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Abstract

Purpose The literature data on patellar height following

unicompartmental knee arthroplasty (UKA) are scarce.

Methods A total of 41 knee joints in 37 patients after

UKA were prospectively evaluated for patellar height by

using the Insall–Salvati and modified Insall–Salvati ratio.

Patellar height was measured preoperatively, postopera-

tively, at 6, 12 weeks, and, at 1 year postoperatively.

Patients were categorized according to age, gender, oper-

ated side, and rehabilitation program.

Results Regarding all the patients, the Insall–Salvati ratio

demonstrated a significant decrease only for the time per-

iod ‘‘postoperatively–1 year postoperatively’’, whereas the

modified Insall–Salvati ratio showed a significant decrease

only for the period ‘‘preoperatively–postoperatively’’. The

Insall–Salvati ratio showed a significant decrease in the

patellar height of men and left knees, whereas the modified

Insall–Salvati ratio revealed a significant decrease in

patients older than 65 years and those who followed a

specific rehabilitation program.

Conclusions The decrease in the patellar height after

UKA occurs within the first postoperative year. Women,

right knees, patients younger than 65 years and those who

do not follow a specific rehabilitation program are less

prone to decrease in the patellar height; ratio-specific dif-

ferences are evident for each subgroup.

Level of evidence Diagnostic study, Level III.

Keywords Unicompartmental knee arthroplasty � Patellar

height � Patella alta � Patella infera � Insall–Salvati ratio �
Modified Insall–Salvati ratio

Introduction

In recent reports, failure of unicompartmental knee

arthroplasty (UKA) was associated with progression of the

arthritis, prosthesis design, and surgical technique [3, 12].

General progression of osteoarthritis (in both, opposite

knee compartment and patellofemoral joint), as a cause of

failure, is estimated to occur at about 33% at a 10-year

follow-up [12, 25]; these rates vary strongly for the patel-

lofemoral joint from 10 to 67% at 10–11-year follow-up

[3, 19]. Progressive osteoarthritis of the femoropatellar

joint is rather rare after medial UKA as compared to that of

the lateral compartment because of the overcorrection of a

pre-existing varus deformity. However, alterations in the

patellar biomechanics might limit the functional outcome,

and hence the daily activity of the patient, even if they do

not directly lead to revision surgery.

Besides the axial patellar position, the patellar position

in the sagittal plane might also limit the outcome. Patella

infera has been described after total knee arthroplasty

(TKA) [1, 5, 6, 11, 15], high tibial osteotomy [7, 17, 20,

23], and anterior cruciate ligament reconstruction [21].

Patella infera after TKA is associated with a limited range

of movement [24]. Calculations show that 1 mm short-

ening of the patellar tendon would be expected to cause a

loss of flexion by about 1� [24]. In a geometrical knee

model, it has been demonstrated that when there is a short

patellar tendon, the patella contacts the femur at a smaller
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angle of flexion than that when the tendon is of normal

length [22].

Although patellar height changes are well described

after TKA [1, 5, 6, 11, 15], literature data on the patellar

position after UKA are scarce. Hence, the purpose of this

prospective cohort study was to determine the patellar

height after UKA and evaluate side-, gender-, age- and

postoperative treatment-dependent differences.

Materials and methods

Between 2002 and 2005, a prospective cohort study was

performed for the measurement of the patellar height after

UKA. All operations were carried out for unilateral tibio-

femoral osteoarthritis (Kellgren–Lawrence stadium III–

IV). Patients were only included in the study if they had

unicompartmental medial or lateral femorotibial arthritis

with intact patellofemoral and contralateral femorotibial

joints. The exclusion criteria included patella fracture,

patellar tendon injury or insufficiency, quadriceps injury or

insufficiency, and surgeries prior to prosthesis implantation

that might have altered the patellar biomechanics (lateral

release and high tibial osteotomy). Patients having an

intraoperative lateral release or removal of patellar osteo-

phytes were also excluded from the study. Intraoperatively

diagnosed laxity or insufficiency of the anterior or posterior

cruciate ligament also led to exclusion from the study.

Of the 67 patients operated during this time period, 30

patients were excluded because of the aforementioned

criteria. A total of 41 prostheses in 37 patients were eval-

uated. There were 18 men and 19 women. The median age

of these 37 patients was 65 (55–79) years at the time of

surgery. In all the cases, Miller–Galante prostheses (Fa.

Zimmer, Warsaw, Indiana, USA) were implanted. All the

procedures were done through a medial parapatellar

approach that included patellar eversion; none were done

using a minimally invasive approach. Parts of the Hoffa’s

pad were resected whenever necessary. The medial com-

partment was replaced in 39 knees and the lateral com-

partment in two knees. In 21 cases, UKA was carried out in

the left knees and in 20 cases in the right knees.

Postoperative care was identical for all the patients. All

the patients were allowed to weight-bear on the operated

leg as tolerated. At dismissal, usually 2 weeks after the

surgery, knee flexion was at least 90�. The patients who

wished to were transferred to an inpatient rehabilitation

program for another 3–4 weeks. Those who did not wish to

be transferred were advised to do ambulatory physical

therapy for the same time period.

The inpatient rehabilitation program following UKA

usually consists of several exercises and training programs

such as physical therapy and hydrotherapy that take place

throughout the day, either as a single person or in a group.

On the other hand, the ambulatory physical therapy takes

place 2–3 times (20–30 min each time) per week, where

the physiotherapist treats only one patient at a time. In 24

cases, the inpatient rehabilitation program was followed,

whereas in the remaining 17 cases, the patients performed

ambulatory physical therapy.

Radiographic assessment

The patellar height was determined on lateral radiographs

with a knee flexion angle of 20�. The patellar height was

measured using the Insall–Salvati [9] (Fig. 1) and the mod-

ified Insall–Salvati ratio [8] (Fig. 2). Since it can be difficult

to define exactly the point of origin and insertion of the

tendon, all the radiographs for each patient were reviewed

simultaneously by the first two authors. Radiographic

assessment was performed using a ruler with a measurement

accuracy of 1 mm. The radiographs were taken preopera-

tively, postoperatively (within 7 days after the surgery), at

6 weeks, 3 months, and at 1 year after the surgery.

All the patients were categorized into groups according

to gender (men vs. women), age ([65 years vs.\65 years),

side of the operated knee joint (left vs. right), and reha-

bilitation program (inpatient rehabilitation program vs.

ambulatory physical therapy). The Insall–Salvati- and

modified Insall–Salvati ratio were compared among these

Fig. 1 Assessment of the Insall–Salvati ratio after unicompartmental

knee arthroplasty. A describes the longest portion of the patella, and

B describes the length of the patellar tendon
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groups for each time period separately and in between the

defined time periods.

Statistical analysis

Statistical analysis was performed using the SPSS 12.0

version (SPSS Inc., Chicago, USA). For the evaluation of

the whole collective as well as subgroups for a particular

time period, ANOVA analysis and post hoc test were

carried out. For the comparison between the groups, a t test

for unmatched pairs was performed after confirming the

normal values of distribution by using the Levene’s test.

Statistical significance was defined at a P value of \0.05.

Results

Insall–Salvati ratio

The Insall–Salvati ratio classified preoperatively 38 patel-

lae as normal, two as infera, and one as alta [median value

0.93 (0.71–1.32)] (Table 1).

Evaluation of all the patients by using the Insall–Salvati

ratio demonstrated a significant decrease in the patellar

height only for the time period ‘‘postoperatively–1 year

postoperatively’’ (P = 0.042).

When comparing the two gender groups alone, men

demonstrated significant decreases for the time periods

‘‘postoperatively–1 year postoperatively’’ (P = 0.004),

and ‘‘6 weeks postoperatively–1 year postoperatively’’

(P = 0.008). Women showed no significant changes at any

time period. Comparison between genders showed no sig-

nificant differences.

Comparison of the patients according to their age

showed no significant decreases at any time period for both

between as well as within the groups.

Regarding the operated side, no differences were seen

between the groups. When the operated side was tested

alone, the Insall–Salvati ratio yielded no significant dif-

ferences in the patellar height of the right knees at any time

period. For the left knees, significant decrease was

observed only for the time period ‘‘postoperatively–1 year

postoperatively’’ (P = 0.007).

Regarding the specific rehabilitation program after dis-

missal from the clinic, no significant decrease was

observed at any time period for both between and within

the groups.

Modified Insall–Salvati ratio

The modified Insall–Salvati classified preoperatively 37

patellae as normal and four as alta [median value 1.75

(1.35–2.63)] (Table 1).

Regarding all the patients, the modified Insall–Salvati

ratio demonstrated a significant decrease only for the time

period ‘‘preoperatively–postoperatively’’ (P = 0.019).

Regarding the gender, no significant decrease was

observed at any time period for both between and within

the groups.

Comparison of the patients regarding their age showed a

significant decrease for the time period ‘‘postoperatively–

6 weeks postoperatively’’ (P = 0.042) between the groups

for the older group. Within each group, no significant

changes could be demonstrated at any time period.

Regarding the operated side, no significant decreases

could be observed at any time period for both between and

within the groups.

Regarding the patients who underwent the rehabilitation

program or did the ambulatory physical therapy, the

modified Insall–Salvati ratio showed a significant decrease

in the patellar height for the time period ‘‘postoperatively–

1 year postoperatively’’ between both groups. Within each

group, no significant changes were observed.

Discussion

The most important findings of the present study were that

female patients, right knees, and patients younger than

Fig. 2 Determination of the patella height after unicompartmental

knee replacement by using the modified Insall–Salvati ratio.

A describes the length of the articular surface of the patella, and

B describes the length of the patellar tendon
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65 years and those doing ambulatory physical therapy were

less prone to decrease in the patellar height than male

patients, left knees, and patients older than 65 years and

those doing the inpatient rehabilitation program.

The exact etiology of the patellar height decrease after

different surgical procedures is still unknown. Its cause has

been ascribed to biological adaptation of the extensor

mechanism, shrinkage of scar tissue, scarring, formation of

a new bone, immobilization, patellofemoral fibrosis, intra-

articular fibrous bands, ischemia, and trauma to the patellar

tendon [24]. After TKA, some authors have suggested that

the eversion of the patella leads to ischemia and trauma to

the tendon, and hence, to a postoperative patella infera

[24]. Fern et al. [5] and Aglietti et al. [1] reported that

patients with patella infera suffer from impingement pain,

whereas Figgie et al. [6] found in a similar study that such

patients had both pain and restriction in the movement of

the knee. On the other hand, Koshino et al. [11] reported

that patella infera after TKA has no influence on the range

of movement or power of the quadriceps muscle.

Not every method is suitable for the measurement of the

patellar height. The Insall–Salvati ratio may be affected by

the changes in the patellar morphology. Resection of

patellar osteophytes at the time of resurfacing may alter the

shape in the sagittal plane, thus, rendering the measurement

of the Insall–Salvati ratio unreliable. Hence, all patients

having intraoperative removal of patellar osteophytes were

excluded from the present study. Only these two methods

were chosen for the determination of the patellar height

because they are independent of joint surfaces. Other

ratios, such as the Blackpurne–Peel ratio [4] are affected by

the position of the joint line, because they require precise

identification of the proximal joint surface of the tibia for

their assessment and therefore do not accurately correlate

with the true patellar height after UKA.

Furthermore, interobserver variation also plays a role in

the assessment of patellar height. Berg et al. [2] showed

that among three observers the Blackburne–Peel method

was relatively reproducible. Seil et al. [18] demonstrated

for this ratio the lowest interobserver variability in a study

with symptomatic knees. After TKA, Rogers et al. [16]

found out that the interobserver difference was reduced

using both Caton–Deschamps and the Blackburne–Peel

methods as compared to the Insall–Salvati and the modified

Insall–Salvati ratio. Hence, to avoid such problems, all the

radiographs were reviewed simultaneously by the first two

authors.

To our knowledge, there exist only two studies that

tried to determine the patellar height after UKA [14, 24].

Weale et al. [24] determined the patellar height after TKA

or UKA as a part of a randomized, controlled study with

84 patients. The authors defined patella infera as a

decrease in 10% or more in the length of the tendon. This

study demonstrated no significant changes in the patellar

height at 8 months and 5 years after the surgery. Inter-

estingly, lengthening of the tendon by 10% or more was

identified in approximately 14% of their patients; how-

ever, the authors did not provide any explanation for this

observation. Naal et al. [14] measured the patellar height

before and after UKA by using the Blackburne–Peel and

Insall–Salvati ratio and investigated the impact of patellar

height on clinical outcomes 2 years after the surgery. The

Blackburne–Peel values were significantly decreased after

the surgery, whereas the Insall–Salvati values were not.

The lower preoperative Blackburne–Peel values were

negatively correlated with postoperative knee extension,

whereas higher preoperative values were negatively cor-

related with postoperative Knee Society score. On the

other hand, the lower preoperative Insall–Salvati values

were negatively correlated with postoperative Knee

Society score.

The present work has some differences as compared to

the aforementioned studies. Weale et al. [24] did not

determine patellar height according to an established

method but only defined a decrease in 10% or more in the

length of the tendon as a patella infera. It could be possible

that if they had used the Insall–Salvati, modified Insall–

Salvati or Blackburne–Peel ratio, other values could have

been measured. Naal et al. observed significant differences

for the Blackburne–Peel ratio; however, the Blackburne–

Peel ratio is affected by the position of the joint line and

this cannot always be easily identified after UKA or TKA.

However, it is unclear why they could not observe any

significant differences for the Insall–Salvati ratio as in the

present study.

According to the modified Insall–Salvati ratio, it could

be shown that a decrease in the patellar height occurs

mostly during the first 6 postoperative weeks, whereas the

Insall–Salvati ratio demonstrated a decrease during the first

postoperative year. This is probably due to the surgical

trauma to the patellar tendon and the pain-associated

weakness of the quadriceps muscle that cannot act to pre-

vent the decrease in patellar height, which might prolong

over longer periods. Therefore, specific training of this

muscle should be the aim of the physical therapy in order to

avoid complaints in the patellofemoral joint. In contrast, it

could be shown that patients who underwent a specific

rehabilitation program did not benefit in comparison to

those who did not follow such a program with regard to the

patellar height. Probably, during such a rehabilitation

program, attention is not only paid to the patellofemoral

joint, but also to the range of motion of the knee joint.

Perhaps, patients who have a higher risk for patellar

problems should follow a more intensive postoperative

training, and rather focus on strengthening the quadriceps

muscle than a general rehabilitation program.
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Moreover, the present study indicates that women and

right knees are less likely to have a decrease in the patellar

height as compared to men and left knees according to the

Insall–Salvati ratio. No certain explanation can be given

for this difference between the genders, especially since

Koskinen et al. [12] showed no significant differences in

the evaluation of revisions after UKA between male and

female patients. Regarding the operated side, it could be

assumed that similar to the upper extremities where most

people have a stronger right side, similar strength propor-

tions might also be present in the lower extremities. Hence,

a stronger preoperative right quadriceps muscle would

easily tolerate the surgical trauma as compared to a weaker

muscle on the left side, and a decrease in the patellar height

would rather be expected in the latter group.

In a study from the Finnish Arthroplasty Register,

younger patients (\65 years of age) were found to have a

1.5-fold increased risk of revision after UKA as compared

to patients older than 65 years [12]. However, the exact

causes of revision were not specified. Younger patients are

usually more active and place more demand on their

prostheses. Therefore, it could be rather expected that

polyethylene damage or progression of arthritis to other

joint compartments would be a more likely cause of revi-

sion as compared to problems in the patellofemoral joint.

The present study demonstrated that younger patients were

less likely to have a decreased patellar height according to

the modified Insall–Salvati ratio. The reason could be the

better elasticity of the soft-tissues or the fact that they are

more active in their daily activities, which leads to a faster

rehabilitation.

A recent study by Lemon et al. [13] demonstrated that

excision of the infrapatellar fat pad leads to a significant

shortening of the patellar tendon after TKA as compared to

the knees where the fat pad is preserved. It has been shown

that complete infrapatellar fat pad excision can devascu-

larize the patella by interrupting the infrapatellar anasto-

mosis [10] and this might be the cause for that. In our

study, the possible influence of the excision of the infra-

patellar pad on the patellar height was not examined;

however, it might be possible that even in cases after UKA

this factor could influence the patellar height.

Certainly, the present study has some limitations. The

exclusion criteria were relatively strict, so only a small

number of knees were included in the study. Moreover, all

the patients were operated using the traditional medial

parapatellar approach with patellar eversion; therefore, it

cannot be surely stated how these values might be in the

case of other surgical approaches. Furthermore, the

mechanical axis and tibial slope were not determined,

the two parameters that might have had an influence on the

patellar height.

Conclusion

The present study demonstrates that patellar height

decrease after UKA is less frequent if the patient is women,

younger than 65 years, and the right knee has been oper-

ated. A more quadriceps-specific postoperative rehabilita-

tion program might help in the prevention of a patella

infera. Orthopedic surgeons should be aware of possible

factors that might lead to patellar complaints, and hence,

limit the functional outcome after UKA.
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