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Abstract

Purpose The aim of this study was to describe the epidemiology of Achilles tendon re-rupture. Secondary aims were to
identify factors predisposing to increased Achilles tendon re-rupture risk, at the time of primary Achilles tendon rupture.
Methods A retrospective review of all patients with primary Achilles tendon rupture and Achilles tendon re-rupture was
undertaken. Two separate databases were compiled: the first included all Achilles tendon re-rupturespresenting during the
study period and described epidemiology, mechanisms and nature of the re-rupture; the second was a case—control study
analysing differences between patients with primary Achilles tendon rupture during the study period, who did, or did not,
go on to develop re-rupture, with minimum review period of 1.5 years.

Results Seven hundred and eighty-three patients (567 males, 216 females) attended with primary Achilles tendon rupture and
48 patients (41 males, 7 females) with Achilles tendon re-rupture. Median time to re-rupture was 98.5 days (IQR 82-122.5),
but 8/48 re-ruptures occurred late (range 3 to 50 years) after primary Achilles tendon rupture. Males were affected more
commonly (OR=7.40, 95% CI 0.91-60.15; p=0.034). Mean Achilles tendon re-rupture incidence was 0.94/100,000/year
for all ages and 1.16/100,000/year for adults (> 18 years). Age distribution was bimodal for both primary Achilles tendon
rupture and re-rupture, peaking in the fifth decade, with secondary peaks in older age. Incidence of re-rupture was higher in
less socioeconomically deprived sub-populations (OR=2.01, 95%CI 1.01-3.97, p =0.04). The majority of re-ruptures were
low-energy injuries. Greater risk of re-rupture was noted for patients with primary rupture aged <45 years [adjusted odds
ratio (aOR) 1.96; p=0.037] and those treated with traditional cast immobilisation (aOR 2.20; p =0.050).

Conclusion The epidemiology of Achilles tendon re-rupture is described and known trends (e.g. male predilection) are con-
firmed, while other novel findings are described, including incidence of a small but significant number of late re-ruptures,
occurring years after the primary injury and an increased incidence of re-rupture in less socioeconomically deprived patients.
Younger age and traditional immobilising cast treatment of primary Achilles tendon rupture were independently associated
with Achilles tendon re-rupture.

Level of evidence III.
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Abbreviations

ATR  Achilles tendon rupture

ATRR  Achilles tendon re-rupture

FET Fisher’s exact test

NHS  National Health Service

REC  Regional ethics committee

SEDS  Socioeconomic deprivation status
SIMD  Scottish Index of Multiple Deprivation
Introduction

Primary Achilles tendon ruptures (ATR) are common soft
tissue injuries and their incidence is rising [4, 13, 21].
Achilles tendon re-rupture (ATRR) is a much-feared and
widely discussed complication of primary ATR [26, 31, 45].
Despite the significant publicity given to ATRR, the rate
of which is widely reported in studies on ATR and whose
occurrence has been an outcome measure of multiple ran-
domised studies [19, 23] and meta-analyses [26, 31, 34] in
the field, studies detailing the epidemiology of ATRR are
lacking. This is in contrast to the epidemiology of primary
ATR, which is extensively documented and whose incidence
is known to have risen in recent decades [13, 21, 40]. This
is surprising, given that ATRR is by far the most frequently
reported complication of primary ATR [26, 31, 34] and that
it is also known to be associated with poorer patient reported
and functional outcomes and lower rates of return to sports
[27, 45] than uncomplicated primary ATR, while patients
who sustain ATRR are subjected to further treatment that
oftenrequires additional surgery and further prolonged peri-
ods of rehabilitation [25, 30, 45].

It is unclear which patients with primary ATR are
at increased risk of ATRR and only a few studies have
attempted to identify risk factors for ATRR [15, 17, 35,
44], with most of these unable to identify any [15, 17, 44].
Despite otherwise similar outcomes [10, 12, 24, 31], surgi-
cal repair may result in a small reduction in re-rupture rate,
although the relative risk reduction is small and often only
identifiable when results from individual studies are pooled

Table 1 Inclusion and exclusion criteria

into meta-analyses [31] and this potential benefit must be
weighed against the risk of potential surgical complications
[42]. Although it is believed that modern functional reha-
bilitation regimes for primary ATR may be associated with
lower levels of ATRR than traditional immobilising regimes,
the authors of a previous meta-analysis indicated a lack of
direct evidence in this regard [26]. Subsequent randomised
controlled trials comparing traditional and functional reha-
bilitation have suggested trends towards higher re-rupture
rate with traditional immobilising techniques, but these were
not statistically significant [8, 22, 23]. A better understand-
ing of the risk factors for ATRR would allow higher risk
patients to be identified and counselled accordingly and any
modifiable risk factors identified may present opportunities
to reduce the risk of ATRR.

The primary aim of this study was to describe the epi-
demiology of ATRR. The hypothesis was that males would
be more commonly affected than females. The secondary
aim of this study was to determine whether it is possible to
identify factors that predispose patients to increased risk of
ATRR at the time of primary ATR.

Materials and methods

This study was part of a departmentally approved service
review of ATR which was reviewed by the scientific officer
for the regional ethics committee (REC) who advised that
REC review was not necessary. A retrospective electronic
search of all health-board medical records was undertaken
to identify patients treated for primary ATR and ATRR
between 1st January 2011 and 31st December 2016. All
records in the health board are electronically recorded and
were searched for the following search terms: “Achilles”,
“tendoachilles”, “TA”, “rupture”, “tear”, “torn”. The search
returned 4521 records. Each was screened according to
the inclusion and exclusion criteria (Table 1), leaving 791
patients eligible for inclusion in this study. Records were
assessed up to the time of study, with a minimum review
period of 1.5 years after primary ATR. The nature and

Inclusion criteria

Exclusion criteria

Any Achilles tendon rupture (primary or re-rupture) within the period
01/01/2011-31/12/2016

Rupture of any anatomic region of the Achilles tendon

Patients residing within the health-board geographical region as
defined by the Scottish Government National Records of Scotland
Small Area Population Estimate data zones (i.e. patients residing
within the 1083 data zones that make up the health-board catchment
area), even if they initially presented elsewhere and only returned to
the health board for ongoing care

Patients residing out with the health-board geographical region

For part 2 only:

ePatients whose first presentation during the study period was with a
re-rupture

ePatients who initially presented to the health board with their primary
ATR but completed their treatment for this injury elsewhere
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Electronic search:

n=4521

"Achilles" or "tendoachilles"
or "TA" or "rupture" or
"tear" or "torn" or "partial"

—— Duplicate records, other diagnoses

n=3705

Acute ATR between

n==816

01/01/2011 and 31/12/2016

L Non-residents of healthboard
catchment area

n=25

L First presentation during study period

was a re-rupture n=8
Part 1 ; et ewher
— Primary injury treated elsewhere
n=791 after initial presentation to health-
board n=4
S n=779
First presentation with First presentation with
ATRR n=8 primary ATR n=779
| I
ATRR ATRR
n=48 n=42

Fig. 1 Flow diagram for the study. Part 1 consists of 791 acutely pre-
senting ATR, including eight patients whose first presentation during
the study period was with a re-rupture and 783 who first presented
with a primary ATR. Of these 783, 40 developed a subsequent re-rup-
ture between January 2011 and December 2016. Thus, there were 48
ATRR in total, occurring between January 2011 and December 2016.
This data was used for epidemiological descriptions relating to ATRR
during the study period and for comparison of presenting features of
the 48 identified ATRR with those of primary ATR injuries. Part 2
consists of 779 patients presenting with acute primary ATR between

circumstances of primary ATR and ATRR were recorded.
ATR was diagnosed clinically, with ultrasound used at the
discretion of the treating physician if there was doubt as to
the diagnosis. Two separate databases were compiled from
this data (Fig. 1): the first, consisting of 791 entries, which
included any patient presenting with a rupture (either pri-
mary ATR or ATRR) between 2011 and 2016, for the epi-
demiological study of ATRR; the second database, consist-
ing of 779 entries, included only patients presenting with a
primary ATR during the study period and completing treat-
ment for this at the study institution and recorded re-ruptures

January 2011 and December 2016, who completed treatment for the
primary injury at the study institution. In this group, there were 42
patients with ATRR, comprising the 40 patients mentioned previ-
ously in part 1 and a further 2 patients who had presented with pri-
mary ATR before December 2016, but who developed an ATRR dur-
ing the review period after 1st January 2017. This data was used to
compare variables at primary ATR presentation for patients who did
and did not go on to develop ATRR to determine whether any risk
factors for ATRR at the time of presentation with primary ATR could
be identified

occurring at any subsequent time point (which thereby per-
mitted analysis of factors that might predict ATRR at the
time of presentation with primary ATR), with a minimum
review period of 1.5 years from the date of primary injury.
Seasonality was defined according to the Northern Hemi-
sphere meteorological system.

Setting

The health board is the only authority overseeing deliv-
ery of regional healthcare services and there are no other
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National Health Service (NHS) providers in this region.
Emergency services are provided through three emergency
departments and one minor injuries unit; orthopaedic sur-
gery is performed at two locations and outpatient clinics
are based at five locations. There are two private hospitals
in the region, but none of these have an emergency depart-
ment and therefore acute presentations are routed through
the NHS and should be securely identified by the search
algorithm employed.

Population definitions

The health-board population (total, gender specific and with
reference to age brackets) for each year of study was deter-
mined using Scottish Government population data from the
National Records of Scotland, which issues annual mid-year
population estimates for each health board [28]. Socioeco-
nomic deprivation status was determined using the Scottish
Index of Multiple Deprivation (SIMD-16), an official Scot-
tish government resource that takes into account employ-
ment, income, crime, housing, health, education and access
to services to assess and classify population socioeconomic
deprivation status (SEDS) across 6,500 data zones nation-
wide. Each data zone is ranked by SEDS and placed into
the appropriate quintile of the national population. SEDS
data are published for each data zone and the health-board
population serves a geographic region made up of 1083 data
zones. Data for these data zones were combined to deter-
mine the socioeconomic deprivation status characteristics
of the health-board population. SIMD data are published
quadrennially, unlike the mid-year population estimates
and, therefore, for the socioeconomic deprivation analysis
only, the SIMD-16 health-board population data was used to
determine the size of more and less deprived components of
the health-board population, which were assumed to be static
during the period of study. Patients were matched to their
corresponding data zone using their postcode, and SEDS
data was available for all patients. They were categorised
into biquintiles, each comprising patients from data zones
in the most deprived 40% and least deprived 40% bands of
the national population.

Treatment of ATR

Non-operative management is routinely employed at the
study institution unless there are specific indications for
surgery (e.g. delayed presentation or patient request), and
the period of study straddled a move from traditional immo-
bilising cast treatment (with 10 weeks of cast immobilisation
comprising 4 weeks in equinus and 4 weeks in semi-equi-
nus, non-weight bearing, followed by 2 weeks in a neutral,
weight-bearing cast and then a further 2 weeks with a shoe
heel raise) to a modern functional early weight-bearing

@ Springer

regime (with immediate weight bearing in a walking boot
orthosis and progressive reduction of heel wedges such that
the foot was in neutral position by 6 weeks and the boot
removed at 8§ weeks) as the standard treatment for primary
ATR. Surgical treatment, when performed, was by open
means. For the purposes of statistical analysis, treatment
type was defined as the first commenced definitive treatment
after the initial A&E treatment (A&E management usually
comprises an equinus backslab).

Statistical analysis

The annual incidence of ATRR per 100,000 was calculated
as the number of cases occurring between 1st January and
31st December, divided by the health-board population (or
relevant population bracket), as defined in the government
mid-year population estimate for that year. The resulting fig-
ure was multiplied by 100,000. The occurrence of ATRR was
reported in the most and least socioeconomically deprived
national biquintiles (40% bands) in the health-board popula-
tion, over the period of study, as described above.

Data parametricity in the ATR cohorts was assessed
using Kolmogorov—Smirnov testing. Non-parametric data
was compared using independent samples Mann—Whitney U
tests. Nominal variables were compared using Chi-squared
tests (or Fisher’s Exact test if cell count was <5 in any cell).
Binary logistic regression was undertaken to identify vari-
ables that were independently associated with ATRR at the
time of primary ATR. Variables with a p value of <0.05
on initial analysis were included in the regression model.
The threshold for age used in the regression analysis was
determined using a receiver operator characteristic curve
to identify the threshold value that predicted ATRR with
maximum combined sensitivity and specificity. A p value
of <0.05 was considered significant [6].

Results

Part 1 (primary outcome): epidemiology
of re-rupture of the Achilles tendon

Seven hundred and eighty-three patients (567 males, 72.4%;
216 females, 27.6%) residing in the health-board catchment
population presented with a primary ATR and 48 patients
(41 males, 85.4% and 7 females, 14.6%) with an ATRR
between January 2011 and December 2016. Median time
between primary ATR and ATRR was 99.5 days (IQR
82.25-130.75), although 8 ATRR (16.7%) occurred late,
between 3 and 50 years after the primary injury (Fig. 2).
Males (mean 6.83 cases per year, range 2—10; in an average
male population of 416,096) were affected more commonly
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Fig. 3 Incidence of Achilles tendon re-rupture

than females (mean 1.17 cases per year, range 0-3; in an
average female population of 439,902; p=0.034 FET,;
OR =7.40, 95% CI 0.91-60.15).

Median age at the time of ATRR was 44 years (IQR
33-54) and there was a trend trend towards older age in
females (median age 47, IQR 42-66 vs 41, IQR 33-52;
p=0.10). Male preponderance for ATRR was more pro-
nounced than for primary ATR (p=0.048; OR=2.23,95%
CI0.99-5.05).

The mean incidence of ATRR over the study period
was 0.94/100,000 per year (range 0.45 to 1.17/100,000
per year) for all ages (Fig. 3) and 1.16/100,000 per year
(range 0.56-1.44/100,000 per year) for the adult population
(=18 years). This compares to a mean incidence of primary
ATR of 15.26/100,000 per year (range 13.51 to 19.07) for
all ages and 18.75/100,000 per year (range 16.56-23.57) in
adults (> 18 years). Peak incidence of both primary ATR and
ATRR was in the fifth decade (Fig. 4a, b).

Incidence of ATRR was higher in the least socioeco-
nomically deprived population biquintile (33 cases in a
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Fig.4 a Mean annual incidence of ATRR over the study period in the
health-board population by age bracket. b Mean annual incidence of
primary ATR over the study period in the health-board population by
age bracket

population of 425,254) compared to the most deprived
biquintile (11 of 294,239; OR=2.01, 95% CI 1.01-3.97,
p=0.04). ATRR occurred most frequently in summer
(Fig. 5a, b), but there was no statistically demonstrable
seasonal variation (p >0.13; Appendix 1). The majority
of ATRR were low-energy injuries and two ATRR (4.2%)
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Table 2 Mechanism of injury for primary ATR and ATRR

Primary ATR ATRR

Sport 388 (49.6%) 3 (6.3%)
Walking 55 (7.0%) 13 (27.1%)
Low energy: slip, trip, stubbing foot, 68 (8.7%) 9 (18.8%)

stumble, ankle inversion or fall from

standing height
Fall (> standing height) 17 2.2%) 1(2.1%)
Open injury 8 (1%) 0 (0%)
Blunt trauma 10 (1.3%) 1(2.1%)
Running (non-sports) 20 (2.6%) 12.1%)
Jumping (non-sports) 13 (1.7%) 1(2.1%)
Dancing 81 (10.3%) 0 (0%)
Pushing/lifting heavy objects 21 2.7%) 1(2.1%)
Standing up from sitting/lying 12 (1.5%) 0 (0%)
Stairs/steps 41 (5.2%) 5 (10.4%)
No specific event/spontaneous 22 (2.8%) 6 (12.5%)
Physiotherapy/rehabilitation exercises N/A 2 (4.2%)
Other 16 (2.0%) 4 (8.3%)
Unknown 11 (1.4%) 12.1%)
Total 783 48

occurred while undertaking primary ATR rehabilitation
exercises (Table 2).

@ Springer

Treatment of ATRR was surgical in 36 cases (75%), while
5 patients (10.4%) were advised surgical management but
declined. Three patients were treated using the casting regime
and three with a walking boot regime; one patient was lost to
follow-up after radiological confirmation of re-rupture.

A repeat analysis was undertaken, with ATRR defined
as re-rupture occurring <3 years from primary injury
(Appendix 2).

Part 2 (secondary outcomes): predictors
of re-rupture at the time of first presentation

Patient factors

Males presenting with primary ATR were more likely to
sustain ATRR than females (OR =2.97, 95% CI 1.15-7.66,
p<0.001) and patients who went on to develop ATRR
were younger at first presentation than those who did not
(p=0.019); however, there were no other demographic
differences (Table 3) or other identifiable patient factors
(Table 4).

Mechanism and seasonality of injury

No mechanism (Table 5) or season (Table 6) of primary
ATR was shown to be associated with increased risk of
ATRR.

Primary ATR treatment

Immobilising cast treatment for primary ATR was associated
with increased risk of ATRR (Table 7).

Regression model

Patients sustaining a primary ATR under the age of 45 years
and those treated with traditional cast immobilisation were
more likely to sustain ATRR (Table 8).

Discussion

This most important finding of this study was the descrip-
tion of the epidemiology of ATRR. Risk factors for ATRR
are also described. A male predilection for these injuries was
confirmed and the hypothesis accepted. An association with
younger age at the time of primary ATR, previously alluded
to in a single small study with four re-ruptures [36], was con-
firmed while other, novel findings were described, including
the incidence of a small, but significant number of late ATRR,
occurring years after the primary injury and a greater inci-
dence of ATRR in patients with lower levels of socioeconomic
deprivation. Mechanisms of injury are contrasted between
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Table?a. Baseline C.haracteristics ATRR patients (n=42) Patients without ATRR
for patients according to (n=737)
re-rupture status for 779
patients with primary ATR Gender <0.001*
comprising the cohort in part
2 #+#*NOTE: for the caption Male 37 (88.1%) 526 (71.4%)
for Table 3 underneath it, you Female 5 (11.9%) 211 (28.6%)
included all the symbols used Age (median, IQR) 41 (32-47) 48 (40-62) 0.019%*
in the table to explain what they Ethnicity
refer to but forgot to put the . -, +
. White British 33 (78.6%) 625 (84.8%) ns

symbol for more deprived and )
Less deprived near the sentence White other 4(9:5%) 36 (4.9%)
explaining their definitions***#* Asian 0 (0%) 8 (1.1%)

Black 0 (0%) 10 (1.4%)

Other 0 (0%) 5(0.6%)

Unknown 5(11.9%) 53 (7.2%)

BMI (median, IQR) 25.56 (23.72-28.42) 26.76 (24.26-30.59) ns**
SEDS ns*
More deprived™ 9 (21.4%) 183 (24.8%)
Less deprived(’[ 28 (66.7%) 431 (58.5%)

“Chi square test; **independent samples Mann-Whitney U test. Fisher’s exact test for proportion of
patients who self-identified as White British (including Scottish) compared to all other known ethnicities.
TMost and least deprived groupings refer to patients falling into quintiles 1 and 2 vs quintiles 4 and 5 of the
Scottish Index of Multiple Deprivation, respectively. Body mass index (BMI) was determined from height
and weight documented at the closest-available time point to primary ATR; this was known for 74.7% of

patients (n=582/779)

Table 4 Patient factors at the
time of primary ATR in patients
who did and did not go on to

develop ATRR

Patients with sub- Patients without Odds ratio (95% CI)  p value
sequent ATRR subsequent ATRR
Diabetes 0 61 1.06 (1.04-1.08) ns*
Inflammatory arthropathy 0 16 1.06 (1.04-1.08) ns*
Preceding Achilles tendinitis** 0 56 0.94 (0.93-0.96) ns*
Fluoroquinolone use** 0 18 1.06 (1.04-1.08) ns*
Steroid use** 1 37 2.17 (0.29-16.24) ns*

*Fisher’s exact test. **Within 6 months prior to primary ATR

primary ATR and ATRR. Associations between ATRR risk
and male gender, younger age and traditional immobilising
cast treatment at the time of primary ATR were observed.
Epidemiological studies of ATRR are lacking, with only
one description of population-level incidence noted on lit-
erature review, in a study focussing primarily on comparison
of patient characteristics between patients who developed
either infection or a re-rupture after surgical repair of ATR
[33]. This is in contradistinction to the epidemiology of pri-
mary ATR, which is widely documented [13, 21, 40]. Previ-
ous epidemiological studies have shown that primary ATR
occurs more frequently in males [13, 21], but the only report
of male predilection to ATRR is based on comparisons of
ATRR relative to a primary ATR cohort [35] and there is no
population-level data in this regard. This study demonstrated
a male predilection both at population level (OR =7.40) and
also relative to primary ATR. Furthermore, age-specific

incidence is reported, which, similarly to primary ATR [21],
demonstrates a bimodal age-related incidence of ATRR,
with peak incidence in the fifth decade of life.

An original finding of the current study was the increased
incidence in those with lower levels of socioeconomic depri-
vation. These findings are the opposite of trends observed for
many traumatic injuries [5, 7, 9] and other musculoskeletal [16,
37, 43] and medical [3] conditions, where increasing incidence
correlates with increasing levels of socioeconomic deprivation.

ATRR is generally thought to occur early on in the
course of rehabilitation, usually within weeks of com-
pleting immobilisation [1, 11, 14, 15, 35, 36, 39, 44].
While this study found that the median time to ATRR was
14 weeks after primary injury and that most re-ruptures
occurred early, it also found that 1 in 6 ATRR (8 of 48)
occurred years after the primary injury, ranging from over
3 years through to 50 years. Studies designed to follow
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Table 5 Mechanism of injury for the primary Achilles tendon rupture in patients who did and did not go on to develop ATRR ****Table 5 - the
OR (95%CI) for Open injury is missing: Please add in. The values are: 2.51 (0.30-20.85).%%%*

‘Whole cohort (n="779)

Patients with subse-

Patients without subse- OR (95%CI) p value

quent ATRR (n=42) quent ATRR (n=737)

Sport 385 (49.4%) 27 (64.3%) 358 (48.6%) 1.85 (0.97-3.54) ns*
Walking 55 (7.1%) 1(2.4%) 54 (7.3%) 0.30 (0.04-2.25) ns**
Low energy: slip, trip, stumble, ankle 68 (8.7%) 2 (4.8%) 66 (9%) 0.50 (0.12-2.12) ns**
inversion or fall from standing height
Fall (> standing height) 17 2.2%) 1(2.4%) 16 2.2%) 1.08 (0.14-8.36) ns**
Open injury 8 (1.0%) 1(2.4%) 7 (0.9%) 2.51(0.30-20.85) ns**
Blunt trauma 10 (1.3%) 1(2.4%) 9 (1.2%) 1.94 (0.24-15.71)  ns**
Running (non-sports) 20 (2.6%) 2 (4.8%) 18 (2.4%) 1.97 (0.44-8.77) ns**
Jumping (non-sports) 12 (1.5%) 0(0%) 12 (1.6%) 0.94 (0.93-0.96) ns**
Dancing 81 (10.4%) 5(11.9%) 76 (10.3%) 1.16 (0.44-3.03) ns**
Pushing/lifting heavy objects 21 (2.7%) 0(0%) 21 (2.8%) 0.94 (0.93-0.96) ns**
Standing up from sitting/lying 12 (1.5%) 0(0%) 12 (1.6%) 0.94 (0.93-0.96) ns**
Stairs/steps 41 (5.3%) 0(0%) 41 (5.6%) 0.94 (0.93-0.96) ns**
No specific event 22 (2.8%) 1(2.4%) 21 (2.8%) 0.82 (0.11-6.24) ns**
Other 16 (2.1%) 1(2.4%) 15 (2.0%) 1.16 (0.15-8.97) ns**
Unknown 11 (1.4%) 0(0%) 11 (1.5%) N/A N/A
Total 779 42 737
*Chi square test. **Fisher’s exact test
Table.6 Segsonality Of_ primary Patients with subse- Patients without subse-  Odds ratio (95% CI) p value
ATR in patients who did and quent ATRR quent ATRR
did not go on to develop ATRR
Autumn 7 (16.7%) 152 (20.7%) 0.77 (0.34-1.76) ns*
Winter 13 (31%) 168 (22.8%) 1.52 (0.77-2.98) ns*
Spring 10 (23.8%) 184 (25%) 0.94 (0.45-1.94) ns*
Summer 12 (28.6%) 232 (31.5%) 0.87 (0.44-1.73) ns*
Total 42 736

*Chi square test

Table 7 Treatment regime for
primary ATR in patients who
did and did not go on to develop
ATRR

Patients with Patients without ~ Odds ratio (95%CI) p value

subsequent subsequent
ATRR ATRR
Immobilising cast treatment 34 (6.7%) 470 (93.3%) 2.40 (1.09-5.25) 0.025*

Functional walking boot rehabilitation 6 (3.8%)

Surgical repair
Other

153 (96.2%) 0.63 (0.26-1.53)  ns*
2 (3.8%) 50 (96.2%) 0.69 (0.16-2.92)  ng**
0 62 N/A N/A

Odds ratios and p values are for the treatment method relative to all other cases

“Chi square test. **Fisher’s exact test

patients prospectively [8, 23, 29] or to retrospectively
review patients with primary ATR in recent years [15, 35,
36], would be unable to pick up on this phenomenon and
this is probably why it has not been previously recognised.
However it has potentially significant implications for
studies using re-ruptures as an end point and for patients
sustaining an ATR, who should not assume that they
are “in the clear” after navigating the early post-injury

@ Springer

rehabilitation period uneventfully. It is possible that
some authors may consider re-ruptures occurring many
years after the primary injury as a new primary injury
and we have therefore also presented full epidemiologi-
cal results defining ATRR as a rupture occurring <3 years
after primary ATR (Appendix 2): similar demographic
trends were observed. Further study of ‘late’ ATRR is
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Table 8 Adjusted odds ratios (95%CI) and p values for binary logistic
regression model for prediction of ATRR at the time of primary ATR

Adjusted odds ratio (95%CI) p value

Age

> 45 years Reference

<45 years 1.96 (1.04-3.71) 0.037
Sex

Female Reference

Male 2.58 (0.994-6.71) ns

Cast immobilisation 2.20 (1.0-4.85) 0.050

warranted to determine whether they differ in nature from
traditionally described ‘early” ATRR.

The majority of ATRRs were low-energy injuries, occur-
ring during the course of simple walking, navigating stairs
or even spontaneously with no precipitating event. Only two
injuries were sustained during rehabilitation exercises. Reito
et al. pondered whether the identification of individuals at
increased risk of re-rupture would allow for less vigorous
rehabilitation to reduce their risk of re-rupture, but ultimately
found, in keeping with this study, that most injuries were low-
energy injuries and questioned whether less vigorous rehabili-
tation regimes would have any bearing on these ATRR [35].

To date, only a small number of studies have attempted to
identify predictors of ATRR at the time of presentation with
a primary ATR [15, 17, 35, 44] and most were unable to iden-
tify any risk factors [15, 17, 44]. This may be the result of type
II error due to relatively small numbers of ATRR in the stud-
ies. Male sex is a well-known risk factor for primary ATR [13,
21], but the nature of any association with ATRR has remained
poorly understood—it was found to predict ATRR in patients
presenting with a primary ATR in one other study (albeit with-
out correction for confounding factors)[35]. but not in other stud-
ies [15, 36, 44]. Part of this disparity is explained by the predis-
position of males for primary ATR; which is a pre-requisite for
subsequent ATRR, however even within the group of patients
with primary ATR, there was a trend towards increased inci-
dence of re-rupture in males, which was just outside statistical
significance (p=0.052), suggesting an additional predisposition
to repeat rupture that is independent of that to primary ruptures.

Younger patients presenting with primary ATR were at
increased risk of subsequent re-rupture. One other study
reported a higher incidence of re-rupture in younger
patients, although this was based on a series of only four
ATRR, in a selected group of athletes undergoing surgi-
cal repair [36]. Another study was unable to demonstrate
an association between younger age and overall ATRR
risk, despite reporting a younger mean age in patients with
ATRR [35]. In the current study, increased odds of ATRR
in younger patients were confirmed, even after adjusting
for confounding factors.

There was no demonstrable association between season of
primary ATR and ATRR risk. This is in contrast to the find-
ings of Saarensilta et al. [38], who reported that patients sus-
taining primary ATR in summer were more likely to develop
ATRR. The reasons for this discrepancy are unknown but
may relate to that analysis being based on a small series of
five re-ruptures which may therefore be prone to error, or the
authors’ decision to use percentages in the place of actual re-
rupture numbers in that analysis, thereby increasing the cell
counts in the cross table analysis and the apparent statistical
power without increasing patient numbers [38].

Re-rupture rate after functional non-operative rehabilitation
was 3.8%, which is in keeping with the published literature [26,
31] and it was similar to that for surgically treated cases, while
after traditional cast immobilisation, it was 6.7%. It is acknowl-
edged that inclusion of a small number of surgically treated
patients may result in some heterogeneity of the group under
study, however it appears that our experience reflects that of
other units adopting predominantly non-operative management
of ATR, where small numbers of patients continue to undergo
surgery [1, 11, 14, 44]. No difference was demonstrated between
operative and other regimes, although this may be related to the
small numbers of surgically treated patients in this study and the
relative rarity of ATRR. In fact, the majority of studies similarly
show no difference in this regard, although pooling of data in
meta-analyses suggests that there is a small clinical difference
in re-rupture rates in favour of surgery [31]. This study provides
evidence that traditional immobilising cast regimes are associ-
ated with higher re-rupture rates, even after adjusting for con-
founding variables that may influence re-rupture rate and they
should therefore be avoided. This is a belief that is widely held
among the medical community and is said to have driven recent
trends towards functional rehabilitation [26, 41]; however, a pre-
vious meta-analysis lamented the paucity of direct evidence in
this regard [26]. Surveys have shown that management of ATR
often does not follow the evidence base [2] and that plaster cast
immobilisation continued to be employed by some practitioners
[20], even after the publication of high-quality studies favouring
functional rehabilitation [18, 29, 32, 41, 46].

Primary ATR is a pre-requisite for ATRR. Factors that appear
to influence incidence of ATRR may therefore be associated
directly with ATRR, or mediated indirectly, in part or in full,
through a propensity for the primary injury. SEDS appears to
be associated with ATRR risk in the general population, but was
not found to predict increased re-rupture risk in patients present-
ing with primary ATR and this effect may therefore be mediated
indirectly. Conversely, male sex appears to exert additive risk
of re-rupture through direct and indirect means. Furthermore,
while some factors that are associated with ATRR are non-
modifiable (e.g. younger age at time of primary injury), others
(e.g. choice of treatment regime) are potentially modifiable and
present opportunities for intervention to reduce patients’ risk
of ATRR.
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This study does have limitations including its retrospective
nature and with this, the possibility of loss to follow-up. Despite
being a large series of ATRR, the potential for type II error
remains, particularly for less common variables, although this
would relate to secondary aims of the study and multiple statisti-
cally significant relationships have nonetheless been identified.
Furthermore, as with all epidemiological studies, individuals who
did not seek medical care for their injuries or were misdiagnosed
will have been missed, as may have been others. The strengths
of the study design include reporting in two parts with different
scope. The first part was able to demonstrate important informa-
tion about ATRR epidemiology and in particular, late re-ruptures,
which would not otherwise be possible. As with all retrospec-
tive reviews, a minimum follow-up time had to be defined in the
second part of the study, although the minimum 1.5 year thresh-
old chosen is longer than that used in other studies on the topic
[15, 35]. Additionally, most patients had a significantly longer
review period than the minimum period and data from part 1
suggests that over 80% of ATRR would have occurred within
this minimum timeframe. Targeted data collection in this study
permitted detailed analysis of all primary ATR and re-ruptures,
in contrast to some registry-based studies which are limited to the
demographic data collected in the registry and may be unable to
differentiate between primary ATR and ATRR [13].

Conclusions

The epidemiology of ATRR is described and the hypoth-
esis confirmed. Other novel findings are described, including
incidence of a small but significant number of late ATRR,
occurring years after the primary injury and increased inci-
dence of ATRR in less socioeconomically deprived patients.
Younger age and traditional immobilising cast treatment of
primary ATR were independently associated with ATRR.
Traditional immobilising rehabilitation regimes should be
avoided to reduce re-rupture risk.

Appendix 1

See Table 9.

Table 9 Actual incidence of ATRR per season compared to expected
incidence of ATRR in the absence of any seasonal variation *Chi
square test

Actual distri- Expected distribution in the

bution absence of seasonal variation
Autumn 8 12 ns*
Winter 8 12 ns*
Spring 13 12 ns*
Summer 19 12 ns*
Total 48 48

@ Springer

Appendix 2

For the purposes of this sub-analysis, only patients present-
ing with a second Achilles tendon rupture within 3 years of
their primary rupture (n =40) were considered to have re-
ruptures. All other presenters with ATR (n="791) were con-
sidered to have primary ruptures. The median time between
primary ATR and ATRR was 92.5 days (IQR 82-106).
Males (mean 6 cases per year, range 2-9; in an average male
population of 416,096) were affected more commonly than
females (mean 0.67 cases per year, range 0-3; in an average
female population of 439,902; p=0.063 FET; OR=6.34,
95% CI1 0.76-52.69).

Median age at the time of ATRR was 41 years (IQR
33-47). Male preponderance for ATRR was more pro-
nounced than for primary ATR (p=0.014; OR=3.43,95%
CI 1.21-9.75). The mean incidence of ATRR over the study
period was 0.78/100,000 per year (range 0.34—1.05/100,000
per year) for all ages and 0.96/100,000 per year (range
0.42-1.30/100,000 per year) for the adult population
(> 18 years). This compares to a mean incidence of primary
ATR of 15.41/100,000 per year (range 13.63 to 19.18) for
all ages and 19.04/100,000 per year (range 16.86-23.71) in
adults (> 18 years). Peak incidence of both primary ATR
and ATRR was in the fifth decade (Appendix 2, Fig. 6a,
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age bracket
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Table 10 Actual incidence of ATRR per season compared to
expected incidence of ATRR in the absence of any seasonal variation.
*Chi square test

Actual dis-  Expected distribution in the p value
tribution absence of seasonal variation
Autumn 7 10 ns*
Winter 7 10 ns*
Spring 10 10 ns*
Summer 16 10 ns*
Total 40 40

Table 11 Mechanism of injury for primary ATR and ATRR

Primary ATR ATRR

Sport 389 (49.2%) 2 (5%)
Walking 56 (7.08%) 12 (30%)
Low energy: slip, trip, stubbing foot, 70 (8.85%) 7 (17.5%)

stumble, ankle inversion or fall from

standing height
Fall (> standing height) 17 (2.15%) 1(2.5%)
Open injury 8 (1.01%) 0(0%)
Blunt trauma 11 (1.39%) 0 (0%)
Running (non-sports) 20 (2.53%) 1(2.5%)
Jumping (non-sports) 13 (1.64%) 1(2.5%)
Dancing 81 (10.24%) 0 (0%)
Pushing/lifting heavy objects 21 (2.65%) 1(2.5%)
Standing up from sitting/lying 12 (1.52%) 0 (0%)
Stairs/steps 41 (5.18%) 5(12.5%)
No specific event/spontaneous 25 (3.16%) 3(7.5%)
Physiotherapy/rehabilitation exercises N/A 2 (5%)
Other 16 2.02%) 4 (10%)
Unknown 11 (1.39%) 1(2.5%)
Total 791 40

b). ****NOTE THE END OF THIS SENTECE...i.e. "6a,
b)." should be BEFORE Figure 6, with the beginning of the
sentence and not over here***

Incidence of ATRR was higher in the least socioeco-
nomically deprived population biquintile (26 cases in a
population of 425,254) compared to the most deprived
biquintile (10 of 294,239) but this finding did not reach
statistical significance after excluding late re-ruptures
(OR=1.74, 95%CI 0.84-3.60, p=0.13). ATRR occurred
most frequently during the summer, but there was no
statistically demonstrable seasonal variation (p >0.15;
Appendix 2, Table ***NOTE that throughout this sec-
tion, as above with figure 6, the end of the sentence link-
ing to the appropriate figure or table has been separated
and inserted after the relevant figure or table.*** 10).
The majority of ATRR were low-energy injuries and two

ATRR (5%) occurred while undertaking primary ATR
rehabilitation exercises (Appendix 2, Table 11).
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