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Abstract

Introduction: The central ridge of the patella is the thickest area of patella and varies among patients. This
cadaveric study identified the location and thickness of the bone at the central patella ridge for bone-patellar
tendon-bone (BPTB) harvesting.

Materials and methods: Fifty cadaveric knees were assessed. First, the morphology, length, width, and location of
the central patellar ridge were recorded. Then, we transversely cut the patella 25 mm from the lower pole and
measured the thickness of the anterior cortex, cancellous bone, and cartilage from both the mid-patella and the
central ridge location. Finally, the depth of the remaining cancellous bone at the mid-patella was compared to the
bone at the central ridge.

Results: The location of the central-patellar ridge deviated medially from the mid-patella in 46 samples with an
average distance of 4.36 ± 1 mm. Only 4 samples deviated laterally. The mean patella length was 41.19 ± 4.73 mm,
and the width was 42.8 ± 5.25 mm. After a transverse cut, the remaining cancellous bone was significantly thicker
at the central ridge compared to the bone at the mid-patella.

Conclusions: Most of the central patellar ridge deviated medially, approximately 4 mm from the mid-patella.
Harvesting the graft from the central ridge would have more remaining bone compared to the mid-patella.

Keywords: Patellar fracture, ACL reconstruction, Bone-patellar tendon-bone, Wiberg’s classification, Patellar
morphology

Introduction
Knee ligament injuries are common sports injury, espe-
cially in young athletes. Ligament reconstruction is often
needed with the goal of returning the knee to its pre-
injury status. Bone-patellar tendon-bone (BPTB) is one
of the grafts commonly used for ligament reconstruc-
tion. Complications from BPTB harvesting are anterior
knee pain, non-union patella [1], and patellar fracture

[2–7]. Although patellar fracture is rare, it is a devastat-
ing complication and can lead to poor outcome in a
young athlete [6]. There were many reports of patellar
fracture following middle one-third harvesting [2–4, 6,
7] and medial one-third patellar harvesting [5]. It is diffi-
cult to identify this complication because many different
surgical techniques were used. BPTB harvesting tech-
nique usually involves 20–30mm of the bone from the
lower pole of the patella with less than 10mm of depth
in triangular shape [8].
We believe that understanding the patellar morph-

ology has an important role and can help us avoid such
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complication. Originally, Wiberg [9] classified the patellar
morphology into 3 types according to the axial radio-
graphic view. For type I, the facets are concave, symmet-
rical, and of equal size. For type II, the medial facet is
smaller than the lateral facet (medial facet is flat or slightly
convex and lateral facet is concave). As for type III, the
convex medial facet is markedly smaller than the concave
lateral facet, and the angle between the medial and lateral
facets is nearly 90° (Fig. 1). Additional classification
(Wiberg IV) defines that there were no medial facet and
central ridge [10]. We believe that the thickest part of the
patella should be at the central ridge area. The traditional
technique for BPTB harvesting from mid-patella may
cause weakness of the harvesting site in groups of patients
whose central patellar ridge is not in the midline position.
This might be one of the causes for patella fracture after
BPTB harvesting. We conducted a study to identify the
morphology of the patella and the location of the central
patellar ridge. We believe that harvesting BPTB at the cen-
tral ridge should leave us with more bone compared to
the bones obtained from the mid-patella.

Materials and methods
Data collection
An institutional review board approval was obtained before
initiation of the study. We examined 50 cadaveric patellae
from 50 cadavers at our hospital. We excluded cadavers with
damaged patella, bipartite patellae, or patella with odd facet
because it cannot be measured properly. The evaluation and
measurement of all specimens were done by 3 separate in-
vestigators. If one of the investigators suggested that the
bone was not in optimum condition, we discarded that
specimen.

Fig. 1 Anatomy picture of the patella according to Wiberg’s classification. a Type I, the facets are concave, symmetrical, and of equal size. b Type II, the medial
facet is smaller than the lateral facet. c Type III, the convex medial facet is markedly smaller than the concave lateral facet, and the angle between the medial
and lateral facets is nearly 90°

Fig. 2 Methods of measuring patellar morphology. Lat, lateral; Med,
medial; L, length of patella; LC, length of cartilage; W, width of patella;
T, thickness of patella; D, distance from medial border to central-ridge
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First, surgical dissection was done to remove the pa-
tella from the cadaver. All soft tissue and periosteum
were removed from the patella. Measurement was done
using a digital caliper (Becker model EC10, Mumbai,
India).
Measurements of the length, width, thickness, distance

from medial border of patella to the central ridge, and
length of patellar cartilage were obtained. Average dis-
tance from the mid-patella to the central ridge was cal-
culated (Fig. 2). After the measurement was done, we
transversely cut the patella 25 mm from the lower pole
which is the length usually used for BPTB harvesting,
and measured the thickness of the anterior cortex, can-
cellous, cartilage at mid-patella, and central ridge. Using
the standard harvesting technique, approximately 10-
mm thickness of bone was removed, and we compared
the depth of the remaining cancellous bone after har-
vesting the BPTB from the mid-patella with that from
the central ridge (Fig. 3).

Statistical analysis
The reliability was calculated using the intraclass correl-
ation coefficient (ICC). Descriptive statistic was pre-
sented as mean and standard deviation (SD). Statistical
analyses were calculated with SPSS version 22. Paired t
test was used for mean comparison of the normal

distributions of the continuous variables. A P value of
less than 0.05 was considered to be statistically
significant.

Results
The ICCs for intra- and inter-rater agreements were >
0.90 for all measurements. The ICCs value of > 0.80 was
defined to be an excellent agreement.
Fourteen percent (n = 7), 68% (n = 34), and 12% (n =

6) were Wiberg types I, II, and III, respectively. We
found 3 unclassified samples (6%) which had a larger
medial facet compared to the lateral facet (Table 1 and
Fig. 4). The mean patella length, width, and distance
from the medial border to the central ridge were 41.19 ±
4.73 mm, 42.8 ± 5.25mm, and 17.78 ± 2.96 mm, respect-
ively (Table 2).
The central ridge located at the medial, middle, and lat-

eral one-third of the patella was 6% (n = 3), 88% (n = 44),
and 6% (n = 3), respectively. The mean deviated distance
from the mid-patella to medially deviated central patella
ridge was 4.36 ± 1 (n = 46) and from mid-patella to lat-
erally deviated patella ridge (n = 4) was 4.9 ± 2.86mm.
After a transverse cut, the average thickness of the an-

terior cortex, cancellous bone, and cartilage at the mid
patella location was 4.04 ± 1.01 mm, 14.26 ± 2.12 mm,
and 1.08 ± 0.46mm, respectively. The average thickness
at the central patellar ridge level was 4.77 ± 0.98mm,
15.54 ± 2.09 mm, and 1.55 ± 0.65 mm, respectively
(Table 3). The average thickness of the anterior cortex,
cancellous, and cartilage at the central ridge level was
significantly thicker than at the mid-patella level (p <
0.010) (Table 4). The remaining cancellous thickness
after harvesting 10-mm depth of BPTB was 8.3 ± 2.04
mm in the mid-patella and 10.31 ± 2.23mm in the cen-
tral ridge region (p < 0.01).

Fig. 3 After cutting 25 mm above the lower pole of the patella. Parameters were measured. MID, mid-patella; CEN, central patellar ridge

Table 1 Patellar Wiberg’s classification

Wiberg’s classification Percent (%)

Type I (n = 18) 36

Type II (n = 23) 46

Type III (n = 6) 12

Unclassified (type IV) (n = 3) 6
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Discussions
Patella fracture after BPTB graft harvesting is a rare
complication, but it can lead to poor clinical outcome
[6]. Patella fracture patterns have 2 common configura-
tions. First, a longitudinal crack described as a “patella
fissure” occurs after levering the graft from the patellar
bed with an osteotome. The second type is a classic dis-
placement of the transverse fracture that disrupts the ex-
tensor mechanism with high variability in shapes and
fracture configurations. The relationship between a pre-
existing fissure fracture and transverse patella fracture
has not been documented. It is likely that the displaced
patella fractures can be caused by stress riser effect of
the donor site defect [3]. Moholkar et al. advocated to
harvest the BPTB at the sharp corner instead of at the
round corner which has a higher chance of failure after
the procedure [11]. The common BPTB harvesting tech-
nique uses patella bone graft that is 10 mm in width,
20–30mm in length, and thickness usually less than 10
mm [8, 12, 13]. Some surgeons use the medial third
BPTB harvesting technique based on Wiberg’s theory
that the thickest central ridge was commonly located at
the medial side of the patella. However, there were still
reports of patella fractures after medial one-third BPTB
harvesting [5]. We found out that the patella

morphology has a high variability, and the best location
for BPTB harvesting should be individualized.
According to Wiberg [9], there are 3 different types

of patellar. Based on the axial radiographic view, we
can see that type I has a concave, symmetrical, and
of equal size facets. The second type of patellar med-
ial facet is smaller than the lateral facet. The medial
facet is flat or slightly convex and its lateral facet is
concave. The third type of patellar has a convex med-
ial facet that is markedly smaller than the concave
lateral facet, and the angle between the medial and
lateral facets is nearly 90°. There was another type of
patella called “Jaegerhut” or Wiberg type IV that has
no medial facet and median ridge [10]. We could not
find any Jaegerhut in our study.
From our study, out of 50 cadavers, 14%, 68%, and

12% were of Wiberg’s types I, II, and III, respectively.
Interestingly, we found 3 samples (6%) that had a larger
medial facet compared to the lateral facet which did not
match any of Wiberg’s classification.
Average patellar width, length, and thickness was 42.8

± 5.25 mm, 32.75 ± 3.58 mm, and 21.63 ± 2.08 mm, re-
spectively. Our finding was similar to the study by
Huang et al. [14] which measured the patella morph-
ology using CT imaging.

Fig. 4 Picture of the right patella which shows that the medial facet was larger than the lateral facet

Table 2 Overall patellar morphology

Mean (mm) SD Max Min

Longitudinal length (L) 41.19 4.73 53.18 33.13

Longitudinal length of cartilage (LC) 32.75 3.58 45.78 26.26

Width of patella (W) 42.8 5.25 53.42 21.7

Patellar thickness (T) 21.63 2.08 26.78 17.7

Distance from medial border to central ridge (D) 17.78 2.96 26.44 12.07
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The average distance from the midline to the central pa-
tellar ridge was measured. The distance was 4.36 ± 1.94
mm in the medial central patellar ridge (92%) and 4.9 ±
2.86mm in the lateral central patellar ridge (8%). This
means that the thickest part of the patella (supposed to be
the best area for BPTB graft harvesting) was located about
4.36mm medially and 4.9mm laterally, depending on the
location of the central ridge. However, due to high vari-
ability between patients, therefore, the location for BPTB
harvesting should be individualized. The location of the
thickest bone should be assessed by axial patella radio-
graphic view before harvesting the graft.
There were studies that correlated patellar morphology

in patellar instability. The study by Servien et al. revealed
that patellar Wiberg type III was more involved in pa-
tients with patellar dislocation [15]. The other study by
Sandro compared patellar morphology in 22 trochlear
dysplastic knees and 22 normal trochlear knees group by
MRI imaging; the study results showed that trochlear
dysplastic knee group had higher prevalence of a type II
or III Wiberg’s classification (p = 0.02). Its overall size
and the medial facet were smaller. However, there was
no significance correlation between the type of trochlear
dysplasia and patellar morphology [16]. In our study,
most of the patellar are type II Wiberg. However, we did
not correlate the morphology of the patella with the
trochlear groove.
Harvesting BPTB from the central patellar ridge which

had a thicker bone should decrease the risk of fracture.
As to our knowledge, there were many studies which re-
ported patellar fracture after BPTB harvesting in central

third area ranging from 0.23 to 2.3% [2, 3, 6, 17], and
there was only 1 study which reported patellar fracture
after medial-third BPTB harvesting [5]. The fracture was
reported in 4/478 patients (0.83%) in medial-third BPTB
harvesting. The outcome reported by Marimuthu et al.
of medial-third BPTB harvesting was comparable with
the conventional middle-third harvesting. The advantage
of medial-third BPTB harvesting discussed by the author
included less risk of patellar tendon rupture/shortening,
patellar fracture, and patellar mal-tracking [18]. The
other advantage by the ultrasonographic study of
medial-third BPTB harvesting was the patellar tendon
that regained 95% of the cross-sectional area after 30
months [19]. Although the incidence of patellar fracture
between central-third and medial-third BPTB harvesting
were comparable, we believed that the reason behind
this was due to the location of the thickest bone was not
always in the medial third. Only 62% of the central pa-
tellar ridge shifted medially according to our study.
However, the location of the central ridge alone might
not be the only factor that causes patellar fracture; there
were many risk factors that were associated with patellar
fracture such as mechanism of injury, technique of har-
vesting, quality of bone, and many others.
Our study confirmed that the remaining cancellous

bone after harvesting 10-mm depth of BPTB at the cen-
tral ridge was significantly thicker than in the mid-
patella area (10 mm vs 8 mm). We recommend identify-
ing the location of the central ridge from the axial pa-
tella imaging to locate the safest area to harvest BPTB
graft. Intraoperatively, after exposure of the entire

Table 3 Patellar morphology after 25 mm from inferior pole in transverse cut

Mean (mm) SD Max Min

Width of patella (W) 43.25 4.76 53.21 25.15

Mid-anterior cortical thickness (MCOT) 4.04 1.01 6.01 1.11

Mid-cancellous thickness (MCAT) 14.26 2.12 18.24 8.68

Mid-cartilage thickness (MCRT) 1.08 0.46 2.53 0.47

Central ridge-anterior cortical thickness (CCOT) 4.77 0.98 6.68 1.98

Central ridge cancellous thickness (CCAT) 15.54 2.09 19.62 9.49

Central ridge cartilage thickness (CCRT) 1.55 0.65 3.9 0.71

Distance from mid-patella to central ridge (N = 46) (central ridge medial) 4.36 1.94 9.32 0.5

Distance from mid-patella to central ridge (N = 4) (central ridge lateral) 4.9 2.86 7.8 0.98

Table 4 Comparison between thickness and remaining cancellous bone after BPTB autograft at mid-patella and central-ridge
location

Mid-patella (mm) Central ridge (mm) Different (mm) P value

Remaining cancellous bone (mean ± SD) 8.3 ± 2.04 10.31 ± 2.23 1.96 < 0.001

Anterior cortical bone thickness 4.04 ± 1.01 4.77 ± 0.98 0.73 < 0.001

Cancellous bone thickness 14.26 ± 2.12 15.54 ± 2.09 1.28 < 0.001

Cartilage 1.08 ± 0.46 1.55 ± 0.65 0.47 < 0.001
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patellar tendon, the center of the harvesting area should
be shifted medially or laterally according to the location
of central patellar ridge which was seen from the axial
MRI. For example, if the central ridge deviated 3 mm
medially from the mid-patella, then, the center of the
harvesting BPTB should be 3mm medially from the
middle of patella, patellar tendon, and tibial tuberosity
from proximal to distal. If the decided width of the graft
was 10 mm, marked the new center of harvesting area
with a marker pen. From the new center of harvesting
area, marked the incision line 5mm medially and lat-
erally and incised the BPTB as plan (Fig. 5).
Our study has some limitations. Since this is a cadav-

eric study, the sample size was small (n = 50). Aside
from that, some data were difficult to interpret such as
the level of deviation from the central ridge to the lateral
side. Moreover, the transverse cut level of 25 mm from
the inferior pole of the patella represented the thickness
at the upper end of the harvesting area. We all know
that the patellar thickness decreases throughout the dis-
tal pole resulting in fewer cancellous bone. Thus, the
risk of fracture should be higher distally.

Conclusion
The result of our study revealed that most of the central
patellar ridge deviated medially, approximately 4 mm
from the mid-patella. The thickest bone area was at the
central patellar ridge. Harvesting BPTB graft at the cen-
tral patella ridge area should have more remaining bone
compared to the mid-patella area.
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Fig. 5 Method of pre-operative measurement of the harvesting area for bone-patella-tendon autograft. a Axial MRI of the right knee of a young
male with anterior cruciate ligament (ACL) injury. Measurement of the distance from the mid-patella (c) to the central-ridge (d). b During the
surgical procedure, the distance from the mid-patella to the central-ridge was measured (c, d). The new harvesting area (black dashed line) was
shifted from the previous mid-patella area (red dashed line)

Tanpowpong et al. Journal of Orthopaedic Surgery and Research           (2021) 16:92 Page 6 of 7

mailto:Nattapat Tangchitcharoen


Received: 6 October 2020 Accepted: 18 January 2021

References
1. Avila Lafuente JL, Bueno Lozano AL, Garcia-Alvarez F, Palanca Martin D,

Seral Inigo FS. Nonunion of the patella as a late chance observation after
reconstructive surgery of the anterior cruciate ligament. Chir Organi Mov.
2001;86:239–41.

2. Lee GH, McCulloch P, Cole BJ, Bush-Joseph CA, Bach BR Jr. The incidence of
acute patellar tendon harvest complications for anterior cruciate ligament
reconstruction. Arthroscopy. 2008;24:162–6.

3. Berg EE. Management of patella fractures associated with central third
bone-patella tendon-bone autograft ACL reconstructions. Arthroscopy. 1996;
12:756–9.

4. Morgan-Jones RL, Cross TM, Caldwell B, Cross MJ. “Silent” transverse patellar
fracture following anterior cruciate ligament reconstruction. Arthroscopy.
2001;17:997–9.

5. Papageorgiou CD, Kostopoulos VK, Moebius UG, Petropoulou KA,
Georgoulis AD, Soucacos PN. Patellar fractures associated with medial-third
bone-patellar tendon-bone autograft ACL reconstruction. Knee Surg Sports
Traumatol Arthrosc. 2001;9:151–4.

6. Stein DA, Hunt SA, Rosen JE, Sherman OH. The incidence and outcome of
patella fractures after anterior cruciate ligament reconstruction. Arthroscopy.
2002;18:578–83.

7. Christen B, Jakob RP. Fractures associated with patellar ligament grafts in
cruciate ligament surgery. J Bone Joint Surg Br. 1992;74:617–9.

8. Schoderbek RJ Jr, Treme GP, Miller MD. Bone-patella tendon-bone autograft
anterior cruciate ligament reconstruction. Clin Sports Med. 2007;26:525–47.

9. Wiberg G. Roentgenographic and anatomic studies on the patellofemoral
joint. Acta Orthop Scand. 1941;12:319–409.

10. Baumgartl F. Anatomische und klinische Bedeutung des
Femoropatellargelenkes. Zentralbl Chir. 1966;91:505.

11. Moholkar K, Taylor D, O’Reagan M, Fenelon G. A biomechanical analysis of
four different methods of harvesting bone-patellar tendon-bone graft in
porcine knees. J Bone Joint Surg Am. 2002;84-A:1782–7.

12. Matava MJ, Shively RA, Anders JD. Geometrical relationships between bone
plug configuration and patellar tendon graft width. Am J Knee Surg. 1996;9:
67–72.

13. Koh E, Oe K, Takemura S, Iida H. Anterior cruciate ligament reconstruction
using a bone-patellar tendon-bone autograft to avoid harvest-site morbidity
in knee arthroscopy. Arthrosc Tech. 2015;4:e179–84.

14. Huang AB, Luo X, Song CH, Zhang JY, Yang YQ, Yu JK. Comprehensive
assessment of patellar morphology using computed tomography-based
three-dimensional computer models. Knee. 2015;22:475–80.

15. Servien E, Ait Si Selmi T, Neyret P. Study of the patellar apex in objective
patellar dislocation. Rev Chir Orthop Reparatrice Appar Mot. 2003;89:605–12.

16. Fucentese SF, von Roll A, Koch PP, Epari DR, Fuchs B, Schottle PB. The
patella morphology in trochlear dysplasia--a comparative MRI study. Knee.
2006;13(2):145–50.

17. Viola R, Vianello R. Three cases of patella fracture in 1,320 anterior cruciate
ligament reconstructions with bone-patellar tendon-bone autograft.
Arthroscopy. 1999;15(1):93–7.

18. Marimuthu K, Joshi N, Sharma M, Sharma CS, Bhargava R, Rajawat AS,
Rangdal SS. Anterior cruciate ligament reconstruction using the medial third
of the patellar tendon. J Orthop Surg (Hong Kong). 2011;19(2):221–5.

19. Moebius UG, Georgoulis AD, Papageorgiou CD, Papadonikolakis A, Rossis J,
Soucacos PN. Alterations of the extensor apparatus after anterior cruciate
ligament reconstruction using the medial third of the patellar tendon.
Arthroscopy. 2001;17(9):953–9.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in
published maps and institutional affiliations.

Tanpowpong et al. Journal of Orthopaedic Surgery and Research           (2021) 16:92 Page 7 of 7


	Abstract
	Introduction
	Materials and methods
	Results
	Conclusions

	Introduction
	Materials and methods
	Data collection
	Statistical analysis

	Results
	Discussions
	Conclusion
	Abbreviations
	Acknowledgements
	Authors’ contributions
	Funding
	Ethics approval and consent to participate
	Consent for publication
	Competing interests
	Author details
	References
	Publisher’s Note

