
Postoperative knee flexion is an important indicator of 
treatment success after total knee arthroplasty (TKA), a 
common procedure for osteoarthritis of the knee.1-4) Knee 

range of motion, a clinical measure of knee function, has 
been reported to influence the ability to perform various 
daily activities and patient satisfaction.5-8) In particular, 
deep flexion is important in the Asian population because 
prolonged squatting and sitting on the floor are often ne-
cessitated.9-12) There are many factors that affect the range 
of motion after TKA. Flexion gap is one of such factors 
that influence postoperative flexion and instability of the 
knee in fixed-bearing TKA.13) If the flexion gap is too tight, 
it will lead to a decreased postoperative flexion; if too 

Influence of Patellar Tilt Angle in Merchant View 
on Postoperative Range of Motion in Posterior 
Cruciate Ligament-Substituting Fixed-Bearing 

Total Knee Arthroplasty
Jegyun Chon, MD, Taehyeon Jeon, MD, Jayeong Yoon, MD, Deukhee Jung, MD,  

Chung-Han An, MD

Department of Orthopaedic Surgery, Daejeon Sun Hospital, Daejeon, Korea

Background: We investigated whether the patellar tilt angle influences the maximum knee flexion after total knee arthroplasty 
(TKA) performed by using a posterior cruciate ligament-substituting (PS) fixed-bearing prosthesis in patients with relatively loose or 
tight flexion gap.

Methods: In this prospective cohort study, we followed up 169 patients for at least 2 years after TKA using PS fixed-bearing pros-
thesis. The patients were divided into two groups according to the flexion gap value—calculated by subtracting the thickness of 
the final bearing from the flexion gap measured intraoperatively under 200-cN·m force after patellar reduction and insertion of the 
final femoral and tibial components—into a relatively tight group (group T; 3–6.5 mm) and a relatively loose group (group L; 7–11 
mm). Patellar tilt angles and maximum non–weight-bearing active knee flexion angles were assessed postoperatively. Group T was 
further divided into subgroup Tn if the patellar tilt angle was < 5° and subgroup Tw if the angle was ≥ 5°. Pearson correlation test 
was used for the correlation analysis of the flexion gap, patellar tilt angle, and postoperative flexion range.

Results: The mean postoperative flexion was 137.3° in group T and 137.5° in group L. The mean patellar tilt angle was 6.5° in 
group T and 6.9° in group L. In group T, a strong negative correlation (r = –0.78, p < 0.05) was observed between the patellar tilt 
and postoperative flexion range. However, further analysis revealed that only the subgroup Tw showed a strong negative correla-
tion (r = –0.76, p < 0.05). Significant correlations were not found in the subgroup Tn and group L.

Conclusions: In TKA where a relatively tight flexion gap (≤ 6.5 mm) is created because of concerns about postoperative flexion 
instability due to a loose flexion gap, the patellar tilt angle should be < 5° for maximal postoperative knee flexion.
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loose, instability or dislocation. Although there are some 
reports on the correlation between the patellar tilt and 
postoperative knee flexion,14-16) they have provided incon-

sistent results, and they have not considered the influence 
of objective flexion gap. In this study, we measured the 
intraoperative flexion gap using a consistent force in TKA 
patients, then divided the patients into the relatively loose 
or tight flexion gap groups for comparison. The purpose 
of this study was to investigate whether the patellar tilt an-
gle in the Merchant view will influence the postoperative 
maximum knee flexion in patients with a relatively loose 
or tight flexion gap measured in TKA performed using a 
posterior cruciate ligament-substituting (PS) fixed-bearing 
prosthesis. Our hypothesis was that the patellar tilt angle 
would affect postoperative range of motion, especially if 
the flexion gap were tight.

METHODS

After obtaining approval from the Institutional Review 
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Fig. 1. Flexion gap measurement method. 
(A) The flexion gap was measured under 
200 cN·m force exerted by a tensor 
device and a torque driver. (B, C) The 
scale at the center of the tensor device 
balancer shows the balance between the 
medial and lateral gaps. We assembled a 
torque driver to the rack of the balancer 
and measured the gap distance across 
the two plates. (D) If the lateral gap is 
wider than the medial gap (unbalanced 
trapezoidal flexion gap), the white bar 
is not in parallel to the black bar due to 
the scissor effect on the tensor device. 
(E) However, when medial and lateral 
flexion gaps become equal after medial 
collateral ligament release, the white 
line is parallel to the black line on the 
tensor device in balanced quadrangular 
flexion gap. 

Table 1. Inclusion and Exclusion Criteria of This Study

Inclusion criteria Exclusion criteria

•Osteoarthritis of the knee joint
•Body mass index < 25 kg/m2

•Preoperative knee flexion ≥ 130º 
•Mechanical varus knee angle
    ≤ 20º

•Body mass index ≥ 25 kg/m2

•Preoperative knee flexion < 130º 
•Mechanical varus knee angle 
    > 20º
•Mechanical valgus knee
•Rheumatoid arthritis of the knee
•Patellar resurfacing
•Instability or dislocation of 
    the knee joint after total knee 
    arthroplasty

Mechanical varus/valgus angle was measured by preoperative long bone 
anteroposterior view.
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Board of Sun Medical Center (IRB No. DSH-18-07), we 
conducted a prospective cohort study involving 169 pa-
tients (153 women and 16 men) who were available for 
follow-up for at least 2 years after TKA using PS fixed-
bearing prosthesis (LOSPA; Corentec, Seoul, Korea). 
Informed consent was obtained from each patient before 
initiating the study. We established inclusion and exclusion 
criteria because various factors can affect the range of flex-
ion after TKA, such as preoperative range of motion, body 
mass index (BMI), and preoperative tibiofemoral angle.16)

Patients were included if (1) they had degenerative 
osteoarthritis, (2) BMI was < 25 kg/m2, (3) preoperative 
knee flexion was ≥ 130°, and (4) the mechanical axis was ≤ 
20° varus in preoperative long bone anteroposterior (AP) 
radiographs. Patients were excluded from the study if (1) 
their BMI was ≥ 25 kg/m2, (2) preoperative knee flexion 
was < 130°, (3) preoperative mechanical knee axis was > 
20° varus, (4) valgus mechanical axis was observed in the 
preoperative long bone AP view, (5) they had rheumatoid 
arthritis, (6) they underwent patellar resurfacing, or (7) 
they had instability or dislocation of the knee joint after 
TKA (Table 1).

In all cases, the flexion gap and postoperative knee 
range of motion were measured by the same surgeon (JC). 
Medial collateral ligament (MCL) releases were performed 
by using the pie crust technique to gain appropriate me-

chanical alignment and gap space. Lateral patellofemoral 
ligament and retinaculum releases were done for good 
patellofemoral tracking. Osteophytes were removed, and 
the inferior articular surface of the patella was flattened to 
prevent impingement between the patella and the bearing 
post during flexion. Patella resurfacing was not performed 
in all cases. Femoral bone cutting was performed before 
tibial bone cutting. Distal femoral cutting was performed 
at 6° of valgus. In this setting, femoral external rotation 
was adjusted to make the balanced quadrangular flexion 
gap (equal medial and lateral gaps). For example, if a large 
medial gap is required for a balanced quadrangular flex-
ion gap, the femoral external rotation was adjusted to 5°; 
if a small medial gap was required, the femoral external 
rotation was adjusted to 3°. Then, tibial bone cutting was 
performed with 0°–3° of tibial posterior slope, considering 
the flexion gap. Superficial MCL release was performed 
to transform the unbalanced trapezoidal gap (the lateral 
gap is wider than the medial gap) of the varus knee into a 
balanced quadrangular gap. As a result, the medial space 
of the flexion gap also became wider. Subsequently, with 
the femoral and tibial prostheses inserted and the patella 
reduced, the flexion gap was measured. Under 200-cN·m 
force exerted by a tensor device (Stryker Howmedica Os-
teonics, Allendale, NJ, USA) and a torque driver (Tohnichi 
torque driver; RTD500CN, Tohnichi, Tokyo, Japan), we 
flexed the knee to 90° using a goniometer to create a right-
angled flexion gap (Fig. 1). The flexion gap value was 
obtained by subtracting the thickness of the bearing from 
the measured flexion gap. After statistical analysis of the 

Table 2. Postoperative Range of Motion and Patellar Tilt in Group 
T and Group L

Variable Group T 
(n = 50)

Group L  
(n = 119)

Postoperative flexion angle (º) 137.3 (120 to 145) 137.5 (110 to 145)

Patellar tilt angle (º)  6.5 (–2.5 to 22)  6.9 (0.9 to 16.5)

Values are presented as mean (range).
Group T: relatively tight group with flexion gap – bearing thickness ≤ 6.5 
mm, Group L: relatively loose group with flexion gap – bearing thickness > 
6.5 mm.

Table 3. Postoperative Range of Motion and Patellar Tilt in the 
Relatively Tight Group (Group T) Subdivided by Patellar 
Tilt

Variable Patellar tilt < 5º 
(n = 25)

Patellar tilt ≥ 5º 
(n = 25)

Postoperative flexion angle (º) 141.6 (130 to 145)  133.0 (120 to 145)

Patellar tilt angle (º)  3.0 (–2.5 to 4.7) 10.1 (5.1 to 22)

Values are presented as mean (range).

11.8 (348.2 )

Fig. 2. Patellar tilt was measured as the angle between a line connecting 
the medial and lateral corners of the patella and another line connecting 
the anterior apex of medial and lateral femoral component condyles.
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data, we found a negative correlation between the postop-
erative range of flexion and the flexion gap of < 6.5 mm. 
So we divided the patients into the relatively tight flexion 
gap group (group T, n = 50) where the flexion gap value 
was 3–6.5 mm and the relatively loose group (group L, n 
= 119) where the value was between 7 and 11 mm (Table 
2). In group T, those with a patellar tilt angle of < 5° were 
assigned to subgroup Tn (n = 25) and those ≥ 5° were 
assigned to subgroup Tw (n = 25) (Table 3). All patients 
adhered to the standard rehabilitation protocol: progres-
sive weight-bearing on the first day after surgery and con-
tinuous passive motion on the second day after surgery. 
During the minimum 2-year follow-up, patellar tilt angles 
were measured from Merchant views (Fig. 2); non–weight-
bearing self-passive flexion and extension of the knee were 
measured at the last follow-up by using a goniometer (Fig. 
3). The IBM SPSS ver. 22.0 (IBM Corp., Armonk, NY, 
USA) was used for statistical analyses. The correlations 
between the patellar tilt and postoperative flexion were 
evaluated using the Pearson correlation test, with a p-value 

< 0.05 considered significant. 

RESULTS

The mean postoperative flexion angles were 137.3° in 
group T and 137.5° in group L. The mean flexion gap 
value was 7.5 mm. The mean patellar tilt angles in groups 
T and L are shown in Table 2. In group T, a strong negative 
correlation (r = –0.78; p < 0.05) was observed between the 
patellar tilt and postoperative flexion range (Fig. 4). How-
ever, on the subgroup analysis, the subgroup Tw (patellar 
tilt ≥ 5°) showed a strong negative correlation (r = –0.76; 
p < 0.05) (Fig. 5), whereas the subgroup Tn (patellar tilt < 
5°) did not show a significant negative correlation between 
the patellar tilt and the postoperative flexion range. In ad-
dition, no significant correlation was observed in group L. 
In other words, in cases with a relatively tight flexion gap 
(≤ 6.5 mm), the postoperative range of active knee flexion 
tended to decrease if the patellar tilt angle was ≥ 5°; how-
ever, if the patellar tilt angle was < 5°, regardless of flexion 

A B

Fig. 3. Measurement of self-passive 
flexion (A) and extension (B) angles of the 
knee. Using a goniometer, we measured 
the intersection angle between midlines 
in the thigh and leg.

5

150

140

130

120

25

P
o
s
to

p
e
ra

ti
v
e

fl
e
x
io

n

Postoperative patellar tilt

20151050

Fig. 4. Correlation between postoperative flexion and patellar tilt in 
Pearson correlation test in group T: a strong negative correlation (r  = 
–0.78, p < 0.05) was observed. Group T: the group with a relatively tight 
flexion gap (3–6.5 mm).

5

145

140

130

120

25

P
o
s
to

p
e
ra

ti
v
e

fl
e
x
io

n

Postoperative patellar tilt

201510

135

125

Fig. 5. Correlation between postoperative flexion and patellar tilt in 
Pearson correlation test in subgroup Tw. Of group T, the subgroup Tw 
with a patellar tilt ≥ 5º showed a strong negative correlation (r = –0.76, p 
< 0.05).
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gap, patellar tilt was not correlated with postoperative 
range of active knee flexion.

DISCUSSION

The principal finding of this study is that patellar tilt af-
fected the range of flexion after TKA only in the knee with 
a relatively tight flexion gap. Knee flexion is influenced by 
various factors, such as preoperative range of motion, com-
ponent design, surgical technique, and rehabilitation.17) 
Previous studies have reported on the correlation between 
patellar tilt and postoperative knee flexion in TKA. In a 
study by Kim et al.,18) when TKA was performed without 
a release of the lateral retinaculum, the mean patellar tilt 
was 6.12°, which is similar to 6.78° obtained in our study 
despite release of the lateral retinaculum. Kawamura and 
Bourne16) reported that the postoperative tilt angle of the 
patella may be a factor that affects the postoperative range 
of flexion. They suggested that the ideal postoperative tilt 
angle of the patella should be < 5°. Therefore, careful po-
sitioning of the patella and soft tissue balancing about the 
patella are advised to maximize flexion and improve patel-
lar tracking after TKA.16,19) In contrast, Dhollander et al.20) 
reported that the patellar tilt did not seem to influence the 
postoperative flexion in high-flex design TKA. 

However, these studies involved assessments of the 
patellar tilt angle and postoperative range of knee flexion 
without consideration of the flexion gap. Although many 
surgeons have recommended that the flexion gap should 
be 1 to 2 mm thicker than the bearing thickness for maxi-
mum knee flexion and stability after surgery, their rec-
ommendations are based on subjective observation. The 
objective flexion gap values may vary depending on the 
measurement method used by the surgeon. Accordingly, 
we investigated the correlations among three factors: the 
intraoperative flexion gap, patellar tilt angle, and postop-
erative maximum knee flexion angle. We found that in 
cases of TKA using a PS fixed-bearing prosthesis (LOSPA, 

Corentec), if the goal is to achieve a relatively tight flexion 
gap of ≤ 6.5 mm, the patellar tilt angle should be < 5° to 
achieve the maximum active knee flexion angle. However, 
if the flexion gap is relatively loose (≥ 7 mm), there is no 
correlation between the patellar tilt and maximum active 
knee flexion angle. Moreover, even when the surgeon in-
tended to create a flexion gap that was 2 mm larger than 
the bearing thickness based on subjective feel, the final 
flexion gap measured by a more objective method using 
a tensor device and 200-cN·m torque driver was at least 
3 mm larger than the bearing thickness (mean, 7.5 mm; 
range, 3–11 mm). We think that this larger than the in-
tended flexion gap was caused by measuring the gap with 
the thigh and foot raised at a right angle. 

There are some limitations of the present study. 
First, the follow-up period of at least 2 years was relatively 
short. Miyagi et al.21) demonstrated that the patellar tilt an-
gle could increase after 10 years. Therefore, further studies 
with a longer follow-up are warranted to verify out results. 
Second, because most of the enrolled patients were wom-
en, the applicability of the study outcome may be limited 
in male patients. Third, the tibial slope was in the range 
of 0° to 3° in all knees to reduce its effect on the flexion 
gap; however, we did not consider the fact that the larger 
the slope, the greater the flexion gap after implantation. 
Finally, the patellar tilt angle in the Merchant view may 
be different from the patellar tilt observed in full flexion 
of the knee. So, further studies need to address additional 
methods for measuring patellar tilt angle. In conclusion, in 
TKA where a relatively tight flexion gap (≤ 6.5 mm) is cre-
ated because of the concern about postoperative instability 
due to a loose flexion gap, the patellar tilt angle should be 
< 5° for maximal postoperative knee flexion.
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