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Abstract

Background: Surgical treatment of insertional Achilles tendinopathy (IAT) historically consists of Achilles tendon
debridement with reattachment and excision of the posterosuperior calcaneal prominence with or without a gastrocnemius
recession. Zadek osteotomy (ZO) is an alternative to an open midline splitting approach. The purpose of this study was
to analyze patient-reported outcomes and complications after percutaneously performed ZO with minimum 2 years’
follow-up.

Methods: One hundred eight cases treated with percutaneous ZO with a minimum 2-year follow-up were retrospectively
reviewed. Postoperative complications and patient satisfaction were evaluated. Foot Function Index (FFl) and visual analog
scale (VAS) scores were recorded at preoperative and follow-up appointments to measure patients’ functional outcomes
and pain, respectively.

Results: Mean follow-up was 41.2months (range, 24-65). Mean age was 51.8years (range, 28-81). The mean FFl score
improved from 56.1 (range, 47-88) to 11.0 (range, 7-59) postoperatively (P<<.001). The mean VAS score improved from
7.7 (range, 5-10) to 0.4 (range, 0-7) postoperatively (P<<.00l). The overall complication rate was 3.8% (n=4). Of 104
cases, 98.1% of patients said they were satisfied with their procedure (n=102) when asked if they were satisfied with their
ZO and recovery.

Conclusion: We found the percutaneous ZO to be a safe and effective intervention for treatment of IAT. At a minimum
of 2-year follow-up, this intervention is associated with minimal complications, improved function, reduced pain, and a high
rate of patient satisfaction.

Level of Evidence: Level |V, retrospective cohort study.
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Achilles tendon debridement with reattachment as well as
excision of the posterosuperior calcaneal prominence with
or without gastrocnemius recession.>'*2%37 Although this
intervention has demonstrated positive outcomes, there is a
prolonged recovery and return to full activity following
open Achilles debridement.?®

When compared to minimally invasive surgery, open
Achilles procedures have an increased risk of wound com-
plication and infection, which can negatively affect patient
recovery.”$17:2531.3448  These complications commonly
include impaired wound healing, sural nerve injury, wound
tenderness, shoe wear irritation, infection, pain, prolonged
recovery time, and skin sensitivity. Leitze et al*®> demon-
strated a decrease in infection (3 vs 12%), nerve (10 vs
18%), and wound (7% vs 18%) complications following
endoscopic retrocalcaneal decompression. Gutteck et al'’
reported no wound complications with percutaneous calca-
neal osteotomy, a significant improvement in direct com-
parison to the 15.5% associated with open calcaneal
osteotomies. Similarly, Nordio et al’! observed no wound
complications following percutancous Zadek Osteotomy,
whereas a wound complication rate of 10.9% has been cited
in the open procedure.'

The Zadek osteotomy (ZO) is an alternative surgical pro-
cedure to Achilles tendon debridement for management of
IAT. Zadek originally described the procedure in 1939 as a
treatment for achillobursitis; indications for ZO have since
been expanded to include TAT.'>?246:31 Through this osteot-
omy, the posterosuperior calcaneal tuberosity is rotated
anteriorly, decreasing impingement on and mechanical irri-
tation of the Achilles tendon insertion. The osteotomy
moves the Achilles tendon insertion proximal to simultane-
ously decrease the tension of the Achilles at its insertion and
increase ankle dorsiflexion, without disrupting the natural
fibers of the tendon.'?'*'** A mean improvement of 7.27
degrees (54% improvement) ankle dorsiflexion has been
observed after ZO.*¢

Initial studies demonstrated favorable outcomes with ZO;
however, they were performed with a large, lateral incision
and commonly cited complications including wound dehis-
cence, infection, and sural nerve injury.”!3-152226444651 Qyer
the last decade, many have begun to reinvestigate this tech-
nique.**4® Recent studies have shown improved functional
outcomes and low complication rates with the percutancous
Z0 approach, although limited data exist on the percutane-
ous technique. 723133

Nordio et al’! recently reported significant improve-
ments in visual analog scale (VAS) and Foot Function Index
(FFI) scores and a high rate of patient satisfaction following
percutaneous ZO. Notably, this study had a small sample
size (n=26) and minimum follow-up of only 6 months. To
our knowledge, no study has evaluated minimum 2-year
outcomes of percutaneous ZO with a larger sample size.
The purpose of this study was to analyze outcomes of the

percutaneous ZO for IAT with a minimum 2-year follow-
up. We hypothesized that this approach would show
improved patient pain and functional outcomes with low
complication and revision rates.

Methods

Following IRB approval, a retrospective review of prospec-
tively collected data from 2 separate institutions was per-
formed for patients who underwent percutaneous ZO
between October 2017 and July 2021. Record review was
performed by fellowship-trained orthopaedic foot and ankle
surgeons. Current Procedural Terminology code 28300 was
used. Data were stored on a secure OneDrive for further
analysis. All identifying patient information was absent
throughout the analysis process.

All patients who presented with symptoms consistent
with IAT or Haglund deformity, or both, had failed an
appropriate (3- to 6-month) course of nonoperative man-
agement, and had no history of Achilles surgery were con-
sidered candidates for percutaneous Zadek osteotomy.

A percutaneous ZO was performed by the senior authors
on all patients who met inclusion criteria. The senior authors
are board-certified, fellowship-trained orthopaedic foot and
ankle surgeons with extensive percutaneous foot and ankle
surgery experience. All cases had a minimum 2-year fol-
low-up. The authors did not routinely measure X/Y ratio on
radiographs to determine candidates for percutaneous ZO
intervention, nor were magnetic resonance images routinely
obtained unless there was evidence of Achilles midsub-
stance tendinitis/tendinosis on examination.

Indications for surgery included patients who presented
with insertional Achilles tendinopathy symptoms, with or
without Achilles insertional intratendinous calcifications,
that failed nonoperative treatment, and who would normally
be a candidate for open Achilles insertional debridement
and repair.

Contraindications of the percutaneous Zadek osteotomy
were similar to those of traditional open insertional debride-
ment, which include but are not limited to active infection,
poor vascularity, smoking, and diabetes with an HbA,,
above 7.5. We excluded from this study population those
patients who presented for revision cases of open Achilles
reconstruction treated with the percutaneous ZO.

Patient sex, age, and pertinent comorbidities were
recorded. Postoperative complications and patient satisfac-
tion following intervention were evaluated by survey. FFI
scores were collected pre- and postoperatively to measure
function. On the FFI, patients are surveyed on 23 items
across subscales of pain, disability, and activity limitation.
Higher scores are associated with higher degrees of limita-
tion. Many previous studies have used the FFI total and sub-
scale scores to measure outcomes following interventions
for IAT.>#3134 VAS scores were collected to measure pain.
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Patients were surveyed on pain frequency and intensity. The
VAS provides a quantitative measurement of pain; higher
scores are associated with an increased level of pain. Both
scoring systems were obtained at all postoperative appoint-
ments and stored on the electronic medical record.
Satisfaction was similarly surveyed at postoperative follow-
ups. Initial postoperative visits were at 2 weeks, 6 weeks,
12 weeks, 6 months, 12 months, and then yearly thereafter.
Preoperative and final follow-up scores were used for
paired statistical analysis. All patients who completed the
follow-up were asked if they were satisfied with their ZO
and recovery, which was simply a yes or no question.

Surgical Technique

The percutaneous ZO procedure was performed through a
5-mm incision.?! Patients received a lower extremity popli-
teal and adductor canal or saphenous nerve block. The pro-
cedure was performed under I'V propofol sedation or general
anesthesia. No tourniquet was used for the procedure. The
patient was positioned in the lateral decubitus position with
the operative leg off of the end of the bed resting on the
mini-C-arm with a small 3-towel bump (Figure 1). The non-
operative leg was flexed out of the field and taped to the
bed.

A wire was used to mark out the ~10-mm dorsal closing
wedge osteotomy on the lateral calcaneus with use of lateral
fluoroscopy.’! The safe zone over the calcaneal tuberosity,
as defined by Talusan et al,* was identified under fluoro-
scopic imaging. A small 5-mm lateral calcaneal incision
was made at the apex of the Zadek osteotomy, ~5-8 mm
from the plantar cortex just anterior to the plantar fascia
origin at the calcaneal tuberosity. A blunt straight hemostat
was used to spread down to bone. Next, a 3 X 30-mm
Shannon burr (Novastep, Englewood Cliffs, NJ) with a 4:1
reducer set at 6000 rpm was advanced into the lateral calca-
neus at the apex of the osteotomy; position was confirmed
on lateral fluoroscopy. Copious refrigerated (37 °F) normal
saline via bulb syringe was used to cool the burr at all times
so as to prevent skin and bone thermal injury.*® Burring was
also paused every 3-4 seconds to allow the burr to cool and
clean the cutting flutes if necessary. Optionally, Kirschner
wires may be placed as a guide for the burr to prevent the
surgeon from straying from the desired osteotomy trajec-
tory as described by Kaplan et al*! (Figure 2A and B).

Once the first limb of the osteotomy was completed, the
Shannon burr was run to shave a dorsal 10-mm wedge
(Figure 3A and B). Alternatively, the Shannon burr could be
run to create a separate trajectory for the second limb of the
osteotomy, and then the intervening remaining bone could
be removed with a pituitary rongeur or hemostat. In the
event the patient had a true Haglund deformity, the osteot-
omy wedge could be moved posteriorly to remove the
Haglund deformity as part of the dorsal wedge resection.

Figure |. Position of the leg in the lateral position on the mini-
C-arm to perform the Zadek osteotomy.?'

The osteotomy was then reduced with maximal ankle dorsi-
flexion. Two vertically stacked guidewires were placed
with fluoroscopic guidance across the osteotomy from the
posterior calcaneal tuberosity into the subchondral bone of
the posterior facet. Two 7.0-mm headless compression
screws were advanced across the osteotomy with the ankle
kept in maximal dorsiflexion. The dorsal screw was placed
first to compress the osteotomy. The second screw was
placed plantar to protect the plantar hinge (Figure 4).
Implant position was confirmed on lateral and Harris axial
fluoroscopic views of the calcaneus. Incisions were irri-
gated with normal saline and closed with 2-0 nylon sutures
(Figure 5). A soft dressing was placed. The ankle and foot
were immobilized in a short (midcalf) controlled ankle
movement boot (CAM). All patients were discharged on the
same day of surgery.

Postoperative Management

At the initial 2-week postoperative visit, sutures were
removed, and patients were allowed full weightbearing in a
CAM boot. Patients were given a prescription for physical
therapy to start 2weeks postoperatively for gait training,
range of motion exercises, Achilles strengthening, and soft
tissue modalities. Patients who underwent right-sided ZO
were not allowed to drive for 6 weeks following surgery. At
6 weeks postoperatively, patients were transitioned out of
the CAM boot into supportive sneakers as tolerated.
Thereafter, follow-up visits included weightbearing lateral
foot radiographs and clinical evaluation at 3 months, 6
months, 12 months, and 2 years after surgery. Return to low-
impact activities was allowed at 6 weeks postoperatively
and high-impact activities were allowed at 3 months post-
operatively as tolerated. Patients were counseled to expect
heel soreness/pain for 6 weeks to 3 months postoperatively.
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Figure 2. (A) Clinical and (B) fluoroscopic visualization of K-wire placement and cut guide for percutaneous Zadek osteotomy as

described by Kaplan et al.!

Figure 3. Schematic drawing of cut technique using quadrants in the (A) sagittal and (B) axial plane as described by Kaplan et al.?!

Statistical Analysis

Outcome measures (FFI and VAS scores) were compared
between preoperative and last follow-up appointments (min-
imum 2 years) to evaluate clinical function and pain.'!3%4
Changes in pain, disability, activity limitation, and total FFI
were analyzed using 2-tailed, paired ¢ test whereby P <<.05
was considered significant. Preoperative and postoperative
VAS pain scores were similarly analyzed. Patients who were
lost to follow-up before 2 years postoperatively were

excluded from all analysis. IBM SPSS Statistics 28 (IBM,
Armonk, NY) software was used for analyses.

Results

A total of 108 cases in 108 patients were identified as receiv-
ing a percutaneous ZO within the study time frame. There
were 4 patients (2 male, 2 female) who were lost to follow-
up and thereby excluded from the remainder of the analysis
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Figure 4. Final fluoroscopic imaging, demonstrating placement of
2 headless cannulated compression screws, perpendicular to the
percutaneous Zadek osteotomy as described by Kaplan et al.?'

in accordance with per-protocol evaluation, leaving 104
patients for evaluation. The remaining 104 patients had a
mean follow-up of 41.2months (range, 24-65months).
Patients included 37 males (35.6%) and 67 females (64.4%)
with a mean age of 51.8 years (range, 28-81 years) (Table 1).

Following intervention, mean pain, disability, activity
limitation, and total FFI scores were significantly improved
at final follow-up (P<<.001). FFI pain scores improved
from 21.3 (range, 14-42) to 3.2 (range, 2-22) (P<.001).
FFI disability scores improved from 16.9 (range, 12-34) to
4.2 (range, 2-21) (P<.001). FFT activity limitation scores
improved from 17.7 (range, 8-22) to 3.7 (range, 1-16)
(P<.001). Mean VAS score also significantly improved
from preoperative to final follow-up appointment; VAS
scores improved from 7.7 (range, 5-10) to 0.4 (range, 0-7)
(P<.001) (Figure 6). Cohen d effect size was >2 for each
comparison, indicating a very strong treatment effect. In
addition, 103 of 104 patients (99.0%) demonstrated an
improvement in VAS score above the minimal clinically
important difference (MCID) (Table 2).°

The overall complication rate was 3.8% (n=4). Painful
hardware was present in 1.9% of cases (n=2), which required

Figure 5. Clinical visualization of final closure following Zadek
osteotomy.

subsequent removal. Nonunion at the osteotomy site was
present in 1.0% of cases (n=1), which required a revision
procedure. This was diagnosed early at 2 months post-ZO
owing to displacement of the osteotomy. Partial plantar fascia
tear was noted in 1.0% of cases (n=1) and occurred at 7
months postoperatively while the patient was exercising.
Symptoms resolved with conservative management. It is
unlikely that this was directly related to the percutaneous ZO
given the isolated and late occurrence in this series. There
were no significant wound complications or deep infection in
this case series. Of 104 cases, 98.1% of patients were satis-
fied with their procedure on survey (n=102). Of the 2 patients
who reported dissatisfaction, 1 reported their dissatisfaction
was secondary to their nonunion and necessary revision. The
other patient had comorbid lupus but no surgical complica-
tions or explanation for dissatisfaction. No patients reported
recurrence of their initial symptoms.

Discussion

This study demonstrated a significant improvement in pain
and functional outcomes with minimal complications and a
high rate of patient satisfaction following percutaneous ZO
intervention. In a population of 104 patients, significant
improvement in FFI and VAS scores was observed after
Z0. A Cohen d analysis revealed an effect size >2 for each
paired analysis, indicating that the statistical changes fol-
lowing ZO were very strong. A low rate of complications
(3.8%) and a high rate of satisfaction (98.1%) was observed.
To our knowledge, the current study appears to be the first
to assess surgical outcomes of percutaneous ZO for IAT
with a minimum 2-year follow-up.
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Table |. Summary of Study Population Demographic
Information.?

Characteristic Value

Follow-up duration, mo 41.2 % 13.1 (24-65)

Age, y 51.8*+11.2 (28-81)
Sex

Male 37 (35.6)

Female 67 (64.4)
Diabetes 8(7.7)
Rheumatoid arthritis 1 (1.0)
Psoriatic arthritis 1 (1.0)
Lupus 1 (1.0)

2Continuous data are reported as mean = SD (range). Categorical data
are reported as total (percentage of study population).

The percutaneous ZO is a unique intervention in that it
addresses Achilles pathology, without the need for direct
detachment and reattachment of the tendon. During the ZO
procedure, a dorsal-based wedge is removed from the calca-
neus. The calcaneus is shortened and rotated anteriorly; the
Achilles insertion is moved anterior and superior to its orig-
inal position. This modification simultaneously relieves
pressure at the posterosuperior prominence and retrocalca-
neal bursitis (if present), while relieving tension and strain
on the Achilles tendon at its insertion. This is accomplished
without ever disrupting the Achilles tendon itself.

Avoiding disruption of the natural Achilles tendon may
allow for a shorter recovery period compared to Achilles
tendon debridement. Indications for percutancous ZO
include patients who present with chronic IAT with or with-
out intratendinous calcification (with or without Haglund
deformity).'? For patients who require intervention for IAT,
yet have an increased risk of wound complications, the per-
cutaneous ZO may be a preferred intervention compared to
open procedures, but more research is needed in this area.

Many studies have demonstrated an improvement in out-
comes and reduction of complications with the
70.13.1523.2627.29.4446 However, data remain limited in com-
parison to other interventions for IAT. Although Achilles
tendon debridement procedures for IAT have good patient
outcomes, they often lead to a prolonged recovery and
wound complications.?** The posterior midline splitting
approach with open Haglund resection is a common inter-
vention for this pathology. Both procedures have been
found to lead to an improvement of FFI and/or VAS score to
a similar degree as seen with ZO (P <.001).”'* However,
commonly reported wound complications associated with
debridement procedures include hypesthesia of the surgical
scar, skin necrosis, superficial wound infection, and hema-
toma. Complications also can include superficial infection,
delayed healing, and hypertrophy or numbness of the surgi-
cal scar.?334 Wound complications as such not only affect
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Figure 6. FFl and VAS outcome scores relative to follow-up
duration.

length of recovery but also patient outcomes. Watson et al*’
report a significantly lower satisfaction rate and increased
pain in patients receiving debridement for IAT. Overall,
complications associated with debridement of IAT range
from 4.7% to 41.0% in the literature.?®** Success of
Achilles insertional debridement and reattachment is depen-
dent on the calcific tendinopathy present at the insertion and
the severity of tendinosis and, therefore, is highly variable.

Numerous studies have shown favorable outcomes fol-
lowing ZO in treatment for [AT,!315:23.26.27.29.4446 I 3 retro-
spective study, Ge et al'® found that the open ZO provided
improved long-term function and symptom remission in
comparison to posterosuperior prominence resection for
Haglund syndrome. However, their study demonstrated
increased recovery time following open ZO due to more
extensive surgical dissection; patients did not achieve
remission of surgery-related pain until 1 year postopera-
tion.!? Like all open procedures in the retrocalcaneal space,
complications with superficial wound infections and sural
nerve—related paresthesia have been reported after open
Z0.2" Prospective studies have reported overall complica-
tion rates up to 10.7% with open ZO intervention.'>?’
Meanwhile, percutaneous foot and ankle surgery has
gained popularity because of a widely observed reduction
in postoperative healing time, complication rate, and need
for reintervention %10:11:16253132.34.3941.48 Nany minimally
invasive interventions have demonstrated improved func-
tional outcomes, faster return to activity, and increased
patient satisfaction in comparison to similar but open
procedures.’:$2531,34:48

The percutaneous ZO has previously been associated
with improved surgical outcomes and patient satisfaction in
comparison to the open procedures for treatment of IAT.%38
In direct comparison to open Haglund resection, Choi and
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Table 2. Functional and Subjective Pain Pre- and Postoperative Scores as Evaluated by FFl and VAS, Respectively.?

Preoperative Mean Postoperative Mean P Value Effect Size
FFI total 56.1 =5.9 (47-88) 11.0£5.1 (7-59) <.001 5.925
FFI pain 21.3+4.0 (14-42) 3221 (2-22) <.001 4.278
FFI disability 16.9 = 3.8 (12-34) 42+2.1(2-21) <.001 3.148
FFI activity limitation 17.7 £2.6 (8-22) 3.7 1.7 (1-16) <.001 4.665
VAS 7.7+1.3(5-10) 0.4+0.9 (0-7) <.001 4713

2Scores are reported as mean * SD (range).

Suh found that the percutaneous ZO approach achieved ear-
lier clinical improvement.” Although this study included an
average follow-up of 20.3 months, only 10 patients receiv-
ing percutancous ZO and 12 patients receiving an open pro-
cedure were analyzed. The present study affirms trends
reported by Choi and Suh; however, the present study has
an extended mean follow-up time (41.2 months) and a much
larger patient cohort (N=104).

Nordio et al’! found percutaneous ZO to correlate with
improved VAS pain scores, improved functional outcomes,
and shorter recovery in comparison to open ZO. They
reported zero wound complications and a short recovery;
complete pain resolution was observed at a mean of
12weeks postoperatively. Two complications were
described (7.7%): 1 nonunion and 1 patient with symptom-
atic hardware. However, this study included only 26 patients
and a minimum follow-up of 6 months. These factors limit
the assessment of longer-term outcomes such as potential
recurrence of symptoms as patients return to full activity, or
overall patient satisfaction.

The strengths of this study include the large sample
size and higher follow-up duration compared with prior
studies. To our knowledge, this is the largest study per-
formed on the percutaneous ZO in the literature.
Furthermore, this study used validated measurements to
assess patient outcomes.

However, the study has notable limitations. The retrospec-
tive nature of this study comes with inherent limitations
including (1) some lack of precision with selection clarity
and (2) no open Achilles insertional debridement control
group. Although FFI is a validated and widely used measure-
ment, it has been found unable to differentiate between post-
operative function relative to baseline activity level (ie,
athletes vs sedentary). It was originally developed for low-
functioning rheumatoid arthritic patients and has low “ceiling
effect” measurement issues—meaning it cannot differentiate
between average and much greater than average function.”

To advance our understanding of this technique and bet-
ter advise practice guidelines, further studies are necessary.
Investigation of surgical time, bleeding, postoperative pain,
cost of surgery, complications, and patient outcomes
between the percutancous ZO and the open Achilles proce-
dure are needed, and most importantly a randomized

controlled trial comparing complications and outcomes to
usual current treatment is warranted. Additionally, the
authors are further investigating ideal candidates for Zadek
osteotomy based on clinical, radiographic, and advanced
imaging studies. Currently, as stated earlier, the senior
authors use the same indications for ZO as they would for
an open Achilles debridement. However, further research is
needed to identify the ideal candidates for ZO.

Conclusion

We found percutaneous ZO to be a safe and effective inter-
vention for treatment of IAT. With a minimum 2-year fol-
low-up, our study found a significant improvement in FFI
and VAS scores, a low recurrence rate, and a high rate of
patient satisfaction. Surgeons may consider percutaneous
Z0 as a first-line surgical option for the treatment of inser-
tional Achilles tendinopathy.
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