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Abstract

Objective—To develop and perform ex vivo 3D imaging of meniscus posterior horn 

microstructure using micro-computed tomography (μCT), and to compare specimens from healthy 

references against end-stage osteoarthritis (OA) using conventional section-based histology and 

qualitative μCT.
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Design—We retrieved human medial and lateral menisci from 10 deceased donors without knee 

OA (healthy references) and medial and lateral menisci from 10 patients having total knee 

replacement for medial compartment OA. Meniscal posterior horns were dissected and fixed in 

formalin. One subsection underwent hexamethyldisilazane (HMDS) treatment and μCT imaging. 

Pauli’s histopathological scoring was performed for 3 other subsections. The differences in 

histopathological scores were estimated using mixed linear regression, resulting in fixed effects 

estimates for within-knee comparisons and adjusted for age and body mass index for between-

subjects comparisons.

Results—3D visualization with μCT qualitatively revealed similar microstructural changes in the 

posterior horns as conventional histology. The mean histopathological score was higher for medial 

menisci from OA knees vs both medial reference menisci (mean difference [95% CI], 3.9 

[2.6,5.3]), and lateral menisci from OA knees (3.9 [2.9,5.0]). The scores were similar between 

lateral menisci from OA knees and lateral reference menisci (0.8 [-0.6,2.2]), and between medial 

and lateral reference menisci (0.8 [-0.3,1.9]).

Conclusions—HMDS-based μCT protocol allows unique 3D visualization of meniscus 

microstructures. Posterior horns of medial menisci from medial compartment OA knees had higher 

histopathological scores than both the lateral posterior horns from the same OA knees and medial 

reference menisci, suggesting a strong association between meniscus degradation and 

unicompartmental knee OA.

Introduction

The menisci are crescent-shaped fibrocartilaginous wedges located in the medial and lateral 

compartments of the knee joint. It is currently well established that menisci have important 

roles in healthy functioning of the knee joint, including load transmission, joint stabilization, 

and shock absorption1–4. Furthermore, menisci have also been suggested to support joint 

lubrication, nutrient distribution, and proprioception5.

Degenerative meniscal lesions are highly prevalent in the general population and are 

associated with increased risk of developing knee osteoarthritis (OA)6, 7. It has been 

suggested that such degenerative lesions may begin as proteolytic degradation of the 

meniscus, leading to a decrease in its tensile strength8. This in turn may result in a 

degenerative meniscal tear due to the inability of the weakened meniscus to resist normal 

loads and shear stress in the knee joint8. On the macromolecular level, previous studies have 

found that collagen content decreases in the degenerated meniscus, whereas water and 

proteoglycan contents increase9, 10. From in vivo magnetic resonance imaging (MRI) of 

human knees, it appears that the degeneration is most commonly found in the posterior horn 

of the medial meniscus11, making this zone of particular interest to further studies.

Being able to visualize meniscus microstructure with high resolution in three dimensions 

(3D) may help us better understand meniscus degeneration, and thus potentially shed light 

on the “meniscal phenotype” of knee OA. Ex vivo micro-computed tomography (μCT) has 

previously been used sparsely for meniscus imaging12, 13. With soft tissues such as menisci, 

contrast enhancement is required in order to distinguish different structures when using 

conventional desktop μCT. For example, CA4+, Ioxaglate, and freeze-drying have been used 

Kestilä et al. Page 2

Osteoarthritis Cartilage. Author manuscript; available in PMC 2021 April 26.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



in previous studies12, 13. In our earlier work, we developed a contrast agent free 

Hexamethyldisilazane (HMDS)-based sample processing protocol for osteochondral 

samples to enable 3D microstructural imaging and analyses of articular cartilage chondrons 

with μCT14. The protocol also shows potential for 3D quantification of collagen 

distributions15.

In this study, we aimed to implement our HMDS-based sample processing protocol for 

meniscus μCT imaging to allow visualization of human meniscal posterior horn 

microstructures in 3D. Our objective was to detail and compare histological and qualitative 

μCT features of posterior horns from both medial and lateral menisci of deceased subjects 

without known knee OA (referred to as reference) and end-stage medial compartment knee 

OA patients undergoing total knee replacement (TKR). We hypothesize that there are 

differences between the posterior horns from the medial OA menisci and reference menisci, 

and that the posterior horns from lateral menisci from OA patients are similar to reference 

menisci.

Methods

Tissue sample selection

This study was approved by the regional ethical review board at Lund University (Dnr 

2015/39 and Dnr 2016/865). From our knee tissue biobank MENIX, previously described by 

Olsson et al.16, we selected both the medial and lateral menisci from the right knee of 10 

deceased adult donors (age 18+ years) (5 men, 5 women) obtained from Skåne University 

Hospital, Lund, Sweden. Donors included in the study had no known diagnosis of knee OA 

or rheumatoid arthritis. All menisci were obtained within 48 hours post-mortem and frozen 

at - 80°C within 2 hours of extraction.

From the biobank, we also selected both the medial and lateral menisci from 10 medial 

compartment knee OA patients (5 men, 5 women) who had a TKR at Trelleborg Hospital, 

Sweden. All menisci were retrieved and frozen at -80°C within 2 hours of extraction and 

later transported to the biobank in Lund on dry ice for further storage at -80°C. To be 

classified as having medial compartment OA, the surgeon’s Outerbridge classification of 

knee joint cartilage during surgery was required to be a grade IV (exposed bone) in the 

medial compartment and grade 0 (normal) or I (softening of cartilage) in the lateral 

compartment17. Further, the surgeon’s sketch of the patients’ menisci (made on a 

standardized form) needed to indicate that some of the posterior horns remained for both 

compartments.

These four groups of menisci; medial and lateral donor menisci, and medial and lateral 

menisci from medial compartment knee OA patients, will hereafter be referred to as i) 
medialref, ii) lateralref, iii) medialOA, and iv) lateralOA, respectively.

After thawing the specimens in phosphate buffered saline (PBS), the reference menisci were 

visually inspected, as we required them to be structurally intact (some minor calcifications 

were allowed) in order to be accepted for the study. For the medial OA menisci, we further 

required the menisci to have at least two thirds of the substance of the posterior horn 
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remaining (the inner one third was typically missing). The lateral menisci from TKR 

patients were typically completely intact at the macroscopic level.

The thawed menisci were divided with a scalpel, somewhat posterior to the mid body, into 

two parts. The part that we used for this study was the posterior horn (with some part of the 

body remaining) (Fig. 1 A). A hole (3 mm in diameter) was punched vertically through the 

central part of the posterior horn (approximately 3 to 5 mm from the capsular insertion, i.e., 

in the thicker peripheral part of the meniscus). The cylindrical tissue sample that was 

extracted, as well as the anterior horn and body of the meniscus, were returned to the 

biobank for future studies. The posterior horns were then fixed in 4% saline-buffered 

formaldehyde for a minimum of 11 days, followed by excision of a centrally located section 

for the μCT protocol (Fig. 1 B).

Histological preparation and analyses

From the remaining pieces after excision of the μCT section, we obtained vertical and 

horizontal slices for histopathological analyses (Fig. 1 B-C). Before slicing, the fixed 

samples were further dehydrated with alcohol, cleared with xylene, and embedded in 

paraffin. Wedge- shaped slices (4 μm thick) were cut from three different locations, 

perpendicular to the circumferentially oriented collagen bundles (Fig. 1 B, slices 1, 2 and 3). 

The remaining paraffin blocks were then melted, and the tissues were reoriented and again 

embedded in paraffin, followed by cutting of horizontal, 4 μm thick slices (from the inner 

border of the meniscus to the vascular outer region, at approximately 30° to the tibial 

plateau) from two different locations (Fig. 1 B-C, slices H1 and H2). All slices were stained 

with hematoxylin and eosin (HE), and Safranin-O–Fast Green (SafO–FG), and subsequently 

imaged with a digital pathology slide scanner (Aperio AT2, Leica Biosystems, Wetzlar, 

Germany) using 40x magnification. Histological sample processing, staining, and scoring 

were performed according to the protocol detailed by Pauli et al.18 with minor modifications 

in the slice cutting method and chemicals used. The total score in this scoring system ranges 

between 0 and 18, and can be categorized into the following grades: grade 1 (score 0-4), 

normal tissue; grade 2 (score 5-9), mild degeneration; grade 3 (score 10-14), moderate 

degeneration; grade 4 (score 15-18), severe degeneration18. The scoring was first performed 

independently by two blinded graders [IK, EF; inter-observer reliability: ICC (95% 

confidence interval (CI)) 0.85 (0.67, 0.94) for medial menisci and 0.86 (0.72, 0.94) for 

lateral menisci]. Subsequently, consensus scoring was done for each sub-score, from which 

an overall consensus score was calculated for each meniscus section (slices 1-3, including 

the corresponding horizontal slices). The reliability and repeatability results from the 

histopathological scoring are presented in the supplementary material (Table S1).

HMDS-based μCT imaging

HMDS-based sample processing was conducted according to our previous work with 

osteochondral samples14, with slight modifications in the sample processing durations due to 

the larger specimens used in the current study. Briefly, the fixed μCT samples were first 

dehydrated in ascending ethanol concentrations (30%–50%–70%–80%–90%–96%–100%), 

treated with HMDS for 4 h, and air-dried in a fume hood overnight (details can be found in 

the supplementary material). Image acquisition was performed using a desktop μCT 
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(SkyScan 1272, Bruker microCT, Kontich, Belgium) with the following settings: tube 

voltage 40 kV; tube current 250 μA; no additional filtering; isotropic voxel size 2.0 μm; 

number of projections 2400; averaging 5 frames/projection; and exposure time 1815 ms. 

NRecon software (v1.6.10.4, Bruker microCT) was used for image reconstruction, during 

which beam- hardening and ring-artifact corrections were applied. Image rendering was 

performed with CTVox software (v3.3.0 r1403) provided by the manufacturer.

Statistical analyses

Descriptive data of the histological scores is provided as means and standard deviations (SD) 

as well as scatterplots. For the statistical analysis, we used linear regression models where 

the histology scores for each meniscus section were treated as a continuous variable. All 

analyses were first unadjusted, then adjusted for age, and finally adjusted for age and body 

mass index (BMI). Data were not adjusted for sex due to the low sample size and the fact 

that the sample selection had a balanced gender distribution. For comparisons between the 

groups, a mixed linear regression model was used with the histology score as outcome. The 

independent variables are group with 4 levels: medialOA, lateralOA, medialref, lateralref and 

meniscus section with 3 levels. We included a random intercept to account for correlation 

between scores from the same person. We used Satterwhite method for estimation of degrees 

of freedom and we used lincom command in Stata to derive the comparisons of interest from 

the linear model and their 95% CIs. Even here we used the same method for degrees of 

freedom. In a sensitivity analysis, we further included an interaction term between the group 

and meniscus section. We calculated the mean difference in the histology scores between 

medialOA and medialref, lateralOA and lateralref, medialOA and lateralOA, as well as medialref 

and lateralref with 95% CIs. Importantly, as our design was fully balanced (the same number 

of samples and sections from each knee and compartment) the above model results in so-

called fixed-effect estimates for the within-knee comparisons (i.e. medialOA vs lateralOA and 

medialref vs lateralref). These fixed effects estimates account for all knee-specific 

confounding factors (both measured and unmeasured). Stata 15 was used for all statistical 

analyses.

Results

Description of study subjects

The age range of deceased donors (18 to 77 years, median 50.5) was greater than the TKR 

patients (51 to 76 years, median 61.5) (Table 1). The TKR patients had a slightly higher 

median weight than the donors, but similar median height (Table 1). Table S2 includes more 

detailed information about the individual study subjects.

Histopathological analyses

Virtual light microscopy images comparing meniscus slices from histopathological grades 1 

to 4 revealed that larger histopathological grades were associated with more degenerated 

meniscus borders, more red staining in the SafO-FG slices, and more disorganized collagen 

networks in the horizontal slices (Fig. 2). The histopathological consensus scores of each 

meniscus section used in this study are presented in the supplementary material (Table S2).
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HMDS-based μCT imaging

3D visualizations of menisci imaged with HMDS-based μCT showed that samples with 

larger histopathological grades had more degenerated surfaces and disorganized collagen 

fibers than those with lower grades (Fig. 3). Furthermore, grade 1-2 menisci appeared 

smaller than the more degenerated (grade 3-4) menisci (Fig. 3). When comparing μCT 

images to conventional HE and SafO-FG-stained histological slices (Fig. 2, Fig. 4), several 

structural features such as surface morphology and collagen network organization, both of 

which are evaluated in Pauli’s scoring system, are also visible in μCT images. Furthermore, 

meniscus cells, calcifications, channel-like structures penetrating the meniscus from its outer 

border, and different collagen layers, could be visualized with HMDS-based μCT (Fig. 3, 

Fig. 4, Supplementary videos S1 and S2). The physical size (width) of samples imaged with 

the desktop μCT system was limited to 8 mm due to the image resolution used in this study, 

and thus, some of the largest samples did not fit entirely in the field of view.

Reference vs OA menisci

MedialOA menisci had the highest total histopathological consensus scores in all sections, 

whereas medialref and lateralref menisci, and lateralOA menisci had similar scores (except for 

in section 1, where the lateralOA menisci on average had slightly higher total scores) (Table 

2). The age range of reference subjects was much wider than in the OA patients, and the 

total score increased with age (Fig. S1). Moreover, the medialOA menisci were found to have 

generally higher and less distributed scores than the medialref, lateralref, and the lateralOA 

menisci (Fig. S1). When adjusting for age, and subsequently for age and BMI, there were 

differences in total scores between the medialOA and medialref menisci, on average 3.9 

(95%CI 2.6, 5.3), as well as between medialOA and lateralOA menisci (3.9 [2.9, 5.0]). In 

contrast, the lateralOA and lateralref menisci (0.8 [-0.6, 2.2]), and the medialref and lateralref 

menisci (0.8 [- 0.3, 1.9]) had similar scores (Fig. 5, Table S3). In a section-wise analysis 

(adjusted for age, and then for age and BMI), the medialOA menisci were found to have 

higher histopathological scores in all three sections compared to the medialref menisci. 

When compared to the lateralOA menisci, the medialOA menisci had higher scores in 

sections 2 and 3 (Fig. 6, Table S4). The largest difference in the total score was observed 

between the medialOA and lateralOA menisci in section 3 (closest to the body region, 5.5 

[3.8, 7.2]). On the other hand, in section 1 (closest to the tip of the posterior horn) the 

difference in histological scores between these groups was smaller than in the other sections 

(1.7 [-0.04, 3.4]) (Fig. 6, Table S4). Furthermore, in the section 1, the lateralOA menisci had 

higher scores than the lateralref menisci (3.7 [1.8, 5.7]). The same was observed between 

medialref and lateralref menisci (2.1 [0.4, 3.8]). The mean (SD) consensus sub-scores of the 

meniscus sections in the four sample groups are presented in the supplementary material 

(Table S5).

Discussion

To our knowledge, this study is the first presentation of an HMDS-based sample drying 

protocol that enables 3D imaging of meniscus microstructures with a conventional desktop 

μCT. This method enables unique 3D visualization of several features that otherwise can 

only be seen using 2D histology techniques, which require extensive sample preparation, 
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slicing, and staining. Using the HDMS-based μCT technique and the histopathological 

analyses, we found that degeneration of the meniscus posterior horn in knees from end-stage 

medial compartment knee OA was mainly present in the medial meniscus, suggesting a 

strong relationship between the meniscus and the osteoarthritic process in the diseased knee 

compartment.

The HMDS-based μCT methodology we describe in this study offers several advantages 

compared to existing methods of tissue imaging. Firstly, it enables volumetric visualization 

and evaluation of the tissue’s 3D organization, therefore giving additional information 

compared to conventional section-based histology. The technique also offers better 

resolution than clinical or ex vivo MRI at present. Secondly, instead of using external 

contrast agents such as CA4+ or Ioxaglate, drying the samples using HDMS allows contrast 

to arise from the tissue itself, and not from the distribution of any specific contrast agent. 

HMDS was used as a drying agent in our protocol since it is believed to cross-link proteins 

and therefore stiffen the tissue during the sample processing19, 20. Thus, the sample appears 

not to fracture or disintegrate during processing19, 20. Moreover, in our earlier work, HMDS-

based sample drying was shown to enable imaging of the microstructure and chondrons of 

articular cartilage14, 15, motivating our hypothesis that a similar sample processing protocol 

should also work with the meniscus.

From the qualitative μCT analyses that we performed, we found that several structural 

features visualized with histology, such as surface morphology, collagen organization, and 

tissue calcifications, were also visible in the μCT images. Moreover, meniscus cells, 

different collagen layers, and channel-like structures penetrating from the peripheral border 

of the meniscus were observed (Fig. 3, Fig. 4). These channel-like structures do not 

significantly attenuate X-rays, and therefore might represent vascularization. However, they 

appear to penetrate deeper than what has been reported in the literature; vascularization 

should be limited to the peripheral 10-30% of the meniscus, with increased vascularity in the 

anterior and posterior horns5, 21. More likely, the channel-like structures may represent 

radially oriented tie-fibres that form a branching and sheet-like network wrapping around the 

circumferentially oriented collagen bundles in the main body of meniscus22, or loose 

connective tissue, as described by Petersen et al.23. Interestingly, Andrews et al. reported 

that blood vessels, surrounded by proteoglycan-rich regions, are enclosed by these tie-fibre 

sheets22. Indeed, we do observe similar branch-like proteoglycan-rich structures in the SafO- 

FG-stained meniscal histological slices, which appear to coincide with the channel-like 

structures we observe in μCT. However, in order to fully rule out vascularization and 

determine the exact origin of these cavities, further histological evaluations with specific 

stains for neurovascular structures need to be conducted.

From our qualitative μCT analyses, we also observed that more intact menisci 

(histolopathological grades 1-2) appeared to be smaller in size than the degenerated (grade 

3-4) menisci (Fig. 3). This finding is supported by previous MRI studies where OA menisci 

have been reported to be hypertrophic and often in a subluxated/extruded position in the 

knee joint24, 25. One of these studies reported that the meniscus body and posterior horn are 

thicker in OA menisci, and that the meniscus volume is increased in the entire meniscus in 

OA knees when compared to non-OA knees24. This corresponds well with our qualitative 
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μCT findings. The mechanisms causing meniscal hypertrophy, however, are not completely 

understood. One possibility is that due to collagen degeneration and tears, the meniscus 

becomes edematous, in particular if subluxated and located mainly outside of the joint 

margin, i.e. no longer weight bearing. Meniscal hypertrophy might also be a reparative 

response to the degeneration caused by OA and failed tissue mechanical properties.

Our section-based histological analyses revealed that medialOA menisci have significantly 

higher histopathological scores when compared to lateralOA menisci and medialref menisci. 

As expected, the lateralref and medialref menisci had similar histopathological scores, but it 

was also observed that the lateralOA and the lateralref menisci had similar scores. This 

suggests that the degenerative changes of the meniscal posterior horn that occur in medial 

compartment knee OA are also localized in the medial side of the joint, and the lateral side 

remains largely unaffected. When studying three sections from three different regions of the 

meniscus posterior horn separately, the medialOA menisci showed higher histopathological 

scores in all three sections compared to the medialref menisci. Compared to the lateralOA 

menisci, the medialOA menisci had higher scores in sections 2 and 3. In section 1 (closest to 

the tip of the posterior horn), the difference in histological scores between the medialOA and 

the lateralOA menisci was smaller than in the other sections. Furthermore, in the section 1, 

the lateralOA menisci had higher scores than the lateralref menisci, and the medialref menisci 

had higher scores than the lateralref menisci. This could indicate that the degeneration 

eventually also may engage the lateral compartment, where it initiates in the tip of the 

posterior horn. This is also supported by the previous literature where it has been reported 

that in both medial and lateral compartments, the meniscal degeneration is most commonly 

found in the posterior horn11, 18. Moreover, the tip of the posterior horn of medialref menisci 

was more degenerated than the corresponding lateralref menisci, which suggests that the 

degeneration may initiate close to the tip of the medial posterior horn. Again, this is in line 

with previous studies showing that in the general population, the degeneration is typically 

found in the posterior horn of the medial meniscus11, 26.

Age and BMI are strong risk factors for OA and are likely associated with the differences in 

histopathological scores between the OA and reference groups. Indeed, in the statistical 

analyses of OA vs reference subjects, we found that adjustment for age decreased the 

differences in histopathological scores between the groups. However, additional adjustment 

for BMI had only limited impact on the results.

One major limitation of this work was that the tissue specimens used were first frozen and 

then thawed before processing and analysis. This, however, was inevitable because sample 

collection in the biobank in Lund, Sweden was already ongoing before the onset of this 

study. Nonetheless, all samples in this study underwent the same sample-preparation 

processes, and the results of the present study should thus still be comparable to each other. 

Another limitation is that even though HMDS has been shown to be a suitable drying agent 

that preserves the microstructure of osteochondral samples14, it should be taken into account 

that the tissue structure in HDMS-dried meniscal samples may not resemble its intact state 

in vivo. Although this protocol is applicable to any laboratory with access to a μCT scanner, 

it is important to notice that this methodology is not suitable for in vivo experiments as 

drying the tissues in living animals/patients is not feasible and safe by any means. Drying 
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the sample, however, makes the tissue stable and allows μCT imaging of its microstructure 

with high resolution. A third limitation is that μCT, like other imaging modalities, has some 

artifacts, such as streaking and ring artifacts. Most significantly for this study, the 

calcifications in the menisci cause streaking artifacts, which occur due to substantial 

differences in X-ray attenuation between the calcified and non-calcified meniscus regions. 

These artifacts could be prevented by decalcifying the samples during sample processing. 

However, on the other hand, doing so might make the calcifications less visible in the μCT 

images, which would not be a true reflection of the structural state. The different age 

distributions between the reference group and the medial compartment knee OA patients in 

the study were also a concern. However, these differences were taken into account via 

multivariable modelling.

To summarize, in this study we implemented an HMDS-based sample processing protocol 

for visualizing human ex vivo meniscus microstructures in 3D using a desktop μCT for the 

first time. When compared to adjacent 2D histological sections, similar structural features, 

such as surface morphology, collagen organization, and calcifications could be visualized in 

3D with μCT. This method enables visualization of considerably larger volumes and 

evaluation of the tissue’s volumetric organization. When compared to conventional section-

based histology, the method may provide additional important 3D information regarding the 

early degenerative changes in the meniscus during OA. Moreover, this study also found that 

medial OA menisci had much higher histopathological scores than both medial reference 

menisci, as well as lateral menisci from within the same knees, suggesting a strong 

relationship between meniscus degradation and unicompartmental knee OA.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Sample preparation. A: A schematic illustration of the meniscus posterior horn dissection. 

B: The locations from where the wedge-shaped histological slices (1, 2, 3), the horizontal 

histological slices (H1 and H2), and the μCT piece were cut from the meniscus posterior 

horn. The tissue extracted from the hole next to the slice 1 was reserved for another study. C: 

A schematic illustration of the plane from which the horizontal histological slices (H1 and 

H2) are taken.
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Figure 2. 
Histological images from Safranin-O–Fast Green (SafO–FG), and hematoxylin and eosin 

(HE)-stained vertical and horizontal slices. Representative histological meniscal slices for 

Pauli’s histopathological grades 1-4 were imaged with a digital pathology slide scanner.
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Figure 3. 
Volumetric visualizations of μCT images from HMDS-treated meniscal samples 

representing Pauli’s meniscus histopathological grades 1-4. μCT images appear to contain 

similar microstructural information as needed for Pauli’s grading. Channel-like structures 

were clearly visible especially in the samples with lower grades (red arrows). Ectopic 

calcification appeared as white areas in the μCT images, and was especially prominent in 

grade 4 samples.
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Figure 4. 
Representation of different structural features in the meniscus, visible both in μCT and 

histology.
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Figure 5. 
Comparisons of the posterior horns from medial and lateral reference menisci with posterior 

horns of medial and lateral menisci from patients with medial compartment knee OA; results 

show mean difference in total histopathological score (Pauli) with 95% confidence interval.

*This comparison was performed between medial and lateral menisci from the same knee, 

and thus adjusted for all person- and knee level confounding through use of a fixed effects 

model.
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Figure 6. 
Mean difference in total histopathological (Pauli) scores displayed with 95% confidence 

interval in the three sections* (referring to histological slides 1,2 and 3 from the meniscus, 

see Fig. 1). The model was adjusted for age, and then for age and BMI. †This comparison 

was performed between medial and lateral menisci from the same knee, and thus adjusted 

for all person- and knee level confounding through use of a fixed effects model.

Kestilä et al. Page 17

Osteoarthritis Cartilage. Author manuscript; available in PMC 2021 April 26.

 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts



 E
urope PM

C
 Funders A

uthor M
anuscripts

 E
urope PM

C
 Funders A

uthor M
anuscripts

Kestilä et al. Page 18

Table 1
Study subjects’ characteristics.

ID Sex Age (at surgery/death) Height (cm) Weight (kg) OA patient/ Donor Knee side

1 Male 72 172 85 OA Left

2 Female 53 174 68 OA Left

3 Female 61 156 63 OA Right

4 Male 65 184 93 OA Right

5 Female 60 164 79 OA Left

6 Male 61 186 105 OA Right

7 Male 68 177 83 OA Right

8 Female 62 160 78 OA Right

9 Male 76 172 85 OA Right

10 Female 51 166 103 OA Left

11 Male 49 180 107 Donor Right

12 Female 18 178 52 Donor Right

13 Male 51 175 82 Donor Right

14 Female 31 170 66 Donor Right

15 Female 61 155 56 Donor Right

16 Male 58 190 120 Donor Right

17 Female 74 162 67 Donor Right

18 Female 77 157 55 Donor Right

19 Male 43 173 127 Donor Right

20 Male 50 176 106 Donor Right
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Table 2
Descriptive statistics describing the differences between sample groups and meniscus 
sections. Results are displayed as means (SD) of the total histopathological (Pauli) score.

MedialoA LateraloA Mediaref Lateralref

Mean (SD) Mean (SD) Mean (SD) Mean (SD)

Section 1 14.3 (2.3) 12.6 (2.5) 9.6 (1.8) 7.5 (2.7)

Section 2 14.1 (1.7) 9.5 (2.5) 8.5 (3.5) 8.2 (3.7)

Section 3 14.9(1.2) 9.4 (1.8) 9.3 (3.0) 9.3 (3.9)
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