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The Effect of Patellar Height on Load Distribution in the Knee:
Is It Associated with Meniscal Tear Characteristics?
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Abstract

Aim:To determine the frequency of patella alta in patients undergoing knee
arthroscopy for meniscal tears and to evaluate the association between
patellar height abnormalities and the anatomical location, side, and tear
pattern of meniscal tears.

Material and Method: A retrospective cohort of 152 consecutive
patients (84 males, 68 females; mean age 36.2+8.4 years) who underwent
diagnostic or therapeutic knee arthroscopy between 2019 and 2026 was
evaluated. Preoperative standardized 30° flexion lateral knee radiographs
were reviewed independently by two blinded orthopedic surgeons to
calculate the Insall-Salvati Index (ISI) and Caton-Deschamps Index (CDI).
Patella alta was defined as an ISI>1.2. Arthroscopically confirmed meniscal
tear characteristics were classified according to ISAKOS guidelines and
evaluated across patellar height groups using univariate analyses and
multivariable logistic regression models adjusting for age and sex.

Results: Medial meniscal tears were identified in 84.2% (n=128), lateral
meniscal tears in 9.2% (n=14), and bilateral tears in 6.6% (n=10). Patella alta
(ISI>1.2) was identified in 42.1% (n=64) of the cohort. Patients with patella
alta exhibited a higher frequency of medial meniscal tears on univariate
analysis (87.5% vs. 81.8%, p=0.042) and a markedly higher prevalence
of tears localized to the posterior horn (73.4% vs. 54.5%, p<0.001). In
multivariable logistic regression analysis, patella alta was independently
associated with posterior horn tear localization (Odds Ratio [OR]=2.38,
95% Confidence Interval [Cl]: 1.18-4.81, p=0.015) and complex/flap tear
morphology (OR=2.38, 95% Cl: 1.21-4.70, p=0.012). Strong concordance
was observed between ISI and CDI measurements (kappa=0.86, p<0.001).

Conclusion: Patella alta is frequently observed among patients undergoing
arthroscopy for meniscal tears and is independently associated with
posterior horn localization and complex tear configurations. These findings
suggest a biomechanical interplay between extensor mechanism geometry
and posterior compartment load distribution.
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Oz

Amag: Bu calismanin amaci, artroskopik olarak meniskis yirtigr tanisi
kesinlestirilmis olgularda patella yuksekligi (patella alta) sikligini
belirlemek ve patella yiksekliginin  meniskts yirtiklarinin - tarafi,
anatomik yerlesimi ve tipi ile olan iliskisini incelemektir.

Gereg ve Yontem: Calismaya artroskopik cerrahi uygulanan 152 hasta
(84 erkek, 68 kadin; ortalamayas 36.2 yil) dahil edildi. Hastalarin ameliyat
oncesi yan diz radyografileri Gzerinden Insall-Salvati indeksi (ISI) ve
Caton-Deschamps Indeksi (CDI) hesaplandi. ISI>1.2 degeri Patella Alta
olarak kabul edildi. Artroskopi kayitlarindan meniskUs yirtiginin tarafi
(medial, lateral, bilateral), anatomik bolgesi (6n, gévde, arka boynuz)
ve yirtik tipleri kaydedilerek radyolojik verilerle karsilastirildi.

Bulgular: Artroskopik degerlendirmede hastalarin = %84.2'sinde
(n=128) medial, %9.2'sinde (n=14) lateral ve %6.6'sinda (n=10) bilateral
meniskys yirtigr saptandr. Tum grupta patella alta orani %42.1 (n=64)
olarak bulundu. Patella alta saptanan olgularda medial meniskus yirtigi
orani (%87.5), normal patella grubuna gore anlamli derecede yiksek
izlendi (p=0.042). Anatomik yerlesim analizinde, Patella alta varhiginda
yirtiklarin %734 (n=47) oraninda belirgin sekilde arka boynuzda
(posterior horn) yogunlastigi goraldi (p<0.001). Ayrica yuksek patella
grubunda kompleks ve flep tipi yirtik sikliginin anlamli diizeyde ytksek
oldugu belirlendi (p=0.016).

Sonug: Artroskopi yapilan meniskus yirtikli olgularda ytksek patella
(patella alta) sikhdi %42.1 gibi yuksek bir orandadir. Patella yiksekligi,
ozellikle medial meniskis arka boynuz yirtiklari ve kompleks yirtik
tipleri ile gcld bir klinik ve anatomik iliski gostermektedir. Cerrahi
ve rehabilitasyon planlamasinda diz ekstansér mekanizmasinin bu
biyomekanik etkisinin géz éntinde bulundurulmasi dnem tagimaktadir.

Anahtar Kelimeler: Patella alta, insall-salvati indeksi, meniskis yirtig,
artroskopi, medial meniskis arka boynuz.
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INTRODUCTION

The knee joint operates as a complex biomechanical kinetic
chain dependent on precise geometric congruity among
osseous, chondral, and capsuloligamentous structures.
0 Within this construct, the patellofemoral articulation
functions as an anatomical lever that dictates extensor
mechanism vector trajectories and influences localized
contact forces across the tibiofemoral compartments.™

Patellar height abnormalities represent structural deviations
in the vertical position of the patella relative to the trochlea,
categorized into patella alta (superior displacement) and
patella baja (inferior displacement). Although patella
alta has been extensively evaluated in patellar instability,
trochlear dysplasia, and anterior knee pain,?? its influence
on tibiofemoral biomechanics has received less systematic
examination. Delayed trochlear engagement during knee
flexion in patella alta alters the mechanical pull angle of the
patellar tendon, potentially shifting joint contact pressures
toward the posterior tibiofemoral compartments.l'

The menisci are critical for shock absorption, joint stability,
and axial load distribution across the tibial plateaus.
Biomechanical alterations in extensor mechanism vectors can
disproportionately increase shear and compressive stresses on
meniscal tissue.* While isolated clinical studies have suggested
an increased frequency of patella alta in patients with meniscal
pathology,* the precise relationship between abnormal
patellar height and arthroscopically confirmed meniscal tear
characteristics—such as anatomical zone involvement and tear
morphology—remains poorly understood.

Therefore, we hypothesized that patellar height abnormalities,
specifically patella alta, are associated with a greater prevalence
of posterior compartment and complex meniscal tears due to
altered kinematic load distribution. The objective of this study
was to evaluate the association between radiographic patellar
height indices and arthroscopically documented meniscal tear
patterns in a well-defined surgical cohort.

MATERIAL AND METHOD

Study Design and Ethical Approval

This retrospective observational study was conducted in
accordance with the Declaration of Helsinki and received
formal approval from the Institutional Ethics Committee
(Decision No: 2026/05-52, Date: 15/05/2026). Written
informed consent was obtained from all patients prior to
surgical intervention.

Patient Selection and Cohort Definition

A consecutive series of 214 patients who underwent
diagnostic or therapeutic knee arthroscopy for suspected
meniscal pathology between January 2019 and February
2026 was retrospectively evaluated. Patients were included if
they met the following criteria: age between 18 and 50 years;
availability of standard preoperative lateral knee radiographs

taken at 30° flexion and complete knee Magnetic Resonance
Imaging (MRI); documented arthroscopy records detailing
meniscal tear status; and intact or mild degenerative joint
status corresponding to Kellgren-Lawrence Grade 0 to 2.1

Patients were excluded if they met any of the following criteria:
concomitant anterior or posterior cruciate ligament rupture
(n=22); severe osteoarthritis defined as Kellgren-Lawrence
Grade 3 or 4 (n=12); age younger than 18 or older than 50
years (n=14); prior periarticular fracture or major open knee
surgery (n=>5); inflammatory arthritis; or non-standard lateral
radiographs (n=9). Non-standard radiographs were objectively
defined by a knee flexion angle outside the 20°-40° range,
condylar rotational displacement exceeding 5 mm, or obscured
osseous landmarks preventing accurate index calculation.
Following these exclusions (total excluded, n=62), a final study
cohort of 152 patients was included in the analysis.

Radiological Assessment

All preoperative radiographs were evaluated on a high-
resolution Picture Archiving and Communication System
(PACS) independently by two fellowship-trained orthopedic
surgeons who were blinded to all clinical and arthroscopic
findings. Two established radiographic indices were
calculated on lateral views:

Insall-Salvati Index (ISI): Measured as the ratio of the
patellar tendon length (from the inferior patellar pole to the
tibial tuberosity) to the maximum diagonal length of the
patella.®”! Ratios greater than 1.2 were classified as patella
alta, 0.8 to 1.2 as normal patellar height, and less than 0.8 as
patella baja.

Caton-Deschamps Index (CDI): Measured as the distance
between the inferior articular margin of the patella and the
anterior-superior edge of the tibial plateau divided by the
length of the patellar articular surface.® Values greater than
1.2 were categorized as patella alta.

To assess measurement reliability, both observers repeated
all measurements four weeks later on a randomized subset
of 30 radiographs. Inter-observer and intra-observer
reliability demonstrated excellent agreement, with intraclass
correlation coefficients (ICC) of 0.92 (95% Cl: 0.87-0.96) and
0.94 (95% Cl: 0.89-0.97) for ISI, and 0.89 (95% Cl: 0.82-0.94)
and 0.91 (95% Cl: 0.85-0.95) for CDI, respectively.

Arthroscopic Evaluation

Diagnostic and therapeutic arthroscopy was performed
using standard anterolateral and anteromedial portals under
tourniquet control. Complete intra-articular inspection
was carried out using a calibrated probe hook. Meniscal
findings were systematically documented according to the
International Society of Arthroscopy, Knee Surgery and
Orthopaedic Sports Medicine (ISAKOS) classification system
[9], detailing the affected side (medial, lateral, or bilateral), the
anatomical zone (anterior horn, body, or posterior horn), and
the tear pattern (radial, longitudinal/bucket-handle, complex/
flap, or root tear).
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Statistical Analysis

Statistical computations were conducted using SPSS
software version 26.0 (IBM Corp., Armonk, NY, USA).
Continuous variables are presented as meanzstandard
deviation (SD), and categorical variables as frequencies
and percentages (n, %). Normality of continuous data was
evaluated using the Shapiro-Wilk test. Group comparisons
between patients with patella alta (ISI>1.2) and those
with normal or baja patellar height were performed
using Student’s t-test for normally distributed continuous
variables and the Chi-square (x?) test or Fisher’s exact test for
categorical variables.

Multivariable binary logistic regression models were
constructed to evaluate the independent association
between patellar height status and meniscal tear locations/
patterns after controlling for age and sex. Odds Ratios (OR)
with corresponding 95% Confidence Intervals (Cl) were
calculated. Inter-index agreement between ISI and CDI was
quantified using Cohen’s kappa coefficient (k). All tests were
two-tailed, and statistical significance was set at p<0.05.

RESULTS

The study cohort comprised 152 patients (84 males, 68
females; mean age 36.2+8.4 years). Overall, medial meniscal
tears were documented in 84.2% (n=128), lateral tears in
9.2% (n=14), and bilateral tears in 6.6% (n=10). The mean
ISI across the cohort was 1.22+0.12, and the mean CDI was
1.19+0.11.

Based on the IS, patella alta (>1.2) was identified in 42.1%
(n=64) of patients. Patella baja (<0.8) was identified in 3
patients (2.0%), who were pooled with the normal height
group (n=85, 55.9%) for comparative analyses. Classification
based on CDI (>1.2) identified patella alta in 39.5% (n=60),
demonstrating strong concordance with ISI categorization
(k=0.86, p<0.001). Demographic and radiological baselines
are summarized in Table 1.

Table 1: General Demographic and Radiological Findings of Patients

Undergoing Arthroscopy (N = 152)
Parameter

Value / Distribution
36.2+84
84 (55.3%) / 68 (44.7%)
82(53.9%) / 70 (46.1%)

Age (Years), Mean + SD
Sex (Male / Female), n (%)
Side (Right / Left), n (%)

Insall-Salvati Index (ISI), Mean + SD 1.22+0.12
Caton-Deschamps Index (CDI), Mean + SD 1.19+£0.11
Presence of Patella Alta (ISI>1.2), n (%) 64 (42.1%)
Normal Patellar Height (ISI < 1.2), n (%) 88 (57.9%)

SD: Standard Deviation, ISI: Insall-Salvati Index, CDI: Caton-Deschamps Index. Continuous variables
are presented as Mean + SD, and categorical variables as Number (%).

Univariate analysis demonstrated that medial meniscal tears
occurred in a higher proportion of patients with patella
alta compared to those with normal or baja patellar height
(87.5% vs. 81.8%, p=0.042). When evaluating anatomical
zone distribution, tears in the patella alta group were

significantly localized to the posterior horn (73.4% vs. 54.5%,
p<0.001). Furthermore, complex and flap tear patterns were
significantly more common in the patella alta group (50.0%
vs. 29.5%, p=0.011), whereas radial tears were more prevalent
in patients with normal patellar height (12.5% vs. 29.5%,
p=0.013). Table 2.

Table 2: Distribution of Meniscal Tear Side and Anatomical Location

According to the Presence of Patella Alta

Parameter (J::?_;Iz) P(it)e(lrl‘iéf)a Norr(r:‘a=IsPsa)tella p Value
Tear Side, n (%)
Medial Meniscus 128 (84.2%) 56 (87.5%) 72 (81.8%) 0.042
Lateral Meniscus 14 (9.2%) 3(4.7%) 11 (12.5%) 0.112
Bilateral 10 (6.6%) 5(7.8%) 5(5.7%) 0.601
Anatomical Zone, n (%)
Anterior Horn 11 (7.2%) 2 (3.1%) 9 (10.2%) 0.108
Body 46 (30.3%) 15 (23.5%) 31 (35.2%) 0.122
Posterior Horn 95 (62.5%) 47 (73.4%) 48 (54.5%) <0.001

Statistical comparisons were performed using the Chi-square test. p<0.05 was considered statistically
significant.

*Adjusted for age and sex using binary logistic regression
with the Normal/Baja patellar height group as the reference.

In multivariable logistic regression analysis controlling
for age and sex, patella alta remained an independent
factor associated with posterior horn tear localization
(OR=2.38, 95% Cl: 1.18-4.81, p=0.015) and complex/
flap tear patterns (OR=2.38, 95% Cl: 1.21-4.70, p=0.012).
While medial meniscal involvement initially showed
univariate association (p=0.042), this was not statistically
significant after multivariable adjustment (OR=1.58, 95%
Cl: 0.62-4.02, p=0.338). Posterior root tears were present
in 8 patients, 6 of whom had patella alta (OR=4.45, 95% Cl:
0.86-22.9, p=0.074).

DISCUSSION

The primary finding of this investigation is that patella
alta was identified in 42.1% of patients undergoing knee
arthroscopy for meniscal tears and demonstrated an
independent association with tears localized to the posterior
horn (OR=2.38) and complex/flap tear morphology (OR=2.38).
Although an initial univariate correlation was noted between
patella alta and medial meniscal tears (p=0.042), this
significance was not retained in multivariable modeling,
highlighting the necessity of careful multivariable evaluation
when assessing intra-articular associations.

The extensor mechanism and tibiofemoral joint function
as an interdependent kinematic unit."? When the patella
occupies a superior position, delayed engagement with the
trochlear groove during early flexion alters the vector pull of
the patellar tendon, thereby modifying contact kinematics
and pressure distributions across the tibial plateau.’' Similar
kinematic alterations have been documented in various
orthopedic conditions where patellar height changes occur
secondary to trauma or surgical intervention. For example,
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Dogan et al."® reported significant changes in patellar height
following operative management of tibial plateau fractures,
and Gencer et al.'™ observed patellar height shifts following
infrapatellar intramedullary nailing of the tibia. Furthermore,
Dogdan et al.?” demonstrated that anterior cruciate ligament
reconstruction directly impacts patellar height and
patellofemoral stability. These studies collectively corroborate
our biomechanical premise that alterations in patellar
positioning and extensor mechanism vectors exert profound
secondary effects on intra-articular stress distribution.

In clinical meniscal pathology, Vampertzis et al.® suggested
that abnormal patellar height shifts joint loading toward the
posterior horn of the menisci during flexion, and Akin et al.””
noted a higher frequency of patella alta in patients presenting
with isolated meniscal tears compared to control populations.
Our findings expand on these observations within an
arthroscopically confirmed cohort by demonstrating that
tears in patients with patella alta are disproportionately
concentrated in the posterior horn (73.4%) rather than
anterior or body regions.

Biomechanical studies demonstrate that as the knee flexes,
femoral condyles roll posteriorly, transferring substantial
compressive and shear loads onto the posterior meniscal
horns.'>'31 Because the medial meniscus is firmly anchored
to the tibial plateau and deep medial collateral ligament, its
relative immobility may render its posterior horn especially
susceptible to altered extensor vectors and elevated shear
forces.'""® The concomitant finding of a higher frequency
of complex and flap tears further suggests repetitive, micro-
traumatic shear stress rather than simple acute cleavage
injuries.'617

Limitations

This study has several limitations. First, the absence of
an asymptomatic, unoperated control group limits the
determination of absolute risk or general population
incidence. Second, radiographic measurements were
performed on static 30° flexion lateral radiographs; dynamic,
weight-bearing kinematics were not assessed. Third, full-
length standing lower extremity radiographs were not
routinely obtained, preventing quantitative evaluation of
coronal alignment (varus/valgus), which is a recognized
confounder of compartment loading. Fourth, patellar height
was evaluated using the ISI and CDI; other indices, such as
the Blackburne-Peel index, were not recorded. Finally, the
observational design demonstrates statistical and clinical
associations rather than direct mechanistic causality.

CONCLUSION

In this arthroscopic cohort, patella alta was frequently
identified and independently associated with posterior horn
meniscal tears and complex tear patterns. These findings
highlight a meaningful clinical association between sagittal
extensor mechanism alignment and localized intra-articular

meniscal damage. While causal biomechanical pathways
warrant validation in prospective and dynamic kinematic
studies, evaluating patellar height on standard preoperative
radiographs offers valuable diagnostic context regarding
meniscal tear distribution.
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