Clin Orthop Relat Res (2011) 469:2346-2355
DOI 10.1007/s11999-011-1889-8

CLINICAL RESEARCH

Internal Rotation of the Tibial Component is Frequent in Stiff

Total Knee Arthroplasty

Martin Bédard MD, FRCS(C), Kelly G. Vince MD, FRCS(C),

John Redfern MD, Stacy R. Collen MS

Received: 1 June 2010/ Accepted: 24 March 2011 /Published online: 30 April 2011

© The Association of Bone and Joint Surgeons® 2011

Abstract

Background  Stiffness complicating TKA is a complex
and multifactorial problem. We suspected internally
rotated components compromised motion because of pain,
patellar maltracking, a tight medial flexion gap, and limited
femoral rollback on a conforming lateral tibial condyle.
Questions/purposes We sought to determine: (1) the
incidence of internal rotation of the femoral and tibial
components in stiff TKAs; (2) if revision surgery that
included correction of rotational positioning improved
pain, ROM, and patellar tracking; and (3) if revision altered
nonrotational radiographic parameters.
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Methods From a cohort of 52 patients with TKAs revised
for stiffness, we performed CT scans of 34 before and 18
after revision to quantify rotational positioning of the
femoral and tibial components using a previously validated
scanning protocol.

Results All 34 patients with TKAs had internal rotation
of the summed values for tibial and femoral components
(mean, 14.8°; range, 2.7°-33.7°) before revision for stiff-
ness. The incidence of internal rotation was 24 of 34
femoral (mean, 3.1°; internal) and 33 of 34 tibial compo-
nents (mean, 13.7° internal). Revision arthroplasty
improved Knee Society function, knee, and pain scores.
Mean extension improved from a contracture of 10.1° to
0.8° and flexion from 71.5° to 100°. Postrevision CT scans
confirmed correction of component rotation. Nonrotational
parameters were unchanged.

Conclusions We recommend CT scanning of patients
with stiff TKAs before surgical intervention to identify the
presence of internally rotated components.

Level of Evidence Level 1V, therapeutic study. See
Guidelines for Authors for a complete description of levels
of evidence.

Introduction

Poor motion, or stiffness, occurs in 1.3% to 13.2% of TKAs
[10, 11, 15, 16, 25, 40, 50] (Table 1). Whereas limited
preoperative motion [37, 38], young age [36], obesity
[43][40], low body mass index [36], and patella baja [35]
have been identified as risk factors, knowledge of the eti-
ology of stiffness is incomplete [9, 25, 34-36] and no
definition is widely accepted [15, 25, 35, 40, 50] (Table 2).

The contribution of intrinsic (eg, arthrofibrosis) versus
extrinsic factors (eg, surgical technique) to stiffness is
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unclear. Many factors such as component sizing, patellar
bone resection [24], ligament balancing, flexion-extension
gap balance, extensor mechanism tension [41], joint line
height, femoral component flexion position, and tibial
slope influence motion [12, 25, 35, 39]. There is general
agreement only that poor motion after TKA is a multifac-
torial problem (Fig. 1).

Based on observations at prior revisions of stiff TKAs,
we suspected that internal rotation of the tibial and femoral
components, individually and summed, might alter knee
kinematics in ways that limit ROM in some patients.
Several mechanisms are feasible. Because internally
rotated components increase patellar maltracking [28]
(and more internal rotation results in more severe patel-
lar complications) [3], we wondered if some patients,

Table 1. Prevalence of knee stiffness after TKA

Study Number of patients Prevalence (%)
Kim et al. [25] 1000 1.3
Yercan et al. [50] 1188 53
Mauerhan et al. [30] 745 12.3
Scranton [40] 250 13.2
Gandhi et al. [15] 1216 3.7

Table 2. Published definitions of stiffness

Study Criteria

Kim et al. [25]
Parvizi et al. [35]
Gandhi et al. [15]
Yercan et al. [50]
Scranton [40]

FFC > 15° or flexion < 75°

ROM < 90° or manipulation required
Flexion < 90° at 1 year

FFC > 10° or flexion < 95° at 6 weeks
Flexion < 90°

FFC = fixed flexion contracture.

Pathology Patient | | Rehabilitation
Stiff Pre TKA Young Aggressive
Patella baja Hi BMI Complacent
Arthrofibrosis Low BMI Pain

> Stiff TKA

Oversized
Overstuffing of PF joint
Ligament balancing
Unbalanced gaps

Tight extensor

Joint line elevation
Malposition

Conformity
Constrained

Surgical
Technique |

Implant
Design

Fig. 1 A fish diagram shows the multiple factors that can decrease
TKA motion, either independently or additively. In a black box, on
the left, is the factor Rotation that we believe may contribute to
stiffness. BMI = body mass index.

apprehensive that further flexion will result in dislocation
of the patella, limit their motion. Also, the internally
rotated femoral component tightens the medial flexion gap
and the internally rotated tibial component has its pos-
terolateral corner in a more anterior position. Given that
posterior migration of the femoral condyle on the tibia with
flexion occurs maximally in the lateral compartment, the
internally rotated tibial component, especially of a con-
forming design, will limit rollback and flexion.

In this study, we sought to determine: (1) the incidence
of internal rotation of the femoral and tibial components in
stiff TKAs; (2) if revision surgery that corrected rotational
positioning improved pain, ROM, and patellar tracking;
and (3) if revision altered nonrotational radiographic
parameters, as an alternate explanation for improvements.

Patients and Methods

We prospectively classified all 206 patients with compli-
cations of TKAs presenting to the senior author (KGV)
between 1997 and 2007 as the result of: (1) infection [26,
29], (2) extensor rupture, (3) stiffness, (4) tibiofemoral
instability, (5) patellar complications, (6) loosening,
(7) periprosthetic fracture, (8) component breakage, and
(9) a painful knee without diagnosis or a problem extrinsic
to the knee. Patients in the last category did not undergo
revision surgery. Stiffness was diagnosed if the patient
reported unsatisfactory motion and either had a flexion
contracture greater than 15° and/or flexion less than 105°.
Of the 206 patients who had revision TKAs, 51 patients
(52 knees) had revision surgery for stiffness. Of these
patients, 34 agreed to CT scanning before revision surgery.
Males were more common, patients were relatively
younger, and there was a short interval before revision
(Table 3). Thirty-two unsuccessful procedures were per-
formed in 34 patients before the index revision (Table 4).

Physical therapy and manipulation under general anes-
thesia were recommended in the first several months
after surgery. Revision arthroplasty was not offered if the
patient had arthritis of the ipsilateral hip as the cause of
pain and stiffness, (in which case hip arthroplasty was

Table 3. Patient demographics

Parameter Value
Gender (males/females) 24/10
Side (right/left) 24/10
Mean age at primary surgery (years) 57.3
Mean age at revision surgery (years) 60.4
Mean delay between surgeries (months) 17.0
Mean body mass index (kg/mz) 28.3
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Table 4. Unsuccessful procedures before complete revision for
stiffness

Procedure Number of patients

One manipulation under general anesthesia 17
Two manipulations under general anesthesia
Three manipulations under general anesthesia

Arthroscopic débridement

Polyethylene exchange (thinner polyethylene)

4
1
2
Open débridement 1
3
Previous partial revision for stiffness 1

3

Previous complete revision for stiffness

recommended) or if the arthritic knee was stiff before the
primary TKA. No patient was included with stiffness from
a secondary cause (eg, component breakage) after an initial
period of satisfactory motion. No patients with component
loosening were included. Patients who underwent revision
surgery were evaluated at a mean of 22 months (range,
6-52 months) after surgery.

Power analysis was performed with respect to the effect
of revision knee arthroplasty on 34 stiff TKAs as measured
by Knee Society scores (pain, knee, and function), with a
change of 15 points established as a clinically important
outcome for each [14]. This analysis concluded that sample
sizes of 16, (pain), 24 (knee), and 36 (function) would be
sufficient to detect differences with 80% power at the 0.05
significance level. (Version 9.1; SAS Institute, Cary, NC,
USA). A second analysis of the effect of revision
arthroplasty on knee flexion, with a clinically important
threshold of 15°, concluded that a sample size of 31 would
detect differences with 80% power at the 0.05 significance
level. The final analysis was performed, with respect to the
difference in 18 knees of combined tibial and femoral
component rotational position on CT scans, before and
after revision arthroplasty, with 10° established as clini-
cally important. This concluded that a sample size of 21
would detect differences with 80% power at the 0.05 sig-
nificance level.

With Institutional Review Board approval, CT was
recommended for all patients with TKAs considered for
revision. A staff radiologist reported rotational positioning
of femoral and tibial components using a previously
described technique [3, 4]. CT images 1.5 mm thick were
obtained at four locations: through the epicondylar axis on
the femur (Fig. 2), through the tibial tubercle, through the
top of the tibial plateau, and through the tibial component
(Fig. 3). The protocol was modified for asymmetric (right
and left) tibial components (Fig. 4).

All revision procedures were performed by the senior
author (KGV), with patients receiving routine antibiotic
prophylaxis [30]. The surgical technique included

@ Springer

Fig. 2 The CT scan measurement technique for the femoral rotation
angle is shown. A CT scan shows the medial and lateral epicondyles
on the distal femur. The line closest to the bottom of the figure
connects the posterior surfaces of the prosthetic posterior condyles,
depicting the position of the component. The horizontal line in the
middle of the figure connects the medial and lateral epicondyles,
defining the transepicondylar axis (TEA). This line is recopied closer
to the posterior condyles to facilitate measurement of the angle
between the component and the TEA, in this patient 6° of internal
rotation.

(1) removal of the intraarticular scar, (2) rotational posi-
tioning of components according to anatomic landmarks,
and (3) balancing flexion and extension gaps. The scar was
managed with synovectomy, restoration of the medial and
lateral parafemoral gutters, separation of the deep surface
of the distal quadriceps from the anterior femur, and lib-
eration of the patellar tendon adherent to the tibia proximal
to the tubercle [42]. Gentle manipulation was performed
before component removal.

The tibia was reconstructed first, with the center of the
anterior tibial component rotated to the tibial tubercle,
centering it behind the patellar tendon. As the femoral
condyles sit in conforming tibial wells, the patella is
located between the femoral condyles. This rotational
position (compared with internal rotation) places the lateral
tibial component farther posteriorly, to accommodate
posterolateral femoral rollback.

The femoral component size was selected to decrease
tightness in flexion without instability. This femoral com-
ponent was rotated to the transepicondylar axis and the
flexion gap stabilized with the tibial articular component.
The joint line was established in flexion relative to the
inferior pole of the patella. Trial component position was
maintained with diaphyseal engaging, intramedullary stem
extensions so that the desired distal position of the femoral
component could be determined by extending the knee
fully [45, 47]. Constrained implants were selected if scar
release created instability.
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Fig. 3A-C Three cuts of the CT scan are required to define the
rotational position of the tibial component relative to the extensor
mechanism, specifically the tibial tubercle. (A) The most proximal cut
of the CT scan passes through the component and defines the tibial
component angle (TCA). (B) Immediately distal to the component a
second cut is used to establish the geometric center of the proximal
tibia. (C) The most distal cut is performed through the tibial tubercle.
Data from the preceding two images are superimposed on this image:

TIBIAL COMPONENT

TCA,

Medial

Lateral

Fig. 4 A modification of the technique to assess the rotational
position of asymmetric tibial components is shown. Lines AB and DE
cross the lateral and medial hemiplateau respectively. Both are
bisected. A third line, CF, connects the centers of each hemiplateau
and defines the flexion axis for an asymmetric component. The line at
right angles to the flexion axis (indicated by the arrow and terminating
at g), defines the TCA for an asymmetric component. In this case the
TCA was corrected by 8.5%.

No surgical maneuver beyond scar removal was
required in 30 cases [19]. Four knees had a quadriceps split
or snip [43, 45]. No patient required a tubercle osteotomy
or a quadriceps turndown [42]. Femoral and tibial com-
ponents were revised in all cases. A posterior-stabilized

ANGLE =
47 DEGREES

(1) the geometric center and (2) the TCA. One line is drawn from the
apex of the tubercle to the geometric center, bearing in mind that the
tibial tubercle is not in the center of the proximal tibia (the medial
condyle being larger than the lateral). The angle subtended by this
line and the TCA is the rotational position of the tibial component.
Given the asymmetry of the tibia, angles up to 8° have been
associated with normal position and good TKA function. This patient
had an angle of 47°-18° = 29° pathologic internal rotation.

articulation was used in 16 knees, a nonlinked varus-valgus
constrained device in 17 knees, and a rotating hinge
prosthesis in one. A posterolateral femoral augment was
used in 19 knees to increase external rotation of the femoral
component, and a posteromedial augment was used in two.

Gentle motion began at 48 hours. Continuous passive
motion (CPM) was recommended, but discontinued if the
patient reported dissatisfaction. Frequent, gentle exercise
was preferred over home CPM or supervised physical
therapy sessions. Patients limited walking until swelling
subsided.

Clinical data for Knee Society scores were collected by
one of us (KGV) at 2 weeks, 6 weeks, 3 months, 6 months,
and annually after surgery. Single-leg weightbearing AP,
weightbearing lateral, Merchant patellofemoral [31], and
full-length radiographs showing the hip, knee, and ankle on
one view for mechanical alignment were obtained before
and after revision arthroplasty. The key nonrotational
variables on these studies were femorotibial angle, femoral
component flexion angle [22], tibial slope [19, 22], joint
line height (Fig. 5), Insall-Salvati ratio [20, 21], patellar tilt
[2, 5, 6], and patellar displacement [2, 5, 6] (Fig. 6). All
measurements were made by one of us (JR) who was
unaware of the clinical outcome of the revision procedure.
Using the identical CT scan protocol, a repeat study was
requested after revision for stiffness, consistent with the
Institutional Review Board-approved protocol. After revi-
sion arthroplasty for stiffness, 18 of 34 patients with
prerevision CT scans agreed to second scans.

We used a paired t-test to evaluate the difference in
means between the prerevision and postrevision Knee
Society scores. The analysis was stratified based on

@ Springer
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positive and negative difference values in which difference
was the postmeasurement minus the premeasurement for
CT scan angles, patellar tilt, and patellar displacement. The

22.3 mm

Fig. SA-B The joint line was measured along the anatomic axis of
the tibial shaft, viewed on a lateral radiograph. The location of the
inferior pole of the patellar tendon was identified along this axis and
the joint line defined as the contact of the most distal point of the
femoral component. (A) The prerevision and (B) postrevision
relationships of the joint line and the patella are shown.

Shapiro-Wilk test was used to test for normality. When the
Shapiro-Wilk test for normality was significant, the
Wilcoxon signed rank test (nonparametric paired t-test)
was used to determine if there was a difference in the
median value of the preoperative and postoperative scores.

Results

All 34 patients had net combined internal rotation of the
femoral and tibial components according to the prerevision
CT scan protocol, averaging 14.8° (range, 2.7°-33.7°).
Twenty-four of the 34 patients (70%) had modest internal
rotation of the femoral component (Table 5). The largest
source of internal rotation was the tibia, with 33 of the 34
patients having internal rotation, with a mean of 13.7°
(range, 1° external rotation to 35° internal rotation). One
patient with neutral rotation of the tibial component had
5.7° internal rotation for the femoral component.

After revision, pain scores improved from 10.3 to 33.7
points, knee scores improved from 41.6 to 77.3 points, and
function scores improved (p < 0.004) from 48 to 65.7
points (Fig. 7). Extension and flexion improved after
revision; the total arc of motion increased (p < 0.001) from
61° to 98° (Fig. 8). Femoral and tibial component rotation
was corrected (p < 0.0001) by revision (Table 5).

Fig. 6A-B (A) Patellar tilt or angulation is defined by the angle
subtended by a line across the distal femoral articulation and one
along the cut surface of the patella. (B) Patellar translation is

Table 5. CT scan measurements

measured as the displacement of the center of the patellar component
from the center of the femoral sulcus [6, 7].

Time of measurement ~ Component rotation

Net femoral rotation (°)

Net tibial rotation (°) Net combined rotation (°)

(p = 0.0004) (p < 0.0001) (p < 0.0001)
Mean  Number of patients Mean  Number of patients Mean  Number of patients
Prerevision Internal 3.1 24 13.7 33 14.9 34
External 1.3 10 1.0 1
Postrevision Internal 2.1 15 33 3 3.9 3
External 1.1 3 8.5 15 8.5 15

@ Springer
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p<0.004

Pain ' Knee Function

Fig. 7 Prerevision and postrevision Knee Society pain, knee, and
function scores are shown.

120

i 100 98.2
Prerevision
Postrevision il

40

20

Extension : Flékion 'f'otal ROM

Fig. 8 Lack of extension before revision (light stippled columns)
compared with postrevision (dark stippled columns) shows a reduc-
tion in the flexion contracture. There was improved (p < 0.001)
flexion and motion overall.

Nonrotational radiographic measurements, other than
static images of patellar tracking, were unaffected by
revision. The mean femorotibial angle (alignment) was
unchanged (p = 0.119), patellar height relative to the joint
line was unchanged (p = 0.266), and the Insall-Salvati ratio
was unchanged (p = 0.612). Similarly, the mean femoral
component flexion angle was unchanged (p = 0.035) and

Table 6. Patellar tilt

Tilt Prerevision Postrevision p Value
opening B -
Mean tilt % of Mean tilt % of
©) patients ©) patients
Medial 33 38 1.6 23 < 0.0001
Lateral 8.5 58 3.1 65 0.0002
Neutral 4
Table 7. Patellar translation
Translation Prerevision Postrevision p Value
direction
Mean % of  Mean % of
translation  patients translation patients
©) ©)
Medial 3.6 23 3.1 68 0.0179
Lateral 8.0 62 43 23 < 0.0001
Neutral 15 9

the tibial slope also was unchanged (p = 0.048). Patellar
tracking improved after revision, as inferred from mea-
surements of patellar tilt (p < 0.001) (Table 6) and
translation (p = 0.017) (Table 7) on Merchant-view
patellofemoral radiographs.

Minor complications included five manipulations under
anesthesia after revision. Two patients had a second
manipulation. Patients having manipulation postrevision
ultimately achieved a mean postoperative ROM of 95°,
with knee and function scores of 66 and 60, respectively.
Two patients had arthrotomies after the revision for release
of a scar, and in one patient, the tibial polyethylene was
exchanged to a thinner component. One patient had a two-
stage reimplantation protocol owing to infection and
ceased participation in the study after a self-inflicted
gunshot wound. Two patients underwent above-knee
amputations. The first sought amputation elsewhere months
after revision for unremitting pain, having achieved motion
from 0° to 120°. She had less than 5° combined internal
rotation suggesting other factors explained her pain and
stiffness. The second patient required urgent amputation
for diabetic small vessel insufficiency not amenable to
bypass as restoration of flexion curtailed perfusion to
the foot.

Discussion
Stiffness complicating a TKA is a complex, usually mul-
tifactorial problem. We suspected internal rotation of the

femoral and tibial components (known to cause maltrack-
ing [3, 20, 28, 32, 48], and anterior knee pain [2]) might

@ Springer
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contribute to stiffness [46]. Impending patellar dislocation
limits knee motion, the internally rotated femoral compo-
nent tightens the medial flexion gap, and an internally
rotated tibial component restricts lateral femoral condylar
rollback on a conforming tibia during flexion. Malrotation
in stiff TKAs before revision was measured using an
established CT scan protocol [2—4, 23]. We then assessed
the clinical results of revision and whether malrotation had
been corrected. Finally, we evaluated whether correction of
nonrotational parameters might have explained the
improvements.

The study was limited by numerous factors. First, a
limited number of patients agreed to postrevision CT scans,
to the point where the study achieved less than 80% power
(21 subjects would have been necessary). However these
18 patients constitute the second largest series with revi-
sion knee arthroplasties for stiffness [25]. Second, the study
depends on historical controls for normal values of rota-
tional position [2, 3]. If we had a concurrent control group
of TKAs with high function, we would have been able to
perform a direct test of our method and of our ability to
replicate the CT protocol [3, 4]. Nonetheless, we believe
the historical controls serve the same purpose. Third is lack
of consensus regarding what constitutes [7, 12, 24, 33, 39]
and causes [7, 12, 24, 33, 36, 39] stiffness. We defined
stiffness, by patient complaints, as either flexion contrac-
ture exceeding 15° or flexion less than 105°. Fourth, we did
not confirm arthrofibrosis histologically, as was reported by
Parvizi et al. [35]. Fifth, some might view complete revi-
sion as being overly aggressive compared with lysis of
adhesions [17], arthroscopic resection of the posterior
cruciate ligament [49], exchange of modular polyethylene
[1], and partial revision. This view assumes stiffness is a
result of a biologic response to the surgery, rather than
some mechanical aspect in surgical technique. Further,
there is substantial disagreement among some of these
studies; one describes 100% success after open lysis of
adhesions in 13 stiff TKAs [17], and another reports 100%
failures [1]. This dichotomy might have been resolved by
preoperative CT scanning. As 67% of the patients we
treated already had at least one unsuccessful procedure
before our consultation, and because malrotation could be
quantified by CT, we selected complete revision [13, 26,
27]. Finally, it is possible we improved motion simply by
lysis of adhesions or downsizing the femoral component
size, effects that are difficult to isolate in these patients.

We found internal rotation in all cases when tibial and
femoral values were added. The tibia was affected in 33 of
34 cases with an average of 13.7° pathologic internal
rotation. Berger et al. established that the deleterious effect
of tibial and femoral internal rotation on patellar tracking
was exerted individually and additively [3]. Barrack et al.
found with CT evaluation that patients with anterior knee

@ Springer

pain who underwent TKAs had a higher incidence of
internal rotation of the tibial component (6.2° internal
rotation) as compared with a pain-free control group (0.4°
external rotation) [2]. In both studies, there was more
internal rotation of the tibial component than of the femoral
component. Using the same CT protocol and comparing
our results with those of Berger et al. [3], we found
approximately 10 times the internal tibial rotation in stiff
TKAs compared with TKAs with maltracking or tilting
patellae, 3.3 times more internal rotation compared with
subluxating TKAs, and approximately 1.5 times compared
with patellae that dislocate or sustain prosthetic failure
(Table 8). The mean value for internal rotation of the tibial
component in our stiff TKAs was more than double that
reported by Barrack et al. [2] for patients with anterior knee
pain who have TKAs. In one scenario for the development
of stiffness, small degrees of internal rotation result in
patellar maltracking and pain, whereas large amounts make
it too painful or impossible for patients to bend well. Two
other studies have evaluated only the femoral components
using CT [8, 44].

Revision for stiffness, with correction of internally
rotated tibial and femoral components (Table 5) improved
motion and reduced pain in our patients. Incavo et al. found
poor ROM in 36% of patients who underwent revision
surgery specifically for clinically apparent malrotation
[18]. All studies report modest improvements in motion
and pain relief (Table 9). Malrotation is mentioned by
Nelson et al. only in a later supplement on surgical tech-
nique [33] that referred to data from the original series of
patients described by Kim et al. [25] who did not report
data on rotational positioning. Kim et al. included stiffness
attributed to loose components, which we believe is a
distinct diagnostic entity [25].

Our revisions did not alter varus-valgus alignment,
joint line height, or patella baja. We observed no changes
to tibial and femoral component positions as viewed on
the lateral radiograph. A flexed, femoral component
position is a risk factor for stiffness [35], and an increase
in the AP dimension of the prearthroplasty femoral con-
dyles by 12% increases the need for manipulation [11].
These observations are consistent with the comment that
downsizing the femoral component is “integral to ROM
improvements” [18]. The review, by Kim et al., of revi-
sion surgery for stiffness included a radiographic analysis
with similar findings [25]. Patellar tilt and translation
improved in our study after revision. Barrack et al., using
the same radiographic techniques for patellar tilt and
translation (in addition to CT), also showed worse
tracking in patients with TKAs with anterior knee pain
and internal rotational positioning of tibial and femoral
components [2]. Yercan et al., studying stiff TKAs, stated
that “patellar problems are a good prognostic factor for
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the success of revision surgery”

[50], implying that

motion and pain will improve if tracking, ie, rotational
position, is corrected. We conclude that internal rotation

of

the tibial component occurs more frequently than

previously believed and leads to poor motion, patellar
complications, and anterior knee pain.
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