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The Zadek calcaneal osteotomy in Haglund's syndrome of the heel:
Clinical results and a radiographic analysis to explain its efficacy
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A B S T R A C T

Local debridement or decompression of the posterior heel in Haglund's syndrome yields variable results.
This condition is sometimes due to an excessively long calcaneus rather than simply a large
posterosuperior bony prominence. Failure to address this abnormality may explain the poor results in
some series. We recently published a new measurement (the X/Y ratio) which, combined with the
calcaneal pitch angle, assesses the abnormality of the shape of the calcaneus. The Zadek osteotomy
strongly modifies that shape. We retrospectively reviewed 50 patients treated by a Zadek osteotomy at a
mean 7 years follow-up using the AOFAS ankle-hindfoot score, the VISA-A score and Tegner scale. We
measured only the X/Y ratio and the calcaneal inclination angle, as the classically described radiographic
measurements in Haglund's syndrome are unreliable. We then assessed the condition of the distal end of
the Achilles tendon with an MRI. Our results demonstrate excellent outcomes(40/50, 80%) following
Zadek osteotomy and correspond to the change in pre- and post-operative measurements, especially the
X/Y ratio. An algorithm using those geometrical measurements of the calcaneus is proposed for decision
making in Haglund's syndrome.
Level of clinical evidence: Level 3.

© 2021 European Foot and Ankle Society. Published by Elsevier Ltd. All rights reserved.

1. Introduction

Haglund's syndrome is the second most common form of heel
pain, affecting both professional and amateur athletes [1]. It may
include insertional Achilles tendinopathy, retrocalcaneal bursitis
and posterosuperior bony prominence – a painful retrocalcaneal
swelling caused by irritation of the Achilles tendon against the
posterosuperior angle of the calcaneus [2]. This syndrome was first
described in 1928 by a Swedish surgeon, Patrick Haglund [3]. Lui
advocated a triade of posterosuperior calcaneal prominence
(Haglund deformity), retrocalcaneal bursitis, and insertional
Achilles tendinopathy [4]. Contributing factors include a gastroc-
nemius contracture, a cavus foot that verticalises the calcaneus, a

prominent posterosuperior angle of the calcaneus and an excessive
long calcaneus. These features cause impingement of the Achilles
tendon and retrocalcaneal bursa on the posterior aspect of the
calcaneus, resulting in bursitis, tenosynovitis and chronic tendin-
opathy.

Pain is common. It frequently becomes chronic and may hinder
normal walking and sporting activities and hamper comfortable
shoe-wearing. Clinical examination demonstrates a large swelling
of the posterior part of the heel, with irritation of the skin.

Several standard radiographic measurements have been
proposed to quantify bony anomalies in Haglund's syndrome of
the heel [5–8] (Fig. 1). However, none of these, have proved
particularly useful to the clinician in managing this condition. With
the exception of the pitch angle of Ruch for the cavus foot [9–12],
they lack specificity and reliability. Furthermore, none of these
measurements take into account the calcaneal length, which may
underlie impingement between the greater tuberosity and the* Corresponding author at: Centre Ostéo-articulaire des Cèdres, 5 rue des

Tropiques-Echirolles, France.
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reater tuberosity length. This ratio is easy to implement and
eproducible, with a cut-off value of 2.5. If the ratio is under 2.5, the
ain at the heel is strongly related to a painful impingement at the
nsertion of the Achilles tendon [12] (Fig. 2).

The first-line treatment of Haglund's syndrome is conservative
anagement with a combination of eccentric stretching pro-
rammes, extracorporeal shockwave treatment and foot-wear
odification. Operative management is often indicated in patients
nresponsive to medical therapies, after 6 months. Resection of the
osterosuperior corner of the calcaneus (calcaneoplasty) is the
ain objective of surgical intervention. This can be achieved with
ither open or endoscopic techniques, but with variable results, as
eported in the literature [9,13–15].

As it is difficult to resect a large posterosuperior bony
rominence, Zadek [16] in 1939 (later modified by Taylor [17]),
escribed a cuneiform closing wedge osteotomy of the calcaneus
DCWCO) with a dorsal and posterior base to treat Haglund's

syndrome. This osteotomy has recently been reported in the
literature utilizing both open and minimally invasive techniques
[12,15,18–21]. The DCWCO tilts anteriorly the heel prominence to
reduce it. When the vortex of the osteotomy is anteriorly
positioned to the plantar calcaneal tubercule, that variation
intends to elevate the tuberosity and so reduces the verticalisation
of the calcaneus. This action thereby could influence some other
parameters such as the overall length of the calcaneus or the lever
arm for the Achilles tendon. So, the biomechanical effects provided
by this osteotomy to the relationship between the posterior aspect
of the calcaneus and the distal-end of the Achilles tendon seems
related to the modifications of the shape of the calcaneus and the
tensions at the Achilles tendon and Gastrocnemius muscle. It could
be a strong additional value to the effect provided by the
calcaneoplasty (Fig. 3a and b).

As further research is needed to prove this hypothesis, a
retrospective study of DCWCO for Haglund's syndrome was
performed, assessing both clinical and radiological outcomes.
The aims of this study was to correlate the clinical results to the
radiological changes of the shape of the calcaneus as measured by
the X/Y ratio and the pitch angle.

Our hypothesis is the Zadek osteotomy improves the functional
and clinical results in Haglund's syndrome due to the change of the
shape of the calcaneus, as assessed by the X/Y ratio and calcaneal
pitch angle.

2. Materials and methods

All the data, corresponding to the senior surgeon's usual daily

Fig. 1. Radiographic measurements reported in literature.
ig. 2. Radiographic measurements used in this report: X/Y ratio and the Pitch
ngle of Ruch(PAR).

2

practice, were collected from a medical digital record device
Expertiz (Expert Santé, Roubaix France) following RGPD bylaws.
This clinical evaluation was ethically conducted under the auspices
of the CNIL, a French data regulation organization, through a
patient consent form (agreement number: 2210864). An institu-
tional review board granted approval of the study.
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2.1. Materials

This single-centre retrospective observational study included
50 patients undergoing a DCWCO for Haglund's syndrome by a
single surgeon. Inclusion criteria were clinical signs of insertional
Achilles tendinopathy (IAT) or retrocalcaneal bursitis (RB), defined
by calcaneal insertion pain on palpation of the posterior tuberosity
and distal Achilles tendon, a visible calcaneal bump and irritation
of adjacent skin by shoewear backstrip. Radiological signs included
evidence of prominent posterior calcaneal tuberosity, cavus foot,
and degenerative tendinopathy affecting the insertion of the distal
end of the Achilles tendon into the calcaneus on a preoperative
MRI. Exclusion criteria were as follows: history of hindfoot trauma
or surgery, non-insertional Achilles tendinopathy, inflammatory
arthropathy, posterior impingement between the ankle and os
trigonum and neuromuscular pathology.

All patients had failed a trial of conservative management.
Symptoms had been present for a mean of 3 years prior to surgery
(range 1–10 yrs). All patients had failed a trial of conservative
management for at least 6 months. All patients were routinely
reviewed at 3, 6 and 12 months followed yearly.

2.2. Methods

2.2.1. Surgical technique
All cases were performed under general anaesthesia and

popliteal block with a thigh tourniquet after routine antimicrobial
prophylaxis.

We performed the technique described by Zadek [16] in 1939

The surgical approach was L-shaped, posterior and then inferior
to the lateral malleolus (Fig. 4). This allows subperiosteal access to
the lateral aspect of the calcaneus, extending up to the insertion of
the Achilles tendon. Initially resection of the bursa in the triangle of
Kager was performed. The triangle of Kager is bordered anteriorly
by the flexor hallucis longus (FHL) muscle and tendon, posteriorly
by the Achilles tendon, and inferiorly by the calcaneus. The Achilles
tendon itself was not debrided. The posterosuperior prominence
(Haglund's deformity) was removed first using a sagittal saw,
running from the insertion of the Achilles fibres on the calcaneus to
its postero-superior surface, with an approximate angle of 45� to
the long axis of the Achilles tendon. This calcaneoplasty is helpful

Fig. 3. a and b: Effects of the Zadek calcaneal osteotomy on the calcaneus shape and biomechanical conditions.
Fig. 4. Surgical approach on a left side.
and later by Taylor [17] which consists of a cuneiform closing
wedge osteotomy of the calcaneus with a dorsal and posterior base,
intended to reduce the verticalisation of the calcaneus and to
advance its posterosuperior corner in order to eliminate pressure
on the anterior aspect of the distal Achilles tendon. The vertex of
the osteotomy was anterior to the plantar calcaneal tubercule.
3
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n decompressing the distal end of the Achilles tendon. Next the
ubtraction osteotomy was performed. Having identified and
arked the dorsal and plantar borders of the calcaneal tuberosity,

he anterior cut was made 4.5 cm from the posterior border of the
alcaneus backwards to the distal insertion of the calcaneofibular
igament and perpendicular to the plantar calcaneus cortex (Figs. 5
nd 6). The plantar cortex was not breached. The second (posterior)
ut was anterior to the Achilles tendon, oblique and intersected the
rst cut at its plantar extremity. The vertex of the osteotomy is
nterior to the plantar calcaneal tubercule. We resected a bony
edge of 7–10 mm, conserving a plantar hinge (Figs. 7 and 8).
Simply placing the ankle in dorsiflexion resulted in spontane-

us closure of the osteotomy, which was temporarily fixed with 2
ires (Fig. 9). Definitive fixation was achieved using a six-hole
late with two compression screws and four locking screws
Fig. 10). No additional soft tissue procedures were performed. A
on-weight-bearing plaster of Paris below knee cast was applied
or two weeks post-operatively. A non weight-bearing plastic cast
as then applied for two weeks, followed by a full weight-bearing
oot for two additional weeks. At 6 weeks post-operatively,
obilization exercises of the ankle were started, with isometric
ontraction of the gastro-soleus complex, cycling, swimming, and
euro-muscular rehabiltation. According on the patients’ progress
nd depending on the type of sports praticed, a gradual return to
ports activities was encouraged.

.2.2. Clinical analysis
All patients were reviewed clinically. Pain and type of footwear

orn was noted. Range of motion of the ankle and subtalar joints,
indfoot alignment and return to work and sporting activities was
ocumented.
The impact of surgery on activities of daily living and on sports

as evaluated using three scores:

- The Victorian Institute of Sports of Australia – Achilles (VISA-A)
score was developed to assess the clinical severity of Achilles
tendinopathy [22] The reliability of this test has been
demonstrated many times in the clinical surveillance of Achilles
tendinopathies by Mafulli [23], Rompe [24] and Silbernagel [25]
This questionnaire evaluates three relevant areas–pain, function
and activity. This score ranges from 0 to 100 points, with lower
scores indicating more severe tendinopathy. Thus, an asymp-
tomatic individual would have a score of 100.

-

The American Orthopaedic Foot and Ankle Society (AOFAS)
hindfoot score, marked from 100 points, which assesses pain (40
points), function (50 points) and hindfoot alignment (10 points).
The sum of these results gives a figure between 0 and 100, and
allows one to classify the functional result into one of the
following groups:

- Excellent: 95–100 points
- Good: 80–94 points
- Moderate: 50–79 points
- Poor: <50 points

The TEGNER scale [26] was used to compare the patients’
sporting abilities before and after their surgery.

2.2.3. Imaging
The systematic weight-bearing radiographs of the foot and

ankle comprised bilateral AP view, strict lateral view, and also
Meary's view to assess hindfoot alignment and to quantify the

Fig. 6. The anterior part of the wedge osteotomy(red landmark) is perpendicular
the plantar cortex(yellow landmark).

Fig. 7. The bony wedge is comprised between 7 to 10 mm.
ig. 5. Exposure of the lateral aspect of the great tuberosity of the calcaneus with
ndmark of the plantar cortex of the calcaneus and footprint of the distal part of the
FL.

4

postural data of the clinical examination. In order to quantify bone
abnormalities potentially implicated in such heel pain, we focused
the assessment on the X/Y ratio and the pitch angle of Ruch (Fig. 2).

� The X/Y ratio is the new parameter described previously [12]. X is

total calcaneal length, from the most anterior point of the greater
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apophysis to the most posterior point of the physiological
calcaneus (excluding calcifications). Y is the length of the greater
tuberosity, from the most posterior point of the calcaneal
thalamus surface to the summit of the greater tuberosity. A cut-
off value of 2.5 has been cited as relevant. A calcaneus showing a
ratio less than 2.5 can be considered “long” and could be

ground contact point. Normal values range between 15� and 18�

[11] with values >20� being considered pathological.
� Cross-bridging between the osteotomized surfaces on 2 orthog-
onal X-ray views was considered radiological union.

An MRI scan was performed pre- and post-operatively to assess
the presence or absence of bone oedema, peri-tendinitis, retro-
calcaneal or retro-Achilles bursitis and intra-tendinous tears.

2.2.4. Statistical analysis
Statistical analysis was performed by comparing pre- and post-

operative measures and using a statistical software package SPSS
(version 19, IBM, Armonk, NY).

Normal distribution was first evaluated with the Shapiro–Wilk
test of normality. The Student t test was then used to compare the
means of the different measurements. All the values assessed were
expressed at the mean range (min–max) � SD. Differences were
deemed to be significant with p value <0.05.

Fig. 8. The wedge is taken off, conserving a plantar hinge.

Fig. 9. Provisionally fixation of the osteotomy using 2 k-wires.

Fig. 10. The final construct using a 6-hole plate.
responsible for impingement with posterior soft tissue and for
excess Achilles tendon tension at the insertion. It could be a
reliable parameter in diagnosing posterior tarsal pain (Haglund's
syndrome and variants)

� The Ruch calcaneal pitch angle is subtended by the horizontal
and a tangent to the lower edge of the calcaneus, including the
5

3. Results

3.1. Demographics

Our series comprised of 15 female and 35 male patients, with a
mean age of 54 years (range, 26–67 years). All patients were
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ngaged in sporting activities at time of surgery: 60% recreation-
lly, 30% competitively and 10% professionally. Symptoms had
een present for a mean of 3 years prior to surgery (range, 1–10
ears). The mean postoperative follow-up was 7 years (range, 3–10
ears).

.2. Clinical results

Preoperatively, all the patients complained about a visible
alcaneal bump, an irritation of adjacent skin by shoewear
ackstrip and a calcaneal insertion pain on palpation of the
osterior tuberosity and distal Achilles tendon, related to this bone
mpingement.

At final follow-up, all patients reported a significant improve-
ent in symptoms, with clinical results considered excellent in 40
atients (80%), good in 7 patients (14%) and fair in 3 (6%).
Postoperative AOFAS score and VISA-A were statistically

mproved from their preoperative scores (Table 1). Postoperatively
AS pain score improved statistically from preoperative scores
x to x, p < 0.05).

According to the Tegner scale, 33 patients (66%) had returned to
ports activities at an equivalent pre-operative level, 13 (26%) had
ncreased their sporting activity and 4 (8%) had seen their Tegner
core fall.
Three complications were noted: two transient dysaesthesias

nd one case of complex regional pain syndrome. There were no
ases of post-operative infection or thrombophlebitis. No patients
eported symptoms suggestive of tarsal tunnel syndrome. On
eview, 6 patients reported pain due to the internal fixation
etalwork and not due to insertional tendinopathy. Metal-work
as removed in all.
At a mean of 7 years follow-up, no case of recurrence had

ccurred.

.3. Radiographic analysis

No case of non-union or failure of fixation was documented
uring follow-up.
Comparative analysis of pre- and post-operative radiographic

easurements demonstrated statistically significant changes in
eduction of the calcaneal pitch, as well as an increase in the X/Y

ratio. The ratio was under 2.5 in 100% of preoperative measure-
ments and over 2.5 in 96% of postoperative measurements.
(Fig. 11, Table 2).

4. MRI analysis

Comparison of pre- and post-operative MRI (performed
systematically at one year follow-up) demonstrated a significant
reduction in all lesions reflecting Achilles tendinopathy. Postoper-
ative MRI showed that peritendonitis persisted in 8% of patients
and a retro-calcaneal bursitis in 20%. Intra-tendinous lesions
>3 mm remained in 34% of patients, but were mostly asymptom-
atic, there being no correlation between the lesions found on MRI
and functional scores (Table 3).

Whilst not statistically significant, there was a trend towards
the resolution of tendinopathy signs onb MRI@. A significant
reduction in the number of intra-tendinous lesions occurred,
whilst the surface area of those that remained was halved
postoperatively, especially for smaller lesions.

5. Discussion

This study demonstrates excellent clinical and functional
outcomes following Zadek calcaneal osteotomy in addition to an
exostosectomy for Haglund's syndrome of the heel with a mean
follow-up of 7 years. A majority of patients (47/50) had either
excellent or good functional results (AOFAS > 80, p < 0.05). The
Tegner score revealed that 46 out of 50 patients (92%) had returned
to the same or a higher level of sports than they had practised pre-
operatively. Therefore our hypothesis could be considered as
validated.

The complications rate was low in our series with no superficial
or deep infection compared to literature findings (6.3% of cases for
Georgiannos [19] to up to 13% for Roche [27]). There were no non-
unions of the calcaneal osteotomy, even when the plantar cortex of
the calcaneus was stressed at the apex of the osteotomy, as
reported by Georgiannos [19] or Kearney [28]. This was probably
because we used a stronger construct with a double 6-hole
compression plate, instead of isolated compression 6.5 mm screws.

The operative treatment of Haglund's syndrome (comprising
insertional Achilles tendinopathy and retrocalcaneal bursitis) is
varied but often combines tendinous and bony procedures to
achieve a positive result: debridement of the degenerative tendon
[29], detachment of the Achilles tendon and reattachment with
bone anchors [30], augmentation with a flexor hallucis longus
(FHL) tendon transfer [31], open [13,17,32,33] or endoscopic
[29,34–36] calcaneoplasty. Maynou [18] found more than 75% of
his series had good or very good results following the Zadek
osteotomy. Georgiannos et al. [19] reported 73% of his patients

able 1
unctional scores.

preop postop p value

Mean AOFAS score 50.5 � 12 (35–70) 88.9 � 9.9 (81–98) <0.05
Mean VISA-A score 60.4 � 10 (50–74) 85.3 � 15.2 (78–96) <0.05
ig.11. Modifications of the calcaneus shape resulting of the Zadek’ osteotomy. (i) The X/Y ratio of Tourné moves from under 2.5(X1/Y1) to over 2.5 (X2/Y2); (ii) the pitch angle
f Ruch is higher preoperatively(PRA1) than postoperatively(PAR2).

6
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(38 cases) had excellent or good results in with an improvement in
AOFAS score from 59.5 �15pts pre-operatively to 95.7 � 6.6 post-
operatively. A systematic calcaneoplasty, as reported in our series,
was performed to initiate and take part in the decompression of
the distal end of the Achilles tendon. Nordio et al. [20] and Lopez-
Capdevilla et al. [21] came to the same conclusions performing the
osteotomy percutaneously. Our results were excellent or good in
94% of our patients. This compared more favourably with other
published series described above. We believe this is due to the
correction of the X/Y ratio.

Unlike the calcaneoplasty, the Zadek osteotomy deeply changed
the shape of the calcaneus. The mean X/Y ratio moved from under
2.5 preoperatively in 100% of cases to over 2.5 in 96% of cases post-
operatively. The mean pitch-angle changed from 25.5� pre-
operatively to 20� post-operatively as well. As reported in our
previous study [12], several radiographic studies have already
demonstrated the limited reliability of the traditional measures
(Chauveaux and Liet angle, Fowler and Phillip angle, parallel pitch
lines of Heneghan and Pavlov). Pavlov [37] found a normal Fowler
& Philip angle in eighty percent of patients with Haglund's
syndrome and a pathological angle in three controls. Keck and
Kelly [1] have already documented the difficulty in reproducing
this angle. In 2008, Singh [38] was also unable to conclude any
differences between an Haglund's syndrome group and a control
one. Similarly in 2007 Lu et al. [10] failed to find any significant
difference in the Fowler & Philip angle or parallel pitch lines
between a group of normal controls and a cohort of patients with
Haglund's syndrome. These shape modifications, assessed in a
reproducible manner by the X/Y ratio and calcaneal pitch angle
could be strongly correlated with clinical and functional results
and vice versa. As reported by Syed [15], the position of vertex of
osteotomy is of paramount importance. When the vertex is
anterior to the plantar calcaneal tubercule (as described in our
series), on a geometrical point of view, the DCWCO intends to
elevate the tuberosity and so reduces the verticalisation of the
calcaneus (decrease of the pitch angle of Ruch) and tilts anteriorly
the heel prominence to reduce its posterior prominence. This
action thereby reduces the overall length of the calcaneus(X/Y ratio

series (AOFAS score and Visa-A)and Tegner score all improved
postoperatively. Furthermore, the DCWCO alters the orientation of
the Achilles tendon fibres. So, the anatomical changes imposed by
the osteotomy improve both the biological and mechanical
processes involved in insertional Achilles tendinopathy such as:
degeneration of the Achilles tendon, friction and compression of
the retrocalcaneal bursa, mechanical irritation of the tendon by the
calcaneal posterior prominence, but also increased mechanical
load at the calcaneal insertion of the Achilles tendon and
contraction of the Gastrocsoleus complex. In our series the effect
on Achilles tendinopathy was also favourable with a mean VISA-A
score of 88.5 at a mean of 7 years follow-up (p < 0.05). These results
are confirmed by the MRI findings compared pre- and post-
operatively, even it was not possible to point out an exact
correlating factor. Equivalent Visa-A score improvements are
reported by Lopez-Capdevilla et al. [21] and Georgiannos et al. [19]

In contrast, several authors have reported inferior results with
an isolated calcaneoplasty. Taylor [17] reported 65% good results
but 51% recurrence; Nesse [13] quoted 38%, Schneider [40] 69%,
Jardé [32] 73% and Lehto [33] 75%. The reasons of such
controversial results with an isolated calcaneoplasty, open or
using MIS, may be explained by the pre-operative shape of the
calcaneus. The calcaneoplasty opens up a space for the Achilles
tendon but does not change the calcaneal slope and the calcaneal
length or the calcaneal tendon lever arm.

As the X/Y ratio is a reliable and reproducible measurement
[12], and in light of the numerous positive effects of the Zadek
osteotomy on Haglund's syndrome, an algorithm tree for surgical
decision making could be performed with a surgery “à la carte”, as
described in Fig. 12. Regarding bony abnormalities, with an X/Y
ratio under 2.5, and or pitch angle over 18�, a Zadek osteotomy
could be recommended, whilst an X/Y ratio over 2.5 could lead to
an isolated calcaneoplasty. Additional soft tissue procedures could
be added to the bone procedure selected, to deal with calcifications
and distal-end Achilles tendon conditions, including detachment
of the Achilles tendon and reattachment with bone anchors or
augmentation with a flexor hallucis longus (FHL) tendon transfer.
Prospective studies are required to validate this tree decision

Table 2
Radiological data.

preop postop p value

Mean X/Y ratio 2.07 � 0.21 (1.58–2.4) 3.01 � 0.6 (2.4–4) <0.05
Mean pitch angle of Ruch 25.5� � 6.6 (18–36�) 20� � 8 (16.8–22.9) <0.05

Table 3
Comparison of pre- and post-operative MRI findings.

Number of positive cases pre-operatively Number of positive cases post-operatively

Bone oedema 32 4**
Peritendonitis 30 4*
Retro-Achilles bursitis 17 12*
Retro-calcaneal bursitis 41 10**
Intra-tendinous lesions >3 mm 28 17*
Mean surface area of lesion (cm2) 1.09 0.58
Antero-posterior diameter of Achilles (mm) 8.92 8.34*

** p <0.05.
*p < 0.01.
over 2.5) [12] and additionally slightly elevates the insertion of the
Achilles tendon, which will reduce the lever arm for the Achilles
tendon [12,13,19]. That could lead to a weakened muscle-tendon
complex and longer postoperative recovery, as advocated by Miller
and Vogel [39], which is not at all in the present study, even we did
not measure strength. Nevertheless the functional results of our
7

making.
There are several limitations to this study. There is no control

group. However, our follow-up was longer than other recent
studies on the Zadek osteotomy. A prospective randomized clinical
trial would be useful to compare this osteotomy with other
techniques or to evaluate the results following the algorithm based
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n the preoperative measurements and assessment (X/Y ratio,
alcaneal pitch-angle and MRI). This series also has the advantage
f being homogenous, with all the patients treated by the same
urgeon, using the same surgical approach, the same construct and
he same post-operative regimen.

. Conclusion

The Zadek osteotomy was found to be efficient and reliable to
hange the configuration of the insertion area of the Achilles and
hus to support the effect of calcaneoplasty, resulting in better
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