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Summary  
Total knee replacement is increasingly widely prescribed, not only for degenerative joint 
disease but also for other problems such as articular cartilage disease, misalignment due 
to causes other than degeneration, bone and joint cancer, and diseases that cause joint 
destruction. However, changes in knee joint biomechanics as well as complications of the 
patellofemoral joint after surgery lead to instability, joint pain, patellar rupture, and 
patellar tendon rupture. These are issues that challenge surgeons as well as make 
patients hesitant when considering knee replacement surgery. Understanding the 
changes in patella index that can occur after total knee replacement surgery will help 
surgeons carefully evaluate patients before surgery and calculate intraoperative 
techniques to minimize complications. 

Methods  
Fifty-eight patients with 62 knees were diagnosed with osteoarthritis and underwent 
total knee replacement surgery. All patients had clinical and radiographic evaluation of 
the knee joint before and after surgery. 

Results  
Patellar indexes did not change significantly after surgery compared to before surgery. 
Before surgery, 2 patients (3.23%) had true patella baja. After surgery, 7 patients (11.29%) 
had true patella baja and 3 patients (4.84%) had pseudo-patella baja. The average knee 
flexion amplitude after surgery was 103.11±15.440, with only 2 patients losing extension 
>50º. The average KS score after surgery was 83.69±9.98, significantly improved 
compared to before surgery 33.44±11.38. Similarly, KFS score after surgery was 
81.01±8.84 compared to before surgery 37.05±8.08. 

Conclusion  
Changes in index of the patella before and after surgery affect the surgical results, the 
normal patella group has better results than the group with patella baja. 

1. INTRODUCTION 

Osteoarthritis, including knee osteoarthritis, is a common 
disease and one of the leading causes of disability in the 
elderly. The disease occurs in all countries, races and ge
ographical regions. The disease is common in women and 
the elderly, the female/male ratio is about 2.5/1.1‑6 Total 
knee replacement is surgery to remove damaged cartilage 
and replace it using artificial joints. Although the results 
are positive due to improvement in pain level, walking abil
ity and knee function, some changes in knee biomechanics 
as well as complications of the patellofemoral joint lead to 
knee stiffness, instability, pain, patellar fracture and patel
lar tendon rupture. A common condition is patella baja. 

This issue has been mentioned quite a lot in the lit
erature. Koshino found that 65% of patients had patellar 
tendon shortening greater than 10% of its length, whereas 
Weale reported this rate to be 34%.7 Floren reported that 
37% of patients had >5% patellar tendon shortening 
through the standard incision and 14% of patients had 10% 
shortening.8 

Joint line changes are not uncommon, it can be seen in 
up to 40% of primary knee replacements, it is a result of soft 
tissue release, osteotomy of the distal femur, length of the 
artificial joints components. According to Kawamura and 
Bourne,9 the average joint line has changed by 3.5mm. This 
change according Sabbioni10 was 4mm, and Scuderi and In
sall8 was 5.6mm. 
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Figure 1. X-ray of the knee joint and measurement of patellar indices           

We conducted this study to evaluate the degree of 
change in the position of the patella after surgery and the 
results of knee replacement surgery on the group of normal 
patella and patella baja. 

2. MATERIALS AND METHODS 

2.1. RESEARCH SUBJECTS 

The study was conducted on 58 patients with 62 knee joints 
diagnosed with knee osteoarthritis, who were assigned to 
have total knee replacement surgery at Saint Paul General 
Hospital from January 2018 to February 2020. The selection 
criteria included patients who are clinically evaluated and 
have imaging diagnostics with a diagnosis of grade III and 
IV knee osteoarthritis and a small degree of misalignment 
(varus < 30º, valgus < 20º), who have eligible for surgery. 
Exclusion criteria included knee replacement patients, in
complete medical records, and patients who did not agree 
to participate in the study. 

2.2. RESEARCH METHODS 

Patients eligible for the study were examined clinically and 
had knee x-rays according to a uniform procedure to diag
nose knee osteoarthritis and measure patellar indices be
fore surgery. After surgery, these patients had their knee 
x-rays taken in standard position, the knee was flexed 30 
degrees and the x-ray direction was perpendicular to the 
knee, the entire knee joint was in the middle of the image, 
in which the lower pole of the patella was in the center 
of the image receptor (Figure 1a, b). We used Syngo.via 
software to measure patellar indices. Each dimension was 
measured 3 times and the average value was taken. From 
there, the cases of patella baja were identified before and 
after surgery (Figure 1c). After surgery, patients were di
vided into 2 groups without and with patella baja (Group 1 
and group 2, respectively) to evaluate the results. 

2.3. POST-OPERATIVE MONITORING 

After surgery, patients are instructed to perform rehabil
itation exercises according to a uniform procedure. Pain 
level was assessed according to the VAS scale. Patients were 
measured for joint range of motion, patella indices, KS and 
KFS scores. 

2.4. DATA ANALYSIS AND PROCESSING 

Means and standard deviations were taken into account 
when comparing differences in outcomes between different 
groups. We use the Chi square test, which is considered sta
tistically significant when P < 0.05. Independent outcomes 
were analyzed through 95% confidence intervals. All our 
analyzes were performed using STATA 12.0 software 

2.5. ETHICS IN RESEARCH 

Patients participating in the study were randomly selected 
in the community. Patient information is guaranteed to 
be confidential. All patients were informed and explained 
about the purpose of the study and the various clinical 
and laboratory examinations that would be performed. Af
ter being explained and advised about the research objec
tives, patients’ visits for examination, surgery and follow-
up were all voluntary and were carried out in accordance 
with what had been previously advised. This study, involv
ing human subjects and human data, was conducted in ac
cordance with the declaration of Helsinki and was approved 
by the ethics committee of Hanoi Medical University, Viet
nam. 

3. RESULTS 

3.1. PATIENT CHARACTERISTICS 

Of the total 58 patients studied, there were 53 women and 
5 men. Patient ages ranged from 51 to 83 years old, average 
65.86±7.61 years old. Among the patients studied, there 
were 14 (24.14%) obese patients, 20 (34.48%) overweight 
patients (Table 1). 
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Table 1. General characteristics of study subjects      

Age, Mean ± SD 65.86 7.61 

Sex, Female/N (%) 53/58 (91.37%) 

BMI, n (%) 

Obese 14 (24.14%) 

Overweight 20 (34.48%) 

Normal weight 22 (37.93%) 

Underweight 2 (3.45%) 

Table 2. Patellar height indices before and after surgery        

Index Average Value Min Max 

IS 
Pre-op 1.12 0.77 1.43 

Post-op 1.19 0.65 1.59 

MIS 
Pre-op 1.54 1.1 1.68 

Post-op 1.51 0.88 1.50 

BP 
Pre-op 0.85 0.51 1.10 

Post-op 0.73 0.4 1.05 

CD 
Pre-op 0.95 0.58 1.3 

Post-op 0.79 0.45 1.15 

Table 3. Pre-op and post-op patella baja      

Patella baja Pre-op, n (%) Post-op, n (%) 

True patella baja 2 (3.23%) 7 (11.29%) 

Pseudo-patella baja 0 3 (4.84%) 

Total 2 (3.23) 10 (16.13) 

3.2. PATELLA INDEXES 

The average value of patellar height through the indicators 
IS (Insall-Salvati), MIS (Modified Insall-Salvati), BP (Black
burne-Peel) and CD (Caton-Deschamps) before surgery 
were 1.12 ± 0.23, 1.54 ± 0.42, 0.85 ± 0.21, 0.95 ± 0.29 com
pared to 1.19 ± 0.26, 1.51 ± 0.25, 0.73 ± 0.30, 0.79 ± 0.25 af
ter surgery, respectively. Most indicators changed insignifi
cantly before and after surgery (Table 2). 

In our study, before surgery, 2 knee joints (3.23%) had 
true patella baja. After surgery, 7 knees (11.29%) had true 
patella baja and 3 knees (4.84%) had pseudo-patella baja. 
The total number of knee joints with patella baja after 
surgery was 10 (19.13%) (Table 3). 

3.3. SURGICAL OUTCOMES 

In our study, all 58 postoperative patients were instructed 
on rehabilitation exercises and evaluated results according 
to a uniform process. The proportion of patients followed 
for more than 6 months was 88%. 

After surgery, 51 (82.26%) knee joints flexed over 90º, of 
which 28 knees (45.16%) reached >110º, the average knee 
flexion amplitude reached 103.11º±15.44º (Table 4). 

Postoperative knee extension amplitude achieved good 
results with 60 joints (96.77%) fully extended and only 2 
knees lost extension >5º (Table 5). 

Regarding post-operative knee pain, at the time of the 
most recent evaluation, out of a total of 62 knee joints, no 
joint had very severe pain. The normal patella group had 35 
(67.39%) pain-free knees, while the baja patella group had 
only 4 (40%) pain-free knees (Chart 1). 

Regarding knee function scores, all 62 knee joints before 
surgery had KS and KFS scores below 60. After surgery, the 
average KS score of the whole group reached 83.69±9.98 
compared to 33.44±11.38 before surgery. Similarly, the KFS 
score after surgery was 81.01±8.84 compared to 37.05±8.08 
before surgery (Table 6). 

At the time of latest follow-up in group 1, according to 
KS and KFS scores, 94.23% and 96.15% of patients achieved 
excellent and good results, respectively. In group 2, this 
rate only reached 80% according to KS score and 70% ac
cording to KFS score, respectively. 

According to the KS and KFS scores, in group 1, 5.77% 
and 3.85% of patients achieved moderate results, respec
tively. While this rate in group 2 were 20% and 30%, respec
tively. 
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Table 4. Knee flexion   

Knee flexion amplitude n Percentage (%) 

<90° 11 17.74 

90° - 110° 23 37.10 

>110° 28 45.16 

Total 62 100 

Average 103.11º ± 15.44º 

Table 5. Knee extension   

Knee extension n Percentage (%) 

Full extension 60 96.77 

Extension loss >5° 2 3.23 

Total 62 100 

4. DISCUSSION 

The objective in this study was to evaluate the results of 2 
groups with patella baja and normal patella after knee re
placement surgery. The study patient group ranged in age 
from 51 to 83 years old, with an average age of 65.86±7.61 
years old. Similar to author Doan Viet Quan,11 the most 
common age group is from 60 to 79 years old, accounting 
for 72.4%. According to Bin Xu,12 this is the age group most 
often prescribed knee replacement. In our study, 58.62% of 
patients were overweight and obese, while only 3.45% of 
patients were underweight (Table 1), this result is similar to 
the studies of other authors, such as Author Bin Xu,12 Hen
rik Behrend.13 According to research by Nicholls et at, for 
every 5kg increase in weight, the risk of knee osteoarthri
tis will increase by 35% and overweight women are up to 4 
times more likely to develop early knee osteoarthritis than 
other women of the same age.14 

In this study, the IS index after surgery increased slightly 
compared to before surgery, although this change was not 
significant. This may be because during surgery we re

Chart 1. Level of knee pain after surgery according to         
the VAS scale    

moved the degenerated bone spurs of the patella, so the 
length of the patella was shorter than before surgery. Our 
results are similar to those of authors Bin Xu12 and De
jour.15 

In our study, the MIS index before and after surgery did 
not change significantly. This result is different from author 
Bin Xu.12 According to this author, the MIS index before 
and after surgery has a statistically significant difference 
(p<0.0001), MIS before surgery is 1.61 ± 0.22, after surgery 
was 1.51 ± 0.21. This difference may be due to the fact that 
we did not perform patellar replacement, whereas these au
thors tended to replace the patella, leading to changes in 
the length of the patellofemoral articular surface, and thus 
MIS index changes (Table 2). 

BP and CD indexes often change during total knee re
placement surgery.16 Bin Xu,12 when studying 256 knee 
joints, found that both BP and CD indexes changed signif
icantly compared to before surgery (p<0.0001), while our 
BP and CD indexes there was no difference (Table 2). Dur
ing the surgery, we calculated that the thickness of the re
moved bone was equal to the thickness of the instrument, 
so the height of the tibial plateau was almost constant. We 
balance the tibial component to the middle of the tibial 
plateau, measure and test carefully before installing the ar
tificial joint to restore the knee joint’s anatomy as much as 
possible. In addition, we did not perform patellar replace
ment, so almost all BP and CD indices did not change sig
nificantly compared to before surgery. In author Bin Xu’s 
study, the author performed patella replacement. They also 
cut the tibia bone more than the tibial instrument thick
ness, leading to a difference in the postoperative BP and CD 
index compared to before surgery, and the results are dif
ferent from ours. 

In our study, the rate of true patella baja before surgery 
was 3.23% (2 joints), and after surgery increased to 11.29%, 
this difference is statistically significant (p<0.01). Both 
knees that were determined to have true patella baja before 
surgery had limited range of motion, including 1 case with 
rheumatoid arthritis for > 20 years and 1 case with severe 
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Table 6. KS and KFS scores     

Score Post-op Pre-op 

KS Total 
(N=62) 

83.69 ± 9.98 

33.44 ± 11.38 
Group 1 
(N=52) 

85.06 ± 10.4 

Group 2 
(N=10) 

76.67 ± 8.67 

KFS Total 
(N=62) 

81.01 ± 8.84 

37.05 ± 8.08 
Group 1 
(N=52) 

83.78 ± 8.9 

Group 2 
(N=10) 

74.36 ± 6.15 

knee osteoarthritis and deformity. These two knee joints, 
after knee replacement surgery, still had patella baja even 
though we released the soft tissue during surgery. In the 
remaining patients, through post-operative follow-up, 5 
more knee joints were found to have true patella baja (Table 
3). In Bin Xu’s study,12 the rate of true patella baja before 
surgery was 9.4%, and after surgery it was 10.2%. Compared 
to them, our rate of true patella baja before surgery was 
lower, but after surgery this rate was higher. 

Among the 5 patients with true patella baja after 
surgery, 2 patients did not do rehabilitation exercises after 
surgery and 2 patients did rehabilitation exercises but did 
not follow the program instructed by the doctor. The re
maining patient did very well in rehabilitation according to 
the curriculum, very well complied with the exercises as in
structed by the doctor and made a follow-up appointment 
on time. After 6 months, no abnormalities were detected 
on the radiograph. After 2 years of re-examination, the pa
tient had mild pain and relatively good range of motion, 
but on the knee x-ray, there was an image of patella baja. 
Through our research in the medical literature, it is possi
ble that in this case, we removed too thoroughly the Hoffa 
fat behind the patella, causing the patellar tendon to be
come undernourished, leading to shortening over time. Or 
it is also possible that the patient has limited knee flexion 
and extension movements due to the surgical technique, 
and in the long term the patellar tendon also shortens, 
causing patella baja. Author Floren17 reported that 37% of 
patients had shortening of the patellar tendon >5% through 
the standard incision and 14% of patients had shortening 
of 10%. Author Koshino18 reported in his study that 65% 
of patients had patellar tendon shortening >10%, whereas 
Weale7 reported this rate to be 34%. 

Pseudopatella baja (PPB) is known to cause changes in 
the relationship of the patella and femoral trochlea after 
surgery. The most common cause of PPB is an elevated joint 
line. In this study, before surgery we did not have any pa
tients with PPB, however, after surgery we discovered 03 
knee joints with PPB, accounting for 4.84% (Table 3). In 
these 3 cases, there is one case of a patient with a very 
small anatomical size of the knee. Although we used the 
smallest tibial plateau component size, it is still slightly 

larger than the patient’s actual tibial plateau, causing the 
joint space line of the tibial plateau to be higher than before 
surgery, leading to PPB. The remaining two cases may be 
due to the fact that during surgery, the distal femoral cut 
was too thick, leading to thinning of the tibial cut. There
fore, the tibial cutting part is less than the thickness of the 
tibial plateau component, leading to a decrease in the dis
tance from the lower pole of the patellar articular surface to 
the line passing through the tibial plateau articular surface, 
causing PPB. In all 3 of these cases, we performed the clas
sic incision, which went into the quadriceps tendon, caus
ing damage to the flexion system of the knee joint. Maybe 
this is also a contributing factor to PPB in this study. How
ever, our results are still lower than Bin Xu’s study.12 Ac
cording to this author, before surgery, the PPB rate was 
0.8%, and after surgery this rate increased to 9%, twice as 
high as the results of our study. But in general, patients 
with patella baja, our results and Bin Xu’s are similar, that 
is, patella baja after surgery accounts for about 15%. 

The IS and MIS indices are used to evaluate patellar ten
don length, and both of these indices use the tibial tuberos
ity as an anatomical landmark. BP and CD are used to mea
sure joint line height and both use the tibial plateau plane 
as an anatomical landmark. IS and MIS can be used to de
tect true patella baja, but they cannot be used to evalu
ate PPB because they cannot evaluate joint line changes. 
BP and CD are important indicators to detect PPB because 
they combine the consideration of patellar tendon length 
and joint line height. The combination of these indicators 
will help to more comprehensively evaluate patella status 
and provide a basis for detecting true patella baja and 
pseudopatella baja. 

In her 2006 study, Thornton-Bott19 performed a multi
center study of 266 patients with normal patella, recording 
the degree of soft tissue release and the size of the spacer. 
As a result, in the group of patients with minimal soft tissue 
release, only 21% of patients were found to have PPB after 
surgery, while in the group of patients with extensive soft 
tissue release, this rate was 47%. In the group of patients 
using <12mm spacers, the rate of patients developing PPB 
was 25%, while in the group of patients using >12mm spac
ers, this rate was up to 46%. The authors concluded that the 
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incidence of PPB increases with the degree of soft tissue re
lease, pad thickness, and that total knee arthroplasty with 
excessive soft tissue release increases the risk of PPB, pos
sibly up to 100%. Giulia Bugelli20 also believes that minimal 
bone cutting and using spacers with the smallest thickness 
(8mm) will help surgeons avoid patella baja complications. 

Of the 62 knee joints that underwent total knee replace
ment surgery, 51 joints had a maximum knee flexion >90° 
(accounting for 82.26%), of which 28 knee joints had a max
imum knee flexion >110°, accounting for 45.16%. The max
imum knee flexion reached 150°. The patient with the low
est knee flexion range of motion, reaching 70 degrees, was 
the patient with patella baja before and after surgery, even 
though the patient had received active rehabilitation exer
cises (Table 4). 

Patella baja reduces the length of the moment arm and 
the lag of extension, reducing the range of motion of the 
knee joint. When studying the range of motion of knee 
joints with patella baja, Chonko2 suggested that when the 
length of the patellar tendon is shortened by >10%, there 
will be an inverse correlation between the shortening of the 
patellar tendon and the knee range of motion, and between 
patellar tendon position and knee joint function. 

The change in joint line after TKA surgery will change 
the kinematics of the knee joint.21 When the joint line is 
high, it is easy to cause patella baja, which is more likely 
to cause pain in the front of the knee, reduced range of 
motion, reduced knee function and negative impact of the 
patella on the tibia or spacer.2,21,22 Rand believes that the 
higher the joint line is, the lower the patella moves com
pared to before surgery.23 

In our study, 60 knee joints (96.77%) had full knee ex
tension, only 2 knee joints (3.23%) lost >5 degrees of ex
tension (Table 5). Our results are similar to the research re
sults of domestic authors such as Doan Viet Quan11 and Vo 
Sy Quyen Nang.24 Kazemi,25 when studying patella baja, di
vided his 60 patients into 3 groups, group A did not have 
patella baja, group B had pseudopatella baja and group C 
had true patella baja. The author concluded that the range 
of motion of group A was significantly higher than that of 
groups B and C and the level of pain in group A was less 
than the other two groups. However, the KSS scores in all 
3 groups did not have a statistically significant difference. 
In other studies, it has been shown that patella baja can af
fect the mechanical axis of the femur and patella, hindering 
range of motion, wearing out the polyethylene spacer, and 
causing postoperative pain.2,17,21 

We divided the study group of patients into 2 groups, 
group 1 included 52 knee joints without patella depression, 
group 2 included 10 knee joints with patella baja. In group 
1, 67.39% of patients had no pain during the examination, 
only 7.7% of patients had moderat pain and 1.9% of patients 
had severe pain, there were no patients with very severe 
pain. Meanwhile, in group 2, only 40% of patients had no 
pain, but 20% of patients had moderate pain and 10% of 
patients had severe pain (Chart 1). The difference between 

the number of patients in each pain level of each group is 
statistically significant (p<0.05). This means that when pa
tients have patella baja, they will have more pain than pa
tients who do not. 

The average KS score in our study was 83.69 ± 9.98, 
which was significantly improved compared to before 
surgery. Many authors also noted a significant improve
ment in KS score. Doan Viet Quan11 recorded an average 
postoperative KS score of 86 ± 7.61, while Ahmad Hafiz26 

reported an average postoperative KS score of 90.94 ± 5.6. 
Giulia Bugelli20 reported that the postoperative KS score of 
knees without patella baja was 86.7 points, and that of the 
patella baja group was 84.2 points. 

In our study, the KS score of group 1 was 85.06±10.4, 
while the KS score of group 2 was 76.67±8.67, the difference 
is statistically significant (Table 6). In group 1, patients had 
less pain, better flexion and extension, and patients could 
walk longer distances, so the average KS score was higher. 
Our results are similar to Alfredo et al.27 When studying 
354 knee joints, the authors found that the KSS score of 
the group without patella baja was higher than the group 
with patella baja, although pain scores and range of motion 
did not have a significant difference. Rachid Rassir28 also 
had similar results. However, Giulia Bugelli,20 when study
ing 203 knee joints, showed that KSS scores between the 
two groups with and without patella baja condition were no 
different. 

Our post-operative KFS score was 81.01 ± 8.84, also im
proved compared to before surgery, similar to the KS score. 
A high KFS score shows that the patient’s knee function has 
improved significantly and the ability to walk is much bet
ter after surgery. This conclusion is similar to other authors 
when using the KSS scale to compare TKA results. Doan 
Viet Quan’s study11 had a postoperative KFS of 82±7.76, 
while Guclu29 also showed positive results with an average 
postoperative KFS of 87.1. 

Giulia Bugelli20 also showed that the postoperative KFS 
score of the group without patella baja was 87.8 points, and 
the group with patella baja was 85.1 points. In our study, in 
group 1, the average KFS score was 83.78 ± 8.9, while the 
average KFS score of group 2 was 74.36 ± 6.15. Although 
the KFS scores in both groups improved compared to before 
surgery, the improvement in group 1 was better (Table 6). 

5. CONCLUSION 

After total knee replacement for 58 patients with 62 oper
ated knees, patella indices did not change significantly after 
surgery compared to before surgery. The pain level, range 
of motion and knee function of the group without patella 
baja improved better than the group with patella baja after 
surgery. However, more detailed studies with longer follow-
up periods are needed. 
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