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Abstract

Background: Combining osteotomies and soft tissue procedures is believed to reduce sesamoids in their anatomical position
and maintain long-term correction when treating hallux valgus deformity. This study determines if a radiologic association
exists between a radiolucent sign and a full percutaneous adductor tendon release (PATR), including a cadaveric study and a
consecutive case series. Another aim was to determine the intra- and interobserver reliability of these observations.
Methods: A prospective observational study was made between 2018 and 2019. First, a PATR was done on cadaveric
specimens and, after the procedures, dissected to correlate what was seen fluoroscopically. The clinical group included 39
feet that presented mild-to-moderate HV deformity and were treated with percutaneous osteotomies associated with PATR.
Results: Observers | and 2 saw a radioscopic radiolucent sign in 100% of cadavers and the patient population. They also
observed a triangle-shaped image with an incidence of 75%, which we have named the “triangle sign.”

Conclusion: The triangle sign may be helpful in the intraoperative confirmation of PATR and latero-plantar capsule

release using this percutaneous technique.

Level of Evidence: Level I, development of diagnostic criteria.
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Introduction

Combining osteotomies and soft tissue procedures is believed
to biomechanically reduce sesamoids in their anatomical
position—under the first metatarsal head—and maintain
long-term correction when treating hallux valgus (HV) defor-
mity.2!38 Several studies have failed to describe which soft
tissue structures were released. Additionally, which struc-
tures must be detached remains unclear.>!%263¢ These data,
among other reasons, may explain the persistent high overall
recurrence rate of HV deformity (2.7% to 73%).24%31:33
According to some authors, adductor tendon release (ATR)
indications are irreducible metatarsophalangeal (MTP)
joints?® and mild to severe HV deformities.!-82!22:25,34,35.37.38
Some authors prefer an isolated adductor tendon release,
and others add a partial lateral capsulotomy.®?*? The percu-
taneous ATR (PATR) recently provided powerful and quanti-
fiable correction of hallux valgus deformity, as shown in a
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biomechanical study.'> However, the question of how and
when remains partially unanswered, mainly because of the
lack of comparative studies and confusion in the terminology
used.

In addition to these problems regarding the indication of
lateral release and objectification of the released structure,
confirming whether a lateral release has been successfully
performed is challenging because of the location of the tar-
geted structures. It is even more complicated in percutane-
ous (minimally invasive) surgery, with no direct exposure
to the anatomical structures. Surgeons would benefit from a
direct or indirect sign that can predict which structures are
being released, which has not been reported. The study
hypothesized that there would be a direct relationship
between a PATR'>!%15 and a radiolucent image in most of
the cases included in a cadaveric and clinical study. Another
aim was to determine the intra- and interobserver reliability
of these observations.

Material and Methods

A prospective observational study was made between June
2018 and April 2019, divided into 2 stages. First, the pur-
pose was to perform a PATR on cadaveric specimens and,
after the procedures, dissect them to correlate what was
seen fluoroscopically. A total of 11 specimens with HV
deformity were included. The cadavers were selected from
a study that mainly addressed the risk of nerve and tendon
lesions'? and the correcting power after the PATR tech-
nique.'* In this study, the adductor tendon was released
(mainly the oblique portion) in 100%; thus, a correlation of
the radiologic sign can be made accurately. The lateral col-
lateral ligament was released in 36.4%. The second stage
of the study included a group of 39 feet that presented mild
to moderate HV deformity and were treated with percuta-
neous osteotomies'®!” associated with PATR.'> The adduc-
tor tendon was released in both studies, so these results
were used to continue with radioscopic observation. The
principal author performed all the PATR procedures and
used the same technique.

The outcome measurements were collected as follows:
a radiolucent sign was searched on radiographic images
on both groups (cadaveric and clinical group). Two inde-
pendent observers (foot and ankle surgeons with 3 and 7
years’ experience, both fellowship-trained) visualized
each image twice (separated for at least 1 week). The
observers were trained to recognize whether or not an
image was radiolucent. The radiolucent images obtained
were defined as “triangle sign” or “other shape” (eg,
round, rectangular).

The cadaveric images were assessed using a XiScan
4400 model 6" 450 fluoroscopy unit for extremities. The

device uses a maximum power of 70kV. The image cap-
tured by the display unit was black and white, with a 1:1
ratio size and a resolution of 1296 X 966.

A Philips BV Endura device with an image intensifier
of 9” was used to evaluate the postoperative data from
patients. This uses a fixed anode tube with active heat
management and a nominal power of 3.15kW: 110kV
(max), 30 mA. The image captured by the display unit was
black-and-white, with a 1:1 ratio size and 2 megabytes of
digital information.

Description of Technique (Cadaveric and Clinical
study)

The patient was seated with the foot hanging over the
table’s edge. Using a surgical scalpel blade (SMo64
Swann-Morton), a 3-mm first-web portal was made at the
level of the first MTP joint, which was localized using
fluoroscopy (Figure 1). The blade was advanced with a
coronal orientation of 60 degrees until a quarter of the
blade (not more) was inside the joint (Figure 2). Then, the
blade was rotated outward 90 degrees to face the adductor
tendon, which was then cut with a frontal movement. At
the same time, the first toe was driven into varus (Figure 3).
A click sound can be heard as confirmation of soft tissue
release. The procedure should produce the adductor ten-
don’s complete detachment and the lateral plantar capsule
release, confirmed by fluoroscopy with dynamic views in
forced varus (Figure 4). In the cadaveric study, an ana-
tomic dissection was made to assess which structure was
released.

Statistical Analysis

Statistical analysis was performed using IBM SPSS
Statistics, version 20.0 (IBM, Armonk, USA). The interob-
server reliability of the observations was determined. The
interobserver agreement was assessed by the method of
total count (77.7%). Each measurement was collected in a
digital file and sent for analysis. The Spearman correlation
and McNemar tests (significance of changes) were used to
compare results between observers. A Fisher exact indepen-
dence test was applied to compare the visualizations of
observers 1 and 2. A P value of less than .05 was considered
to be statistically significant.

Results

Observers 1 and 2 saw a radioscopic radiolucent sign
(Figure 4) in 100% of cadavers and the patient popula-
tion. The triangle sign was seen by observer 1 on an aver-
age of 78%, ranging from 76 (observation 1) to 80%
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Figure I. (A) A 3-mm first-web portal was made at the level of the first metatarsophalangeal joint, (B) which was localized using

fluoroscopy.

Figure 2. (A-C) The blade was advanced with a coronal orientation of 65 degrees until a quarter of the blade (not more) was inside

the joint.

(observation 2) (Figure 4A). The other radiolucent images
were identified as “other shape.” The triangle sign was
seen by observer 2 on an average of 72% ranging from 70
(observation 1) to 74% (observation 2). The Spearman
correlation test between observations 1 and 2 was statisti-
cally significant for the first observer (P<.001) and
slightly significant for the second observer (P=.05179).
This indicates no substantial difference between what
each observer saw the first and second time. The McNemar

test for the change’s significance was insignificant in both
cases (P = .72 and .48).

The Fisher test for comparing the average of observa-
tions for both observers was not significant (P=.06656),
reinforcing the lack of differences between observers 1
and 2.

Based on the results of the cadaveric study, the triangle
sign was confirmed after the full release of the adductor
tendon and the lateroplantar capsule (Figure 5).
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Figure 3. The blade was rotated outward 90 degrees to face the adductor tendon, which was then cut with a frontal movement, while
the first toe was driven into varus. (A) Clinical dorsoplantar view. (B) Anteroposterior radiographic image. (C) Clinical frontal view.

Figure 4. Radiologic confirmation of the lateral release with dynamic views in forced varus. (A) Triangle sign. (B) Nontriangular
radioscopic radiolucent image.

Figure 5. (A) Dissection of metatarsophalangeal joint showing the adductor tendon (I). (B) Adductor tenotomy has been performed and the
first toe is driven into varus, showing the triangle formed by the tendon release (2), which translates radiographically into the triangle sign.
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Discussion

The most important finding of the present study is that a
radiolucent sign (mainly a triangle sign) was seen in all
cases when performing a PATR. Based on the results
obtained and the previous cadaveric studies published,'>!'*
if the surgical technique is done as described, and a radiolu-
cent image is observed, we can ensure that surgeons release
the adductor tendon completely.

Recently, PATR was shown to be a reproducible and safe
technique, as the adductor tendon was completely released
in every foot in a cadaveric study. In addition, no neurovas-
cular lesions were observed.!? This procedure also produced
a powerful valgus correction in the MTP joint. However, no
changes were found in the correction of sesamoid sublux-
ation, first metatarsal, and proximal phalanx pronation after
PATR on cadaveric specimens.'* Using the information pro-
vided by published studies, PATR needed indirect tools to
be a more reliable procedure, more than anything, because
it is a percutaneous and soft tissue procedure. The radiolu-
cent sign helps to achieve this objective.

Intraoperative radiographic signs have proved helpful and
showed excellent interobserver reliability and validity.!!2%30
This study found a radiolucent sign, which we named the “tri-
angle sign,” associated with the intraoperative confirmation of
percutaneous adductor tendon release and lateroplantar cap-
sule. Given the prevalence observed, surgeons should repeat
the procedure if no radiolucent sign is observed.

According to some authors, the indication for ATR is
irreducible MTP joints?> and mild to moderate
HV!481415.21.22.2537.38 and severe deformities.*>*** Kim
et al?® described a selective lateral soft tissue release based
on passively correcting the HV after a distal chevron oste-
otomy. This technique produced safe and stable correc-
tions. Seo et al*> showed that less than 20 degrees of varus
shift when doing a stress test was optimal for performing
adductor tendon and metatarsosesamoid capsular release.
In a recent meta-analysis, Yammine and Assi*® concluded
that there might be a beneficial effect of lateral soft tissue
release (including the lateral capsule of the first metatarso-
phalangeal joint, the sesamoid suspensory ligament or lat-
eral sesamoid metatarsal ligament, and the transverse
metatarsal ligament) in all cases of HV deformity, and a
probable efficacy of an added adductor hallucis tendon
release when the deformity is moderate to severe. PATR
has proven helpful in correcting mild to moderate deformi-
ties associated with a percutaneous, intraarticular chevron
osteotomy.!” According to the literature, no objective
maneuver or sign was published to help adductor tendon
release when treating hallux valgus deformities.

There is still some debate about when an ATR must be
performed (before or after the bony correction procedure).
According to some authors, this procedure can be made
before*:13:23:2435 o after the osteotomies.>!*2?° Those who

prefer to do it pre-osteotomy indicate this procedure if
passive correction of the HV deformity is possible
(between 0 and 20 MTP varus position).*>?33° Surgeons
that advocate ATR post-osteotomy indicate a lateral
release if there is residual incongruence'®?® or the sesa-
moids are not relocated.”’ In contrast, others perform the
technique in all patients regardless of the MTP congru-
ency. The authors of this study prefer to do PATR post-
osteotomy to stabilize the first metatarsal head when
shifting laterally.!” There were no statistically significant
differences between what was seen by observers of both
groups: in the cadaveric study, the PATR was performed
without an osteotomy, and in the clinical series, post-oste-
otomy. This concludes that the osteotomy does not modify
the outcomes, and the sign can help in both scenarios.

As the release of the lateral collateral ligament was
assessed only in the cadaveric study, it is difficult to reach a
definite conclusion. The section of this anatomical structure
may add a stronger radiolucent image or be rectangular rather
than a triangle shape. In a previous cadaveric study evaluat-
ing the PATR,'? a lateral collateral ligament was released
entirely in 4 of 11 specimens. When comparing the radiolu-
cent images with those in which the ligament was sectioned,
no specific shape was associated with either group. Further
studies may help assess the need for lateral collateral liga-
ment release or the treatment of hallux valgus and its possible
symptomatic metatarsophalangeal instability.

There are some concerns about the design of this study.
First, it may be difficult to reproduce the sign because it was
found in a canned environment (a surgeon with 14-year
experience in percutaneous technique who had performed
more than 1000 PATRs using 2 radioscopic devices and the
same instruments). Second, the authors cannot certainly
confirm what they released in the patients. Finally, we rec-
ognize that using fluoroscopy to assess soft tissue structures
may be unreliable in some specific environments. On the
other hand, using 2 different devices may represent a bene-
fit or a disadvantage, depending on subjective opinions. We
believe it is advantageous because of the diversity of sur-
geons, hospitals, and devices; thus, it could be adapted to
different settings.

Conclusion

A radioscopic radiolucent sign was seen in 100% (75%, tri-
angle shape) of cadavers and the patient population. This
means that these objective signs may be helpful in the peri-
operative confirmation of percutaneous adductor tendon
release and lateroplantar capsular release.

Acknowledgments

The authors express their gratitude to the generosity of the body
donors of the Dissection Room and Body Donors Service of the
University of Barcelona.



Foot & Ankle Orthopaedics

Ethical Approval

The Bioethics Committee of our institution approved the cadav-
eric study (IRB number 00003099). Approval from the Institutional
Review Board was obtained and in keeping with the policies for a
retrospective review, informed consent was not required.

Declaration of Conflicting Interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this arti-
cle. Disclosure forms for all authors are available online.

Funding

The author(s) received no financial support for the research,
authorship, and/or publication of this article.

ORCID iDs

Jorge Javier Del Vecchio, MD, MBA,
0001-5263-7626

Eric Daniel Dealbera, MD,
3902

Gaston Slullitel, MD,

Miki Dalmau-Pastor, PhD,
698X

https://orcid.org/0000-
https://orcid.org/0000-0001-5684-

https://orcid.org/0000-0002-4842-7447
https://orcid.org/0000-0001-6043-

References

1. Bai LB, Lee KB, Seo CY, Song EK, Yoon TR. Distal chev-
ron osteotomy with distal soft tissue procedure for mod-
erate to severe hallux valgus deformity. Foot Ankle Int.
2010;31(8):683-688. doi:10.3113/FAL.2010.0683

2. Barg A, Harmer JR, Presson AP, Zhang C, Lackey M,
Saltzman CL. Unfavorable outcomes following surgical
treatment of hallux valgus deformity: a systematic literature
review. J Bone Joint Surg Am. 2018;100(18):1563-1573.
doi:10.2106/JBJS.17.00975

3. Biz C, Fosser M, Dalmau-Pastor M, et al. Functional and
radiographic outcomes of hallux valgus correction by mini-
invasive surgery with Reverdin-Isham and Akin percutaneous
osteotomies: a longitudinal prospective study with a 48-month
follow-up. J Orthop Surg Res. 2016;11(1):157. doi:10.1186/
s13018-016-0491-x

4. Bock P, Kluger R, Kristen KH, Mittlbéck M, Schuh R,
Trnka HJ. The scarf osteotomy with minimally invasive
lateral release for treatment of hallux valgus deformity:
intermediate and long-term results. J Bone Joint Surg Am.
2015;97(15):1238-1245. doi:10.2106/JBJS.N.00971

5. Brogan K, Lindisfarne E, Akehurst H, Farook U, Shrier W,
Palmer S. Minimally invasive and open distal chevron oste-
otomy for mild to moderate hallux valgus. Foot Ankle Int.
2016;37(11):1197-1204. doi:10.1177/1071100716656440

6. Carvalho P, Viana G, Flora M, Emanuel P, Diniz P.
Percutaneous hallux valgus treatment: unilaterally or bilat-
erally. Foot Ankle Surg. 2016;22(4):248-253. doi:10.1016/j.
fas.2015.11.002

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

. Cervi S, Fioruzzi A, Bisogno L, Fioruzzi C. Percutaneous

surgery of hallux valgus: risks and limitation in our experi-
ence. Acta Biomed. 2014;85(suppl 2):107-112.

. Choi YR, Lee HS, Jeong JJ, et al. Hallux valgus correction

using transarticular lateral release with distal chevron oste-
otomy. Foot Ankle Int. 2012;33(10):838-843. doi:10.3113/
FAI.2012.0838

. Coughlin MJ, Jones CP. Hallux valgus and first ray mobility.

A prospective study. J Bone Joint Surg Am. 2007;89(9):1887-
1898. doi:10.2106/JBJS.F.01139

Crespo Romero E, Arcas Ordofio A, Penuela Candel R, et al.
Percutaneous hallux valgus surgery without distal metatarsal
articular angle correction. Foot Ankle Spec. 2017;10(6):502-
508. doi:10.1177/1938640016685147

Dakhil-Jerew F, Jadeja H, Cohen A, Shepperd JA. Inter-
observer reliability of detecting Dynesys pedicle screw
using plain X-rays: a study on 50 post-operative patients.
Eur Spine J. 2009;18(10):1486-1493. doi:10.1007/s00586-
009-1071-0

Dalmau-Pastor M, Malagelada F, Cordier G, Del Vecchio
JJ, Ghioldi ME, Vega J. Anatomical study of mini-
mally invasive lateral release techniques for hallux val-
gus treatment. Foot Ankle Int. 2020;41(8):984-992.
doi:10.1177/1071100720920863

de Las Heras-Romero J, Lled6-Alvarez AM, Andrés-Grau J,
Picazo-Marin F, Moreno-Sanchez JF, Hernandez-Torralba
M. A new minimally extended distal chevron osteotomy
(MEDCO) with percutaneous soft tissue release (PSTR)
for treatment of moderate hallux valgus. Foot (Edinb).
2019;40:27-33. doi:10.1016/j.f00t.2019.04.001

Del Vecchio JJ, Cordier G, Dealbera ED, et al. Correction
power of percutaneous adductor tendon release (PATR)
for the treatment of hallux valgus: a cadaveric study. J
Foot Ankle Surg. 2021;60(6):1103-1109. doi:10.1053/j.
jfas.2021.02.012

Del Vecchio JJ, Dalmau-Pastor M. Percutaneous lateral release
in hallux valgus: anatomic basis and indications. Foot Ankle
Clin. 2020;25(3):373-383. doi:10.1016/j.c1.2020.05.003

Del Vecchio JJ, Ghioldi ME, Uzair AE, et al. Percutaneous,
intra-articular, chevron osteotomy (PelCO) for the treat-
ment of hallux valgus: a cadaveric study. Foot Ankle Int.
2019;40(5):586-595. doi:10.1177/1071100718820696

Del Vecchio JJ, Ghioldi ME, Chemes LN, Dealbera ED, Brue
J, Dalmau-Pastor M. Percutaneous, intra-articular, chevron
osteotomy (PeICO) for the treatment of mild-to-moderate hal-
lux valgus: a case series. Int Orthop. 2021;45(9):2251-2260.
doi:10.1007/s00264-021-05111-4

Diaz Fernandez R. Percutaneous triple and double oste-
otomies for the treatment of hallux valgus. Foot Ankle Int.
2017;38(2):159-166. doi:10.1177/1071100716670403

Frigg A, Zaugg S, Maquieira G, Pellegrino A. Stiffness and
range of motion after minimally invasive chevron-Akin and
open scarf-Akin procedures. Foot Ankle Int. 2019;40(5):515-
525. doi:10.1177/1071100718818577

. Fukuda K, Higashi T, Okawa M, Iwaasa M, Yoshioka T,

Inoue T. White-collar sign as a predictor of outcome after


https://orcid.org/0000-0001-5263-7626
https://orcid.org/0000-0001-5263-7626
https://orcid.org/0000-0001-5684-3902
https://orcid.org/0000-0001-5684-3902
https://orcid.org/0000-0002-4842-7447
https://orcid.org/0000-0001-6043-698X
https://orcid.org/0000-0001-6043-698X

Del Vecchio et al

21.

22.

23.

24.

25.

26.

27.

28.

endovascular treatment for cerebral aneurysms. J Neurosurg.
2017;126(3):831-837. doi:10.3171/2016.2.JNS152976
Granberry WM, Hickey CH. Hallux valgus correction with
metatarsal osteotomy: effect of a lateral distal soft tissue pro-
cedure. Foot Ankle Int. 1995;16(3):132-138. doi:10.1177/
107110079501600305

Grle M, Vrgoc G, Bohacek I, et al. Surgical treatment of
moderate hallux valgus: a comparison of distal chevron
metatarsal osteotomy with and without lateral soft-tissue
release. Foot Ankle Spec. 2017;10(6):524-530. doi:10.
1177/1938640016687369

Kim HN, Suh DH, Hwang PS, Yu SO, Park YW. Role of intra-
operative varus stress test for lateral soft tissue release during
chevron Bunion procedure. Foot Ankle Int. 2011;32(4):362-
367.doi:10.3113/FAL2011.0362

Kurashige T, Suzuki S. Effectiveness of percutaneous
proximal closing wedge osteotomy with Akin osteotomy
to correct severe hallux valgus determined by radiographic
parameters. Foot Ankle Spec. 2017;10(2):170-179. doi:10.
1177/193864001666803 1

Lee KB, Cho NY, Park HW, Seon JK, Lee SH. A comparison
of proximal and distal chevron osteotomy, both with lateral
soft-tissue release, for moderate to severe hallux valgus in
patients undergoing simultaneous bilateral correction: a pro-
spective randomised controlled trial. Bone Joint J. 2015;97-
B(2):202-207. doi:10.1302/0301-620X.97B2.34449

Lucas y, Hernandez J, Golan6 P, Roshan-Zamir S, Darcel V,
Chauveaux D, Laffenétre O. Treatment of moderate hallux
valgus by percutaneous, extra-articular reverse-L chevron
(PERC) osteotomy. Bone Joint J. 2016;98-B(3):365-373.
doi:10.1302/0301-620X.98B3.35666

Maniglio M, Fornaciari P, Béacker H, Gautier E, Lottenbach
M. Surgical treatment of mild to severe hallux valgus defor-
mities with a percutaneous subcapital osteotomy com-
bined with a lateral soft tissue procedure. Foot Ankle Spec.
2019;12(2):138-145. doi:10.1177/1938640018770582
Martinez-Nova A, Sanchez-Rodriguez R, Leal-Muro A,
Pedrera-Zamorano JD. Dynamic plantar pressure analysis and
midterm outcomes in percutaneous correction for mild hallux
valgus. J Orthop Res. 2011;29(11):1700-1706. doi:10.1002/
jor.21449

30.

31.

32.

33.

34.

35.

36.

37.

38.

. Martinez-Nova A, Sanchez-Rodriguez R, Gomez-Martin B,

Escamilla Martinez E, Exposito-Arcas A, Novel-Marti V.
The effect of adductor tendon transposition in the modified
McBride procedure. Foot Ankle Spec. 2008;1(5):275-279.
doi:10.1177/1938640008324406

Moore MS, McAuley JP, Young AM, Engh CA Sr.
Radiographic signs of osseointegration in porous-coated ace-
tabular components. Clin Orthop Relat Res. 2006;444:176-
183. doi:10.1097/01.b10.0000201149.14078.50

Okuda R, Kinoshita M, Yasuda T, Jotoku T, Shima H,
Takamura M. Hallux valgus angle as a predictor of recur-
rence following proximal metatarsal osteotomy. J Orthop Sci.
2011;16(6):760-764. doi:10.1007/s00776-011-0136-1

Park YB, Lee KB, Kim SK, Seon JK, Lee JY. Comparison of
distal soft-tissue procedures combined with a distal chevron
osteotomy for moderate to severe hallux valgus: first web-
space versus transarticular approach. J Bone Joint Surg Am.
2013;95(21):e158. doi:10.2106/JBJS.L.01017

Raikin SM, Miller AG, Daniel J. Recurrence of hallux valgus:
a review. Foot Ankle Clin. 2014;19(2):259-274. doi:10.1016/j.
£c1.2014.02.008

Seki H, Suda Y, Takeshima K, et al. Minimally invasive distal
linear metatarsal osteotomy combined with selective release
of lateral soft tissue for severe hallux valgus. J Orthop Sci.
2018;23(3):557-564. doi:10.1016/j.jos.2018.02.013

Seo JH, Lee HS, Choi YR, Park SH. Distal chevron oste-
otomy with lateral release for moderate to severe hal-
lux valgus patients aged sixty years and over. Int Orthop.
2020;44(6):1099-1105. doi:10.1007/s00264-020-04562-5
Siclari A, Decantis V. Arthroscopic lateral release and per-
cutaneous distal osteotomy for hallux valgus: a preliminary
report. Foot Ankle Int. 2009;30(7):675-679. doi:10.3113/FAL
2009.0675

Wagner E, Ortiz C, Figueroa F, Vela O, Wagner P, Gould
JS. Role of a limited transarticular release in severe hallux
valgus correction. Foot Ankle Int. 2015;36(11):1322-1329.
doi:10.1177/1071100715593082

Yammine K, Assi C. A meta-analysis of comparative clinical
studies of isolated osteotomy versus osteotomy with lateral
soft tissue release in treating hallux valgus. Foot Ankle Surg.
2019;25(5):684-690. doi:10.1016/j.fas.2018.08.009



