoral fractures. When it comes to MUA, one is faced with 
two questions: (i) which patients to manipulate? And (ii) what is the best time for 
manipulation? The answer to the first question lies in how one defines post-operative 
stiffness. Some physicians may stick to a strict number (i.e. flexion <90 by 6 weeks) 
and offer to manipulate everyone who fails to meet those criteria. However, the issue 
with a strict-number definition of TKA is that a patient who may not be considered 
to have stiffness (based on the aforementioned criteria, for example) might in fact 
be the one who needs the MUA as his/her activity requirements may consist of 
kneeling and hence greater need for flexion, as is often the case in Middle Eastern 
cultures. Therefore, the decision to proceed with a TKA should be centered on a joint 
conversation between the patient and the physician. We have patients in our practice 
who are very content with a ROM of 0–85 degrees, as they are able to do all the 
activities that they desire to do and therefore, do not need a MUA.

With respect to the timing for MUA, there is no consensus in the literature. 
Studies demonstrate both increased and no additional benefit with early MUA. In 
their review of patients undergoing MUA for stiffness, Issa et al. report that patients 
who underwent early MUA (<12 weeks postoperatively) had significantly higher 
mean gain in flexion (36.5 versus 17), higher final range of motion (119 versus 
95 degrees) and higher function scores (88 versus 83) than those who had late 
(>12 weeks postoperatively) MUA [30]. Furthermore, when they sub-stratified out-
comes based incremental time to MUA demonstrated that there was significant drop 
in range of motion gained after MUA as more time elapsed postoperatively. While 
some range of motion was gained with MUA at all periods postoperatively, authors 
reported that best results were obtained when MUA was done within 12 weeks 
postoperatively and significantly worse at 26 weeks (36.5 versus 12 degrees). Other 
authors who found higher gains in flexion with early MUA reported similar results 
[7, 22, 31–33]. Yercan et al. reported a study of 46 patients that underwent MUA for 
stiffness after TKA had mean flexion arc improvement from 67+/−11 to 114+/−16 
degrees. Furthermore, patients that underwent a MUA within the first 3 weeks 
after TKA had significantly higher final range of motion compared with those who 
underwent after 3 months (121+/−11 versus 112+/−16). Similarly, Namba et al. 
reported that although both early and late MUA result in significant gains in flexion 
arc, early manipulation resulted in approximately twice the mean flexion gains [31].

In contrast to the above studies, there are several studies that have shown no 
difference in outcomes when stratified based on timing of MUA. Yeoh et al. report 
on 48 patients that underwent MUA for stiffness and they noticed that at 1 year 
there was no difference in gain in ROM between knees that were manipulated 
within 12 weeks postoperatively versus after 12 weeks [34]. Similarly, Keating et al. 
report their results of 113 MUAs in 90 patients followed for a mean of 4.6 years 
and noticed that mean knee flexion improved from 70 to 105 degrees, however, no 
significant difference was found for patients that underwent MUA before or after 
12 weeks after TKA (p = 0.36) [35].

4.2 Surgical treatment

Surgical treatment of stiffness in the forms of arthroscopic or open lysis 
of adhesions with or without MUA after TKA should be considered as the last 
resort after a patient has failed both physical therapy and MUA (or is outside the 
time window where MUA alone might not be beneficial). While arthroscopic 
debridement of adhesions with MUA has shown promising results in patients 
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Postoperative risk factors that can contribute to stiffness include lack of patient 
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mechanism disruption, and hemarthrosis, correct patient selection is crucial. 
Anterior femoral notching is considered an absolute contraindication to MUA due 
to increased risk of femoral fractures. When it comes to MUA, one is faced with 
two questions: (i) which patients to manipulate? And (ii) what is the best time for 
manipulation? The answer to the first question lies in how one defines post-operative 
stiffness. Some physicians may stick to a strict number (i.e. flexion <90 by 6 weeks) 
and offer to manipulate everyone who fails to meet those criteria. However, the issue 
with a strict-number definition of TKA is that a patient who may not be considered 
to have stiffness (based on the aforementioned criteria, for example) might in fact 
be the one who needs the MUA as his/her activity requirements may consist of 
kneeling and hence greater need for flexion, as is often the case in Middle Eastern 
cultures. Therefore, the decision to proceed with a TKA should be centered on a joint 
conversation between the patient and the physician. We have patients in our practice 
who are very content with a ROM of 0–85 degrees, as they are able to do all the 
activities that they desire to do and therefore, do not need a MUA.

With respect to the timing for MUA, there is no consensus in the literature. 
Studies demonstrate both increased and no additional benefit with early MUA. In 
their review of patients undergoing MUA for stiffness, Issa et al. report that patients 
who underwent early MUA (<12 weeks postoperatively) had significantly higher 
mean gain in flexion (36.5 versus 17), higher final range of motion (119 versus 
95 degrees) and higher function scores (88 versus 83) than those who had late 
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comes based incremental time to MUA demonstrated that there was significant drop 
in range of motion gained after MUA as more time elapsed postoperatively. While 
some range of motion was gained with MUA at all periods postoperatively, authors 
reported that best results were obtained when MUA was done within 12 weeks 
postoperatively and significantly worse at 26 weeks (36.5 versus 12 degrees). Other 
authors who found higher gains in flexion with early MUA reported similar results 
[7, 22, 31–33]. Yercan et al. reported a study of 46 patients that underwent MUA for 
stiffness after TKA had mean flexion arc improvement from 67+/−11 to 114+/−16 
degrees. Furthermore, patients that underwent a MUA within the first 3 weeks 
after TKA had significantly higher final range of motion compared with those who 
underwent after 3 months (121+/−11 versus 112+/−16). Similarly, Namba et al. 
reported that although both early and late MUA result in significant gains in flexion 
arc, early manipulation resulted in approximately twice the mean flexion gains [31].

In contrast to the above studies, there are several studies that have shown no 
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and noticed that mean knee flexion improved from 70 to 105 degrees, however, no 
significant difference was found for patients that underwent MUA before or after 
12 weeks after TKA (p = 0.36) [35].

4.2 Surgical treatment

Surgical treatment of stiffness in the forms of arthroscopic or open lysis 
of adhesions with or without MUA after TKA should be considered as the last 
resort after a patient has failed both physical therapy and MUA (or is outside the 
time window where MUA alone might not be beneficial). While arthroscopic 
debridement of adhesions with MUA has shown promising results in patients 
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with stiffness from procedures other than TKA, this is not always the case for 
patients who have it done after TKA [36–39]. Campbell reports an increase of 
only 11 degrees in flexion and 55 degrees in extension for 8 patients in 1 year after 
arthroscopy. Similarly, Bocell et al. report that only 2 out of 7 patients maintained 
pain-free improvements in ROM after arthroscopic debridement and MUA after 
TKA. On the contrary, other authors have reported marked improvements in 
ROM after arthroscopic lysis. Tjoumakaris et al. report in their study that after 
arthroscopic lysis with gentle manipulation for stiffness after TKA, mean flexion 
improved from 79 to 103 degrees and mean extension deficit from 16 to 4 degrees 
at average of 31 months, leading authors to conclude that arthroscopic lysis of 
adhesions is a reliable procedure [40]. However, they also noticed that patients 
achieved approximately half of the improvement that was obtained at the time of 
surgery. Volchenko et al. report on a matched cohort study of 35 patients treated 
with MUA and 35 patients treated with arthroscopic lysis of adhesions plus 
MUA. Arthroscopic lysis with MUA yielded changes in ROM: a 72.7% increase 4 
to 12 weeks after index TKA (p = 0.032), a 50.0% increase 12+ weeks after TKA 
(p = 0.032), and a 99.8% increase in patients with a pre-manipulation ROM of 0–60 
degrees (p = 0.001). MUA alone yielded a 49.2% increase 4 to 12 weeks after index 
TKA (p = 0.161), a 27.0% increase 12+ weeks after TKA (p = 0.161) and a 68.8% 
increase in patients with pre-manipulation ROM of 0 to 60 degrees [41]. Authors 
concluded arthroscopic lysis of adhesions plus MUA led to greater increases in ROM 
(p = 0.026) and final knee flexion (p = 0.028) compare with those treated with 
MUA alone. After arthroscopic lysis of adhesions and manipulation, Diduch et al., 
Scranton, and Bae et al. also report similar results with mean flexion improvement 
of 26 degrees, mean gain in ROM of 31 degrees, and mean improvement in arc of 
motion of 42 degrees, respectively [9, 42, 43]. There is evidence in literature that for 
patients with a PCL-retaining implant and limitations in ROM (especially flexion), 
there may be a benefit from arthroscopic release of PCL. Williams et al. report a 
mean flexion increase of 30 degrees and mean extension improvement from 4 to 1.5 
degrees at 20 month follow up 10 knees after arthroscopic release of PCL.

Lastly, revision TKA should be reserved for patients when a clear diagnosis for 
the cause of stiffness (i.e. malpositioning of components, infection, loosening, etc.) 
can be made and corrected during surgery as these patients have more predictable 
results compared to revisions done in patients without a clear-cut diagnosis  
[44–47]. Hartman et al. report on 35 patients that underwent rTKA for stiffness 
and at mean of 54.5 months, the mean arc of motion improved by 44.5 degrees. 
However, 49% (17/35) of the patients required a further intervention for stiffness 
or sustained a complication. Authors concluded that while rTKA can be performed 
with reasonable expectation of improvement in ROM, the complication risk is 
significant [48]. Ries et al. reported better results with rTKA in 6 knees with mean 
increase in arc of motion of 50 degrees at minimum of 2 year follow up for patients 
with stiffness secondary to arthrofibrosis only [49]. Generally, results of rTKA 
specifically for stiffness are less predictable and may be influenced by surgical 
technique and patient’s response to surgical trauma.

5. Conclusion

TKA is an excellent option for patients with end-stage knee osteoarthritis in 
terms of pain relief. Postoperative stiffness continues to be a challenge for both 
the physicians and the patients. Due to the multifactorial etiology of stiffness, the 
interventions to address it are limited to MUA, lysis of adhesions, and revision TKA. 
The results with each intervention are variable, especially with surgical options.
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with stiffness from procedures other than TKA, this is not always the case for 
patients who have it done after TKA [36–39]. Campbell reports an increase of 
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arthroscopy. Similarly, Bocell et al. report that only 2 out of 7 patients maintained 
pain-free improvements in ROM after arthroscopic debridement and MUA after 
TKA. On the contrary, other authors have reported marked improvements in 
ROM after arthroscopic lysis. Tjoumakaris et al. report in their study that after 
arthroscopic lysis with gentle manipulation for stiffness after TKA, mean flexion 
improved from 79 to 103 degrees and mean extension deficit from 16 to 4 degrees 
at average of 31 months, leading authors to conclude that arthroscopic lysis of 
adhesions is a reliable procedure [40]. However, they also noticed that patients 
achieved approximately half of the improvement that was obtained at the time of 
surgery. Volchenko et al. report on a matched cohort study of 35 patients treated 
with MUA and 35 patients treated with arthroscopic lysis of adhesions plus 
MUA. Arthroscopic lysis with MUA yielded changes in ROM: a 72.7% increase 4 
to 12 weeks after index TKA (p = 0.032), a 50.0% increase 12+ weeks after TKA 
(p = 0.032), and a 99.8% increase in patients with a pre-manipulation ROM of 0–60 
degrees (p = 0.001). MUA alone yielded a 49.2% increase 4 to 12 weeks after index 
TKA (p = 0.161), a 27.0% increase 12+ weeks after TKA (p = 0.161) and a 68.8% 
increase in patients with pre-manipulation ROM of 0 to 60 degrees [41]. Authors 
concluded arthroscopic lysis of adhesions plus MUA led to greater increases in ROM 
(p = 0.026) and final knee flexion (p = 0.028) compare with those treated with 
MUA alone. After arthroscopic lysis of adhesions and manipulation, Diduch et al., 
Scranton, and Bae et al. also report similar results with mean flexion improvement 
of 26 degrees, mean gain in ROM of 31 degrees, and mean improvement in arc of 
motion of 42 degrees, respectively [9, 42, 43]. There is evidence in literature that for 
patients with a PCL-retaining implant and limitations in ROM (especially flexion), 
there may be a benefit from arthroscopic release of PCL. Williams et al. report a 
mean flexion increase of 30 degrees and mean extension improvement from 4 to 1.5 
degrees at 20 month follow up 10 knees after arthroscopic release of PCL.

Lastly, revision TKA should be reserved for patients when a clear diagnosis for 
the cause of stiffness (i.e. malpositioning of components, infection, loosening, etc.) 
can be made and corrected during surgery as these patients have more predictable 
results compared to revisions done in patients without a clear-cut diagnosis  
[44–47]. Hartman et al. report on 35 patients that underwent rTKA for stiffness 
and at mean of 54.5 months, the mean arc of motion improved by 44.5 degrees. 
However, 49% (17/35) of the patients required a further intervention for stiffness 
or sustained a complication. Authors concluded that while rTKA can be performed 
with reasonable expectation of improvement in ROM, the complication risk is 
significant [48]. Ries et al. reported better results with rTKA in 6 knees with mean 
increase in arc of motion of 50 degrees at minimum of 2 year follow up for patients 
with stiffness secondary to arthrofibrosis only [49]. Generally, results of rTKA 
specifically for stiffness are less predictable and may be influenced by surgical 
technique and patient’s response to surgical trauma.

5. Conclusion

TKA is an excellent option for patients with end-stage knee osteoarthritis in 
terms of pain relief. Postoperative stiffness continues to be a challenge for both 
the physicians and the patients. Due to the multifactorial etiology of stiffness, the 
interventions to address it are limited to MUA, lysis of adhesions, and revision TKA. 
The results with each intervention are variable, especially with surgical options.
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Abstract

Fixed flexion deformity at knee is common in osteoarthritic knee and is a 
combination of bony deformity, capsular and ligamentous deformity. It affects knee 
biomechanics in terms of increased forces at the patellofemoral and tibiofemoral 
joint. This in turn makes carrying out of routine daily activities like walking or use 
of staircase very difficult. Therefore, it is essential to correct this deformity at the 
time of operative intervention. Major interventions like posterior capsular release 
and removal of osteophytes and adequate bony resection helps in correcting the 
deformity. Post operatively, use of extension night splints and adequate physio-
therapy can help in correcting the residual deformity left over at the time of knee 
arthroplasty.

Keywords: total knee arthroplasty, fixed flexion deformity, range of motion,  
flexion contracture

1. Introduction

Flexion deformity at knee in osteoarthritis or rheumatoid arthritis is due to 
synovial inflammation leading to fluid in joint subsequently resulting in assum-
ing of position maximum accommodation i.e. flexion. Posterior femoral and tibal 
osteophytes tent upon the capsule resulting in further flexion at the knee and 
sometimes mechanical block to extension. Other factors like hamstring shortening 
and ligament contracture also contribute to flexion at the knee. There is increase 
in energy expenditure while walking or standing along with decreased endurance 
and inability to stand for long period of time [1–2]. Fixed flexion at single knee 
increases abnormal forces on other knee resulting in abnormal gait. There is limb 
length discrepancy and short stride length. There is associated increase in exten-
sion and adduction. In severe flexion deformities, there is alteration of kinematics 
of spine. There are increased chances of lumbar spondylosis and accelerated 
degeneration of contralateral knee in cases of long standing flexion deformity at 
knee. Isolated flexion deformity is very rare and generally associated with either 
varus or valgus deformity at knee [3]. Some authors have reported incidence of 
flexion deformity up to 60° in cases of osteoarthritis knee [4]. To achieve complete 
range of movement at knee, full surgical correction should be achieved during 
surgical correction.
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2. Prevalence and risk factors

Ritter et al. [5] had described that residual flexion contracture by more than 
10 degree can result in poor functional outcome in patients who undergo knee 
replacement. The risk factors for persistence of deformity were male gender, 
higher age and preoperative flexion contracture of more than five or more degrees 
[6]. Among these the single most important factor predictive of residual flexion 
contracture was preoperative flexion deformity at knee. Body mass index has 
no role in persistence of flexion deformity after surgical correction [7]. Surgical 
technique factor like overstuffing of extension gap and flexion of femoral compo-
nent also determines the post-operative flexion deformity. The femoral component 
placed in flexion can result in limitation of arc of motion due to constraints in 
articulation.

3. Pathoanatomy

Long standing cases of arthritis have intercondylar osteophytes, which acts as 
mechanical block to extension [4]. The posterior osteophytes in addition impinge 
upon posterior capsule further increasing flexion contracture. Subsequently, it 
leads to contraction of soft tissues over the posterior aspect of knee adding to the 
deformity.

There is erosion of the posterior aspect of the tibia and reduction in the strength 
of quadriceps resulting in extension lag even after correction of deformity. 
Lombardi et al. [8] had classified flexion deformity into three grades depending 
upon the severity of deformity. Grade I is mild contracture with deformity limited 
to less than 15°. Grade II is moderate contracture with deformity between 15° and 
30°. Grade III is severe contracture with deformity greater than 30°.

4. Preoperative preparation

A patient with knee flexion contracture undergoing knee replacement should 
be evaluated for coronal plane deformities, grade of flexion deformity, extensor lag 
and preoperative range of motion is recorded. The assessment of these variables 
helps a surgeon to decide regarding the clinical expectations, surgical technique, 
associated risks and complications. The next important step is to grade the flexion 
contracture. The standard radiographs should be evaluated to determine the dis-
turbances in the bony anatomy especially posterior condylar deficiencies, coronal 
deformities and prominent osteophytes. The posterior condylar deficiency affects 
the rotation of femoral component when posterior referencing system or measured 
resection technique is used. Sometimes large bony defects would require augments 
in the form of allografts or modular inserts.

5. Preoperative measures to treat flexion deformity

In patients suffering from inflammatory arthritis, there is minimal or no 
osteophyte formation associated with fixed flexion deformity hence preopera-
tive manipulation is sometimes helpful in selected cases. In cases with bilateral 
hip and knee deformity, the preoperative manipulation is carried out after hip 
replacement with the aid of serial casting over the knee in maximal stretch [9]. 
The cast should be adequately padded to avoid pressure sores over the anterior 
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aspect of knee. Epidural anesthesia can be very helpful in these cases as serial 
casting becomes relatively pain free and fruitful.

6. Surgical technique

After all preoperative preparations, tourniquet is applied over the limb to oper-
ated and activated just before incision. The operative leg is examined again under 
anesthesia to ascertain the degree of deformities. Limb is draped and prepared with 
betadine or chlorhexidine solution as per the hospital infection control protocols. A 
midline skin incision is given extending approximately 5 cm proximal to suprapatel-
lar pouch to a point just medial to tibial tubercle. Medial parapatellar osteotomy is 
performed with eversion of patella exposing both lateral and medial femoral con-
dyle. Next step is to correction of coronal deformities with removal of osteophytes 
and soft tissue contractures. All efforts should be concentrated to correct the flexion 
deformity intraoperatively while maintaining soft tissue and adequate stability. The 
classical approach described by Insall [10] is to resect the posterior femoral condyle 
and releasing the soft tissues in order to achieve a rectangular flexion gap. Another 
technique of balancing is to measure the resected pieces of bones from femoral and 
tibial condyle and replacing the same with components of same size.

The primary focus in case of fixed flexion deformity is over the posterior femo-
ral recess. The posterior capsule should be released as far as possible. The posterior 
capsule release makes the extension gap equivalent to flexion gap. It also avoids 
excessive resection of distal femur which can lead to elevation of joint line and mid 
flexion instability there by altering the patellofemoral kinematics.

7. Grade 1 flexion contracture

Tibial and femoral cuts are carried out in usual manner as in primary uncompli-
cated arthroplasty. The flexion contracture is due to posterior recess and posterior 
osteophytes indenting upon the capsule. After the bony cuts, the osteophytes can 
easily be visualized and removed with the help of ¾ inch osteotome (Figure 1). 
A intramedullary rod may be used to elevate the distal femur or lamina spreaders 
can be used for better visualization of posterior capsule. There is clear dividing 
line between the osteophytes and femoral condyle. The loose osteophytes can be 
removed with the help of curette. The posterior obliterated posterior recess can 
be then be created with osteotome. The osteophytes from posterior aspect of tibia 
are visible clearly at this stage and can be removed with the help of curette and 
osteotome. The osteophytes attached to the posterior capsule is pulled forward and 
removed with the help of electrocautery. In case extension gap is less than flexion 

Figure 1. 
Posterior osteophytes are removed with the help of osteotome.
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gap further release of posterior recess is carried out. However, if extension gap is 
more than flexion gap, the posterior slope of tibia is evaluated. The slope can be 
increased up to 8° in order to balance the knee. Tight flexion gap can result in poor 
roll back of femoral component and lift off of tibia tray.

In majority of the cases, the flexion contracture is corrected with these simple 
maneuvers. The type of knee prosthesis i.e. cruciate retaining or cruciate sacrific-
ing depends upon the choice of surgeon in mild flexion contracture. Laskin [11] 
described a test to assess the correction of flexion deformity intraoperatively. The 
operated limb is lifted from the table and foot is dorsiflexed at ankle subsequently 
axial pressure is applied along the long axis of the limb. The sudden flexion at knee 
suggests residual flexion deformity. If there is no bending at knee due to axial pres-
sure then it suggests achievement of adequate correction at the knee joint.

8. Grade II flexion contracture

In addition to release of posterior recess and removal of osteophytes as described 
in management of grade I flexion, the posterior cruciate ligament is released from 
the femoral end first and subsequently from the tibial end as per the requirement. 
Medial and lateral perforations of posterior cruciate ligament can also result in 
fractional lengthening. With this technique, the cruciate retaining components can 
be used. In other cases where posterior cruciate ligament is significantly weakened, 
one should opt for posterior stabilized components.

At the end of all the above releases, if extension gap is smaller than flexion gap, 
the distal femur is resected by 2 mm. However, if surgeon decides to go ahead with 
cruciate retaining knee components then distal femur should be resected by more 
than 4 mm as it can lead to posterior cruciate ligament dysfunction due to elevation 
of joint line.

9. Grade III flexion contracture

In case of flexion contracture is more than 30°, sequential release is carried out 
as described in management of grade I and II flexion contracture. The posterior 
cruciate ligament should be released from its proximal and distal attachment to 
balance flexion and extension gap at this stage. The choice of implant should prefer-
ably be posterior stabilized rather than cruciate retaining. It is important to release 
posterior capsule and gastrocnemius heads from the posterior aspect of distal 
femur. In majority of the cases the balanced flexion and extension gap is achieved, 
however, if there is valgus-varus instability due to laxity of medial or lateral col-
lateral ligament then constrained prosthesis should preferably be used. The lax 
extensor mechanism can be countered by distal and lateral advancement of vastus 
medialis and medial capsular structures.

Sequential correction of fixed flexion deformity in total knee replacement 
(Figure 2).

1. Correct coronal deformity with mediolateral balancing and removal of all vis-
ible osteophytes. Perform all bony tibial and femoral cuts in the usual manner. 
In majority of mild flexion contractures, the deformity shall be corrected.

2. The posterior recess should be established with help of osteotome and perios-
teal elevator. If required the medial and lateral head of gastrocnemius should 
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Figure 2. 
Treating algorithms for grade I, II and III deformity (EG, extension gap; FC, flexion contracture; FG, flexion 
gap; PCL, posterior cruciate ligament; PCR, posterior cruciate retaining; PS, posterior stabilized; PSC, 
posterior stabilized constrained). Reproduced from [12].
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also be raised from the posterior and distal end of femur. Sometimes trans-
verse capsulotomy is carried out starting medially and moving laterally. The 
collaterals are carefully separated from the capsule by longitudinal incisions.

3. In cases of severe flexion deformity, distal femoral resection of up to 4 mm in 
increments of 2 mm is carried out and gap mismatch is checked. It is advisable 
to resect minimal bone from the distal femur in order to prevent problem of 
patellofemoral kinematics, patella baja and elevation of joint line. Sometimes 
it results in mediolateral instability necessitating the need for constrained 
prosthesis.

4. Medial and lateral hamstrings are tenotomised in order to achieve full correc-
tion in rare cases. Biceps femoris should be clearly identified and separated 
under vision in order to avoid injury to common peroneal nerve. In cases with 
flexion deformity of more than 60 degrees, it is advisable to undergo serial 
casting prior to total knee arthroplasty.

10. Postoperative management

The patients are encouraged to do quadriceps exercises at regular intervals. In 
cases of mild residual flexion deformity, patients are advised to wear night splints. 
Stretching exercises play a vital role in the rehabilitation of these cases. It is advised 
to avoid pillow below the knee and sitting on recliner chairs for a long time as there 
is tendency towards flexion. The patients should be closely followed in the post-
operative period to look for recurrence of deformity. Sometimes patient require 
manipulation under anesthesia to achieve range of motion similar to that attained 
in immediate post-operative period. Excessive force should be avoided during 
manipulation as it might lead to fracture of distal femur.

11. Complications

1. Recurrence of flexion contracture and loss of movement

As stated earlier, the aim should be full correction of flexion deformity intra-
operatively. However, at the end of 1 year few cases experience recurrence of 
deformity.

2. Flexion extension imbalance

Flexion extension instability in case of flexion extension mismatch might 
require restraint with rotating hinge prostheses.

3. Peroneal nerve injury

Peroneal nerve injury sometimes occurs in cases of fixed flexion with valgus 
deformity at knee. There could be associated lengthening of the lower limb.
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12. Summary

The complexity of surgical procedure increases with increasing flexion 
deformity of knee. The less complex deformities correct with usual bony resec-
tions and removal of osteophytes. Special attention should be paid to creation of 
posterior capsule. The bony resection especially distal femur should be reserved in 
cases where soft tissue release achieves inadequate flexion-extension gap match. 
Postoperatively, the patients should be followed up closely to prevent recurrence 
of deformity. The patients need monitoring of neurovascular status to miss on an 
untoward complication.
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12. Summary

The complexity of surgical procedure increases with increasing flexion 
deformity of knee. The less complex deformities correct with usual bony resec-
tions and removal of osteophytes. Special attention should be paid to creation of 
posterior capsule. The bony resection especially distal femur should be reserved in 
cases where soft tissue release achieves inadequate flexion-extension gap match. 
Postoperatively, the patients should be followed up closely to prevent recurrence 
of deformity. The patients need monitoring of neurovascular status to miss on an 
untoward complication.
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Chapter 8

Valgus Deformity Correction 
in Total Knee Replacement: An 
Overview
Melvin J. George

Abstract

Valgus deformity in total knee replacement is a much lesser encountered 
problem than varus deformity. The deformity can be caused by either bony or 
ligamentous pathology or both. Bone defects like lateral cartilage erosion, lateral 
condylar hypoplasia and metaphyseal femur and tibial plateau remodeling along 
with soft tissue pathologies like tight lateral collateral ligament (LCL), posterolat-
eral capsule (PLC), popliteus tendon (POP), hamstring tendons, the lateral head 
of the gastrocnemius (LHG) and iliotibial band (ITB) can add to the magnitude of 
valgus deformity. Various sequences have been described to achieve balancing while 
doing a total knee replacement. Proper preoperative planning, clinical examina-
tion, necessary implant backup and good operative skill are mandatory to manage 
bone deformities or soft tissue pathology or both in valgus deformity. Obtaining 
an accurate axis restoration, component orientation and joint stability in a valgus 
knee with combined bony and ligamentous pathology may be a difficult task. The 
long-term results in valgus knees are relatively inferior to those with varus defor-
mity. This chapter structure wise describes the pathology, classification of valgus 
deformity, radiographic planning, surgical approaches, method of valgus deformity 
correction, implant selection, associated deformities, precautions and intraopera-
tive complications.

Keywords: valgus, total knee replacement, deformity, balancing, hypoplasia

1. Introduction

Mechanical axis and anatomical axis are the two alignment parameters in the 
lower extremity. Mechanical axis is the axis or the line of weight bearing through 
the bone. In the case of straight bone like the tibia, both mechanical and anatomical 
axes are the same. Mechanical axis of the femur is different from that of anatomi-
cal axis. The former is at 5–7° valgus to the anatomical axis (Figure 1). Mechanical 
tibiofemoral angle (1.3 ± 2° varus) or anatomical tibiofemoral angle (6 ± 2° valgus) 
can be used to denote normal knee joint alignment. Normal mechanical axis of the 
knee is defined as a line that passes from the centre of the hip to the centre of the 
ankle. Normal alignment is defined when this line passes through the centre of  
the knee. A line that falls towards the lateral side of the knee indicates that the lower 
extremity is in valgus. Varus alignment is more common in males than in females. 
Valgus deformity is usually defined when the anatomical tibiofemoral angle is 
equal to or greater than 10°. Since the weight-bearing axis of the lower limb follows 
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the bone. In the case of straight bone like the tibia, both mechanical and anatomical 
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ankle. Normal alignment is defined when this line passes through the centre of  
the knee. A line that falls towards the lateral side of the knee indicates that the lower 
extremity is in valgus. Varus alignment is more common in males than in females. 
Valgus deformity is usually defined when the anatomical tibiofemoral angle is 
equal to or greater than 10°. Since the weight-bearing axis of the lower limb follows 
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the mechanical axis, a valgus alignment will increase the load in the lateral com-
partment of the knee. According to Paley and Tetsworth [1], the knee joint is not 
perpendicular to the mechanical axis of the lower limb but internally rotated at 3°.

In this chapter, let us discuss about the etiology, clinical examination, radiologi-
cal examination, pre-op planning for total knee replacement, intraoperative steps 
and precautions to take and complications.

2. Valgus deformity in total knee replacement

2.1 Aetiology

Varus or valgus malalignment has a tremendous influence on the loading of the 
articular surfaces of the knee. This malalignment results in an increased rate of 
progression of osteoarthrosis in the knee is proven in animal models. The causative 
factors for valgus deformity of the knee are described as many.

It can be congenital or secondary to osteoarthrosis, rheumatic diseases and post-
traumatic arthritis and due to an over-correction consequent to a valgus osteotomy. 
Valgus deformity in adults is most commonly seen in patients with inflammatory 
arthritis, tibial malunion, physeal arrest or tibial plateau fracture [2–6]. Persistence 
of genu valgum from childhood may exist secondary to metabolic disorders, such as 
rickets and renal osteodystrophy [7]. But in those patients who undergo total knee 
replacement, osteoarthrosis remains the most common cause.

The pathologic structures which cause the valgus deformity are mainly bony 
and soft tissue related. Bone factors consist of lateral cartilage erosion, lateral 
condylar hypoplasia and metaphyseal femur and tibial plateau remodeling. Soft 
tissue factors include tightening of lateral structures: lateral collateral ligament, 
posterolateral capsule, popliteus tendon, hamstring tendons, the lateral head of 

Figure 1. 
The method of measuring valgus angle at the knee.
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the gastrocnemius and iliotibial band. Rarely, the long head of the biceps femoris 
is also affected. Lax medial structures (mainly MCL) can add on to the defor-
mity. In addition, these deformities can cause tibial external rotation and to a 
certain extent patellar lateral subluxation [8]. All these factors in varying sever-
ity coexisting around a knee make valgus correction a challenging task during 
total knee replacement.

2.2 Classifications

Ranawat et al. [9] have described three grades of valgus deformity.
Grade I is where the deformity is less than 10° and it is not a fixed deformity. 

In Grade I the medial collateral ligament is intact; hence the deformity is passively 
correctable.

Grade II is featured by a range of deformity from 10 to 20°, whereas the MCL is 
stretched out but still functional.

Grade III patients have deformity more than 20°. The medial stabilizers are typi-
cally not functional, and hence it calls for a constrained implant [9, 10].

Since Ranawat’s classification did not take into consideration the extra-articular 
and multiplanar deformities, Mullaji and Shetty [11] modified it into six types:

Type I—Correctible valgus and an intact MCL.
Type II—Fixed valgus deformity with an intact MCL.
Type III—Valgus and hyperextension deformity with an intact MCL.
Type IV—Valgus and fixed flexion deformity (FFD) with an intact MCL.
Type V—Severe valgus with a lax MCL.
Type VI—Valgus secondary to extra-articular deformity.
Another recently introduced classification system based on the bone affected 

and the soft tissue status is by the International Society for Technology in 
Arthroplasty. The JST Classification [12] of valgus knees is as follows:

2.2.1 Femoral deformity

Type F1—Valgus in extension only

• F1a—Intra-articular deformity, loose LCL

• F1b—Extra-articular deformity, normal LCL

Type F2—Valgus in both flexion and extension: Intra-articular deformity, tight 
lateral collateral ligament, lateral femoral condyle hypoplasia

2.2.2 Tibial deformity

Type T1—Intra-articular deformity, lateral tibial plateau deficiency
Type 2—Extra-articular deformity, tibial metaphyseal or shaft

2.3 Clinical examination

From the history, the most important part is the functional disability the patient 
is facing and the severity of the pain. Pain, limitation of daily living activities, 
increasing angular deformity and worsening instability are the usual complaints. 
The treatment is based on the severity of the symptoms. The co-existence of other 
pathologies affecting joints like rheumatoid arthritis (RA) and gout has to be evalu-
ated and treated simultaneously.
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First and foremost observation while examining an end-stage degenerative knee 
disease is the pattern of gait. This is the best way to assess the dynamic instabilities. 
Due importance should be given if there is a medial thrust and recurvatum/fixed 
flexion deformity, the amount of deformity and its correctability. Figure 2 shows the 
valgus deformity correctability in a varus stress test. The overall alignment should be 
assessed both in standing and supine positions. The range of motion (ROM) should 
be measured and recorded. The stability of the knee, anteroposterior laxity, range of 
motion, coronal and sagittal deformity, mediolateral instability, status of the extensor 
mechanism and patellofemoral articulation are important in the knee examination.

Lastly, pain due to other causes like neurovascular and lumbosacral pathologies 
is also to be ruled out. In fixed valgus deformity, the lateral structures are tight,  
and the medial ligaments are lax. So, when a standard lateral soft tissue release is 
done, the resulting laxity will be much more than the preoperative, and it usually 
requires the usage of constrained prosthesis.

2.4 Radiological assessment

A proper radiological evaluation for a valgus knee undergoing TKR includes 
weight-bearing anteroposterior, lateral, long leg standing, Rosenberg and Merchant 
views. Lateral views help you size the components and look for any posterior osteo-
phytes. In case of correctable deformities, varus and valgus stress views are manda-
tory. The critical points to look for in these cases are the amount of bone stock, 
lateral distal femoral hypoplasia, posterior femoral condyle erosion, metaphyseal 
remodeling of proximal tibia and distal femur and the status of patella-femoral joint. 
Patella can be subluxed in case of severe valgus deformities. The depth of resection 
needs to be planned preoperatively. Figure 3 shows a valgus knee with lateral tibial 

Figure 2. 
The valgus deformity corrected with a varus stress test.
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plateau defect. If suspecting bony erosion, a CT scan can help you assess the dimen-
sions of the defect more accurately in order to help you plan the augments early and 
back it up. Also the hypoplastic lateral femoral condyle, the eroded posterior femoral 
condyle and the remodeled femoral or tibial metaphysis which can lead to malalign-
ment of the femoral component can be evaluated preoperatively in a CT scan.

Apart from evaluating the knee, plain X-rays of the lumbosacral spine would 
be worthwhile as a part of ruling out any spine pathology. NCV and EMG may be 
advised to patients who complain of associated paraesthesia and other sensory or 
motor symptoms.

2.5 Templating

With the X-rays available, preliminary templating should be done to have a 
rough idea on the level of resection, valgus angle to keep and sizing of the compo-
nents. Twenty percent magnification is what most of the templates are made for. 
Most of the implant companies provide hard copies of TKR templates, or digital 
templating systems are available.

For the tibia, a line is drawn along tibial anatomical axis, and then a perpendicu-
lar one is drawn at the level of the lateral tibial plateau. This will provide the depth 
of resection to be taken. Try to avoid overhanging. Tibial slope needs to be assessed 
in lateral view. Some tibial jig/inserts have inbuilt slope. So, thorough knowledge of 
the system you use is a must to reconstruct the slope.

For measuring the valgus cut angle, the femoral anatomical axis is drawn, and 
then a second line is drawn from the centre of the intercondylar notch to the centre 
of the femoral head. The angle formed gives the desired amount of valgus cut to be 
taken [13] (Figure 4).

The sizing of the components is then conducted with the templates provided by 
the implant company. The femur is sized in lateral view and tibia in AP view. Try to 
avoid notching in the femur and overhanging in the tibia (Figure 5).

Figure 3. 
A valgus knee with lateral tibial plateau defect.
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2.6 Component selection

Component selection should be made based on the clinical evaluation and the 
radiological examination. Adequate armamentarium should be ready in the opera-
tion theatre (OT) including constrained knee/hinge knee based on the severity of 
the deformity and its correctability. The final decision is made after bone cuts and 
soft tissue balancing. If proper soft tissue balance is restored, one can get away with 

Figure 4. 
Templating the bone cuts.

Figure 5. 
The digital templates for sizing the components.

113

Valgus Deformity Correction in Total Knee Replacement: An Overview
DOI: http://dx.doi.org/10.5772/intechopen.89739

normal components. In a Grade-III valgus deformity, medial soft tissues are not 
functional, and hence, a higher constrained prosthesis is mandatory to achieve a 
stable knee [9].

One of the main controversies is regarding the choice and design of the implant 
to be used in valgus deformities. There are proponents of both the cruciate retaining 
(CR) and posterior stabilized (PS) designs in existing literature, and they have their 
valid reasons too. I tend to lean towards PS designs in valgus deformities. PCL is a 
secondary stabilizer and it is often found contracted intraoperatively [14]. This can 
limit the deformity correction and almost always end up in resecting PCL too. PS 
designs are found more stable because of the post-cam mechanism. Also, PS designs 
allow better lateralization of the components which in turn improve patella track-
ing. PS prosthesis provides some degree of posterior stabilization as well as protec-
tion against posteromedial and posterolateral translation. But the mediolateral 
laxity is not supported by the PS designs.

Extreme valgus knees will have a deficient lateral femoral condyle. Such knees 
will require the use of component augmentation if the femoral component is being 
cemented. The lateral femoral condyle may or may not have distal femoral bone 
resected like in the chamfer and posterior cuts, as well.

2.7 Intraoperative considerations

The dictum in such complex cases is “plan your work, work out your plan”. 
The plan starts right from the clinical examination. We need to assess whether the 
valgus deformity is fixed or correctable and the presence of a coexisting defor-
mity—mostly hyperextension. Lateral release should be minimal in case of a fixed 
deformity because that can make the knee unstable necessitating a constrained 
prosthesis.

2.7.1 Approach

The knee can be approached both anteromedial and anterolateral. Too much of 
debate exists on the choice of approach in extreme valgus knees and is often chosen 
based on the surgeon’s preference. The advantages of anterolateral approach as 
explained by Keblish [8] are better visualization of the tight lateral tissues; lateral 
release happened with the arthrotomy. Also, if a lateral retinaculum release is neces-
sary, the patellar vascularization will not be compromised. Functional and radio-
logical outcomes in TKA approached either ways have been studied by Sekiya et al. 
[15]. They found no significant differences in ROM but better postoperative flexion 
in the anterolateral group. The author is of the opinion that if the residual surgical 
valgus is more than 15°, it is easier to correct with an anterolateral approach.

2.7.2 Bone cuts

Femur—It is useful to reduce valgus degrees of resection from 5 to 7° to 3° in 
order to accommodate the distal femoral metaphyseal remodeling. Lateral con-
dyle distal femoral resection can be minimal (1–2 mm) or absent in severe valgus 
deformity. Femoral resection should be no more than 10 mm in the medial condyle 
(usually 7–8 mm). Special attention is to be given to lateral condylar hypoplasia 
that can determine the rotation of the components if a posterior reference is used. 
In cases of severe trochlear dysplasia, the Whiteside line can be extremely difficult 
to identify: in these cases the epicondylar axis or parallel to the tibial cut technique 
should be used to assess a correct femoral rotation.
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2.6 Component selection

Component selection should be made based on the clinical evaluation and the 
radiological examination. Adequate armamentarium should be ready in the opera-
tion theatre (OT) including constrained knee/hinge knee based on the severity of 
the deformity and its correctability. The final decision is made after bone cuts and 
soft tissue balancing. If proper soft tissue balance is restored, one can get away with 
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laxity is not supported by the PS designs.
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should be used to assess a correct femoral rotation.
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Figure 6. 
Ranawat’s pie-crusting technique for extensive lateral release.

Tibia—The tibial cut has to be perpendicular to the tibial long axis. The depth 
of resection should be limited to 6–8 mm in the medial compartment. In cases of 
severe bony deformity of the tibial plateau, almost no bone is resected on the lateral 
side to avoid medial over-resection or malaligned cuts.

2.7.3 Soft tissue release

The lateral structures are contracted in valgus knees, and the most important 
ones to be considered in deformity correction are iliotibial band, posterolateral 
corner, posterior cruciate ligament, lateral collateral Ligament, popliteus tendon 
and lateral head of gastrocnemius.

Again controversy exists regarding the sequence and extent of lateral release. 
Krackow et al. [10] suggest ITB-LCL-popliteus-PLC sequence, whereas Ranawat [9] 
on the other hand advocates PCL-ITB-LCL technique. Krackow and Mihalko [16] 
published a cadaveric study in which they studied the amount of correction achieved 
with each release step of two different sequences, comparing it in flexion and exten-
sion. They concluded that LCL release caused largest correction and popliteus, and 
ITB should be considered to grade the release.

Regarding the technique of release, most of the surgeons do a subperiosteal 
release from the tibia. In severe valgus deformities, performing a lateral parapatellar 
approach automatically releases ITB from Gerdy’s tubercle and helps in deformity 
correction to an extent. Ranawat’s pie-crusting technique is also done widely. With the 
knee in extension and lamina spreaders to open up the extension gap, the tight lateral 
structures are palpated and released by multiple stab incisions with a No. 15 blade 
(Figure 6).

Lateral epicondylar osteotomy as described by Brilhault et al. [17] can be useful 
in severe valgus deformities. A sliding osteotomy along with the femoral insertion 
of LCL and popliteus insertions is made, and the bone block is mobilized distally 
and fixed with screws.

In case of severe valgus deformity, if MCL is attenuated, division and imbrica-
tions can be done to tighten the medial structures. Other options are distalizing the 
PLC insertion from the tibia and fixation with trans-osseous sutures. In all those 
cases requiring such measures, a constrained condylar prosthesis is the norm.
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Based on JST Classification of valgus knees, an intraoperative algorithm is given 
below [12].

2.7.3.1 Type F1a

Deformity is due to tight ITB and posterior-lateral capsule instead of LCL 
and popliteus tendon. Releasing ITB and posterior-lateral capsule can correct the 
deformity. Additionally, a bony graft or a metal block may be used to augment the 
hypoplastic lateral distal femoral condyle.

2.7.3.2 Type F1b

Deformity is at the level of supra-condylar region. Three options are used based 
on the severity of deformity.

Option 1—Lateral condyle distal sliding osteotomy is done to convert an F1b 
deformity into an F1a deformity. The procedure brings the deformity level into the 
collateral ligament level.

Option 2—Soft tissue release + constrained prosthesis.
Option 3—One-stage or two-stage supra-condylar osteotomy + TKA.
F1b valgus knee is due to supra-condylar deformity; a supra-condylar osteotomy 

(SCO) can aid in balancing. SCO + TKA can be done in a single stage, but be careful 
about the cortical break while inserting the IM rod. Also femoral stem extension 
may be needed in such cases; hence there can be a serious compromise in the blood 
supply to the osteotomy site causing non-union.

2.7.3.3 Type F2

Both the distal and posterior parts of LFC are deficient; LCL is contracted. The 
release of lateral soft tissues, including LCL and popliteus, may become essential.

2.7.3.4 Type T deformity

This is rare and mostly seen in rheumatoids or post-traumatic cases. The recon-
struction of the plateau can be done with augments in T1 knee, and corrective 
osteotomy may be required for a T2 knee.

2.8 My preferred technique

Approach—Medial parapatellar approach. Careful not to release medial 
structures much, minimizing medial dissection to fully expose the tibia. If under 
anesthesia valgus correction is more than 15°; lateral parapatellar approach is 
preferred.

Implant—PS only. It is important to keep the condylar knee constrained and 
rotate the hinge knee as back up based on the severity and pathology of valgus.

Femur first—Reduce the valgus degree of resection to 3°; the entry point for IM 
rod in a valgus knee is usually more medial than in a standard knee. Ascertain the 
point with preoperative radiographs. With regard to anteroposterior cuts, watch 
out for hypoplasia of the lateral femoral condyle, and check the posterior condylar 
reference cutting block position with both Whiteside line and transepicondylar 
axis. Also, with the cutting blocks fixed, further check the balancing in flexion 
before performing the cuts.
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Figure 6. 
Ranawat’s pie-crusting technique for extensive lateral release.
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(SCO) can aid in balancing. SCO + TKA can be done in a single stage, but be careful 
about the cortical break while inserting the IM rod. Also femoral stem extension 
may be needed in such cases; hence there can be a serious compromise in the blood 
supply to the osteotomy site causing non-union.

2.7.3.3 Type F2

Both the distal and posterior parts of LFC are deficient; LCL is contracted. The 
release of lateral soft tissues, including LCL and popliteus, may become essential.

2.7.3.4 Type T deformity

This is rare and mostly seen in rheumatoids or post-traumatic cases. The recon-
struction of the plateau can be done with augments in T1 knee, and corrective 
osteotomy may be required for a T2 knee.

2.8 My preferred technique

Approach—Medial parapatellar approach. Careful not to release medial 
structures much, minimizing medial dissection to fully expose the tibia. If under 
anesthesia valgus correction is more than 15°; lateral parapatellar approach is 
preferred.

Implant—PS only. It is important to keep the condylar knee constrained and 
rotate the hinge knee as back up based on the severity and pathology of valgus.

Femur first—Reduce the valgus degree of resection to 3°; the entry point for IM 
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before performing the cuts.
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Perform the tibial cut, perpendicular to the anatomical axis, allowing 3–5° 
posterior slope using an extramedullary rod. Try to remove the least possible bone 
amount, especially from the lateral side.

Extension gap is assessed using lamina spreaders and limited lateral release—pie 
crusting or ITB release is done to make it rectangular. Popliteus has to be preserved 
as it is a stabilizer in flexion. Varus-valgus stability is assessed in extension. Once 
the knee is balanced in extension, the flexion gap can be evaluated and assessed. 
When the knee is balanced, femoral chamfer cuts are made, and the trial compo-
nents can be tested.

With trial femur, tibia and insert, it is important to assess patella tracking. If 
needed, a lateral retinacular release can be done inside out at this stage.

2.9 Complications

Complications which can happen in correcting a valgus deformity in TKR 
include tibiofemoral instability, residual valgus deformity (most common ones), 
restricted ROM, wound dehiscence, patella fracture, patella maltracking and 
peroneal nerve palsy. Correction of a severe valgus deformity can induce peroneal 
nerve injury due to traction or ischemia.

So, it is of utmost importance to specifically mention these complications to the 
patient and bystanders and get a well-informed consent prior to surgery.

2.10 Clinical outcomes

Revision rates following TKA for valgus knees at 10–15-year follow-up have been 
reported at between 0 and 17% [18]. Failure rate is more when the preoperative 
deformity is more or the residual valgus is more. The long-term results of TKA in 
valgus knees are reported to be not up to that of varus knees.

3. Conclusion

Valgus deformity correction in total knee replacement is not everyone’s cup of 
coffee. Associated bone defects and ligamentous contractures add to the difficulty. 
Sequential release of the lateral tight structures, correcting the deformity and 
balancing the knee, is a tricky job. A thorough planning, surgical skill, adequate 
implant back up and an active physiotherapy team are mandatory to achieve the 
desired functional results in a valgus knee TKR.
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