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Abstract Introduction
Background: Accelerated functional rehabilitation for acute To this day, a consensus has yet to be reached with-
Achilles tendon rupture has been supported by various stud- in the orthopedic community for treatment of acute

ies, both as a stand-alone conservative treatment, as well
as post-operative protocol. The following pilot case series
questioned whether a simple home-based incremental inten-

Achilles tendon rupture [1,2]. Defenders of the classi-
cal surgical tendon re-approximation approach argue

sity rehabilitation program involving early mobilization would superior benefits for young and active patients; lower
allow for results similar to surgical treatment and other con- re-rupture rates and a faster return to activities [3]. Re-
servative treatment protocols upon comparison of re-rupture cent evidence, however, suggests that a conservative

rates, residual pain, treatment satisfaction and quality of life

Y ey i approach, in the form of a well-structured rehabilitation

program focused on intensive early mobilization, can
achieve results that are comparable to surgical treat-
ment, while also avoiding the risks of operative compli-

Methods: Twelve patients were treated with the novel “2-2-
2” rehabilitation protocol. Following a median follow-up pe-
riod of sixteen months post acute Achilles tendon rupture,

patients were clinically evaluated and completed a series cations such as infection and soft-tissue related com-
of subjective patient-based questionnaires (FAAM, ATRS, plications [1,4-6]. Nevertheless, conservative treatment
LEFS, SF-12, VAS for pain and satisfaction towards treat-  protocols as currently reported in the literature pose a
T, challenge to patients, physicians and physical therapists
Results: No tendon re-ruptures were noted within this case for being ﬁme-consuming' as well as having the poten-

series. Residual pain was low, while satisfaction towards
the treatment was high, and all the collected scores com-
pared favorably to the scores reported with surgery or other

tial for both poor compliance and loss to follow-up [6].
With these concerns in mind, we hypothesized that a

forms of conservative treatment. simple home-based rehabilitation program respecting
Conclusion: Initial results for this pilot study suggest that the ea'rIy m(?blllzatlo!w principle _COI_JId h.elr.) resolve this
the 2-2-2 rehabilitation protocol for acute Achilles tendon compliance issue while also achieving similar results to
rupture deserves to be considered by the orthopedic com- those reported for surgical treatment when comparing
munity as a valid low-cost therapeutic Option, and by the re-rupture rates' res|dua| pa|n, sat—lsfacnon to treat-

patients as a sound alternative to avoid surgery without

- . ment, and quality of life.
compromising their recovery.

Methods and Materials
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tion protocol was conducted by the First Author (FL)
between June 2011 and August 2014. Tendon ruptures
were diagnosed clinically on the basis of a palpable gap
and a positive Thompson test. Seven patients had, in
addition, obtained diagnostic ultrasonography imaging
prior to referral, two patients of which for whom clinical
findings were ambiguous. Inclusion criteria for this case
series included a confirmed diagnosis of acute Achilles
tendon tear and willingness to undergo conservative
treatment as part of the present study. Meanwhile,
exclusion criteria included the presence of lacerations
and/or chronic tears of the Achilles tendon, as well as
patient inability to understand and/or follow a conser-
vative treatment regimen.

Subsequent to diagnosis, patients were assigned an
exercise regimen called the 2-2-2 protocol. The follow-
ing protocol consists of three successive two-month
periods of rehabilitation of incremental intensity. The
first two-month period of rehabilitation consists in ac-
tive non-weight-bearing resistance-free mobilization of
the affected ankle. In the second two-month period of
the protocol, patients progressively resume walking and
begin (active/passive) resistance mobilization. Crutches
are progressively weaned during this treatment phase.
The third and last two-month period of rehabilitation
consists in a gradual return to pre-injury activities. In
addition, throughout the length of the 2-2-2 protocol,
patients are instructed to use pain intensity and discom-
fort as indicators for when to interrupt ankle mobiliza-
tion/activity and resume at a further time.

The 2-2-2 treatment protocol was designed into
three phases of equal duration for the sake of simplicity,
to ensure patient comprehension and ease compliance.
Each phase is characterized by specific restrictions, while
also allowing patients to incrementally make progress in
terms of movement, strength, and function within safe
limits determined by the protocol. The choice of estab-
lishing a two-month duration for each phase of the pro-
tocol is supported by the six-week observed timeframe,
for soft tissue healing [7], to which an additional two
weeks was added as a precautionary measure. The in-
cremental weight-bearing increase over the time course

of the treatment was felt to be an important part of the
protocol. Studies have shown that load application as
well as controlled stretching within the six to ten weeks
period of tendon healing would be associated with col-
lagen fiber alignment improvement as well as strength-
ening [8-14].

Post-treatment assessment consisted of a physical
exam, which included the Thompson test and ankle
range of motion measurement. Patients were also asked
to carry out one leg and two leg tip-of-toes stands, as
well as one leg and two leg vertical leaps. Circumference
measurements (cm) for both calves were taken at the
largest girth using a measuring tape. Lastly, a series of
guestionnaires were answered by patients at the time
of their follow-up visit, including the acute Achilles Ten-
don Rupture Score (ATRS) [15], the Foot and Ankle Abil-
ity Measure (FAAM) [16], the Lower Extremity Function-
al Score (LEFS) [17], the Twelve-Item Short Form Health
Survey (SF-12) [18], and the Visual Analogue Scales
(VAS) for pain and satisfaction to treatment.

Collection of patient data for this project was ap-
proved by the ethics board of our institution.

Results

Eighteen patients with an acute Achilles tendon rup-
ture were initially identified and presented with the op-
tion to follow the 2-2-2 rehabilitation protocol. Of those
that were identified, four did not show up at the first
follow-up visit, two assessed as successful recoveries
decided not to participate in the study, leaving twelve
subjects with a median 16 months post-injury follow-up
(range 10-34 months) (Table 1). None of the twelve pa-
tients who followed the 2-2-2 protocol underwent sur-
gical repair.

All patients presented with a positive Thompson test
upon initial clinical assessment, with the exception of
two for whom diagnosis was confirmed via ultrasound
(17%). Of those two patients, one was diagnosed with
a total Achilles tendon rupture, the other with an in-
complete 70% tendon tear. All patients presented with
negative Thompson tests by their last follow-up assess-
ment. All patients were able to perform two leg tip-of-

Table 1: Study subject details.

Subject number Age M/F Occupation Injury

1 68 M Retired federal government worker Baseball

2 60 M Science teacher Walked in a hole

3 49 M Graphic designer Tennis

4 40 M Web project manager Soccer

5 48 M Mechanic Motocross accident
6 33 M Sound technician Badminton

7 34 M Lawyer Mogul skiing

8 41 M Police officer Badminton

9 52 M Administrator Soccer

10 45 F Legal assistant Fall from her height
11 39 M Telecom worker Soccer

12 47 M Hotel baggage handler Basketball
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Table 2: Compiled scores of twelve subjects treated with the  intensity and discomfort as indicators for when to in-
2-2-2 protocol upon their last follow-up. FAAM-ADL and FAAM- ..o~ the range of motion and amount of weight-bear-

SS: Foot and Ankle Ability Measure - Activities of Daily Living . for their iniured ankl dtob | t
and Sports Subscales; ATRS: Achilles Tendon Rupture Score; Ing Tor their injured ankie, seemed Lo be a Iow-Cost, pa-

LEFS: Lower Extremity Functional Scale; SF-12 PCS and SF-  tient-centered way to achieve the goal of Achilles ten-
12 MCS: twelve-item Short Form health survey, Physical and don rehabilitation.

Mental components; VAS: Visual Analog Scale. L . . .
In addition, while the choice of two-month interval

Follow-up (months) T;dlan Tg?gz appears to be supported by literature, it was however
FAAM- ADL 97 81-100 noted that many patients within this case series felt that
FAAM - SS 91 53 - 100 they were ready for the next treatment phase before
ATRS 93 42 - 99 the end of their prescribed treatment interval. For this
LEFS 99 86 - 100 reason, shortening the length of each treatment phase
SF-12 PCS 52 35-61 may be considered in the future.

SF-12MC.;S >4 40-63 Patients included in this case series all displayed
VAS - Pain 0.6 0.1-49 ) ) : Loy
VAS - Satisfaction 97 27-10.0 improved function by their last follow-up visit. Clinical

healing of the ruptured tendon was observed for every
patient. Scores for the Visual Analogue Scale (VAS) for
residual pain were low (median 0.6 score on 10), where-
as they were high in terms of treatment satisfaction
(median score of 9.7 on 10). LEFS scores were also very
high (median: 96; range: 86-100), indicating a relatively
Comparisons of calf circumferences for each patient  5|eyated function of the previously affected ankle.

revealed an average 2 cm smaller circumference for the

injured side at follow-up (mean 37 vs. 39 cm, p = 0.002 The median ATRS score for patients at their last fol-
with the paired t-test). low-up (91) was comparable to scores found in the liter-

_ _ ) ature for both surgical treatment and more aggressive
Scores compiled for the different patient-based ques-  conservative treatment protocols involving early ankle

tionnaires are listed in (Table 2). The Visual Analogue otion. In a recent study, Barfod, et al. [19] reported
Scale (VAS) for pain (0.6/10) and satisfaction to treatment  ,aan ATRS scores of 73 and 74 for early weight bear-
(9.7/10) were both excellent. ing and no weight bearing conservative treatment re-

Lastly, at this time, none of the patients included in  sults respectively. Another study by Olsson, et al. [4]
this case series suffered a re-rupture of their injured reported mean ATRS scores of 82 and 80 respectively,

toes stands. Eleven of the twelve patients were able to
perform one leg tip-of-toes stands on the injured side.
All patients were able to achieve a vertical leap with the
injured leg.

Achilles tendon. when comparing surgical vs. non-surgical management

. . of acute rupture of Achilles tendon after twelve months
Discussion of follow-up.

Overall results obtained for patients treated with The FAAM scores obtained within this case se-

the 2-2-2 protocol are promising with regards to re-rup-  jes at the patients’ last follow-up visit were similar to
ture rates, residual pain, satisfaction to treatment and  {h5se obtained by Ahmad, et al. [20] intheir study on
health-based quality of life. A§ §uch, the 2—2—2. protocol non-surgical approach to ruptured myotendinous junc-
appears to be a safe and efficient conservative treat- o of the Achilles. Specifically, Ahmad, et al. reported
ment alternative for acute Achilles tendon ruptures. The FAAM-sports scores of 20.2% at presentation vs. 95.2%
guiding principle for this rehabilitation protocol is early ¢ follow-up, while the score observed at follow-up for
ankle motion, since it is believed to be the main reason patients treated with the 2-2-2 protocol was 90.6% for
why surgically treated Achilles tendon ruptures show a  {he FAAM-sports and 97.0% for activity of daily living
lesser rate of recurrence than those treated conserva- (FAAM-ADL). It should however be noted that Ahmad,
tively with a period of immobilization. This is supported ot 5]’ average reported follow-up length was longer

by different studies showing an absence of difference in a1 the median follow-up for the 2-2-2 protocol (40 vs.
recurrence rate when comparing surgically treated rup- 14 months).

tures to more aggressive conservative protocols which

include early ankle motion [4-6]. A main advantage of the 2-2-2 rehabilitation proto-

col is that it is relatively easy for patients to understand

Some of the main char'ac'Feristics' _Of t‘he 2'2'_2 pro'to- and implement. Being a home-based rehabilitation pro-
col are to completely avoid immobilization while being gram, it is accessible by virtue of not requiring patients

simple enough to follow as a home-based rehabilitation. \yith functional impairment to travel back and forth to
Furt.h.ermore, the 2-2-2 prc?tocol can be achieved withno  the hospital or the physiotherapy clinic. Furthermore,
additional cost for the patient or the healthcare system.  yerall results obtained in this study show that the ma-

Providing patients with specific activity limits for each  jority of patients were highly satisfied with the treat-
treatment phase, while also asking them to use pain mentand its outcome.
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To our knowledge, the 2-2-2 protocol is the first to al- 2. Keating JF, Will EM (2011) Operative versus non-operative

low immediate range of motion of the ankle without any treatment of acute rupture of tendo Achillis: a prospective

. bilization in th f heali Avoiding i randomised evaluation of functional outcome. J Bone Joint
immobilization in the process of healing. Avoiding immo- Surg Br 93: 1071-1078.

bilization and encouraging active range of motion allows

. - . 3. Moller M, Movin T, Granhed H, Lind K, Faxen E, et al. (2001)
a certain amount of beneficial stress and strain to the ten-

Acute rupture of tendon Achillis. A prospective randomised

don, which is conducive to healing and strength recovery study of comparison between surgical and non-surgical
as suggested by studies on tendon healing [21-23]. How- treatment. J Bone Joint Surg Br 83: 843-848.

ever, a non-surgically treated healing tendon may be at 4. Olsson N, Silbernagel KG, Eriksson B, Sansone M, Brors-
risk for excessive stress if the patient immediately bears son A, et al. (2013) Stable surgical repair with accelerated
weight. Therefore, we recommend that patients not bear rehabilitation versus nonsurgical treatment for acute Achil-

. . les tendon ruptures: a randomized controlled study. Am J
weight on the affected ankle for the first two months Sports Med 4?: 2867-2876. y

following injury, and instead actively move their ankle 5. Soroceanu A, Sidhwa F, Aarabi S, Kaufman A, Glazebrook

in dorsiflexion and plantar flexion to induce moderate M (2012) Surgical versus nonsurgical treatment of acute
tension in the healing tendon. A shorter weight-bearing Achilles tendon rupture: a meta-analysis of randomized tri-
avoidance period may be adequate, and this protocol als. J Bone Joint Surg Am 94: 2136-2143.

modification would need to be investigated in the future. 6. Willits K, Amendola A, Bryant D, Mohtadi NG, Giffin JR, et
al. (2010) Operative versus nonoperative treatment of acute

Althoughitis to be expected of a study involving a small Achilles tendon ruptures: a multicenter randomized trial us-
sample size of recruited patients, a notable limitations of ing accelerated functional rehabilitation. J Bone Joint Surg
this current pilot case series pertains to patient charac- Am 92: 2767-2775.
teristics which may not represent the general population. 7. Sharma P, Maffulli N (2005) Tendon injury and tendinopa-
Four of the eighteen initially selected patients were lost to thy: healing and repair. J Bone Joint Surg Am 87: 187-202.
follow-up following their initial visit, and although itis not 8. Akeson WH, Amiel D, Mechanic GL, Woo SL, Harwood FL,
possible to verify this, it can be hypothesized that some or et al. (1977) Collagen cross-linking alterations in joint con-

tractures: changes in the reducible cross-links in periarticu-

all of these patients may have sought care elsewhere, and lar connective tissue collagen after nine weeks of immobili-
specifically elected for surgical treatment as opposed to zation. Connect Tissue Res 5: 15-19.

the conservative course of treatment proposed to them g aAxeson WH, Woo SL, Amiel D, Coutts RD, Daniel D (1973)
by the First Author (FL). This is generally to be anticipat- The connective tissue response to immobility: biochemical
ed in the event of any novel treatment protocol diverging changes in periarticular connective tissue of the immobi-
from what is considered the current standard of care. An- lized rabbit knee. Clin Orthop Relat Res 356-362.

other limitation is the absence of a control group in order ~ 10. Almekinders LC, Baynes AJ, Bracey LW (1995) An in vitro

to directly compare results between the 2-2-2 rehabilita- investigation into the effects of repetitive motion and non-
steroidal antiinflammatory medication on human tendon fi-

tion protocol and a surgical course of treatment and/or broblasts. Am J Sports Med 23: 119-123.
less other forms of conservative treatment. Future stud-

. ] . L 11. Butler DL, Grood ES, Noyes FR, Zernicke RF (1978) Bio-
ies would compare different functional rehabilitation pro-

mechanics of ligaments and tendons. Exerc Sport Sci Rev

grams to the 2-2-2 protocol, while focusing on function, 6: 125-181.

compliance, and cost-effectiveness. More importantly, a 12 Kellett J (1986) Acute soft tissue injuries—a review of the

randomized controlled trial comparing surgical repair to literature. Med Sci Sports Exerc 18: 489-500.

other conservative rehabilitation programs such as the 13, Maffulli N, King JB (1992) Effects of physical activity on some

2-2-2 protocol would allow a direct assessment of treat- components of the skeletal system. Sports Med 13: 393-407.

ment efficacy, perhaps revealing that surgery may not be  14. Yamamoto E, Hayashi K, Yamamoto N (1999) Mechanical

required to treat acute Achilles tendon rupture [1,4-6]. properties of collagen fascicles from stress-shielded patel-
lar tendons in the rabbit. Clin Biomech (Bristol, Avon) 14:

In conclusion, clinical results obtained as part of this 418-425.

pilot case series investigating the 2-2-2 protocol were 15 Nilsson-Helander K, Thomeé R, Silbernagel KG, Thomeé

deemed promising. No cases of re-rupture were ob- P, Faxén E, et al. (2007) The Achilles tendon Total Rupture

served among the 12 parﬁcipaﬁng patients and over- Score (ATRS): development and validation. Am J Sports

all treatment outcome and satisfaction were noted. Med 35: 421-426.

Results appear to suggest that the 2-2-2 rehabilitation  16-Martin RL, Irrgang JJ, Burdett RG, Conti SF, Van Swearin-

protocol is worthy of consideration by the orthopedic gen JM (2005) Evidence of validity for the Foot and Ankle
. . . . . Ability Measure (FAAM). Foot Ankle Int 26: 968-983.

community as a valid low-cost, high satisfaction treat-

t option f te Achilles tend t dal 17.Rene F, Casimiro L, Tremblay M, Brosseau L, Lefebvre A,
ment option Tor acute Achifles tendon rupture, and also et al. (2011) Une version canadienne frangaise du Lower

patients wishing to avoid surgery without compromising Extremity Functional Scale (LEFS): L’Echelle fonctionnelle
their recovery in the process. des membres inférieurs (EFMI), partie |. Physiother Can 63:
242-248.
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