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Abstract

Objectives—Tendinopathy is a common, costly condition affecting both sporting and sedentary 

populations. Research into tendinopathy frequently involves the evaluation of tendinosis, a 

pathology characterized by a lack of inflammatory cells, collagen disruption, neovascularisation, 

altered cell numbers and morphology and increased glycosaminoglycans. Evaluation of these 

characteristics can be undertaken using the Bonar histopathology score, but the characteristics are 

heterogeneous throughout tendon specimens with no standardized method of determining the area 

to be evaluated. The objective of this study was to assess whether the Bonar score varies 

depending on the criteria used to define the area of evaluation.

Design—Case series.

Methods—Two independent assessors, with a third to resolve disputes, evaluated 103 areas from 

35 tendon specimens using the Bonar score. Specimens were scored once each in the area of worst 

collagen disruption, degree of vascularization, and cell morphological changes. The inter-tester 

reliability of the updated Bonar scale was good (r2 = 0.71)

Results—The Bonar score was highest in the areas of worst cell morphological (CM) changes, 

followed by collagen disruption (CD) and lowest for the area of most extensive vascular 

proliferation (VS) (regression: CD vs. CM, p = 0.008, CM vs. VS, p < 0.001, CD vs. VS, p = 

0.013). Suggested modifications to the Bonar score include the addition of a cellularity domain, 

specific definitions of hypo- and hypercellularity, and changes to the vascularity score to include 

pathological avascularity.

Conclusions—The updated Bonar score includes a standardized method of selecting the area of 

evaluation, which should provide increased reliability when assessing the extent of tendon 

degeneration.
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1. Introduction

Tendinopathy with histopathological evidence of degeneration in the absence of 

inflammatory cells is referred to as tendinosis. Tendinopathy is common in sporting and 

sedentary populations,1 and is associated with significant pain, reduction of productivity and 

quality of life, and costly medical interventions.2 Thus research that increases our 

understanding of this condition and that evaluates possible treatments is important. Research 

in this field continues to employ histopathological evaluation of tendon tissue specimens as a 

standard method.3

The histopathological changes associated with tendinosis include cellular changes, collagen 

disruption, vascular proliferation, and an increase in glycosaminoglycans.4 and5 

Histopathological changes in tendon have been recognized as providing insights into both 

aetiology and response to treatments.6 For instance, normal tendon and osseotendinous 

junction display a low blood flow, evidenced by minimal colour Doppler activity,7 whereas 

tendinopathic tendon displays increased colour Doppler activity and up to three times the 

number of intratendinous microvessels.7 and 8 Histological changes have also been 

hypothesized to relate to the progression of the condition, with altered cell morphology 

hypothesized to be an early but potentially reversible histological feature, and with 

proliferation of blood vessels occurring later.9,10 and 11 Different patterns of degeneration 

have been reported between full or partial thickness tears of the rotator cuff,12 and varying 

levels of tendinosis have been noted in Achilles tears, tendinopathy and control tissue.
13 and 14 A change in cell morphology and proliferation was found more commonly than 

collagen disruption in people with asymptomatic patellar tendinosis.9 These studies provide 

insights into possible driving factors for tendinopathy. Robust reproducible grading is 

important in diagnosis and to compare patient outcomes and possible treatments. However, 

the features of pathology described above are often heterogenous throughout the biopsy 

sample, with relatively normal areas closely adjacent to areas of advanced pathology.

To date there is no standard method of determining the area of the tendon biopsy to be 

evaluated. Authors have used a number of different assessment methods,15 and16 and have 

reported a wide range in levels of agreement, varying from (Kappa) 0.17 to 0.87.13 and14 We 

are not aware of any report detailing how authors have determined which area of tendon to 

assess, which may in part explain the variation in agreement.

The aim of this study was to assess whether the Bonar score varies depending on which 

definition of highest morphological change is used (degree of collagen disruption, level of 

cell morphological change, or, degree of vascularity). We also critically assessed the current 

criteria used in the Bonar score.

2. Methods

This study was approved by the local clinical research ethics board in Australia (ETH.

9/07.865) and the Clinical Research Ethics Board at the University of British Columbia 

(approval for the histological analysis). The study group comprised two mutually exclusive 

groups – Australian patients undergoing either gluteal tendon reconstruction surgery or total 
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hip arthroplasty. Participant and surgery details have been previously reported.17 Two 

researchers experienced in using the Bonar score reviewed each domain of the grading 

system. By consensus, the appropriate level of magnification used for each domain was 

determined. The need for polarization, and need for additional categorisation of pathological 

changes with regard to cellularity and vascularity were reviewed. Hyper and hypo cellularity 

were defined. To determine the area of tendon which represented the area of worst 

pathology, two researchers, with a third to resolve disputes evaluated 35 sections of tendon. 

A separate Bonar score was calculated for each of the following areas: the area of worst 

collagen disruption; the area scoring the highest vascularity; and lastly, the area scoring the 

highest cell morphological change. The review of the Bonar score and suggestions for 

changes to the scale were completed by consensus. To determine the area that represented 

the region with the most advanced pathological change, regression with post hoc pair-wise 

analysis was undertaken on the Bonar scores, using STATA 10.1 (StataCorp, College 

Station, TX). The same tendon sections were scored on separate days by two examiners 

using the original Bonar score (inter-tester reliability, r2 = 0.32), and again using the revised 

Bonar score (inter-tester reliability, r2 = 0.71).

3. Results

The Bonar score is designed to assess, by light microscopy, tendon morphology on 

longitudinal sections – not cross sections or those cut at an oblique angle. In order to make 

the score consistent with the previously published hierarchy of tendon morphology,18 and19 

“fiber” was replaced with “fibre bundle.” Secondly, we added a section on cellularity, with 

appropriate definitions for each grade. Hypercellularity was defined as >30 nuclei per field 

of view and hypo cellularity was defined as <20 nuclei per field of view. We found that the 

vascularity score required a classification to allow for areas of pathological avascularity. 

Previously these areas would have been scored as zero or normal when clearly they are not. 

We added two dichotomous evaluations – the presence or absence across the entire section 

of calcification and adipocytes among the fibre bundles. Finally, recommended levels of 

magnification for each feature were determined (Table 1).

A total of 103 areas of tendon were evaluated. Marked differences were seen in the Bonar 

score both within individual tendon sections (Fig. 1), and between the different areas. The 

total Bonar score was highest in the areas of worst cell morphological (CM) changes (mean 

(SD) = 14.4 (1.50)), followed by collagen disruption (CD:13.0 (2.56)), and was lowest for 

the area of greatest vascular proliferation (VS: 11.6 (1.68)) (regression: CD vs. CM, p = 

0.008, CM vs. VS, p < 0.001, CD vs. VS, p = 0.013).

4. Discussion

This study demonstrated that the extent of tendon degeneration as assessed by the Bonar 

score varies depending on the area of the biopsy which is graded. Because tendon functions 

primarily as a load-bearing structure requiring continuous force transmission throughout the 

length of the tendon, we suggest that a system which captures the area of most advanced 

degenerative change – in this study, identified as the regions showing the worst cell 

morphology – is appropriate. Given that cell morphological change also appears to be one of 
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the earliest features of tendinosis, this system may have a greater possibility of capturing the 

early signs of tendon degeneration. In addition, defining a priori the region to be evaluated 

has the potential to improve the reliability of this standardized assessment. This point has 

previously been raised by Fasanella et al. in their discussion of the reliability of assessing 

human breast tissue histopathology.20

The Bonar score was originally designed for the assessment of patellar tendinopathy. 

However, the same scale has been used by other groups to assess pathology in other tendons 

with distinct biomechanical functions, e.g. the supraspinatus tendon.15 Although the normal 

mechanical environment and anatomy of different tendons is variable, the features of injury 

which are observed at various sites appear to be consistent as noted by Khan et al.5 We 

previously examined gluteal tendon pathology and found that the pathology conforms to 

descriptions of tendinosis at other major anatomical sites.17

By consensus, we determined and applied the following guidelines: the entire section should 

initially be viewed at 100× total magnification, in order to identify the area to evaluate based 

on the cell morphology domain. Collagen disruption should be assessed with polarization, 

one field of view at 100×. Cell morphology should be further evaluated over four fields of 

view, at 200× total magnification. Cellularity should be evaluated over one field of view, at 

100× total magnification. Vascularity should be evaluated over ≤10 fields of view, at 400× 

total magnification. Individual vessels that course through the tendon section should only be 

counted once. Ground substance should be assessed over one field of view, 100× total 

magnification.

Using these magnifications and fields of view, the area (in mm2) under examination is the 

same for each domain (refer to Appendix A for calculations). In all cases, a higher 

magnification may be used to clarify the score, e.g. individual areas of cell morphology may 

be viewed at 400× to confirm the extent of cell morphological change. Likewise, to 

distinguish between longitudinally coursing intratendinous vessels vs longitudinal arrays of 

fibroblastic cell nuclei, a higher magnification may be necessary (Table 1).

To assist with determining the level of morphological change, when evaluating a field of 

view we suggest that a rule of 20% should be applied. That is if 20% of the tissue can be 

scored at the highest level, this score is applied to the entire field of view. When assessing 

cell morphology, if 20% of the field of view demonstrates grade 3 morphology, then the 

score for that tendon section is grade 3. To assist researchers we have made a table with 

examples of each classification within the Bonar score (Fig. 2), and the key features 

distinguishing the different grades are detailed in Appendix B (supplementary materials).

The highest Bonar score was found in the area of highest cell morphology change. These 

data suggest that using the area of maximum cell change provides a score that is 

representative of the worst degree of tendinosis within the area of the specimen being 

evaluated. To our knowledge this has not previously been described. Some previous studies 

have noted that evaluation has been undertaken in the area of “…most advanced pathological 

changes…” however this area was not overtly defined.13 and 21 One earlier cross-sectional 

study of asymptomatic patellar tendon from active athletes noted that changes in cellular 

Fearon et al. Page 4

J Sci Med Sport. Author manuscript; available in PMC 2016 May 04.

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript

C
IH

R
 A

uthor M
anuscript



morphology were more extensive than changes in collagen alignment.9 Recent studies have 

focused on local cellular function in relation to understanding tendon pathology, including 

the local production and activation of matrix degrading enzymes such as the MMP and 

ADAMTS family.22 Until such time as a histopathological finding has been correlated with 

function or patient status, we suggest that cell morphological change be used to identify the 

area of evaluation.

Our review of the Bonar score makes a number of recommendations covering magnification 

levels, field of view and area to assess, definitions of hypo and hypercellularity, and 

clarification of how to rate areas that are acellular, avascular, calcified, or containing 

adipocytes. By specifying the level of magnification and number of fields of view, each 

domain within the Bonar score will be evaluated over the same area. In addition to providing 

greater confidence among users of the score, the results of our review have the potential to 

allow better comparison between studies and provide clinicians with a structure for reporting 

their results.

We suggest that any assessment that requires a degree of qualitative evaluation should be 

undertaken twice in a blinded manner. Ideally this should be done by two assessors, with a 

third assessor to resolve discrepancies23 in order to reduce the chance of bias.24 A further 

tool that is helpful is to create reference slides. These can be reviewed regularly throughout 

the assessment, providing a reference for calibration. For this purpose we have provided a 

sample pictorial Bonar score (Fig. 2).

In the current paper, we found that the characteristics of tendon pathology were 

heterogenous throughout the tendon specimens. When assessing the extent of tendon 

degenerative change, evaluating the area of maximal cell morphological change provides a 

Bonar score that is representative of the worst degree of tendinosis within the area of the 

specimen being evaluated. We suggest that when evaluating tendon degeneration, cell 

morphology should be assessed first, followed by assessment of the other domains (collagen 

alignment, vascularity, degree of cellularity) assessed in the same area.

It should also be acknowledged that the Bonar score assigns a pathological score to features 

that, in some situations, may actually represent normal adaptations which could also be 

heterogeneously represented throughout the specimen. For example, insertional regions and 

regions of tendon exposed to compression or shear commonly exhibit a more chondrocytic 

phenotype, which would be interpreted under the Bonar score as “cell morphological 

change”. Insertional areas are also typically less vascular, whereas it is normal for the blood 

supply to be enriched at particular points (e.g. the anterior surface of the Achilles tendon), 

and these regions can have an appearance of “hypervascularity” when assessed under the 

microscope, even in normal tendon. Finally, many healthy tendons contain tertiary bundles 

separated by regions of loose connective tissue which could be misinterpreted as collagen 

disorganization. The fact that the scale may inadvertently assign a pathological score to 

features that are normal needs to be kept in mind when conducting the Bonar assessment. It 

would therefore be prudent for biopsies to be taken consistently from the same region of 

tendon, and avoiding areas of loose connective tissue or insertional regions. Despite the 

limitations noted above, the Bonar score does consistently assign a higher grade to injured, 
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as opposed to uninjured, tendon, even in tendons such as the supraspinatus which contain 

regions of fibrocartilage as well as more vascular, loose connective tissue. In one study, the 

Bonar score of cadaveric rotator cuff samples with no known shoulder pathology ranged 

from 0 to 4 (mean 1.9), whereas samples from patients with rotator cuff injuries ranged from 

6 to 12 (mean 9.5).15

Hypervascularity in association with tendon overuse injury has been referred to as 

“angiofibroblastic tendinosis”25 – this finding is typically interpreted as evidence of repair 

activity within the tendon. Conversely, hypovascularity has been interpreted as more typical 

of a more advanced state of tissue pathology, in which repair activity is less apparent.26 

Despite the potential that hyper- and hypo-vascularity have different implications for the 

reparative capacity of the tissue, for ease of use of the scale we elected to assess vascularity 

in one category. On a practical level, it is not possible for the selected region of interest to 

demonstrate both hyper-and hypo-vascularity, therefore the inclusion of both hyper- and 

hypovascularity on the same scale does not cause any problems when scoring tendons.

This study has several limitations. The results of this study are limited to human 

degenerative tissue changes. They are yet to be validated for acute tendinopathy, or for 

tendon pathology observed in animals. However, these results provide a basis on which 

further evaluation may be undertaken. A second limitation is that the Bonar score changes 

are based on the consensus of two researchers experienced in assessing tendon tissue, and 

with discussion with the remaining authors. Thus, others may not agree, however we 

consider this a step towards higher quality assessment of tendon tissue.

5. Conclusion

The updated Bonar score includes a standardized method of selecting the area of evaluation.

5.1. Practical implications

The modified Bonar score provides improved clarity and reproducibility when assessing the 

extent of tendon degenerative change.

Histopathology may be used to assess the response of degenerated tendon to treatments.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Individual participant Bonar scores, by category. Evaluating the area of worst cell 

morphological change resulted in the highest overall Bonar score. The area of collagen 

disruption also resulted in high scores. The area of highest vascularity resulted in the lowest 

scores. In some participants the score varied markedly depending on which area was 

assessed, e.g. participants #12 and #13 compared to #24, #29, and #30 (which had no areas 

of visible vessels).
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Figure 2. 
Pictorial representation of the Bonar score. Example micrographs of each grade are shown. 

The slides in the first four rows are stained with haematoxylin and eosin. The slides in the 

ground substance row are stained with Alcian blue. Magnification is reported for each row. 

Scale bars = 50 μm. Key differences between the grades are further described in Appendix B
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