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Abstract

Background: Percutaneous Zadek osteotomy (ZO) has emerged as a surgical treatment of insertional Achilles
tendinopathy (IAT) over the last decade. Existing literature is limited regarding the comparison of this approach with the
more established, open ZO technique. This systematic review aims to evaluate and compare the current data on open vs
percutaneous ZO approaches to help set evidence-based guidelines.

Methods: A systematic literature search was performed using the keywords (Zadek osteotomy) OR (Keck and Kelly
osteotomy) OR (dorsal closing wedge calcaneal osteotomy) OR (Haglund Deformity) OR (Haglund Syndrome) OR
(Insertional Achilles Tendinopathy) and MeSH terms Osteotomy, Calcaneus, Syndrome, Insertional, Achilles tendon, and
Tendinopathy. Our search included the following databases: PubMed, Embase, and the Cochrane Library. The PRISMA
protocol and the Cochrane Handbook guidelines were followed. All studies included were published from 2009 to 2024 and
included the use of open or percutaneous approaches of ZO for the treatment of IAT with at least a |2-month follow-up.
The MINORS score criteria were used to evaluate the strength and quality of studies.

Results: A total of 17 studies were reviewed, including 611 subjects and 625 ZO procedures. Of these procedures, 8|
(1'1%) subjects had a percutaneous and 544 (89%) subjects had an open ZO. The mean follow-up time was 16.] months for
patients treated with percutaneous ZO and 36.] months for patients treated with open ZO. Both open and percutaneous
studies included in this review showed postoperative improvements in AOFAS, FFl, VISA-A, and VAS scores in patients
with IAT. The reported complication rate was 5.8% among patients treated with percutaneous ZO and 10.2% among
patients treated with open ZO.

Conclusion: Percutaneous ZO is an emerging approach with substantially fewer documented cases compared with
the open ZO. Both percutaneous and open ZO appear to be relatively effective treatments for insertional Achilles
tendinopathy with Haglund’s deformity. The lower complication rates reported for percutaneous ZO is encouraging.
Further investigation with more subjects undergoing percutaneous ZO is clearly needed.

Keywords: Haglund’s deformity, insertional Achilles tendinopathy, Haglund’s deformity, minimally invasive surgery, MIS,
percutaneous, systematic review, Zadek osteotomy

tendon; it is an overuse condition characterized by degen-
erative, cumulative tissue microtrauma that presents at the
tendon’s insertion onto the calcaneal tuberosity.’’

Introduction

Approximately 6% of the population reports Achilles ten-

don pain in their lifetime. Of these patients, around one-
third are diagnosed with insertional Achilles tendinopathy
(IAT).'71921 TAT is a degenerative process of the Achilles

Additionally, metabolic disorders such as diabetes mellitus,
hypercholesterolemia, thyroid disorders, and obesity can
predispose a patient for IAT.?? Patients with IAT commonly
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present with increased tendon thickness and posterior heel
pain.??7 TAT often coexists with retrocalcaneal bursitis and
Haglund’s deformity (a posterosuperior bony grown of the
calcaneus), comprising the Haglund’s syndrome triad.*?
Primary treatment of IAT is nonoperative; management
includes eccentric Achilles-strengthening exercise, nonste-
roidal anti-inflammatories, orthotics, and shoe wear modifi-
cation.*® However, 20% to 40% of patients will fail to
improve with these more conservative treatment strate-
gies.”> Nonoperative interventions include physical therapy,
anti-inflammatory medications, and shoe wear modifica-
tion. If patients continue to have persistent pain and activity
limitation despite 3-6 months of nonoperative intervention,
surgery may be indicated.*? For patients with IAT who wish
to return to a specific physical activity, surgery followed by
early postoperative weightbearing and functional rehabili-
tation may be recommended so as to expedite new tendon
formation and superior functional outcomes.*®

A dorsal closing wedge calcaneal osteotomy for the
treatment of IAT was first described by Isadore Zadek in
1939 and was later popularized by Keck and Kelly in
1965.1%4 The Zadek osteotomy (ZO) relieves symptoms of
IAT by shortening the calcaneus and altering the orientation
of the Achilles tendon to ultimately reduce impingement
between the Achilles tendon and the calcaneus.*?®

70O was first described as an open surgery; similar to
other open foot and ankle surgeries, this technique has been
associated with complications such as nerve injuries and
wound healing issues.”»!Z1418.22.37.384445 However, in light
of new, minimally invasive surgery (MIS) techniques, the
Z0 can be completed percutaneously. The percutaneous ZO
is chosen with the intention of decreasing risks of complica-
tions commonly observed with the open ZO, while also
allowing for earlier weightbearing and recovery.'®?® Recent
literature reviews have analyzed the clinical effectiveness
of ZO; a general improvement in patient reported outcomes
has been repetitively cited irrespective of percutaneous vs
open ZO. Complication rates have ranged from 3.1% to
16.7%.133242 However, to our knowledge, no prior review
has analyzed and compared the clinical outcomes between
percutancous and open approaches for ZO. The aim of this
systematic review was to better inform surgeons’ evidence-
based guidelines, and patient expectations, when selecting
between the percutaneous vs open ZO.!33242

Methods and Search Strategy

This systematic literature review included studies that were
published from 2008 to 2023. The databases used were
PubMed, Embase, and the Cochrane Library. The following
items were searched: (Zadek osteotomy) OR (Keck and
Kelly osteotomy) OR (dorsal closing wedge calcaneal oste-
otomy) OR (Haglund Deformity) OR (Haglund Syndrome)
OR (Insertional Achilles Tendinopathy), and MeSH terms
Osteotomy, Calcaneus, Syndrome, Insertional, Achilles ten-
don, and Tendinopathy, without a language filter. Initial
screening of titles, abstracts, and full-text studies was per-
formed. The Preferred Reporting Items for Systematic
reviews and Meta-Analysis (PRISMA) protocol and the
Cochrane Handbook guidelines were followed.!>** The
Methodological Index for Non-Randomized Studies
(MINORS) score criteria were used to evaluate the strength
and quality of the studies.® Statistical analysis and meta-
analysis were not performed because of the heterogeneity
of the included studies.

Inclusion and Exclusion Criteria

Inclusion criteria allowed for any study published from
2009 to 2024 that involved the use of ZO for the use of IAT
and/or Haglund’s deformity. Exclusion criteria included the
following: pediatric studies or studies without minimum
12-month patient follow-up.

Data Collection and Abstraction

Two investigators independently evaluated titles, abstracts,
and full text from the studies found in the search. The fol-
lowing data were extracted from each study: title, authors,
journal of publication, year of publication, country, level of
evidence, number of subjects, follow-up (minimum and
mean), type(s) of osteotomy performed, number of proce-
dures performed, mean age, sex, American Orthopaedic
Foot & Ankle Society (AOFAS) score, Foot Function Index
(FFI) score, Manchester-Oxford Foot Questionnaire
(MOXFQ) score, visual analog scale (VAS) score, Victorian
Institute of Sports Assessment—Achilles Questionnaire
(VISA-A) score, satisfaction rate, Fowler-Phillip angles,
Bohler angles, calcaneal pitch angles, calcaneal lengths,
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X/Y ratios, and complications. The MINORS score was
used to evaluate the quality and bias of the 17 nonrandom-
ized controlled trials (Table 1).3%*° The mean score among
studies was 14.8, with a range of 12-18. These scores repre-
sent high-quality studies.

Characteristics of the Systematic Review Search
and Study Demographics

A total of 1736 studies were found after the primary data-
base search (Figure 1). After adjusting for date criteria,
1359 studies were analyzed. A total of 17 studies were
included in the current systematic review after passing
screening criteria. Three studies were published abstracts
and 14 of which were full-length publica-
tion.6’7’10'12’l4’22'24’2(”28’33’34’37*38’43’45 A total of 611 subjects
and 625 procedures were found in these 17 studies; 81 pro-
cedures were percutaneous, and 544 procedures were open.
The mean age of patients who underwent percutaneous ZO
was 49.6 (range 37.4-57), and the mean age of the patients
who endured open ZO was 47.65 (range 32.5-54.7). Mean
follow-up time was 16.1 months (range 12.0-20.3 months)
and 36.1 months (range 12.0-86.5 months) for patients who
underwent percutaneous ZO and open ZO, respectively.
Three studies were excluded from this mean calculation as
only ranges were provided. Among the studies, the level of
evidence ranged from II to IV. In the percutaneous group,
there was 1 level IV study and 3 level III studies. In the
open group, there were 2 level 11, 8 level 111, and 3 level IV
studies. Characteristics and demographics of the studies
are listed in Table 2.

Results

Clinical Outcomes: AOFAS Score, VAS Score,
Satisfaction Rate, and VISA-A Score

Preoperative and final follow-up AOFAS scores were reported
in 7 studies that analyzed open ZO and no studies that ana-
lyzed percutaneous ZO. The mean AOFAS score among open
Z0 studies improved from 53.6 £ 6.7 (range 41.5-62.0) to
91.3 = 4.7 (range 86.4-98.2). Statistically significant improve-
ment was reported in 6 studies. Although Ge et al'? did not
document a P value, the improvement in AOFAS values
observed in their study is comparable to the other open ZO
studies that did document statistical significance. One percu-
taneous ZO study reported significant improvement in the
FFI, which is analogous to the AOFAS score.?* One open ZO
study reported Manchester-Oxford Foot Questionnaire
(MOXFQ) scores, which is also a measure comparable to
AOFAS scores.> Eight studies did not report AOFAS scores
or equivalent index of change in function.

Preoperative and last follow-up visual analog scale
(VAS) scores were reported in 2 percutaneous ZO studies

and in 4 open ZO studies. The mean VAS scores in the per-
cutaneous ZO studies improved from 9.0 = 0.1 (range 8.9-
9.0)to 2.3 £ 1.8 (range 1.0-3.6). The mean VAS score in the
open ZO studies significantly improved from 20.4 = 25.3
(range 6.3-58.2) to 7.5 = 10.2 (range 0.9-22.7). Statistically
significant improvement in VAS score was observed in all
reporting studies (P <<.01).

Preoperative and last follow-up VISA-A scores were
reported in 1 percutaneous ZO study and 5 open ZO stud-
ies. The VISA-A score in the percutaneous ZO study
improved from 36.8 to 88.0, which was statistically sig-
nificant (P <.01). The VISA-A scores in the open ZO
studies improved from a mean 45.0 = 17.3 (range 25.8-
65.9) to 87.4 7.9 (range 76.5-98.2), all demonstrating
statistically significant improvement (P <.01). There was
also one study in the open ZO group, by Maffulli et al,
that did not report preoperative VAS or VISA-A data.
However, they did report scores at 1 month postoperation
and again at 24 months postoperation. Maffulli et al**
demonstrated a statistically significant improvement in
VAS and VISA-A scores between patients at the 1-month
and 24-month postoperative follow-ups (P <<.0001).
Additionally, 1 percutaneous ZO study reported a 92%
satisfaction rate, whereas 5 open ZO studies reported a
mean satisfaction rate of 86.1% *+ 12.9% (range 67.4%-
100%) (Table 3).

Radiographic Outcomes

Preoperative and postoperative Fowler-Phillip (FP) angle
was reported in 3 open ZO studies and 1 percutaneous ZO
study. In the open ZO studies, there was a significant
improvement in mean FP angle from 55.3 £2.9 (range
53.2-58.6) to 40.2 £ 6.1 (range 35.9-47.2) (P <.05). In the
percutaneous ZO study, there was a significant improve-
ment in mean FP angle from 52.7+6.3 to 30.2+6.0
(P<.001). Preoperative and postoperative Bohler angles
were reported in 1 open and 1 percutaneous ZO study. In the
open ZO study, there was a significant improvement in
mean Bohler angle from 32.1 £3.3 to 43.6 £ 2.8 (P <.05).
In the percutancous ZO study, there was a significant
improvement in mean Bohler angle from 37.4*=10.2 to
49.0+7.2 (P<.001).

Preoperative and postoperative calcaneal pitch (CP)
angles were reported in 6 open ZO studies and 1 percutane-
ous ZO study. In the open ZO studies, the mean CP angle
decreased from 25.9 (range 23.1-29.0) to 22.9 (range 19.8-
26.5); however, this difference was not significant.
Similarly, 1 percutaneous ZO study by Choi and Suh
reported an unchanged mean CP angle at follow-up
(22.3 6.7 to 23.1 = 5.4, P> .05).” However, the percuta-
neous ZO study by Mazura et al*® found the CP angle to be
prominently impacted by ZO. This study demonstrated a
horizontal ZO to allow for the greatest CP angle correction.
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Identification of studies via databases and registries
S Records identified through _ Records removed after date
® databases (n =1736) adjustment (n=377)
= + PubMed (n = 820)
‘qc'; * Embase (n = 816)
i} e Cochrane Library (n = 100)
Records screened R Records removed (duplicates)
(n=1359) - (n = 484)
%)
g Records excluded from review (n = 859)
o * Nonoperative study (n = 158)
g ¥  Different surgery (n = 189)
. e Cadaver study (n=12)
Full-text articles assessed .
for eligibilit - 876 * Animal study (n = 12)
or eligibility (n = ) * Radiology study (n =79)
e Technique paper (n =10)
* (Case report (n = 36)
* lIrrelevant content (n = 263)
* Editorial letters (n = 8)
e State of the art review (n = 3)
) e Review or meta-analysis (n = 89)
g
Q
© ) 4
=}
s
£ Articles included in review (n = 17)

Figure |. PRISMA flow diagram, overview of search strategy and selection criteria.

Mazura et al?® proposed a reduction in CP angle to corre-
late with reduced tension on the Achilles tendon.
Preoperative and postoperative mean calcaneal length
was measured in 4 open ZO studies, which decreased from
86.3 = 3.6mm (range 83.0-91.0) to 81.3 = 3.0mm (range 79.0-
85.3). Preoperative and postoperative X/Y ratio was reported
in 2 open ZO studies. This ratio is used to help assess the
abnormality of the shape of the calcaneus in Haglund’s syn-
drome. The mean X/Y ratio improved from 2.1 £0.1 (range
2.1-2.2) to 2.9%0.1 (range 2.8-3.0).373% Both of these were
reported to be significant improvements (P <<.05) (Table 4).

Complications

The rate of complications was reported by all studies. The
total rate of complications among all studies was 45 of 471
(9.6%). Of note, 3 studies were excluded from this calcula-
tion because of a lack of complication report. The rate of
complications among the percutaneous ZO studies was 4 of
69 (5.8%), and the rate of complications among open the
Z0 studies was 41 of 402 (10.2%). Among the percutane-
ous group, there was 1 case of painful hardware (1.4%) and
3 cases of nonunion that resulted in revision surgery (4.3%).
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Table 2. Demographics and Characteristics of Included Studies.

Zadek
Level of Participants, Mean Feet, Women, Follow-up, Control Osteotomy

Author Country Evidence n Age,y n n mo Group Type
Choi and Suh’ South Korea ]l 10 374 I 6 20.3 Yes  Percutaneous
deMeireles et al'® USA v 32 56.1 32 NR 16.1 No  Percutaneous
Mazura et al*® Czech Republic ]l 12 47.8 12 6 NR No  Percutaneous
Nordio et al?® Italy i 26 57 26 14 12 No  Percutaneous
Cengiz and Karaoglu®  Turkey ] 20 45.8 20 14 72 No Open
Friesenbichler et al''  Switzerland i 16 NR 16 NR 12 No Open
Ge et al'? China 1 12 32.8 12 3 86.5 No Open
Georgiannos et al'* Greece v 52 32.5 64 30 Range 36-60  No Open
Lopez-Capdevila et al*? Spain v 18 49 18 Il 183 No Open
Maffulli et al?® Italy v 28 54.7 28 15 Range 24-30 No Open
Maffulli et al?* Ireland Il 25 535 25 14 Range 24-28  No Open
Rutishauser et al*® Switzerland M 126 49.7 126 58 24 No Open
Rutishauser et al** Switzerland M 126 49.7 126 58 24 No Open
Tourne et al*’ France 11} 50 54 50 15 84 No Open
Tourné et al*® France ] 22 48.5 22 9 12 No Open
Xu et al®? Great Britain I} 17 53 18 12 12 No Open
Zheng et al®® China 1 19 48.6 19 NR 16.3 No Open
Abbreviation: NR, not reported.
Table 3. AOFAS, VAS, VISA-A, and Satisfaction Rate at Last Follow-up (Minimum |2 Months).

Zadek

Satisfaction ~ Osteotomy
Author AOFAS VAS VISA-A Rate, % Type
Pre Post P Pre  Post P Pre Post P

Choi and Suh’ NR NR NR 89 3.6 <.0l 368 887 <.0l NR Percutaneous
deMeireles et al'” NR NR NR NR NR NR NR NR NR NR Percutaneous
Mazura et al*® NR NR NR NR NR NR NR NR NR NR Percutaneous
Nordio et al?® FFI=65 FFI=8 <ol 9 | <0l NR NR NR 92 Percutaneous
Cengiz and Karaoglu® 56.6 89.2 <0l 86 41 <0l NR NR NR NR Open
Friesenbichler et al'' NR NR NR NR NR NR NR NR NR 80 Open
Ge et al'? 52.0 98.2 NR  NR NR NR 370 982 NR NR Open
Georgiannos et al'* 59.5 95.7 <0l NR NR NR 659 902 <.0lI NR Open
Lopez-Capdevila et al?? 41.5 86.5 <0l 83 22 <0l 258 765 <.0l 100 Open
Maffulli et al?® NR NR NR NR 320 <.0l NR 830 <.0lI NR Open
Maffulli et al?* NR NR NR 582 227 <.0l 358 868 <.0lI NR Open
Rutishauser et al*? NR NR NR NR NR NR NR NR NR 88 Open
Rutishauser et al** NR NR NR NR NR NR NR NR NR 67 Open
Tourne et al*’ 50.5 88.9 <.05 NR NR NR 604 853 <.05 NR Open
Tourné et al®® 62.0 94 <05 NR NR NR NR NR NR NR Open
Xu et al®? MOXFQ=182 MOXFQ=74 NR NR NR NR NR NR NR NR Open
Zheng et al*® 53.2 86.4 <0l 63 09 <0l NR NR NR 95 Open

Abbreviations: AOFAS, American Orthopaedic Foot & Ankle Society; FFl, Foot Function Index; MOXFQ, Manchester-Oxford Foot Questionnaire;
VAS, visual analog scale; VISA-A, Victorian Institute of Sports Assessment—Achilles Questionnaire.

Among the open ZO cases, there was 1 case of painful hard- healing (0.2%), 8 cases of superficial wound infection
ware (0.2%), 1 case of delayed union (0.2%), 2 cases of  treated with oral antibiotics (2.0%), 2 cases of deep vein
transient sural neuritis (0.5%), 1 case of delayed wound  thrombosis (0.5%), 2 cases of transient dysesthesia (0.5%),
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Table 4. Reported Changes in Preoperative vs Postoperative Fowler-Phillip, Bohler, Calcaneal Pitch, Calcaneal Length, and X/Y Ratio

Measurements.
Fowler-Phillip Calcaneal Calcaneus Zadek Osteotomy
Author Angle Bohler Angle Pitch Angle (mm) X/Y Ratio Type
Choi and Suh’ Pre: 52.7 | Pre: 37.4 | Pre: 22.3 | NR NR Percutaneous
Post: 30.2 Post: 49.0 Post: 23.1
deMeireles et al'® NR NR NR NR NR Percutaneous
Mazura et al? NR NR NR NR NR Percutaneous
Nordio et al?® NR NR NR NR NR Percutaneous
Cengiz and Karaoglu® NR NR Pre: 23.1 | NR NR Open
Post: 22.4
Friesenbichler et al'' NR NR NR NR NR Open
Ge et al'? Pre: 54.0 | Pre: 32.1 | Pre: 25.5 | NR NR Open
Post: 35.9 Post: 43.6 Post: 25.4
Georgiannos et al'* NR NR NR Pre: 87 | NR Open
Post: 82
Lépez-Capdevila et al?2 Pre: 53.2 | NR Pre: 24.8 | Pre: 91.0 | NR Open
Post: 37.4 Post: 23.8 Post: 85.3
Maffulli et al?® NR NR NR Pre: 83.0 | NR Open
Post: 79.0
Maffulli et al?* NR NR NR Pre: 84.1 | NR Open
Post: 79.0
Rutishauser et al** NR NR NR NR NR Open
Rutishauser et al*3 NR NR NR NR NR Open
Tourne et al*’ NR NR Pre: 25.5 | NR Pre: 2.1 Open
Post: 20.0 | Post:
3.0
Tourné et al*® NR NR Pre: 29.0 | NR Pre: 2.2 Open
Post: 19.8 | Post:
2.8
Xu et al®® Pre: 58.6 | NR Pre: 27.8 | NR NR Open
Post: 47.2 Post: 26.5
Zheng et al® NR NR NR NR NR Open

1 case of complex regional pain syndrome (0.2%), 3 cases
of paresthesia (0.7%), and 1 case of hardware failure that
resulted in revision surgery (0.2%). Of note, 1 study in the
open group, by Rutishauser et al,>* did not specify the nature
of their complications and only documented them as post-
operative adverse events. These events were still included
in our overall complication calculations (Table 5).

Discussion

To our knowledge, this systematic review is the largest
and most complete to specifically examine and compare
percutaneous ZO vs open ZO for the treatment of inser-
tional Achilles tendinopathy. A total of 17 studies were
included in this review, 3 of which were prospective and
14 of which were retrospective. Of note, 3 studies included
in this review are published abstracts and presented lim-
ited data. The current systematic review demonstrated
both percutaneous ZO and open ZO to be safe and effec-
tive treatments of IAT.

All patients included in studies within this review were
aged =18 years and had at least 3-6 months of documented,
failed nonoperative management before undergoing sur-
gery. Inclusion criteria for all studies included patients with
IAT and Haglund’s deformity. Of note, 1 study by Tourné
et al*® included a radiographic X/Y ratio of <2.5 in their
inclusion criteria. No other specific radiographic data were
collected as inclusion criteria. Along with patients who
have refractory symptoms of IAT, surgery is also commonly
recommended for competitive athletes because of the higher
risk of recurring injury.'*?! Additionally, worse clinical and
functional outcomes have been associated with strictly non-
operative treatment of IAT in athletes.? ZO has allowed for
better outcomes and an early return to activity in these
patients in comparison to other operative and nonoperative
techniques for the treatment of IAT in atheltes.'

Recently, there has been an increase in the use of mini-
mally invasive (MIS) techniques to treat common foot and
ankle pathologies; accordingly, the percutaneous ZO
has been utilized more frequently for the treatment of
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[AT.7:10:16:26.28.40 Broadly, the advantages of MIS include
reduced cutaneous complications, decreased need for anal-
gesics, shorter operation duration, fewer deep infections,
faster recovery, lower health care costs, and improvement
of pain and patient-reported outcomes.>”#314%41 More spe-
cifically, the percutaneous ZO has demonstrated promising
results while minimizing wound healing complications and
decreasing recovery time.”*

Nevertheless, the percutaneous ZO is a relatively new
approach with limited data on patient outcomes. The current
systematic review provides the most up-to-date information
on percutaneous and open ZO outcomes. Our results demon-
strated that both percutaneous ZO and open ZO significantly
improve AOFAS, FFI, VISA-A, and VAS scores at mini-
mum 12 months’ postoperative follow-up. Improvement in
VISA-A and VAS scores appear similar between percutane-
ous ZO and open ZO cases. Of note, radiologic outcomes
such as Fowler-Phillip angle, Bohler angle, and calcaneal
pitch angle were collected in very few studies. This limited
our ability to accurately compare radiologic outcomes in
percutaneous ZO vs open ZO techniques.

Previous reviews have also analyzed the complication
rate of ZO for the treatment of IAT. Poutoglidou et al®
found an overall complication rate of 9.48% for ZO, but
grouped percutaneous and open procedures together in this
analysis. Black et al® also grouped all percutaneous and
open ZO cases together, and found a complication rate of
10%. When factoring all studies in our review together, our
results supported the data of previous studies; we found an
overall complication rate of 9.6%. However, when stratify-
ing based on approach type, our results showed that the
open approach to ZO had a complication rate of 10.2%,
whereas the percutaneous approach had a reduced compli-
cation rate of 5.8%. This was further supported by a review
by Agostinho De Lima Gomes et al,! which noted a 6.3%
complication rate of percutaneous surgery for the treatment
of Haglund’s deformity.

The limitations of this systematic review include the lack
of randomized controlled trials that met our inclusion crite-
ria. Additionally, because of the heterogenicity of the data
presented by each individual study, meta-analysis was not
possible and the broad results presented must be considered
in light of that. Similarly, there were only 4 studies that
included percutaneous ZO for IAT with only 81 total proce-
dures, compared with the 13 studies that included open ZO
with a total of 544 procedures. Although this difference can
be attributed to the relatively novelty of the percutaneous
Z0, it reduces the generalizability of these comparisons.
Furthermore, follow-up time was longer for the open ZO
compared to the percutaneous ZO studies, which may have
impacted complication rates or outcomes.

Most studies included in this review had small sample
sizes; only 3 of the included studies contained >50 patients,
2 of which were conference abstracts. This restriction has

the potential to limit the power of each study. Additionally,
the AOFAS forefoot score is a nonvalidated outcome mea-
sure; however, it is commonly used and deemed helpful in
most studies. Finally, 3 of the studies included in the review
were published abstracts and offered limited information,
particularly regarding complication rate. Despite these limi-
tations, this is the most complete and up-to-date review
regarding available literature on the percutaneous and open
Z0 for the treatment of IAT.

Percutaneous ZO is an emerging technique in orthopae-
dic foot and ankle surgery. Positive outcomes reported with
the percutaneous ZO thus far, as reflected in the current
review, may encourage surgeons to consider adopting this
approach for some patients. In the comparatively small
number of percutancous ZO procedures represented in the
literature, reduced complication rates with similar func-
tional and pain score improvement have been reported
when compared to the reports for open approaches.

Conclusion

Both percutancous and open ZO appear to be relatively
effective treatments of insertional Achilles tendinopathy
with Haglund’s deformity. Both techniques demonstrate
significant postoperative improvement in function and pain.
The percutancous ZO was represented in substantially
fewer peer-reviewed articles compared to the open approach
at the time we conducted this review, which decreased our
ability to accurately compare the 2 surgical cohorts given
the 8-fold difference in size of subjects. The lower compli-
cation rates reported for percutaneous ZO is encouraging.
Further investigation with more subjects undergoing percu-
taneous ZO is clearly needed.
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