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Abstract

Background: There continues to be controversy regarding treatment options for Achilles tendon ruptures (ATR). The
aim of our study is to compare outcomes between operatively and nonoperatively managed Achilles ruptures in young
adults (age 18-30years), which has not been previously evaluated.

Methods: At a single institution, all patients aged 18-30years at time of injury who underwent treatment for an acute ATR
from 2014 to 2021 were evaluated. Medical records were reviewed to collect demographics, dates of injury and treatment,
smoking status, body mass index (BMI), Charlson Comorbidity Index (CClI), rate of deep venous thrombosis (DVT) after
treatment, and rate of rerupture. Patients then completed Patient-Reported Outcomes Measurement Information System
(PROMIS) physical function (PF) and pain interference (Pl) questionnaires. Mann-Whitney nonparametric testing was used
to evaluate for any statistical differences in PROMIS scores.

Results: Sixty-six operative patients qualified and 28 (42%) participated. Thirty-seven nonoperative patients qualified and
14 (38%) participated. All patients had a CCI of 0. One patient in the operative cohort and 2 in the nonoperative reported
active smoking. In the operative and nonoperative cohorts, respectively, the average age was 24.4 and 27.8 years; average
BMI 26.5 (SD=4.8) and 27.3 (SD=4.3, P=.52); DVT rates 4 (6.1%) and 2 (5.4%); and rerupture rates 2 (3.0%) and | (2.7%),
respectively. PROMIS scores did not differ in the operative and nonoperative groups: PROMIS PF mean of 60.4 (SD =9.8)
and 62.9 (SD=9.1), respectively (P=.33); as well as PROMIS Pl mean of 44.6 (SD=5.9) and 43.9 (SD =6.5), respectively
(P=.59).

Conclusion: This study should be interpreted with the understanding that we had a considerable loss to follow-up
rate. In the study cohort, we found that young adults with ATR may be considered for either operative or nonoperative
management. Rates of DVT, rates of rerupture, and PROMIS scores were not dissimilar between the 2 cohorts.

Level of Evidence: Level lll, retrospective cohort study.
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Table |. Eligibility Criteria.

Inclusion Criteria

Exclusion Criteria

Complete primary Achilles tendon rupture demonstrated by Thompson

Delayed presentation

squeeze test, presence of a palpable gap, and loss of plantar flexion strength

Between 18 and 30y of age
Presenting within 14d after injury

Physically able to participate in the prescribed rehabilitation program

Proficient in English

Second opinions

Lacerations

Partial tear

Outside hospital repairs

Revisions = flexor hallucis longus transfer

ATR have reported similar patient-reported outcomes and
physical performance with both approaches.®!! In 2019,
Ochen et al’® published a large systematic review of 10 ran-
domized controlled trials and 19 observational studies
involving more than 15,000 patients that showed a higher
risk of Achilles rerupture after nonoperative treatment,
although operative treatment was associated with risks of
various perioperative complications including infections
and sural nerve injury. More recent studies using acceler-
ated functional rehabilitation protocols that stress early
weightbearing have been shown to lessen the risk of rerup-
ture after nonoperative treatment.!>!

Rupture of the Achilles tendon is most typically encoun-
tered in the young to middle-aged active population, with
mean age ranging from 37 to 44 years.!” In younger adult
patients <30years old, surgical intervention has histori-
cally been recommended for management of ATR based on
anecdotal evidence or surgeon preference. Although the
general population as well as athletes have been studied, the
younger adult population aged 18-30years has not been
specifically evaluated in this context. Although younger
adults may have different functional requirements and
expectations compared to the general population, it remains
unclear if these factors will affect treatment success and
complication rates in the era of modern rehabilitation proto-
cols. The aim of our study is to compare outcomes between
operatively and nonoperatively managed Achilles tendon
ruptures in young adults aged 18-30years, with both cohorts
using an accelerated functional rehabilitation protocol. Our
hypothesis is that both cohorts have equivalent patient-
reported outcomes as well as similar rates of deep venous
thrombosis (DVT) and rerupture.

Materials and Methods

This is an Institutional Review Board—approved retrospec-
tive cohort study. At our single academic institution, all
patients aged 18-30years at the time of injury who under-
went treatment for an acute Achilles tendon rupture
between 2014 and 2021 were evaluated. International
Classification of Diseases, Tenth Revision (ICD-10), codes
were used to gather the initial list of patients. To be eligible

for participation in this study, individuals were required to
meet all the eligibility criteria provided in Table 1. Delayed
presentations were excluded. The inclusion criteria for
nonoperative management varied among the surgeons and
may have changed over the course of the study. Currently,
our group considers nonoperative management for patients
who are placed in a plantarflexed splint within 48 hours of
injury. In cases where the initial splinting was done after
this window, some surgeons used magnetic resonance
imaging (MRI) or ultrasonography to assess the size of the
Achilles defect gap. There was no strict gap size cutoff
used to determine qualification for nonoperative treatment
as many other variables were considered when considering
the optimal treatment. Ultimately, all surgeons discussed
the benefits and risks of operative vs nonoperative man-
agement with each patient, with the goal of informed and
shared decision making. Operative repair technique varied
based on surgeon preference and included open as well as
percutaneous. Both operative and nonoperatively managed
patients used an accelerated functional rehabilitation pro-
tocol adapted from Willits et al (Table 2)."”

Medical records were then reviewed to collect demo-
graphics, date of injury, time from injury to presentation,
smoking status, body mass index (BMI), Charlson
Comorbidity Index, rate of DVT after treatment, and rate of
Achilles rerupture after treatment. Patients were then called
and asked to complete Patient-Reported Outcomes
Measurement Information System (PROMIS) physical
function (PF) and pain interference (PI) computer adaptive
testing (CAT) questionnaires. The PROMIS PF CAT utilizes
a 121-item bank of questions, whereas the PROMIS PI CAT
draws from a 40-item question bank to evaluate the limita-
tions of daily activities, pain, and physical activity. Higher
scores on the PROMIS PF indicate greater patient function
whereas higher PROMIS PI scores indicate a greater degree
of pain interference. PROMIS instruments use standardized
T scores designed to return a mean score of 50 and a SD of
10 in the general population of the United States.'? The com-
prehensive set of questionnaires provided by PROMIS have
been studied and shown to be an excellent method for mea-
suring outcomes for patients with foot and ankle injuries.'”
Recently, a retrospective cohort study by Ochen et al'®
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Table 2. Accelerated Functional Rehabilitation Protocol Used by Both Operative and Nonoperative Cohorts.

Time Frame

Activity

Functional bracing in short-leg posterior splint in resting equinus. Nonweightbearing with crutches or knee scooter:

Aircast walking boot with 2-cm heel lift (20 degrees of plantar flexion).? Protected weightbearing with crutches.

Active plantar flexion and dorsiflexion to neutral, inversion/eversion below neutral. Knee/hip exercises with no ankle
involvement (eg, activities while sitting, prone, or side-lying). Nonweightbearing aerobic or cardiovascular exercises

Weightbearing as tolerated in Aircast walking boot with 2-cm heel lift.* Otherwise, continue 2-4-week protocol.
Remove heel lift, continue weightbearing as tolerated in Aircast walking boot.? Slowly begin dorsiflexion stretching.

Graduated resistance exercises (open and closed kinetic chain exercises, functional activities). Proprioceptive
and gait retraining. Weightbearing as tolerated fitness or cardiovascular exercises (eg, bicycling, elliptical machine,

0-2wk
immediately postoperation in operative group, after injury in nonoperative group
2-4wk
(eg, bicycling with one leg, hydrotherapy within motion/weightbearing limitations).
4-6 wk
6-8wk
walking on treadmill, StairMaster).
8-12wk Wean from Aircast as tolerated. Continue to progress range of motion, strength, proprioception, endurance.
> 12wk

Increase dynamic weightbearing exercises including plyometric training, sport-specific retraining. Continue to progress

range of motion, strength, proprioception, endurance.

?Patients were required to wear the Aircast boot while sleeping. Patients were permitted to remove the boot for bathing and while getting dressed
but were still required to adhere to the weightbearing restrictions according to the rehabilitation protocol during those activities. All patients received
a removable below-the-knee orthosis with a 2-cm heel lift to provide approximately 20 degrees of plantar flexion. Adapted from Willits et al.'®

validated the use of PROMIS PF as a reliable and perhaps
the most useful instrument for comparing functional out-
comes between operative and nonoperative treatment groups
in the setting of acute Achilles tendon Rupture.

Basic descriptive statistics were used for all data sets
derived from demographics and outcome scores. Mann-
Whitney nonparametric testing was used to evaluate for sta-
tistical differences in PROMIS scores. Significance was set
at a P value less than .05.

Results

In total, 66 patients qualified for the operative cohort, with 28
(42.4%) responding to our survey request. In the nonopera-
tive cohort, 37 patients qualified and 14 (37.8%) responded.
Mean follow-up was 4.7years for the operative cohort and
3.7 years for the nonoperative. The average age was 24.4 years
in the operative cohort and 27.8 in the nonoperative group.
The average BMI in the operative cohort was 26.5 (SD=4.8)
and 27.3 (SD=4.3) in the nonoperative cohort, which was
not statistically different (P=.52). All patients across both
groups had a Charlson Comorbidity Index of 0. One patient
in the operative cohort and 2 patients in the nonoperative
cohort reported active smoking. Demographics and clinical
characteristics are listed in Table 3.

PROMIS PF and PI scores did not significantly differ
between the operative and nonoperative cohorts (Figure 1).
The PROMIS PF mean was 60.4 (SD=9.8) in the operative
cohort and 62.9 (SD=9.1) in the nonoperative cohort
(P=.33). The PROMIS PI mean was 44.6 (SD=5.9) in the
operative cohort and 43.9 (SD=6.5) in the nonoperative
cohort, also not significantly different (P=.59). The rates of
DVT were similar with 4 (6.1%) in the operative cohort and

Table 3. Demographics and Clinical Characteristics of Study
Population.?

Operative Nonoperative
Treatment Treatment
(n = 28) (n=14)
Age at injury (y) 244 £ 40 27.8 = 2.1
Sex
Male 13 (46.4) 10 (71.4)
Female 15 (53.6) 4 (28.6)
Smoker at time of injury 1 (3.6) 2 (14.3)
Mean follow-up duration (y) 4.7 =24 3.7 23

Mean Charleston 0 0
Comorbidity Index
Mean body mass index

265 438 273 =43

?Data are reported as mean = SD (range) or n (%).

2 (5.4%) in the nonoperative cohort. Rerupture rates were
also similar, with 2 (3.0%) in the operative cohort and 1
(2.7%) in the nonoperative cohort.

Discussion

With the sample size numbers available, we found no sig-
nificant differences in patient-reported outcomes, rates of
DVT, and rerupture rates when comparing operative vs
nonoperative treatment of acute Achilles tendon rupture in
patients aged 18-30years. Our findings corroborate the
results of several high-level randomized controlled trials
that found comparable patient-reported outcomes after
operative vs nonoperative management of acute ATR in the
general population, and our rates of rerupture and DVT are
within the range of existing literature as well.!3>61119 To
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Figure |I. Comparison of PROMIS (A) PF and (B) PI scores.
There was no statistically significant difference between the
operative and nonoperative cohorts. (ns, not significant; PF,
physical function; Pl, pain interference; PROMIS, Patient-
Reported Outcomes Measurement Information System.)

our knowledge, the current study is the first to compare
nonoperative treatment with surgery in the younger adult
population, a group typically considered for operative repair
rather than rehabilitation alone with the goal of restoring
maximum functionality and physical performance.

A growing number of studies have been published on the
optimal treatment of acute ATR. A meta-analysis published
in 1997 by Lo et al* showed the rate of Achilles rerupture to
be 2.8% for operatively treated and 11.7% for nonopera-
tively treated patients. However, a randomized controlled
trial published in 2010 by Willits et al'® reported an overall
rerupture rate of 2.8% for operatively treated and 4.2% for
nonoperatively treated patients, likely reflecting the imple-
mentation of a novel accelerated functional rehabilitation
protocol. Furthermore, Ochen et al® conducted a systematic
review and meta-analysis of 10 randomized controlled trials
and 19 observational studies comparing operative vs non-
operative treatment, which found no significant difference
in rerupture rate if accelerated functional rehabilitation was
used. In Norway, a recent multicenter, randomized, con-
trolled trial compared nonoperative treatment, open repair,
and minimally invasive repair in 554 adults aged 18-60 years
with acute ATR.” This study found that open repair or mini-
mally invasive surgery was not associated with better
patient-reported outcomes than nonoperative management
at 12months from injury. However, they also reported a
lower risk of Achilles tendon rerupture in the operative
groups at 0.6% regardless of approach, compared to 6.2%
rerupture rate in the nonoperative group, in contrast to other
recent trials that showed no difference in the incidence of

rerupture.>'®!? Operative Achilles tendon repair is associ-
ated with an increased risk of infection, risk of sural nerve
injury with resultant deficits in skin sensation, and higher
direct health care costs as well as indirect costs (eg, sick
leave days) when compared to nonsurgical treatment,
although this may vary between countries.>!%!>18

There are some limitations to this study. This is a single-
institution retrospective study with limited sample size and
relatively sparse follow-up, which limits the generalizabil-
ity of our results. In addition, our survey-based methodol-
ogy may introduce bias as those with complications or
dissatisfaction may be more inclined to respond. The lower
response rate is unsurprising given the age of our partici-
pants and proximity to a college town, with many patients
having moved out of town or changed contacts since the
initial injury and treatment. This study is also underpow-
ered to determine any differences between open vs percuta-
neous Achilles repairs though we hope to do this in the
future. Finally, it is important to note that this patient popu-
lation primarily comprised individuals who were not
focused on athletic pursuits and exhibited a wide range of
baseline physical function. As such, return to prior activities
or sports was not formally evaluated because of concerns
about the influence of multiple confounding factors.
However, we believe that the utilization of validated
PROMIIS scores in this study adequately and meaningfully
captures outcomes within this diverse population.

Conclusion

This retrospective analysis comparing surgical and nonop-
erative management of ATR (with both groups participat-
ing in a uniform accelerated functional rehabilitation
protocol) in young adults aged 18-30 years found no statis-
tically significant differences in patient-reported outcomes,
rerupture rates, or incidence of DVT. The findings should
be interpreted in light of the dropout rate, which was con-
siderable. Our study suggests that patients aged 18-30 years
of age may be considered for either operative or nonopera-
tive treatment. Our findings are consistent with those
reported in the growing number of randomized controlled
trials and meta-analyses that showed no significant differ-
ences between operative and nonoperative treatment in the
general adult population. However, further higher-level
studies are required to guide decision making in this
younger patient population.

Author Note

All work was performed at the University of Michigan, Ann
Arbor, Michigan.

Ethical Approval

Ethical approval for this study was obtained from University of
Michigan Institutional Review Board (HUMO00213665).



Ge et al

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this arti-
cle. ICMIE forms for all authors are available online.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Laurence Ge, MD,
Noah Saunders, MD,

https://orcid.org/0000-0003-4623-6708
https://orcid.org/0000-0003-1361-7686

References

1. Keating JF, Will EM. Operative versus non-operative
treatment of acute rupture of tendo Achillis: a prospec-
tive randomised evaluation of functional outcome. J Bone
Joint Surg Br. 2011;93(8):1071-1078. doi:10.1302/0301-
620X.93B8.25998

2. Koltsov JCB, Gribbin C, Ellis SJ, Nwachukwu BU. Cost-
effectiveness of operative versus non-operative management
of acute achilles tendon ruptures. HSS J. 2020;16(1):39-45.
doi:10.1007/511420-019-09684-0

3. Lantto I, Heikkinen J, Flinkkila T, et al. A prospective ran-
domized trial comparing surgical and nonsurgical treat-
ments of acute achilles tendon ruptures. Am J Sports Med.
2016;44(9):2406-2414. doi:10.1177/0363546516651060

4. Lo IK, Kirkley A, Nonweiler B, Kumbhare DA. Operative
versus nonoperative treatment of acute Achilles tendon rup-
tures: a quantitative review. Clin J Sport Med. 1997;7(3):207-
211. doi:10.1097/00042752-199707000-00010

5. Maempel JF, Clement ND, Wickramasinghe NR, Duckworth
AD, Keating JF. Operative repair of acute Achilles tendon
rupture does not give superior patient-reported outcomes to
nonoperative management. Bone Joint J. 2020;102-B(7):933-
940. doi:10.1302/0301-620X.102B7.BJJ-2019-0783.R3

6. Moller M, Movin T, Granhed H, Lind K, Faxen E, Karlsson
J. Acute rupture of tendon Achillis. A prospective ran-
domised study of comparison between surgical and non-sur-
gical treatment. J Bone Joint Surg Br. 2001;83(6):843-848.
doi:10.1302/0301-620x.83b6.11676

7. Myhrvold SB, Brouwer EF, Andresen TKM, et al
Nonoperative or surgical treatment of acute Achilles’ tendon
rupture. N Engl J Med. 2022;386(15):1409-1420. doi:10.1056/
NEJMoa2108447

8. Nilsson-Helander K, Silbernagel KG, Thomee R, et al. Acute
achilles tendon rupture: a randomized, controlled study com-
paring surgical and nonsurgical treatments using validated
outcome measures. Am J Sports Med. 2010;38(11):2186-
2193. doi:10.1177/0363546510376052

10.

11.

12.

13.

14.

15.

17.

18.

19.

. Ochen Y, Beks RB, van Heijl M, et al. Operative treatment

versus nonoperative treatment of Achilles tendon ruptures:
systematic review and meta-analysis. BMJ. 2019;364:k5120.
doi:10.1136/bm;j.k5120

Ochen Y, Guss D, Houwert RM, et al. Validation of
PROMIS physical function for evaluating outcome after
acute achilles tendon rupture. Orthop J Sports Med.
2021;9(10):23259671211022686. doi:10.1177/23259671211
022686

Olsson N, Silbernagel KG, Eriksson BI, et al. Stable surgi-
cal repair with accelerated rehabilitation versus nonsurgical
treatment for acute Achilles tendon ruptures: a randomized
controlled study. Am J Sports Med. 2013;41(12):2867-2876.
doi:10.1177/0363546513503282

Rose M, Bjorner JB, Gandek B, Bruce B, Fries JF, Ware
JE Jr. The PROMIS physical function item bank was cali-
brated to a standardized metric and shown to improve mea-
surement efficiency. J Clin Epidemiol. 2014;67(5):516-526.
doi:10.1016/j.jclinepi.2013.10.024

Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook
M. Surgical versus nonsurgical treatment of acute Achilles
tendon rupture: a meta-analysis of randomized trials. J
Bone Joint Surg Am. 2012;94(23):2136-2143. doi:10.2106/
JBJS.K.00917

Su AW, Bogunovic L, Johnson J, et al. Operative versus
nonoperative treatment of acute Achilles tendon ruptures:
a pilot economic decision analysis. Orthop J Sports Med.
2020;8(3):2325967120909918. doi:10.1177/232596712090
9918

Truntzer JN, Triana B, Harris AHS, Baker L, Chou L,
Kamal RN. Cost-minimization analysis of the management
of acute Achilles tendon rupture. J Am Acad Orthop Surg.
2017;25(6):449-457. doi:10.5435/jaaos-d-16-00553

. Twaddle BC, Poon P. Early motion for Achilles tendon

ruptures: is surgery important? A randomized, prospective
study. Am J Sports Med. 2007;35(12):2033-2038. doi:10.
1177/0363546507307503

Uquillas CA, Guss MS, Ryan DJ, Jazrawi LM, Strauss EJ.
Everything Achilles: knowledge update and current con-
cepts in management: AAOS exhibit selection. J Bone
Joint Surg Am. 2015;97(14):1187-1195. doi:10.2106/JBJS.
0.00002

Westin O, Svensson M, Nilsson Helander K, et al. Cost-
effectiveness analysis of surgical versus non-surgical man-
agement of acute Achilles tendon ruptures. Knee Surg Sports
Traumatol Arthrosc. 2018;26(10):3074-3082. doi:10.1007/
s00167-018-4953-z

Willits K, Amendola A, Bryant D, et al. Operative versus
nonoperative treatment of acute Achilles tendon ruptures:
a multicenter randomized trial using accelerated functional
rehabilitation. J Bone Joint Surg Am. 2010;92(17):2767-
2775. doi:10.2106/JBJS.1.01401


https://orcid.org/0000-0003-4623-6708
https://orcid.org/0000-0003-1361-7686

