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ABSTRACT

Objective: The relationship between patellar height and knee
pathologies has been assessed in the literature. However, the
relationship with isolated meniscal tears has not been evaluated.
This study aims to evaluate whether or not patellar height is a
predisposing factor for isolated medial or lateral meniscal tear.

Material and Methods: The consecutive 411 patients who had
magnetic resonance imaging between 2018-2020 were evaluat-
ed retrospectively. The patients between 18 and 50 years of age
with isolated medial or lateral meniscal tear were included. The
patients without any meniscal tear or ligament injury formed the
control group. The 160 patients included in the study were divid-
ed into three groups: 65 medial meniscus, 30 lateral meniscus,
and 65 control group. Patellar height was measured with the In-
sall-Salvati method by two orthopedic surgeons twice, with an
interval of one month.

Results: All of the groups were similar in terms of age and gen-
der (p>0,05). Patellar length (p=0.252), patellar tendon length
(p=0.059), and Insall-Salvati ratios (p=0.810) of all groups did not
show any significant difference. The abnormal patellar height
rates were similar in the medial meniscus and control groups
(12.4%-13.9%), while abnormal patella height (33.4%), especially
patella baja, was observed more frequently in the lateral me-
niscus group. However, no statistically significant difference was
found. A significant strong correlation was observed between
and within the observers’ measurements (p=0.000).

Conclusion: Abnormal patella height, especially patella baja,
was observed more frequently in the isolated lateral meniscus
group. Abnormal patellar height could be a predisposing factor
for isolated lateral meniscal tear.
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OZET

Amag: Patella ylksekligi ile bircok diz patolojisi arasindaki ilig-
ki incelenmigken izole meniskis yirtiklari ile arasinda iligski olup
olmadigi degerlendirilmemistir. Calismamizin amaci diz biyome-
kanigi tUzerinde 6nemli bir roll olan patella yiksekliginin izole
medial veya lateral meniskis yirtigi icin predispozan bir faktor
olup olmadigini aragtirmaktir.

Gereg ve Yontem: Calismada 2018-2020 yillari arasinda diz prob-
lemleri nedeni ile manyetik rezonans (MR) gérintilemesi yapilan
411 hasta retrospektif olarak incelendi. Yas araligi 18 ile 50 olan,
izole medial veya izole lateral meniskis yirtigi olan hastalar calis-
maya dahil edildi. Meniskis lezyonu ve bag yaralanmasi olmayan
hastalar kontrol grubunu olusturdu. Calismaya alinan 160 has-
tanin, 65'i izole medial meniskis, 30'u izole lateral meniskus ve
65'i kontrol grubu olarak ig gruba ayrildi. Hastalarin gekilen diz
MR'larinda patella yliksekligi Insall-Salvati ydntemine gore ile iki
ortopedi uzmani tarafindan bir ay ara ile iki kez él¢tldi.

Bulgular: Her l¢ grup arasinda yas ve cinsiyet dagilimi anlamli
farklilik géstermemistir (p>0,05). Ortalama patellar tendon uzun-
lugu (p=0,059), patella uzunlugu (p=0,252) ve Insall-Salvati oranlari
(p=0,810) incelendiginde gruplar arasinda anlamli fark saptanma-
mistir. Gruplardaki anormal patella yiksekligi oranlar karsilastinldi-
ginda medial meniskis ve kontrol grubunda sonuglar benzer iken
(%12,4-%13,9) lateral meniskis grubunda anormal patella ylksek-
liginin (%33,4) ozellikle de patella bajanin daha sik goérildigu géz-
lenmistir. Ancak istatistiksel olarak anlamli bir fark bulunmamistir.
Her iki gézlemcinin dl¢limleri incelendiginde ise gdzlemciler arasi
ve gozlemciler igi anlamli gliclii korelasyon gézlenmistir (p=0,000).
Sonug: Calismamizda ortalama insall-Salvati oranlar gruplar
arasinda benzer bulunmakla beraber izole lateral meniskis gru-
bunda anormal patella yiksekligi ézellikle de patella baja daha
stk gorulmustir. Anormal patella yiksekligi izole lateral meniskis
yirtigi icin predispozan bir faktor olabilir.

Anahtar Kelimeler: Patella yiiksekligi, izole meniskiis yirtig, in-
sall-Salvati
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INTRODUCTION

The knee joint has a tendency towards both natural de-
generation and trauma. The knee joint is one of the most
frequently injured joints (1) and meniscal tears are one of
the most common knee problems leading to disability and
loss of valuable time, and can increase the risk of develop-
ing osteoarthritis (2). The incidence of meniscal tears is 2
per 1000 patients per year in the Netherlands, and partial
meniscectomy for the treatment of meniscal tears is the
most commonly performed orthopedic surgical procedure
in the United States (3, 4). Anatomic risk factors for anterior
cruciate ligament (ACL) rupture and concomitant menis-
cal injuries are commonly assessed in the literature. A nar-
row femoral intercondylar notch, increased tibial plateau
posterior slope, and shallow medial tibial plateau depth
and anterior-posterior length of the medial/lateral femoral
condyle were found to be related to ACL injury (1, 5).

Only a few studies have investigated the anatomical risk
factors for isolated meniscal tears (6, 7). Li et al. inves-
tigated the posterior and coronal tibial slope, plateau
depth, and notch width as anatomic factors; however,
they did not evaluate patellar height as a risk factor.

The relationship between patellar height and knee dis-
orders was evaluated, and abnormal patellar height was
found to be related to patellar arthritis, patellar instability,
and ACL injury (8-10). However, the relationship with iso-
lated meniscal tears was not investigated. To our knowl-
edge, the effect of patellar height on meniscal tears has
only been investigated in one study. Vampertzis et al.
found that patellar height could be an etiologic factor for
meniscal tears (6). However, the authors did not compare
medial and lateral meniscal tears and the control group.

In this study, the relationship between patellar height ab-
normalities and isolated medial and lateral meniscal tears
was investigated using magnetic resonance imaging
(MRI) and the reliability of measuring the Insall-Salvati ra-
tio with MRl was assessed. We hypothesized that patellar
height abnormalities could be a risk factor for isolated
medial or lateral meniscal tears.

MATERIALS AND METHODS

Patient selection

A total of 411 consecutive patients who visited our out-
patient clinic for knee problems and underwent MRI
between 2018 and 2020 were retrospectively evaluated.
Patients between 18-50 years of age with isolated medial
or lateral meniscal tears and without any previous knee
surgery were included in this study. Patients without me-
niscal tears or ligament injuries formed the control group.
Patients who had previous knee surgery, deformity, tu-
moral lesion, discoid meniscus, severe arthrosis (grade
3-4), concomitant ligament injury, fracture, or history of

rheumatologic disease were excluded. Among the 411
patients reviewed, 160 were included in this study and
divided into the following three groups: isolated medi-
al meniscal tears group (n=65), isolated lateral meniscal
tears group (n=30), and control group (n=65).

The study was approved by the local ethics committee of
Acibadem MAA University (Date: 11.03.2022, No: 2022-
05/04).

Radiological assessment

All patients were examined using a 3.0-T MRl scanner (SIG-
NA Premier, General Electric Company, Chicago, USA) in
the supine position with a 10° knee flexion. Mid-sagittal
non-fat-saturated T1-weighted spin echo or proton densi-
ty sequences were used to perform all measurements. We
used the Insall-Salvati method to measure patellar height
(11). First, the maximum length of the patella was mea-
sured from the proximal pole to the distal pole. Second,
the length of the patellar tendon was measured from the
distal pole of the patella to the tibial tuberosity (Figure
1). The Insall-Salvati ratio was calculated by dividing the
patellar tendon length by the patellar length. Centricity
2006 software (GE Healthcare, Chicago, USA) was used
for measurements. Two orthopedic surgeons performed
all measurements using MRl in two cycles with a minimum
of one month in between. Three groups were defined by
the Insall-Salvati ratio values as follows: patella baja <0.8;
normal 0.8-1.2; and patella alta >1.2.

Figure 1: The measurement of patellar tendon length (A)
and patella length (B)

Statistical analysis

The mean, standard deviation, median, minimum value,
maximum value, frequency, and percentage were used
for descriptive statistics. The distribution of variables was
analyzed using the Kolmogorov-Smirmov test. The Kru-
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skal-Wallis test and Mann-Whitney U test were used to
compare quantitative data. The chi-square test was used
to compare qualitative data. Intraclass correlation was
used for the intra-observer and inter-observer reliability
analyses. The SPSS software (v28.0; IBM, Armonk, NY,
USA) was used for statistical analyses. Statistical signifi-
cance was defined as a p-value <0.05.

RESULTS

The baseline demographic data of the 160 patients were
evaluated. Sixty-five patients (40.6%) were in the control
group, 30 (18.8%) were in the lateral meniscus tear group,
and 65 (40.6%) were in the medial meniscus tear group.
The mean age of all patients was 35.6+8.9 years. Seven-

ty-seven patients (48.1%) were female and 83 (51.9%) were
male. Sixty-seven right leg knees (41.9%) and 93 left leg
knees (58.1%) were analyzed. None of the groups showed
any significant differences in terms of age or sex (p>0.05).

The patellar length, patellar tendon length, and Insall-
Salvati ratios of all groups did not show any significant
difference (p>0.05) (Table 1). A significant and strong cor-
relation was observed between the first and second mea-
surements of the patellar length, patellar tendon length,
and Insall-Salvati ratio performed by the first observer.
Similarly, a strong correlation was observed between the
measurements of all parameters performed by the sec-
ond observer (Table 2).

Table 1: Measurements of patellar length, patellar tendon length, and Insall-Salvati ratio

Lateral meniscus Medial meniscus

Normal group group group [¢)
Patellar length (mm) Meanz+sd 41.58+3.98 42.46+4.33 42.70+4.33 0252 «
Median 40.98 42.60 42.74
Patellar tendon length (mm) Mean+sd 40.16+5.28 41.10+5.66 42.33+5.62 0.059 «
Median 40.09 40.22 42.68
Insall-Salvati ratio Mean=sd 0.97+0.14 0.98+0.16 0.99+0.13 0810 X
Median 0.99 0.99 0.99
KKruskal-Wallis test
Table 2: Intra-observer reliability of the measurements
Min-Max Median Meanzsd r P
Observer |
Patellar length
First measurement 33.70-53.20 41.85 41.95+4.10 0.992 (0.989-0.994) 0.000
Second measurement 33.20-52.70 41.55 41.91£3.99
Patellar tendon length
First measurement 29.90-55.90 42.30 42.03+5.67 0.982 (0.975-0.987) 0.000
Second measurement 28.60-57.00 42.20 41.74+5.60
Insall-salvati ratio
First measurement 0.63-1.34 1.01 1.00+£0.15 0.958 (0.943-0.970) 0.000
Second measurement 0.62-1.36 1.01 1.00+0.15
Observer Il
Patellar length
First measurement 35.58-53.39 42.45 42.67+4.13 0.975 (0.966-0.982) 0.000
Second measurement 33.89-54.49 42.18 42.54+4.24
Patellar tendon length
First measurement 28.10-56.88 40.89 40.79+5.52 0.941 (0.919-0.957) 0.000
Second measurement 28.06-56.36 40.84 40.56+5.94
Insall-salvati ratio
First measurement 0.65-1.27 0.98 0.96+0.15 0.918 (0.888-0.940) 0.000
Second measurement 0.58-1.32 0.97 0.96+0.15
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Table 3: Inter-observer reliability of the measurements

Min-Max Median Meanzsd r P
Patellar length
Observer | 33.45-52.95 41.68 41.93+4.03 0.958 (0.942-0.969) 0.000
Observer || 19.15-53.94 42.43 42.47+4.52
Patellar tendon length
Observer | 30.45-56.45 42.20 41.88+5.59 0.957 (0.933-0.964) 0.000
Observer |l 21.11-56.44 40.89 40.55+5.77
Insall salvati ratio
Observer | 0.63-1.35 1.00 1.00+0.15 0.938 (0.916-0.955) 0.000
Observer |l 0.55-1.27 0.97 0.96+0.15

Table 4: The distribution of abnormal patella height measurements

Insall-salvati ratio

Groups

<0.8 0.8-1.2 >1.2 Total patients
Control 5(7.7%) 56 (86.1%) 4(6.1%) 65
Medial meniscus 3(4.6%) 57 (87.6%) 5(7.7%) 65
Lateral meniscus 6 (20%) 20 (66.6%) 4(13.3%) 30

A significantly strong correlation was observed between
the patellar length measurements (0.958 (0.942-0.969),
p=0.000), patellar tendon length measurements (0.951
(0.933-0.964), p=0.000), and Insall-Salvati ratio measure-
ments (0.938 (0.916-0.955), p=0.000) of the two observers
(Table 3).

Abnormal patellar height was found in 8 (12.4%), 10
(33.4%), and 9 (13.9%) patients in the medial meniscus,
lateral meniscus, and control groups, respectively. Al-
though abnormal patellar height seemed to be more
frequent in lateral meniscal group, statistically, difference
was not found among all groups (p=0.083). The distri-
bution of the abnormal patellar height measurements is
summarized in Table 4.

DISCUSSION

The anatomical position of the patella plays a critical role
in knee biomechanics. The effects of abnormal patellar
height are reported to be related to patellar instability,
chondromalacia patella, patellofemoral arthrosis, and ACL
injury (8-10). Meniscal injuries are very common, and the
link between the anatomical characteristics of the knee
joint and meniscal injuries has been analyzed in several
studies (6, 7, 12). However, the relationship between patel-
lar height and isolated meniscal injuries has not yet been
assessed with MRI evaluation. We hypothesized that an
abnormal patellar height could be a risk factor for isolated

meniscal tears. Our results showed similar Insall-Salvati ra-
tios for all groups. However, abnormal patellar height was
found more frequently in the lateral meniscal group than
other groups and patellar height abnormalities showed
similarity between medial meniscus and control groups.

The only study that evaluated the relationship between
patellar height and isolated meniscal injuries was con-
ducted by Vampertzis et al. (6). They evaluated patellar
height using the Insall-Salvati method in knee radio-
graphs of 100 patients with meniscal tears and found that
20% of the patients with meniscal tears had an abnormal
patellar height, whereas 16% and 4% of the patients had
abnormal patella alta and patella baja ratios, respective-
ly. In addition, 75% of the patients had medial meniscal
tears, 20% had lateral meniscal tears, and 5% had bilat-
eral tears (6). They did not compare the meniscal tear
side between the groups and did not include any control
group. In our study, abnormal patellar height was similar
in the control and medial meniscus groups (13.9% and
12.4%, respectively). In contrast, in the lateral meniscus
group, 33.6% of the patients had an abnormal patellar
height. Although there was no statistical difference be-
tween all of the groups, the lateral meniscus group was
more likely to have an abnormal patellar height, especial-
ly patella baja (20%). Therefore, we considered that an
abnormal patellar height could be a predisposing factor
for lateral meniscal tears.
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Several different methods have been defined for patella
height. The most popular of these are the Insall-Salvati,
Caton-Deschamps, modified Insall-Salvati, patellotroch-
lear index, and Blackburne—Pell methods. (11,13-16).
These measurements can be measured with MRI as
well as radiography. Inter-observer and intra-observer
reliabilities of these techniques have been assessed in
several studies (17-19). Verhulst et al. compared these
measurement methods by using them on conventional
radiography (CR), computed tomography (CT), and MRI,
and observed that the Insall-Salvati ratio showed better
intra-and inter-observer reliabilities than other measure-
ment methods. The Insall-Salvati measurements have ac-
ceptable correlation between CR and MRI analyses and
normal CR values have been declared suitable for Insall-
Salvati ratio analyses on MRI. (18). Therefore, we used
the Insall-Salvati method for the MRI measurements and
considered values between 0.8-1.2 to be the normal In-
sall-Salvati ratio values. Our study also showed excellent
intra-and inter-observer reliabilities for the Insall-Salvati
measurements on MRI (>0.90).

This study has several limitations. First, the study popu-
lation, especially the lateral meniscal group, was relative-
ly small. However, it has been shown that the incidence
of medial meniscal tears is four times higher than lateral
meniscal tears (20). Isolated lateral meniscal tears were
observed less frequently than medial meniscal tears.
Therefore, the number of patients in the lateral menis-
cal group was lower than the other groups. Furthermore,
if we could extend the study population, especially
the lateral meniscal group, the statistical results could
change. The second limitation was the determination
of the MRI slice on which the measurements were per-
formed. This may vary depending on the examiner per-
forming the measurement. However, our measurements
showed excellent intra-observer and inter-observer reli-
abilities. Another limitation was that this study used only
the Insall-Salvati method for measuring patellar height.
Although the Insall-Salvati method was the most com-
monly used measurement method in the literature, we
could use another method such as Caton-Deschamps to
increase the effect of the study. Finally, meniscal tears are
multifactorial, however this study assessed only patellar
height as a risk factor and did not evaluate other anatom-
ic factors, such as tibial slope, femoral notch width, and
tibial plateau depth.

CONCLUSION

Although the mean Insall-Salvati ratios of the meniscal
tear and control groups were similar, abnormal patellar
height, especially patella baja, was found more frequent-
ly in the lateral meniscal tear group. This study indicated
that an abnormal patellar height could be a predisposing
factor for lateral meniscal tears.
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