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ABSTRACT

Background: Achilles tendon rupture treatment has changed
substantially in the past decade, with an evolution toward less-invasive
technigues and more convenient patient positioning. This review aims
to report on the 1-year clinical outcomes of a medially based, mini-
open, supine, Achilles tendon repair technique.

Methods: In this retrospective review, all patients who underwent
surgical management of an Achilles tendon rupture were included and
analyzed based on approach, including (1) standard open prone
technique, (2) mini-open repair, prone, and (3) medial mini-open repair,
supine. Primary outcomes were the Patient-Reported Outcome
Measures Information Systems (PROMIS) Physical Function, PROMIS
Pain Interference, and PROMIS Depression scores. Secondary
outcomes of interest were surgical time and complications.

Results: Seventy-eight patients were included in this study who
underwent Achilles tendon repair and were seen in follow-up at least 1-year
postoperatively. Demographics are displayed in Table 1. No statistical
difference was observed regarding sex, laterality, age, and mechanism
between those with 1-year follow-up data and those who were lost to
follow-up before the 1-year mark. Primary outcomes were notable for
statistically significant difference in the PROMIS Depression score
between the mini-open repair, prone group, and the mini-open repair,
supine group. The remainder of the primary outcomes of interest were not
statistically significant. Secondary outcomes were notable for markedly
shorter surgical time for the mini-open repair, supine group compared with
both the standard open prone and mini-open repair, prone groups, with
times being 89, 72, and 58 minutes, respectively. Surgical time was
defined as starting from the time the patient was anesthetized in the room
and included positioning and time up until extubation.

Conclusion: The medial mini-open repair, supine technique shows
promise as a noninferior surgical option for acute Achilles tendon
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rupture repair with markedly decreased operating room time and 1-year outcomes with comparable results

to both open and mini-open prone techniques.

cute Achilles tendon rupture is a common injury

with substantially debated treatment options.'3

Multiple studies have demonstrated the effec-
tiveness of both surgical and nonsurgical methods.*”
Surgical intervention was usually performed through an
open exposure®; however, minimally invasive techni-
ques have demonstrated equal if not superior clinical
results.’

Prior studies have demonstrated that surgical treat-
ment of acute Achilles rupture allows return to activity
with greater postoperative strength, decreased tendon
elongation, and less muscle atrophy.*> Usually, surgical
intervention has been offered to patients with more
robust preinjury functional activity status. When
deciding between surgical versus nonsurgical manage-
ment, these benefits must be weighed against the higher
costs associated with surgery and the increased risk of
complications, namely, wound infection and sural nerve
injury.12:10:11

Although the intent of surgical intervention is resto-
ration of function with minimal risk of complication,
open surgical approaches are associated with wound
complication rates as high as 21%12; thus, minimally
invasive surgical techniques are becoming increasingly
popular.’315 This trend is strengthened by the recent
literature demonstrating that mini-open techniques may
yield equivalent or superior outcomes compared with
standard open approaches ¢ and similar or slightly
superior outcomes to nonsurgical treatment.*>

However, the downside to both the standard open
and mini-open repair prone techniques is patient posi-
tioning, which can increase operating room times and
presents additional concerns for surgical, nursing, and
anesthetic teams. Additional time and personnel are
required, fall risk may be heightened, and patient con-
siderations such as body mass index and ability to ven-
tilate adequately prone may preclude an efficient surgical
experience and may require endotracheal tube with
general anesthesia rather than options with regional
and/or monitored anesthesia care (MAC) anesthesia.
Careful attention must be paid to padding and weight
distribution as to avoid pressure-related vascular, skin,
or nerve injury.!”

Recently, O’Donnell et al'® reported a medial mini-
open Achilles tendon repair technique allowing for the
procedure to be completed in a supine position. How-
ever, outcomes data were not reported in this study,
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which served primarily as a technique description. Thus,
the primary goal of this study is to examine 1-year
patient-reported outcome measures (PROMs) following
the use of this medial mini-open achilles repair tech-
nique. Secondary outcomes include operating room
time, surgical time, and postoperative complication
rates across all three groups.

Methods

Patient Population

This study was approved by our institutional review
board before initiation (IRB# 2019P000230). A retro-
spective medical record review and prospective patient
surveys were conducted on all patients older than 18
years who had surgical treatment by two fellowship-
trained foot and ankle orthopaedic surgeons for isolated
Achilles tendon ruptures from February 2015 to Sep-
tember 2021 at our institution. Diagnosis of the Achilles
rupture was made based on the patient’s history and
physical examination including a palpable gap in the
tendon and an abnormal Thompson test. Patients were
identified using Current Procedural Terminology code
27650. The patients’ medical records were reviewed to
collect data on demographics, injury laterality, injury
mechanism, medical comorbidities, surgical technique,
operating room times, surgical times, and any compli-
cations occurring within 90 days postoperatively. Pa-
tients who had concurrent trauma requiring surgical
treatment or chronic (>6 weeks from injury) Achilles
tendon injuries were excluded from this study. Group 1
consisted of patients treated with a standard open,
prone technique, group 2 underwent a mini-open prone
repair, and group 3 had the medial mini-open supine
repair.

Operating room times were recorded at the time the
patient entered the room, start of incision, end of surgery
when dressing was in place, and when patient exited the
operating room. Surgical time was defined as start of
incision to end of surgery when dressing was in place. The
choice of technique was determined by surgeon prefer-
ence. Complications were recorded for all patients during
the follow-up period.

Patient-Reported Outcomes
Only patients with 1-year follow-up were included in the
final analysis. Visual analog scale pain scores were
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collected for patients in all three groups. The Foot and
Ankle Ability Measures (FAAM ADL and Sport sub
scores) and the Patient-Reported Outcome Measures
Information Systems (PROMIS) Physical Function, Pain
interference and Depression questionnaires were ob-
tained at a minimum of 12 months postoperatively for all
patients. Patients in groups 1 and 2 were contacted at the
time of the study, and a phone interview was conducted
by the study staff (C.W., K.S.) to obtain PROMs,
whereas patients in group 3 had PROMs collected in
office at the 12-month postoperative visit. Questionnaire
distribution and response data were managed using
OBERD (OBERD), an online data collection and re-
porting platform.

Surgical Technique

Full description of the technique can be reviewed in the
O’Donnell et al'® article. Summary of specific steps for
the medial mini-open repair, supine (MMOS) technique
are as follows:

(1) Ring forceps are custom bent in two planes (up
and to the side) as opposed to a uniplanar fashion
upward, for ease of forceps passage around the
Achilles tendon without soft-tissue interference
(Figure 1). Two pairs of ring forceps will be
needed, one bent to the left and one to the right, to
address both the proximal and distal stumps.

(2) A preoperative regional nerve block is performed.
When positioning the patient supine in the OR, a
hip bump placed on the contralateral side further
externally rotates the injured lower extremity,
allowing direct medial access to the Achilles injury
(Figure 2, A).

Figure 1

Image of bent ring forceps used to pass the suture. Both are
bent up approximately 30° and either to the left or right by
approximately 30°. Both are used during the case.
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(3) The gap in the Achilles tendon is palpated. A

longitudinal incision of <2 c¢m is made just medial
to the tendon, at the level of the injury gap. The
paratenon is visualized and opened in a single
layer (Figure 2, B)

(4) An Allis clamp is used to grasp and deliver the

ruptured tendon ends out of the incision. A small
malleable retractor is used to gently free up ad-
hesions between the tendon and the paratenon on
the medial and lateral sides, to allow passage of the
ring forceps. This gentle dissection is performed
for both the proximal and distal ends of the tendon
(Figure 3, A and B).

(5) The modified ring forceps are passed between

the tendon and the paratenon for the proximal
stump (Figure 4, A). A nonabsorbable suture (#2
FiberWire or SutureTape, Arthrex) is then loaded
onto a Keith needle (Size 3.5 Keith Abdominal
Needle, Anchor Products) and passed medial to
lateral through the eyelets of the forceps (Figure
4, B). The forceps are pulled back out of the
incision, thus pulling the suture through the skin
and into the desired layer under the paratenon
to minimize sural nerve entrapment (Figure 5, A).
This step is performed 3 times across a span of 4
to 6 cm along the proximal length of the tendon.
Suture ends are kept separate with diligent suture
management to avoid crossing of sutures within
the incision (Figure 5, B). This is the most chal-
lenging portion of the procedure and even in
experienced hands, it is easy to miss the eyelets. If
so, the forceps are removed, and the needle is
reintroduced until all three sutures are securely
passed.

(6) Attention is now turned to the distal stump. Using

the other pair of ring forceps, a disposable shuttle
suture is passed medial to lateral at the most distal
position along the distal stump (Figure 6, A). The
forceps are retracted, leaving the shuttle suture in
the desired layer. Then, the most proximal medial
strand from the proximal stump is tied to the
shuttle suture and shuttled across the distal stump.
This step is then repeated for the middle and distal
medial strands from the proximal stump, creating
3 separate loops spanning the Achilles tendon gap
(Figure 6, B).

(7) The ankle is then plantarflexed to the appropriate

tension, recreating the resting tension of the
uninjured side and approximating the tendon
edges, each suture strand is tensioned, and the
three suture ends from each stump are tied
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Figure 2

Image showing (A) patient positioning and (B) proximal tendon stump.

together in a knot. Alternatively, each strand could
be tied individually to its partner per surgeon
preference. The knots are then buried deep to the
tendon, resting on the lateral aspect of the tendon,
to decrease irritation and tension on the medial
skin closure (Figure 7, A).

(8) Layered closure of the paratenon, subcutaneous
tissues, and skin is then performed. A splint is
applied to maintain a plantarflexed ankle position
(Figure 7, B).

The main modifications of the MMOS technique
compared with prior ring forceps techniques include the
direction of forceps bending and relocation of the inci-
sion site from midline position to just medial to the ten-
don at the level of the tendon rupture. Both of these
modifications together allow for the patient to remain
supine for the Achilles repair procedure while maintain-
ing surgical efficiency and surgeon comfort. In addition,
there is only one knot at the end of the case, and it is
buried at the lateral aspect of the rupture, which is well
away from the incision. This technique can be performed
on a stretcher as opposed to an operating room table,

Figure 3

thus reducing transition time duration, and patients sel-
dom will require general anesthesia with endotracheal
intubation.

Postoperative Course

The patient is typically provided with aspirin 81 mg twice
daily for venous thromboembolic (VTE) prophylaxis.
The exception to this is if the patient has a medical con-
dition that raises the VTE risk, or personal or family
history of VTE. In these cases, Xarelto 10 mg daily or
Eliquis 5 mg twice daily for 6 weeks is provided. The
patient remains in a splint for 2 weeks and non-weight-
bearing and then follows a postoperative recovery
similar to what is described by Willits et al.'® The
patient will be transitioned to a boot with wedges at
2 weeks, provided that the incision has healed. They are
advanced to partial weight-bearing. The wedges are
removed gradually, and the weight-bearing status is
progressed every 2 weeks. They are weight-bearing as
tolerated in an immobilizer boot by 6 weeks and weaned
from the boot at 8 weeks. Passive dorsiflexion and re-
sisted plantarflexion are limited for the first 6 weeks.

A, Image showing releasing the paratenon from the Achilles proximally using a malleable retractor. This is also repeated distally to
permit passage of the ring forceps on either side of the tendon. B, Image showing the position of the ring forceps will go into the incision

and on either side of the tendon.
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Figure 4
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Image showing that the Keith needle is passed percutaneously, through the tendon and the eyes of the ring forceps. A, Image showing
this extracorporally. B, Image showing that the suture passed through the tendon and the ring forceps and exiting laterally.

Strengthening and sport-specific training are initiated at
the 10- to 12-week mark.

Statistical Analysis

Descriptive and comparative statistics of demograph-
ics, surgical times, and patient-reported outcomes were
analyzed for all patients. Normality of data was tested
through the Shapiro-Wilk test. Analysis to assess for
notable differences in demographic data between re-
spondents and nonresponders was completed within
each of the groups. Surgical times for all patients
originally enrolled in the study, including those lost to
follow-up before 1 year postoperatively, were com-
pared between the three groups through analysis of
variance with post hoc Tukey test and the Kruskal-
Wallis test with post-hoc Nemenyi test. PROM scores
were compared through analysis of variance. Com-
plication rates were compared among the groups
through the chi-squared test for patients with
a minimum of 3-month follow-up. Significance was
defined as P < 0.05 for all analyses. We compared the
descriptive statistical data of patients with 1-year
follow-up survey data with those who were lost to
follow-up before the 1-year mark. All statistical
analysis was performed using SPSS Statistics version
26 (IBM SPSS Statistics).

Figure 5

Results

Patient Population

One hundred and 12 patients were included in this study
after exclusion criteria were met (group 1 open prone: n =
18, group 2 mini prone: n = 14, group 3 mini supine: n =
80). Only patients with minimum of 1-year follow-up
were included in the primary outcomes analysis; only
patients with a minimum of 3-month follow-up were
included in the secondary outcomes analysis (group 1:
18, group 2: 14, group 3: 46 for secondary outcomes
analysis) Sex, laterality, and age distribution were not
statistically significant among the three groups (Table
1). Among all patients, regardless of surgical technique,
the most common mechanism of injury was basketball
(44.6%) followed by soccer (17.9%) and other
(37.5%).

Surgical Times

Surgery time, patient in room to incision time, and total
operating room time data were found to have normal
distributions, whereas closed to out of room times were
nonparametric. The mean (=SD) times and pairwise
comparisons for surgical times are demonstrated in
Figure 8 and Tables 2 and 3. Group 3 had markedly
shorter times for each measured period compared with

Image showing the suture management. A, The suture is retrieved to the main incision. B, Three sutures have been passed through the

proximal stump and retrieved to the incision.
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Figure 6

A, Image showing a temporary suture is passed through the distal tendon in the same fashion as the proximal sutures. B, Image
showing that the medial limbs of the proximal sutures are then passed through the distal tendon so that three loops are created and all

of the suture ends are on the lateral side of the rupture.

the open approach, group 1. Group 3 also had shorter
times compared with group 2 except for the actual
“surgery time” (P = 0.439). Groups 1 and 2 did not
show any differences on pairwise comparisons.

Anesthesia Technique

All patients received a peripheral nerve block. The rate of
general anesthesia utilization was 100% (n = 42), 83.3%
(n = 20), and 13.8% % (n = 11) in groups 1, 2, and 3,
respectively. In group 3, all patients receiving general
anesthesia were managed with laryngeal mask airway;
none of the patients required endotracheal intubation.
Three of these 11 cases initially started with MAC but
subsequently required conversion to laryngeal mask
airway due to patient movement despite sedation. One
case was done under general anesthesia at the anesthesia
team’s request as they were not confident in their
peripheral nerve block placement. All other patients in
group 3 received MAC.

Pain and Functional Outcomes

Mean and standard deviations for PROM scores col-
lected are detailed in Table 4. PROMIS Depression

Figure 7

scores were found to be statistically significant at the 1-
year postoperative time mark (36.1 = 7.4,43.05 * 9.6,
respectively, P = 0.037). PROMIS scores x and y were
not found to be statistically significant between the three
groups.

Complications

No reported reruptures were found in any of the surgi-
cally managed groups. Rerupture was defined on the
basis of a positive Thompspon squeeze test, the presence
of a palpable gap, and an acute loss of plantar flexion
strength. Among all surgically managed patients, the
overall 3-month complication rate was 7.1% (n = 8/112).
In group 1, one case of pulmonary embolism was found
and managed with therapeutic anticoagulation
(5.5%, n = 1/18). In group 2, two patients experienced
superficial cellulitis around the incision and were treated
with oral antibiotics and local wound care management
(14.3%, n = 2/14). In group 3, one case of cellulitis was
treated with oral antibiotics, one wound dehiscence
required irrigation and débridement with primary clo-
sure, and three cases of VTE requiring anticoagulation

(6.3%, n = 5/80).

A, Image showing that the lateral sutures are tightened and tied together. This approximates the tendon edges. B, Image of the final

closure.
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Table 1. Demographics and Clinical Characteristics of Treatment Groups 1, 2, and 32

Group 1 Group 2 Group 3
Factor or Variable Open Prone Mini Prone Mini Supine P
Age (mean * SD) 36.9 = 7.47 38.6 = 10.43 39.55 = 11.66 0.597
Sex n (%)
Male 16 (88.9%) 12 (85.7%) 62 (77.5%) 0.473
Female 2 (11.1%) 2 (14.3%) 18 (22.5%)
Laterality n (%)
Left 12 (66.7%) 8 (57.1%) 41 (51.3% %) 0.483
Right 6 (33.3%) 6 (42.9%) 39 (48.7%)
Months of follow-up *= SD 28.8 £ 17.2 30.8 = 12.2 143 = 124 <0.001

#Data reflect analysis on patients with = 12-month postoperative follow-up.

Discussion

Optimal management for acute Achilles tendon rup-
tures is still a topic of active debate. Each treatment
technique has its risks and benefits that must be bal-
anced with individual patient comorbidities and risk
factors. Similar techniques have been described using
either ringed forceps??-2! or Dresden suture retrievers??
to pass suture across Achilles tendon while preserving
the paratenon in a minimally invasive fashion, all
which require prone positioning of the patient. The
MMOS repair technique, first described by O’Donnell
et al,!8 further modifies an existing mini-open Achilles
tendon repair.?? This switch from prone to supine
positioning allows for decreased time in the operating
room by reducing transition time periods in addition to

facilitating improved airway and cardiovascular
access.

This study expands upon preliminary data presented
by O’Donnell et al'® by adding longitudinal follow-up
data. We followed 46 patients treated with the MMOS
technique for a minimum of 12 months postoperatively
to examine clinical and patient-reported outcomes. This
study demonstrates that patient-reported outcomes for
the MMOS at 12 months postoperatively are not
markedly different from those who underwent the
standard open prone or mini-open prone techniques
(Table 2).

In addition, MMOS technique is not associated with
increased complications in comparison to commonly used
prone techniques. The overall postoperative complication
rate for treatment with the MMOS technique was 6.3%,

Figure 8
Operative Time Comparisons by Surgical Technique
Minutes
0 20 40 60 80 100 120

Patient In Room .

to Incision I

Surgery Time . s
Closed to Out of *

Room -
Total OR Time "
Group 1: Open Prone Group 2: Mini Prone ® Group 3: Mini Supine

Bar chart showing comparison of surgical times between groups 1, 2, and 3. Error bars indicate SD intervals. *Indicates a statistical

significance between group 3 and groups 1 and 2.
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Table 2. Average Surgical Times (Minutes, Mean + SD) for Groups 1, 2, and 3

Group 1 Group 2 Group 3
Factor or Variable Open Prone Mini Prone Mini Supine P
Patient in room to incision 30 = 14 26 £ 6 17 =7 <0.001
Surgery time 43 + 13 36 = 11 32 +10 0.001
Closed to out of room 14 = 11 19 = 11 8+4 <0.001
Total OR time 89 = 18 82 =+9 58 + 17 <0.001

OR = operating room

with no known reruptures. In comparison, the complica-
tion rate in the study of Willits et al'® evaluating the surgical
vs nonsurgical treatment of Achilles rupture showed an
18% rate of complications for the surgical group. In
addition, no patients treated with MMOS technique
required endotracheal intubation, and the majority were
performed under MAC with peripheral nerve block. This
allowed the patient to receive less anesthesia during the
case and benefit from faster emergence from surgery. As
many of these procedures are performed in a high-volume
outpatient setting, efficiency is critical. By eliminating the
need for intubation and deep anesthesia, not only did we
save time in the surgery itself, but, likely, also in the
postanesthesia recovery unit as patients were, anecdotally,
felt to be able to mobilize faster out of bed. We did not
have the ability to map the flow of patients through the
postanesthesia recovery unit in this study, and therefore,
we cannot definitively comment on time savings at this
stage of the OR process.

The results of this study confirms what has been previ-
ously demonstrated in the literature comparing surgical
times for procedures done in the prone versus supine po-
sitions?#-2¢; total surgical times observed with the MMOS
technique were markedly shorter than those seen with
open and mini prone techniques. Using the MMOS
technique, the mean total OR time, as measured from
patient entering the room to exiting the room, decreased
by approximately 30 minutes compared with prone sur-
geries. In comparison to open surgery, the mini-open
approach is demonstrated to have shorter surgical time
from incision to closure (Figure 8 and Table 2). By per-

forming the procedure supine and reducing the need for
general endotracheal intubation, nonsurgical portions of
time spent positioning and inducing the patient is reduced,
resulting in the total OR time decreasing by 35.0%.
This study has several limitations. First, it is a rela-
tively small sample size with a large proportion of the
group 1 and group 2 patients lost to follow-up. In addi-
tion, we were only able to collect 1-year PROMs for a
subgroup (46 of 80) of the patients treated with the new
technique (group 3, MMOS). In addition, the PROMIS
data for groups 1 and 2 were collected over the phone,
whereas the PROMIS scores for group 3 were collected in
office, which may incur some degree of response bias or
sampling error. However, no statistical difference was
found in demographic data (sex, laterality, age, and
mechanism of injury) between those with 1-year follow-
up data and those who were lost to follow-up before the
1-year mark. In addition, although we did compare three
surgical techniques, we did not include a nonsurgical
treatment arm to determine if the mini-open repair supine
technique is noninferior to nonsurgical management.
Another limitation of the study is that this was a single-
center, largely outpatient surgical, single-midcareer sur-
geon, retrospective study and may not translate to all
practice settings or surgeon skills. As such, different
hospital practices and surgeon skill may limit the gener-
alizability of these results. Other limitations include that
all of the ruptures were repaired acutely, within 3 weeks
of injury, this technique may not be appropriate for in-
juries that are subacute or chronic. Finally, we did not
measure the tendon gaps at the time of surgery, so we

Table 3. Pairwise Comparison of Surgical Times for Groups 1, 2, and 3

Tukey HSD P
Group Pair In Room to Incision Surgery Time Closed to Out of Room Total or Time
1vs. 2 0.395 0.198 0.175 0.513
1vs. 3 <0.001 <0.001 0.004 <0.001
2vs. 3 <0.001 0.439 <0.001 <0.001

Bolded text indicates a notable P value, with significance defined as P = 0.001. HSD = honestly significant difference
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Table 4. Averages and SDs of 1-Year Postoperative Patient-Reported Outcome Scores for Open Prone, Mini Prone,

and Mini Supine Groups

Outcome Measure Open Prone
PROMIS pain interference (mean = SD) 45.22 + 8.8
PROMIS depression (mean *+ SD) 406 = 8
PROMIS physical function (mean = SD) 60.13 = 11.32
FAAM ADL (mean = SD) 93.04 * 8.83
FAAM sport (mean = SD) 82.36 = 17.21
Preoperative VAS pain (mean + SD) 5.22 = 2.65
1-Year VAS pain (mean * SD) 0.83 = 1.15

Mini Prone Mini Supine P
40.88 + 8.23 44.4 + 8.08 0.30
36.18 + 7.5 43.05 = 9.6 0.045
65.66 = 13.65 59 £ 11.8 0.25
94.35 = 13.3 93.3 £ 9.99 0.934
80.26 + 25.69 80.31 = 23.81 0.95
5.36 £ 2.44 4.39 £ 247 0.23
0.57 £ 1.65 0.52 = 0.99 0.62

ADL = Activities of daily living, FAAM = Foot and Ankle Ability Measures, PROMIS = Patient-Reported Outcome Measures Information

Systems, VAS = visual analog scale

cannot describe what the preoperative retraction was for
these cases. Itis possible that some cases with more severe
retraction would not be suitable for this technique.

The MMOS technique described by O’Donnell et al
was developed in pursuit of combining the benefits of
supine positioning and mini-open approaches for acute
distal Achilles rupture repair. In addition to decreased
operating room times, this technique reduced the need
for endotracheal intubation, decreased anesthesia re-
quirements, and was performed safely with similar
outcomes and surgical risk profile to standard surgeries
performed in the prone position.

Conclusion

The medial mini-open supine Achilles repair technique shows
promise as a viable option for Achilles tendon rupture repair;
with improved ease of patient positioning, minimizing anes-
thesia requirements, improving operating room efficiency
without compromising surgical outcome, or increasing sur-
gical complication rate. In particular, the supine position
permits the repair to be more easily performed under spinal
anesthesia or with peripheral nerve block and monitored
anesthetic care. The MMOS had a 6.3% complication rate,
including wound and thromboembolic events. This must be
considered when discussing surgical options. Continued
future studies are needed to evaluate the generalizability and
long-term outcomes of this supine, medially based mini-open
surgical approach.

References

1. Cetti R, Christensen SE, Ejsted R, Jensen NM, Jorgensen U: Operative
versus nonoperative treatment of Achilles tendon rupture: A prospective
randomized study and review of the literature. Am J Sports Med 1993;21:
791-799.

2. Khan RJK, Fick D, Keogh A, Crawford J, Brammar T, Parker M:
Treatment of acute Achilles tendon ruptures: A meta-analysis of
randomized, controlled trials. J Bone Joint Surg Am 2005;87:
2202-2210.

3. WuY, MuY, Yin L, Wang Z, Liu W, Wan H: Complications in the
management of acute Achilles tendon rupture: A systematic review and
network meta-analysis of 2060 patients. Am J Sports Med 2019;47:
2251-2260.

4. Deng S, Sun Z, Zhang C, Chen G, Li J: Surgical treatment versus
conservative management for acute Achilles tendon rupture: A systematic
review and meta-analysis of randomized controlled trials. J Foot Ankle Surg
2017;56:1236-1243.

5. Lantto |, Heikkinen J, Flinkkila T, et al: A prospective randomized trial
comparing surgical and nonsurgical treatments of acute Achilles tendon
ruptures. Am J Sports Med 2016;44:2406-2414.

6. 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.

7. Rebeccato A, Santini S, Salmaso G, Nogarin L: Repair of the achilles
tendon rupture: A functional comparison of three surgical techniques. J
Foot Ankle Surg 2001;40:188-194.

8. Porter MD, Shadbolt B: Randomized controlled trial of accelerated
rehabilitation versus standard protocol following surgical repair of ruptured
Achilles tendon. ANZ J Surg 2015;85:373-377.

9. Nunley JA, ed: The Achilles Tendon: Treatment and Rehabilitation. New
York, NY, Springer, 2009.

10. Nistor L: Surgical and non-surgical treatment of Achilles Tendon
rupture: A prospective randomized study. J Bone Joint Surg Am 1981;63:
394-399.

11. Wilkins R, Bisson LJ: Operative versus nonoperative
management of acute Achilles tendon ruptures: A quantitative
systematic review of randomized controlled trials. Am J Sports Med
2012;40:2154-2160.

12. Lim J, Dalal R, Waseem M: Percutaneous vs. open repair of the
ruptured Achilles tendon—A prospective randomized controlled study.
Foot Ankle Int 2001;22:559-568.

13. Clanton T, Stake IK, Bartush K, Jamieson MD: Minimally invasive
Arepair techniques. Orthop Clin North Am 2020;51:391-402.

14. Grassi A, Amendola A, Samuelsson K, et al: Minimally invasive versus
open repair for acute Achilles tendon rupture: Meta-analysis showing
reduced complications, with similar outcomes, after minimally invasive
surgery. J Bone Joint Surg Am 2018;100:1969-1981.

Journal of the AAOS Global Research & Reviews® | March 2025,Vol9,No3 | © American Academy of Orthopaedic Surgeons 9

JPIIY YOIBISIY .



The Medial Mini-Open Supine Achilles Repair: Outcomes of a Medially Based Mini-Open Technique Compared With Prone Techniques

15. Patel MS, Kadakia AR: Minimally invasive treatments of acute Achilles
tendon ruptures. Foot Ankle Clin 2019;24:399-424.

16. Hsu AR, Jones CP, Cohen BE, Davis WH, Ellington JK, Anderson RB:
Clinical outcomes and complications of percutaneous Achilles repair
system versus open technique for acute Achilles tendon ruptures. Foot
Ankle Int 2015;36:1279-1286.

17. Rozet |, Vavilala MS: Risks and benefits of patient positioning during
neurosurgical care. Anesthesiol Clin 2007;25:631-653, x.

18. O’Donnell SW, Velasco B, Whitehouse B, Kwon JY, Miller CP: Limited
open Achilles tendon repair in supine position with modified ring forceps: A
technique tip. Foot Ankle Spec 2019;12:563-568.

19. 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:
2767-2775.

20. Elton JP, Bluman EM: Limited open Achilles tendon repair with
modified ring forceps: Technique tip. Foot Ankle Int 2010;31:
914-915.

10 Journal of the AAOS Global Research & Reviews® |

21. Kupcha PC, Mackenzie WGS: Percutaneous Achilles tendon repair
using ring forceps. Am J Orthop 2008;37:586.

22. Joannas G, Arrondo G, Eslava S, et al: Percutaneous Achilles tendon
repair with the Dresden instrument: Clinical and MRI evaluation of 90
patients. Foot Ankle Surg 2020;26:209-217.

283. Telleria JUM, Smith JT, Ready LV, Bluman EM: Outcomes of limited
open Achilles repair using modified ring forceps. Orthop J Sports Med
2018;6:2325967118794927.

24. De Sio M, Autorino R, Quarto G, et al: Modified supine versus prone
position in percutaneous nephrolithotomy for renal stones treatable with a
single percutaneous access: A prospective randomized trial. Eur Urol
2008;54:196-202.

25. Wu P, Wang L, Wang K: Supine versus prone position in percutaneous
nephrolithotomy for kidney calculi: A meta-analysis. Int Urol Nephrol 2011;
43:67-77.

26. Zhang X, Xia L, Xu T, Wang X, Zhong S, Shen Z: Is the supine position
superior to the prone position for percutaneous nephrolithotomy (PCNL)?
Urolithiasis 2014;42:87-93.

March 2025, Vol 9,No 3 | © American Academy of Orthopaedic Surgeons



