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Are we Sheep or are we Shepherds?
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Knee surgery is one of the fastest advancing fields in
Orthopaedic surgery. However, because we don’t have the ability
to replace like for like, i.e. true anatomical parts our researchers
continue to search for the holy grail of ‘‘Anatomic Reconstruction’’
all the while knowing that it is, at this stage, not possible.

I am referring to the incredible number of research papers
published on Anterior Cruciate Ligament Reconstruction. ‘‘ACL’’ if
put into a search engine will produce more information than
almost any other orthopaedic topic.

Why is this? Surely the reason is two fold:
1) A
htt

221
CL injury rate is increasing dramatically as sports participation
increases around the world. Over 200,000 ACL reconstructions
are done annually in the USA alone. And big profile sport is a
massive business. Just look at the earnings of IPL stars; British
Soccer players and American Football gladiators.
2) T
he second reason is that this ligament has actually ‘‘got our
number’’!

We just cannot make it like the creator designed it, plus we
cannot always properly diagnose or correct secondary damage that
occurred at the time of acute or chronic injury.

Yet the search goes on. Patellar tendon was an early graft used
to reconstruct this ligament.1 Because the results were not so good
vascularized grafts were tried.2 This didn’t yield a normal knee and
sometimes the complications were significant (arthrofibrosis); so
hamstrings were used. Quadriceps tendon is now coming into
vogue. Prosthetics and allograft have failed to solve the problem.

Having found no great improvement towards normality with
different grafts we started looking at where we placed the graft.
Maybe we had it in the wrong place? This seems surprising
because the attachments of the natural ACL are quite large and well
defined anatomically. Many studies going back decades have
taught us this anatomy. Then when ‘‘new’’ anatomic placement
didn’t seem to make a difference we looked at the anatomy again
and re-discovered the ‘‘double bundle’’ nature of the natural ACL.
So there was a stampede to produce the best double bundle
operation with many techniques on how to fix the various bundles
and at what degree of knee flexion. The Pittsburgh group insisted
on fixing the Antero-Medial (A-M) bundle in 608 flexion and the
Postero-Lateral (P-L) bundle near full extension because their
laboratory studies indicated that these were the positions that
these bundles took most load.3 But if one stepped back and looked
at what we had been doing when reconstructing mainly the A-M
bundle when doing single bundle reconstructions; and we
remembered the work of Rosenberg, and that of Larson and
p://dx.doi.org/10.1016/j.jajs.2016.10.001
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Seidles on isometry,4 one would have realized that their A-M graft
with its tunnel position would (in most patients) tighten quite
significantly going into extension if fixed at 608.

It took a number of years and many failed operations of this
technique which was ‘‘sold’’ to the world, to realize the error of this
fixation position. Double bundle grafts are now being fixed
completely differently (and differently by different surgeons as
well). And more literature is coming out to again show no benefits
to our patients. In amongst this double bundle phase the so-called
‘‘anatomic’’ single bundle femoral tunnel concept developed. We
were told if you put a single bundle in the centre of the ACL
attachment, thus having part of the tunnel covering the AM bundle
and part the PL bundle we would get better results with more
normal kinematics. Firstly this is such bad terminology. There are
lots of places that the femoral tunnel could be placed and be
‘‘anatomic’’ all within the footprint. Secondly a number of
researchers started reporting higher early re-rupture rates.

This tells us that we really are no closer to solving the ACL
enigma.

What we are realizing is that there are other structures (e.g.
Antero lateral ligament called the ALL and the ITB) that play a role
in the stabilization of the knee against rotatory moments. And
maybe it is dawning on us (not surprisingly) that different
individuals will have ACLs and peripheral structures that have a
greater or lesser effect in this function. That is, there may be ACL
dominant knees that are very lax/unstable with a primary
‘‘isolated’’ ACL injury and others that remain stable with the same
injury (I call ‘‘periphery dominant’’ knees). The latter being because
of the contribution of secondary stabilizers which in that
individual play a prominent role.

If we truly want to reconstruct the ACL (Collins Concise
Dictionary: ‘‘Reconstruct: to build up again-something in its
original form’’), we need to look more closely at how the various
fascicles of the bundles interact recruiting fibres as the force and
position of the knee requires under load. We need to better
appreciate the twisting arrangement of the fibres and bundles
which also plays a role in different degrees of flexion. Because only
by re-creating this highly complex anatomical arrangement will
we be able to truly reconstruct the ACL and by so doing restore the
knee to normal kinematics.

We need to learn to differentiate between the different patient
types as to who might need just ACL surgery and who might need
lateral surgery as well. And even in this lateral surgery and in the
anatomy of the structures we are ‘‘fixing’’ there is discord amongst
the surgical fraternity.
rthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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So maybe instead of going around in circles and trying to outdo
nature we should admit that at this time we cannot ‘‘make it like it
was’’. We should heed the studies of people like Andy Williams
who has shown that a single bundle A-M graft with a central tibial
tunnel and a ‘‘high and deep’’ femoral tunnel (the position that the
majority of the thickest AM fibres attach to), still gives the best
outcomes5; That we recognize the incorrectly termed ‘‘anatomic
tunnel’’, that which lies between the centre of attachments of the
A-M and P-L bundles, gives rise to higher failures (which is
understandable if one looks at the isometry of this bundle-
. . ..tightens significantly more than the A-M bundle going into
extension and so will see more load during the healing phase)6;
That we need to recruit nature, not fight her, by allowing enough
time for healing before returning the gladiator to the arena. And it
is not just the graft that has to heal, but also the bony injury, thus
allowing ‘‘joint homeostasis’’ as described by Scott Dye.7

So I would appeal to surgeons to use proven techniques based
on careful examination and ellucidation of the injury, especially
the secondary structures, and stick to a technique and graft source
that gives predictable, good results with low morbidity. That the
surgery (technique and graft choice) should be personalized to the
patient being treated. Those that want to push the boundaries
should more carefully and for a longer time period record their
outcomes, and only when after significant time they can prove that
new methods, techniques or surgeries will make a difference, then
present these to the orthopaedic community so that changes made
will positively affect our patients. There have been too many
changes in a short period of time with no evidence of improve-
ment, but sadly evidence of increased failure, costs and morbidity
in some instances.
So be a Shepherd unto your patients and not a sheep to the
pioneers. Let them find the promised land, not promise us they are
finding it!
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A B S T R A C T

Hyperlipidemia has profound effects on tendon substance and mechanical properties. The common

misconception is that hyperlipidemia manifests only as tendon xanthomas. Fatty streaks and signal

changes are much more common than xanthomas, which may be considered as the end product of

organized hyperlipidemic changes. The composition of xanthomas and the cause of lipid-mediated

damage to tendons are discussed.

� 2016 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
1. Introduction

The effect of lipids on tendon structure and healing is one of the
most interesting fields of research. Hyperlipidemia has been
known for many years to be a risk factor for tendon disorders, and
conversely, tendon xanthomas are believed to be a risk factor for
cardiovascular disease. Hyperlipidemia has been hypothesized to
affect approximately 17% of the US population 20 years and older
(National Center for Health Statistics 2006).1 With an ever-
increasing hyperlipidemic population the role of high lipid levels
on tendon structure and healing is becoming clearer. There is still a
quantum of work that needs to be done to fully understand that
this topic, however we present the current state of knowledge in
this review.

2. What are tendon xanthomas?

Tendon xanthomas are the classic findings of hyperlipidemia
and are associated with a 3 times higher risk of cardiovascular
disease among hyperlipidemic patients.2

Tendon xanthomas are accumulations of collagen and macro-
phages which contain cholesterol esters (foam cells).3 Common
locations are the Achilles tendon, wrist tendons (especially
* Corresponding author at: Department of Orthopaedics, St. George Private

Hospital, Sydney, Australia.

E-mail address: manit_arora@hotmail.com (M. Arora).
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extensor) and elbow tendons. The main characteristic of tendinous
xanthomas is the exceptionally high concentration in free and total
cholesterol.4 Tendon xanthomas are usually accompanied by an
increase in lipid size, not only due to the xanthoma itself, but also
the surrounding inflammatory reaction and edema.

The major constituent of tendon xanthoma are lipids (33% of
dry weight) and collagen (24% of dry weight).5 The lipid
composition is typically 55% free cholesterol, 28% cholesterol
esters and 13% phospholipids. This is similar to adult atheroscle-
rotic lesions or fatty streaks.4 Staining sections have revealed that
unesterified cholesterol is predominantly extracellular whereas
esterified cholesterol is both intra and extracellular.6,7

There appears to be rapid and total exchange of cholesterol
between blood plasma and the xanthoma, as demonstrated by
radionuclide experiment, suggesting that the xanthoma originates
secondary to blood lipid levels rather than local lipid levels.8

Within the lesion itself there is active uptake of LDL by the
macrophages within the xanthoma.9

LDL is believed to be trapped within the collagen and
glycosaminoglycan portion of the tendon ECM. Here it can become
oxidized to oxLDL on contact with macrophages which then take it
up intracellularly and form foam cells.10,11

3. Why do xanthomas form?

The short answer here is hyperlipidemia. However, not all
hyperlipidemics have tendon xanthomas and vice versa. Recent
research has found that only a subset of hyperlipidemic patients
rthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.



M. Arora, E. Arora / Journal of Arthroscopy and Joint Surgery 3 (2016) 89–9190
manifest with xanthomas. Xanthoma formation appears to be
linked to genetic variation in specific genes for hypercholesterol-
emia. Oosterveer et al. (2010) found that among their 1208 hyper-
lipidemia patients, there was significant association between
tendon xanthoma and genetic variation in the reverse cholesterol
transport (RCT) and LDL oxidation genes which are the patho-
physiological basis for atherosclerosis.12

4. Does hyperlipidemia manifest only as xanthoma?

No. In a MR based study on Achilles tendon properties among
hyperlipidemic patients, Dussault et al. (1995) found that 92% of
patients had abnormal signal changes within the tendon, whereas
73% had increased width of tendon itself. The abnormal signal
finding was a diffuse stippled pattern with many low-signal round
structures of equal size surrounded by high signal material on all
pulse sequences.13 Interestingly, in only 30% of patients did the
signal changes appear like xanthoma, suggesting that there is more
happening at the molecular level within the tendon substance,
than simple xanthoma formation.

Thus fatty streaks and signal changes are probably a precursor
to xanthoma formation. Xanthoma can be viewed as the end result
of organized local hyperlipidemia. Clinical studies have noted a
link among Achilles tendon thickness, hyperlipidemia and intima-
media thickness of the carotid artery, suggesting thickening of the
Achilles tendon as a potential indicator of atherosclerosis.14 Thus,
rather than xanthoma itself, any fatty change within the tendon
proper may be an indicator of hyperlipidemia.

5. Is the type of lipid important?

Yes. It appears that the type of lipid is also important. In their
study of 47 patients with Achilles tendon ruptures, Ozgurtas et al.
(2003) found that Total cholesterol, TG, VLDL and LDL concentra-
tions were significantly higher in the tear group than control
group, whereas the HDL concentration was significantly lower in
the tear group.15 These findings have been confirmed by Mathiak
et al.16 Abboud and Kim (2010) further studied the effect of lipids
on rotator cuffs and reached similar conclusions.17

6. So how does hyperlipidemia, in itself, damage the tendon?

Hyperlipidemia leads to tendon injury in several ways:
1. T
he deposition of cholesterol byproducts is implicated in the
formation of tendon xanthomas, which may change tendon
properties and result in increased propensity for tendon rupture.
2. H
yperlipidemia may alter the tendon’s ECM in such a way that
there is increased injury or impaired healing. Rönnemaa et al.
found that embryonic fibroblasts react differently to hyperlipi-
demic rat serum than to normal rat serum. Hyperlipidemic
serum was less likely to stimulate the formation of noncolla-
genous proteins or incorporate glucosamine and cytidine
(components of ECM) compared with normal lipid serum.18
3. T
here is reduced baseline elastic modulus and strength of patellar
tendons of hyperlipidemic mice compared with controls.19
4. H
yperlipidemia impairs both macro and microcirculation, but
how this contributes is yet unclear.20

Thus hyperlipidemia has profound effects on the tendon
substrate, tendon mechanical properties and tendon vascularity.

7. What is the end result of these changes?

Tendon tears and impaired tendon healing post-tear. The
disruption of tendon architecture, whether in the form of fatty
streaks or xanthomas, along with the reduced mechanical
properties increases the propensity of tears in hyperlipidemic
patients. Beason et al. showed that hyperlipidemic mice have
significantly decreased elastic modulus of their patellar tendons
as compared to controls, with increased liability for tendon
tears.19

Furthermore, once a tear, whether macro or micro, has
propagated, the resulting healing of the tendon is also impaired
as the tendon is now working against the natural inflammatory
reaction along with the hyperlipidemic changes, rather than just
the inflammatory reaction, as would be the case in normal lipid
patients.

8. Summary

Hyperlipidemia has profound effects on tendon substance and
mechanical properties. Not all hyperlipidemia results in tendon
xanthomas, which in fact can be considered as an end stage to fatty
streaks. Most patients will present to us with fatty streaks than
with tendon xanthomas. It is important to understand the
underlying process of xanthoma formation and of hyperlipidemia
on the tendon to better tailor future therapies. The one thing that is
clear, is that hyperlipidemia, in any form, has negative effects on
tendon.
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To study the distal femoral anatomy in Indian population via dry femoral bone measurements and to

quantify its effect with relation to total knee arthroplasty. Accurate positioning and sizing of femoral

components are important for stability and better outcome.

Anatomic measurements on 70 adult cadaveric distal femora were performed using a standardized

vernier caliper. The femurs were also photographed in both sagittal and coronal view for bowing and

length measurements.

The mean length was 42.85 cm (�2.82). 39 femurs belonged to the right side. There were 45 males and

25 female femurs. The mean sagittal bowing was measured by radius of curvature and found to have a mean

of 109.34 cm (�25.00). Coronal bow was mostly lateral and with a mean of 4.128 (�2.78). A total of

13 patients had a medial bow with a mean bowing of 1.738 (�1.32). The mean medial AP was 57.67 mm

(�3.94). Mean lateral AP was 58.42 mm (�3.73).

Asian knees are generally considered smaller than their western counterparts. Femoral medio-lateral

diameter (fML) was comparatively lesser than other ethnicities published in literature (Chinese and

Caucasian). No gender based significant difference was found between aspect ratio. Strong positive

correlation between the length of femur and fML (p < 0.001) and antero-posterior (fAP) diameter

(p < 0.001) in both sexes underline the requirement of larger sized implants in larger individual. The

average aspect ratio is also less than the western knees. Moreover, a negative correlation (p < 0.05)

between increasing AR and fAP diameter was noted. This has a crucial bearing on the fitting of the

implant, permitting or mitigating the over- or under-hang of the implant.

The strength of this study is its basis on healthy non-arthritic distal femur data. The analysis provides

a morphometric template for a larger study for designing of gender specific Indian knees suited implant.

� 2016 International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty. Published by

Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
1. Introduction

Much attention has been garnered by femoral component
mismatch in total knee arthroplasty (TKA) in Asian patients with
the use of traditional prostheses. Commercially available TKA
implants do not cater to anthropometric differences observed
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across different ethnicities, as suggested by some recent studies.1–3

Asians including Indians are basically mesomorphic, and in
general, smaller built compared to Caucasians.4 Furthermore,
gender differences also add up to the above confounding problems.
In a noteworthy study in 2000, a statistically significant number of
Indian females (60.4%) had a smaller femoral antero-posterior
(fAP) measurement than the smallest size of the femoral implant.3

During the size estimation for insertion of the femoral
component, the antero-posterior diameter is important in retain-
ing the flexion–extension gap and optimal tension in the
quadriceps mechanism, whereas the horizontal diameter governs
the coverage of the resected bone surface, optimal wound closure,
permitting equal stress distribution, and smooth tracking of the
rthroplasty. Published by Elsevier, a division of RELX India, Pvt. Ltd. All rights reserved.
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Fig. 1. Measurement of coronal bowing.
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patellar component during flexion.3,5,6 A study showed that
femoral implant overhang of >3 mm is associated with more
severe pain two years postoperatively.7

Most existing studies are based on arthritic knees and are CT/
MRI-based. This data may be flawed in the presence of various
deformities which occur in the degenerative arthritis. None of the
existing studies have focused on the generation of basic
morphological data of dry bone distal femurs of Indian patients.
This data is essential for the calculation of average Indian distal
femoral data which will form the basis of new and improved Indian
TKA design. The objective of this study was the quantification of
the dry bone Indian distal femur anthropometry with relation to
TKA.

2. Material and methods

2.1. Study design

The study was conducted on 70 well preserved dry femoral
bones in the Anatomy Bone Bank facility at our institute. Gender
distinction of the femurs being studied was performed by a senior
anatomist.

2.2. Measurements

The measurements were performed by two different observers
and each measurement was made twice to account for inter-
observer and intra-observer variability. An average of the two
measured values for each observation was chosen as the final
value. Digital vernier calipers (Absolute Digimatic Caliper,
Mitutoyo, Japan) and a standard foot ruler were used for the
measurements. Medial and lateral distal femoral condyles were
measured in antero-posterior planes at their widest. Medio-lateral
measurement was done at the level of the epicondylar axis. All the
femurs were photographed from a fixed distance in antero-
posterior and lateral views for calculation of bowing and future
records.

2.3. Measurement of coronal and sagittal bowing

For the measurement of the amount of bowing present in the
dry distal femurs, digital photographs of the femurs were taken
and imported onto a computer.

For the measurement of coronal bowing, a photograph was
taken in a direct lateral position which was established by keeping
the femur on a horizontal flat surface, thus achieving a surface
tangential to the most posterior point of both lateral and medial
condyles and the most posterior point of the proximal femur. The
method of coronal bowing measurement as described by Yau et al.8

was used. On the digital image, the shaft of the femur was divided
into four equal segments (Fig. 1). For each segment, the
longitudinal axes for the most proximal and the most distal
segment were drawn. These axes were extrapolated and the angle
formed between them was measured with the help of a computer
software Protractor (Iconico Inc., NY, USA). This angle would
demonstrate the overall bowing of the shaft of femur in the coronal
plane.

The measurement of the sagittal bowing was done as described
by Harma et al.9 The shaft of femur on a lateral X-ray was assumed
to be part of a perfect arc of a circle. The radius of the said circle,
hence calculated would provide us with the degree of sagittal
bowing (Fig. 2). The distance DP was measured after taking the
magnification into factor. The midpoint of distance DP was taken
and a perpendicular drawn from this point meeting the shaft of
femur. This distance was taken as X. The Pythagoras formula was
used for the calculation of the radius with the available variables.
More the radius of curvature, lesser the sagittal bowing and vice
versa.

3. Results

The mean length of the femur in men was 43.78 cm (�2.15) and
in women was 41.16 cm (�3.13). The range of femoral length was
from 34.6 cm to 47.5 cm. Of the 70 femora analyzed, 45 (64%)
belonged to male gender and 37 (56%) of total number were right
sided.

Sagittal bow was defined as the measurement of radius of
curvature of a circle, whose arc was assumed to be forming the
femoral shaft. Sagittal bow was found to have a mean of 109.34 cm
(�25.00). The male femora (112.72 � 25.58 cm) had a higher average
curvature as compared to the opposite gender (103.26 � 23.19 cm).

In the coronal plane, the bowing of the femurs was mostly
lateral. Medial bowing was noted in only 13 cases (7 male,
6 medial). The average lateral coronal bow was 4.128 � 2.78. Of the
13 femurs, maximum medial bow was noted to be up to 48. Average
medial bow in males and females was 1.82 � 1.24 and 1.62 � 1.51. A
total of 4 femurs had neither lateral nor medial bowing.

The distal femoral medio-lateral (fML) distance measured was
64.91 � 4.59 mm. As expected, it was higher in male (66.11 mm) as
compared to females (62.75 mm). Compared to the other ethnicities,
it was lower than both Caucasian10–12 and Chinese10,13 data across
various studies. On measurement of the antero-posterior diameter,
the lateral condyle was found to be larger (mean 58.42 mm) than the
medial condyle (mean 57.67 mm). The average AP diameter for males
and females was 60.30 � 3.08 mm and 56.62 � 3.40 mm. For the
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Fig. 2. Measurement of sagittal bowing and the calculation involved.
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determination of AP diameter, the higher of the two values (MAP and
LAP) for each femur was chosen.

The aspect ratio as calculated from the above measurements
(fML/AP) was much lower (1.10) than those of other ethnicities
(Caucasian 1.28, Chinese 1.12).10,13

On correlative analysis, in both the sexes, a strong positive
correlation was found between medio-lateral and the antero-
posterior diameters (males: r = 0.6, p < 0.001; females: r = 0.66,
p < 0.001) and also with the length of femur for both parameters.
Differential findings arose in the correlative analysis between
length of femur and aspect ratio in males and females. While in
females, there was a positive correlation (r = 0.23, p < 0.26), there
was a negative correlation (r = �0.11, p < 0.22) in males.

4. Discussion

Asian knees are generally considered smaller than their western
counterparts. Indians are genetically shorter and smaller built.4

These differences in the build of the patients lead to various
problems with respect to the implants developed on the basis of
the western demographics. In relation to total knee replacement
(TKA), this causes implant related mismatch difficulties, sizing
issues, overhang/underhang, post-operative pain, loosening, etc.
and ultimately poor patient satisfaction and function.

Significant differences in the anthropometric measurements of
the knee between the different ethnic groups were observed in a
previous study.14 This is an important finding given the fact that
Asians have been generally regarded to be of the same size.15

Most of the previous studies available in the worldwide
literature for different ethnicities and those few studies published
for Indian patients were all CT/MRI based studies.3,13,16 The current
study was undertaken to gather dry bone data from Indian non-
arthritic distal femurs and to assess this data with relation to the
Table 1
Previous studies in literature on femoral sagittal bow/radius of curvature measuremen

Study Number of femur Bowing

Tang et al.18 100 Proximal – 1081.6

Middle – 926.2

Distal – 715.1

Yehyawi et al.19 166 Proximal – 4.2

Middle – 0.2

Distal – 3.1
available data of different ethnicities. Our study in comparison is a
cadaveric dry bone study and hence gives accurate measurements
of the distal femur. Also when compared to the existing MRI based
studies, it precludes problems related to presence of cartilages and
other soft tissue at the time of generation of 3-dimensional images.
Also, it is better than those studies based on in vivo measurement
of resected surfaces as resection techniques may differ by surgeon
and implant used. The previously mentioned CT-based studies are
mostly focused on arthritic deformed knees leading to a high
propensity for erroneous data generation.

Our study is based on data generation in non-arthritic knees.
This helps in removing any confounding factors because of any
bony changes secondary to arthritis and hence aids us in
generation of authentic data for Indian knees. This study would
thus provide a framework for the development of new implants
specific for Indian knees.

There is a paucity of studies on sagittal bow measurement in
Indian population in existing literature with only a single study in
existence.17 Only two other notable studies have been published
but they are concerned with Chinese18 and Caucasian19 ethnicities.
A comparison with the mentioned studies did not appear fruitful as
the Chinese study focused the sagittal bow measured over the
proximal, middle and distal segments differently, whereas the
American study measured the outcome in degrees of angle
subtended (Table 1).

Coronal bow in Indian patients has been explored in 2009 by
Mullaji et al.20 They published that mean femoral bow was
3.6 � 2.58 in patients with varus deformity compared to 0.4 � 1.28 in
control patients on hip-to-ankle standing radiographs. This finding is
different from our observation. In a Korean study in 2015, the mean
femoral bowing was 1.96 � 1.538.

The basic distal femur measurements such as fML and AP
diameters were smaller in females compared to males, thus giving
t.

Remarks

No single measurement or average value of bowing for whole femur

Max curvature in distal femur

Measurement in degrees

Maximum curvature in proximal femur



Table 2
Comparison of femoral medio-lateral, antero-posterior and aspect ratio in various ethnicities.

Study Ethnicity Number of femurs Method of examination fML fAP Aspect ratio

Our study Indian 70 Bone measurement 66.11�3.99 (M)

62.75�4.89 (F)

60.30�3.08

56.62�3.40

1.09� 0.05

1.10�0.06

Yue et al.10 Chinese 40 CT based 82.6�3.6 (M)

72.8�2.6 (F)

65.0�2.8 (M)

58.8�2.5 (F)

1.27� 0.03 (M)

1.24� 0.04 (F)

Yue et al.10 Caucasian 36 MRI based 86.0�5.6 (M)

76.4�4.0 (F)

67.5�3.6 (M)

59.7�2.6 (F)

1.28� 0.07 (M)

1.28� 0.06 (F)

Lim et al.21 Korean 115 MRI based 81.5�5.7 (M)

76.7�3.7 (F)

59.0�4.1 (M)

58.4�3.1 (F)

Ha and Na22 Korean 1168 Intra-operative 74.8 (M)

68.2 (F)

66.3 (M)

60.8 (F)

Berger et al.11 American 75 Bone measurement 85.6�5.1 (M)

75.4�2.3 (F)

68.1�4.6 (M)

60.2�2.0 (F)

Mensch and Amstutz12 American 30 Plain radiography 82.1�4.7 (M)

69.9�2.6 (F)

76.8�7.2 (C)

Hussain et al.14 Malay 100 CT based 74.88�3.55

64.53�3.12

63.93�3.36

57.39�3.29

1.17� 0.05

1.13� 0.05

Cheng et al.13 Chinese 172 CT based 74.4�2.9 (M)

66.8�3.1 (F)

71.0�3.0 (C)

66.6�2.4 (M)

61.0�2.7 (F)

64.1�2.7 (C)

1.12� 0.03 (M)

1.09�0.04 (F)

1.11� 0.03 (C)
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credence to the need for options for smaller implant. Correlation
analysis showed an anticipated strong positive relationship
between the ML and AP diameters and also of each with the
length of the femur.

Another significant finding discovered was differences in the
various measurements even amongst the Asian ethnicities which
are otherwise considered as one. The fML and AP measurements
when compared were smaller than the other ethnicities including
the Caucasians, Chinese and Malay.10–12,14

But, only the availability of a smaller sized implant for Indian
knees would not solve all the problems. The ratio of fML and AP
diameters i.e. aspect ratio (AR) also differs from that found in
Caucasians. The aspect ratio as determined in the present study is
1.10 � 0.05, considerably different from the Caucasian (1.28) and the
Chinese (1.12). Thus for a given antero-posterior diameter of the
Indian distal femur, the medio-lateral diameter is much less than
what is expected, if the AR of 1.28 is considered (Table 2).

Another surprising factor noticed was a negative correlation
between the length of femur and the aspect ratio. With an
increasing length of the femur, the AP diameter increases more
than the ML diameter (r = �0.11, p < 0.22). Also, 15 femurs with a
high AP diameter of>62 mm had a lower than average aspect ratio
of 1.07 � 0.04. Thus, at larger sizes too, an implant mismatch is an
inevitability. This negative correlation was primarily noticed in male
gender femurs. This difference was mainly attributable to a more
strongly linked changes in the AP diameter with the length (r = 0.72,
p < 0.001) than with fML (r = 0.51, p < 0.001). In females, both the
parameters changed at the same rate (AP: r = 0.64, p < 0.001; fML:
r = 0.65, p < 0.001). This negative correlation has also been noticed in
a Chinese study.13

The strength of this study is its basis on healthy non-arthritic
distal femur data. The analysis provides a morphometric template
for a larger study for designing of gender specific Indian knees
suited implant.

The drawback of the present study is the comparatively smaller
number of the femurs used for analysis. Also, a correlation of the
collected anthropometric data with the morphometry of the
available TKA implant would be ideal in revealing the mismatch
based on the ethnicity and gender.

5. Summary

Indian patients are generally smaller and hence require
availability of smaller size implants than currently available. This
study also showed other important facts like smaller aspect ratio
and a negatively correlated AR with respect to the length and
subsequently height of the patient. A correlation between length of
femur and aspect ratio (positive for females and negative for
males) supports the need for gender specific knee implants. This
study thus provides a basis for a larger study on dry bone Indian
femurs and the need for development of specific implants and also
with gender variations.
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A B S T R A C T

Purpose: The reliability of knee radiograph measurements is an important factor to consider for these

measurements to be a useful tool in patient evaluation. Inter-rater reliability of the common knee

radiograph measurements like patellar height and sulcus angle has never been established among

observers of varied expertise in the Indian setting. Research has established that ethnic differences exist

in knee morphology among different races and deep squatters like Indians have different knee anatomy.

Globally, there is very limited published literature evaluating reliability of sulcus angle measurement on

X-rays.

Aim: We performed a study to evaluate the inter-rater reliability of 3 patellar height indices and sulcus

angle in the Indian scenario among observers of varied expertise.

Method: The participants were males and females between 18 and 54 years, both, with anterior knee

pain and without any knee complaints. Three independent observers from Sports Medicine, Orthopaedic

Surgery and Radiology assessed 148 radiographs including 74 lateral and 74 axial views from

74 participants. All the measurements were analysed for Intraclass Correlation Coefficient (2,1).

Results: All patellar height indices had moderate to good reliability. Insall Salvati index (ICC 0.74) and

Caton Deschamp index (ICC 0.74) had better reliability among our observers than Blackburne Peel index

(ICC 0.67). Sulcus angle had an excellent reliability (ICC 0.92) in our study.

Conclusion: In the Indian scenario, there is an excellent inter-rater reliability for sulcus angle and

moderate to good reliability for Insall-Salvati index, Caton-Deschamp index and Blackburne-Peel index,

in that order, among 3 independent raters of varied expertise.

� 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for

Knowledge for Surgeons on Arthroscopy and Arthroplasty.
1. Introduction

Plain knee radiographs continue to be the initial investigation of
choice for evaluation for many knee pathologies. Measurement of
patella height and sulcus angle have been traditionally described on
X-rays.1 These measures help diagnose conditions such as patella
alta and wide sulcus angle which are implicated in many lower limb
and knee pathologies; for example, anterior knee pain and
patellofemoral instability.2,3 Many management decisions and
surgical procedures are guided by these measurement values.4
Abbreviations: AKP, anterior knee pain; ISI, Insall Salvati index; CDI, Caton

Deschamp index; BPI, Blackburne Peel index; ICC, Intraclass Correlation Coefficient.
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For a measurement to be useful, the measurement itself has to be
evaluated. An essential feature of any measurement is whether it is
reliable or not. Since these X-ray measurements are subjective, the
inter-rater reliability of these measurements needs to be evaluated.

Some authors have assessed the inter-rater reliability of
measurement of patella height5–12 and sulcus angle3,5 in the past.
A meta-analysis in 2011 had concluded that the evidence for this
inter-rater reliability is limited mainly due to small sample sizes
and inadequate information on observer’s experience or training.13

Recent studies have had larger sample sizes5,8–12 but many of them
do not mention the description of the observers.8,10,11 The study by
Smith et al5 in a large sample suggested that clinical experience of
the observers could influence the results reported. However,
previous research by Remy et al. has suggested that there is no
influence of the observer’s experience.14
International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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In the Indian context, where University hospitals experience
large volume of outpatients, doctors with varied expertise do the
initial X-ray evaluation. In view of this, it is important to know the
inter rater reliability of these X-ray measurements among
observers of different expertise in this Indian setting. Besides,
research has positively established that ethnic differences do exist
in the knee morphology and patellar height among the different
races.15–17 Importantly, literature suggests that deep squatters like
Indians have different tibial and patellar anatomy which makes it
difficult to identify certain bony landmarks in them.18 Conse-
quently, this is suggested to affect certain X-ray measurements like
Blackburne Peel index in Indians.18 On the basis of the above
factors, it is imperative to know the inter-reliability of measure-
ments in Indian population and among Indian observers of varied
expertise rather than directly inferring it from foreign literature.
However, to our knowledge, no study has assessed the inter-rater
reliability of these parameters in the Indian context.

The aim of our research was to study the inter-rater reliability of
3 common patella height indices and sulcus angle in an Indian
University hospital, among 3 doctors with varied expertise.

2. Materials and methods

2.1. Participants

One hundred and forty eight knee X-rays from 74 participants
were included in this study. Each participant underwent one
lateral and one axial X-ray each. The participants were part of a
larger case control study on Anterior Knee Pain (AKP) conducted at
a University hospital in India. Participants underwent knee X-rays
as part of that primary study. Ethical approval for the same was
obtained from the Institutional Ethics committee. Participants
included both, cases with a diagnosis of AKP and controls without
any knee complaints. Out of the 74 participants included in this
study, there were 37 AKP patients and 37 pain free controls. The
cases were patients diagnosed with ‘Anterior Knee Pain’ in the
outpatient department of Arthroscopy and Sports Medicine and
department of Orthopaedics of the same hospital. Age and sex
matched controls were chosen from other patients, from
attendants of patients and from University staff and students,
all of whom did not have any current or past lower limb complaints
in 2 years. Both males and females of ages 18–54 years were
included in this study. The exclusion criteria for participants were:
1. P
regnancy

2. G
eneral illness

3. I
nability to lie on one side for testing

4. S
ymptoms and signs of knee ligament or meniscal injury

5. T
ibiofemoral osteoarthritis

6. P
ast knee surgery or knee trauma

7. M
edial patellofemoral ligament tear

8. P
atellar subluxation

9. C
urrent significant pathology affecting other lower extremity

joints

10. S
pecific AKP diagnosis like patellar tendinitis, Osgood Schlatter

Disease, Hoffa’s fat pad syndrome, etc.
2.2. Image acquisition

All participants were explained the nature of the study and an
informed consent was obtained from each participant. The painful
knee of AKP patients was X-rayed. Either the right or left knee of
the pain free control participants was X-rayed depending upon
their matched case’s complaint knee in accordance with the
primary study.
The computed knee radiographs were obtained using a single
standard machine (HF 400 mA, GE Healthcare, Milwaukee, WI,
USA) for all participants. Lateral radiographs were obtained in 308
knee flexion to obtain a true lateral image. Axial images were taken
in the Laurin’s view position at 208 knee flexion. The principal
investigator was present during all radiographs to ensure
uniformity in the radiography procedure. A senior radiographer
performed the X-rays in the presence of the principal investigator.
A single Gollehon Extendable Goniometer with 18 increments
(Model 01135 Lafayette Instrument Company, USA) was used to
ensure the stated flexion angles in both positions and in all
participants. The goniometer was placed at the knee with the
anatomical reference of the lateral femoral epicondyle, greater
trochanter and lateral malleolus to measure the knee flexion. As
part of the primary study, antero-posterior view of the knee was
also taken to rule out any other bony abnormalities. Positioning of
the participants and capture of all the 3 X-rays together took about
10–15 min per participant.

2.3. Observers and X-ray assessment

The 3 observers were the principal investigator who is a Sports
Physician with 4 years experience after post graduation, an
Orthopaedic Surgeon with 2 years experience after post graduation
and a Musculoskeletal Radiologist with 8 years of experience after
post graduation. Each observer independently made 3 measure-
ments on the lateral X-ray and 1 measurement on the axial X-ray.
The 3 patellar height measures – Insall Salvati index (ISI), Caton
Deschamp index (CDI) and Blackburne Peel index (BPI) were made
on the lateral image and the sulcus angle was made on the axial
image. All observers were provided with a brief document
outlining the method of assessing each measurement with images
as shown in Table 1. All observers entered their values in separate
data entry sheets prepared for this study. Whereas the time taken
for these measurements was not specifically noted, it took
approximately 10 min per participant. Each observer was blinded
to the measurements taken by the other 2 observers and also
blinded to whether the participant had complaints or was painfree.
The Physician and the Surgeon used a standard hand held ruler and
X-ray goniometer (Saehan SH5106) for all measurements on
physical prints of the digital images, and the Radiologist made
measurements on the digital images using the inbuilt scales of the
software - Medsynapse. Since clinicians and radiologists routinely
adopt these respective techniques for measurements, this method
was chosen to replicate the practical situation.

2.4. Statistical analysis

All the data was collated on a spreadsheet (Excel 2007,
Microsoft, Seattle, WA, USA). Desccriptive analysis was done using
the GraphPad quickcalcs (GraphPad Software, Inc. CA, USA)
software online. Intraclass Correlation Coefficient (ICC 2,1) was
chosen to compute the inter-rater reliability of the data since they
were continuous variables. Reliability was assessed between all
3 observers. The ICC (2,1) value with 95% confidence interval was
reported for all the measurements. MedCalc software (version
15.11.0, Ostend, Belgium) was used for statistical analysis.

3. Results

41 males and 33 females were included in the study. The
demographic details of the participants are in Tables 2 and 3.

The Intraclass Correlation Coefficients (ICC) and 95% confidence
interval for all the measurements are reported in Table 4. For ICC,
reliability is defined as good or excellent (>0.75), moderate (0.5–
0.75), acceptable (>0.6) and poor (<0.5).10,12,21,22 To be useful, ICC



Table 1
Method of measuring each parameter.19,20

Insall-Salvati index Caton-Deschamp index

Length of patellar tendon (LT)

Length of patella (LP)

Ratio = LT:LP

Distance between the inferior edge

of Patellar Articular Surface (PAS)

to the anterosuperior angle of

tibial plateau (AT)

Length of PAS (AP)

Ratio: AT:AP

Blackburne Peel index Sulcus angle

A horizontal line projected anteriorly

from tibial plateau.

Height from this line to inferior

edge of PAS (A)

Length of PAS (B)

Ratio = A:B

ABC is the angle formed by 2 lines

drawn from the deepest point of

the trochlear groove to the

highest point on the medial and

lateral femoral condyles
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should be 0.6 or more.23 The inter-rater reliability among the
3 observers was moderate to good for all the patella height
measurements. However, the ICC was higher for the ISI (0.74) and
CDI (0.74) than BPI (0.67). The ICC for sulcus angle was excellent at
0.92 among all 3 observers and between each pair with narrow
confidence interval.
Table 4
Intraclass Correlation Coefficients (ICC) and 95% confidence interval for all the measur

Insall Salvati index Caton Desc

ICC – single measures 0.74 0.74

95% CI 0.65–0.81 0.64–0.82

ICC, Intraclass Correlation Coefficient; For ICC, reliability is defined as good or excellen

Table 3
Average age of participants.

Patients Controls

Male Female Male Female

Mean age years (SD) 33.3 (10) 32.6 (8) 32.2 (8.6) 32.6 (11.1)

Median age years 33 33 32 30.5

Table 2
Gender distribution among the participants.

Patients Controls

Male Female Male Female

20 17 21 16

37 37
4. Discussion

This study indicates that the inter-rater reliability for the
commonly measured patella height indices – ISI, CDI and BPI is
moderate to good and that for sulcus angle is excellent among the
3 observers of varied expertise in the Indian scenario. To our
knowledge, this is the first time a study has been conducted in the
Indian scenario and this is one of the few such studies worldwide in
a large sample size. All the earlier studies3,5–8,10–12 which have
researched the inter-rater reliability of these indices except one9

have been in the western setting in Europe and United States of
America with many of them being lesser powered studies.
Moreover many of the earlier studies assessed the reliability
between 2 observers only6,8,10,11 and many did not mention the
description of the observers between whom the reliability was
assessed.6–8,10,11

Our study was planned with a larger sample and 3 observers
with varied expertise. Our study concluded that the patella height
indices had moderate to good inter-rater reliability similar to the
earlier reliability studies, but there was a difference compared to
some of the previous studies in the most reliable index for patellar
height. Our study reported a higher ICC for ISI (0.74) and CDI (0.74)
than BPI (0.67). A very recent study by Duijvenbode et al. published
in 2016 found the highest inter-rater reliability for ISI but the least
ements.

hamp index Blackburne Peel index Sulcus angle

0.67 0.92

0.57–0.77 0.89–0.95

t (>0.75), moderate (0.5–0.75), acceptable (>0.6) and poor (<0.5).
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for CDI.12 Retrospective nature of their study with no strict
standardisation of procedure for lateral X-rays might be a reason
for a low reliability of CDI. Previous studies by Chareancholvanich
et al. and Nizic et al. also reported highest reliability with ISI and
least with CDI.9,11 However, the reliability values between the
indices in the study by Nizic et al. differed only marginally and
cannot be considered significant. On the other hand, Charean-
cholvanich et al. reported an ICC of 0.969 for ISI and 0.735 for CDI.
Reliability of their study could be influenced by the fact that all
their 3 observers were orthopaedic residents and no musculoskel-
etal radiologist was included like in our study or the study by
Duijvenbode et al.

CDI was reported to have best inter observer reliability in a
study by Aparicio et al.24 However, they studied growing children
unlike our study and the participants of most reliability studies.
Smith et al. also obtained higher reliability for CDI compared to ISI
and BPI in their study between pairs of 5 reviewers.5 However, 95%
confidence intervals were consistently wide for all measures in
their study and lesser experienced reviewers had higher errors.
Our results are unlike this study because we obtained narrow 95%
confidence intervals.

BPI most consistently reproduced the patellar height index in
studies by Seil et al. and Berg et al.6,7 It is to be noted that the
sample sizes in these 2 studies were only 22 knees and 15 patients
respectively. Besides, the description of the observers and their
experience was not mentioned in either of the studies. Even Lee
et al. who reported an excellent reliability for BPI and ISI
(ICC > 0.94), did not describe the profile of both their observers.10

Our study reported BPI to have the lowest reliability among the
3 common indices. BPI requires that a parallel line be drawn along
the tibial plateau. As discussed previously by Upadhyay et al. and
Kate et al., projecting a line forward from the tibial plateau is
difficult in squatters due to the presence of the quadricipital groove
formed due to pressure of the ligamentum patellae on the upper
end of tibia.18,25 This might have been the cause of a lower BPI
reliability in our study of squatting Indian population.

Similar to the previous studies on inter-rater reliability of
radiographic patellar height indices, our study also concluded
these indices had more than acceptable reliability. However, the
most reliable among the 3 common indices did not concur with all
previous research. Reliability of BPI in this Indian population was
lesser proably due to less clear bony landmarks. Similar to BPI, CDI
also requires precise identification of the proximal joint surface
leading to lesser reliability in some studies where true lateral X-
rays were not insisted upon.12 Similarly, measurement of the ISI
requires the precise location of the patellar tendon and its tibial
attachment limiting its use in certain situations like osteoarthritis.
For example: in osteoarthritis patients, Rogers et al. acknowledged
difficulty of identifying the patellar tendon (ICC for ISI was 0.58).8

We suggest the use of ISI, CDI and BPI in that order for measuring
patellar height in the Indian population we studied – i.e. with
anterior knee pain and normal population without knee com-
plaints.

In our study the inter-rater reliability for sulcus angle was
excellent between the 3 observers. Very few studies have assessed
the reliability of sulcus angle in the past.3,5 Similar to our study
Davies et al. reported an excellent reliability of ICC -0.92 in their
study.3 However, Smith et al. concluded it to have poorer inter-
rater reliability in their study.5 Since the sample size of study by
Smith et al. was large, the different study population of patellar
instability patients can be the most probable reason for the
discrepancy. Smith et al. had themselves discussed this discrep-
ancy of variation in study population between their study and the
previous study by Davies et al. The high reliability and narrow 95%
confidence intervals of sulcus angle measurement obtained in our
study in a large sample is conclusive that plain X-ray imaging is a
reliable method for sulcus angle measurement in AKP patients and
normal population in Indian scenario.

5. Conclusion

Our study concluded that there is an excellent inter-rater
reliability for sulcus angle and moderate to good inter rater
reliability for Insall-Salvati index, Caton-Deschamp index and
Blackburne – Peel index among 3 independent raters of varying
expertise. The reliability of ISI and CDI was higher than BPI in this
Indian scenario.

6. Clinical significance and future

This is the first study to report the inter rater reliability of
4 commonly made X-ray measurements in the Indian scenario in a
large Indian population. A lower reliability of the BPI compared to
the ISI in this study could be due to the difficulty in projecting a
horizontal line from the tibial plateau18 in the squatting Indian
population and thus signifying the importance of research in
Indian context. This study is also among the few such inter-rater
reliability studies worldwide with a large number of participants
and with clear description of all 3 observers. It thus addresses the
limitations of previous reliability studies which were highlighted
in an earlier metaanalysis, ultimately adding light to the existing
pool of knowledge. Knowledge of the most reliable patella alta
index in Indians can guide clinicians and radiologists in reporting
as well as for routine clinical use. Also, a high inter rater reliability
of sulcus angle suggests that this X ray measurement can be
reliably made in the scenario described. Whereas this is the 1st
step towards establishing reliability of indices in Indian scenario,
further steps would be to establish construct reliability of these
measurements using Magnetic Resonance Imaging and Computed
Tomography.
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A B S T R A C T

Fracture of distal humerus usually involves capitellum and variable part of trochlea.1 Trochlea fracture

also known as Laugier’s fracture, first coined by Laugier in 1853, rarely occurs in isolation. Coronal shear

fracture of trochlea is rare because of deep location within the elbow joint and forces transmitted

through coronoid of ulna are compressive rather than shearing and has no ligament or muscular

attachments.

We would like to present an isolated displaced coronal shear fracture of trochlea in a young patient

that was treated by open reduction and internal fixation.

� 2016 Published by Elsevier, a division of RELX India, Pvt. Ltd on behalf of International Society for

Knowledge for Surgeons on Arthroscopy and Arthroplasty.

[(Fig._1)TD$FIG]
1. Case report

A 25-year-right-handed man met with motor vehicle accident
and fell down from motorcycle on an outstretched hand and
presented with pain and swelling of right elbow on same day.
Clinical examination revealed swelling and tenderness over medial
aspect of elbow. Movements were painful and restricted.
Neurovascular functions were intact.

2. What is your diagnosis

Radiographs revealed a half moon shaped fragment lying
anterior and proximal to distal humerus in the lateral view (Fig. 1).
In anteroposterior view, the fracture appeared to involve the
trochlea. Computed tomography (CT) revealed fracture trochlea in
coronal plane (Fig. 2). Informed consent was taken and open
reduction and internal fixation done with 4 mm partial threaded
screw through nonarticular surface by medial approach of elbow
(Fig. 3). Postoperative period was uneventful. Early joint mobilisa-
tion was started. Patient was followed up over the time and was
pain free with good range of motion without any instability (Fig. 4).
* Corresponding author at: S-6, Sankey Forest Campus, Opposite to Sadashiva-

nagar Police Station, Sadashivanagar, Bangalore 560012, Karnataka, India.
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3. Discussion

Osteochondral fracture of distal humerus usually involves
capitellum; similar injuries to trochlea are rare.1 Forces transmit-
ted from ulna across trochlea tend to produce compressive force by
its wedging action than a shear. Shearing forces can be generated
during elbow dislocation.2 Trochlear fractures are associated with
Fig. 1. Lateral radiograph of elbow joint showing half moon shaped fragment lying

anterior and proximal to diatal humerus – double arc sign.

International Society for Knowledge for Surgeons on Arthroscopy and Arthroplasty.
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Fig. 2. CT showing trochlear fracture in coronal plane.

[(Fig._3)TD$FIG]

Fig. 3. Intraoperative photograph showing trochlear fracture fixed with partially

threaded screw after anatomical reduction.
[(Fig._4)TD$FIG]

Fig. 4. Postoperative image showing trochlear fracture fixed with partially threaded cancellous screw.
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elbow dislocation, capitellar fracture, ligament injuries, radial head
or olecrenon fractures, extra-articular condylar fractures.1,2

Mechanism of injury is still uncertain. Worrel attributed the
cause of an isolated trochlear fracture to a force transmitted from
the palm through the ulna and to trochlea following a fall on an
outstretched hand with extended elbow.4 These fractures are
difficult to assess on standard radiographs. In lateral view, half
moon shaped fragment can be seen lying anteriorly and proximally
involving the adjacent part of trochlea by double arc sign.1,3 In AP
view fracture of the trochlear region medial to midline should arise
suspicion of trochlea fracture. Correlation with clinical findings is
essential, when in doubt CT is helpful for delineating the extent
and type of fracture more accurately.

For undisplaced fracture non-operative treatment is recom-
mended. For small fragments, excision and early motion is described,
but this may result in loss of articular surface and concomitant elbow
instability.1,5 For displaced fracture, anatomical reduction and
internal fixation is essential but these are equally difficult to treat
because of the limited availability of subchondral bone for stable
internal fixation.3 Early recognition, anatomical reduction, stable
fixation and early motion reliably restore elbow function.
4. Conclusion

Isolated coronal shear fracture of humeral trochlea is rare and
displaced fractures should be anatomically reduced and internally
fixed. Early mobilisation is essential for good functional outcome.
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