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 � KNEE

Significant reduction of patellar height 
affected lower clinical outcomes and 
knee flexion over five- year follow- up 
after total knee arthroplasty

Aims
This study aimed to investigate the relationship between changes in patellar height and 
clinical outcomes at a mean follow- up of 7.7 years (5 to 10) after fixed- bearing posterior- 
stabilized total knee arthroplasty (PS- TKA).

Methods
We retrospectively evaluated knee radiographs of 165 knees, which underwent fixed- bearing 
PS- TKA with patella resurfacing. The incidence of patella baja and changes in patellar height 
over a minimum of five years of follow- up were determined using Insall- Salvati ratio (ISR) 
measurement. We examined whether patella baja (ISR < 0.8) at final follow- up affected clin-
ical outcomes, knee joint range of motion (ROM), and Knee Society Score (KSS). We also 
assessed inter- and intrarater reliability of ISR measurements and focused on the relationship 
between patellar height reduction beyond measurement error and clinical outcomes.

Results
The ISR gradually decreased over five years after TKA, and finally 33 patients (20.0%) had 
patella baja. Patella baja at the final follow- up was not related to passive knee ROM or KSS. 
Interestingly, when we divided into two groups - patella baja and patella normal- alta (ISR ≥ 
0.8) - the patella baja group already had a lower patellar height before surgery, compared 
with the patella normal- alta group. The ISR measurement error in this study was 0.17. Both 
passive knee flexion and KSS were significantly decreased in the group with a decrease in ISR 
of ≥ 0.17 at final follow- up.

Conclusion
Patellar height gradually decreased over five years of follow- up after TKA. The reduction in 
patellar height beyond measurement error following TKA was associated with lower clinical 
outcomes.

Cite this article: Bone Jt Open 2021;2-12:1075–1081.

Keywords: Insall- Salvati ratio, Patella baja, Patellar height, Patellar tendon shortening, Total knee arthroplasty

Introduction
Patella baja has been associated with several 
etiologies, including fractures around the 
knee,1 anterior cruciate ligament recon-
struction,2 and high tibial osteotomy 
(HTO).3,4 Several studies have shown the 
adverse effects of inferior patellar position 
after total knee arthroplasty (TKA).5- 10 These 
include altered joint mechanics, decreased 
lever arm and extensor lag, reduction in 
range of motion (ROM), anterior knee pain, 
a possible cause of increased tibial and 

patellar polyethylene wear, and reduced 
long- term implant survival. This potentially 
disabling syndrome must be recognized 
early in its course so that prompt treat-
ment can be initiated. Previous studies have 
shown that the patellar tendon continues 
to shorten from six months to one year and 
then plateaus.11- 15 Little information is avail-
able about long- term follow- up beyond 
five years, the pattern of changes in patellar 
height over time, or whether changes in 
patellar height are predictable. The purpose 
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of the present study was to determine the incidence of 
patella baja over five years in fixed- bearing posterior- 
stabilized (PS)- TKA using the Insall- Salvati ratio (ISR)16 
and the association between postoperative patella baja 
and knee ROM and the Knee Society Score (KSS).17 In 
addition, we investigated the measurement error of ISR 
and the impact of postoperative decrease in patellar 
height on clinical outcomes.

Methods
Patient selection. Between January 2010 and January 
2012, 216 consecutive primary cemented TKA cases 
(NexGen LPS flex system; Zimmer Biomet, USA) with 
fixed- bearing and posterior stabilization in all knees 
were performed in Ogori Daiichi General Hospital, 
Japan, by two senior surgeons (HF, YA). High- flex fe-
mur and keel tibial baseplate were used in all cases. 
The surgical approach was a standard medial parapa-
tellar approach with patella eversion using a modified 
gap balancing technique. The infrapatellar fat pad was 
partially (approximately 70%) resected, and the patella 
was resurfaced in all patients. Lateral retinacular release 
was not performed in any patients. Passive and active 
knee ROM exercises were initiated the day after surgery. 
In the present study, we retrospectively included 165 
knees (136  patients; 20 males and 116 females) with 
mean age was 75.4 years (56 to 86), which were avail-
able for review with a mean follow- up of 7.7 years (5 to 
10). For the diagnosis that underwent TKA, there were 
157 cases of degenerative knee osteoarthritis and eight 
cases of spontaneous osteonecrosis of the knee. Right 
side was 79 knees, and left side was 86 knees. Overall, 
51 knees were excluded because of incomplete data in 
11 cases, lost to follow- up in 21 cases, prior arthroscop-
ic debridement in six cases, post- trauma in four cases, 
periprosthetic fracture in three cases, ipsilateral prox-
imal femur fracture in two cases, ipsilateral total hip 
arthroplasty in two cases, prior HTO in one case, and 
infection in one case.
Data collection. A lateral radiograph of the knee was 
taken at approximately 30° of flexion. We assessed the 
pre- and postoperative ISR and its changes in all pa-
tients. In addition to the radiological evaluation, clinical 
data, including postoperative knee ROM and KSS, were 
obtained. Our institutional review board approved the 
study and waived the requirement for informed con-
sent because it was a retrospective study using existing 
medical records and posed minimal risk to patients (No. 
15- 08).

Statistical analysis. To evaluate the patellar height, the 
length of the patellar tendon and the longest portion 
of the patella were measured using computer software 
(FS- V673; FUJIFILM, Japan).

The ISR was calculated by dividing the length of the 
patellar tendon by the length of the longest portion of 
the patella measured from lateral radiographs with the 
knee in flexion. Patella baja was defined as having an 
ISR of < 0.8, based on the original paper described by 
Insall et al.16 We investigated whether the conventional 
criteria of patella baja (ISR  < 0.8) at final follow- up 
affected the clinical outcomes.

In addition, to examine the effect of reduction in 
patellar height itself on clinical outcomes, rather than 
the traditional criterion of patella baja (ISR < 0.8), we 
focused on the measurement error of ISR and investi-
gated the relationship between patellar tendon short-
ening itself beyond the measurement error and clinical 
outcomes. Inter- rater and intra- rater reliability of the 
measurements were also assessed by two senior ortho-
paedic surgeons (HF, KY). In all, 20 random samples of 
lateral knee radiographs were selected from the data 
of 165 knees. Each knee was examined twice with an 
interval of at least one week. Each observer measured 
the ISR. Inter- and intrarater reliability was assessed 
by intraclass correlation coefficients (ICCs) and Bland- 
Altman analysis.18 The interpretation of the ICC value 
was based on the criteria proposed by Landis et al.19 The 
reliability of an ICC over 0.81 is considered to be almost 
perfect, and between 0.61 and 0.8 to be substantial. 
A value of an ICC less than 0.60 was not accepted for 
the test and retest methods. Absolute reliability was 
assessed by the standard error of measurement (SEM) 
and minimal detectable change at 95% confidence level 
(MDC95). The ICC, MDC, and Bland- Altman analyses 
of ISR measurements are shown in Tables I and II. The 
ICC (γ) for inter- and intrarater reliability was greater 

Table I. Incidence of patella baja at each follow- up.

Variable Pre- surgery Surgery 2 months 6 months 1 year 2 years 5 years
Final 
(7.7 years)

Cases, n (%) 4 (2.4) 3 (1.8) 2 (1.2) 4 (2.4) 12 (7.3) 23 (13.9) 33 (20.0) 33 (20.0)

Table II. Association between patella baja and clinical outcomes at the 
final follow- up.

Variable
ISR < 0.8 (n = 33), 
mean (SD)

ISR ≥ 0.8 (n = 132), 
mean (SD) p- value*

Age, yrs 74.9 (6.2) 75.5 (5.5) 0.628

BMI, kg/m2 26.7 (6.2) 25.5 (3.2) 0.128

Knee extension, ° -2.3 (5.2) -3.1 (5.5) 0.424

Knee flexion,° 122.4 (13.1) 125.9 (12.6) 0.155

KSS 81.8 (11.4) 84.8 (8.7) 0.102

*Student's t- test.
ISR, Insall- Salvati ratio; KSS, Knee Society Score; SD, standard deviation.
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than 0.9 (Table III); Bland- Altman analysis also showed 
excellent intra- and inter- rater reproducibility; MDC 95 
was 0.169 for rater 1, 0.127 for rater 2, and 0.134 for 
inter- rater (Table IV). These data suggest that significant 
changes occurred when the ISR changed above 0.17. 
Data were represented as mean (standard deviation 
(SD)). Differences were analyzed using Student's t- test 
or paired t- test; p- values < 0.05 were considered statis-
tically significant.

Results
We selected serial radiographs of the affected knees 
taken on pre- surgery, immediately after surgery, at two 
months, six months, one year, two  years, five years, 
and at last follow- up after surgery (mean 7.7 years; 5 
to 10). Using ISR, the mean patellar height before TKA 
was 1.03 (0.64 to 1.46), which significantly decreased 
at the one- year follow- up (p = 0.003, paired t- test), and 
further continued to decrease to 0.94 (0.45 to 1.40) at 
the final follow- up (mean 7.7 years (5 to 10)) (Figure 1). 
The incidence of patella baja in this series (ISR  < 0.8) 
was 2.4% (n = 4) before surgery, 1.8% (n = 3) immedi-
ately after surgery, 1.2% (n = 2) at  two months, 2.4% 
(n = 4) at six months, 7.3% (n = 12) at one year, 13.9% 
(n = 23) at two years, 20.0% (n = 33) at five years, and 
20.0% (n = 33) at final follow- up     (Table I).

We divided the knees into two groups: the patella 
baja group (ISR  < 0.8 at the final follow- up; n = 33), 
and the patella normal- alta group (ISR ≥ 0.8 at the final 
follow- up; n = 132). In the patella baja group, there was 
no difference in knee ROM (Table  II). For the clinical 
outcomes, the patella baja group had lower scores than 
the patella normal- alta group, but there was no signifi-
cant difference between the two groups. The mean ISR 
of these two groups at each follow- up was then plotted 
on a graph (as shown in Figure 2). The results showed 
that the mean ISR in the patella baja group decreased 
significantly from six months after surgery to the final 
follow- up. In the patella baja group, the ISR was already 
lower than that of the normal- alta group before surgery 
(p <0.001, Student's t- test; Figure 2).

Next, we divided the knees into two groups: group 
A (patellar height descend beyond MDC 0.17; n = 33) 
and group B (patellar height did not descend above 
MDC 0.17; n = 132) (Figure  3). Group A had a statis-
tically significant decrease in patellar height at two 
months after surgery, and it was gradually decreased 

throughout the observation period. However, patellar 
height in group B did not decrease until two years after 
TKA. Clinically, group A had a statistically significant 
decrease in passive knee flexion (p = 0.008, Student's 
t- test), Table V), but knee extension did not reduce. In 
addition, group A had significant less scores compared 
to group B (p = 0.012, Student's t- test) (Table V). Thus, 
these data indicate that significant patellar height 
reduction is an independent factor in reduced knee 
flexion and KSS after fixed- bearing PS- TKA.

Discussion
In the present study, the incidence of patella baja after 
fixed- bearing PS- TKA was 20.0% with a mean follow- up 
of 7.7 years. Similarly, Meneghini et al20 reported patella 
baja in 16.4% (173/1,055 knees, including 956 poste-
rior cruciate ligament- retaining TKAs and 109 poste-
rior cruciate- substituting TKAs) with a mean follow- up 
of 5.1  years using ISR  < 0.8.  They also described that 
patella baja appeared to occur after TKA with or without 
posterior cruciate ligament retaining. Incidence of 
decreased patellar height after TKA ranged from 0.7% 
to 65% in previous reports, although the measure-
ment method and criteria vary.11,13,14 Most of this reduc-
tion was observed in six months postoperatively, after 
which only mild shortening was noted.11- 15 In our study, 
patients continued to develop patella baja until five 
years later. Recently, Davies et al21 also reported that 
the ISR of TKA patients continued to shorten from year 
one to year five.

The aetiology of patellar height reduction after TKA 
is still unclear, and probably multifactorial; surgical 
procedures such as lateral retinacular release, infra-
patellar fat pad resection, and patellar eversion have 
been suggested as possible causes of patella tendon 
shortening following TKA. Lateral release and fat pad 
excision could lead to ischaemia of the patella tendon, 
resulting in shortening of the patellar tendon.22 Weale 
et al23 found a highly significant reduction in patellar 
tendon length after eight months in 34% of their 
TKAs requiring lateral release, compared with 24% 
in those that did not need a lateral release. Lemon et 
al13 compared the difference in the change of patellar 

Table III. Intraclass correlation coefficient (ICC) for Insall- Salvati ratio.

Variable ICC estimate (95% CI)

Inter- rater 1 0.92 (0.817 to 0.967)

Inter- rater 2 0.992 (0.981 to 0.997)

Inter- rater 0.925 (0.720 to 0.974)

CI, confidence interval.

Table IV. Bland- Altman analysis for Insall- Salvati ratio (ISR).

ISR
First, 
mean (SD)

Second, 
mean (SD) Bias SEM 95% CI MDC95

Intrarater 1 1.016 
(0.169)

0.991 (0.147) 0.024 0.061 -0.052 to 
0.003

0.169

Intrarater 2 1.026 
(0.162)

1.016 (0.149) 0.011 0.046 -0.032 to 
0.010

0.127

  Rater 1 Rater 2   

Inter- rater 
(first)

1.016 
(0.169)

1.026 (0.162) 0.035 0.048 -0.057 to 
0.013

0.134

CI, confidence interval; MDC95, minimal detectable change at 95% confidence 
level; SD, standard deviation
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tendon length between completely fat pad preserva-
tion and complete excision. After three years, there was 
a significant patellar tendon shortening of 4.2% in the 
excision group and no significant change in the preser-
vation group. Regarding patellar eversion, Floren et al11 
reported that the incidence of patella baja was reduced 
from 37% to 12% when the patella was only displaced 
but not everted. In contrast, Sharma et al12 described 
that postoperative patella baja was only 0.7% (one of 
135 knees) after the patellar eversion procedure. In 
our series, approximately 70% fat pad resection and 
patellar eversion were performed in all cases, although 
the lateral release was not performed, and we specu-
lated that these techniques influenced the occurrence 
of patella baja, and patellar resurfacing during the 
procedure in all cases, without lateral release. Interest-
ingly, our results indicated that patients with postop-
erative patella baja already had a preoperative lower 
patellar height. These data suggest that preoperative 
characteristics of the patellar tendon also influence the 
development of patella baja in addition to the intraop-
erative peripatellar manipulation.

In this study, we examined the impact on clinical 
outcomes from two perspectives: the conventional 

definition of patella baja (ISR < 0.8) and the reduction 
in ISR beyond the measurement error (0.17). This study 
demonstrated that a decrease in patellar height above 
the measurement error, but not patella baja (ISR  < 
0.8), was significantly associated with reduced knee 
ROM and KSS. In the past studies, changes in patellar 
tendon length after TKA was associated with decreased 
postoperative knee ROM,23 anterior knee pain, anterior 
polyethylene impingement and wear, and decreased 
outcomes,7,10,14,23–25 but recent studies have found no 
correlation between ISR and knee ROM and clinical 
scores, such as the Oxford Knee Score, KSS, and Hospital 
for Special Surgery Score.12,15,20,21,23,26 This difference in 
the correlation between the lower patellar height and 
the clinical outcomes among the papers may be due 
in part to the different evaluation criteria. In fact, we 
found no significant difference in knee ROM and clinical 
outcome when the general patella baja (ISR < 0.8) was 
used as the criterion, but we did find a difference in clin-
ical outcomes when another criterion (patellar height 
descend beyond MDC) was used.
Limitations. There are several limitations in the pres-
ent study. First, this was a retrospective analysis, and 
the exact amount of fat pad excision and rehabilitation 

Fig. 1

Mean Insall- Salvati ratio of all patients at each follow- up. Data are shown as mean (standard deviation). *p < 0.05.
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intervention was unclear. Second, we used the ISR to 
analyze the patellar height after TKA. Measuring ISR 
has some drawbacks; for example, bony landmarks are 
not always easy to identify, the size of the patella can 
vary, and pathological bony overgrowth can distort 
the native anatomy.27–29 However, the modern digital 
radiographs have such good soft- tissue definition that 
the patellar tendon itself is usually visible, making ac-
curate identification of the tibial tubercle obsolete.30 In 
addition, a cadaveric study by Schlenzka et al31 demon-
strated that the absolute values of anatomical measure-
ments and the resulting ISR correlated well with the 
ratios measured on lateral radiographs. Third, ROM 
was measured by one senior orthopaedic surgeon (HF) 
using a goniometer with a precision of 5°. The meas-
urement error was not evaluated for knee ROM meas-
urements. Finally, our study showed that a significant 
decrease in patellar height after TKA reduced KSS, but 
the difference was only 4.6 points. Lizaur- Utrilla et al32 
reported that the minimal clinical important difference 

for the KSS after TKA was at least nine points. Thus, the 
impact on knee function for the reduced patellar height 
following TKA seems to be small.

In conclusion, the present study indicated that 
patella baja (ISR < 0.8) progressed up to five years post-
operatively and was not related to clinical outcome, but 
the decrease in patellar height beyond the measure-
ment error between the surgery and final follow- up 
was associated with a decrease in passive knee flexion 
and KSS after fixed- bearing PS- TKA. The reduction in 
patellar height after TKA may not occur in all patients 
who underwent partial fat pad resection and patella 
eversion, but is more likely to occur in some patients, 
especially those with preoperative lower patellar height. 
Thus, further studies are needed to prevent shortening 
of patellar height in patients with low preoperative 
patellar height through therapeutic interventions, such 
as fat pad preservation and long- term rehabilitation. 
The reduction of patellar height and long- term implant 
survival should also be investigated.

Fig. 2

Mean Insall- Salvati ratio of patella baja group and normal- alta group at pre- surgery, zero, two, six, 12, 24, and 60 months and final follow- up after surgery. 
Data are shown as mean (standard deviation). *p < 0.05 compared between pre- surgery and each follow- up time point. p < 0.05 compared between two 
groups.
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Take home message
  - In this study, patella baja (Insall- Salvati ratio < 0.8) 

progressed by five years after fixed- bearing posterior- 
stabilized total knee arrthroplasty (TKA), and was not 

associated with clinical outcomes or knee range of motion.
  - On the other hand, a significant decrease in patellar height beyond 

the minimal detectable change was associated with passive knee 
flexion and decreased Knee Society Score after TKA. Thus, cases with a 
significant decrease in patellar height might have a worse postoperative 
outcome.
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