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OZET

AMAC: Bu calismada On capraz bag ( OCB) saglam ve OCB'si
kopuk olan hastalar arasindaki patellar ylikseklik ve tibial tiber-
kil troklear oluk mesafesi (TT-TGd) arasindaki farklarin deger-
lendirilmesi amaglanmistir.

GEREC VE YONTEM: 18-40 yaslar arasinda toplam 2019 hasta
(1015 OCB kopuk ve 1004 OCB saglam) calismaya dahil edildi.
Patellar ylkseklik 6lctimiinii belirlemek icin Insall Salvati indeksi
(ISI) kullanildi. TT-TGd, aksiyel manyetik rezonans gorintuleriile
olcuildu. iki ortopedi cerrahi, gézlemci ici ve gézlemciler arasi
glvenilirligi degerlendirmek icin bagimsiz olarak iki hafta araile
50 hastanin goriintustinl inceledi. Ortalama patellar yukseklik
ve TT-TGd 6lctimleri OCB'si kopuk olan hasta grubu ve saglam
OCB'si olan kontrol grubu ile karsilastirildi.

BULGULAR: Gozlemci ici ve go6zlemciler arasi uyum her iki
Ol¢lim icin de mikemmeldi (tim oOlctimler i¢in p=0.001 ve
k> 0.850). Patellar yiikseklik ve TT-TGd, OCB kopuk olan hasta-
larda kontrol grubuna gore anlamli olarak daha yuksekti (sira-
siyla 1.09 + 0.37 ile 1.06 £ 0.56, p<0.001, 10.0 £+ 3.3'e karsi 8.5 +
3.0, p<0.001). ISl kadinlarda erkeklere gore anlamli olarak daha
yuksekti (1.13'e karsi 1.07, p<0.001). TT-TGd agisindan cinsiyet-
ler arasinda anlamli fark yoktu (9.5'e 9.3, p=0.792).

SONUGC: OCB'si kopuk olan hastalarda patella yiiksekligi ve TT-
TGd anlamli olarak artmis olmasina ragmen, bu farkliliklar nor-
mal aralikta olduklari icin klinik olarak 6nemli degildir.

ANAHTAR KELIMELER: On capraz bag yaralanmasi, Patella
yuksekligi, Risk faktor
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ABSTRACT

OBJECTIVE: This study aimed to evaluate the differences in pa-
tellar height and tibial tubercle- trochlear groove distance (TT-
TGd) between patients with an intact anterior cruciate ligament
(ACL) and ruptured ACL.

MATERIAL AND METHODS: A total of 2019 patients (1015 with
ruptured ACL and 1004 with an intact ACL) aged between 18-
40 years were included. The Insall Salvati index (ISI) was used
to determine the patellar height measurement. The TT-TGd
was measured based on axial magnetic resonance images. Two
orthopedic surgeons independently studied 50 patients’ ima-
ges for two weeks to assess intra-observer and inter-observer
reliability. The mean patellar height and TT-TGd measurements
were compared between patients with ruptured ACL and those
with an intact ACL.

RESULTS: Interobserver and intraobserver agreement were
excellent for both measurements (p=0.001 and k>0.850 for all
measurements). Patellar height and TT-TGd were significantly
higherin ACL ruptured patients than in the control group (1.09+
0.37 vs. 1.06+ 0.56, p<0.001, 10.0£ 3.3 vs. 8.5+ 3.0, p<0.001, res-
pectively). The ISI was significantly higher in women than in
men (1.13 vs. 1.07, p<0.001). There was no significant difference
between the sexes regarding the TT-TGd (9.5 vs. 9.3, p=0.792).

CONCLUSIONS: Although significantly increased in patellar he-
ight and TT-TGd was detected in patients with ruptured ACL,
these differences are not clinically important because they are
in the normal range.

KEYWORDS: Anterior Cruciat Ligment injury, Patellar height,
Risk factor
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INTRODUCTION

Injuries to the anterior cruciate ligament (ACL)
and the related tibiofemoral instability are asso-
ciated with loss of function (1). However, even
if the ACL is reconstructed, the risk of osteo-
arthritis development is high (1, 2). Therefore,
prevention and identifying risk factors are im-
portant. Although ACL rupture is multifactorial,
some anatomic risk factors like the femoral in-
tercondylar notch width, lower extremity alig-
nment, Q-angle, tibial plateau slopes, medial
plateau concavity, and lateral plateau convexity
have become the focus of investigation (3 - 7).

The relationship of the increased tibial tuberc-
le- trochlear groove distance (TT-TGd) and pa-
tellar height with patellofemoral instability has
been previously documented (8 - 10). Based on
the current literature, there are two conflicting
studies that have evaluated the relationship
between patellar height and ACL tear (11, 12).

The primary aim of this study was to evaluate
the role of TT-TGd and patellar height in ACL
rupture in a large group. The secondary aim was
to determine the role of sex in patellar height
and TT-TGd.

MATERIALS AND METHODS

After receiving approval from the local ethics
committee, medical records of patients who
underwent ACL reconstruction between 2013
and 2018 were investigated using the Interna-
tional Classification of Diseases, Tenth Revisi-
on, codes. The inclusion criteria of the current
study were: the patients had satisfactory axial
magnetic resonance (MR) images and lateral
radiographs to evaluate the TT-TGd and patel-
lar height. The exclusion criteria were history of
previous knee surgery, preexisting deformity,
and multiple ligament injury (including poste-
rior cruciate ligament and posterolateral corner
injury). Finally, 1015 patients (973 male, 42 fe-
male) were included in the study (Figure 1).

As a control group, we selected 1004 age-mat-
ched randomized patients (960 male and 44 fe-
male) diagnosed with chondral lesion, degene-
rative meniscal injury, or plicae with intact ACL.
The mean ages of the ACL ruptured and ACL
intact groups were 29 + 9.4 (range, 18 to 40)

years and 31 £ 9.8 (range 18 to 40) years, res-
pectively. The need for informed consent was
waived because of the study’s retrospective
design. TT-TGd measurement was performed
as previously described by Schoettle et al. (13).
First, the deepest point in the cartilaginous tro-
chlear groove was determined. Then, a line was
drawn through the deepest point of the troch-
lear groove perpendicular to the cartilaginous
posterior condylar tangent line (Figure 2).

6 patlents with previous knee surgery history

47 patients have no lateral kn
the 30° flexed pos|

Figure 1: The flowchart showing the process of patient inclusi-
on and exclusion

Figure 2: Measurement of TT-TGd on axial MR images of the
knee. A) The red line is the perpendicular line from the posteri-
or condylar tangent line (yellow line) extending to the deepest
point of the TG. B) The blue line is the parallel line at the level
of insertion of the patellar tendon onto the TT. The distance
between these two lines is defined as TT-TGd

Second, the middle point of the patellar tendon
at the level of insertion to the tibial tubercle
was determined. Then, a second line was drawn
from this point parallel to the trochlear groove
line. The distance between these two parallel
lines was determined as the TT-TGd. Radiograp-
hs were obtained with the knee joint in the 30°



flexed position. The Insall Salvatiindex (ISI) is the
lengthratio of the patellartendontothe greatest
diagonal length of the patella (Figure 3) (14).

I=PTL/DLP

Figure 3: The Insall-Salvati index (IS) is the ratio of patellar ten-
don length (PTL) to the greatest diagonal length of the patella
(DLP)

The normal ISl is between 0.8-1.2. If the ISI>1.2,
it is defined as patella alta and if the ISI<0.8, it is
defined as patella baja (8, 14).

The mean patellar height and TT-TGd were
compared between ACL intact and ACL rup-
tured groups. The patellar height and TT-TGd
were compared between sexes. Measurements
were performed in a blinded manner by two
orthopedic surgeons with 5 years of experien-
ce who did not know the patients’ diagnoses or
the study’s purposes.

Fifty randomly selected radiographs and axial
MR images were measured twice for two weeks
apart to assess the inter- and intra-observer re-
liability.

Statistical Analyses

In the descriptive statistics of the data, the
mean, standard deviation, median, lowest, hig-
hest, frequency, and ratio values were used. The
distribution of the variables was measured with
the Kolmogorov Smirnov test. In the analysis of
quantitative independent data, the Mann-W-
hitney test was used. The Chi-square test was
used for the analysis of qualitative independent
data. An intraclass correlation coefficient (ICC)
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was calculated to assess inter and intra obser-
ver reliability. A p value less than 0.05 was con-
sidered significant. All data were analyzed by
an independent professional statistician using
IBM SPSS Statistics for Windows, version 22.0
(Armonk, NY: IBM Corp, USA.).

Ethical Committee

The ethical approval for the study was obtained
from the Metin Sabanci Baltalimani Bone Health
Science University Baltalimani Bone Diseases
EducationandResearchHospital,thestudyproto-
col (Approval date/number 22.05.2019/47-336)

RESULTS

Agreements among the two measurements for
ISI (weighted kappa, 0.853; 95% confidence in-
terval [CI] 0.682-0.932; p<0.001), TT-TGd (weigh-
ted kappa, 0.956; 95% Cl 0.905-0.980; p<0.001)
were excellent. Agreements between two re-
aders for ISI (weighted kappa, 0.973; 95% ClI
0.941-0.987; p<0.001), TT-TGd (weighted kappa,
0.974; 95% Cl 0.944-0.988; p<0.001) were excel-
lent. The mean ISl in the ACL ruptured and ACL
intact groups was 1.09 + 0.37 and 1.06 + 0.56,
respectively (p<0.001).

The mean TT-TGd was 10.0 + 3.3 in the ACL rup-
tured group and 8.5 + 3.0 in ACL intact group
(p<0.001), (Table 1).

Table 1: Mean (+ standard deviation) of tibial tubercle-troch-

lear groove distance (TT-TGd ) and patellar height values in the
ACL intact and deficient groups

ACL intact group ACL deficient group
Mean.ts.d./n-% Mean.s.d./n-% Median
85 + 30 83 100  + 33 10,0

Median

p<0.001
TT-TG d m
1,06 + 0,56 1,02 1,09 + 037 1,05 p<0.001

Insall Salvati Index

™ Mann-Whitney u test

Patella alta or patella baja was not observed in
the ACL ruptured group. However, the patellar
height was significantly higher in the ACL rup-
tured group (p<0.001). The TT-TGd was also sig-
nificantly increased in the ACL ruptured group
(p<0.001).

There was no significant difference between
male and female patients regarding the TT-TGd
(p=0.792). Patellar height in women was signifi-
cantly higher than in men (p<0.001) (Table 2).
No significant correlation was observed betwe-
en age and TT-TGd or patellar height (p=0.113
and p=0.083, respectively).
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Table 2: Mean (+standard deviation) of tibial tubercle-trochlear
groove distance (TT-TGd) and patellar height values in the fe-
male and male groups

Female Male
P

Mean.s.d./n-% Median Mean.s.d./n-% Median

TT-TGd 95 35 92 93 3,2 9,0 0,792

Insall Salvati Index 1,13 0,18 115 1,07 0,48 1,03 p<0.001 n

mMann-Whitney u test

DISCUSSION

The most important finding of this study is that
the patellar height and TT-TGd was higher in
the ACL injury group. Second, patellar tendon
height was found to be higher in women. Des-
pite the increasing number of papers on anato-
mical risk factors for ACL rupture over the past
ten years, there is still no conclusive evidence of
a direct cause-and-effect relationship. Female
athletes have a higher incidence of ACL ruptu-
re than their male counterparts. The risk factors
for non-contact ACL injuries can be classified as
intrinsic and extrinsic (15, 16). Shambaugh et al.
reported that women had a significantly smal-
ler notch width index (17). Muneta et al. stated
that there was a significant difference betwe-
en male and female ACL widths (18). In several
studies, the ACL size was smaller in women (1,
18). Women have been reported to have larger
Q-angles than men (5). However, there are still
a number of risk factors and mechanisms regar-
ding non-contact ACL injuries that are not yet
well understood (19). Therefore, we hypothesi-
zed that TT-TGd and patellar height may have a
role in ACL injury. According to our hypothesis,
these two parameters may vary between the
sexes; this may explain the differences in the
ACL injury rates between sexes. We acknow-
ledge that the TT-TGd is an established mea-
surement to assist diagnosis and treatment of
patellofemoral instability (10,20,21). Based on
the current literature, a TT-TGd of 15-20 mm is
classified as abnormal; a TT-TGd >20 mm is de-
fined as pathological (20, 22 - 24).

According to our results, TT-TGd values are in
the normal range in both patient and control
groups. However, in the ACL injury group, the
TT-TGd values were closer to the upper limit.
Even though the results were statistically signi-
ficant, we believe there was no clinical signifi-
cance.

Another important finding of the present study
was that the patellar height was also higher in
the patient group. Patella alta (defined as an
ISI >1.2) has been shown to be a strong predi-
ctor of the recurrent instability in patients with
patella dislocation following conservative tre-
atment (14, 25). However, there are only two
published studies that evaluated the ISI measu-
rements in individuals with an ACL injury. Lin et
al. stated that there is an association between
ACL tears and patella baja (11). They observed
a decreased patellar heightin 115 patients with
ACL tears with an average ISR of 0.99 versus
1.05 in 102 patients without ACL tears. Degnan
concluded that the ISI was increased in children
with acute ACL tears compared to the control
group (average ISR 1.16 and 0.99, respectively)
(12). They stated that even if the mechanism is
unclear, relative patella alta may be a risk fac-
tor for ACL injury. Based on the current litera-
ture, there is a conflict on whether increased
or decreased patellar height is a risk factor for
ACL tear. It is important to note that Lin et al. re-
commend that patellar height should be taken
into consideration for the graft choice (14). We
noted that the ISI was significantly increased
in the ACL deficient group, close to the upper
limit. However, it has no clinical relevance be-
cause the results were in the normal range in
both patient and control groups and were clo-
se to each other. On the other hand, there are
numerous anatomical differences between the
sexes. One of the possible risk factors might be
the patellar height that explains ACL injury ra-
tes between genders. Perhaps several risk fac-
tors resulting in a cumulative effect. There are
some limitations of this study. First, we investi-
gated the patients radiologically however we
did not evaluate their functional situation. Se-
cond, the other anatomical risk factors for ACL
injury were not excluded. The presence of other
associated risk factors may make our results
less reliable. Prospective studies which evalu-
ate these measurements with clinical situation
should be designed. Although significantly inc-
reased patellar height and TT-TGd were detec-
ted in ACL ruptured patients, these differences
are not clinically important because of they are
in normal range.
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