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Is the persistence of an epiphyseal scar of the knee
a reliable marker of biological age?
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Abstract Age estimation of living individuals is a regular
activity in medico-legal practice. Among the available tools
for determining skeletal age, some authors have stated that the
disappearance of epiphyseal scars could be a useful marker.
The aim of the present study was to assess whether the
presence of an epiphyseal scar on the knee, as seen on a plain
X-ray, was linked to biological age. A total of 988 frontal X-
rays of individuals (509 females and 479 males) aged between
15 and 40 years were analyzed to see whether a scar was
visible or not on each of the three epiphyses of the knee. A
scar was visible for 96 % of the females and 98 % of the males.
For each sex, scars were visible at each year of age, from 15 to
40 years. In younger females, there were 15 individuals with
no scar visible on the fibula, 16 on the tibia, and 20 on the
femur. For males, the ages were respectively 16, 17, and
18 years. On a frontal X-ray, the persistence of epiphyseal
scars was not a marker of a recent fusion. All individuals with
fully ossified knee that had no scar on the femur were older
than 18 years. Further studies focusing on epiphyseal scars on
MR and CT scans could be useful, as these techniques allow
the more precise analysis of the epiphysis.
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Introduction

An epiphyseal scar is a thin layer of dense bone localized at
the place where the growth plates existed [1], resulting from
the fusion between epiphysis and metaphysis. They are also
known as “epiphyseal lines”, “lines of persistent fusion”,
“terminal lines”, or “epiphyseal ghosts” [1, 2]. On a plain X-
ray, they appear as a line of thin compact tissue, sometimes
broken, or as a narrow belt of cancellous tissue that is denser
than the bone on either side [1]. They can also be seen on dry
bones [3]. Cope was the first author to describe them in 1920,
as fusion lines of bones. In his publication, he stated that
epiphyseal scars can be seen until a late period of life, the
most remarkable persistence being at the lower end of the
femur and the upper end of the tibia, until 60 and even 70 years
old [1]. Cope claimed that they should be interpreted with
care, because not acknowledging their persistence may lead to
underestimating the age of the individual.

Since then, many studies have been performed on various
anatomical regions and have led to different conclusions. In
the vast majority of the radiological studies dealing with the
chronology of bone fusion [e.g., 4-14], epiphyseal scars are
either cited without interpretation [4, 6, 7, 12] or mentioned as
apossible indicator of a recent fusion [9-11, 13]. By analyzing
the medial clavicular epiphysis on chest X-rays, Schmeling
et al. [10] was the first to establish a radiological classification
acknowledging scar visibility. In this classification, the two
last stages were defined according to whether a scar was
visible or not on a fully ossified metaphysis. Schmeling
et al. were the first to make the hypothesis that an epiphyseal
scar of the clavicle could be incorporated into a radiological
classification made for age estimation, its disappearance being
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an additional stage of maturation. Several further studies have
confirmed the accuracy of this classification [e.g., 11, 13, 14].

There is a lack of knowledge about epiphyseal scars and
their potential link with the biological age [15], because
studies focused on them or taking them on board are few in
number. Indeed, the area in which the scar has been the most
comprehensively studied is the clavicle [10, 11, 13, 14], and
the scars of the tibial extremities were exclusively analyzed in
arecent study [15]. This study had not found any relationship
between their persistence rate and biological age. Thus, it
seems useful to develop studies about epiphyseal scars on
different joints, to constitute a reference standard. Cope made
the hypothesis that the scars were more persistent on the joints
of the lower limbs than the upper limbs, because more me-
chanical stress must exist on them [1]. Therefore, it is possible
that the persistence time frame of scars may be helpful in some
areas and not others.

The main aim of our study was to assess whether the
presence of an epiphyseal scar on a frontal radiograph of the
knee was a predictive marker of biological age for each sex
and for each of the three epiphyses of the knee. We chose to
study the knee, because the metaphyseal-epiphyseal fusion of
the knee has already been widely studied on dry bones [3, 12,
16], plain X-rays [12, 15], or MRI [17, 18], and the ages of
union are well documented in the literature [12].

Material and methods
Material

We retrospectively reviewed frontal radiographs of indi-
viduals aged between 15 and 40 years, performed in the
Radiology Department of a French University Hospital
between January 2008 and December 2013. Radiographs
were obtained through a Picture Archiving and Commu-
nication System (PACS, McKesson Medical Imaging
Group, Richmond, BC, Canada) used by the hospital.
Twenty radiographs were initially chosen for each year
of age for males and females. Subjects were included if
they had a good quality X-ray with strict anteroposterior
incidence. If right and left sides were available for the
same individual, the left one was selected for analysis.
The collected variables were sex and age. Subjects were
excluded if they had any pathology of the knee (tumor,
surgery, bone drilling, infection, cast, or osteosynthesis
equipment), and if the prescription of the X-ray was
made by endocrinologists, theumatologists, or an internal
medicine department, because this could suggest knee or
systemic pathologies that perturb bone maturation. Eth-
nicity and socioeconomic status were not available for
our cohort.
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Examination of the radiographs

First, all individuals with an incomplete bone fusion on the
distal femur or proximal tibia or fibula epiphysis were exclud-
ed. Then, for the remaining radiographs, the three epiphyses
(the distal femur, the proximal tibia, and the proximal fibula)
were evaluated by a first observer (MF) with one criterion:
whether an epiphyseal scar was visible (Fig. 1) or not (Fig. 2).
A random selection of 200 X-rays was read by the first
observer after a 2-week interval for intraobserver variability
evaluation and by a second observer (CR) for interobserver
variability. The two observers were medico-legal physicians
with training in forensic age estimation.

Evaluation of the scars

An epiphysis classified as “visible” was an epiphysis where a
scar was visible on the knee anteroposterior X-ray, regardless
of whether the scar was full (spreading on all the length of the
metaphyseal area), discontinuous, or incomplete. For an anal-
ysis free of subjectivity as much as possible, we chose to not
retain those pictures with uncertainty regarding the presence
of a scar. The thickness of denser bone area had to be larger
than those of the framework of cancellous bone in order to be
considered as a scar. The areas where two bone structures
were superimposed were analyzed by modulating the contrast
of the image. Finally, the denser bone area had to correspond
to the growth plate by its localization and its form. Those
pictures not meeting these criteria were classified as “no scar”.

Statistical analysis

MS Excel® was used to organize and code the variables.
Statistical parameters and tests were accomplished by JMP®

Fig. 1 Visible scar on the three epiphysis of the knee (the scars are shown
with arrows)
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Fig. 2 No visible scar on the
femur (a), the fibula (a) and the
tibia (b) (the scars are shown with
arrows)

Pro 10.0.0. Significance was assessed at p<0.05, two sided. A
nonparametric test (Mann—Whitney) was chosen to compare
the mean ages of “no scar” and “visible scar” groups, because
the age repartition of the sample did not have a Gauss
distribution.

Results

In total, 1040 radiographs of individuals aged between 15 and
40 years were initially selected. Here, 52 were excluded
because they had ongoing fusion of at least one growth plate
of the knee. These individuals were aged between 15 and
19 years, and consisted of 41 males and 11 females. The final
sample consisted of 988 individuals, 509 females and 479
males (Table 1). Table 2 shows intra- and interobserver
variability.

For each bone, epiphyseal scars could be seen for each
age of the sample. Results of the Mann—Whitney test and
statistical parameters are presented in Tables 3 (females)
and 4 (males). Figure 3 presents the proportions of “Vis-
ible Scar” and “No Scar” groups for each year according
to sex and bone.

A scar was visible on the three epiphyses for all ages
of females and males. The youngest females with no
visible scar were 15 years old for the fibula, 16 for the
tibia, and 20 for the femur. The youngest males with no
visible scar were 16 years old for the fibula, 17 for the
tibia, and 18 for the femur.

For the distal femur, a statistically significant age
difference was found between the “no scar” and “visible
scar” groups for each sex. The mean age of the “no scar”
group was higher than the group with a scar for females
(»=0.0086) and males (p=0.0440). For the proximal tibia
and fibula, no significant age difference was found be-
tween “no scar” and “visible scar” groups for each sex.

For the females, respectively for the “no scar” and “visible
scar” groups, the median age was 32 and 27 years for the
femur, 29.5 and 28 years for the tibia, 28 and 27 years for the
fibula. For the males, respectively for the “no scar” and

“visible scar” groups, the median age was 32.5 and 28 years
for the femur, 27 and 29 years for the tibia, 30 and 28 years for
the fibula.

A scar could be seen on at least one epiphysis of the
knee for 96 % of the females and 98 % of the males.
Regardless of sex, the large majority of individuals
retained a scar: 95 % of the femur, 96 % of the tibia,
and 54 % of the fibula.

Table 1 Number of

individuals by age and Age Females Males
sex

15 12 3

16 19 7

17 19 15
18 19 18
19 20 16
20 20 20
21 20 20
22 20 20
23 20 20
24 20 20
25 20 20
26 20 20
27 20 20
28 20 20
29 20 20
30 20 20
31 20 20
32 20 20
33 20 20
34 20 20
35 20 20
36 20 20
37 20 20
38 20 20
39 20 20
40 20 20
Total 509 479
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Table 2 Intraobserver and interobserver variabilities (percentage of
identical stages between the two readings)

Intraobserver variability Interobserver variability

Agreement (%)  CI95 Agreement (%)  CI95
Femur 96 92.3-98.0 97.5 94.3-98.9
Tibia 96 92.3-98.0  96.0 92.3-98.0
Fibula 89 84.0-92.6  69.0 62.3-75.0
Discussion

The present study is, to the best of our knowledge, the third to
deal with the topic of epiphyseal scarring and its possible role
in forensic age estimation, and the only one to have specifi-
cally analyzed three epiphyseal scars of the knee. In 2008,
O’Connor et al. performed a large-scale study of a contempo-
rary population. They created a bone fusion classification in
which epiphyseal scars were described but not used to define
the last stage of bone maturation. They found that sex and the
origin of the population had a major influence on the bone
fusion. They also highlighted that it was extremely difficult to
find a consensus on ages regarding epiphyseal union of the
knee. More recently, Davies et al. evaluated the persistence of
epiphyseal scars in the proximal and distal extremities of the
tibia. They observed that the more persistent the scar, the
younger the individuals. However, they concluded that an
epiphyseal scar should not be interpreted as a marker of recent
bone fusion and should not be used for forensic age estima-
tion, because they found that the factors combining age, sex,
body side, and bone extremity could only explain 15.9 % of
the variation of the persistence of the scar. They also found
that most of their individuals retained a scar.

A statistically significant age difference was found for the
distal femur, suggesting that people without a scar were sta-
tistically older than those with an X-ray visible scar,
supporting the hypothesis that scars can be included in a
one-way physiological process, in which the bone grows,
can get an epiphyseal scar when ossification is completing,

and the scar can eventually persist or disappear after a variable
period.

However, our study suggests that the longevity of epiphy-
seal scars of the knee is not useful for age estimation, for two
reasons. The first and main reason is that a scar was visible for
all ages of our male and female samples. This implies that the
persistence of an epiphyseal scar on an epiphysis of the knee
cannot be considered an indicator of its recent fusion. It also
suggests that the knee scars persist for a long period of time
and is in agreement with Cope’s hypothesis about the influ-
ence of mechanical stress. The superior limit of our sample
was 40 years; thus, it cannot be excluded that individuals older
than 40 years may be more likely to be scar free. Weiss et al.
observed epiphyseal scars persisting on the first metatarsal up
to 80 years [2]. The second one is that no statistical difference
was found for the proximal tibia and fibula. This discrepancy
cannot be explained from a physiological point of view.
Indeed, the mechanical constraints should be the same within
the lower limb and one would expect the same result for the
femur and the tibia. Moreover, in two studies, the authors have
observed a similar maturation kinetic for the femur and the
tibia [12, 18]. Furthermore, this discrepancy can result from a
statistical artifact. Indeed, the largely uneven repartition be-
tween “no scar” and “visible scar” groups should influence
their mean age one way or the other, by the weight of outlier
data. Indeed, the mean age of the “no scar” group could be
overvalued or undervalued respectively for the femur and the
tibia. Therefore, the persistence of an epiphyseal scar on an
epiphysis of the knee is not an indicator of its recent fusion.

The main limit of this analysis was superimposed effects,
which is a well-known limitation for all studies using conven-
tional radiography [19]. A recent study by Wittschieber [20]
showed this limit for the medial clavicular extremity analyzed
on chest X-rays. A similar study using a cross-section exam
(CT or MR scans) would be interesting, because it will be free
of any superimposed effect.

Several studies have been performed on radiography of the
lower extremity in the perspective of forensic age estimation.
The analysis of iliac crest ossification is interesting for the 14
and 16 year threshold [21, 22], but it leads to irradiation of the
gonadal area. The epiphyseal scars of the upper and lower

Table 3  Statistical parameters and Mann—Whitney’s test for females
Visible Scar No Scar P value
n mean CI95 Mini Maxi n mean CI95 Mini Maxi
Femur 488 27.6 26.9-28.2 15 40 21 31.9 29.0-34.8 20 40 0.0086*
Tibia 485 27.7 27.0-28.4 15 40 24 28.2 25.9-31.4 16 40 0.5582
Fibula 272 272 26.3-28.0 15 40 237 28.4 27.4-29.3 15 40 0.0772

*Significance values

n number
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Table 4  Statistical parameters and Mann—Whitney’s test for males
Visible Scar No Scar P value
n mean CI95 Mini Maxi n mean CI95 Mini Maxi
Femur 451 28.3 27.7-29.9 15 40 28 31.1 28.7-33.4 18 40 0.0440*
Tibia 468 28.2 27.9-29.2 15 40 11 26.5 22.5-30.6 17 36 0.3526
Fibula 257 27.9 27.1-28.7 15 40 222 29.1 28.2-30.1 16 40 0.0635

*Significance values

n number

tibial extremities do not seem to be linked to biological age
[15]. Other studies have tried to adapt radiological atlases of
the knee considered as standard references in a forensic age
estimation perspective [12, 23, 24].

During the analysis, the authors noted that individuals who
had fully ossified femoral, tibial, and fibular epiphyses and no
scar on the femoral epiphysis were at least 18 years old for
males and 20 years old for females. This result is particularly
interesting, because 18 years is the age of majority—and thus
the most important age threshold—in several European coun-
tries. Recently, two other examinations have been found to be
useful for the 18-year threshold: the clavicular CT scan for
both sexes [13, 14] and the femoral MR scan for males [18,
25]. CT scans are known to expose the individual to radiation,
and MRI scans are difficult to obtain in public hospitals
because they are dedicated to patients. Plain X-ray of the left
hand and wrist is analyzed most of the time with the Greulich
and Pyle method, but are not very contributive for individuals
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older than 16 years, because ossification is complete. Thus,
the addition of an X-ray of another anatomical area, showing
good results regarding the 18 year threshold, would be impor-
tant in a forensic perspective. However, in our sample, only
5 % of the individuals were concerned by the absence of a
femoral scar, which means that a very large majority of our
sample had kept a scar. Thus, the frontal X-ray of the knee
cannot be recommended as a reference method in forensic age
estimation, but can be analyzed if it is already available for the
individual, because it has been performed in a medical context
for example.

To conclude, epiphyseal scars can be viewed from two
approaches: their persistence and their disappearance:

1. Epiphyseal scars of the knee are visible on an
anteroposterior X-ray for a long period of time: up to
40 years old, and maybe even beyond that limit. There-
fore, the persistence of an epiphyseal scar on an

Il No Scar

M Visible Scar
s alac/Bncalianalnlian
Am | | | | N | | | | |
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AGE (in year)

Fig. 3 Bar chart presenting the repartitions (in percentages) between “No Scar” and “Visible Scar” by year, for each sex and bone
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anteroposterior X-ray is not an indicator of a recent fusion
of the knee and does not seem to be correlated to biolog-
ical age.

The minimum age of disappearance can be useful for age
estimation, because all individuals with a fully ossified
knee and no femoral scar were at least 18 years old.
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