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Background: Current knowledge is lacking concerning the appropriate site of osteochondral allograft harvest to match glenoid

shape for the purposes of glenoid resurfacing. This has led to difficulty with adequate restoration of the geometry of the glenoid

with currently available techniques.

Hypothesis: The medial tibial plateau will provide a suitable osteochondral harvest site because of its concavity and anatomic

similarity to the glenoid.

Study Design: Descriptive laboratory study.

Methods: Computed tomography (CT) was performed on 4 cadaveric proximal tibias and 4 scapulae, allowing for 16 glenoid-

tibial comparative combinations. Three-dimensional CT models were created and exported into point-cloud models. A local coor-

dinate map of the glenoid and medial tibial plateau articular surfaces was created. Two zones of the medial tibial articular surface

(anterior and posterior) were quantified. The glenoid articular surface was defined as a best-fit circle of the glenoid articular sur-

face maintaining a 2-mm bony rim. This surface was virtually placed on a point on the tibial articular surface in 3D space. The tibial

surface was segmented, and its 3D surface orientation was determined with respect to its surface. The 3D orientation of the gle-

noid surface was reoriented so that the direction of the glenoid surface matched that of the tibial surface. The least distances

between the point-clouds on the glenoid and tibial surfaces were calculated. The glenoid surface was rotated 360! in 1! incre-

ments, and the mean least distance was determined at each rotating angle.

Results:When the centroid of the glenoid surface was placed on the medial tibial articular surface, it covered approximately two-thirds

of the anterior or posterior tibial surfaces. Overall, the mean least distance difference in articular congruity of all 16 glenoid–medial tibial

surface combinations was 0.74 mm (standard deviation, 60.13 mm). The mean least distance difference of the anterior and posterior

two-thirds of the medial tibial articular surface was 0.72 mm (60.13 mm) and 0.76 mm (60.16 mm), respectively. There was no sig-

nificant difference between the anterior and posterior two-thirds of the tibia with regard to topographic match of the glenoid (P = .187).

Conclusion: The findings suggest that the medial tibial articular surface provides an appropriate anatomic match to the glenoid

articular surface. Both the anterior and posterior two-thirds of the medial tibial articular surface are potential sites for osteochon-

dral graft harvest.

Clinical Relevance: This method can be applied to future studies evaluating the ideal sites of graft harvest to treat zonal glenoid

bone wear and/or loss.
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The most widely accepted treatment for end-stage primary

glenohumeral arthritis is total shoulder arthroplasty

(TSA) because of its ability to provide predictable pain relief

and improved function. This is particularly the case in

elderly and sedentary patients. In young, active patients

with higher functional demands, however, TSA for gleno-

humeral arthritis presents a treatment dilemma. Concerns

for component loosening that necessitate revision at an

early age, high patient expectations, and bone loss and/or

soft tissue contracture from prior surgery can all make deci-

sion making difficult for this patient population.1,7

Proposed treatment alternatives to TSA for such

patients include arthroscopic capsular release, partial or

complete synovectomy, microfracture, and nonbiological

resurfacing hemiarthroplasty. In an attempt to preserve

glenoid bone stock, biological soft tissue resurfacing in

the form of Achilles allograft, lateral meniscus allograft,

and tissue matrices has been introduced. Limited efficacy

due to the failure to restore normal anatomic features

and provide adequate pain relief, however, has led to

unsatisfactory outcomes.4,6,9,13,15,18,20,22 This is of
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particular difficulty in situations in which there is glenoid

bone loss. In an attempt to restore glenoid bone stock,

osteochondral allografting of the glenoid has been intro-

duced as an alternative option.10,12 Its effective use in

shoulder instability and revision arthroplasty has been

described.16,17,23 Because of a current lack of available gle-

noid osteochondral allografts, knowledge of sites that pro-

vide an anatomic match to the glenoid articular concavity

can help advance this technique when used for the purpo-

ses of articular-sided resurfacing.

To our knowledge, there are no data demonstrating an

anatomic site that provides an articular surface match to

the glenoid for the purposes of total articular osteochondral

allograft resurfacing. We hypothesized that the medial tib-

ial plateau will provide an ideal site for glenoid osteochon-

dral allograft resurfacing because of its concave shape and

anatomic similarity to the glenoid articular surface. The

purpose of this study was 3-fold: (1) to quantify the articular

surface topography of the glenoid and medial tibial plateau,

(2) to reconstruct 3-dimensional models to determine

whether the medial tibial articular surface provides a topo-

graphic match to the articular surface of the glenoid, and (3)

to compare the anterior and posterior aspects of the medial

tibial articular surface to determine whether one zone has

a more congruent topographic match.

MATERIALS AND METHODS

Institutional review board exemption was obtained, as this

is a basic science biomechanical computational analysis

using cadaveric specimens.

Specimen Preparation

Fresh-frozen human cadaveric proximal tibias and scapu-

lae without evidence of osteoarthritis were used for this

study (4 proximal tibias and 4 scapulae). No specimens

were from the same cadaver. Computed tomography (CT)

(Volume Zoom, Siemens, Malvern, Pennsylvania) images

were acquired in the coronal and sagittal planes by use

of 0.625-mm contiguous slices (120 kV, 100 mA, 1.0-s dura-

tion, 20-cm field of view, 512 3 512 matrices). Three-

dimensional (3D) CT models of the scapulae and proximal

tibias were then created and exported into point-cloud

models via a 3D reconstruction software program (Mimics,

Materialise Inc, Leuven, Belgium) (Figures 1 and 2). Gle-

noid point-cloud data sets were created by manual

Figure 1. A 3-dimensional computed tomography model of

the scapula. The en face projection of the glenoid surface

was used for point-cloud data analysis.

Figure 2. A 3-dimensional computed tomography model of

the proximal tibia. The en face projection of the medial artic-

ular surface was used for point-cloud data analysis.
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segmentation of the glenoid fossa and cortical rim. Simi-

larly, medial plateau point-cloud data sets were created

by manual segmentation of the medial plateau and its cor-

tical rim.

3D CT Computer Model

of the Glenoid Articular Surface

To define orientation and position of the glenoid articular

surface in a quantitative manner, a local coordinate was

set on the glenoid. Eigenvectors of the glenoid point-cloud

data set were calculated to determine orientation of orthog-

onal principal axes (x-, y-, and z-axes) of the glenoid (Fig-

ure 3A). A centroid of the glenoid was also calculated to

define the origin of the local coordinate system. An orthog-

onal coordinate system was then determined for each gle-

noid model by setting the origin of the coordinate at the

centroid.23 The most inferior, anterior, and posterior points

of the glenoid model were determined in the local coordi-

nate system. A circumscribed circle was created based on

these 3 points, and the circumcenter was calculated. A

new orthogonal local coordinate system was created that

had the same orientation of the glenoid model with

a new origin set at the circumcenter (Figure 3B). The

orthogonal coordinates for each point consisting of the gle-

noid model were then converted to a spherical coordinate

system. The glenoid articular surface model was created

from the glenoid model by selection of points within a dis-

tance of the circumscribed circle’s radius minus 2 mm from

the origin of the spherical coordinate system (Figure 3C).

This was performed to mimic the maintenance of a 2-mm

cortical rim for the purpose of articular surface press-fit

Figure 3. (A) Point-cloud model of the glenoid surface (green points). An orthogonal local coordinate system (x-, y-, and z-axes)

of the glenoid was set with the orientation determined by the centroid of the glenoid. The most inferior (along the z-axis), anterior

(along the y-axis), and posterior (along the y-axis) points of the glenoid model were determined (red dots). (B) A circumscribed

circle (red circle) was created based on these points, and the circumcenter (white dot) was calculated. A new orthogonal local

coordinate system (x#-, y#-, and z#-axes) was set with the same orientation as the x-, y-, and z-axes, and a new origin was deter-

mined by the circumcenter. (C) A new circle (white circle) was defined with a center at the circumcenter and a radius (R) of the

circumscribed circle’s radius minus 2 mm to account for the cortical rim. Points within the new circle were defined as the articular

surface points (white points).

Figure 4. Medial tibial plateau articular surface point-cloud.

The outer margin of the rim was defined. The central zone

margin shape was concentric to that of the peripheral zone.

The anterior (blue) and posterior (green) zones demonstrate

the data points at which the glenoid articular surface model

remained within the respective peripheral zone rim during

least-distance calculation.
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Figure 5. (A) The ‘‘footprint’’ underneath the glenoid articular surface model (yellow points) was defined as a circle with the radius

of the glenoid (red points). This was placed on the tibial articular surface model. The glenoid articular surface model was then

superimposed on the footprint. (B) The eigenvector of the footprint and glenoid articular surface model vector were oriented to

each other until they matched. (C) The glenoid articular surface model was rotated 360! around the axis perpendicular to the artic-

ular surface in 1! increments, and the least-distance was calculated at each rotating angle.

Figure 7. A 3-dimensional representation of the distance

distribution at ‘‘the best match’’ location and rotational angle

of the glenoid articular surface model. This example demon-

strates the anterior two-thirds occupancy of the glenoid artic-

ular surface model on the tibial surface. Red gradient color

code represents penetration into the tibial joint surface,

whereas blue indicates prominence with respect to the tibial

surface. White color code indicates a perfect match between

the glenoid and tibial articular surfaces.

Figure 6. The glenoid articular surface model was moved

throughout the entire medial tibial plateau articular surface

model (white points), and the least-distance was calculated

at each data point. Distance distribution at one position

and the rotational angle is shown. Red gradient color code

represents penetration into the tibial joint surface, whereas

blue indicates prominence with respect to the tibial surface.

White color code indicates a perfect match between the gle-

noid and tibial articular surfaces.
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osteochondral grafting. The cortical rim was then excluded

and only the glenoid articular surface points were selected.

3D CT Computer Model

of the Medial Tibial Plateau Articular Surface

Similar to the creation of the glenoid articular surface

model, a local coordinate system of the medial tibial pla-

teau articular surface was created to define its orientation.

Eigenvectors and a centroid were calculated, and a local

orthogonal coordinate system was determined for each

model whereby the origin of the coordinate was set at the

centroid. Coordinates for each point of the medial tibial

plateau articular surface were then converted to a spherical

coordinate system. The outer margin of the medial plateau

was defined by points that had the longest distance from

the origin within a virtual cone with a vertex angle of

20!.8,19 The margin of the central zone was defined such

that its shape was concentric to the outer margin. The dis-

tance between the central margin and the outer margin was

larger than the radius of the glenoid articular surface model

to be analyzed. The peripheral zone was defined by the area

outside of the central zone. The central zone was further

divided into 2 zones defined by an angular parameter in

the spherical coordinate of each point (posterior zone, –90!

to 190!, and anterior zone, 190! to 1270!) (Figure 4).

3D Articular Surface Geometry Matching

of the Glenoid–Medial Tibial Plateau

The 3D surface geometry was compared between the gle-

noid and medial tibial plateau articular surface models

for 16 glenoid-tibial comparative combinations (4 glenoid

models 3 4 tibial models). The glenoid articular surface

model was virtually placed on the surface of the medial tib-

ial plateau model so that the centroid of the glenoid merged

at a point in the central zone of the tibial plateau. Orienta-

tion of the glenoid articular surface model was adjusted so

that an axis perpendicular to it matched that of the tibial

surface. The ‘‘footprint’’ underneath the glenoid articular

surface model was defined as a circle with the radius of

the glenoid. This was then placed on the tibial articular

surface model (Figure 5A). Orientation of the footprint

was determined by a vector oriented perpendicular to it.

The glenoid articular surface model was then reoriented

so that the normal vectors of the glenoid articular surface

model and the footprint coincided (Figure 5B).

Distances between 1 point on the glenoid articular sur-

face model and all points on the footprint surface were cal-

culated in 3D space. Least-distance was defined as the

shortest distance from the point in question to the footprint.

This procedure was repeated for all points in the glenoid

articular surface model. A mean value of the least-distances

was calculated for each position and each orientation of the

glenoid articular surface model.8,19 A perfect congruent

match would yield a least-distance of 0.0 mm for the given

data points on the simulated articular surfaces.

The glenoid articular surface model was then rotated 360!

around the axis perpendicular to the articular surface in 1!

increments, and the least-distance was calculated at each

rotating angle (Figure 5C). The position of the glenoid artic-

ular surface model was then moved throughout the entire

medial tibial plateau articular surface model, and the least-

distance was calculated at each position (Figure 6). This

was performed for both the anterior and posterior zone of

the medial tibial plateau: The centroid of the simulated graft

was moved throughout the anterior two-thirds and posterior

two-thirds of the tibia (within the margins of the tibial

cortical rim). For each position to which the simulated graft

was moved, the articular surfaces were compared for match

with respect to all data points. The means and standard devi-

ations (SDs) of the least-distances for the articular surfaces

were calculated for each of the 16 glenoid-tibial model combi-

nations. The means and SDs of the least-distances were also

calculated to compare the anterior and posterior zones with

respect to goodness of fit. A perfect match would be a least-

distance of zero, whereas a mean least-distance of less than

1 mm would be considered a near-anatomic match.

Statistical Analysis

A nonparametric Wilcoxon signed rank test was performed

to compare the findings between the anterior and posterior

aspects of the medial tibial articular surface with respect

to the glenoid. A P value less than .05 was considered sta-

tistically significant.

RESULTS

The radii of the glenoid articular surface models were

11.0 mm, 12.0 mm, 12.3 mm, and 13.5 mm (mean 6

SD, 12.2 6 1.0 mm). Anterior-posterior maximum dis-

tances of the medial tibial articular surfaces were

39.2 mm, 39.7 mm, 48.2 mm, and 54.2 mm (mean 6

SD, 45.4 6 7.4 mm). The most anterior or posterior posi-

tions of the centroids of the glenoid model were 27.4% 6

4.4% of the anteroposterior diameter of the medial tibial

plateau.

TABLE 1

Descriptive Statistics Encompassing

All 16 Glenoid–Medial Tibial Combinationsa

Medial Tibial Articular Surface

Total

Articular

Surface

Anterior

Two-

Thirds

Posterior

Two-

Thirds

Mean least-distance 0.740 0.720 0.760

Standard deviation 0.130 0.131 0.160

Minimum 0.567 0.515 0.587

Maximum 1.027 0.935 1.112

P value .187

aA nonparametric Wilcoxon signed-rank test was performed to

compare the findings between the anterior and posterior two-

thirds of the medial tibial articular surface. A P value of less

than .05 was considered statistically significant.
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Overall, the mean 6 SD least-distance between the gle-

noid and medial tibial plateau surfaces of all 16 glenoid–

medial tibial surface combinations was 0.74 6 0.13 mm.

When the centroids of the glenoid model were located at

the anterior and posterior zones, the mean least-distances

of the anterior and posterior zones of the medial tibial artic-

ular surface were 0.72 6 0.13 mm and 0.76 6 0.16 mm,

respectively. These results indicate a less than 1-mm differ-

ence in the topographic articular surface match between the

medial tibial plateau and the glenoid, where the ideal match

would be a mean difference of 0.0 mm. There was no signif-

icant difference between and the anterior and posterior two-

thirds of the tibia with regard to the topographic match of

the glenoid (P = .187) (Table 1; see also the Appendix, avail-

able online at http://ajsm.sagepub.com/supplemental).

DISCUSSION

Topographic analysis, or the study of surface shapes, is

a planetary geographic scientific method that has been

used for more than 400 years and plays an integral role

in cartography worldwide. The topographic anatomy of

the human body continues to be elucidated. Specific topo-

graphic analysis of the human skeletal system is a rela-

tively new concept. Knowledge of the human bony

topography in 3 dimensions is crucial for orthopaedic sur-

geons to plan successful operative interventions.

An ideal articular surface match for the purposes of

resurfacing would be one in which there is a perfect con-

gruous relationship between all points of the 2 surfaces

in question. This is true of procedures involving osteochon-

dral grafting of the distal femoral articular surface in the

knee. Failure to congruously match the graft to the

patient’s native anatomy can lead to eccentric loading,

altered contact pressures, and early failure of the graft.3

The purpose of this study was to use a novel topographic

method to quantify, compare, and contrast the topographic

match between the medial tibial plateau and glenoid artic-

ular surfaces. Comparison of 16 proximal tibial-glenoid

combinations indicates that the medial tibial articular sur-

face provides a near anatomic match to the glenoid articu-

lar surface (Figure 7). Both the anterior and posterior two-

thirds of the medial tibial articular surface can serve as

potential sites for osteochondral graft harvest because

the data demonstrate a similar match between the anterior

and posterior two-thirds of the medial tibial articular sur-

faces with that of the glenoid and no significant difference

between the two.

Osteochondral allograft resurfacing of the glenoid is a con-

cept that remains in its infancy. Several series and reports

have used iliac crest, femoral head, and distal tibial allografts

in the setting of recurrent instability with associated ante-

rior-inferior bone loss.5,11,16,21 Limited data are available,

however, on glenoid osteochondral allograft resurfacing in

the setting of significant osteochondral wear or large defects

of the articular surface. This is attributable, in part, to the

lack of understanding of the ideal match for glenoid articular

surface anatomy. Such lesions can be idiopathic or can result

from prior trauma, surgery (including prominent anchors,

intra-articular pain pumps, thermal chondrolysis), infection,

or primary and inflammatory arthritides.6,7,9,14 When such

lesions present in young, active patients with demanding life-

styles, hemiarthroplasty and/or total shoulder arthroplasty

may not be the best option. Gobezie et al11 described an all-

arthroscopic total shoulder resurfacing technique that uses

cadaveric humeral head and proximal tibial condyle. They

reported effective short-term results in 10 patients, but

long-term results are pending.

Clinically, the ideal match that would allow for long-

lasting fixation without failure in the setting of glenoid

resurfacing has not been determined. A perfect match

with anatomic restoration of the glenoid articular surface

would be ideal. Fixation failure given potential anatomic

mismatch is a legitimate concern. In a biomechanical in

vitro model evaluating human and sheep scapulae, Gerber

et al10 demonstrated that a press-fit fixation provided ade-

quate primary stability when subjected to repetitive shear

stresses. This concept requires near, if not complete, ana-

tomic matching of the donor and host bed to prevent subsi-

dence or loosening. This study was a sawbone analysis of

human scapulae along with sheep scapulae only. Given

that our study suggests a near-anatomic match between

the medial tibia and glenoid, the next step is to perform

an in vitro biomechanical analysis of this concept to deter-

mine the minimal necessary match that will survive cycli-

cal loading. In the trauma literature, it has been

demonstrated that up to 4 mm of intra-articular glenoid

step-off can be treated nonoperatively with good functional

outcomes. This is attributable, in part, to the wide range of

motion that can be substituted for by the freedom of motion

allowed by the glenohumeral and scapulothoracic articula-

tions. Biomechanical data assessing mismatch tolerance

for the purposes of glenoid resurfacing is not available,

and this topic may prompt future research in this area.2,12

A paucity of available glenoid allografts on a large scale

as well as increased risk of disease transmission due to

axial location has led to the need for alternative osteochon-

dral donor sites that can provide a similar anatomic match.

A better understanding of host and donor site topographic

anatomic features as demonstrated in this study plays

a crucial role in this understanding. The findings can

also be applied to advancing the technique of osteochondral

grafting of the glenoid. Strengths of the study include use

of computer-based computational analysis, use of a proven

effective 3D point-cloud creation instrument,8,19,23 deter-

mination of the centroid of the glenoid articular surface,

matching of the orientation of the articular surface point-

clouds, and cross-referencing of each tibial cloud with

each glenoid cloud to account for any variability that

may be present between all combinations. One weakness

is a lack of observer blinding. Additionally, this study could

have been strengthened by the use of more specimens, as

this would allow for more generalizability between the

use of varied glenoids and varied tibias. The availability

of cadaveric glenoids with no evidence of arthritis, how-

ever, is limited. This was accounted for by comparisons of

all specimen combinations. Last, the fact that the speci-

mens used had no evidence of osteoarthritis makes the

direct correlation between our findings and what surgeons
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encounter clinically (ie, different size and depth of osteo-

chondral lesions) more difficult. This, however, was not

the purpose of this study. The purpose was to assess the

articular congruence of normal tibial articular surface to

that of the glenoid. Future studies using this method can

be performed to evaluate specific sites of the proximal

medial tibial articular surface to treat zonal glenoid bone

wear and/or loss.

CONCLUSION

We describe a novel method to quantify the topography of

the tibial and glenoid articular surfaces. The findings sug-

gest that the medial tibial articular surface provides an

appropriate match to the glenoid articular surface. This

knowledge can be directly applied to glenoid resurfacing.

Furthermore, the anterior and posterior two-thirds of the

medial tibial articular surface can serve as potential sites

for osteochondral graft harvest. This method can provide

a template for future studies evaluating the ideal sites of

graft harvest to treat zone-specific glenoid bone wear

and/or loss.
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