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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.

Keywords: Patellar height, isolated meniscal tear, Insall-Salvati

ÖZET

Amaç: Patella yüksekliği ile birçok diz patolojisi arasındaki iliş-
ki incelenmişken izole menisküs yırtıkları ile arasında ilişki olup 
olmadığı değerlendirilmemiştir. Çalışmamızın amacı diz biyome-
kaniği üzerinde önemli bir rolü olan patella yüksekliğinin izole 
medial veya lateral menisküs yırtığı için predispozan bir  faktör 
olup olmadığını araştırmaktır. 

Gereç ve Yöntem: Çalışmada 2018-2020 yılları arasında diz prob-
lemleri nedeni ile manyetik rezonans (MR) görüntülemesi yapılan 
411 hasta retrospektif olarak incelendi. Yaş aralığı 18 ile 50 olan, 
izole medial veya izole lateral menisküs yırtığı olan hastalar çalış-
maya dahil edildi. Menisküs lezyonu ve bağ yaralanması olmayan 
hastalar kontrol grubunu oluşturdu. Çalışmaya alınan 160 has-
tanın, 65’i izole medial menisküs, 30’u izole lateral menisküs ve 
65’i kontrol grubu olarak üç gruba ayrıldı. Hastaların çekilen diz 
MR’larında patella yüksekliği İnsall-Salvati yöntemine göre ile iki 
ortopedi uzmanı tarafından bir ay ara ile iki kez ölçüldü.

Bulgular: Her üç grup arasında yaş ve cinsiyet dağılımı anlamlı 
farklılık göstermemiştir (p>0,05). Ortalama patellar tendon uzun-
luğu (p=0,059), patella uzunluğu (p=0,252) ve İnsall-Salvati oranları 
(p=0,810) incelendiğinde gruplar arasında anlamlı fark saptanma-
mıştır. Gruplardaki anormal patella yüksekliği oranları karşılaştırıldı-
ğında medial menisküs ve kontrol grubunda sonuçlar benzer iken 
(%12,4-%13,9) lateral menisküs grubunda anormal patella yüksek-
liğinin (%33,4) özellikle de patella bajanın daha sık görüldüğü göz-
lenmiştir. Ancak istatistiksel olarak anlamlı bir fark bulunmamıştır. 
Her iki gözlemcinin ölçümleri incelendiğinde ise gözlemciler arası 
ve gözlemciler içi anlamlı güçlü korelasyon gözlenmiştir (p=0,000). 

Sonuç: Çalışmamızda ortalama İnsall-Salvati oranları gruplar 
arasında benzer bulunmakla beraber izole lateral menisküs gru-
bunda anormal patella yüksekliği özellikle de patella baja daha 
sık görülmüştür. Anormal patella yüksekliği izole lateral menisküs 
yırtığı için predispozan bir faktör olabilir.

Anahtar Kelimeler: Patella yüksekliği, izole menisküs yırtığı, İn-
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 MRI 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 
Acıbadem MAA University (Date: 11.03.2022, No: 2022-
05/04).

Radiological assessment
All patients were examined using a 3.0-T MRI 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 MRI 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.

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–Smirnov test. The Kru-

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

  Normal group
Lateral meniscus 

group
Medial meniscus 

group
p

Patellar length (mm) Mean±sd 41.58±3.98 42.46±4.33 42.70±4.33 0.252 K

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 K

Median 40.09 40.22 42.68

Insall-Salvati ratio Mean±sd 0.97±0.14 0.98±0.16 0.99±0.13 0.810 K

Median 0.99 0.99 0.99
 KKruskal-Wallis test

Table 2: Intra-observer reliability of the measurements

 Min-Max Median Mean±sd r P

Observer I

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 II

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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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. 

Table 3: Inter-observer reliability of the measurements 

Min-Max Median Mean±sd r p

Patellar length

Observer I 33.45-52.95 41.68 41.93±4.03 0.958 (0.942-0.969) 0.000

Observer II 19.15-53.94 42.43 42.47±4.52

Patellar tendon length          

Observer I 30.45-56.45 42.20 41.88±5.59 0.951 (0.933-0.964) 0.000

Observer II 21.11-56.44 40.89 40.55±5.77

Insall salvati ratio          

Observer I 0.63-1.35 1.00 1.00±0.15 0.938 (0.916-0.955) 0.000

Observer II 0.55-1.27 0.97 0.96±0.15

Table 4: The distribution of abnormal patella height measurements

Groups
Insall-salvati ratio

<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
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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. 

Ethics Committee Approval: This study was approved by 
Acıbadem University Ethics Committee (Date: 11.03.2022, No: 
2022-05/4).

Peer Review: Externally peer-reviewed.

Author Contributions: Conception/Design of Study- O.T., N.V., 
K.K.; Data Acquisition- O.T., N.V.; Data Analysis/Interpretation- 
K.K., O.T.; Drafting Manuscript- O.T., K.K.; Critical Revision of 
Manuscript- N.V.; Final Approval and Accountability- O.T., N.V., 
K.K.

Conflict of Interest: The authors have no conflict of interest to 
declare.

Financial Disclosure: The authors declared that this study has 
received no financial support.

REFERENCES

1. Gobbi RG, Videira LD, Dos Santos AA, Saruhashi MB, 
Lucarini BR, Fernandes RJR, et al. Anatomical risk factors 
for anterior cruciate ligament injury are not important as 
patellar instability risk factors in patients with acute knee 
injury. J Knee Surg 2020. Online ahead of print.  [CrossRef]

2. Snoeker BA, Bakker EW, Kegel CA, Lucas C. Risk factors for 
meniscal tears: a systematic review including meta-analysis. 
J Orthop Sports Phys Ther 2013;43(6):352-67. [CrossRef]

3. Draijer LW, Belo JN, Berg HF, Geijer RM, Goudswaard 
AN. [Summary of the practice guideline ‘Traumatic knee 
problems’ (first revision) from the Dutch College of General 
Practitioners]. Ned Tijdschr Geneeskd 2010;154:A2225.

4. Englund M, Guermazi A, Gale D, Hunter DJ, Aliabadi P, 
Clancy M, et al. Incidental meniscal findings on knee MRI 
in middle-aged and elderly persons. N Engl J Med 2008; 
359(11):1108-15. [CrossRef]

5. Gaillard R, Magnussen R, Batailler C, Neyret P, Lustig 
S, Servien E. Anatomic risk factor for meniscal lesion 
in association with ACL rupture. J Orthop Surg Res 
2019;14(1):242. [CrossRef]

6. Vampertzis T, Barmpagianni C, Nitis G, Papastergiou S. A 
study of the possible effect of abnormal patella height on 
meniscal tears. J Orthop 2020;22:170-2. [CrossRef]

7. Li W, Liang J, Zeng F, Lin B, Liu C, Huang S, et al. Anatomic 
characteristics of the knee influence the risk of suffering an 
isolated meniscal injury and the risk factors differ between 
women and men. Knee Surg Sports Traumatol Arthrosc 
2021;29(11):3751-62. [CrossRef]

8. Lin CF, Wu JJ, Chen TS, Huang TF. Comparison of the Insall-
Salvati ratio of the patella in patients with and without an 
ACL tear. Knee Surg Sports Traumatol Arthrosc 2005;13(1):8-
11. [CrossRef]

9. Lu W, Yang J, Chen S, Zhu Y, Zhu C. Abnormal patella 
height based on insall-salvati ratio and its correlation with 
patellar cartilage lesions: an extremity-dedicated low-field 
magnetic resonance imaging analysis of 1703 Chinese 
Cases. Scand J Surg 2016;105(3):197-203. [CrossRef]

10. Balcarek P, Oberthur S, Hopfensitz S, Frosch S, Walde 
TA, Wachowski MM, et al. Which patellae are likely 
to redislocate? Knee Surg Sports Traumatol Arthrosc 
2014;22(10):2308-14. [CrossRef]

https://doi.org/10.1055/s-0040-1716504
https://doi.org/10.2519/jospt.2013.4295
https://doi.org/10.1056/NEJMoa0800777
https://doi.org/10.1186/s13018-019-1281-z
https://doi.org/10.1016/j.jor.2020.04.012
https://doi.org/10.1007/s00167-020-06396-5
https://doi.org/10.1007/s00167-004-0515-7
https://doi.org/10.1177/1457496915607409
https://doi.org/10.1007/s00167-013-2650-5


331

The relationship between patellar height and meniscal tears
İstanbul Tıp Fakültesi Dergisi • J Ist Faculty Med 2022;85(3):326-31

11. Insall J, Salvati E. Patella position in the normal knee joint. 
Radiology 1971;101(1):101-4. [CrossRef]

12. Okazaki Y, Furumatsu T, Kodama Y, Kamatsuki Y, Okazaki Y, 
Hiranaka T, et al. Steep posterior slope and shallow concave 
shape of the medial tibial plateau are risk factors for medial 
meniscus posterior root tears. Knee Surg Sports Traumatol 
Arthrosc 2021;29(1):44-50. [CrossRef]

13. Caton J. [Method of measuring the height of the patella]. 
Acta Orthop Belg 1989;55(3):385-6.

14. Grelsamer RP, Meadows S. The modified Insall-Salvati ratio 
for assessment of patellar height. Clin Orthop Relat Res 
1992;(282):170-6. [CrossRef]

15. Biedert RM, Albrecht S. The patellotrochlear index: a 
new index for assessing patellar height. Knee Surg Sports 
Traumatol Arthrosc 2006;14(8):707-12. [CrossRef]

16. Blackburne JS, Peel TE. A new method of measuring 
patellar height. J Bone Joint Surg Br 1977;59(2):241-2. 
[CrossRef]

17. Barnett AJ, Prentice M, Mandalia V, Wakeley CJ, Eldridge 
JD. Patellar height measurement in trochlear dysplasia. 
Knee Surg Sports Traumatol Arthrosc 2009;17(12):1412-5. 
[CrossRef]

18. Verhulst FV, van Sambeeck JDP, Olthuis GS, van der Ree 
J, Koeter S. Patellar height measurements: Insall-Salvati 
ratio is most reliable method. Knee Surg Sports Traumatol 
Arthrosc 2020;28(3):869-75. [CrossRef]

19. Lee PP, Chalian M, Carrino JA, Eng J, Chhabra A. 
Multimodality correlations of patellar height measurement 
on X-ray, CT, and MRI. Skeletal Radiol 2012;41(10):1309-14. 
[CrossRef]

20. Baker BE, Peckham AC, Pupparo F, Sanborn JC. Review of 
meniscal injury and associated sports. Am J Sports Med 
1985;13(1):1-4. [CrossRef]

https://doi.org/10.1148/101.1.101
https://doi.org/10.1007/s00167-019-05590-4
https://doi.org/10.1097/00003086-199209000-00022
https://doi.org/10.1007/s00167-005-0015-4
https://doi.org/10.1302/0301-620X.59B2.873986
https://doi.org/10.1007/s00167-009-0801-5
https://doi.org/10.1007/s00167-019-05531-1
https://doi.org/10.1007/s00256-012-1396-3
https://doi.org/10.1177/036354658501300101

