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Abstract

Background: Limited literature is available to guide surgeons on which patients with insertional Achilles tendinopathy
(IAT) may be the best candidates for minimally invasive dorsal closing wedge calcaneal Zadek osteotomy (MIS ZO). We
hypothesized that the severity of IAT on preoperative magnetic resonance image (MRI) may correlate with post-operative
functional outcomes and help guide patient selection for treatment with MIS ZO.

Methods: Patients who underwent MIS ZO for IAT * Haglund deformity were identified and retrospectively analyzed. IAT
severity was graded on preoperative MRI. Patient Reported Outcome Measurement Information System (PROMIS) scores,
complications, and revisions were recorded. Continuous data were compared by analysis of variance with Bonferroni post
hoc analysis.

Results: Seventeen patients treated with MIS ZO, with follow-up >6 months, and preoperative MRI met our inclusion
criteria. PROMIS pain scores significantly improved in patients with IAT grades |-3, with 5, 5, and 7 patients, respectively,
in each subgroup. In this small series we only identified statistically significant improvements in PROMIS function (P=.031),
and mobility (P=.009) scores were only observed in patients with grade 2 pathology. Sixteen of 17 patients (94.2%) were
very satisfied with their procedure and would undergo it again.

Conclusion: In this pilot study, we did not find preoperative MRI findings to correlate well with patient-reported outcome
scores following MIS ZO.

Level of Evidence: Level IV, case series.
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Introduction standard radiographs to identify appropriate patients for MIS

Z0.7° Still, very few studies report patient outcomes follow-
ing ZO with respect to these radiographic parameters.

The minimally invasive Zadek osteotomy (MIS ZO) is a safe
and effective surgical intervention for patients with inser-

tional Achilles tendinopathy (IAT) = Haglund deformity.*
However, there is little evidence to define the best candidates
for MIS ZO. Previous studies have proposed measurements
such as Chauveaux-Liet angle (>12 degrees), X/Y ratio
(>2.5), increased calcaneal pitch angle (>30 degrees) on

Although standard radiographs may demonstrate struc-
tural causes for IAT, magnetic resonance imaging (MRI)
allows for direct visualization of the tendinopathy. Although
it has not been formally evaluated in the literature, it has been
suggested previously that patients with severe degeneration
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Table |. Zadek Osteotomy, Patient Population.

n Sex: Female, Age, y, Follow-up, mo, Thickness, mm, Intratendinous
Grade (Right/Left) n (%) Mean = SD Mean = SD Mean = SD Calcification,n
I 5(3/2) 4 (80%) 412x12.1 10.5*x4.2 6.8+08 3/5
2 5(213) 3 (60%) 55.1+ 1438 124+6.5 10.1 2.3 2/5
3 7 (5/2) 3 (43.8%) 56.6*+87 145+29 I.1=1.6 617
P A86 .094 453

Grade | describes an anteroposterior diameter of 6-8 mm and nonuniform degeneration; grade 2 describes diameter >8 mm and <50% uniform
tendon degeneration; grade 3 describes tendon diameter >8mm and uniform degeneration of >50% tendon width.

and calcification about the Achilles may be contraindicated
for ZO.23 Accordingly, it has been suggested that MRI analy-
sis of IAT may help identify patients who are best suited for
MIS ZO rather than alternative interventions.”> However,
MRI is not a standard component of surgical evaluation for
IAT, and there is very little data in the literature to correlate
MRI findings to postoperative outcomes in patients with IAT,
especially following MIS ZO. Accordingly, the current study
aimed to compare postoperative outcomes among patients
with various grades of IAT on MRI who underwent MIS ZO
to see if preoperative MRI findings affected functional out-
comes after MIS ZO.

Methods

Patients with IAT were first treated with nonoperative man-
agement strategies such as shoe wear modifications, activ-
ity modifications, eccentric loading therapy, formal physical
therapy, and anti-inflammatory medication. If symptoms
persisted or worsened after 3-6 months, surgery was offered.
The surgeons participating in the current study consider
MIS ZO to be first-line surgical management offered to all
patients with IAT of any severity. Patients who required sur-
gery underwent MIS ZO as previously described.’ A 10-mm
dorsal based wedge was removed from the calcaneus
through <5-mm incisions. The MIS ZO was performed
with the assistance of a Shannon burr, copious cooled irri-
gation, and fluoroscopic guidance. Surgeons used the cut
guide described by Kaplan et al.> Patients were nonweight-
bearing for 2 weeks, weightbearing as tolerated in a boot
from postoperative week 2-6, and in regular shoes by

6 weeks. Patients were identified and retrospectively ana-
lyzed at a minimum of 6-month follow-up.

All patients underwent MRI prior to surgical interven-
tion. Achilles pathology was graded on MRI by a fellow-
ship trained orthopaedic foot and ankle surgeon as
previously described by Nicholson et al.® Preoperative and
postoperative Patient Reported Outcome Measurement
Information System (PROMIS) scores, complications, and
revisions were recorded for each patient and compared
using a paired ¢ test. Continuous data were compared by
analysis of variance; all categorical data were compared
using y? analysis.

Results

Between June 2021 and April 2024, a total of 17 patients
(10 female, 7 male) treated with MIS ZO met our inclusion
criteria. The mean follow-up duration was 12.5 = 3.9 months
and mean age 51.0 = 8.9years. There were no significant
differences in follow-up duration or age of patients among
cohorts (P=.453 and .094, respectively) (Table 1).
PROMIS pain score improved postoperatively in patients
with grade 1 (66.0 =£3.39 to 59.4 +7.20, P<.01), grade 2
(66.1+3.58 to 56.8*10.1, P=.029), and grade 3
(69.4 =5.83 to 58.1 =7.43, P=.047) IAT. In patients with
grade 2 pathology, PROMIS function scores significantly
improved (37.8 = 6.10 to 66.1 =3.58, P=.031) and mobil-
ity scores significantly improved (37.0 = 5.7 to 39.0 = 6.4,
P=.009). We did not identify a significant change in func-
tion or mobility in the grade 1 or grade 3 cohorts (Table 2).
There were no statistically significant differences detected
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Table 2. Zadek Osteotomy, Patient-Reported Outcomes.?
IAT Grade
PROMIS Scores 2 3 P
Preoperative
Function 38.0+4.1 378 6.1 347+75 .803
Pain 66.0+34 66.1 £3.6 694+58 366
Mobility 36.8+55 37.0£57 350+6.3 8l
Postoperative
Function 455*133 432=*6.5 39.0x11.2 .589
Pain 594+72 56.8+10.1 58.1 74 .884
Mobility 41.2%+10.0 39.0+64 394119 934

Abbreviation: PROMIS, Patient Reported Outcome Measurement Information System.
2Data are presented as mean = SD. Data compared between groups by independent sample, 2-tailed t test. P<<.05 considered to be statistically

significant for each analysis.

Table 3. Change in Patient-Reported Outcomes (4).2

Grade A Function Paired t Test (P) A Pain Paired t Test (P) A Mobility Paired t Test (P)
| 74+123 248 -6.6+45 .00%* 44*69 202

2 54x0.6 .031* -93+77 .029* 20x1.6 .009*

3 43=*79 226 -113+78 .047%* 44+86 223

P 818 .543 .802

2Data are presented as mean = SD. The data were compared between groups by independent sample, 2-tailed t test, and compared within each group
by paired, 2-tailed t test. *P<.05 is considered to be statistically significant for each analysis.

in the change (A; preoperative — postoperative) in PROMIS
function, pain, or mobility scores between cohorts (P=.818,
.543, and .802, respectively) (Table 3).

One patient experienced transient neuritis that self-
resolved at 3 months without further treatment and 1 patient
required revision surgery to an open Haglund resection due
to ongoing symptoms of IAT; both of these were in the
grade 3 cohort. Two patients had persistent plantar fasciitis
at final follow-up. Sixteen of the 17 patients (94.2%) were
very satisfied with their procedure and would undergo it
again.

Discussion

The current study demonstrated significant improvement in
patient-reported pain following ZO in patients with grade
1-3 IAT. Statistically significant improvement in patient-
reported function and mobility following MIS ZO was only
seen in patients with grade 2 IAT. However, there was no
statistical difference detected in the amount of change (A)
observed between preoperative and postoperative PROMIS
pain, function, or mobility scores among cohorts.
Nicholson et al® described the severity of IAT on MRI as a
proportion of the amount of degeneration compared with the
total diameter of the tendon. According to their grading sys-
tem, nonuniform degeneration of <8mm on MRI (grade 1
IAT) is likely to be successfully treated with conservative

techniques. Nevertheless, Nicholson et al® reported about
12.5% of their patients with grade 1 IAT still required surgical
intervention to achieve symptom resolution. Degeneration
that is uniform and/or exceeds 8mm (grade 2, grade 3) are
more likely to require surgical management; 90.8% of their
patients with grade 2 and 70.4% of their patients with grade 3
IAT required surgery.® Although this grading scale may offer
guidance on which patients will historically fail nonoperative
management, few conclusions have been drawn in relation to
postoperative outcomes among grades of IAT. Furthermore,
there has been no investigation into which patients will be best
suited for MIS ZO in comparison to other procedures for [AT,
such as the open midline Achilles tendon—splitting approach.
It has been suggested that patients with extensive
degeneration and calcification of the Achilles, such as
grade 3 IAT, may be contraindicated for MIS ZO.3
However, data from this study suggest MIS ZO may be
effective management, no matter the grade of IAT. We
found that patients with grade 3 IAT experienced signifi-
cant improvement in their pain following MIS ZO. Of
note, 1 patient with grade 3 IAT did experience persistent
symptoms and required a revision to an open Haglund
resection. However, this was likely due to inadequate
wedge resection, less than 1 cm, which did not allow for
adequate anteriorization of the calcaneal tuber and poste-
rior heel decompression. Overall, this correlates to a
5.9% revision rate, and a 94.1% satisfaction rate in our
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small retrospective cohort study. Also of note, there were
no differences detected in the preoperative PROMIS
scores reported between cohorts. These findings suggest
that despite differences in IAT on MRI, patients’ clinical
presentation may be similar between cohorts. This fur-
ther supports the argument that MRI may not be a neces-
sary component of preoperative evaluation in patients
with TAT.

Few other studies have attempted to correlate radio-
graphic findings and surgical management of IAT. A retro-
spective study by Baumbach et al' graded 88 patients with
IAT by 15 separate radiographic/MRI parameters. The cri-
teria previously described by Van Dijk in 2011 was used to
grade TAT on MRI'; the Victorian Institute of Sport
Assessment—Achilles and general health questionnaires
were used as patient-reported outcome measures. All
patients in their study underwent an open midline Achilles
tendon—splitting procedure for IAT.

In comparison to the open midline splitting technique, the
MIS ZO is a minimally invasive procedure that decompresses
the retrocalcaneal space without detachment and reattachment
of the Achilles. Recent retrospective analysis by Hall et al*
demonstrated significant improvement in patient reported out-
comes, a high rate of patient satisfaction (98.1%), and a lower
rate of complication (3.8%) in over 100 patients, at minimum
2 years following MIS ZO. Despite the vastly different surgical
approaches used, Baumbach et al and the current study had
similar findings. Baumbach reports a 77.0% rate of patient sat-
isfaction and no correlation in patient-reported outcomes and
MRI parameters such as tendon degeneration, partial tendon
rupture, retrocalcaneal bursitis, posterosuperior calcaneal
prominence, or superficial calcaneal bursitis.! Neither study
found any statistical association between preoperative MRI
findings and postoperative outcomes; MRI findings may not
be predictive of surgical outcomes for patients with IAT.
Therefore, MRI may not be a necessary component of preop-
erative evaluation in this population.

This study is not without limitations; as a retrospective
study, our outcome measures reflect patient-reported pain,
function, mobility. Our outcome measures do not include an
objective evaluation of the Achilles tendon function (ie,
push-off strength) following MIS ZO. Additionally, we did
not compare the outcomes of MIS ZO to those of an open
Haglund resection; therefore, we cannot define any particu-
lar grade of IAT severity that may have superior outcomes
with one procedure over another. At this time, we can only
report satisfactory outcomes with the MIS ZO in grade 1-3
IAT. Further, MRI may not be a necessary component of
preoperative evaluation in patients with IAT. Future investi-
gation in the form of multicenter, large, prospective trials
are required to properly evaluate the biomechanical advan-
tage of MIS ZO in comparison to other procedures for IAT
*+ Haglund deformity.

Conclusion

These early data in this pilot study suggests that patients
with IAT who failed >3-6 months of nonoperative manage-
ment may improve after MIS ZO, regardless of AT severity
on preoperative MRI. Further, 94.1% of all patients were
satisfied with their procedure. MRI may not be predictive of
successful ZO intervention. Further, large prospective stud-
ies are warranted to further investigate outcomes and indi-
cations of MIS ZO.
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Supplemental Figure |. Preoperative magnetic resonance image findings, preoperative lateral weightbearing radiograph,
postoperative lateral weightbearing radiograph for patients with grade |, grade 2, and grade 3 insertional Achilles tendinopathy.
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