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Abstract
Objective: The purpose of this retrospective study was to investigate the correlation between patient-reported outcome scores and objective
functional assessments following surgical treatment of Achilles tendon ruptures (ATR).
Methods: A retrospective review of 53 patients with acute ATR who underwent primary surgical repair was performed. Patient-reported
functional outcomes were evaluated with the ATR score (ATRS). Calf atrophy was assessed using the difference between the maximum calf
circumference on the involved and healthy sides. The objective functional capacity of the lower leg was assessed using a single-leg standing
heel-rise fatigue test. The limb symmetry index (LSI) was calculated as the ratio between the injured and uninvolved limbs. The correlation
between variables was tested using the Spearman correlation test.
Results: There were 53 patients (50 males and three females) with a mean age of 40.8±7.7 years (range, 27-59 years). The mean follow-up
duration was 35.6±16.6 months (range, 12-80 months). The mean ATRS ranged from 88 to 100 points with a mean of points. There was a
mean of 1.15±0.6 cm (range, 0-2 cm) calf circumference difference between the limbs. Calf atrophy was present in 46 (86.7%) patients. The
mean LSI (%) was 87.5%±9.3% (range, 61%-100%). No correlation was detected between the ATRS score and calf atrophy and LSI.
Conclusion: The ATRS overestimates the objective functional capacity of the Achilles tendon. New scoring systems that combine both
subjective and objective measures are required to assess the overall outcome following an ATR.
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INTRODUCTION
Achilles tendon ruptures (ATR) are the most common tendon
injuries seen in the adult population (1). They frequently occur in
active young males during sporting activities. Although the exact
etiology is unknown, chronic degenerative tendinopathy is the
significant risk factor (2,3). An acute ATR might be managed either
with surgical or conservative treatment methods. However, the
optimal treatment of ATR remains controversial. Some authors
advocated surgical treatment because of the decreased risk of
re-rupture. Others favored conservative treatment because both

treatment methods result in similar functional recovery with
a lower complication rate. One of the most important reasons
for obtaining different results is that the outcome scores and
evaluations vary considerably among these studies (4-8).
The most popular patient-reported outcome score for evaluating
Achilles tendon functions is the ATR score (ATRS). It is a simple
questionnaire comprising 10 questions. Each item is rated
between 0 (worst) and 10 (best) with a maximum cumulative
score of 100 (9,10). The reliability and validity of ATRS have been
shown in previous studies (11-13). However, ATRS only provides
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subjective data of the patients’ own opinions about the results.
We hypothesized that objective and subjective assessments on the
functional outcomes of ATR are variable, and patient-reported
outcome measures might overestimate the actual functional
capacity following surgical treatment of ATR. The purpose of this
retrospective study was to investigate the correlation between
residual functional deficits and patient-reported outcome scores
following surgical treatment of ATR.

METHODS
Patients and Study Design
A retrospective review of patients who underwent primary repair
of acute ATR in authors’ institutions between 2013 and 2019 was
performed. Patients treated with mini-open or closed techniques,
chronic ATR admitted later than four weeks, patients who had
missing clinical data and followed less than one year were
excluded from the study. During the study under investigation,
67 cases were identified. Of these patients, 14 were excluded,
and 53 patients were eligible for study inclusion. This research
was undertaken in compliance with the ethical principles set out
in the Helsinki Declaration of 1964 and its later modifications.
Also, the Institutional Review Board at Antalya Training and
Research Hospital approved the study protocol (approval date/
issue: 4.3.2021/1.34). All patients provided consent to participate
in the study.
Surgical Technique and Postoperative Rehabilitation
All patients underwent open primary repair using either the
Krakow or Kessler end-to-end suture technique with nonabsorbable sutures. A short or long leg cast was performed in
the neutral position of the ankle for three weeks postoperatively,
and the patients were mobilized with crutches without
weight-bearing. Afterward, the cast was removed, and active
ankle exercises were started without weight-bearing. Fullweight-bearing was encouraged at the end of the sixth week.
Participation in recreational sporting activities was allowed after
the sixth postoperative month.

were tested. The limb symmetry index (LSI) was calculated as the
ratio between the injured and uninvolved limbs and expressed
as a percentage. The maximum calf circumference was measured
on both sides, and the difference was recorded as an objective
measure of calf atrophy. Finally, the ankle range of motion was
evaluated.
Statistical Analysis
Statistical analysis was performed using SPSS Statistics Base
v.23 for Windows. Descriptive statistics of the continuous and
categorical data are presented as the mean ± standard deviation,
range, and frequency distribution. The Kolmogorov-Smirnov
test was used to determine whether the data were distributed
normally. The correlation between variables was tested using the
Spearman correlation test. A value of p<0.05 was accepted as
statistically significant.

RESULTS
There were 53 patients (50 males and three females) with a mean
age of 40.8±7.7 years (range, 27-59 years). The right side was
involved in 29 (54.7%) patients and left in 24 (45.3%) patients.
The mean follow-up duration was 35.6±16.6 months (range, 1280 months). Superficial wound infection was seen in six (11.3%)
patients and was treated with oral antibiotics. Permanent sural
nerve injury was seen in three (7.5%) patients. Ankle dorsiflexion
was limited to four patients (10° in three and 20° in one). Two
(3.7%) patients had re-rupture and underwent revision surgery.
No other complications were recorded. A summary of the
demographic and clinical characteristics of patients is presented
in Table 1.
The mean ATRS ranged from 88 to 100 points with a mean of
points. There was a mean of 1.15±0.6 cm (range, 0-2 cm) calf
Table 1. Demographic and clinical characteristics of patients
Variable

Mean ± SD

Range

Age (years)

40.8±7.7

27-50

Height (cm)

177.3±7.3

160-193

Weight (kg)

87.2±12.5

60-125

Functional Evaluations at the Final Follow-up

BMI (kg/m )

27.6±2.9

22.7-38.5

All patients were followed for at least 12 months. At the final
follow-up, the Turkish version of the ATRS was used to evaluate
the patient-reported functional outcome (14). The functional
capacity of the lower leg was assessed using the single-leg
standing heel-rise fatigue test. The patients were asked to perform
repetitive heel-rises as many and as quickly as possible until
reaching fatigue. The total number of repetitions was counted
and recorded. First, the healthy side and then the injured side

Follow-up (months)

35.6±16.9

12-80

Injured side single-leg rise test (n)

21.7±7.3

6-38

Healthy side single-leg rise test (n)

24.6±7.5

8-40

LSI (%)

87.5±9.3

61.1-100

Calf atrophy (cm)

1.15±0.6

0-2

ATRS (points)

97.6±2.4

88-100

2

BMI: Body mass index, ATRS: Achilles tendon rupture score, LSI: Limb symmetry
index, SD: Standard deviation
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circumference difference between the limbs. Calf atrophy was
present in 46 (86.7%) patients. The mean LSI (%) was 87.5%±9.3%
(range, 61%-100%). No correlation was detected between the
ATRS score and calf atrophy, and LSI (Table 2, Figure 1). Patients
were divided into two groups according to their LSI score. The
first group consisted of patients who had LSI scores less than 90%,
and the second group had scores greater than 90%. Although
the LSI was significantly different between groups (80.6±8.6 vs.
94.2±2.9, p=0.001), the ATRS was similar (97.6±2.0 vs. 97.5±2.7,
p=0.798).

DISCUSSION
In the current study, no relationship was found between
patient-reported outcome measures and objective measures
following surgical treatment of ATR. Although significant
residual functional limb asymmetry was detected in half of the
patients, ATRS remained similar. Based on our findings, it can
be proposed that ATRS does not reflect the actual functional
status of the patients. Accordingly, there is an obvious need for
better outcome measurement based on patient outcomes and
objective functional measures.
In general, two criteria are used to evaluate the results after
Achilles tendon injuries. The first depends on the physician’s
measurements through the physical examination and certain
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specific tests. The other is a set of patient-reported outcome
measurements (PROM) that has become increasingly important
in recent years. ATRS is the most commonly used PROM after
Achilles tendon injuries (15). However, the minimal detectable
change value is 18.5 points for ATRS (13). Therefore, the ATRS has
a low discriminative capacity.
Few published studies support our findings. Keene et al. (16)
compared the potential benefit of platelet-rich plasma (PRP)
injection with conservative treatment of ATR. There was no
significant difference in ATRS between patients at the end of
24 weeks, but the LSI was significantly better in the PRP group.
Westin et al. (17) evaluated the factors affecting the outcome
one year after ATR in 391 patients. Although the older age at
injury was a predictive factor for concentric Achilles power, no
significant predictor was related to the ATRS. Brorsson et al. (18)
examined calf muscle performance deficits seven years after
ATR in 66 patients. Eighty-five percent of their patients scored
more than 85 points on the ATRS, but only 29% of the patients
had an LSI higher than 85% in calf muscle endurance and calf
muscle concentric power. Kastoft et al. (19) compared early
versus delayed weight-bearing in the non-operative treatment
of acute ATR in 37 patients. At the end of 4.5 years, ATRS
showed no association with heel-rise work or heel-rise height
(19). Silbernagel et al. (20) examined the functional deficits in
78 patients with ATR using the heel-rise endurance test in the
sixth and twelfth months. The authors found no significant
correlations between ATRS and heel-rise endurance at the 6or 12-month evaluations (20). All these previous findings show
that ATRS is not a sensitive outcome measure to evaluate the
objective functional capacity of the Achilles tendon.
Study Limitations

Figure 1. Graph showing the correlation between LSI and ATRS
ATRS: Achilles tendon rupture score, LSI: Limb symmetry index

Table 2. Correlation between the ATRS score and calf atrophy
and LSI

ATRS
LSI
Calf
atrophy

ATRS

LSI

Calf
atrophy

Correlation coefficient

1.000

-0.090

0.042

Sig. (2-tailed)

-

0.521

0.765

CONCLUSION

Correlation coefficient

-0.090

1.000

0.169

Sig. (2-tailed)

0.521

-

0.227

Correlation coefficient

0.042

0.169

1.000

Sig. (2-tailed)

0.765

0.227

-

ATRS, which is the most commonly used PROM in ATR research,
cannot show differences in the objective functional capacity
following surgical treatment of the ATR. Future studies should
focus on developing more accurate scoring systems that combine
both objective and subjective measures.

ATRS: Achilles tendon rupture score, LSI: Limb symmetry index, Sig: Significance
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The current study has some limitations. First, the functional
capacity of the Achilles tendon was measured with a simple
fatigue test. Although this is accepted as a good indicator
of functional capacity, other sophisticated methods such as
isokinetic muscle strength measurements were not available
(21). The study assessed a relatively limited number of patients;
however, the follow-up period was sufficiently long.
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