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SUMMARY

Background. To assess the quality of life in patients with post-traumatic ankle osteoarthritis
(PTOA) and evaluate frequency and relationship between dependent and independent factors.
Methods. We performed a prospective study of patients with post-traumatic ankle osteoar-
thritis analyzing American Orthopaedic Foot and Ankle Society (AOFAS) ankle-hindfoot
score, VAS, Short-Form Health Survey (SF-12) divided into mental (MCS) and physical (PCS)
component.

Results. Our sample consisted of 258 patients, 162 (62.79%) males and 96 (37.21%) females,
with a mean age of 53.6+13.58. In 141 (54.65%) cases the right ankle was affected, in 117
(45.35%) the left. Overweight patients (BMI 25.0-29.99) was the predominant class (43 %).
PCS and MCS resulted respectively 33.15 and 41.53. We found a positive correlation between
PCS and AOFAS (p-value=0.02644 R=0.14) and a negative correlation between AOFAS and
VAS (p-value<0.0001, R=-0.30), VAS and PCS (p-value=0.0109, R=-0.16) and MCS and PCS
(p-value=0.02696, R=-0.14).

Conclusions. PTOA impact patient’s quality of life in an important way with limitations in
daily activities. Around the age of 35, the physical and mental values of SF-12 tend to be very
different. Almost half of the patients were overweight, while we did not find any differences as

regards the affected side.
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INTRODUCTION

Ankle osteoarthritis (OA) has a post-traumatic etiology in
most cases, with pain and functional impairment that can
develop from the initial trauma even years after; in particu-
lar the trauma occurs at the level of the talocrural joint (1-3).
Unlike knee and hip, in which only in 5-10% of cases the
etiology is post-traumatic, in the ankle this percentage rises
to 90% (4-8). The ankle, in fact, is the joint most subjected
to trauma during sports activities, with more than 300,000
injuries each year reported in the US, and an incidence of
52.3/1000 sprains in athletes (9). This percentage is in fact an
underestimation, indeed, an observational study of 10,393
basketball players reported that over half of ankle sprains
were not reported or treated by medical personnel (10).
Any traumatic event can compromise the articular surface
of the ankle joint leading to post-traumatic OA. Alteration
of ankle biomechanics, in turn, alters the mechanical load-
ing of the ankle joint, which ultimately produces a mechani-
cally driven degenerative remodeling process (11).

In patients undergoing total ankle replacement, more than
75% reported a history of at least one ankle sprain, with an
economic burden associated with post-traumatic ankle osteo-
arthritis (PTOA) (12). In recent years national registries have
shown a significant increase in the number of total ankle
replacements implanted (13). Furthermore, patients with
PTOA aree on average 14 years younger than patients with
knee or hip osteoarthritis, and a rapid clinical deterioration,
with pain, limitation of movement and functional impairment
(14). Currently, there are no medical or surgical therapies to
prevent or delay OA of the ankle and studies in this regard
are limited, as shown by a recent meta-analysis, which high-
lights how the researchers’ attention is more focused on other
joints of the lower limb (15). The reason for these differences
with the other joints is due to the micro-structure of the ankle
joint, in fact the average thickness of the talar articular carti-
lage is approximately 0.89 mm, significantly lower than other
joints, with significant differences in the rate of extracellular
matrix turnover and collagen composition (16).
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The aim of the study was to assess the quality of life (QOL)
in patients with PTOA, and evaluate frequency and rela-
tionship between dependent and independent factors.

METHODS

After obtaining institutional review board approval, we
performed a prospective study of the medical records of a
number of consecutive patients presenting at our office with
symptomatic ankle OA diagnosed clinically and radiograph-
ically by plain radiograph between September 1, 2013 and
March 31, 2018. The inclusion criteria for this prospective
case series were: patients with PTOA, with at least a histo-
ry of trauma to the affected ankle. We considered as PTOA
every form of OA developed to secondary joint trauma, with
clinical signs of pain and dysfunction often lagging years or
decades behind the initiating injury.

Exclusion criteria were: haemophilia, rheumatoid arthritis,
severe metabolic disorders, autoimmune disease, ongoing
chemotherapy, radiation treatment or immunosuppression;
moreover we excluded patients subjected to intra-articular
infiltrations in the last 6 months or patients who used pain-
killers within the previous 7 days.

All patients completed the following evaluations: American
Orthopaedic Foot and Ankle Society (AOFAS) ankle-hind-
foot score, Visual Analogue Pain Score (VAS), Short Form
Health Survey (SF-12) (17-19). In addition the body height
and weight of each patient were measured to calculate BMI.
SF-12 is a generic questionnaire on quality of life that is not
disease, age, or treatment specific (18). It evaluates the subjec-
tive perception of the individual in relation to the concepts
of health and wellness. To simplify, the assessment is divid-
ed into a Physical Component Summary (PCS) and Mental
Component summary (MCS). Moreover, we compared the
results obtained from our cohort, the SF-12, with a sample
of the Italian population to assess the differences found (18).
The AOFAS is one of the most widely used clinician-re-
porting tools for foot and ankle conditions, developed in
1994 (17). The Survey include subjective and objective ques-
tions regarding pain, deformity and function. VAS consists
of a straight line with the endpoints defining extreme limits
such as ‘no pain at all’ and ‘pain as bad as it could be’. The
patient is asked to mark their pain level on the line between
the two endpoints. The distance between ‘no pain at all’ and
the mark then defines the subject’s pain (19).

Moreover, sex, age, BMI and affected size for each patient
were recorded and in order to evaluate incidence, frequency
and correlations.

This prospective study was conducted on the basis of the
STROBE statement guidelines (20). Informed consent
was obtained from all participants, and procedures were
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conducted according to the Declaration of Helsinki. This
research protocol has been approved by the local ethics
committee (21).

Statistical Analysis

The statistical analysis was performed by SPSS and Excel
using PIVOT tables. We evaluated significant correlation
with Pearson’s linear correlation coefficient R. Specifically,
to determine if the correlation was significant, the test t was
computed by comparing the obtained t value with the crit-
ical value of n - 2 degrees of freedom, taking into account
the bi-directional hypothesis considering as significant a
p-value < 0.05. We also studied the associations of variables
by comparing the chi-square value with those tabulated,
allowing us to assume that the difference between the two
groups is significant at the 5% probability level. Instead of
performing the variance analysis, we used the “t-test”. In
this case, the p-value (calculated with respect to the random
variable t) and the averages of the various groups is report-
ed. Descriptive analysis was performed to identify the over-
all PTOA frequency in the study sample, and the frequency
was stratified by age, gender and clinical parameters.

Results

Of 290 patients screened for eligibility, 258 satisfied the
inclusion criteria and were enrolled in the study. Of the 32
excluded patients, 9 had infiltrated over the year before
clinical evaluation, 10 had rheumatoid arthritis, 5 were
haemophilic, 6 women were pregnant and 2 were in chemo-
therapy treatment. In our study, our sample consists of 258
patients, consisting of 162 (62.79%) males and 96 (37.21%)
females, with a range of 21 to 87 years (average age 53.5) for
males, range 24 to 81 years (average age 53.4) for females.
In 141 (54.65%) cases the right ankle was affected, in 117
(45.35%) the left.

Frequency

To better understand the frequency of PTOA we divided
the AOFAS, VAS, age and BMI variables into subgroups as
follows:

Age:

1) Young [21-39]

2) Middle Age [40-59]

3) Elderly [60-87]

VAS:

1) Low pain [0-3]

2) Medium pain [4-7]

3) High pain [8-10]
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BMI:

1) Underweight [< 18, 50]
Normal weight [18, 50 — 24, 99]
Overweight [25, 0 29, 99]
Obese Class I [30, 0 — 34, 99]
Obese Class II [35, 0 — 39, 99]
6) Obese Class I1I [> 40, 0]
AOFAS:

1) Low [0-19]

Medium [20-39]

High [40-59]

Very High [>60]

)
2)
3)
4)
5)

2)
3)
4)

We found a higher incidence for male than female, while the
ratio between right and left side was similar. It is interesting
to see, as the predominant class is overweight, representing
almost 43% of the patients who summed up the first two
classes, make up 75% of the total cohort of patients, while
only 25.6% of the patients belong to the obese class (I, II
or ITI). Moreover as far as age is concerned, most patients
(81%) are over 40 years of age. Results are summarized in

Table I.

Gender, age and VAS

Table II shows how many males and females are present
for every class of age, revealing a prevalence in the male
group aged 40-59 years old (27.13 % in the total group, and
43.20% in the male group). Only 19.0%, of both sexes have
ankle problems with an age below 40. There is no difference
between the gender in the different age categories (p <0.05).
Of the 162 male individuals, 96.91% have medium or high
pain of the ankle, of which 65.43% refers to severe ankle
pain. In the female group there was no one with low pain,
and the relationship of women with strong pain is similar
to that of men (70.83%). These values are similar for both
gender in their VAS classes (p<0.05). Results are reported
in Table II.

BMI, gender and age

We found many patients belonging to the middle class of age
(40-59 y.0.) especially in overweight patients (53 - 18.92%
marked with * in table III). As the degree of obesity increas-
es, the number of individuals decreases, although this is
significant because 25.58% of our patients have a BMI

Table I. Clinical and demographic parameters score for patient described by mean, standard deviation and distribution

Variable Mean Standard Frequency
Deviation
Gender™ 1.37 0.48 Male 162 (62.79%) Female 96 (37.21%)
Age 53.6 13.58 Young 49 (19.0%) Middle Age 114 (44.18%)  Elderly 95 (36.82%)
BMI 27.31 456 Underweight 3 (1.2%) Normal weight 79 (30.6%)
Overweight 110  (42.6%) Obese class I 49 (19%)
Obese class 1T 14 (5.4%) Obese class I1I 3 (1.2%)
AQOFAS 32.60 14.39 Low 54 (20.93%) Medium 121 (46.90%)
High 76 (29.46%) Very High 7 (2.71%)
PCS 33.15 6.93
MCS 41.53 9.15
VAS 8.15 3.24 Low 5 (1.9%) Medium 79 (30.6%) High 174 (67.4%)
Side** 1.45 0.49 Right 141 (54.65 %) Left 117 (45.35%)

*To calculate the mean and standard deviation of the gender we have attributed an arbitrary value of 1 to the male and 2 to the female
**To calculate the mean and standard deviation of the side we have attributed an arbitrary value of 1 to the right side and 2 to the left side

Table Il. Frequency in the different categories of VAS and age divided by gender

Gender VAS Age

Low Medium High Total 21-39 40-59 60-87 Total
Male 5 51 106 162 31 70 61 162
Female 0 28 68 96 18 44 34 96
Total 5 79 164 258 49 114 95 258
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level with at least Obesity level Class I (66). Considering
gender we noted that there is no difference in normal weight
patients between 40 and 59 years (15 males - 15 females);
the only class in which the number of women is greater than
men is in the older group with a level of obesity IT (2 males
- 4 females). Results are reported in table III.

AOFAS, side and BMI frequency

Almost half of the patients (121 — 46.90%) report a medi-
um value of AOFAS. There is no difference between the
pain side (54.65% right side and 45.35% left side). Despite
the not significant difference in “side” we almost never find
a strong prevalence of the left side except in some cases
(marked with *). Only 1% of those who have ankle pain
are in the underweight category. Results are summarized in

table IV.

Table Ill. Absolute frequency between BMI and age

AOFAS, BMI and age

Analyzing the AOFAS subgroups, by comparing young and
middle age groups, we noted that the proportion initially
is more than double (10:24 and 27:54), until almost triple
(12:33). Specifically, among individuals aged between 21
and 39 years, there are 10 who scored AOFAS = <19.
More than double (24) are present in the age class [40,
59]. Furthermore we found that the number of normal
weight patients is always superior to obese class I patients
except in patients 40-59 y.o. with high AOFAS: in fact in
this case the situation is muted (9 individuals out of 33
are of obesity level I, marked with * in table V, versus 7
individuals with a BMI score 18.50 — 24.99). Results are
reported in Table V.

Table IV. Absolute frequency between AOFAS, BMI and side

AGE BMI
BMI Young age Middle age Elder Total AOFAS UW NW OW I II I Totale
[21,39]  [40,59] [60,87] Low
MALE (0-19)
uw / 1 1 2 R / 0 13 6 2 / 31
NW 13 15 18 46 L 17 9 3 02 1 23
oW 11 34 29 74 1 Total 1 17 22 9 4 1 54
I 4 16 10 30 Medium
I 2 4 5 3 (20-39)
o ! y ! 5 R 1 27 27 10 2 67
Sub Total 31 70 61 162 L / 126 10 5% 2 54
2139]  [4059] 6087 Toul 2 '.I‘otal 1 38 53 20 7 2 121
FEMALE (}411102;.}519 |
BMI R / 3 16 9 1 39
Uw 1 / / 1 L 1% 0 16 8 2 37
NW 5 15 13 33 3 Total 1 23 32 17 3 76
oW 6 19% 11 36 Very High
I 4 9 6 19 (>60)
I 1 1 4 6 R / / 2 2 4
111 1 / / 1 L / 1* 1 1
Sub Total 18 44 34 926 4 Total 1 3 3 7
Total 49 114 95 258 Total 3 79 110 49 14 3 258

UW=underweight; NW=normal weight; OW=overweight; I=obese class I;
II=obese class II; III= obese class III

*=higher values of our cohort of patients
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UW=underweight; NW=normal weight; OW=overweight; I=obese class I;
II=obese class II; III= obese class 111

*= Values in which the incidence of the left side is greater than the right
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Table V. Absolute frequency between AOFAS, BMI and age

AOFAS Uw NW ow I I 11T Totale
Low AOFAS [0-19]

Young age [21,39] / 4 2 2 1 1 10
Middle age [40,59] 1 8 11 3 1 / 24
Elder [60,87] / 9 4 2 / 20
Low — Total 1 17 22 9 4 1 54
Medium AOFAS [20-39]

Young age [21,39] 1 10 10 3 2 1 27
Middle age [40,59] / 15 26 11 2 / 54
Elder [60,87] / 13 17 6 3 1 40
Medium- Total 1 38 53 20 7 2 121
High AOFAS [40-59]

Young age [21,39] / 5 / / 12
Middle age [40,59] / 15 2 / 33
Elder [60,87] 1 12 12 1 / 31
High - Total 1 23 32 17 3 / 76
Very High AOFAS [>60]

Middle Age [40,59] / / 2 / / 3
Elder [60,87] / 1 2 / / 4
Very High - Total / 1 3 3 / /

Total 3 79 110 49 14 3 258
UW=underweight; NW=normal weight; OW=overweight; I=obese class I; [I=obese class II; IIT= obese class ITI

*=Values in which the incidence of overweight or obese patietns is greater than normal weight patients

Subjective health status assessment

Considering the physical and the component score of the PCS

SF-12 we observed that the range respectively resulted: 70

PCS-> 194 -53.6 40 65

MCS->17.6-714

As regards PCS more than half of patients (138/258 — 50

53.4%) reported a value of less than 32.9. Of the remaining 48

patients the majority focuses between a value of 33 and 40.3. 40 ' =

In PCS score, differently from MCS, many patients report- 2

ed very low scores (figure 1).

In MCS about 60% of patients (163/258) are concentrated 20

among the values of 35.1 and 46.6. The remaining patients

are divided between lower values (15.11%) and higher e

(21.7%) in a fairly homogeneous way (figure 2). o ‘ I I ' I . o i
Comparison between MCS and PCS by age \\q'b‘ @;) qup @% @b« & &“"\ @ﬁb @\?)

We noted that PCS-MCS values initially are closer to each
other; among individuals over the age of 35 the difference
between the two scores increases. Mostly, patients who have

Muscles, Ligaments and Tendons Journal 2019;9 (3)

Figure 1. The chart shows the distribution of PCS values in
our sample
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Figure 2. The chart shows the distribution of MCS values in
our sample

PTOA report higher mental score than physical. As the age
increases, the difference between the two indexes increases
and then mean values return similar to the initial situation.

Comparison Between groups

Age

The initial sample of 258 patients was divided into two
groups, defining the group of patients under 50, (i.e., those
of less than or equal to 50 years), consisting of 110 patients,
38% females and 62% males, with a mean age of 40.53
years (SD =+ 6.99) and the group of patients over 50 consist-

Table VI. Correlation between variables.

ing of 148 patients, 36% females and 64% males, with a
mean age of 63.09 years (SD + 8.19). The only statistically
significant difference found was the MCS, higher in older
patients (p<0.05).

Gender

We compared the clinical outcomes of the male group, with
the female group and we found no significant difference
between the two groups (p>0.05)

Side

We compared the clinical outcomes of the patients with the
right ankle affected, with the patients with left ankle affect-
ed and we found no significant difference between the two
groups (p>0.05)

BMI

We compared the clinical outcomes of patients with a BMI
< 25, with the patients with BMI > 25 and we found no
significant difference between the two groups (p>0.05)

Correlations

Analyzing the correlation between the variables we found
an important positive correlation between PCS and AOFAS
(p-value=0.02644 R=0.14) and a negative correlation
between AOFAS and VAS (p-value<0.0001, R=-0.30), VAS
and PCS (p-value=0.0109, R=-0.16) and MCS and PCS
(p-value=0.02696, R=-0.14). Correlations are reported in
table VI.

DISCUSSION

The aim of the study was to assess the quality of life in patients
with PTOA and evaluate the frequency of the pathology. In
our cohort we found that PTOA affects male and female in
a similar way, but we noted a high incidence in overweight

Age BMI Gender AOFAS VAS MCS PCS Side
Age 1 -0.01 -0.01 0.07 0.02 0.14 0.01 0.03
BMI -0.01 1 -0.01 0.00 0.08 0.07 -0.11 0.13
Gender -0.01 -0.01 1 -0.07 0.08 -0.01 -0.04 -0.02
AOFAS 0.07 0.00 -0.07 1 -0.30* 0.08 0.14* 0.04
VAS 0.02 0.08 0.08 -0.30 * 1 0.06 -0.16* -0.10
MCS 0.14 0.07 -0.01 0.08 0.06 1 -0.14* -0.01
PCS 0.01 -0.11 -0.04 0.14* -0.16* -0.14* 1 -0.07
Side 0.03 0.13 -0.02 0.04 -0.10 -0.01 -0.07 1

*significant correlation
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patients (BMI 25.0 — 29.99) and the relatively young (age 40
-59). Even with regard to the concerned side we did not find
any particular differences. As reported in a previous study,
and confirmed by our results, individuals with ankle arthro-
sis tend to be younger than other patients with joint degen-
eration in the lower limbs and present faster functional loss,
with progression to the final stages of the disease between 10
and 20 years after the start of the lesion. The post-traumatic
etiology can be explained by the unique anatomic, biome-
chanical, and cartilage characteristics of the ankle (1,14,15).
In fact, the ankle presents a smaller contact area than the
hip or knee, leading to a higher force per square centimetre
(22,23). Biomechanically, the ankle, with its high congruency,
acts as a rolling joint with high congruency (22). The knee,
however, acts as a rolling, sliding, and rotating joint during
motion (24). This is the principal difference for increased
cartilage degeneration and the high rate of primary OA in
the knee. Moreover the cartilage of the ankle is thinner with
respect to knee or hip, but owns a higher compressive stiff-
ness, proteoglycan density, lower matrix degradation, and
less response to catabolic stimulations (25-27).

The high incidence in young subjects with high functional
demands, makes their quality of life much worse, in fact, in
our sample we found the average values of MCS and PCS
respectively of 41.54 and 33.15 and in particular we have
seen how the physical component tends to split in respect to
the mental component at around 35 years.

These results are supported by previous studies on the qual-
ity of life assessment in ankle osteoarthritis, in fact in 2008,
Glazebrook evaluated the quality of life in 130 patients with
end-stage ankle arthrosis with the Short Form-36 (SF-36).
This cohort was compared with a similar cohort of 130
patients with end-stage hip arthrosis, and it was noted that
patients with ankle arthrosis had significantly worse mental
component summary scores, role-physical scores, and
general health scores (p < 0.05) (28).

Previously, Saltzman aimed to determine how morbidity
unrelated to the ankle influences the perception of physical
function and pain by patients with ankle osteoarthritis on 195
patients with ankle osteoarthritis (29). The author found that
the perception of ankle pain by patients with ankle osteoar-
thritis is significantly and linearly associated with the number
of other musculoskeletal problems (not related to the foot or
ankle). Moreover the degree of physical impairment associ-
ated with ankle osteoarthritis, as measured with the SF-36,
is equivalent to that reported to be associated with severe-
ly disabling medical problems including end-stage kidney
disease and congestive heart failure (29).

Recently, Desai compared preoperative health-related quali-
ty of life (HRQoL) between patients with bilateral and those
with unilateral end-stage ankle arthritis and demonstrated a

Muscles, Ligaments and Tendons Journal 2019;9 (3)

low quality of life for both conditions, in particular a signifi-
cantly greater morbidity in patients with end-stage bilateral
ankle arthritis awaiting surgical intervention compared with
patients with end stage unilateral arthritis awaiting surgical
intervention (31).

Comparing our results with a national survey brought to
light how severely PTOA impact quality of life. Specifical-
ly, in an Italian study of 10,546 persons with a mean age of
45-54 years, patients had a mean MCS of 49.85 and PCS of
50.94 (18).

In addition, comparing our SF-12 outcomes with some of
the most common chronic diseases, the results are even
more interesting: in fact, patients with diabetes report value
of 45.11 and 40.22, respectively, for MCS and PCS, while
as regards tumor mean results, respectively, were 41.64 and
37.87. The most significant values that we found regarded
the physical component; in this case, the reference value
that is closest to our group is in patients affected by tumors,
which show a mean value of PCS of 37.87 or angina pecto-
ris (36.17). Our results show that PTOA should be consid-
ered a serious disease with major social implications, such as
cancer, heart disease or diabetes (18).

Another important result of our study is BMI, in fact more
than 40% of patients are overweight, although we did not
find any correlation between the BMI and the other factors
studied.

Literature identifies BMI as one of the risk factors in the
development of PTOA (31); in this respect it is very interest-
ing to consider Coster’s study. The author evaluated wheth-
er patients with ankle OA have higher bone mineral density,
smaller bone size, and higher BMI than the general popula-
tion and, if so, this would depend on differences in lifestyle
or anthropometry (32). The study concluded that patients
with OA in the ankle have higher bone mineral density and
smaller bone size than that expected by their BMI. This
phenotype may provide unfavourable forces across the joint
and is hypothetically important for development of OA.
Moreover, in a recent study we have shown that as weight
increases, there is an increase in osteochondral central talus
lesions, confirming that weight is a negative risk factor in
this regard (33).

Ankle arthritis is a major disease with a deep negative impact
on a generally young and active population. Historically it
has been treated with ankle fusion, which is a sort of sacri-
fice-solution, not very well-accepted by these patients.
More recently ankle replacement has been proposed as a
reliable standard option (34-35).

In order to avoid ankle osteoarthritis, a number of studies
have looked at realignment osteotomies as a possible tempo-
rary-limited solution, confirming the role of deformities on
arthritis onset.
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We advocate further studies focusing on social costs of this
pathology, which may provide an additional reason for strong
research activity on both sides: replacement and osteotomies.
This study presents some limitations. First of all we did
not perform a sub-analysis considering the type of trau-
ma; another limitation of the study is the lack of correla-
tion between the type of deformity and associated factors.
Furthermore, the lack of records concerning pre-injury
diseases, since the evaluation of quality of life in this paper
was focused on ankle disability due to post-traumatic etiol-
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