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Introduction

Intra-articular malignant lesions, extension of ma-
lignant extra-articular tumors that contaminate the 
knee joint along the intra-articular cruciate liga-
ments, intra-articular pathological fractures due to 
malignant tumors and an inappropriate biopsy are 
the most common factors contaminating the knee 
joint and necessitate an extra-articular knee resec-
tion (EKR) (1, 2).

As a common site for malignant lesions, the knee is 
a special case for extra-articular resection because 
of the extensor mechanism. In case of intra-articular 
malignant contamination, options are above-knee 
amputation, primary arthrodesis, rotationplasty or en-
doprosthetic reconstruction following EKR. Extensor 
mechanism reconstruction with extensor mechanism 
allografts, artificial ligaments, or tendon transfers is 
only needed when EKR is performed without preserv-
ing patella and when such resection is reconstructed 
with a standard tumor endoprostheses. The availabil-
ity of extensor mechanism allograft, infection, lon-

gevity of the material, and the incorporation of the 
allograft are the major drawbacks of this technique 
(2-10).

Extra-articular resection sparing the extensor mecha-
nism has been defined as a variation of classical re-
section, which includes preservation of the extensor 
mechanism by releasing the Hoffa fat pad and syno-
vial pouch, cutting the patella anterior to the joint 
capsule, and resection without any view of articular 
cartilage and synovium (11). Because of capsular pen-
etration, contamination risk and the risk of fracture 
when excessive bone is removed are two main draw-
backs of this procedure (12). Patellar resection leaving 
less than 10 mm bone stock is accepted as a risk factor 
for fracture in resurfaced patellas (13-17). Non-resur-
facing the patella is another option for avoiding frac-
ture with a moderate amount of extension loss.

As there is a potential for patellar complications or ex-
tension power loss after a certain amount of resection in 
EKR preserving the extensor mechanism, we sought to 
determine the thickness of the remaining patellar bone 
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ABSTRACT

Objective: This study aimed to evaluate the thickness of the remaining patellar bone stock following extra-articular knee resec-
tion (EKR) preserving the extensor mechanism in human cadaveric knee joints.

Methods: A total of 14 human cadaveric knee joints (8 men and 2 women) were dissected, and the patellar thickness from the 
joint capsule insertion to the anterior cortex of the patella was measured using an electronic caliper. The mean age of the cadav-
ers was 37 years (range=28-50). Measurements were performed by an anatomist and an orthopedic surgeon. As the total number 
of the cadavers was not enough to show the patellar thickness with sampling (sex and age), we endeavored to supplement the 
content with magnetic resonance images (MRI). Accordingly, the patellar bone thickness was also measured on axial MRI scans 
of 100 adult and 25 pediatric knees of patients (71 women and 54 men; mean age=36 years; age range=7-67 years) admitted 
to our hospital in whom meniscal tears were suspected. The rate of specimens with remaining patellar thickness of less than 
10 mm after presumed resection was evaluated. The macroscopic measurements in cadavers and MRI measurements in adult 
knees were compared statistically.

Results: The mean thickness of the residual patellar bone of the cadaver dissections following a presumed EKR preserving the 
extensor mechanism was 8.2 mm (range=3.4-15.8). Additionally, in 71.4% (10/14) of the cadaveric knees, the thickness of resid-
ual patellar bone was less than 10 mm. In MRI scans, the average thickness of residual patella after presumed resection was 8.6 
mm (range: 3.6-16) in adult knees and 6.9 mm (range: 3.4-10) in pediatric knees, and the residual patellar thickness less than 10 
mm after presumed resection was determined in 72% of all MRI scans. Macroscopic measurements in cadaveric knees were 
statistically similar to MRI scan measurements in adult knees (p=0.765, Mann-Whitney U test).

Conclusion: Evidence from this study revealed that the thickness of the remaining patellar bone stock after EKR preserving the 
extensor mechanism may be low. A preoperative assessment with MRI can guide the surgeon to select the appropriate method 
for knee resection in order to prevent from the complications of resected patella.
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stock. This may be used for selecting the resection method or informing 
the patient preoperatively about the option of non-resurfaced patella.

Materials and methods

A total of 14 knees from 10 formaldehyde-fixed human cadavers (8 
men and 2 women) were collected and dissected without cutting the 
bone to determine the thickness of the patella and the distance be-
tween the anterior surface and the insertion of the anterior capsule 
to the patella (Figure 1). Measurements were performed by an anato-
mist and an orthopedic surgeon together in order to avoid any mea-
surement error. The mean age of the cadavers was 37 years (range: 
28-50). Microscopic magnification (×12) was used for precise dissec-
tion. After removal of skin, subcutaneous fat, and superficial fascia, 
complete arthrotomy was performed and the insertion of the capsule 
was exposed circumferentially and marked for measurement (Figure 
2. a, b). Measurements were completed with electronic calipers to 
find the thickness of the patella anterior to the joint capsule (Figure 
1). A real patellar resection was performed on only one cadaver to see 
if there is a difference between the measurements of residual patellar 
thickness following a presumed resection and after a real resection.

As the total number of the cadavers was not enough to show the patel-
lar thickness with sampling (sex and age), we endeavored to supple-
ment the content with MRI evaluation. The patellar bone thickness 
from the anterior cortex to the capsular insertion was also measured 
on axial MRI (1.5 Tesla, General Electric, Optima MR360, USA) scans 
of 100 adult and 25 pediatric knees of patients (71 women and 54 
men; mean age: 36 years; range: 7-67 years) admitted to the hospital 
between August and December 2015 in whom meniscal tears were 
suspected. The study was performed on the axial proton density (PD) 
fat saturated images in the 5 mm slice thickness. A standardized 
protocol was used in positioning the subject’s knee and capturing 
the image. The cartilage bone interface was accepted as the clos-
est point where extra-articular resection could safely be performed 
without violating the knee joint in radiological measurements (Fig-
ure 3). Centricity PACS-IW (General Electric Company, Barrington, 
IL, USA) software was used to access and to evaluate MRI scans of 
the patients. The measurement technique of the patellar thickness 
was taken from a study by Yoo et al. (18). The medial and lateral 
points for bone cartilage transition were marked in the radiological 
examination and a line was drawn connecting these two points. The 
distance between the line and the most anterior point of the patella 
was measured. In total, 1 mm was deducted from the measurement 
for the calculation of the remaining bone stock compensating for saw 
thickness and possible over resection. 

Statistical analysis
All data were combined using descriptive statistics. Continuous vari-
ables were calculated as a mean and range. For non-parametric data, 
Mann-Whitney U test was used.

Results

The residual patellar bone of the cadaver in which real patellar resec-
tion was planned is measured to be 8.4 mm right before the patellar 
resection. After the patellar resection, the residual patellar bone was 
measured as 8.4 mm as well. As both measurements were found to 
be the same, a real patellar resection was not carried out to the rest 
of the cadavers. The mean thickness of the residual patellar bone of 
the cadaver dissections following a presumed resection was 8.2 mm 
(range: 3.4-15.8). The mean values in women and men were 7.3 mm 
(range: 3.4-15.8) and 8.9 mm (range: 5.6-14.7), respectively. The rate 
of specimens with less than 10 mm remaining patellar thickness after 
the presumed resection was 71.4% (10/14) in the cadaver group. The 
rate of specimens with less than 5 mm and 7 mm remaining bone was 
7% (1/14; 0 men and 1 women) and 42% (6/14; 2 men and 4 women), 
respectively.

The mean thickness of residual patella after presumed resection in 
adult patients on the MRI was 8.6 mm (range: 3.6-16.0). The mean 
values in women and men were 8.2 mm (range: 3.6-4.0) and 9.2 mm 
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•	 The knee joint is the most common location for many primary sarcomas 
of bone.

•	 Extra-articular knee resection preserving extensor mechanism is one 
of the surgical options that can be performed when malignant lesions 
contaminates the knee joint in order to achieve negative surgical 
margins.

•	 The amount of residual patellar bone thickness has paramount 
importance; thinner the patella, higher the risk for a fracture and harder 
to place a patellar component. 

H I G H L I G H T S

Figure 1. Diagram showing the line between the capsular insertion points. The 
measured distance is between this line and the anterior cortex. (*: capsular in-
sertion, α: patellar anterior cortex, d: distance between the line and the anterior 
patellar cortex)

Figure 2. a, b. a) A photograph demonstrating the dissected patella in medial 
view b) dissected capsule. (i) Capsular insertion, (c) capsule, (v) articular side of 
patella, (p) proximal, (d) distal, red arrow representing anterior cortex

a

b



(range: 4.1-16.0), respectively. The pediatric patients had an average 
remaining bone thickness of 6.9 mm (range: 3.4-10.0).

The remaining patellar thickness less than 10 mm, between 7 mm 
and 10 mm and less than 7 mm after the presumed resection was 
determined in 72%, 46.4%, and 25.6%, respectively of all MRI scans. 
The demographic data are shown in Table 1. Comparison of residu-
al patellar thickness values revealed that the macroscopic measure-
ments in cadaveric knees were statistically similar to MRI scan mea-
surements in adult knees (p=0.765, Mann-Whitney U test).

Discussion

The knee joint is the most common location for many primary sar-
comas of bone and soft tissue, such as osteosarcoma, Ewing’s sar-
coma, and synovial sarcoma (19). These malignant lesions may con-
taminate the knee joint via direct intra-articular spread of the tumor 
mass, involvement of cruciate ligaments, by an inappropriate biopsy 
contaminating the joint or after an intra-articular pathological frac-
ture (1, 2). Irrespective of the cause, a joint, including malignant cells, 
should be removed completely with en bloc resection (9).

EKR is one of the surgical options that can be performed when malig-
nant lesions contaminates the knee joint in order to achieve negative 
surgical margins. Performing EKR without preserving patella has the 
advantage of providing a safer resection in means of tumor-free wide 
margins; however, reconstructing an extensor mechanism will be 
the major concern that an orthopedic oncology surgeon must face. 

Performing the resection by sparing the extensor mechanism with 
anterior extra-articular portion of patella is a variation of classical 
EKR and is much more challenging due to contamination risk in case 
of capsular penetration and patellar fracture risk if patellar resec-
tion gets too superficial in order not to cause any capsular breach. 
In such resections, the amount of residual patellar bone thickness 
has paramount importance; thinner the patella, higher the risk for 
a fracture and harder to place a patellar component (2-8). Zwolak 
et al. described the results of an alternative technique consisting of 
the preservation of the extensor apparatus by splitting the patella an-
terior to the joint capsule and detaching the suprapatellar synovial 
pouch and infrapatellar fat pad. In the original technique, a precise 
patella osteotomy was performed leaving approximately 15 mm of 
bone for the polyethylene patellar component. They reported good 
clinical results with no extensor lag and no complications associat-
ed with the extensor mechanism or patella, specifically no patellar 
fractures (12). In previous studies performed on adult patients and 
cadavers, many authors stated that a patella thickness of 11 mm is a 
fracture risk limit in terms of normal daily loading (13, 14, 16). Seo et 
al. reported patellar resection thickness as a contributor to anterior 
knee pain and extensor mechanism efficiency in addition to fracture 
risk (15). Clarke et al. stated that the female gender is a risk factor 
for a post-resection residual patellar thickness less than 13 mm (17).

In this study, we studied the thickness of the patella anterior to the 
minimal resection level, which is accepted to be 1 mm anterior to 
the capsular insertion (including the thickness of a fine sagittal saw). 
Cadavers were used to evaluate the relationship between the cap-
sular insertion and the remaining patellar bone stock. There are no 
studies indicating the rate of patellar deterioration in patients after 
presumed extra-articular resection.

Our data indicated that joint capsule insertion on the patella can be 
very close to the anterior margin, down to 3.4 mm. We assumed that 
patellar bone stock would be below the critical level in 72% of all 
MRI scan measurements. This gets even more critical for pediatric 
patients as the remaining patellar thickness less than 10 mm after the 
presumed resection was determined in 24 out of 25 (96%) pediatric 
MRI scans. Measurements on cadaver specimens and MRI sections 
were similar with a mean of 8.2 and 8.6 mm, respectively. Pediatric 
patients have an average remaining bone thickness of 6.9 mm, and 
in 52% of the cases, this value is below 7 mm, which indicates a very 
high fracture risk especially in the attempt to resurface the patella.

We recognize the limitations of cadaver models and radiological 
measurements, which have obvious differences from surgery itself. 
Additionally, the study is lacking pediatric cadavers and we did not 
perform any MRI evaluation in none of the cadaveric knees. Anoth-
er important limitation is that real patellar resection was performed 
only on one cadaveric knee. As there was no difference between the 
measurements of residual patellar thickness following a presumed 
resection and after a real resection, a real patellar resection was not 
carried out to the rest of the cadavers. We also had the opportunity 
to perform a much more precise measurement from the connection 
of the cartilage and the bone in the study. However, this might have 
led to an under-estimation of the residual patellar thickness due to 
excessive resection in order to include the joint capsule itself. Despite 
the limitations, these measurements show the patellar stock follow-
ing EKR is below the critical level in 72% of the cases.

Patellar resurfacing can be considered as safe in only 34% of adult 
and 4% in pediatric patient groups. These results highlight the impor-
tance of patient selection before the preoperative decision of exten-
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Figure 3. A magnetic resonance image showing the line between medial and lat-
eral bone cartilage transition points; distance between the line and the anterior 
cortex of patella. (*) Capsular insertion, (α) anterior cortex

Table 1. The demographic data of MR group

Patella* Men Women Pediatric Total, n (%)

≤ 7 mm 3 16 13 32 (25.6)

7-10 mm 18 29 11 58 (46.4)

> 10 mm 18 16 1 35 (28)

Total 39 61 25 125 (100)
*Remaining patellar thickness after presumed resection



sor mechanism preservation. Therefore, preoperatively all options, 
such as EKR with entire patella, EKR with preserving the anterior 
portion of patellar bone without resurfacing, possible need for the 
use of extensor mechanism allografts, and endoprosthetic recon-
struction types should be discussed with the patient.

In conclusion, our results clearly indicate that the amount of residual 
patellar bone after EKR is low. A preoperative risk evaluation can 
guide the surgeon to select the appropriate method for knee resec-
tion. Further clinical and anatomical research should be conducted 
to evaluate the results of EKR from the perspective of patellar resur-
facing, non-resurfacing, and other methods as well as the risk of pa-
tellar fracture.
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