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Arthroscopic Treatment of Posterior Ankle ®
Impingement Syndrome: Mid-Term Clinical Results
and a Learning Curve

Kazuya Sugimoto, MD., Ph.D., Shinji Isomoto, M.D., Ph.D., Norihiro Samoto, M.D., Ph.D.,
Tomohiro Matsui, M.D., Ph.D., and Yasuhito Tanaka, M.D., Ph.D.

Purpose: To report mid-term clinical results of posterior ankle arthroscopy in the treatment of posterior ankle
impingement syndrome (PAIS) and to assess the learning curve and its influence on the results. Methods: This was a
retrospective evaluation of the clinical outcomes of posterior ankle arthroscopy and its learning curve in a series of patients
with PAIS. Demographic and clinical data, surgical time, the American Orthopaedic Foot Ankle Society (AOFAS) ankle/
hindfoot scores, and time to resumption of sports were recorded. Results: Fifty-nine patients with 72 posterior ankle
arthroscopies were evaluated at a mean follow-up period of 60 months (24-133 months). Causes of PAIS were an os
trigonum (50), a large posterior talar process (14), and soft-tissue impingement (8). There were 29 male and 30 female
patients. The average age was 21.8 years (12-74 years). The average preoperative AOFAS score improved significantly
from 79.6 to 97.6 postoperatively (P < .0001). The average time taken to resume training was 5.3 weeks, and the time to
return to a competitive condition was 13.4 weeks. The times to resumption of training were shorter in elite athletes than
local competitive athletes. The learning curve of the posterior ankle arthroscopy was detected and determined by a
logarithmic trendline and moving averages. An experience of 26 cases was required to be proficient in posterior ar-
throscopies. The postoperative AOFAS scores were not statistically different between the initial and the latest 10 series
each. Conclusions: The mid-term follow-up results of endoscopic treatment for the PAIS were good, with a high success
rate in returning to sports activities. Although a learning curve etfect was detected in our series of arthroscopic treatment
for the PAIS due to os trigonum, a low volume of experience did not affect the results. Level of Evidence: Level IV,
therapeutic case series.

lite athletes, such as football players and dancers,
are the most common patients to develop posterior
ankle impingement syndrome (PAIS)."* Bony
impingement by an os trigonum or by a large posterior
talar process is the major cause of the syndrome.”® In
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1990s, several reports were published on arthroscopic
excision of an os trigonum from anterior or lateral
portals; however, theses arthroscopic techniques have
not been used widely.”'* Conventional open surgery
after failed conservative treatments was commonly
performed for bony impingements, until in 2000, van
Dijk et al."” reported an arthroscopic approach for the
PAIS using 2 posterior portals.

Arthroscopy of the posterior ankle and hindfoot enables
direct, detailed examination of the area, including an os
trigonum or posterior talar process, the posterior half of the
ankle joint, the posterior facet of the subtalar joint, the
intermalleolarligament, the posterior talofibularligament,
and the flexor hallucis longus tendon and its sheath.'*">

With the widespread use of posterior ankle arthros-
copy, the understanding of the local anatomy and pa-
thology of the posterior ankle has deepened along with
establishment of soft-tissue impingement without any
bone abnormalities. Thus, posterior ankle arthroscopy is
now an indispensable tool for the diagnosis and treat-
ment of posterior ankle symptoms, including the PAIS."'®
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Arthroscopic treatment of the PAIS is safer and less
invasive, with lower rates of complications than the
conventional open procedure.'” ' It is essential to
understand the local anatomy of the posterior ankle to
avoid any injuries to the normal structures of the joint,
tendons, vessels, and nerves.””

Although there have been several reports on the
arthroscopic treatment of the PAIS with a short-term
follow up,' > !61719:20.26.27 yery few reports exist on
mid-term results of arthroscopic treatment for the PAIS
and their relationship with the skill of posterior
arthroscopy.

There are various indicators to measure the skills
required for a specific surgical procedure. Time-based
metrics are commonly used to assess the learning
curve.”® We used surgical time as an indicator of the
operative skill in the arthroscopic treatment of the PAIS.*”

The purposes of this study were to report mid-term
clinical results of posterior ankle arthroscopy in the
treatment of the PAIS and to assess the learning curve
and its influence on the results. We hypothesized that
the American Orthopaedic Foot Ankle Society (AOFAS)
ankle/hindfoot scores would improve after ankle
arthroscopy for PAIS and that we will observe evidence
of a learning curve.

Methods
This study was performed in accordance with the
ethical standard in the 1964 Declaration of Helsinki.
Details that might disclose the identity of the subjects
under study have been omitted. This study was
approved by the institutional review board of the Nara
Prefecture General Medical Center (ID: 370).

Patient Selection

This is a retrospective case series of patients who un-
derwent arthroscopic treatment for the PAIS between
December 2008 and June 2018. Patients who underwent
posterior ankle arthroscopy at the Imperial Gift Saiseikai
Nara Hospital or at the Nara Prefecture General Medical
Center were identified. The inclusion criteria were
typical patients who complained of symptoms compat-
ible to PAIS caused by an os trigonum or a large posterior
talar process. Patients with the symptomatic ankles
without an ossicle or a posterior talar process also were
included if a soft-tissue impingement was suggested by
magnetic resonance imaging (MRI). Local synovitis,
immature scarring of ligament fibers, and/or sub-
chondral bone edema at the posterior end of the tibial
plafond were shown on MRI in the ankles with soft-
tissue impingement. The exclusion criteria were pa-
tients whose ossicle in the ankle was not an os trigonum,
but a loose body or a bipartite talus examined by
arthroscopy. Patients followed less than 24 months after
the operation also were excluded. All patients com-
plained of posterior ankle pain during activities. Posterior
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ankle pain is typically induced by forced plantar flexion
of the affected ankle. After failed conservative treat-
ments including rest, medication, and/or taping for at
least 3 months, the patients underwent posterior ankle
arthroscopy.

All ankles were operated by 2 operators (K.S., S.I.)
who were approved by the Japanese Orthopaedic As-
sociation and by the Japan Sport Association. One of
the 2 operators had performed more than a thousand
knee arthroscopies and about 200 anterior ankle ar-
throscopies, whereas the other operator had performed
about a hundred knee and 30 anterior ankle arthros-
copies. Both were new to posterior ankle arthroscopy.
Sports-related patients were classified into 3 groups: S1
were professional and/or national championship par-
ticipants, S2 were local competitive athletes, and S3
were patients who enjoyed recreational sports activities

Operative Technique

Arthroscopic treatments were performed placing the
patient in the prone position and the symptomatic
ankle was elevated 10 cm with a small triangular sup-
port under the leg. The posterior approach with 2
portals as described by van Dijk et al.'” was used. A 2.7-
mm diameter 30° oblique scope was inserted from the
lateral portal and another instrument from the medial
portal. An irrigation pump was used with an initial
setting of 60 mm Hg pressure and 0.5 mL/s flow vol-
ume, and adjusted according to the bleeding. If control
of bleeding was difficult by the pump, 0.5 mg of
adrenaline was added to 3000 mL of perfusate once or
twice during the operation. When the operation time
was extended and the action of the adrenaline was
weakened, 250 mm Hg air pressure was applied to the
tourniquet attached to the proximal thigh.

A working space was created by shaving adipose and
fibrous tissues just behind the os trigonum or posterior
talar process, and the flexor hallucis longus (FHL) tendon
was identified. The FHL tendon was a landmark to pro-
tect the neurovascular bundles in the tarsal tunnel. The
os trigonum or posterior talar process was dissected free
from the posterior talofibular ligament by bipolar elec-
trocoagulation. The os trigonums were removed using
meniscus rongeurs (Fig 1), and the posterior talar process
was decompressed using a rounded burr to avoid inter-
fering the FHL tendon (Fig 2). The arthroscope was
introduced to the ankle joint after removing the os trig-
onum or the posterior talar process, along with the
fibrous scars and proliferated synovium if they existed in
the joint. Probing of the cartilage surface was also
possible. In the ankle without bone impingement,
inflamed, and/or synovial tissue, injured ligament fibers
or fibrocartilage fragments occupied in the posterior
ankle were removed (Fig 3).

In patients who complained of anterior ankle symp-
toms, anterior  arthroscopy @ was  performed
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Fig 1. Posterior arthroscopic view
of the left ankle with a symp-
tomatic os trigonum (OT) in a 23-
year-old female ballet dancer. (A)
OT. (B) The OT was excised with
forceps. (C) The posterior aspect
of the ankle, subtalar joint, and
the flexor hallucis ligament (FHL)
tendon were visible.

simultaneously, after a prone-to-supine position
change. A traction device was used during anterior
arthroscopy.

Postoperative Treatment
A compression bandage was applied for 24 hours after
the operation and the patients were allowed early range

el079

Calcaneus

of motion immediately following surgery. The patients
were encouraged to walk without crutches from the
next day, and they allowed to returned to work or
school when as could tolerate their activities. Athletes
were allowed to jog 2 weeks after the operation and
increase their exercise intensity if they had no un-
bearable pain. Postoperative protocol of the lateral

Fig 2. Posterior arthroscopic view
of the right ankle with a symp-
tomatic posterior talar process in a
21-year-old female gymnast. (A)
A large talar process (TP). (B) The
process was decompressed. (FHL,
flexor hallucis ligament.)
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ankle ligament repair including a below-the-knee cast
immobilization was applied in 4 patients who simulta-
neously underwent a repair of the anterior talofibular
ligament.

Clinical Evaluation and Follow-up

The mean follow-up period was 60 months, ranging
from 24 to 133 months. The AOFAS ankle and hindfoot
clinical rating scale was used to evaluate preoperative
and postoperative ankle conditions. Follow-up exami-
nation and interview were done by the 2 operators. All
patients associated with sports were asked about their
postoperative sports activity level along with the time
required to resume training and to return to partici-
pating in a competition or getting on stage. Comparison
of the AOFAS scores and recovery times was performed
for the following: groups classified by causes; groups
classified according to the patients’ activity levels;
groups according to the need of simultaneous anterior
arthroscopy; and groups of the first and last 10 patients
of the series who underwent surgery. Patients who
underwent additional surgery before full recovery in
sports for reasons other than the PAIS or who sus-
pended sports activities due to work or entrance
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Fig 3. Posterior arthroscopic view
of the left ankle with a soft-tissue
impingement in a 22-year-old
male rugby football player. (A)
Inflamed synovia and thickened
transverse ligament (TL). (B)
These soft tissues were removed
with a shaving instrument. (C)
The posterior aspect of the ankle
joint was visible. (FHL, flexor
hallucis ligament.)

examinations were excluded from the assessment of
recovery times.

Learning Curve Assessment

The surgical time was defined by making a skin
incision to close the portals for a procedure as described
by van Dijk et al., in all patients. The additional time of
associated procedures for anterior impingements, liga-
ment disorders, osteochondral lesions, or any lesions
other than the PAIS was not included. The operation
times in patients with a large posterior talar process or a
soft-tissue problem were compared with those with os
trigonum.

The learning effect of the endoscopic treatment of the
PAIS was evaluated by changes in the operation time in
the series. To eliminate the effects of variations in
required treatments, the operation times required to
treat ankles with the PAIS by (an) os trigonum(s) were
used for a learning curve study. Altogether 50 opera-
tions were included in the learning curve study. The
curve was determined using a logarithmic and a mov-
ing average trendline. Moving averages were calculated
serially for every 10 operations. Every moving average
was compared with the latest moving average and the
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Table 1. Demographics of Patients with the PAIS
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Bony Impingement

Os Trigonum Posterior Talar Process Soft-Tissue Impingement Overall
Ankles included in study” 50 (69.4 %) 14 (19.4 %) 8 (11.1 %) 72 (100.0 %)
Male sex’ 22 (44.0 %) 8 (57.1 %) 5 (62.5 %) 35 (48.6 %)

Age at surgery, y'
Associated procedures

20.7 £ 7.7 (12-50)

Anterior ankle arthroscopy” 10 (20.0 %)
Spur resection” 6 (12.0 %)’
Ligament repair 4 (8.0 %)
Curettage and BMS for OLT 2 (4.0 %)’

Additional surgeries 2 (4.0 %)

Follow-up periods, mo' 60.3 + 37.2 (24-133)

26.7 £ 15.5 (16-74)

70.2 + 43.2 (24-123)

19.9 + 4.2 (16-28) 21.8 + 9.6 (12-74)

5 (42.9 %) 1 (12.5 %) 16 (22.2 %)
5 (28.6 %) 0 (0.0 %) 11 (15.3 %)
0 (0.0 %) 0 (0.0 %) 4 (5.6 %)
0 (0.0 %) 0 (0.0 %) 2 (2.8 %)
1(7.1 %) 3 (37.5 %) 6 (8.3 %)
39.6 £14.3 (24-62) 60.0 & 37.2 (24-133)

BMS, bone marrow stimulation; OLT, osteochondral lesion of the talus; PAIS, posterior ankle impingement syndrome.
*Values are given as the number of the ankles, with the percentage in parenthesis.
Values are given as the mean and standard deviation with range in parenthesis.

fOne patient underwent both spur resection and BMS simultaneously.

SAdditional surgeries before full recovery in sports for reasons other than the PAIS: stabilization for the anterior shoulder dislocation (3),
reconstruction of the anterior cruciate ligament (1), osteochondral autologous transplantation for the OLT (1), and repair of the anterior talo-

fibular (1).

average AOFAS score in the initial and the latest 10
series were compared.

Statistical Analysis

Statistical analysis was performed using Microsoft
Excel with Statcel 4 software (OMS Publishing Inc.,
Saitama, Japan). Normality of variance was measured
using the Shapiro—Wilk test, and equality of variance
by F-test and Bartlett’s test. Surgical times were
assessed using analysis of variance followed by the
Bonferroni—Dann post-hoc method. The AOFAS scores
were assessed using the Kruskal—Wallis test and the
Wilcoxon signed-rank test. The required time to return
to sports activities was measured using the
Kruskal—Wallis test and Steel—Dwass test. Categorical
data were calculated using the % test. A threshold of
P < .05 was considered statistically significant.

Results

Study Population

There were 67 patients with 80 ankles were treated
by posterior arthroscopy. After exclusion of patients
with a loose body (3), a bipartite talus (1), and those
followed less 24 months (4), 72 ankles of 59 patients
were evaluated. There were 29 male patients (35 an-
kles) and 30 female patients (37 ankles), with a mean
age of 21.8 £ 9.6 years (range, 12-74) at the time of
surgery. Of the 72 ankles, 64 were bony impingements:
os trigonum (50), a large talar process'’, and 8 were
soft-tissue impingements (Table 1). In 17 of 72 ankles,
pain also was induced by contraction of the FHL mus-
cle. The initial 7 patients were operated under spinal
anesthesia at the Imperial Gift Saiseikai Nara Hospital
and those later under general anesthesia at the Nara
Prefecture General Medical Center. Fifty-six of 59

patients and were sports-related, which included 24
patients with 30 ankles were classified in S1, 19 patients
(24 ankles) in S2, and 13 patients (15 ankles) in S3.

Patients Demographics

There were no differences in the patients” age and
male—female ratio in each group. Arthroscopic treat-
ment from the anterior portals was simultaneously
performed in 16 of 72 ankles (22.2%), and repair of the
anterior talofibular ligament in 4 ankles (5.6%)
(Table 1). There were 2 patients who underwent bone
marrow stimulation for an osteochondral lesion of the
talus, and one of them had an osteochondral autograft
implantation after 6 months.

Of the 56 patients with sports-related symptoms, 4
patients underwent additional surgeries for diseases
other than the PAIS within 6 months, and 4 others
interrupted the sports activities due to social factors.
These 8 patients with 11 ankles were excluded from the
evaluation of the required time to resume sports ac-
tivity (Table 2).

Clinical Results

The preoperative average AOFAS scores improved
from 79.6 + 6.3 to 97.6 £ 4.7 postoperatively. There
was significant improvement (P < .001) of the AOFAS
scores from the preoperative to latest follow-up for all
the groups (Table 2). Differences between the groups
classified by causes were not detected pre- and
postoperatively.

All patients associated with sports returned to their
original activities. Differences in the scores between the
groups classified by sports performance levels were not
detected pre- and postoperatively (Table 3). The
average time required to resume training was 5.3 £ 3.4
weeks, and the time required to return to a state of
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Table 2. Surgical Times and Clinical Outcomes With Sports Activities According to Causes of the PAIS

Bony Impingement

Posterior Talar Soft-Tissue

Os Trigonum Process Impingement P Value

Ankles included in study, n 50 14 8
Operation time, min’ 63.6+ 21.0 (28-127) 77.4 £ 27.3 (46-125) 87.5 & 31.1 (43-138) < .05
AOFAS ankle/hindfoot score

Preoperative 79.2 £ 6.6 (66-87) 80.9 £ 5.6 (74-87) 80.1 £ 5.9 (72-87) n.s.

Postoperative 98.1 £ 4.1 (87-100) 95.1 £ 6.0 (87-100) 98.4 £+ 4.6 (87-100) n.s.

P value' < .0001 < .0001 < .0001 -
Return to sports activity 49/49 (100.0) 13/13 (100.0) 8/8 (100.0) n.s.
Required time to return to sports*

No. of ankles, n 41 9 8

Original training, wk 5.0 &+ 3.0 (2-14) 4.7 £ 3.1 (2-12) 6.3+ 4.3 (3-13) n.s.

Full recovery in sports, wk’ 13.6 = 7.5 (4-36) 11.6 + 6.3 (4-25) 14.3 £ 7.2 (7-26) n.s.

AOFAS, The American Orthopaedic Foot and Ankle Society; n.s., not significant; PAIS, posterior ankle impingement syndrome.
*Values are given as mean and standard deviation with range in parenthesis.

fComparison of pre- and postoperative scores.

fAnkles with patients who underwent additional surgery before full recovery in sports for reasons other than the PAIS, or who suspended sports

activities due to work or entrance examinations are excluded.

participating in a competition or getting on stage was
13.4 + 7.2 weeks. The required time to resume training
was shorter in the level 1 group than in the level 2
group. There was no statistical difference of the time
required to return to a competitive athletic level be-
tween the groups classified by sports performance level.
The average postoperative AOFAS scores in patients
with and without simultaneous anterior ankle
arthroscopy were 75.9 £ 5.8 and 98.9 £ 4.2. The
required time to resume training in patients with and
without simultaneous anterior ankle arthroscopy were
6.3 + 4.2 weeks and 4.8 £ 2.9 weeks, and the required
times for full recovery were 15.9 &+ 8.1 weeks and 12.8
+ 6.9 weeks in mean. There were no statistical

Table 3. Clinical Outcomes According to Sport Activity Levels

differences in the clinical results and required time to
resume sports activity between the group with and
without simultaneous anterior arthroscopy. There were
no statistical differences in the clinical results or re-
covery time for sports ability between the early and
latest series of the PAIS due to os trigonum (Table 4).

Complications

In the early series, superficial skin flashes of the
anterior ankle occurred in 3 patients operated using
monopolar electrocoagulation with an indifferent
electrode. However, there were no skin flashes after the
electrocoagulation system was changed to bipolar. A
male college swimmer complained of a recurrent

Level 1 Level 2 Level 3 P Value

No. of ankles (patients) 30 (24) 24 (19) 15 (13)
Causes of PAIS (ankles)

Os trigonum 19 16 15

Large talar process 6 4 4

Soft tissue impingement 4 3 0
AOFAS ankle/hindfoot score

Preoperative 81.2 £ 6.0 (67-87) 78.0 £ 5.8 (66-87) 79.3 £ 7.3 (67-87) n.s.

Postoperative’ 98.4 4+ 3.7 (90-100) 96.7 + 5.4 (87-100) 98.1 + 4.6 (87-100) ns.

P value' < .0001 < .0001 < .0001 —
Return to sports activity 25/25 (100.0) 20/20 (100.0) 13/13 (100.0) n.s.
Required time to return to sports*

No. of ankles, n 25 20 13

Original training, wk 3.9 £ 2.1 (2-12) 6.2 + 3.2 (2-13) 5.8 £ 4.1 (2-14) .031°

Full recovery, wk 11.5 + 5.4 (4-25) 13.7 £ 7.6 (5-26) 16.5 + 8.9 (8-36) n.s.

AOFAS, The American Orthopaedic Foot and Ankle Society; n.s., not significant; PAIS, posterior ankle impingement syndrome.
*Values are given as mean and standard deviation with range in parenthesis.

fComparison of pre- and postoperative scores.

fAnkles with patients who underwent additional surgery before full recovery in sports for reasons other than the PAIS, or who suspended sports

activities due to work or entrance exams are excluded.
$Difference is statistically significant between level 1 and 2 groups.
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Table 4. Clinical Outcomes of the Early and the Latest 10 Series of the PAIS due to Os Trigonum

Early 10 Series” Latest 10 Series P Value

No. of ankles 10 10
AOFAS ankle/hindfoot score 80.6 £ 5.6 (75-87) 81.5 £ 6.0 (72-87)

Preoperative'*' 81.8 £ 5.6 (77-87) 81.1 + 6.3 (74-87) n.s.

Postoperative; 100.0 + 0.0 (100-100) 99.0 + 3.2 (90-100) n.s.
Required time to return to sports

Original training, wk' 4.4 4+ 1.4 (2-6) 5.6 £ 1.6 (3-8) n.s.

Full recovery in sports, wk' 16.7 £ 9.8 (7-36) 13.6 £ 6.6 (6-25) n.s.

AOQFAS, The American Orthopaedic Foot and Ankle Society; n.s., not significant; PAIS, posterior ankle impingement syndrome.

*Patients underwent simultaneous anterior arthroscopy and related surgery, or who underwent an additional surgery for reasons other than the
PAIS, or who suspended sports activities due to work or entrance examinations are excluded.

Values are given as mean and standard deviation with range in parenthesis.

symptom 1 year after the operation. A scar formation of
the connective tissue just behind the ankle was sus-
pected on MRI, and the second operation was per-
formed to remove the scar. The patient complained of
no symptoms 3 years after the second operation. These
complications occurred in the early series, and there
were no complications in the latter half of the series.

Surgical Time and Learning Curve

The average surgical time for the van Dijk procedure
was statistically different between the groups. The
surgical time for soft-tissue impingement was 23.9 mi-
nutes longer than that for excision of os trigonum
(Table 2).

The operation times in the patients with os trigonum
are plotted by the order of operation and the best-fit
learning curve is shown by a logarithmic trendline
(Fig 4). The mathematical formula was y = —14.37In
(x) —105.35 (y: operation time to be estimated, x: order
number of the series).

The moving average of the operation time is shown in
Figure 5. The moving average of the operation time was
calculated in every 10 operations serially, and each
average time was compared with the average operation
time of the latest 10 ankles. The P values of each
comparison are shown in Figure 6. The P values were
less than .05 from the initial to the 16th moving
average, and were over .05 after the 17th moving
average.

Discussion

In our series, the AOFAS scores improved in all
groups, with all the athletes and dancers resuming their
original activities. A learning curve was detected in the
arthroscopic treatment of the PAIS. Nevertheless, the
mid-term clinical results of arthroscopic treatment were
good regardless of the order of the case in the series and
the cause of impingement.

Posterior ankle bony impingements by the os trig-
onum or large posterior talar process detected by ra-
diographs had been commonly treated by open

surgery.”” ! Arthroscopic examination brought new

knowledge to the physicians on the posterior ankle le-
sions, including soft-tissue impingements,’” and several
authors published good short-term results of the
arthroscopic treatment for the PAIS with follow-up
periods of 12 to 30 months.' >®!'®!171920:26 1 6pey
Valerio et al.” reported mid-term results of arthroscopic
treatment for the PAIS with a mean follow-up period of
6.5 years, whereas Georgiannos et al.” reported those
with a mean follow-up period of 5 years. The cause of
the PAIS in these 2 reports was os trigonum, and pa-
tients with a large talar process or soft-tissue impinge-
ment were not included.*”

The endoscopic or arthroscopic approach to the pos-
terior ankle requires removing soft tissues including the
posterior capsule of the ankle and hindfoot for a
working space with good visualization. The FHL tendon
sheath also was removed to examine the medial border
of the os trigonum or the posterior talar process. We
deduced from the good mid-term results in our series
and the reports by Lopez Valerio et al. and Georgiannos
et al.,”” that resection of the capsule and tendon sheath
did not seemed to affect the results.

The required duration to return to sports activity,
varying in literature (34 days to 11.5 weeks), confuses
patients. In this study, the time to resume ordinal
training and time to be competitive or get on stage were

140

120

y = -14.37In(x) + 105.19
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Fig 4. The learning curve figured by a logarithmic trendline.
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Fig 5. The learning curve figured
by moving averages.
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separately assessed. The critical issue of the treatment in
athletes and dancers is the number of days required to
returned to the maximal physical condition. The ob-
tained data of the average time to resume original
training was 5.1 weeks, and the average time to return
to a state of competitive sports performance was 13.4
weeks.

Georgiannos et al.” reported that the mean time taken
to start training was 4.58 weeks and the mean time to
return to previous sports level was 7.12 weeks after
arthroscopic treatment of the PAIS. The average time to
resumption of training in our patient series was similar
to that reported by Georgiannos et al. We defined the
complete resumption to sports as participation in

0.9
0.8
0.7
0.6
0.5

P value

Fig 6. P values of each moving
average of the surgical time
compared with average time of 0.4
the latest 10 operations. 0.3

0.2
0.1

No. of operation

athletic competitions. The required time to a complete
return to sports was not comparable with the time to
returned previous activity levels.

In our series, the required times to resume original
training were shorter in the level 1 athletes than in the
level 2 athletes. Top athletes had personal or team
trainers, which may have accelerated their return to
their original training. However, there was no statistical
difference in the time required to return to a state of
participation in a competition between the activity
levels.

To perform a safe and sophisticated operation, sur-
geons must be familiar with the anatomy of the pos-
terior part of the ankle and hindfoot, as blind shaving to

—

1 3 53 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41

No. of moving average
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obtain a working space without sufficient anatomical
knowledge and experience has the risks of injuring
tendons, major vessels, and nerves.” "’

The learning curve of the technique has been re-
ported previously. Yamakado?’ reported a learning
curve of 23 serial operations with a symptomatic os
trigonum. The report suggested that 16 patients were
required to ensure a relatively comfortable experience
level of experience.

In our series, the endoscopic treatments of the PAIS
were performed by 2 senior operators (K.S. and S.I.).
The average operation time to remove causes of the
impingement was longer in patients with soft-tissue
problems compared with that with (an) os trig-
onum(s). Excision of the os trigonum is performed
through a uniform endoscopic procedure for the PAIS.
However, in our experience endoscopic procedures for
a large talar process and soft tissue problems vary from
patient to patient.

The “learning effect” was noted by Wright’® in
connection with aircraft production and evaluation of
the learning curve was developed in psychology and
economics.””’® A logarithmic trendline is a best-fit
curved line, most useful when there are quick increases
or decreases in the rate of change in the data followed by
leveling out.”” Many studies use the logarithmic trend-
line to show the learning curve in surgery.”’

The asymptote of a specific operation is determined
not only by the operating time but also by various
factors such as intraoperative blood loss, operation
effectiveness, length of hospital stay, and complications,
as well as the surgeon’s preference for the procedure.
However, time-based metrics were the most commonly
reported variables used to assess the learning curve.”” A
trendline of our experience in endoscopic excision of os
trigonum was drawn smoothly and made it easier to
understand our development. A moving average is
commonly used with time series data to smooth out
short-time fluctuations. Every moving average shows
the actual average of the specific term. The average
time of each specific number of operations is compa-
rable to the latest average.

From the logarithmic trendline, the operation time for
os trigonum in our series was found to be below 60
minutes after the 24th operation. The moving averages
from the initial 10th to 17th operations differed statis-
tically compared with the latest 10 operations. This
suggested that the basic skill of the hindfoot endoscopy
was established after 26 operations. The expected sur-
gery time after 10, 100, and 200 clinical practices
calculated by the mathematical formula of the loga-
rithmic trendline were 72, 39, and 29 min, respectively.

Fortunately, longer operative times in our early series
compared with those in the latest series did not affect
the clinical scores at the final follow-up, and the re-
covery speed in athletic activities. Complications
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occurring early in the series were not serious and did
not affect the final outcome.

Limitations

In this study, assessment of the patients who met
minimal clinically important difference, substantial
clinical benefit, or patient acceptable symptomatic state
for patient-reported outcome measures (PROMs)*’ was
not performed. The Self-Administered Foot Evaluation
Questionnaire®' has been used for PROMs since 2013.
Preoperative  assessment scores by the Self-
Administered Foot Evaluation Questionnaire were not
obtained in 34 patients in the series who had been
operated before 2013; assessment for PROMs was not
included in this study. The studies are the small number
of ankles with a large posterior talar process and soft-
tissue problems. Further long-term follow-up studies
on the PAIS without os trigonum in relation with soft
tissues are needed.

We used the operation time as a means of deter-
mining the learning curve. Only the ankles with the
PAIS due to os trigonum were targeted to ensure con-
sistency. However, shortened surgery time may not be
representative of technical success, clinical outcome, or
complications, or the operative skill of the surgeon.

Conclusions
The mid-term follow-up results of endoscopic treat-
ment for the PAIS were good, with a high success rate
in returning to sports activities. Although a learning
curve effect was detected in our series of arthroscopic
treatment for the PAIS due to os trigonum, a low vol-
ume of experience did not affect the results.
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