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Abstract
Purpose  Stiffness is a common problem following total knee arthroplasty (TKA). Mal-rotated components have been claimed 
to be the major cause of pain and limited motion after TKA. The present study investigates whether intra-operative intentional 
malrotation of the tibial component would change in vivo kinematics. The hypothesis is excessive internal rotation of the 
tibial component would result in postoperative extension deficit.
Methods  Thirty-one patients were enrolled in this study. After completing bony cuts and proper soft tissue balancing, the 
femoral and tibial trials were impacted and fixed using small pins. Lateral radiographs were used to measure and compare 
intraoperative full knee extension during normal and after intentional internal rotation of the tibial component. The extension 
deficit angles were also compared between the posterior stabilised (PS) and cruciate retaining (CR) implants.
Results  For normal tibial component rotation, the median (interquartile range) extension deficit was 0° (4). The mean tibial 
trial intentional internal rotation was 21.2° (± 4.5). The median (interquartile range) extension deficit significantly increased 
to 6° (4) after tibial component internal rotation (p = 0.001). The use of PS spacers resulted in a significantly greater exten-
sion deficit after intentional internal rotation 9° (5) compared to that of the CR implant 1° (4) (p = 0.001).
Conclusion  Internal rotation of the tibial component in total knee arthroplasty can lead to postoperative extension deficit. 
This could be attributed to interference with “screw home” mechanism that requires full external rotation of the tibia on the 
femur. Consequently, this deficit may cause pain and knee stiffness following TKA.
Level of evidence  III.
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Introduction

Stiffness is a common problem with a prevalence of 
1.3–13.2% in patients after total knee arthroplasty (TKA) 
[10, 28]. Many preoperative, intraoperative, and postopera-
tive factors contribute to the development of stiffness after 
TKA [25, 26]. Mal-rotated components are reportedly the 
major cause of pain and limited motion after TKA because 

of patellar maltracking, extension flexion gap mismatch, and 
altered tibiofemoral kinematics [1, 8, 15].

Previous reports showed that internal malrotation of the 
tibial component was observed in more than 20% of con-
ventional TKAs [20, 23]. Panni et al. in a recent system-
atic review showed evidence that excessive internal rota-
tion (>10°) of the tibial component is a major cause of 
pain and lower functional outcome (WOMAC scores) after 
TKA [24]. Further, anterior knee pain following TKA has 
been attributed to excessive tibial internal rotation due to 
increased contact stress [21] and retropatellar peak pressure 
[27]. Moreover, a few studies linked post-TKA stiffness to 
excessive internal malrotation of the tibial component [2, 
3, 17]. For example, excessive internal rotation of the tibial 
component of 13.7° was noted in 33 out of 34 patients who 
developed knee stiffness following TKA [3]. However, the 
exact cause of stiffness is still unclear, with alteration of 
knee kinematics being proposed.
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The “Screw-home” movement is a kinematic phenom-
enon that normally occurs during the last 20° of knee exten-
sion. This kinematic locking mechanism occurs when the 
knee joint is slightly hyperextended and is stabilised with 
the taut collateral and cruciate ligaments. Considering the 
longer length of medial femoral condyle compared to that 
of the lateral condyle, the tibia rotates externally about 15°, 
thus, achieving full knee extension [9, 16]. Consequently, 
any limitation of tibial external rotation on the femur could 
hamper knee extension, resulting in extension deficit.

The aim of this in vivo study was to investigate whether 
induced internal rotation of the tibial component intra-
operatively would change in vivo knee kinematics. It was 
hypothesised that excessive internal rotation of the tibial 
component would result in a knee extension deficit.

The primary outcome for this study was to determine the 
angle of extension deficit during normal and internal mal-
rotation of the tibial component. The secondary outcome 
measure was the difference in extension deficit between pos-
terior stabilising (PS) and cruciate retaining (CR) spacers.

Materials and methods

Patients scheduled for primary TKA were asked to volunteer 
in this study. If they agreed, the purpose and procedures of 
the study were fully explained, specifically the in vivo test-
ing procedure that was expected to prolong surgery duration 
for 15 min. Then, informed consent was signed. The use of 
intraoperative imaging required additional consent. Patients 
with morbid obesity (BMI > 35), severe osteoporosis, and 
preoperative flexion contracture (> 30°) were excluded. 
Thirty-one patients were enrolled in this study. Table 1 
demonstrates the basic characteristics of the studied sample.

All the enrolled patients underwent TKA via the Per-
sona Knee system (Zimmer, Inc, Warsaw, IN, USA). All 
surgeries were performed by the senior orthopaedic sur-
geons in our hospital using the measured resection tech-
nique. Initially, the femur cut was made, as recommended 
by the manufacturer, and the inter-epicondylar line was 
used to define the rotation of the femoral component. The 
tibial cut was made using the external guide with a 3° 
slope for the PS knee and 7° for the CR implant. After 
completing all bony cuts, the femoral trial component was 
impacted and fixed using small pins. The tibial compo-
nent was then rotated to the proper rotation depending 
on the tibial landmark, which is medial third of the tibial 
tubercle and curvature of the tibial component itself. The 
tibial component in this system is asymmetrical, allow-
ing surgeons to properly place the rotation using the 
curve on curve technique. The proper rotational axis of 
the tibial component was drawn using a marker pen. The 
trial component was then pinned in, and the soft tissues 

were balanced to ensure equal flexion and extension gap. 
Residual flexion deformity was corrected by removal of 
any posterior osteophyte and by a gradual release of the 
posterior capsule using a sharp curved osteotome. Patel-
lar tracking was then tested by gradually flexing the knee 
and any maltracking was recorded. After all proper soft 
tissue alignment and balancing, lateral radiographs were 
taken intraoperatively to confirm full extension of the 
knee. Whilst imaging, the patient was positioned with 
the knee hanging freely and the ankle planted on a stand, 
without exerting any pressure on the knee, allowing only 
gravitational forces to determine the tension in soft tis-
sues. The extension deficit angle was measured using the 
angle between two lines drawn down the mid-shafts of the 
femur and tibia. This method was proved to be reliable for 
measurement of knee joint flexion angle [14] (Fig. 1a, b).

Before cementing the implant, the provisional femur 
implant was kept in situ and the tibial component was 
intentionally malrotated. The intended new rotational axis 
of the tibial component was drawn using the marker pen, 
and the angle between the normal and malrotation axes 
was then measured intraoperatively. The tibial component 
was then fixed in the new position with pins and the same 
trial spacer was placed in and the knee stability and patel-
lar tracking were re-assessed. Full extension was assessed 
again using proper lateral radiographs (Fig. 1b).

This present study obtained approval from the Local 
Institutional Ethical Committee of Burjeel Hospital for 
Advanced Surgery (IRB no. E10022).

Table 1   Descriptive statistics of the studied sample (n = 31)

Variable

Age (years)
 Mean ± SD 64.8 ± 5.8
 Median (IQR) 66 (5)

Sex
 Male 14 (45.2%)
 Female 17 (54.8%)

Side
 Left 7 (22.6%)
 Right 24 (77.4%)

Operative technique
 Posterior stabilized (PS) 22 (71%)
 Cruciate retaining (CR) 9 (29%)

Deformity
 Varus 30 (96.8%)
 Valgus 1 (3.2%)

Preoperative flexion deformity
 Mean ± SD 6.6 ± 3.8
 Median (IQR) 5 (5)
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Statistical analysis

Descriptive statistics: Means, standard deviation, medians, 
interquartile range (IQR) and percentages were calculated. 
Initially, data were tested for normality using the Shap-
iro–Wilk test. As data were not normally distributed, non-
parametric Wilcoxon Signed-Rank test was used to compare 
the extension deficit angle within the same group. To com-
pare the angle between PS and CR spacers, Mann–Whit-
ney U tests were used. p value was set ≤ 0.05 throughout to 
declare significance. Data were analysed using SPSS version 
21 (IBM Incorporation, IL, USA).

Sample size was calculated using G*Power 3 software. 
With a power of 80% and type I error of 5%, a minimum of 
30 patients were required (α = 0.05 and β = 80%) to detect 
an effect size of 0.5 in the repeated measure of the median 
extension deficit parameters.

Results

For normal tibial component rotation, the median (IQR) 
extension deficit was 0° (4), whereas the median (IQR) 
deficit with intentional internal malrotation was 6° (4). 
There was a significant increase in extension deficit between 
the two tested positions (p = 0.001). The average amount 
of intentional internal malrotation of the tibial trial was 
21.2° ± 4.5 (Mean ± SD).

For the PS spacers, the median (IQR) extension deficit 
after internal rotation was 9° (5), whereas that of the CR 
spacer was 1° (4). This denoted a significantly greater deficit 
with PS implants (p = 0.001), as shown in Table 2.

In all our patients, the patellar tracking was not affected, 
except for one case of valgus deformity (3.22%), where 
patellar lift-off was noted with internal rotation of the tibial 
component.

Discussion

The most significant finding of the present study was that 
excessive internal rotation of the tibial component results in 
extension deficit after TKA. Excessive internal rotation may 
interfere with the naturally occurring screw-home mecha-
nism. This could be attributed to limitation of tibial external 
rotation, which is a prerequisite for full knee extension [9, 
16]. Additionally, because of the ‘dishing’ (concave surface) 
of the tibial insert, excessive internal rotation of the tibial 
component causes the femoral component to override at the 
edge of the polyethylene which is normally elevated. The 
manufacturer’s design tolerance for rotation of the tibial 
component is 10° in the Persona system, i.e. any excessive 
rotation more than that will force the femoral component to 
override at the edge. Moreover, this override will cause ten-
sion in the collateral ligament and result in pain and flexion 
deformity.

The PS spacers were associated with a greater extension 
deficit than the CR spacer. This could be attributed to the flat 

Fig. 1   a Lateral radiograph of a knee with normal tibial component 
rotation showing an extension deficit of 2°. b Lateral radiograph after 
tibial component internal rotation, using the same spacer size, show-
ing an extension deficit increased to 8°

Table 2   Knee extension deficit angle in neutral and internal rotation 
positions, in patients with PS and CR implants

*Related samples Wilcoxon Signed-Rank test was used to compare 
the median difference between the two groups
**Mann–Whitney U test was used to compare the median difference 
between the two groups

Normal tibial 
rotation

Internal 
tibial rota-
tion

Within group 
comparison
p value*

Extension deficit 
angle

< 0.001

 Mean ± SD 0.7 ± 0.4 7.3 ± 4.6
 Median (IQR) 0 (4) 6 (4)

CR < 0.001
 Mean ± SD − 1.6 ± 3.4 3.7 ± 2.6
 Median (IQR) 0 (4) 1 (4)

PS < 0.001
 Mean ± SD 1.6 ± 3.9 8.8 ± 4.4
 Median (IQR) 4 (7) 9 (5)

Between group 
comparison (p 
value)**

= 0.086 = 0.001
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surface geometry of the CR spacer, which may better accom-
modate minor rotational malalignment. Similarly, mobile 
bearing inserts are supposed to have a greater rotation range 
and, consequently, less extension deficit. On the other hand, 
more conforming insert designs are, therefore, expected to 
have a greater extension deficit with excess internal rotation 
of the tibial component.

Although accurate rotation of the tibial component is 
essential for TKA outcome, internal malrotation of the tibial 
component has been reported in about 20% of patients who 
underwent conventional primary TKA [3, 7, 18, 20, 23]. 
Barrack et al. [2], in a CT analysis study, reported an average 
6.2° of internal rotation of the tibial component in patients 
with anterior knee pain following TKA, whereas pain-free 
patients had an average of 0.4° external rotation.

The optimal target for rotation of the tibial component is 
still debatable [24]. There remains a lack of consensus with 
regard to the best anatomical landmark to use as a reference 
for rotation measurement. There are many commonly used 
landmarks such as the medial third of the tibial tuberos-
ity [12], the “Akagi” line [1], Cobb ‘s line [11], and “self-
range-of-motion” technique [4]. The tibial tubercle is the 
most reproducible clinical landmark in terms of tibial tray 
rotation [12]. However, obtaining maximum tibial coverage 
may hinder proper rotation, especially when using symmet-
ric (non- anatomic) tibial designs [19]. This challenge can 
be overcome using asymmetric (anatomical) tibial designs 
[13, 19, 22].

Extension deficit may cause pain and limited knee motion, 
predisposing to joint stiffness following TKA. Excessive 
internal rotation of the tibial component also limits knee 
flexion and causes its posterolateral corner to be in a more 
anterior position. As the 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 conforming design, will limit flexion and 
rollback [3]. Kuryma et al. [17] proposed a different poten-
tial mechanism to explain postoperative stiffness based on 
computer simulation. In this model, excessive internal rota-
tion of the tibial component, especially in a high-constrained 
geometry, increased the medial collateral ligament tension, 
and tibiofemoral and patellofemoral contact stresses, result-
ing in increased pain and stiffness.

A few studies have also reported the negative impact 
of internal malrotation of the tibial component on patel-
lofemoral tracking [5]. For example, Berger and Rubash [6] 
reported patellar subluxation when the tibial component was 
internally rotated from 3° to 8°. Moreover, patellar disloca-
tion or prosthetic failure occurred with 7° to 17° internal 
rotation.

The present study has a few limitations. Firstly, this 
study investigated the effects of internal rotation of the tib-
ial component on limiting knee extension by hindering the 

‘Screw-home’ mechanism. However, the proposed explana-
tion does not necessarily rationalise the occurrence of exten-
sion deficit with intentional rotation of the tibial component. 
The significant difference between the two types of spacers 
(PS and CR) can partly add to our assumption. CR spacers 
are known to have a greater range of rotation than PS spacers 
in which the cam prevents this freedom. The limitation of 
external rotation of the tibia caused by intentional malrota-
tion of the tibial component is less in CR spacers than in PS 
spacers. Hence, there is less extension deficit. A dynamic 
MRI study or 3D computer simulation could support this 
argument. Future prospective studies are, therefore, needed 
to fully study the kinematic effects of excessive internal rota-
tion of the tibial component. Secondly, although the sample 
size was calculated and fulfilled, yet the data were not nor-
mally distributed. Re-calculation of sample size based on the 
reported findings is recommended to identify the optimum 
patient number in any future study. Third, other confounding 
variables that can contribute to the development of exten-
sion deficit or postoperative stiffness were not accounted for. 
Since different mechanisms are described for pathological 
effects of internal rotation of the tibial component, there is 
no single mechanism that is alone effective. Rather, mecha-
nisms interact synergistically and contribute to the develop-
ment of a stiff knee.

Excessive internal rotation of the tibial component has 
many adverse effects. It should be suspected in any case 
with persistent pain or stiffness after TKA.

Conclusion

Internal rotation of the tibial component during TKA can 
lead to postoperative knee extension deficit and, subse-
quently, pain and limited motion. This could be attributed 
to limitation of tibial component external rotation, which 
might hinder the ‘Screw-home’ mechanism required for 
full knee extension. Along with other mechanisms men-
tioned before, this can lead to stiffness after TKA.
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