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Abstract: Background and Objectives: The negative effects of smoking on the musculoskeletal system
were presented by many authors, although the relationship between smoking and osteoarthritis
remains unclear. The aim of this paper was to investigate the negative effects of smoking on meniscal
tissue in osteoarthritic knees by microscopic examination, by adapting the Bonar scoring system
and its modifications. Materials and Methods: The study involved 34 patients with varus knees,
from whom 65 samples of knee menisci were obtained. The mean age in the studied group was
65.385 years. The smoking status of the patients concluded that there were 13 smokers and
21 nonsmokers. Results: Among smokers, the mean classical Bonar score was 8.42 and the mean
modified Bonar score was 6.65, while nonsmokers were characterized by scores of 8.51 and 7.35,
respectively. There was a statistically significant negative correlation between the number of cigarettes
and the collagen in the medial meniscus (p = 0.0197). Moreover, in the medial meniscus, the mod-
ified Bonar score correlated negatively with the number of cigarettes (p = 0.0180). Similarly, such
a correlation was observed between the number of cigarettes and the modified Bonar score in the
lateral meniscus (p = 0.04571). Furthermore, no correlation was identified between the number of
cigarettes and the classical Bonar score in the lateral meniscus. There was a statistically significant
difference in the collagen variable value between the smokers and nonsmokers groups (p = 0.04525).
Conclusions: The microscopic investigation showed no differences in the menisci of smokers and
nonsmokers, except for the collagen, which was more organized in smokers. Moreover, the modified
Bonar score was correlated negatively with the number of cigarettes, which supports the role of
neovascularization in meniscus pathology under the influence of tobacco smoking.

Keywords: meniscus; meniscus tear; osteoarthritis; smoking; Bonar score system; varus knees

1. Introduction

Nowadays, there is a growing interest and understanding of the knee menisci and
their crucial role in maintaining proper knee joint congruence and kinematics, despite the
fact that in the past they were considered to be functionless, vestigial structures and were
often excised with an open total meniscectomy [1–3]. The menisci can be described as a
fibrocartilaginous, crescent-shaped wedge structure located between the condyles of the
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femur and tibia [2,4]. They cover 75% to 93% of the articular surface of the corresponding
tibial plateau, forming the acetabulum of the knee joint [1,5]. Their function allows them
to maintain proper knee joint performance and biomechanical functions. They are mainly
involved in load-bearing, load transmission, and shock absorption. Moreover, they partici-
pate in proprioception, articular cartilage nutrition, lubrication, and protection. They are
also important passive joint stabilizers (Figure 1) [2,6,7].
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Figure 1. Microscopic evaluation of the meniscal sample stained with H&E showed a red–white zone
of the menisci.

The Bonar score system is the most common and established scale to assess the
microscopic evaluation of tendon pathology. This semiquantitative scoring system has been
modified many times in order to improve diagnostic and microscopic evaluation [8–14].
Thus, it can be modified to quantify the pathological changes in meniscal tissue. Park et al.
were the first to present the use of the Bonar score in meniscus root pathology in knee
osteoarthritis (OA). Their study presented the similarity between meniscus root fibrous
connective tissue, and tendons connective tissue microstructure [15].

Osteoarthritis is characterized by knee cartilage volume loss and structural modi-
fication of cartilage, subchondral bone, Hoffa’s fat pad, synovial membrane, ligaments,
and muscles. All of these features distinguish OA as a whole-joint disease [16,17]. Menis-
cal damage or meniscal excision are known as primary risk factors for rapid cartilage
loss [18,19]. Both the excision of the meniscus and meniscal tears are factors resulting in
cartilage lesions leading to knee joint OA [20]. Meniscal tears can easily lead to OA, and, on
the other hand, osteoarthritis knees may develop meniscal tears. However, healthy menisci
rarely occur in knees with OA [21]. Early knee OA is associated with either meniscal tears
or symptoms such as synovial inflammation. Synovial inflammation is known as a major
risk factor for OA’s rapid progression. Meniscal tissue with synovial inflammation differs
with an enhanced level of metalloproteinase-13, which plays a major role in the degen-
eration of cartilage tissue in OA [22]. Menisci in OA knees display signs of pathological
changes. They are often torn, macerated with cracks, have structural disorganization and
fractures, or are even completely damaged, rather than without signs of degeneration [21].
Awareness of their importance prompts people to avoid meniscectomy and encourages
the evolution of modern treatment methods for meniscal repair in order to save meniscal
tissue [23,24].
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Even though meniscal injuries are the second most common trauma to the knee, the
data are still lacking in epidemiology and prognostic factors [23]. Blackwell et al. observed
that current smokers were significantly more likely to undergo meniscectomy shortly after
meniscus repair [25]. The negative association of smoking and pack-years with knee joint
cartilage suggests that cartilage loss and defect may be inducted by smoking [26–29]. On
the other hand, a few authors showed no negative association between smoking habits
and meniscal tissue [30–33]. Nevertheless, smoking is commonly known as an important
negative factor in orthopedics. Tobacco smoking results in decreased healing, complica-
tions, and poor postoperative outcomes in orthopedic surgery [23,34]. The relationship
between smoking and OA remains unclear. Tobacco users may have an enhanced risk
of OA due to cartilage damage and the ongoing inflammation process [35]. Nicotine,
one of the constituents of tobacco smoke, promotes chondrocyte proliferation, migration,
capillary formation, and decreased collagen synthesis [36,37]. Moreover, it stimulates
the neovascularization process, which is known to take part in OA [38]. However, the
effects of smoking on meniscal tissue have not been well explored yet. However, many
authors present the negative effects of smoking on the musculoskeletal system, although
there are still papers that undermine these outcomes. We hypothesized that the known
negative effects of nicotine, such as neovascularization and stimulating inflammation, may
negatively affect meniscal tissue healing. It would lead to the degeneration of meniscal
tissue, which could be quantified using the Bonar scoring system. Thus, the aim of this
study was to assess degeneration of the meniscal tissue in OA knees in correlation with
smoking using the Bonar score in microscopic examination. Smoking may turn out to be an
important negative factor in the degeneration of meniscal tissue in the OA knees. In this
study, we attempted to investigate the negative association between smoking and meniscal
tissue.

2. Materials and Methods

The study followed the principles outlined in the Declaration of Helsinki for experi-
ments involving human subjects. Before the commencement of the study, approval was
obtained from the local institutional Bioethics Committee (approval number KB 131/2022).
The study included consecutive patients who underwent total knee arthroplasty for symp-
tomatic OA between 2022 and 2023. All participants included in the survey were preoper-
atively diagnosed with gonarthrosis based on a clinical examination, as well as imaging
modalities such as X-rays or magnetic resonance.

Inclusion criteria included the presence of severe unilateral OA with varus knee
deformity (Kellgren–Lawrence score II or more), rheumatological diseases, and informed
consent from the patient. Genu varum malalignment is characterized by <4◦ valgus knee
axis or mechanical axis falling medial to the center of the knee. The following exclusion
criteria were selected: secondary OA, previous surgical procedures within the affected
knee, valgus deformity of the knee joint, severe deformity (>20 degrees varus), advanced
OA in other joints, diabetes, advanced atherosclerosis of the lower limbs, cancer, and
immunological diseases.

Patient demographic data, preoperative ROM, and preoperative X-rays (a long leg
standing X-ray and an AP, lateral X-ray of both knee joints) were recorded. Written informed
consent was obtained from all patients before they participated in the study.

The patient population was categorized as smokers or nonsmokers (those who had
never used any nicotine supplement, such as nicotine gum or patch, oral snuff or moist
snuff, cigars, or cigarettes). Also, dose-dependent and time-dependent data about smoking
habits were collected, including the period of cigarette smoking (smoking years), the
mean number of cigarettes smoked per day, and the pack-years index (one pack contains
20 cigarettes in Poland. The surgeons were blinded to the smoking status of the patients.
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2.1. Surgical Technique

Total knee arthroplasty was performed in each case. All procedures were performed
using an anteromedial approach; a tourniquet was applied in each case. In patients, the
infrapatellar fat pad was bluntly divided from the patellar ligament and resected using
electrocautery. However, surgeons incised it at the medial border of the patellar ligament
to gain exposure to the knee joint. In all cases, the anteromedial joint capsule was routinely
released from the tibia. The surgeries were performed following the concept of mechanical
alignment; femoral components were implanted using the posterior referencing technique,
while the rotation of tibial components was established parallel to a line drawn from the
posterior cruciate ligament to the medial third of the tibial tuberosity. In all cases, the
patella was neither resurfaced nor denervated, although large patellar osteophytes were
removed if present. During the surgery, the menisci (both lateral and medial in each case)
were dissected totally to preserve their original shape.

2.2. Histopathological Assessment

The menisci samples were fixed in 10% buffered formalin that was fresh and sterile.
The samples were prepared using the hematoxylin and eosin (H&E) staining method, as
well as the Alcian blue protocol. They were examined under light microscopy (Olympus
BX46, Tokyo, Japan) using 5 µm sections. Alcian blue staining was explicitly employed
to inspect the presence of ground substance glycosaminoglycans. It was carried out in
accordance with the alcian blue protocol, respectively: deparaffinization of slides and
hydrating to distilled water, staining in alcian blue solution for 30 min, washing in running
tap water for 2 min, rinsing in distilled water, counterstaining in nuclear fast red solution
for 5 min, washing in running tap water for 1 min, dehydrating through 95% alcohol,
2 times changing of absolute alcohol for 3 min each, clearing in xylene, and, in the end,
mounting with resinous mounting medium.

The microscopic evaluation was carried out by two experienced observers who spe-
cialized in connective tissue. They were blinded to the identity of the samples. The extent
of histopathological changes was assessed based on the classical Bonar score assumptions
and their modifications. The classical Bonar scoring system evaluates four main variables:
fibroblast/chondrocyte morphology, accumulation of ground substance elements, neovas-
cularity, and collagen architecture. A scoring range of 0 to 3 points was assigned to each
variable, with 0 indicating normal tissue and 3 representing extreme pathology. An utterly
normal tissue would score 0, while a severely degenerated tendon would score 12.

In the second step of the examination, meniscal samples were evaluated using the
modified Bonar scores developed by Zabrzyński et al. [14]. In this modified scoring sys-
tem, a new Bonar score, the attributes of the neovascularization variable in the original
Bonar scale were reversed. A score of three points was assigned to normal tissue with
minimal occurrence of blood vessels (absent neovascularization), two points for the inci-
dental presence of capillary clusters of less than one per 10 high-power fields (HPFs; mild
neovascularization), one point for 1–2 clusters per 10 HPFs (moderate neovascularization),
and zero points for more than two clusters per 10 HPFs (abundant neovascularization).

2.3. Statistical Analysis

Group comparisons and statistical analyses were conducted by two independent inves-
tigators using GraphPad Prism version 8.0.1 for Windows, GraphPad Software, Dotmatics,
UK, www.graphpad.com (accessed on 24 December 2023). A p-value less than 0.05 was
considered statistically significant. The normality of the variables was assessed using the
Shapiro–Wilk test. Relationships between the studied parameters were evaluated using
Spearman’s rank correlation coefficient. According to the nonnormal distribution of the
data, intergroup comparisons were performed using nonparametric tests, specifically the
Mann–Whitney U-test, for comparing two groups.

www.graphpad.com
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Correlation Analyses

The results of the Bonar and new Bonar scores were correlated with smoking indexes
such as smoking years, the mean number of cigarettes smoked per day, and the pack-years
index.

3. Results

The study involved 34 patients with varus knees, from whom 65 samples of knee
menisci were obtained. The mean age in the studied group was 65.385 years (range:
54–81; SD = 6.88) at enrollment; the gender distribution was 21 women to 13 men. The
demographic data are presented in Table 1.

Table 1. Summary of demographic and clinical characteristics of patients.

Characteristics Total Smokers Nonsmokers

No. of patients 34 13 21

Female 21 7 14

Male 13 6 7

Age 65.385 (54–81) 64.231 (54–72) 66.154 (55–81)

Classical Bonar score 8.4462 (4–12) 8.4231 (6–12) 8.5128 (4–11)

Modified Bonar score 7.0462 (3–11) 6.6538 (3–10) 7.3590 (4–11)

By smoking status, there were 13 smokers (including 14 women and 7 men) and
21 nonsmokers (including 7 women and 6 men). No patients changed their smoking habits
during the follow-up. Specifically, the mean age in the smoker group was 64.231 (range
54–72, SD = 6.0286) and 66.154 (range 55–81, SD = 7.3683) in the nonsmokers group (Table 1).

The mean classical Bonar score was 8.4462 (range 4–12, SD=1.5715). The mean modified
Bonar score, which includes the reversed neovascularization variable, was 7.0462 (range
3–11, SD = 1.7804). Among smokers, the mean classical Bonar score was 8.4231 (range 6–12,
SD = 1.6775) and the mean modified Bonar score was 6.6538 (range 3–10, SD = 1.8318),
while among nonsmokers it was 8.5128 (range 4–11, SD = 1.5706) and 7.3590 (range 4–11,
SD = 1.7089), respectively (Table 1).

The mean classical Bonar score for the medial menisci was 8.5000 (range 4–11, SD=1.5240),
and for the lateral menisci, it was 8.3939 (range 6–12, SD = 1.6382). Regarding the modified
Bonar score, the mean score for the medial menisci was 6.9375 (range 3–10, SD = 1.7586),
and for the lateral menisci, it was 7.1515 (range 3–11, SD = 1.8221) (Table 2).

Table 2. Summary of meniscus characteristics.

Characteristic Total Meniscus

Medial Lateral

No. of samples 65 32 33

No. of cigarettes 5.2308 (0–25) 7.5000 (0–25) 3.0303 (0–25)

Classical Bonar score 8.4462 (4–12) 8.5000(4–11) 8.3939(6–12)

Modified Bonar score 7.0462 (3–11) 6.9375 (3–10) 7.1515 (3–11)

The mean number of cigarettes smoked per day was 5.2308 (range 0–25); for the medial
menisci group it was 7.5 (range 0–25, SD = 9.5883), and for the lateral menisci group it was
3.0303 (range 0–25, SD = 6.9529) (Table 2).

Macroscopically, all examined menisci displayed signs of degeneration, including
cracks, structural disorganization, and fractures. Histological examination of the meniscal
specimens under a light microscope revealed tissue degeneration in all cases, both in the
medial and lateral menisci (Figure 2).
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Figure 2. Microscopic evaluation of the meniscal sample stained with H&E. (a) Red–white zone
in smokers groups with randomly scattered clusters of vessels (arrows). (b) Red–white zone in
nonsmokers group with randomly scattered clusters of vessels (arrows).

The three variables of the classical Bonar score (chondrocyte morphology, ground
substance, and vascularity) and modified neovascularization variable [14] showed no
association with the number of cigarettes in medial menisci (p = 0.3072, p = 0.3052,
p = 0.1910, p = 0.1910) (Figure 3A,B,D,E). However, there was a statistically significant
negative correlation between the number of cigarettes and collagen in the medial menisci
(p = 0.0197) (Figure 3C).

Additionally, we noted that the modified Bonar score correlated negatively with the
number of cigarettes (p = 0.0180), but the classical Bonar score showed no association with
the daily number of cigarettes smoked, in the medial menisci (p = 0.0635) (Figure 4).

Furthermore, no correlation was identified between the number of cigarettes and all
four variables of the classical Bonar score in the lateral menisci (p = 0.06078, p = 0.3060,
p = 0.4067, p = 0.09576) (Figure 5A–D). The number of cigarettes did not exhibit a correlation
with the modified neovascularization variable [14] as well (p = 0.09576) (Figure 5E).

On the other hand, we observed a statistically significant correlation between the
number of cigarettes and the modified Bonar score (p = 0.04571), but no correlation with
the classical Bonar score in the lateral menisci (p = 0.3959) (Figure 6A, B).

Chondrocyte morphology, accumulation of ground substance, vascularity, collagen,
age, and modified neovascularization variables did not show any significant difference
between the smokers and nonsmokers groups in the lateral menisci (p = 0.3416, p = 0.9561,
p = 0.1681, p = 0.6394, p = 0.7777, p = 0.1681) (Figure 7A–F).

Moreover, there were no statistically significant differences, either in the classical
Bonar score or the modified Bonar score, between smokers and nonsmokers for the lateral
menisci (p = 0.8314, p = 0.4636) (Figure 8).

Similarly, between smokers and nonsmokers, no statistically significant differences
were observed in the chondrocyte morphology (p = 0.5267), ground substance (p = 0.5827),
vascularity (p = 0.4326), reversed vascularity (p = 0.4326), and age (p = 0.7834), assessing
medial menisci (Figure 9A–C,E,F). Regarding the collagen variable, there was a statisti-
cally significant difference between the smokers and nonsmokers groups, as presented in
Figure 9D (p = 0.04525).

When comparing the classical Bonar score and modified Bonar score in the medial
menisci in terms of smoking status, no statistically significant differences were found
(p = 0.3433 and p = 0.2062) (Figure 10A,B).
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Furthermore, there were no statistically significant differences between the smokers
and nonsmokers group when comparing the chondrocyte morphology (p = 0.2214), ground
substance (p = 0.8215), vascularity (p = 0.1063), collagen (p = 0.2964), reversed vascularity
(p = 0.1063), and age (p = 0.6816) in both medial and lateral menisci, as presented in
Figure 11A–F.

Moreover, the classical Bonar score and modified Bonar score variables exhibited no
differences based on smoking status in both the lateral and medial menisci (p = 0.6763,
p = 0.1511) (Figure 12A,B).
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Figure 3. Summarized statistical analysis based on the chondrocyte morphology, ground substance,
collagen, vascularity, and reversed vascularity in the medial menisci. (A) Correlation between the
chondrocyte morphology and number of cigarettes smoked per day. (B) Correlation between the
ground substance and number of cigarettes smoked per day. (C) Correlation between the collagen
composition and number of cigarettes smoked per day. (D) Correlation between the vascularity
and number of cigarettes smoked per day. (E) Correlation between the reversed vascularity and
number of cigarettes smoked per day.
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Figure 5. Summarized statistical analysis based on the chondrocyte morphology, ground substance,
collagen, vascularity, and reversed vascularity in the lateral menisci. (A) Correlation between the
chondrocyte morphology and the number of cigarettes smoked per day. (B) Correlation between
the ground substance and the number of cigarettes smoked per day. (C) Correlation between the
collagen composition and the number of cigarettes smoked per day. (D) Correlation between the
vascularity and the number of cigarettes smoked per day;(E) Correlation between the reversed
vascularity and the number of cigarettes smoked per day.
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Figure 6. Summarized statistical analysis based on the classical Bonar score and the modified Bonar
score in the lateral menisci. (A) Correlation between the classical Bonar score and the number of
cigarettes smoked per day. (B) Correlation between the modified Bonar score [14] and the number
of cigarettes smoked per day.
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Figure 7. Summarized statistical analysis based on the chondrocyte morphology, ground substance,
vascularity, collagen, reversed vascularity, and age in the lateral menisci (ns meaning not statistically
significant). (A) Comparison of the chondrocyte morphology between the smokers and nonsmok-
ers groups. (B) Comparison of the ground substance between the smokers and nonsmokers groups.
(C) Comparison of the vascularity between the smokers and nonsmokers groups. (D) Comparison
of the collagen composition between the smokers and nonsmokers groups. (E) Comparison of
the reversed vascularity between the smokers and nonsmokers groups. (F) Comparison of the age
between the smokers and nonsmokers groups.
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Figure 8. Summarized statistical analysis based on the classical Bonar score and the modified Bonar
score in the lateral menisci (ns meaning not statistically significant). (A) Comparison of the classical
Bonar score between the smokers and nonsmokers groups. (B) Comparison of the modified Bonar
score [14] between the smokers and nonsmokers groups.
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Figure 9. Summarized statistical analysis based on the chondrocyte morphology, ground substance,
vascularity, collagen, reversed vascularity, and age in the medial menisci (ns meaning not statistically
significant and * meaning statistically significant). (A) Comparison of the chondrocyte morphology
between the smokers and nonsmokers groups. (B) Comparison of the ground substance between
the smokers and nonsmokers groups. (C) Comparison of the vascularity between the smokers and
nonsmokers groups. (D) Comparison of the collagen composition between the smokers and non-
smokers groups. (E) Comparison of the reversed vascularity between the smokers and nonsmokers
groups. (F) Comparison of the age between the smokers and nonsmokers groups.
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Figure 10. Summarized statistical analysis based on the classical Bonar score and modified Bonar
score in the medial menisci (ns meaning not statistically significant). (A) Comparison of the classical
Bonar score between the smokers and nonsmokers groups. (B) Comparison of the modified Bonar
score [14] between the smokers and nonsmokers groups.
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Figure 11. Summarized statistical analysis based on the chondrocyte morphology, ground substance,
vascularity, collagen, reversed vascularity, and age in both menisci (ns meaning not statistically sig-
nificant). (A) Comparison of the chondrocyte morphology between the smokers and nonsmokers
groups. (B) Comparison of the ground substance between the smokers and nonsmokers groups.
(C) Comparison of the vascularity between the smokers and nonsmokers groups. (D) Comparison
of the collagen composition between the smokers and nonsmokers groups. (E) Comparison of
the reversed vascularity between the smokers and nonsmokers groups. (F) Comparison of the age
between the smokers and nonsmokers groups.
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Figure 12. Summarized statistical analysis based on the classical Bonar score and modified Bonar
score in both menisci (ns meaning not statistically significant). (A) Comparison of the classical
Bonar score between the smokers and nonsmokers groups. (B) Comparison of the modified Bonar
score [14] between the smokers and nonsmokers groups.

4. Discussion

In our study, we found no evidence of an association between nicotine and the degen-
eration of meniscal tissue using the Bonar score system. The effect of nicotine on meniscal
tissue was quantified using the Bonar scoring system and its modifications in microscopic
examination. The most important finding of this study was the negative correlation between
the modified Bonar score and the number of cigarettes. To the best of our knowledge, this is
the first study aimed at assessing the differences in human meniscal tissue histopathology
between smokers and nonsmokers. This study is also another attempt to explore the use of
the Bonar score in meniscus pathology.

Nicotine product use has doubtless adverse effects on human health. Numerous stud-
ies confirm that tobacco smoking is the main contributor to lung and upper respiratory tract
cancer and a significant risk factor for cardiovascular diseases, prostate, and bladder can-
cers [39–41]. It makes tobacco use the leading avoidable cause of death worldwide [39]. The
advent of tobacco use associated with e-cigarette vaping seems to postpone the perspective
of a nicotine-free society [42–44].

The effect of nicotine’s use on the musculoskeletal system is well established, too. It
directly toxifies osteoblast and osteoclast activity and indirectly negatively regulates sex
and adrenocortical hormones, vitamin D, intestinal calcium absorption, vessels, and oxygen
supply [45]. It leads to lower bone mineral density, increased fracture risk, impaired fracture
or soft tissue healing, and increased joint disease activity. Moreover, it adversely affects
muscles, tendons, cartilage, and ligaments [26,46]. Rose et al. proved that secondhand
smoke caused more severe OA in medial meniscus destabilized mice models compared to
room-air-exposed mice when assessed by the histopathological Mankin score because of
increased expression of proinflammatory molecules [47].

Despite the well-known adverse effects of smoking on soft tissues, few papers have
focused on the impact of tobacco on meniscal tissue, providing inconclusive outcomes.
Domzalski et al. proved that smokers used to have a lower KOOS score and prolonged time
to return to activities of daily living and sport when compared to nonsmokers after outside-
in meniscal repair [48]. Blackwell et al. documented the failure rate after meniscal repairs in
smokers to be 27%, compared to 7% in nonsmokers [25]. In Uzun et al.’s material, there was
a higher failure rate in medial and lateral menisci repairs in smokers than in nonsmokers
in the follow-up of 51.2 and 63.2 months, respectively [28,29]. Haklar et al. observed that
smoking significantly affected meniscal healing [49]. Overall, many authors highlight the
negative effect of smoking on meniscal surgery postoperative outcomes [25,28,29,48,49].
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Franovic et al. noted that active smoking not only has an impact on patients’ postoperative
outcomes but also their smoking history [50]. On the other hand, Astur et al. found no
difference in the quality of life of nicotine users and nonsmokers six months after anterior
cruciate or meniscal surgery [51]. Moses et al.’s evaluation proved no association between
smoking and failed meniscus repair in bucket-handle tears [32]. Also, Zabrzyński et al. [14]
found no connection between smoking indices (smoking years, number of cigarettes per
day, pack-year index) and functional outcomes after all-inside repair of chronic medial
meniscus tears [23]. Moreover, smoking was not associated with failure after all-inside
meniscus repair in Laurendon et al.’s material [31]. What is interesting, on the other
hand, is that the literature is quite univocal when it comes to the detrimental effect of
cigarette smoking on ligament and tendon health and the results of their reconstructions
and repairs [34,52–59].

In this study, we aimed to assess the differences in human meniscal tissue histopathol-
ogy between smokers and nonsmokers. The comparison did not prove significant differ-
ences in the total Bonar score and the new Bonar score in the medial and lateral menisci
between both groups. No differences existed in every variable assessed (chondrocyte
morphology, ground substance, collagen composition, vascularity score, and reversed
vascularity score) in the lateral menisci groups. The only difference in scores was in the
collagen organization of medial menisci, which was, surprisingly, more organized in the
smoker group. Unexpectedly, the present study showed a weak negative correlation be-
tween the number of cigarettes per day and the new Bonar score result. This might suggest
that the higher the number of cigarettes smoked daily, the less severe the negative involve-
ment of meniscal histology. It should be pointed out that the correlation is weak, and
enrolling more patients in the study could strengthen this correlation.

Park et al. introduced the use of the Bonar score for the first time in assessing meniscus
root pathology in knee osteoarthritis. In their study, the mean Bonar score for patients with
degeneration was higher (8.5 and 13.5) than those without degeneration (4) [15]. Quite
the opposite was true in our study, in which smokers should have a higher Bonar score,
although they had an 8.42 and nonsmokers had an 8.51. On the other hand, in our study,
the modified Bonar score was lower in smokers than in nonsmokers. This can indicate
the much more advanced pathological process of neovascularization, implying that the
degeneration process is developed to a lesser extent. However, compared to Park et al.’s
results, the more advanced the process of meniscal degeneration, the higher the degree
of neovascularization. Moreover, Zabrzyński et al. [14] observed that neovascularization
occurs in pathological conditions such as OA in tendons [14]. Noting similarities in the
microstructure of fibrous connective tissue between meniscus roots and tendons, it can also
confirm that neovascularization is related to a higher degree of degeneration. As mentioned
above, our study results showed the opposite.

Nevertheless, this finding, interpreted with caution, might be hypothetically explained
by the fact that low-metabolism tissues like menisci may paradoxically benefit from tran-
sient ischemia caused by cigarette smoking. Hypoxia caused by tobacco smoke triggers
vascular endothelial growth factor (VEGF) synthesis, which is responsible for capillary
expansion and stimulates the angiogenesis process in tissues. Many disorders related to
smoking: OA, retinopathy, inflammation, tumors, and advanced tendinopathy, are associ-
ated with neovascularization. Nicotine plays a major role in the neovascularization process,
stimulating endothelial growth, migration, survival, tube formation, and nitric oxide pro-
duction. This process is described as the pathological formation process of new capillaries
with abnormal permeability [38,60–63], which can be the reason for lower modified Bonar
score in smokers group.

Even though pathological, the more significant number of vessels might be attributed
to the higher blood flow and partially explain the contraindicatory results in studies that
examined the effects of meniscal repair in smokers and nonsmokers. What supports this
hypothesis is the relatively low number of cigarettes smoked per day in our groups (the
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mean of 5.2308), which might be considered a factor contributing to interrupted hypoxia
events.

Several limitations were noted in this study. We recommend interpreting our findings
cautiously because one of the paper’s limitations is the relatively low menisci in the smokers’
group. If true, these “benefits” are not to overrule the disastrous effect of tobacco smoking
on the cardiovascular system and its neoplastic potential. Furthermore, the sample size
was modest, with a predominance of female participants and nonsmokers. To create a more
homogeneous population, strict exclusion criteria were applied to enhance the statistical
power. Additionally, the Bonar score system was developed primarily for tendon pathology
instead of meniscus. This could potentially introduce bias in our results.

5. Conclusions

The microscopic investigation showed no differences in the menisci of smokers and
nonsmokers, except for the collagen, which was more organized in smokers. Moreover,
the modified Bonar score was negatively correlated with the number of cigarettes, which
supports the role of neovascularization in meniscus pathology under the influence of
tobacco smoking.

We want to examine a more extended group, such as 200 patients, as this paper is
only the pilot study. Also, the neovascularization issue is very interesting, suggesting that
vascularization could be a game changer in meniscus histopathology, as we observed that
smokers had an abundant neovascularization process.
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36. Zabrzyński, J.; Szukalski, J.; Paczesny, Ł.; Szwedowski, D.; Grzanka, D. Cigarette Smoking Intensifies Tendinopathy of the LHBT.
A Microscopic Study after Arthroscopic Treatment. Pol. J. Pathol. 2019, 70, 134–138. [CrossRef] [PubMed]

37. Ying, X.; Cheng, S.; Shen, Y.; Cheng, X.; An Rompis, F.; Wang, W.; Lin, Z.; Chen, Q.; Zhang, W.; Kou, D.; et al. Nicotine Promotes
Proliferation and Collagen Synthesis of Chondrocytes Isolated from Normal Human and Osteoarthritis Patients. Mol. Cell.
Biochem. 2012, 359, 263–269. [CrossRef] [PubMed]

38. Cooke, J.; Bitterman, H. Nicotine and Angiogenesis: A New Paradigm for Tobacco-related Diseases. Ann. Med. 2004, 36, 33–40.
[CrossRef]

39. Kondo, T.; Nakano, Y.; Adachi, S.; Murohara, T. Effects of Tobacco Smoking on Cardiovascular Disease. Circ. J. 2019, 83, 1980–1985.
[CrossRef]

40. Salehi, N.; Janjani, P.; Tadbiri, H.; Rozbahani, M.; Jalilian, M. Effect of Cigarette Smoking on Coronary Arteries and Pattern and
Severity of Coronary Artery Disease: A Review. J. Int. Med. Res. 2021, 49, 030006052110598. [CrossRef]

41. Darcey, E.; Boyle, T. Tobacco Smoking and Survival after a Prostate Cancer Diagnosis: A Systematic Review and Meta-Analysis.
Cancer Treat. Rev. 2018, 70, 30–40. [CrossRef]

42. Neczypor, E.W.; Mears, M.J.; Ghosh, A.; Sassano, M.F.; Gumina, R.J.; Wold, L.E.; Tarran, R. E-Cigarettes and Cardiopulmonary
Health: Review for Clinicians. Circulation 2022, 145, 219–232. [CrossRef] [PubMed]

43. Banks, E.; Yazidjoglou, A.; Brown, S.; Nguyen, M.; Martin, M.; Beckwith, K.; Daluwatta, A.; Campbell, S.; Joshy, G. Electronic
Cigarettes and Health Outcomes: Umbrella and Systematic Review of the Global Evidence. Med. J. Aust. 2023, 218, 267–275.
[CrossRef]

44. Gordon, T.; Karey, E.; Rebuli, M.E.; Escobar, Y.-N.H.; Jaspers, I.; Chen, L.C. E-Cigarette Toxicology. Annu. Rev. Pharmacol. Toxicol.
2022, 62, 301–322. [CrossRef] [PubMed]

45. Abate, M.; Silbernagel, K.G.; Siljeholm, C.; Di Iorio, A.; De Amicis, D.; Salini, V.; Werner, S.; Paganelli, R. Pathogenesis of
Tendinopathies: Inflammation or Degeneration? Arthritis Res. Ther. 2009, 11, 235. [CrossRef]

46. Abate, M.; Vanni, D.; Pantalone, A.; Salini, V. Cigarette Smoking and Musculoskeletal Disorders. Muscles Ligaments Tendons J.
2013, 3, 63–69. [CrossRef]

47. Rose, B.J.; Weyand, J.A.; Liu, B.; Smith, J.F.; Perez, B.R.; Clark, J.C.; Goodman, M.; Budge, K.M.H.; Eggett, D.L.; Arroyo, J.A.; et al.
Exposure to Second-Hand Cigarette Smoke Exacerbates the Progression of Osteoarthritis in a Surgical Induced Murine Model.
Histol. Histopathol. 2021, 36, 347–353. [CrossRef] [PubMed]

48. Domzalski, M.; Muszynski, K.; Mostowy, M.; Wojtowicz, J.; Garlinska, A. Smoking Is Associated with Prolonged Time of
the Return to Daily and Sport Activities and Decreased Knee Function after Meniscus Repair with Outside-in Technique:
Retrospective Cohort Study. J. Orthop. Surg. 2021, 29, 230949902110122. [CrossRef]

49. Haklar, U.; Donmez, F.; Basaran, S.H.; Canbora, M.K. Results of Arthroscopic Repair of Partial- or Full-Thickness Longitudinal
Medial Meniscal Tears by Single or Double Vertical Sutures Using the Inside-Out Technique. Am. J. Sports Med. 2013, 41, 596–602.
[CrossRef]

50. Franovic, S.; Kuhlmann, N.A.; Pietroski, A.; Schlosser, C.T.; Page, B.; Okoroha, K.R.; Moutzouros, V.; Makhni, E.C. Preoperative
Patient-Centric Predictors of Postoperative Outcomes in Patients Undergoing Arthroscopic Meniscectomy. Arthrosc. J. Arthrosc.
Relat. Surg. 2020, 37, 964–971. [CrossRef]

51. Astur, D.C.; Sbampato, I.N.; Arliani, G.G.; Franciozi, C.E.d.S.; Debieux, P.; Cohen, M. Association of Tobacco Dependence,
Alcoholism and Anabolic Steroids with Meniscoligamentous Injuries. Acta Ortop. Bras. 2018, 26, 236–239. [CrossRef]

52. Gittings, D.; Riggin, C.; Boorman-Padgett, J.; Weiss, S.; Fryhofer, G.; Farber, D.; Steinberg, D.; Soslowsky, L.J. Chronic Nicotine
Exposure Alters Uninjured Tendon Vascularity and Viscoelasticity. Foot Ankle Orthop. 2019, 4, 247301141984252. [CrossRef]
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