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Introduction
Tobacco smoking is a serious threat, especially to 
respiratory, circulatory, and immune systems. 
An aerosol of hazardous substances contained in 
tobacco smoke also negatively influences the 
musculoskeletal system.1–3 Tobacco smoking 
causes osteoporosis and alveolar bone loss and 
also delays fracture healing. In soft tissue, it 

causes muscle mass and strength loss, causing 
muscle pain, and increases the risk of pathologies 
such as intervertebral disc degeneration and 
tendinitis, and reduces tendon healing.3 Thus, 
tobacco smoke adverse effects are concentrated 
on different tissues, leading to a specific altera-
tion in cells, vascular bed, and extracellular 
matrix (ECM).4,5
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Abstract
Aim: The purpose of this study was to investigate whether there is an association between 
smoking, the extent of the degeneration process in the biceps tendinopathy, including cells 
and extracellular matrix (ECM) alterations, and long-term surgical results.
Methods: This study comprised 40 consecutive patients admitted for shoulder arthroscopy 
due to symptomatic biceps tendinopathy and classified into three groups based on smoking 
status: active smokers, former smokers, and non-smokers. According to the classical Bonar 
score criteria, the histopathologic evaluation of the harvested intra-articular portion of the 
tendon was done. The follow-up examination was based on the American Shoulder and Elbow 
Surgeons Score (ASES).
Results: A cohort of 32 patients was enrolled in the final follow-up examination; mean 
37.56 months. Histopathological evaluation according to the classical Bonar score revealed 
degeneration of the tendinous tissue in each group but there was no correlation between the 
extent of degeneration, smoking indexes and the ASES. After revision of Bonar scale within the 
vascularity criterion, we found a correlation between the extent of degeneration of tendinous 
tissue, smoking data, ASES score, and the severity of rotator cuff injury.
Conclusion: In this paper, we indicate the ambiguous role of the neovascularization in 
the biceps tendinopathy, and it was used for modification of the classical Bonar score. 
Consequently, recalculated, modified Bonar score was correlated positively with smoking 
indexes and functional outcomes. Furthermore, the morphological alterations of rotator cuff 
tendons also correlated positively with the extent of biceps tendon degeneration, measured 
according to the modified scoring system.
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Tendinopathy is a chronic tendon disorder caused 
by impaired regeneration, which is characterized 
by disruption of the collagen architecture, 
increased proteoglycans, altered tenocyte mor-
phology, and vascular bed expansion.6 Rotator 
cuff (RC) tendinopathy and long head of biceps 
(LHB) tendinopathy, which are usually seen 
together, constitute an important part of shoulder 
disorders.7–9 At the microscopic level, Lundgreen 
et al. observed pronounced degenerative changes 
with reduced local cell density and increased 
apoptotic cell death in smokers’ tendons obtained 
from RC. The authors linked this finding clini-
cally with reduced tendon healing capacity.9 
Furthermore, Mallon et  al. found that smokers 
who underwent RC repair have worse postopera-
tive outcomes than non-smokers.10

Moreover, Baumgarten et  al. revealed a dose-
dependent and time-dependent relationship 
between smoking and rotator cuff tears (RCTs).4 
Overall, smoking is considered as an important 
risk factor for the development and progression of 
RC pathology. Despite a few studies evaluating 
the relationship between smoking and rotator cuff 
pathology, no study to date connects the extent of 
histopathologic alterations in the biceps tendi-
nopathy with functional results after shoulder 
surgery in a smoker population.11–14

The most popular and established scale with 
which to assess the microscopic alterations of 
tendons is the Bonar score. This semiquantita-
tive scoring system evaluates four main variables: 
tenocyte morphology alterations, the ground 
substance accumulation, the extent of neovascu-
larization, and collagen bundles architecture. 
However, a few authors tried to modify the 
Bonar score, adding some new variable or chang-
ing the present one.15–17 Okazaki et  al. and 
Docking et  al. expanded the classical Bonar 
score with a fifth variable, counting the number 
of fibroblasts. Fearon et al. in their study revealed 
that a complete lack of vascularity in tendinopa-
thy should be rather treated as a pathology, simi-
larly to accumulation of newly formed vessels. 
The neovascularization variable seems to be 
ambiguous and should be reconsidered in the 
future scales to assess the tendon degeneration.

This study aimed to investigate whether there is 
an association between smoking, the extent of the 
degeneration process in the biceps tendinopathy, 

including cells and ECM alterations, and long-
term surgical outcomes.

Based on our previous study, we hypothesized 
that smokers have worse clinical outcomes pre- 
and post-operatively with more advanced histo-
pathologic alterations in tendinous tissue, 
increased rate of failures, and a strong association 
between microscopic alterations and functional 
results.18

Methods

Patients and smoking status
This study comprised 40 consecutive patients 
admitted for shoulder arthroscopy to the 
Department of Orthopedic Surgery (2016–2018) 
due to symptomatic LHB tendinopathy. Inter- 
ventions on the biceps tendon were generally per-
formed as part of a complex surgical procedure. 
Patients with additional pathologies, such as 
RCTs and subacromial impingement, were not 
excluded from the study. All included subjects 
were diagnosed with LHB tendinopathy based on 
the clinical examination – tenderness over the 
bicipital groove test, Speed’s test, Yergason’s test, 
Abbott–Saunders test, sonographic examination, 
and non-contrast magnetic resonance imaging of 
the shoulder. Inclusion criteria were: no response 
to conservative treatment with a minimum of 
3 months of physiotherapy and age >18 years. 
Exclusion criteria were: the history of systemic 
inflammatory diseases, previous surgical treat-
ment of the concerned shoulder or corticosteroid 
injections in the year preceding surgery. Pre-
operatively, demographic data and the American 
Shoulder and Elbow Surgeons Score (ASES) 
were recorded.

The population was divided into three subgroups 
according to smoking status: active smokers (did 
not give up smoking during surgery and after sur-
gery, former smokers (gave up smoking minimum 
1 year before surgery), and non-smokers (never 
used any nicotine supplement, e.g. nicotine gum 
or patch, oral snuff/moist snuff, cigars and ciga-
rettes). We also recorded dose-dependent and 
time-dependent data: the period of cigarette 
smoking – smoking years, the mean number of 
cigarettes smoked per day and pack-years index 
(one pack contains 20 cigarettes in our country). 
Surgeons were blinded to smoking status.
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Surgery
Shoulder arthroscopy of all patients was per-
formed with a standard 30° arthroscope 
(Smith&Nephew) in the beach chair position, 
under general anesthesia or interscalene brachial 
plexus block. Additional working portals were 
used in addition to the standard posterior portal. 
During the surgery the intracapsular part of the 
LHB tendon was tested by a probe and investi-
gated for the presence of tears, fraying or any 
findings for tendinopathy, from its insertion in 
the labrum, till the bicipital groove. The biceps 
pulley condition, the LHB tendon stability in the 
groove, and the extracapsular part of the tendon 
were also inspected. The arthroscopic classifica-
tion of LHB tear was made according to the 
Laffose classification: grade 0 (normal tendon), 
grade I (minor lesion), grade II (major lesion).19 
All patients underwent biceps tenodesis or tenot-
omy, depend on the surgeon’s decision, followed 
by the excision of the intracapsular part of LHB 
tendon – a sample for further histological study. 
Concomitant lesions were treated arthroscopi-
cally, and RCTs were classified according to 
Snyder Classification.14 The rehabilitation proto-
col after shoulder arthroscopy varied according to 
surgical procedures and consisted of a six-week 
physiotherapy program. The rehabilitation proto-
col after tenotomy included an arm sling, worn 
for 3 weeks, with early passive range of motion 
exercises and active shoulder range of motion 
exercises. Active flexion of the elbow was allowed 
as of the third week post-surgery. On the other 
hand, the rehabilitation protocol after the tenode-
sis procedure included an arm orthosis, worn for 
5 weeks, and passive shoulder range of motion 
exercises, subsequently followed by an active 
exercise started from the fourth to fifth week. 
However, if there was an RCT repair an arm 
abduction orthosis was recommended.

Histopathological evaluation
The resected biceps tendon fragments were fixed 
in fresh and sterile 10% buffered formalin. After 
24 h they were dehydrated and paraffin embed-
ded, prepared for further histologic evaluation, 
and stained using the hematoxylin and eosin, 
Alcian blue and Trichrome protocols. Alcian blue 
and Trichrome staining were performed to 
inspect the ground substance elements (glycosa-
minoglycans and mucopolysaccharides). The 
prepared slides were then examined using light 

microscopy (Olympus BX46, Tokyo, Japan). The 
evaluation was conducted by three observers 
experienced in tendinous tissue, blinded to the 
sample identity. The extent of histopathologic 
alterations was evaluated according to the classi-
cal Bonar score assumptions.17,20 This scoring 
system evaluates four main variables: tenocyte 
morphology, ground substances elements accu-
mulation, neovascularity, and collagen architec-
ture. For each variable 0–3 points were attributed 
(0 – normal tissue, 3 – extreme pathology), a 
completely normal tendon would score 0 and a 
maximally degenerated tendon would score 12.

In our previous study, we observed less new ves-
sel formation in the tendinopathy process in the 
smoker group than in the non-smoker group.18 
Thus, we decided to reverse the attributes of neo-
vascularization variable in the Bonar scale; three 
points are given for normal tendon with an aver-
age occurrence of the blood vessels – absent neo-
vascularization; two points for incidental cluster 
of capillaries less than one per 10 high power 
fields (HPFs) – mild neovascularization; one 
point for 1–2 clusters per 10 HPFs – moderate 
neovascularization; zero points for more than two 
clusters per 10 HPFs – abundant neovasculariza-
tion (Table 1).

This decision was linked with our previous find-
ings, where we proved that the neovascularization 
process was remarkably reduced in patients with 
smoking history due to ECM alterations. Smoking 
impairs vascularization of the biceps tendon in 
chronic tendinopathy cases, by deposition of 
highly compacted, non-collagenous ECM.18

Outcome evaluation
The follow-up examination 2–4 years after sur-
gery included functional outcomes assessment by 
the physical examination, the ASES scale, reop-
erations rate and smoking habits re-evaluation. 
Of those 40 patients, eight patients were lost in 
the follow-up because they were unavailable for 
final follow-up or did not respond to contact.

Statistical analysis
All the comparisons between groups and statisti-
cal analyses were performed by two independent 
investigators using Prism software (GraphPad). 
p-value < 0.05 was considered to be statistically 
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significant. Circular plots were generated by 
Circos software. Variables were tested for nor-
mality by the Shapiro–Wilk test. Relations 
between the studied parameters were assessed 
using the Spearman Rho correlation coefficient. 
The data were compared with the non-parametric 
Mann–Whitney U and analysis of variance tests.

Bioethics
The study was performed following the 
Declaration of Helsinki for experiments involving 
humans, after receiving permission from the local 
Bioethics Committee (approval number KB 
598/2016). All patients provided written informed 
consent before participating in the study.

Results

Patient characteristics
The 32 patients included in the study were 
divided into three groups according to their smok-
ing history: active smokers (15 patients with 17.8 
mean pack-years history, 46.87%), former smok-
ers (six patients with 12.5 mean pack-years his-
tory, 18.75%), and non-smokers (11 patients 
who never smoked, 34.37%). The mean age at 
diagnosis was 51.75 years (range, 28–75 years); 
53.73 years (range, 33–62) for active smokers, 
54.17 years (range, 33–74 years) for former smok-
ers, and 47.72 years (range, 28–75 years) for non-
smokers. The mean number of cigarettes smoked 
per day was 17.5 in former smokers (range, 10–
40), whereas it was 16 in active smokers (range, 
10–40). In addition, the mean period of smoking 
was 12.5 years in former smokers (range, 
5–20 years) and 20.13 years in active smokers 
(range, 5–30 years). Patient demographic data 
and characteristics are summarized in Table 2.

Surgery
In the examined cohort the LHB tenodesis (26 
patients) or tenotomy (six patients) was per-
formed on each patient. Moreover, each patient 
underwent additional procedures: eight patients 
had RCT repair (C-2 according to Snyder clas-
sification) and 13 patients had massive RCT 
repair (C-4 according to Snyder classification), 
11 patients had subacromial impingement with 
RC tendinopathy (B-1 and B-2 changes in RC 
according to Snyder classification), with acro-
mion-clavicular joint (ACJ) and acromion 
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resections, joint debridement and coracohumeral 
ligament resection. There were no patients with 
isolated LHB tendinopathy. Among the 32 cases 
all of the LHB tendon tears were grade II, accord-
ing to Lafosse classification.

Histopathological assessment
The histological evaluation of the microscopic 
slides revealed degeneration of the tendinous tis-
sue according to classical Bonar score in each 
group; active smokers 8.13/12 points (range 
4–11), former smokers 8.17/12 points (range 
7–10), and non-smokers 7.72/12 points (range 
5–11). There were no statistical differences 
between the Bonar scores in groups (Figure 1A–
D). There was no correlation between the mean 
extent of degeneration measured in classical 
Bonar score and smoking variables (Figure 1E–
G). There was also no correlation between the 
mean extent of degeneration measured in classi-
cal Bonar score and age (Figure 1H).

We analyzed the neovascularization variable of 
the Bonar score in each group: active smokers 
(mean 1.46 points), former smokers (mean 1.5 
points), and non-smokers (mean 2 points). 
Moreover, the neovascularization was absent only 

in subjects from the active and former smokers 
groups. Furthermore, the active smokers had the 
most severe ECM alterations (mean 2.66 points) 
compared with former smokers (mean 2.5 points) 
and non-smokers (mean 2.09 points).

According to the modified Bonar scoring, the 
non-smoker group had 6.73/12 points (range 
5–8). In contrast, the former smoker group had 
8.17/12 points (range 7–11), and the active 
smoker group had 8.2 points (range 5–11) 
(Supplemental material Table 3 online). There 
were no statistical differences between the modi-
fied Bonar scores in groups except the non-
smoker and active smoker groups (p = 0.0212).

Outcome evaluation
The average follow-up period after surgery was 
37.56 months (range 24–44 months). There were 
no wound infections or reoperations reported 
during the follow-up period. Patients admitted 
that they did not change their smoking habits 
during the follow-up period. The clinical tests for 
LHB tendinopathy were positive in one patient 
from the non-smoking group, three patients from 
the former smokers group and four patients from 
the active smokers group.

Table 2.  Summary of demographic and clinical characteristics.

Variables Total Smoking status ANOVA test

Non- 
smokers

Former 
smokers

Active 
smokers

p-value

Population N = 32 n = 11 n = 6 n = 15 –

Mean age (years) 51.75 ± 10.58 47.72 ± 12.65 54.17 ± 13.35 53.73 ± 7.1 0.3063

Gender

  Male 14 3 3 8 –

  Female 18 8 3 7 –

Mean duration of smoking (years) – – 12.5 ± 6.12 20.13 ± 9.08 <0.0001

Mean number of cigarettes per day – – 17.5 ± 11.72 16 ± 7.78 <0.0001

Pack-years index – – 12.5 ± 13.78 17.8 ± 14.65 0.0024

Mean Bonar score (min. 0 pts, max. 12 pts) 8 ± 1.86 7.72 ± 2.05 8.17 ± 0.98 8.13 ± 2.06 0.8445

Mean follow-up (months) 37.56 ± 6.13 34.36 ± 7.63 40.5 ± 2.34 38.73 ± 5.14 0.3500

ANOVA, analysis of variance; min., minimum; max., maximum; pts, points.
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In the non-smoking group, the mean preoperative 
ASES score was 49.36/100 (range, 38–60), in the 
former smokers group it was 43.66/100 (range, 
38–52), whereas in the active smokers group it 
was 42.46/100 (range, 34–50). The mean post-
operative ASES score was 77.45/100 (range, 60–
100) in the non-smoking group, in the former 
smokers group it was 71.5/100 (range, 50–86), 
whereas in the active smokers group it was 70/100 
(range, 58–85). The improvement from pre-oper-
ative to post-operative ASES was statistically sig-
nificant in all groups (Supplemental Table 4).

There was no correlation between the extent of 
degeneration in tendons in the classical Bonar 
score and the ASES, measured pre- and post- 
operatively, and RCT morphology according to 
Snyder classification (Figure 1I–K). Also, after 
changing the neovascularization variable in the 

classical Bonar scale, we found statistically signifi-
cant differences only between non-smokers and 
active smokers (p = 0.0212) (Figure 2A–D). 
However, there was a positive correlation between 
the extent of degeneration measured in the modi-
fied Bonar score and all smoking variables, which 
were not statistically significant using the classical 
Bonar score (Figure 2E–G). Similarly, the modi-
fied Bonar score positively correlated with the age 
(p = 0.0317, Spearman r = 0.3320) (Figure 2H). 
Also, we found a statistically significant negative 
correlation between the modified Bonar score and 
the ASES score, measured pre- and post-opera-
tively (p = 0.0462; Spearman r = 0.3025 and 
p = 0.0023; Spearman r = 0.4889, respectively) 
(Figure 2I and J). Furthermore the modified Bonar 
score positively correlated with degree of RCT 
morphology according to Snyder classification 
(p = 0.0327; Spearman r = 0.3297) (Figure 2K).

Figure 1.  Summarized statistical analysis depending on the smoking status, classical Bonar score, age, 
Snyder classification, and pre- and post-operative ASES. A, B: comparison and dependence of classical Bonar 
score according to smoking status. C, D: comparison and dependence of classical Bonar score according 
to smoking history. E–H: correlation between the classical Bonar score and the smoking years, number of 
cigarettes smoked per day, pack-years, and age. I–K: correlation between the classical Bonar score and pre-
operative ASES, post-operative ASES, and Snyder classification.
ASES, American Shoulder and Elbow Surgeons Score; RC, rotator cuff; RCT, rotator cuff tear.
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Discussion
To the best of our knowledge, this is the first 
study which assesses the association of smoking, 
the biceps tendon degeneration, and long-term 
clinical outcomes after surgery. This paper pre-
sents the ambiguous role of the neovasculariza-
tion variable in the Bonar scoring system and the 
possible implications in the smoking population.

The associations between smoking and persistent 
shoulder pain, the size of lesions in RC tendons, 
and impaired healing process with poor out-
comes are well described. Moreover, tobacco 
smoking is known and accepted as a detrimental 
agent in RC tendon disorders.10,12,13,21,22 The 
relationship between RC and LHB tendon 
pathology is firm and these pathologies may often 
appear simultaneously. Smoking severely impairs 
regeneration in RC and leads to poor functional 

outcomes.2,4,9,14,18 In our study there were no 
patients with isolated biceps pathology and the 
most often accompanying pathology was massive 
RCTs. Furthermore, when we assessed the 
degeneration of biceps tendon according to the 
modified Bonar score, it positively correlates 
with the morphology of RC tendon tears. This 
observation enhances the relationship between 
biceps and RC tendon pathologies.

It is known that a broad spectrum of mechanical 
pathologies can affect the LHB tendon, including 
instability, subluxation, luxation, and tears.23,24 
The transverse humeral ligament is not a separate 
structure and is formed by the subscapularis ten-
don, supraspinatus tendon, and posterior lamina 
of pectoralis major muscle.24 Moreover, it is often 
damaged due to RCTs with subsequent biceps 
tendon instability. It may be the cause of complex 

Figure 2.  Summarized statistical analysis depending on the smoking status, modified Bonar score, age, 
Snyder classification, and pre- and post-operative ASES. A, B: comparison and dependence of modified Bonar 
score according to smoking status. C, D: comparison and dependence of modified Bonar score according 
to smoking history. E–H: correlation between the modified Bonar score and the smoking years, number of 
cigarettes smoked per day, pack-years, and age. I–K: correlation between the modified Bonar score and 
preoperative ASES, post-operative ASES, and Snyder classification.
ASES, American Shoulder and Elbow Surgeons Score; RC, rotator cuff; RCT, rotator cuff tear.
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shoulder lesions and their influence on the clinical 
outcomes. The ASES score results from various 
shoulder lesions (prevalent in all of the patients in 
this study), simultaneously with RCTs, subacro-
mial impingement, and superior labrum antero-
posterior (SLAP) tears. However, all of these 
pathologies are also under the influence of hazard-
ous substances from tobacco smoke. Park et  al. 
revealed controversies about the impact of smok-
ing on the clinical outcomes after shoulder mini-
invasive surgery.21 On the other hand, Baumgarten 
et al. have found a relationship between smoking 
data and a higher rate of RCTs.12 However, in the 
present study, the association between the smok-
ing indexes, tendinous tissue degeneration, and 
post-operative ASES score was found in cases 
with chronic biceps tendinopathy.

As previously stated, the aerosol of tobacco 
smoke contains quite a large group of hazardous 
substances. Therefore, it is not possible to evalu-
ate the effects of nicotine and other substances in 
tobacco smoke separately. Nicotine is a potent 
vasoconstrictor and anti-proliferative substance 
– it decreases collagen synthesis.2–4 Carbon mon-
oxide decreases microperfusion and tissue oxy-
genation. However, the exact toxic dose of smoke 
and its dose-dependent effects on tendinous tis-
sue remain unknown. During the 2–4 year fol-
low-up, the active and former smokers had the 
worst clinical outcomes. Probably all of the haz-
ardous substances of tobacco smoke had a nega-
tive influence on the regenerative process in 
tendinous tissue after shoulder surgery.

Often the shoulder surgeons insist on patients 
giving up smoking before surgery or even will not 
operate on severe smokers. Patients who undergo 
shoulder surgery or conservative treatment should 
be aware of the effect of smoking on tendon 
recovery and functional outcomes. Smoking ces-
sation should be advised before treatment. Our 
study showed decreased functional outcomes in 
patients with smoking history compared with 
non-smokers. Moreover, both active and former 
smokers groups had an advanced degeneration in 
tendinous samples, in either classical or modified 
Bonar score. Park et  al. and Lundgreen et  al. 
revealed that heavy smokers had a greater inci-
dence of high-grade tendinosis in RCTs.10,21 In 
our study, the scores gained in the modified 
Bonar system positively correlated with smoking 
indexes. According to the findings of our previous 
study on the neovascularization process in the 

biceps tendon pathology, we suggest to modify 
the classical Bonar score and reverse the attrib-
utes of the neovascularization variable.14 If there 
was more abundant neovascularization, the mod-
ified Bonar score was lower, and the degeneration 
of the tissue was classified lower. On the contrary, 
if there was no vascularization, the modified 
Bonar score was higher, and the degeneration was 
usually classified as severe. Consequently, the 
modified Bonar score was correlated with smok-
ing indexes and outcome scores, and revealed a 
statistically significant relationship. The presence 
of neovascularization, impaired in smokers, is 
necessary in the repair of the tendinous tissue, 
specifically, in the initial phase.

Furthermore, Lundgreen et  al. noted that pro-
nounced degenerative changes in tendinous tis-
sue might be associated with reduced tendon 
healing capacity.10 Functional scores negatively 
correlated with smoking status in our study may 
indicate the healing capacity of the tendon. 
Moreover, the age of the population positively 
correlated with the degree of tendon degeneration 
measured in the modified Bonar score, which 
may indirectly indicate the better regeneration 
capabilities in a younger population. Sethi et al. 
showed in their study that the degree of the Bonar 
score of the degenerated RC and gross tendon 
appearance did not correlate with multivariate 
analysis of the ASES score, which is similar to our 
outcomes.25 However, when the attributes of neo-
vascularization were reversed in our study, 
according to the introduced modified Bonar 
score, we found a correlation between the extent 
of degeneration of tendinous tissue, post-opera-
tive ASES score, and all smoking variables. 
Results of our previous study suggest that smok-
ing impairs vascularization of the biceps tendon 
in chronic tendinopathy by deposition of highly 
compacted, non-collagenous ECM, inhibiting 
the neoangiogenesis.18 The balanced neoangio-
genesis is critical to tissue repair and wound heal-
ing, which, as we suggest, could be affected by 
smoking.

The main limitation of our study was a relatively 
modest cohort of patients; however, studies that 
deal with tendinous tissue pathology have similar 
patient numbers. The findings should be inter-
preted with caution because of the simultaneous 
presentation of the LHB tendon and RC disor-
ders. Still, as we emphasized, this association is 
unavoidable, for example, due to the biceps 
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tendon microinstability phenomenon. During the 
arthroscopic procedure we were unable to obtain 
a complete proximal tendon of the biceps; how-
ever, we tried to obtain a part which was the most 
exposed to friction and compression forces in the 
shoulder joint. The medical discussion and data 
about smoking could be biased because they are 
reported subjectively by patients, but this limita-
tion concerns all authors. Moreover, we could not 
obtain reliable information about the nicotine 
concentration that the subjects consumed – the 
dose-dependency rate cannot be estimated from 
this study and is, rather, related to animal 
studies.

Conclusion
In this paper, we presented an ambiguous role of 
the neovascularization in the biceps tendinopa-
thy. The neovascularization process is crucial in 
biceps tendinopathy and was significantly reduced 
in patients with smoking history. It is one of the 
main variables in the Bonar scoring system, 
assessing the tendon degeneration. Assuming that 
neovascularization is an important smoking-
dependent variable we suggested to modify the 
Bonar score and reverse the attributes of neovas-
cularization. Consequently, recalculated, modi-
fied Bonar score was correlated positively with 
smoking indexes and functional outcomes. 
Furthermore, the morphological alterations of 
RC tendons correlated with the extent of biceps 
tendon degeneration measured according to the 
modified scoring system.
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