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BACKGROUND/AIMS
Most orthopedic surgeons tend to remove the infrapatellar fat pad (IPFP) in total knee arthroplasty (TKA). The present study was de-
signed with the aim of determining whether complete removal of the IPFP during TKA affects the patella height.

MATERIAL and METHODS
Knee radiographs of 85 patients who underwent primary TKA that involved complete IPFP removal were reviewed retrospectively. We 
measured the patella height using the Insall–Salvati (IS) ratio, modified IS (mIS) ratio, Cathon–Deschamp (CD) index, and Blackburne–
Peel (BP) index on preoperative radiographs and at the 1-year follow-up. Two orthopedic surgeons independently analyzed all 85 radio-
graphs and were blinded to the measurement taken by the other surgeon. The average values of the data recorded by the two observers 
was used in the final analyses.

RESULTS
The average preoperative patella height was higher than the mean patella height at 1 year after TKA using all the measurement meth-
ods. Although this may reflect patellar tendon shortening or elevation of the joint line, this decrease was not significant using all methods 
(p>0.05).

CONCLUSION
Complete removal of the IPFP during TKA for patients with primary osteoarthritis did not affect the patellar height at the 1-year follow-up.
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INTRODUCTION
Hoffa’s fat pad, commonly called the infrapatellar fat pad (IPFP), is an extra-synovial structure that consists of fibrous 
adipose tissue and is located between the synovium and joint capsule (1). Generally, it is partially or completely removed 
during total knee arthroplasty (TKA) to allow better visualization of the lateral compartment of the joint (2, 3). However, 
the results of IPFP removal are unclear, and the issue of preserving or removing the IPFP remains controversial (4). IPFP 
removal may cause shortening of the patellar tendon, increase anterior knee pain, and reduce flexion (2-5). Complete re-
moval of IPFP during TKA may cause injury to the lateral genicular artery and damage the vascular supply of the patellar 
tendon, causing tendon scarring (5). Patellar tendon shortening and scarring of the IPFP can result in a patella baja after 
TKA (3, 5). Patella baja (PB) is identified by abnormally low placement of the patella on lateral radiography compared to 
the femoral trochlea. Reduced patella height is a common finding after TKA and is mainly caused by shortening of the 
patellar tendon or elevation of the joint line (6). In the literature, various methods have been suggested to measure the 
height of the patella using pre-TKA and post-TKA radiography (7).

 Patellar tendon shortening is a known complication after TKA; however, there is no consensus about the role periopera-
tive IPFP removal in patellar tendon shortening in the literature (8). Some previous studies have reported that the patellar 
tendon shortened after IPFP removal, while others have shown no effect of IPFP removal on the patellar tendon length 
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(2, 5, 9-11). Considering the increase in the number of patients 
undergoing TKA, there is no consensus on the effect of complete 
removal of the IPFP on patellar tendon shortening that reflects 
as a decrease in the patellar height. Therefore, we designed 
this study to determine whether complete removal of the IPFP 
during TKA affects the patella height before and after TKA. We 
hypothesized that complete removal of the IPFP may affect the 
patella height after TKA.

MATERIAL and METHODS
We retrospectively reviewed the electronic medical records of 
112 patients who underwent primary TKA from January 2017 to 
April 2019 for potential inclusion in the study. We enrolled pa-
tients of any age and sex who had undergone primary TKA for 
primary knee osteoarthritis and for whom non-weight-bearing 
lateral knee radiographs taken in at at least 30° flexion preop-
eratively and first-year postoperatively were available. Patients 
with lateral release, patellar resurfacing, any other prior surgery 
in the same knee, ; any systemic inflammatory disease, ; a his-
tory of revision surgery for periprosthetic infection, fracture, or 
other causes, ; bilateral TKA, ; and patellar tendon injury during 
TKA who had undergone TKA for causes other than primary 
osteoarthritis were excluded. We also excluded patients for 
whom knee radiographs performed at at least 30° flexion be-
fore and after the operation were available and those whose 
knees were over-rotated, whose radiographs were not visible, 
and those who disrupted the correct measurement of patellar 
height. Furthermore, we did not include the data of patients who 
died during the postoperative follow-up period or were lost to 
follow-up. Of the 112 patients who were identified as potential 
study subjects, finally, 27 were excluded as per these criteria. 
Thus, the data of 85 patients were included in the final analy-
ses Ethical approval was obtained from the local ethics com-
mittee Aksaray University Human Research Ethical Committee 
(2020/06-12), and the need for informed consent of the patients 
was waived owing to the retrospective nature of the study.

Surgical Technique
All the surgical procedures were performed by the first author 
under spinal anesthesia (S.G.). In all the procedures, a medial 
parapatellar approach was preferred, a tourniquet was used, 
and the IPFP was removed completely for all patients. The pros-
thesis used in all the patients was the Vanguard® Complete 

Knee System manufactured by Zimmer Biomet in Warsaw, Indi-
ana. A cemented TKA that has fixed-bearing insert and sacri-
ficing posterior cruciate ligament were used in all patients. The 
patellar surface was not replaced in any patient.

Assessment of Radiologic Parameters
Radiological measurements were performed using the lateral 
view of the knee at 30° flexion preoperatively and at 1 y post-
operatively. All the measurements were obtained electronically 
using lateral knee radiographs with the picture archiving and 
communication system (Infinity Healthcare Co., Seoul, South 
Korea). Two orthopedic surgeons independently analyzed all 
85 radiographs and were blinded to each other’s measure-
ments. The average values of the data recorded by the two 
surgeons were used for the final analyses. The patella height 
was measured on radiographs using the Insall-Salvati (IS) ratio, 
modified IS (mIS) ratio, Blackburne–Peel (BP) index, and Caton–
Deschamps (CD) index. In order to calibrate the patellar height 
measurements and minimize enlargement errors, the diameter 
of the femoral shaft was measured as a constant value at 8 cm 
proximal to the combination of the condyles and femoral shaft 
on each lateral radiograph, as previously described (2).

For each radiograph, the preoperative patellar height was mea-
sured using the following four distinct methods: IS, mIS, BP, and 
CD, as described in their respective original publications (12-15). 
The IS includes the ratio of the length of the patellar tendon (the 
distance between the distal pole of the patella and the tibial 
tuberosity) to the maximum length of the patella (between the 
distal pole and the proximal pole of the patella) (Figure 1a). Nor-
mal values range from 0.8 to 1.2 (12). The mIS ratio consists of 
the ratio of the distance between the tibial tuberosity and the 
articular surface of the patellar distal pole to the length of the 
articular surface of the patella (Figure 1b). A ratio>2 indicates 
a patella alta (13). The BP index is the ratio of the perpendicu-
lar height between the anterior superior corner of the tibia and 
the inferior aspect of the patellar articular surface to the length 
of the articular surface of the patella (Figure 1c). Normal values 
range from 0.54 to 1.06 (14). The CD index comprises the ratio of 
the distance between the antero-superior point of the tibial pla-
teau and the distal pole of the patellar articular surface to the 
length of the articular surface of the patella (Figure 1d). Normal 
values range from 0.6 to 1.2 (15).

IS and mIS ratios were measured at 1 year postoperatively us-
ing the same method that was used preoperatively (Figure 1e, 
f). Postoperative CD and BP indices were measured using the 
modified versions because they were more applicable for mea-
suring the patella height after TKA (7, 16). The modified BP (mBP) 
index was defined as the vertical height divided by the ante-
ro-superior corner of the polyethylene insert to the lower direc-
tion of the patellar joint surface and the length of the joint sur-
face of the patella (Figure 1g). Normal values range from 0.54 to 
1.06 (16). The modified CD (mCD) index is calculated by dividing 
the patella by the length of the joint surface between the lower 
end of the joint surface and the antero-superior corner of the 
tibial polyethylene insert (Figure 1h). Normal values range from 
0.6 to 1.2 (7). These modifications enable the measurement of the 
height of the patella from the joint line; therefore, they are less 
affected by the thickness of the proximal tibial resection and tib-
ial polyethylene insert (7, 16).

Main Points:

•	 Hoffa’s fat pad, commonly known as the infrapatellar 
fat pad (IPFP) is an extra-synovial structure that consists 
of fibrous adipose tissue and is partially or completely 
removed during total knee arthroplasty (TKA) to allow 
better visualization of the lateral compartment of the 
joint.

•	 The results of IPFP removal are unclear, and the issue of 
preserving or removing the IPFP remains controversial.

•	 Patellar tendon shortening is a known complication after 
TKA; however, there is no consensus about the contribu-
tion of IPFP removal during surgery in the literature.

•	 We conclude that complete removal of the IPFP during 
TKA for primary osteoarthritis did not affect the patellar 
height at the 1-year follow-up.
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Statistical Analysis
Statistical analyses were performed using the Statistical Pack-
age for Social Sciences software version 20.0 (IBM SPSS Corp.; 
Armonk, NY, USA). Descriptive statistics are presented as mean, 
standard deviation, and range values, as well as percentages. 
The inter-observer reliability for the two observers was deter-
mined with intra-class correlation coefficients (ICC). The scores 
were interpreted as follows: a score of 0–0.50 indicated poor 
reliability, 0.50–0.75 indicated moderate reliability, 0.75–0.90 in-
dicated good reliability, and a score>0.90 showed excellent re-
liability (17). The data were tested for normality using the Sha-
piro-Wilks test. Paired t test was used to assess the statistical 
significance of the differences between the preoperative and 
postoperative measurements. A p- value of<0.05 was consid-
ered significant. The most important results are presented in the 
tables.

RESULTS
Among the 85 patients included in this study, 17 were men and 
68 were women. At the time of the surgery, the average age of 
the study subjects was 66.96±8.42 y (range, 50–83 y), and their 
average body mass index was 27.47±1.59 kg/m2 (range, 24.68–
32.12 kg/m2).

With regard to the preoperative measurements, moderate in-
ter-observer reliability had an ICC of 0.74 (95% confidence in-
terval [CI], 0.58–0.82) for BP index, while other measurements 

(IS, mIS, and CD) had good inter-observer reliability (Table 1). 
With regard to the postoperative measurements, moderate in-
ter-observer reliability was shown with an ICC of 0.70 (95% CI, 
0.54–0.80) for the mBP index; the other measurements (IS, mIS, 
and mCD) had good inter-observer reliability (Table 2).

Table 3 presents a comparison of the mean patellar heights be-
fore and after TKA. Shapiro-Wilks test was used to determine 
whether the data were normally distributed. Therefore, paired t 
test was used to assess the statistical significance of the differ-
ences between the preoperative and postoperative measure-
ments.

The mean IS ratio preoperatively was 1±0.12, and this ratio de-
creased to 0.98±0.09 at the 1-year follow-up. The reduction in 
the average IS ratio was not significant (p=0.203). The IS ratio 
remained unchanged in 4 (4.70%) patients, decreased in 54 
(63.53%), and increased in 27 (31.76%). The average preopera-
tive mIS ratio was 1.57±0.17, and this ratio decreased to 1.55±0.17 
at the 1-year follow-up. The reduction in the mean mIS ratio was 
not significant (p=0.45). The mIS ratio remained unchanged in 
4 (4.71%) patients, decreased in 52 (61.18%), and increased in 
29 (34.11%). The average preoperative CD index was 0.82±0.13, 
and this value decreased to 0.81±0.12 (mCD) at the 1-year fol-
low-up. The reduction in the mean CD index was not significant 
(p=0.809). The CD index remained unchanged in 11 (12.94%) pa-
tients, decreased in 42 (49.41%), and increased in 32 (37.6%).

The average preoperative BP index was 0.77±0.12, and this value 
decreased to 0.74±0.1 (mBP) at the 1-year follow-up. The reduc-
tion in the mean BP index was not significant (p=0.081). The BP 

Figure 1. a-h. Representation of the four methods used for measur-
ing patellar height. (a) Preoperative Insall–Salvati ratio: B/A, (b) 
Preoperative Modified Insall–Salvati ratio: D/C, (c) Preoperative 
Blackburne–Peel index: E/C, (d) Preoperative Caton–Deschamps 
index: F/C, (e) Postoperative Insall–Salvati ratio: B/A, f. Postopera-
tive Modified Insall–Salvati ratio: D/C, (g) Postoperative Modified 
Blackburne–Peel index: E/C, (h) Postoperative Modified Caton–De-
schamps index: F/C 
A: The diagonal length of the patella, B: The length of the patellar tendon C: 
The length of the articular surface of the patella, D: The distance between the 
lower end of the articular surface of the patella and patellar tendon insertion 
to the tibial tubercle, E: The perpendicular height from the anterior superior 
corner of the tibial polyethylene insert to the inferior aspect of the patellar ar-
ticular surface, F: The distance between the lower end of the articular surface 
of the patella and the anterior superior corner of the tibial polyethylene insert.

TABLE 3. Comparison of mean patellar heights before and after TKA  

Methods	 Preoperative	 Postoperative	 p value

IS	 1±0.12 (0.75–1.33)	 0,98±0.09 (0.79–1.2)	 0.203

mIS	 1.57±0.17 (1.26–1.99)	 1.55±0.17 (1.17–2)	 0.45

CD/mCD	 0.82±0.13 (0.49–1.14)	 0.81±0.12 (0.51–1.06)	 0.809

BP/mBP	 0.77±0.12 (0.47–1.03)	 0.74±0.1 (0.48–0.95)	 0.081

IS: Insall–Salvati; mIS: Modified Insall–Salvati; CD/mCD: Caton–Deschamps/
Modified Caton–Deschamps; BP/mBP: Blackburne–Peel/Modified Black-
burne–Peel

TABLE 2. Interobserver reliability for the measurements of patellar 
height at postoperative 

Methods	 ICC	 95% CI	 p value

Insall–Salvati	 0.89 	 0.83–0.93	 <0.001

Modified Insall–Salvati	 0.76	 0.63–0.84	 <0.001

Modified Caton–Deschamps	 0.84	 0.76–0.89	 <0.001

Modified Blackburne–Peel	 0.70	 0.54–0.80	 <0.001

ICC: intra-class correlation coefficients, CI: confidence interval

TABLE 1. Interobserver reliability for the measurements of patellar 
height during the preoperative period 

Methods	 ICC	 95% CI	 p value

Insall–Salvati	 0.88 	 0.84–0.93	 <0.001

Modified Insall–Salvati	 0.77	 0.63–0.85	 <0.001

Caton–Deschamps	 0.81	 0.72–0.87	 <0.001

Blackburne–Peel	 0.74	 0.58–0.82	 <0.001

ICC: intra-class correlation coefficients, CI: confidence interval
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index remained unchanged in 5 (5.88%) patients, decreased in 
46 (54.12%), and increased in 34 (40%).

According to the preoperative IS ratio, 82 (96.4%) subjects had a 
normal patellar height, 1 (1.2%) had a PB, and 2 (2.4%) had a pa-
tella alta. As per the preoperative mIS ratio, PB, or alta was not 
detected in 85 patients. As per the preoperative CD index, 83 
(97.6%) patients had a normal patellar height, while 2 (2.4%) had 
a PB. Based on the preoperative BP index, 81 (95.2%) patients 
had a normal patellar height, 2 (2.4%) had a PB, and 2 (2.4%) 
had a patella alta.

According to the postoperative IS ratio, 84 (98.8%) patients had 
normal patellar height, while 1 (1.2%) subjects had a PB. Accord-
ing to the postoperative mIS ratio, 84 (98.8%) had a normal pa-
tellar height, while 1 (1.2%) had a PB. As per the postoperative 
mCD index, 83 (97.6%) subjects had normal patellar height, while 
2 (2.4%) had a PB. Based on the postoperative mBP index, all 
(100%) the patients had normal patellar height. None of the pa-
tients was found to have a patella alta postoperatively using 
any index.

DISCUSSION
We analyzed the effect of complete removal of IPFP during TKA 
on the patellar height, preoperatively, and at 1 y postoperatively. 
The preoperative average patellar height was higher than the 
value at 1 y postoperatively, using all measurement methods. 
Although this may reflect patellar tendon shortening or eleva-
tion of the joint line, this decrease was not significant using any 
method (p>0.05). Our study indicates that complete removal of 
the IPFP during TKA had no significant effect on the height of 
the patella.

The removal or preservation of IPFP during TKA remains con-
troversial (3-5, 8). Various studies have shown that complete 
removal of IPFP can cause patellar tendon shortening (2, 5, 11). 
Tanaka et al. (11) observed a significant decrease in the length of 
the patellar tendon in 54 patients with rheumatoid arthritis who 
underwent IPFP removal than in 54 patients whose IPFP was 
preserved. A significant shortening of the patellar tendon in the 
IPFP removal group was shown by Lemon et al. (2). Chougule 
et al. (5) showed the shortening effects of IPFP removal during 
TKA. Compared to preoperative measurements, the length of 
the patellar tendon at 1 year was significantly shortened in 133 
knees on which TKA with IPFP resection was performed (5).

In contrast, Maculé et al. (9) stated that IPFP removal did not ap-
pear to change the patellar tendon length during the first 6 mon 
after TKA. Imren et al. (10) found similar results; the IPFP was 
completely removed in 228 patients who underwent TKA. They 
showed that IPFP removal during TKA did not alter the length of 
the patellar tendon at the 5-year follow-up (10). In a recent study, 
patellar tendon length and functional outcome scores after TKA 
for osteoarthritis were compared for patients in whom IPFP was 
completely removed and those for whom it was preserved. No 
significant differences were observed in the IS, mIS, CD, and BP 
indices preoperatively, at 1 y, and at 5 y after the procedure be-
tween the resection group and preservation group. In our study, 
the length of the patellar tendon (evaluated using IS and mIS 
ratios) and height of the patellar (evaluated using CD and BP in-
dices) were evaluated radiographically in patients who under-

went complete IPFP removal during TKA. Complete removal of 
IPFP during TKA did not affect the length of the patellar tendon 
or the height of the patella at the 1-year follow-up.

PB is described as a distally positioned patella relative to its 
normal position, measured using lateral radiography. It results 
from shortening of the patellar tendon or elevation of the joint 
line after TKA (6). PB is classified as true PB or false PB (6). True 
PB is caused by shortening of the patellar tendon, and it results 
in the pathological values of the indices (IS index<0.8 or mIS in-
dex<1.2 and BP index<0.54 or CD index<0.6) (5-6,18). The pseu-
do-PB causes elevation of the joint line without shortening of 
the patellar tendon and causes changes in the CD (<0.6) or BP 
(<0.54) values. Moreover, the IS and mIS ratios remain normal 
(no patellar tendon shortening). IS and mIS ratios reflect the 
length of the patellar tendon, while the BP and CD indices show 
the distance between the distal pole of the patella and the tibial 
plateau (5, 6, 18).

In our study, 1 (1.2%) patient had true PB, while 4 (4.8%) had 
pseudo-PB during the preoperative period. Moreover, 2 (2.4%) 
of the patients had true PB, while another 2 (2.4%) had pseu-
do-PB at the 1-year follow-up. Pseudo-PB is a common compli-
cation after TKA and occurs when the patellar tendon is not 
shortened, but the level of the joint line increases. A large poly-
ethylene insert used after tibial or femoral excessive resection 
to restore knee stability or excessive soft tissue release may 
also result in pseudo-PB (6). In a recent study, the incidence of 
pseudo-PB after TKA was 14.4%; however, this was contradic-
tory to our findings (6). However, Gatha et al. did not report a 
significant difference between the preoperative and postop-
erative patella height (19).

Chougule et al. (5) reported lengthening of the patellar tendon 
(according to IS ratio) in 133 knees of 16 (12.1%) patients who 
underwent TKA with IPFP. They stated that this was owing to 
preoperative pain and disability caused by the degenerative 
process; in other words, the corrected patellar tendon short-
ened, as evidenced by improved postoperative functioning. In 
our study, patellar height increased in 27 patients (31.76%) as per 
the IS ratio and in 29 (34.11%) patients as per the mIS ratio at 
the 1-year follow-up. These increases reflect the lengthening of 
the patellar tendon. The patellar height increased in 32 (37.6%) 
patients as per the CD index and in 34 (40%) patients as per 
the BP index at the 1-year follow-up. These increases reflect a 
decline in the joint line and can be explained by shortening of 
the patellar tendon and a reduction in the patella height owing 
to the degenerative process in the preoperative knee joint. Thus, 
the patella height that had already decreased preoperatively 
increased after TKA. In fact, this increase indicated that the pa-
tella height returned to the normal value.

Our study has some strengths. The surgeries were performed by 
a single surgeon, while the same implant and technique were 
used for all the patients. Our study also has certain limitations. 
The study was designed retrospectively, the sample size was 
small, and the results were presented at the 1-year follow-up. 
Further, we did not perform a comparison between early and 
late postoperative radiographs. In addition, no other group was 
included for the comparison, such as patients who underwent 
partial removal or preservation of the IPFP.
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In conclusion, we conclude that complete removal of the IPFP 
during TKA for primary osteoarthritis did not affect the patellar 
height at the 1-year follow-up. Larger case series and/or ran-
domized controlled studies are needed to confirm our results.
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