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Abstract Femoral component rotation from a total knee

prosthesis can be determined by either a measured resec-

tion technique or a balanced gap technique. With the

balanced gap implantation technique, femoral component

rotation can vary freely within the restrictions produced by

soft tissue structures. Because internal rotation might cause

patella problems, the effect of ligament releases on femoral

component rotation in a prospective clinical study was

studied. Femoral component rotation was measured intra-

operatively with a tensor applied in flexion at 150 N in 87

knees. Great interpatient variability was found; femoral

component rotation, reference from the posterior condyles,

ranged from -4� to 13�. There was no difference in fem-

oral component rotation of knees with or without ligament

releases in extension. However, knees with major medial

release had less external femoral component rotation than

knees with minor lateral releases. Preoperative alignment

had no influence on femoral component rotation. The use

of the balanced gap implantation technique theoretically

will result in a balanced flexion gap, but the amount of

femoral component rotation will be variable owing to

patient variability and variation in ligament releases.

Level of Evidence: Level II, therapeutic study. See the

Guidelines for Authors for a complete description of levels

of evidence.

Introduction

Numerous authors have described a causal relation

between malrotation of the femoral component and patel-

lofemoral complications in TKA [1, 3, 4, 7, 18, 23].

Malrotation of the femoral component may cause torsional

stress on the tibia component that may lead to wear or

loosening of the prosthesis [22]. Femoral component

rotation of a total knee prosthesis can be determined by two

techniques or philosophies: a measured resection technique

and a balanced gap technique. Until now, there has been no

consensus regarding which technique results in a better

outcome.

With measured resection techniques, the rotation of the

femoral component is fixed regardless of the tension of the

ligaments. The three most commonly used measured

resection techniques are the transepicondylar axis, the

anteroposterior line or Whiteside’s line, and the posterior

condyles with 3� external rotation as references to rota-

tionally position the femoral component [5, 13, 21, 22, 26].

The flexion gap can be either rectangular or trapezoid.

However, the philosophy of the classic balanced gap

approach is the knee must be balanced (ie, equal tension in

medial and lateral soft tissue knee structures) in extension

and flexion to achieve proper kinematics and stability of

the knee [6]. With the balanced gap technique, first de-

scribed by Insall et al. in 1976, the soft tissue structures of

the knee are tensed in flexion after ligamentous release in

extension [8, 9]. In extension, the tight ligamentous

structures are released until the alignment of the knee is
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neutral. In 90� flexion, a tensor or a laminar spreader is

inserted in the knee. The anterior and posterior femur cuts

will be performed parallel to the tibia cut while the knee is

distracted with a tensor. As a consequence of this balanced

gap technique, the rotation of the femoral component can

vary freely within the restrictions of the soft tissue struc-

tures. Flexion gap balancing is important for a stable knee

in flexion [10] and better range of motion [17, 19].

Owing to the arthritic process and/or a preexisting

deformity, a knee may have fixed varus or valgus align-

ment. If so, release of the lateral or medial soft tissue

structures is necessary to create a straight leg. When a

ligament structure has a stabilizing effect in extension and

flexion, release of this structure in extension will also

loosen the structure in flexion. Krackow and Mihalko

reported ligament releases performed in extension may

have a larger effect in flexion [15, 16]. After release in

extension, when the flexion gap is distracted to create a

rectangular flexion gap, soft tissue tension on the released

side is decreased. The joint space at the released side will

open more and the femur may rotate externally under

tension after medial release and internally after lateral

release (Fig. 1).

The consequence of the balanced gap technique is

variation of femoral component rotation within the limits

imposed by the soft tissue tension. Because release of

these structures may be necessary to obtain neutral

alignment in extension, there has been some concern that

using the balanced gap technique could lead to (undesir-

able) internal rotation of the femoral component in some

knees and could cause patellofemoral maltracking [6]. We

designed this prospective clinical study to investigate

whether ligament releases in extension lead to undesired

femoral component rotation in flexion when the balanced

gap technique is used.

The primary research question of this clinical study

using the balanced gap technique in posterior cruciate

ligament (PCL)-retaining TKA is, do ligament releases in

extension lead to a different amount of femoral component

rotation? We hypothesized that medial ligament releases

will result in more internal rotation of the femoral com-

ponent compared with lateral releases (Fig. 1). The second

question is, does the side and extent of the ligament release

have an effect on the amount of femoral component rota-

tion? We hypothesized that the greater the extent of the

release, the greater the rotating effect of the release. The

third question is, does preoperative leg alignment relate to

femoral component rotation? We expected more internal

rotation in varus and more external rotation in valgus

knees.

Materials and Methods

In this prospective clinical cohort study, 83 consecutive

patients with primary osteoarthritis undergoing a primary

TKA were included. Inclusion criteria were 15� fixed varus

or valgus alignment maximum and an intact PCL. Preop-

erative leg alignment was determined by a blinded

researcher (PH) on standardized full-leg standing radio-

graphs. Patients were excluded from the study if they had

an osteotomy, ligament lesions, or previous ligament sur-

gery. During surgery, the PCL was evaluated after tibial

resection. We excluded patients with a ruptured or mac-

roscopically insufficient PCL. Eighty-seven knees (41 left

knees, 46 right knees) in 83 consecutive patients (average

age, 65.8 ± 9.2 years; 19 males, 64 females) who under-

went primary TKA were evaluated. Measurements could

be performed in all 87 knees. In 40 knees, no releases were

necessary to align the leg other than the minor releases to

expose the joint as mentioned below. Among these knees,

18 were left and 22 were right knees; there were 34 women

and six men. Preoperative alignment was valgus for six

knees, neutral for 18, and varus for 16 knees. Ligament

releases necessary to align the leg in extension were per-

formed in 47 knees. These were 23 left knees and 24 right

knees in 34 female and 13 male patients. Before surgery,

12 knees were in valgus, nine in neutral, and 26 in varus

alignment.

Fig. 1A–B The theoretical effect of ligament releases on femoral

component rotation is shown. (A) For medial ligament release, when

the tensor is inserted in the knee, the femur will exorotate as a result

of the enlarged medial ligament. Consequently, the femur component

of the prosthesis will be placed in endorotation with respect to the

femur because the posterior cut is parallel to the tibia cut. (B) For a

lateral ligament release, when the tensor is inserted in the knee, the

femur will endorotate as a result of the enlarged lateral ligament.

Consequently, the femur component of the prosthesis will be placed

in exorotation with respect to the femur as the posterior cut is parallel

to the tibia cut.
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We implanted a total condylar cruciate-retaining knee

prosthesis (balanSysTM; Mathys Ltd, Bettlach, Switzerland)

using the balanSysTM soft tissue tensor applied in flexion

and extension. Surgery was performed by one surgeon

(AW) according to the balanced gap technique surgical

protocol. A medial approach was used in varus knees and a

lateral approach in valgus knees. For the knees with neutral

alignment (ie, alignment close to 180� hip-knee-ankle

angle), the surgeon chose either the medial or the lateral

approach. With the medial approach, the deep medial

collateral ligament was released after medial arthrotomy by

removing approximately 1 cm of periosteum from the tibia

to remove the osteophytes. In lateral arthrotomies, 1 cm

periosteum from the tibia and the tractus iliotibialis was

released. All osteophytes were removed. If present, the

anterior cruciate ligament was excised. An external tibial

alignment system attached to the proximal tibia and the

ankle and aligned to the second metatarsal was used in

every patient. A perpendicular tibia cut was performed

according to the standard operative protocol. Thereafter,

the balanSys tensorTM (Mathys Ltd) was inserted into the

knee to balance the extension gap at 200 N to achieve

neutral leg alignment as determined by the surgeon and the

intramedullary femur guide at 5�/6�/7� based on hip-knee-

ankle radiographs. With this bicompartmental tensor, the

medial and lateral compartment of the knee could be dis-

tracted separately with a measured amount of force. If

necessary to align the knee, ligament releases were per-

formed in extension. Releases were not performed

following a fixed sequence; the surgeon consistently chose

to release the tightest ligament first, because this ligament

was the first inhibitor to a straight leg. After the first lig-

ament release, the knee was again tensioned in extension. If

the knee still was malaligned, a second release was per-

formed; again, the tightest structure at that time was

released. All releases performed were registered and cata-

logued to be used as independent variables (Table 1).

Inherent to this balanced gap technique is that after soft

tissue balancing in extension, no additional releases will be

performed in flexion. The tensor was inserted into the knee

in 90� flexion and 150 N was applied; the same tension

applied to the medial and lateral soft tissue structures

determined the flexion gap. The amounts of force of 200 N

in extension and 150 N in flexion to tension the knee were

chosen based on the surgeon’s experience and were con-

sistently applied.

To determine femoral component rotation, a cutting jig

with 3� external rotation was used to simulate a 3� external

rotation bone cut referenced from the posterior condyles

(Fig. 2). A line was drawn on the uncut articular distal

surface of the femur using electrocautery (Fig. 2A). After

that, the tensor was inserted in 90� flexion and the flexion

gap was distracted with 150 N. The femur bone rotated

freely based on the soft tissue tension (Fig. 2C). A custom-

made goniometer was attached to the external tibial

alignment system (Fig. 2B). Zero degrees on the goniom-

eter represented the femoral component rotation (parallel to

the tibia cut) as determined with the balanced gap tech-

nique. In this position with the tensor in place, the angle of

the previously marked 3� line was measured with the

goniometer (Fig. 2D); this is the difference in femoral

component rotation between the 3� external rotation cut

referenced from the posterior condyles and the amount of

rotation using the balanced gap technique. Later, the

number of degrees of the balanced gap line referenced from

the posterior condyles (eg, a line parallel to the posterior

condylar line is 0�) could be calculated by adding the 3�
external rotation. The amount of femoral rotation was the

dependent variable in the analysis. All measurements could

be performed to the nearest 1�. In our opinion, rotation

referenced from the posterior condyles could be assessed

accurately during surgery and did not introduce observer-

based inaccuracy. External rotation was defined as a

positive value and internal rotation as a negative value.

To investigate the influence of ligament releases on

femoral component rotation, after the surgeries, we divided

knees into two categories: knees without ligament release

and knees with any ligament release. For this categoriza-

tion, releases were defined as procedures performed to

influence the alignment of the leg in extension. Four

Table 1. Classification release categories*

Side Classification Structure(s) Technique

Medial Minor Posteromedial capsule Release from tibia

Major Superficial medial collateral ligament Release from tibia

Major Semimembranosus Release from tibia

Lateral Minor Lateral posterior capsule Release from tibia

Major Popliteus tendon Release from femur insertion

Major Fibular ligament Release from femur insertion

Major Lateral intermuscular septum on femur Release from femur insertion

*A knee was classified as needing a major release if one or more of the performed releases were in the major category.
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categories of ligament releases were distinguished: medial

minor release, medial major release, lateral minor, and

lateral major release based on the extent of the release

(Table 1). To investigate the influence of preoperative

alignment, we further subclassified the knees into three

groups: valgus (less than -3� mechanical axis), neutral

(-3� to 3�), and varus (greater than 3�). The number of

knees that had a femoral component rotation less than 3�
and those less than 0� (exo)rotation were determined to

make a distinction between somewhat (less than 3� exo-

rotation) and more (less than 0�) internally rotated femur

components. The frequency that each structure was

released in the study cohort was determined in the category

knees with ligament releases.

We analyzed differences in femoral component rotation

between the group of knees that did not have ligament

releases and the group that had ligament releases for sta-

tistical significance using the Student’s t-test. To analyze

the relation between the four categories of releases and

femoral component rotation, and between preoperative

alignment and femoral component rotation, one-way

ANOVA was used. Differences in femoral component

rotation between knees that had a medial or a lateral

approach were tested with a Student’s t-test. Results are

presented as mean (± standard deviation) with an a level

of 0.05 considered significant.

Results

Using the balanced gap technique, the mean femoral

component rotation for knees with ligament releases did

not differ from that for knees that did not need releases.

Mean femoral component rotation was 5� (± 3.2�) ranging

from -3� to 12� for knees that did not need ligament

releases and 4� (± 4.3�) ranging from -4� to 13� for knees

that needed ligament releases (Fig. 3). There was high

interpatient variability in femoral component rotation

Fig. 2A–D A stepwise illustration for measurement of femoral

component rotation is shown. (A) A line parallel to 3� exorotation

referenced from the posterior condyles was marked on the distal

femur using a rigid block and electrocautery. (B) A custom-made

goniometer was rigidly attached to the external tibia reference system.

(C) The ligament tensor is inserted into the knee and 150 N is applied

to the medial and lateral compartment. (D) Rotation resulting in a

rectangular flexion gap (ie, rotation parallel to the tibia cut) is 0�. The

handle of the goniometer can be placed parallel to the marked

posterior condylar line. By knowing the relative rotation between the

two lines, the rotation of the balanced gap line can be calculated

referenced from the posterior condyles.
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(Fig. 3). Of all knees in the no-release group, 10 (25%) had

femoral component rotation less than 3�, whereas one had

rotation less than 0�. In the release group, approximately

half of the knees (23 knees [49%]) had femoral component

rotation less than 3�. Of these 23 knees, eight knees had

rotation less than 0�.

However, the type of release influenced femoral com-

ponent rotation; knees with major medial releases showed

the least mean external rotation (2� ± 4.2�) compared with

knees with minor lateral releases that had the most mean

external rotation (7� ± 3.8�; p = 0.050) (Table 2).

Preoperative alignment had no influence on femoral

component rotation for both knees either with or without

releases (Table 3). For knees without release, mean fem-

oral component rotation was not significantly different for

medial and lateral approaches: 5� (± 2.9�) for a medial

approach and 7� (± 4.4�) for a lateral approach. For knees

with a release, there was perfect correlation between the

approach and side of releases; in all knees with medial

releases, the joint was approached medially and in all knees

with lateral releases laterally. Mean femoral component

rotation was significantly less for knees with a medial

approach and medial release (3� ± 4.2�) compared with

rotation in knees with a lateral approach and lateral release

(6� ± 4.2�; p = 0.039).

The frequency of releases needed in the 47 knees of the

release group were one (31 knees), two (11 knees), three

(three knees), and four (four knees). For medial releases in

varus knees, release of the medial superficial ligament was

the most frequent together with release of the posteromedial

capsule. For lateral releases in valgus knees, release of the

lateral posterior capsule was the most frequent (Table 4).

Discussion

In this study, we investigated whether ligament releases to

obtain neutral alignment in extension using the balanced

gap technique influenced femoral component rotation. A

high interpatient variability in femoral component rotation

was found regardless whether ligament releases were

necessary. Therefore, the high variability cannot be

explained by ligament releases alone. We suspect the status

of the ligaments and the laxity before the operation were

Fig. 3 In this histogram, the frequency of femoral component

rotation using the ligament-guided technique with a tensor is shown

for knees with no release (n = 40) and knees with releases (n = 47).

Femoral component rotation is referenced from the posterior

condyles. Positive rotation is external rotation; negative rotation is

internal rotation.

Table 2. Mean femoral component rotation (± SD) for medial and lateral release categories*

Release category Mean femoral component

rotation (± SD)

Category Mean femoral component

rotation (± SD)

Medial, overall (n = 32) 3� (± 4.2�)� Minor (n = 5) 5� (± 4.0�)

Major (n = 27) 2� (± 4.2�)�

Lateral, overall (n = 15) 6� (± 4.2�) Minor (n = 10) 7� (± 3.8�)

Major (n = 5) 4� (± 4.6�)

*Femoral component rotation was referenced from the posterior condyles and positive rotation is external rotation; �medial versus lateral releases

p value = 0.039; �overall p value = 0.050, post hoc difference between medial major and lateral minor, p value = 0.050; SD = standard

deviation.

Table 3. Mean femoral component rotation (± SD) for preoperative alignment*

Category Overall Valgus Neutral Varus

No releases (n = 40) 5� (± 3.2�) 6� (± 4.1�) 5� (± 3.3�) 4� (± 2.8�)

Releases (n = 47) 4� (± 4.3�) 6� (± 3.6�) 3� (± 4.3�) 3� (± 4.5�)

*Femoral component rotation was referenced from the posterior condyles and positive rotation is external rotation; SD = standard deviation.
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highly variable and were the main factors causing the

variation in femoral component rotation when the balanced

gap approach was used. Consequently, the type and number

of releases performed alone will not predict the final

rotational position of the femoral component for this bal-

anced gap technique. Our hypothesis that a medial release

would externally rotate the femur under distracting force of

the tensor and consequently this would lead to internal

rotation of the femoral component when a rectangular

flexion gap is created could be confirmed; medial releases

led on average to less external rotation than lateral releases.

Furthermore, major medial releases led to the least external

rotation, again confirming our hypothesis. However, on the

lateral side, minor lateral releases led to more external

femoral component rotation than major lateral releases.

This was not expected because major lateral releases,

with more ligament removed, theoretically would lead

to the most external femoral component rotation (Fig. 1B).

A possible explanation may be the low frequency of major

lateral releases in this study (n = 5). Another explanation

is that even in knees with complete release of the femoral

insertion of the fibular ligament and the popliteal tendon,

some tissue connections such as the fabellofibular ligament

still remain on the dorsal lateral side between the femur

and tibia, thus preventing complete lateral instability in

flexion. Furthermore, the medially stabilizing property of

the intact PCL may help prevent excessive internal rotation

of the femur followed by external rotation of the femoral

component. Another unexpected result was preoperative

alignment as measured on a hip-knee-ankle radiograph had

no influence on rotation. This was unexpected because

axial malalignment theoretically would need release on the

concave side with effects on rotation.

The approach, medial or lateral, had a major influence

on femoral component rotation in the knees with ligament

releases. However, because there was a one-to-one rela-

tionship between approach and side of the release, this

might be an artificial effect with the ligament releases

actually causing the effect on femoral component rotation.

In addition, there is no anatomic explanation for a sup-

posed relationship between anterior structures cut during

the approach of the joint and femoral component rotation

that are guided mainly by collateral structures in flexion.

The fact that we used the posterior condyles as a ref-

erence might have introduced some bias. However, we do

not know the effect of hypoplasia or worn posterior con-

dyles on adapted lateral ligaments with this balanced gap

technique, and thus, on the measured femoral component

rotation. Apparently, it is the release that primarily affects

femoral component rotation. Although bone-reference

methods such as the 3� external rotation or use of the

transepicondylar axis may be more familiar to many

orthopaedic surgeons, 3� external rotation also is based on

the posterior condyles, whereas the transepicondylar axis is

difficult to determine intraoperatively and must be used

with caution because of low reproducibility and reliability

resulting from the high perioperative variance [11–13].

Another source of bias may be the demarcation and

measurement of femoral component rotation. Although we

did not determine the accuracy of the bone cut, we

assume because the calibrated goniometer was rigidly

attached to the tibial cutting block, the accuracy of the

goniometer’s measurements would be similar to those of

the bone cut. Because rotation of the femoral component is

determined by the anterior and posterior femoral cuts and

these are parallel to the tibial cut, it has the following

influence. If the tibial cut would be in varus, then the

femoral cuts would be endorotated, which would lead to

more internal rotation of the femoral component. However,

the tibial cut was aligned using an external tibial reference

frame and we did not detect any systematic errors, there-

fore, we are confident the tibial cuts were perpendicular

within a few degrees as with any total knee system.

The amount of force on the tensor may have affected the

amount of femoral component rotation. In this study, the

amount of force used was 150 N in flexion. It is not clear

whether this amount of force is the optimal amount.

However, to our knowledge, this is the first in vivo study

reporting intraoperative rotation measurements using a

tensor with consistent measurable tension (150 N in flexion

and 200 N in extension) in all knees.

Femoral component rotation when using the balanced

gap technique has been investigated before [6, 21, 27]; a

comparable amount of femoral rotation was needed to

make a symmetric flexion space using a balancing device,

4.83� ± 3.29�, also referenced to the posterior condyles

[27]. There was wide variation of intraoperative femoral

component rotation ranging from -7� to 8� in posterior-

stabilized TKAs using laminar spreaders in 90� knee

flexion [6]. Compared with our findings ranging from -3�
to 12�, our results show a slight shift toward external

rotation. This may be attributable to the intact PCL in our

Table 4. Frequencies of medial and lateral releases*

Ligament Frequency

Posteromedial capsule 18

Medial superficial ligament 24

Medial semimembranosus 6

Lateral posterior capsule 13

Lateral popliteal tendon 3

Lateral fibular ligament 3

Lateral intermuscular septum on femur 3

*The deep medial ligament is always released during arthrotomy in

varus knees and the lateral tractus iliotibialis is always released during

arthrotomy in valgus knees and therefore are omitted.
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series, which theoretically stabilizes the femur on the

medial side owing to its oblique anatomic orientation. Our

in vivo finding that medial releases led to less external

rotation compared with lateral releases confirms previous

in vitro studies [15, 20].

In contrast to another study [27], we could not confirm

our hypothesis that preoperative alignment influences

femoral component rotation (valgus knees show more

external femoral component rotation than varus knees). To

some extent, our unexpected findings can be explained by

the fact that a number of the deformities were acquired and

not congenital and thus correctable without ligament

releases in extension. Some of the deformities might have

been corrected after removal of osteophytes. Some patients

with a large preoperative deformity seen on standing

radiographs will not need releases, whereas others with

smaller axial deviations may need an extensive release to

correct the leg axis.

The picture emerging from these observations is

patients have large variability in ligamentous stability

leading to large variability in femoral component rotation

when the balanced gap technique is used, which is

influenced to some extent by releases necessary to align

the leg in extension. From our data, it is clear the

assumption that the flexion gap is simply balanced by 3�
external rotation of the femoral component (or using the

transepicondylar axis) is not always correct and will lead

to trapezoid flexion gaps with resulting flexion instabili-

ties [25]. This has important clinical implications because

it has been shown that a well-balanced knee is a pre-

requisite for satisfactory postoperative proprioception [2],

proper kinematics [6], and for good postoperative range

of motion [19]. In case of a mobile insert, stability of the

flexion and extension gap is even more important because

subluxation or dislocation of the tibial liner may cause

increased wear and pain [24].

When using a balanced gap technique, the knee theo-

retically will be balanced, but some patients will have an

internally rotated femoral component at the expense of a

balanced flexion gap. Although some studies investigating

this subject reported a negative effect of internal compo-

nent rotation on patellar tracking [1, 4, 23], there is no

conclusive evidence that patellofemoral complaints are

caused by a malrotated femoral component [3, 14]. It is still

unknown how much internal rotation of the femoral com-

ponent with a balanced gap technique could be tolerated

without causing patellofemoral problems and therefore

more research is needed. If one is concerned that internal

rotation of the femoral component of balanced knees might

create problems, one could attempt to prevent internal

rotation of the femoral component beyond 0� and accept

that some medial flexion laxity will be present in some

patients.

Our study showed when using a balanced gap implan-

tation technique, knees with ligaments released had the

same amount of femoral component rotation as knees

without ligament releases. However, if releases had been

performed, major medial releases led to the least and minor

lateral releases to the greatest amount of femoral rotation.

Preoperative alignment had no influence on femoral com-

ponent rotation.
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