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SUMMARY
Background. The effect of non-steroidal anti-inflammatory drugs (NSAIDs) on recovery
after Achilles tendon rupture is unknown. This is the first study examining the relationship
between NSAID use and recovery after Achilles tendon rupture in humans.
Methods. Adult patients presenting between 01/01/14 and 03/30/2018 with acute Achilles tendon rupture were asked to complete a survey in the Spring of 2018 to determine
whether they took NSAIDs after rupture. Their recovery was quantified in three ways: 1)
the Achilles Tendon Total Rupture Score (ATRS), 2) the duration of time to walk again
normally, and 3) the incidence of tendon re-rupture. Recovery was compared across
NSAID and non-NSAID users.
Results. Fifty-three percent of 361 patients who completed the survey used NSAIDs
following tendon rupture. NSAID users reported a significantly lower ATRS (69) than
non-NSAID users (77; p < 0.005). There was no difference in time to walk again normally
or incidence of re-rupture. After controlling for age, sex, operative versus non-operative
treatment, and time from diagnosis to survey completion, NSAID use was still associated
with a significantly lower ATRS (p = 0.003).
Conclusion. NSAID use was associated with a lower ATRS after Achilles tendon rupture.
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SUMMARY
The initial management of Achilles tendon rupture often
involves pain control, including the administration of
non-steroidal anti-inflammatory drugs (NSAIDs). While
there is some evidence that NSAIDs may impair bone healing (1-4), the effect of NSAIDs on tendon healing is less
clear. In vitro, NSAID exposure after tendon injury was
found to inhibit proliferation and migration of tendon cells,
but increase collagen synthesis (5). A study in rat Achilles
tendons demonstrated that ibuprofen upregulates matrix
metalloproteinases, which are known to degrade collagen
(6). Consistent with this finding, the early administration of
NSAIDs after injury in rats was found to impede recovery
of the Achilles tendon (7) and the patellar tendon (8, 9).
In contrast, a separate study found that NSAID use after
Achilles tendon transection in rats was associated with
314

equivalent failure loads post-operatively (10). To complicate the issue, early NSAID administration after supraspinatus tendon injury in rats was found to impair recovery,
but late NSAID administration was either beneficial or had
no effect (11, 12).
The aforementioned studies have limited applicability, as
most involved rodents undergoing surgical transection of
the Achilles or other tendons, which do not accurately represent Achilles tendon rupture in humans (13). Furthermore,
tendon recovery in most studies was assessed two weeks
following transection. The long-term effects of NSAIDs on
tendon healing have not been studied. Due to the lack of
human subjects, the artificial nature of injury, and the limited time points of assessment, it remains unclear whether
NSAID use following Achilles tendon rupture impacts functional recovery in humans.
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Given the frequency with which patients are administered
NSAIDs following injuries, it is imperative to determine how
this practice may impact a patient’s recovery after Achilles
tendon rupture. In an initial step towards understanding
any relationship between NSAID use and recovery following Achilles tendon rupture, a survey was sent to all patients
presenting with an Achilles tendon rupture to assess whether NSAID use after Achilles tendon rupture was associated with worse functional outcomes. We hypothesized that
NSAID use would be associated with worse recovery, as
indicated by a lower Achilles Tendon Total Rupture Score
(ATRS).

METHODS
Patient Population
Institutional review board approval was obtained for this
study and the study meets accepted ethical standards (14).
All patients aged 18 and older presenting with an initial
diagnosis of Achilles tendon rupture were identified by
searching for initial encounters with the following ICD-9
or ICD-10 codes: 727.67 Rupture of Achilles tendon,
845.09 Achilles tendon tear, 891.2 Achilles tendon laceration, M66.871 Nontraumatic rupture of right or bilateral
Achilles tendon, M66.872 Nontraumatic rupture of left or
bilateral Achilles tendon, S86.011A Right Achilles tendon
tear, S86.012A Left Achilles tendon tear, S86.021A Right
Achilles tendon laceration, S86.022A Left Achilles tendon
laceration, or S86.092A Laceration of unspecified Achilles
tendon.
Patients who suffered an Achilles tendon rupture between
January 1, 2014 and December 31, 2015 were sent invitations to participate in March of 2018. Patients suffering
an Achilles tendon rupture between January 1, 2016 and
March 30, 2018 were sent survey invitations in July of 2018.
A non-parametric post-hoc power analysis computed a
power of 82.7%.
The survey was created using SurveyMonkey. Patients were
given a unique de-identified code via email to maintain
anonymity throughout the survey.
Outcomes
The Achilles Tendon Total Rupture Score (ATRS)
was selected to be the primary outcome because it is a
patient-reported externally validated score that quantifies
functional outcome after Achilles tendon rupture (15, 16).
A higher score on a scale of 0-100 indicates better functional outcome. The group minimal detectable change in
the ATRS was reported to be 3.5 (17). Secondary outcomes
included the duration of time it took to walk again normalMuscles, Ligaments and Tendons Journal 2019;9 (3)

ly, and the incidence of re-rupture. All three variables were
assessed using the survey.
Determining NSAID Use
NSAID use was determined using the survey (Figure
1). Patients were categorized as either NSAID users or
non-NSAID users. Non-NSAID users may have used other
pain medications or none at all.
Exclusions
In addition to excluding patients for uncertainty about pain
medication use (Figure 1), patients were excluded if they
were pregnant, used steroids, or used fluoroquinolones at
any point during recovery (Figure 2). These exclusion criteria were selected because pregnancy, steroid use, and fluoroquinolone use are known to alter tendon characteristics
(18-20). If patients were unsure if they took steroids or antibiotics, their prescription records were reviewed. If records

Did you take pain medication after you ruptured your
Achilles tendon?

Yes

Unsure
(Excluded)

Which medications?

No
(No NSAID group)

Any NSAID
(NSAID group)

Unsure

OTC or prescribed?

OTC (Excluded)

Prescribed
– Records checked

Any NSAID
(NSAID group)

Non-NSAID
(No NSAID group)

No prescription
(Excluded)

Figure 1. Diagram depicting how NSAID use was determined
using the survey. Resulting groups are denoted in parentheses. Some patients endorsed taking pain medication, but
were unsure of the specific type. If the unknown medication was over the counter (OTC), then they were excluded.
If the unknown medication was prescribed, their prescription
records were reviewed to determine which pain medications
they had filled.
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2346 eligible patients eligible

Excluded (n= 1985)
- Declined to participate (n = 1820)
- Invalid emails (n = 23)
- Unsure of pain medication (n = 63)
- Pregnancy (n = 8)
- Steroid use (n = 56)
- Fluoroquinolone use (n = 11)
- Incomplete surveys (n = 4)

361 patients enrolled

NSAID users (n= 191)

Non NSAID users (n= 170)

Figure 2. Diagram depicting number eligible, excluded, and
enrolled in the study.

Time to Walk Normally
A univariate cox proportional hazards model was used to
quantify the association between NSAID use and the duration of time it took patients to walk again normally because
1) some respondents still did not walk normally at the time
of the survey and 2) the time from diagnosis to survey was
variable across subjects. The cumulative probability of a
patient walking again normally after Achilles tendon rupture
was computed across time. Each time point reflected either
the time elapsed between tendon rupture and survey administration if the patient could not yet walk normally, or the
time it took the patient to walk again normally, whichever
came first.
Incidence of Re-rupture
Patients were asked whether or not they re-ruptured their
Achilles tendon on the survey. The relationships between
NSAID use, sex, and the incidence of Achilles tendon
re-rupture were examined using Fisher’s exact tests.

RESULTS
showed that these patients had filled a prescription for oral
steroids or fluoroquinolones since their Achilles tendon
rupture, they were excluded.
Demographics
Chart review was utilized to obtain demographic information
such as age, sex, and operative versus non-operative repair.

Statistical Analysis
ATRS
The ATRS values were not normally distributed according to both the D’Agostino-Pearson normality test and the
Shapiro Wilk normality test. We performed non-parametric Mann Whitney tests as well as parametric t-tests (as per
the asymptomatic theory since our sample size is large), but
the results and conclusions were not different. Thus, we
only reported the results of nonparametric Mann-Whitney
tests comparing the ATRS of NSAID users to non-NSAID
users, the ATRS of females to that of males, and the ATRS
of those who underwent operative versus non-operative
repair. After appropriate diagnostics were confirmed (such
as a normal distribution of the residuals), a multivariable
linear regression model of the ATRS was performed with
independent variables including age, NSAID use, sex, operative versus non-operative repair, and time from diagnosis
to survey participation. For all statistical comparisons, the
finding was considered statistically significant if p < 0.05.
Values in parenthesis are medians.
316

Demographics
Of the 2346 patients who were deemed eligible and sent
email invitations to participate in the study, 1985 were
excluded, leaving 361 patients in the study (Figure 2).
Among survey responders, the median age was 47 (range
= 18-96; interquartile range [IQR] = 37-58). Two-hundred
and fifty responders were male. Two-hundred and nineteen had undergone non-operative repair of their Achilles
tendon rupture. Fifty-three percent of responders (n = 191)
reported using NSAIDs. Surveys were completed a median
of 24.3 months after Achilles tendon rupture (range = 4-51
range; IQR = 12-33).
Demographic information of NSAID users compared to
non-NSAID users is displayed in Table I. Eleven patients
(8 NSAID, 3 non-NSAID) entered an invalid identification
number so age, sex, type of repair, and months from diagnosis to survey were only available for 350 patients. Seven
patients did not provide ATRS data. Three patients did
not provide re-rupture information. Thirteen patients did
not respond to the walking again normally questions. The
number of months from diagnosis to walking was computed
from 286 patients because 62 patients responded that they
still did not walk normally.
ATRS
Across all survey responders, the median ATRS was 73
(range = 10-100 range; IQR = 49-90). ATRS data were
missing from 7 patients due to incomplete responses, leavMuscles, Ligaments and Tendons Journal 2019;9 (3)
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Table I. Characteristics of NSAID users and Non-NSAID users
Variable

No NSAIDs (n =170)

NSAIDs (n = 191)

p value

Age

48 (18-83; 33-60)

46 (22-96; 37-56)

0.65

Male

117 (72 %)

133 (71 %)

0.813

Female

45 (28 %)

55 (29 %)

Non-Operative

102 (63 %)

117 (62 %)

0.912

Operative

60 (37%)

71 (38 %)

ATRS **

77 (11-100; 56-93)

69 (10-100; 45-87)

0.005

No Re-rupture

160 (95%)

174 (92%)

0.399

Re-rupture

9 (5%)

15 (8%)

Mos from dx to survey

22.3 (4-51;12-32)

24.8 (4-51;13-33)

0.987

Not Walking Normally

25 (15.3%)

37 (20%)

0.326

Walking Normally

138 (84.7%)

148 (80%)

Continuous variables are summarized by median (range; interquartile range [IQR]). Discrete variables are summarized as number per group (% of
group). Ranges and IQR were rounded to the nearest whole number. **indicates p<0.05 for Mann Whitney tests when comparing the NSAID to no
NSAID groups. Months is abbreviated as Mos.
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= 46-88; p = 0.03). However, when controlling for age,
NSAID use, time from diagnosis to survey completion and
sex, operative repair was no longer associated with a higher ATRS (p = 0.093). Of note, those who underwent operative repair were significantly younger (median = 43; IQR
= 33-50) than those who underwent non-operative repair
(median = 49; IQR = 39-61; p < 0.0001).

25
NSAID
No NSAID

20
Percentage of total

15
10
5

95

85

75

65

55

45

35

25

0

15

ing 354 patients for this analysis. NSAID users reported
a significantly lower ATRS (median = 69; IQR = 45-87)
than non-NSAID users (median 77; IQR = 56-93; p =
0.005). Figure 3 illustrates distributions of the ATRS across
NSAID users and non-NSAID users. The lower ATRS ranges are characterized predominantly by NSAID users while
the higher ATRS ranges are characterized primarily by
non-NSAID users.
There was a significant correlation between the ATRS
and the months that elapsed between the time of diagnosis and survey completion (p < 0.0001). Thus, the number
of months between diagnosis and survey participation was
included as an independent variable in the multivariable
linear regression model. After controlling for age, sex, operative versus non-operative repair, and time from diagnosis
to survey completion, NSAID use was still associated with a
significantly lower ATRS (p = 0.003).
Incidentally, females (median = 61; IQR = 40.8-83) reported a significantly lower ATRS than males (median = 77; IQR
= 55-93; p < 0.001). Even after controlling for age, NSAID
use, operative versus non-operative repair, and time from
diagnosis to survey completion, female sex was still associated with a significantly lower ATRS (p < 0.001). There was
no difference in the percent of females (30%) and males
(40%) choosing to undergo surgery (p = 0.09). Males and
females exhibited no significant difference in age (p = 0.44),
or months from diagnosis to survey (p = 0.45).
Patients who reported undergoing operative repair reported a higher ATRS (median = 77; IQR = 54-93) than those
who underwent non-operative repair (median = 70; IQR

ATRS

Figure 3. The percent of NSAID users and non-NSAID users
who reported an ATRS in each of the listed ranges. Each bin
spans 10 ATRS points. The middle of each 10-point range is
labeled on the x-axis.
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Time to Walk Again Normally

Incidence of Achilles Tendon Re-rupture

At the time of the study, 287 patients reported that they
were walking normally, while 61 stated that they were still
not walking normally. Thirteen patients declined to answer
this question. Of the 287 patients who reported walking
again normally at the time of the survey, the median time
to walk was 6 months (range = 0.5-36; IQR = 4-8). NSAID
use was not significantly associated with the amount of time
it took patients to walk again normally after an Achilles
tendon rupture using the cox proportional hazards model
(p = 0.094; Figure 4A).
Because female sex was noted to be associated with a
lower ATRS, the relationship between sex and the secondary outcomes of time to walk again normally and re-rupture rate were also examined. A cox proportional hazards
model demonstrated that female sex (p < 0.001; Figure 4B)
was associated with a significantly longer time to walk again
normally after Achilles tendon rupture.

Twenty-four patients (6.7%) reported having an Achilles tendon re-rupture. Three patients declined to answer
this question. Fifteen patients (7.9%) in the NSAID group
reported re-rupture, while nine (5.3%) of the non-NSAID
users reported re-rupture (p = 0.399). Eight females (8.2%)
reported a re-rupture, while 14 males (5.6%) reported a
re-rupture (p = 0.46). Eight patients (6.15%) who underwent surgical repair reported a re-rupture, whereas fourteen
patients (6.45%) who underwent non-operative treatment
reported re-rupture (p > 0.99).

A

Probability of walking

1
0.8
0.6
0.4
No NSAID
NSAID

0.2
0

B
Probability of walking

1
0.8
0.6
0.4
Male
Female

0.2
0
0

10

20

30

40

50

Time after injury (months)

Figure 4. Cox proportional hazards models showing the relationship between the probability of time to walk again normally after injury and A) NSAID use as well as B) sex. * denotes p
< 0.05.
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DISCUSSION
This is the first study to examine the association between
NSAID use and functional recovery in humans after Achilles tendon rupture. NSAID users reported a significantly
lower ATRS as compared to non-NSAID users, suggesting
worse functional outcomes. After controlling for variables
such as sex, age, operative versus non-operative approach,
and time from diagnosis to survey completion, NSAID use
was still associated with a lower ATRS. NSAID use was not
associated with a longer time to walk again normally or an
increased incidence of re-rupture. However, the time to
walk again normally was subject to recall bias and it is not
an externally validated measure of functional recovery after
rupture. A recent meta-analysis reported average overall
re-rupture rates to be 5% (21), which is similar to the overall rate we found here of 6.7%. Given the rarity of re-rupture, this study was likely underpowered to detect a difference in re-rupture rate between the groups.
An interesting association between female sex and a lower
ATRS after Achilles tendon rupture was also discovered.
This prompted the investigation of the relationship between
female sex and other secondary measures of recovery after
Achilles tendon rupture. Indeed, female sex was associated
with a longer time to walk again normally.
Initially, those who had non-operative repair seemed to have
a lower ATRS than those who underwent operative repair.
However, after controlling for age, NSAID use, sex, and
months from diagnosis to survey, this association was no
longer present.
Due to the survey-based nature of this study, it is subject to
recall bias. Patients may simply have not remembered whether or not they took NSAIDs, especially if they ruptured their
Achilles tendon years ago. However, subjects were allowed
to answer, “I don’t know” and were later excluded if they
were unsure. Prescription records were also reviewed to
verify which prescriptions were filled if a patient stated that
they were unsure of which prescribed medications they took
(Figure 1). Still, patients may have taken an NSAID over
Muscles, Ligaments and Tendons Journal 2019;9 (3)
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the counter without remembering, which may have influenced results. While patients were not blinded to whether
or not they took NSAIDs, it is unclear in which direction
this would have biased patients as they were not informed
beforehand of the hypothesis.
As this was a retrospective multi-center study involving
patients with different providers, the post-operative and
non-operative treatment protocols were not standardized
across patients. This may have introduced additional bias,
as there is no consensus on the optimal rehabilitation protocol (13).
Due to the follow-up time point of this study, patients who
ruptured their tendon in 2014 had more time to recover than
those who ruptured their tendon in 2018. Indeed, there was
a correlation between the time from diagnosis to survey and
the ATRS. To account for this, we included the time from
diagnosis to survey completion as an independent factor in
the multivariate regression analysis. After controlling for the
time from diagnosis to survey, NSAIDs were still associated
with a lower ATRS score. In the time to walk analysis, we
employed a cox proportional hazards model to help account
for the variability in time from diagnosis to survey as well.
Patients were not randomized to their treatment groups,
which could have introduced selection bias. While Table
I shows that the two groups were demographically similar,
it is possible that there were unmeasured differences that
influenced outcomes. For example, there may have been
differences in the use of supplements, vitamins, or nutraceuticals between groups. Such substances may have anti-inflammatory properties themselves, or could exert synergistic
or antagonistic effects on NSAIDs.
While there is a wide range of age groups included in
this study, the age of NSAID users was not different from
non-NSAID users, making it unlikely that having such a
wide age range influenced the relationship between NSAID
use and ATRS. Furthermore, NSAID use was still associated with a lower ATRS even after controlling for age.
Patients’ injuries were not confirmed by uniform imaging as
this was a retrospective study and patients were diagnosed
clinically, by ultrasound, or with MRI. While this may have
reduced accuracy in diagnosis, the ICD-9 and ICD-10 codes
were used to identify eligible patients with initial encounters
for Achilles tendon ruptures.
Importantly, only 15% of eligible patients were included in
the final results. While 503 patients started the survey, only
361 completed the survey without exclusions. It is unclear
how accurately this small proportion represents the entire
population. The timing and dosage of NSAID administration may also be important in how NSAIDs influence recovery (11, 12) and was not evaluated here, representing another potential limitation.
Muscles, Ligaments and Tendons Journal 2019;9 (3)

It is possible that taking any pain medication after Achilles tendon rupture may influence healing. In this study,
non-NSAID users included both patients who may have
used other pain medications and those who used no pain
medications at all. Further studies are necessary to tease
apart how pain medications versus anti-inflammatory medications affect recovery.
Currently, the effect of NSAIDs on recovery after Achilles
tendon rupture remains unknown. NSAIDs have been theorized to have deleterious effects on tendon healing (5, 6).
Conversely, there is evidence that NSAIDs increase collagen
synthesis (5), which could facilitate healing. Rodent studies evaluating the effects of NSAIDs on healing after transection of the Achilles tendon are conflicting (7, 10). These
studies have limited applicability due to the lack of human
subjects, the artificial surgical nature of injury, and the very
early time points of assessment following injury. This is the
first study to examine the relationship between NSAID use
and recovery after Achilles tendon rupture in humans.
The only study to date looking at the effects of NSAIDs on
Achilles tendon injury in humans was performed on patients
with Achilles tendinopathy rather than rupture. Seventy
patients were given perixocam or placebo and re-assessed
twenty-eight days later (22). The authors reported no difference in recovery with NSAID use; however, the sample size
was small, the drug selection was atypical, the follow-up
time point was early, and the study did not involve patients
with Achilles tendon rupture.
Consistent with our work, ketorolac administration following anterior cruciate ligament (ACL) reconstruction was
associated with worse outcomes in one study (23). Conversely, another study showed NSAID use was associated with
equivalent Visual Analog Scale pain scores and examination
one year after operative ACL repair (24).
In agreement with our data, prior work has reported that
females with Achilles tendon rupture suffer worse outcomes
than males (25). The etiology of this sex-specific difference
in healing is currently unclear. It is unlikely that this sex-specific difference in recovery influenced the association
between NSAID use and the ATRS that we observed. First,
there were similar proportions of females in the NSAID
and non-NSAID group (Table I). Furthermore, a regression
analysis demonstrated an association between NSAID use
and a lower ATRS even after controlling for sex as an independent variable.
In support of our finding that operative versus non-operative
repair did not affect the ATRS after Achilles tendon rupture
(after controlling for variables such as age), a meta-analysis found no difference in the ATRS after operative and
non-operative treatment of Achilles tendon ruptures (26).
However, one randomized controlled trial reported that
319
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surgical repair of the Achilles tendon was associated with
better physical functioning (27). Any potential association
between operative repair and improved outcomes did not
influence the association between NSAID use and ATRS that
we observed. There were similar numbers of operative and
non-operative subjects in the NSAID and no NSAID group
(Table I). Additionally, the association between NSAID
use and a lower ATRS was still present after controlling for
treatment approach in the regression analysis.

CONCLUSIONS
NSAID use after Achilles tendon rupture was associated with a lower ATRS. While this study is insufficient to
demonstrate a causal relationship between NSAID use and

worse recovery after Achilles tendon rupture, it highlights
the importance of conducting future randomized, blinded studies to further delineate the relationship between
NSAID use and recovery after Achilles tendon rupture. The
effects of NSAID timing and dosage on recovery and the
molecular pathways whereby NSAIDs impact tendon healing will be an important consideration. Additionally, females
reported significantly worse recovery after Achilles tendon
rupture than males. Future studies are needed to determine
the etiology of this sex-specific disparity so that recovery in
females may be optimized.
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