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A 28-Year-Old Woman with Down Syndrome, 
Congenital Heart Disease, and a History of Knee 
Surgery and Plantar Fasciitis, with Hallux 
Abducto Valgus (Bunion) and Lapiplasty Three-
Dimensional Correction Surgery
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	 Objective:	  Congenital defects/diseases
	 Background:	 Tarsometatarsal joint (TMJ) arthrodesis is common method used for correcting hallux abductus valgus (HAV). 

Its popularity has grown due to studies revealing HAV’s triplanar deformity with frontal plane rotation. This 
case report presents a 28-year-old woman with Down syndrome, congenital heart disease, and a history of 
knee surgery and plantar fasciitis, with severe HAV deformity and flexible valgus flatfoot associated with liga-
mentous hyperlaxity.

	 Case Report:	 Examination revealed severe foot deformities, and radiographic studies confirmed the condition. A surgical in-
tervention was planned, and the patient’s cardiologist confirmed she was fit for the procedure. The modified 
Lapidus technique with frontal plane rotational correction included realigning the metatarsal joint, resecting 
spurs, osteosynthesis material, and arthrosis in the sinus tarsi. After surgery, the patient underwent a recov-
ery period without support for 8 weeks and received appropriate medical care. Radiographs showed success-
ful alignment, and the patient gradually resumed her daily activities. The patient had an uneventful recovery, 
and postoperative radiographs showed good alignment in all planes.

	 Conclusions:	 The hyperlaxity associated with Down syndrome makes the incidence of HAV more frequent, and TMJ fusion 
is preferable to correction by osteotomy. The modified Lapidus technique with frontal plane rotational correc-
tion could be a good technique to achieve satisfactory correction in patients with severe HAV deformity and 
flexible valgus flatfoot associated with ligamentous hyperlaxity. TMJ fusion is indicated when severe or recur-
rent rotational component is observed in X-rays.
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Background

Hallux abductus valgus (HAV), or bunions, is common in old-
er women and involves a metatarsophalangeal joint deformi-
ty causing pain and footwear problems. Initially, non-opera-
tive methods like proper footwear, NSAIDs, orthotics, splints, 
and toe spacers are recommended [1,2]. Surgical referral is ad-
vised for patients with persistent pain who have exhausted 
non-operative options and are suitable for surgery; cosmetic 
concerns alone are not a reason for surgery. Smoking is dis-
couraged before surgery, and in young patients, surgery should 
be postponed until skeletal maturity for juvenile bunions [3]. 
The condition can occur in various populations, including in-
dividuals with Down syndrome, who are particularly prone to 
foot and ankle musculoskeletal abnormalities [4]. Down syn-
drome, or trisomy 21, is a chromosomal disorder associated 
with intellectual disability and a higher incidence of congen-
ital malformations [5].

The management of hallux abductus in patients with Down 
syndrome poses unique challenges due to hypotonia and lig-
amentous laxity associated with the condition [6]. Traditional 
surgical approaches may be insufficient in providing long-term 
correction, and the risk of complications is also heightened [7]. 
In fact, Down syndrome patients who are increasingly active 
need faster diagnosis and intervention to prevent severe dis-
ability. Surgical procedures in this patient population carry 
higher risks of complications, such as infections and wound 
healing problems. Therefore, the search for effective and sus-
tainable corrective techniques tailored specifically to this pa-
tient population is of great importance [8].

Lapiplasty is an emerging approach that shows promise using 
triplanar correction, which addresses the three-dimensional 
deformity associated with HAV [9]. Special implants are used 
to fix and maintain this new alignment. By considering all 3 
planes of motion, triplanar correction offers the potential for 
improved functional outcomes and long-term stability across 
first tarsometatarsal joint (TMJ) arthrodesis [10,11]. The ini-
tial indication proposed the correction of severe HAV deformity 
secondary to metatarsus primus varus. Subsequently, multiple 
surgical approaches, fixation techniques, and indications for 
this procedure have been described [12-21], one of these in-
dications being hypermobility of the first radius [22,23]. Some 
cases of complications associated with this procedure include 
overshortening, overelevation, pseudarthrosis, and nonunion 
of the TMJ [24,25]. These complications are attributed to os-
teosynthesis failure and difficulty adhering to a long and ad-
equate postoperative regimen [21,26-30].

Despite the technical difficulty, the increasing use of this pro-
cedure is due to the growing number of studies that con-
sider hallux valgus to be a triplanar deformity, which has a 

rotational component in the frontal plane [31,32]. Pronation 
or eversion of the first radius has been consistently described 
[33-35], with the center of rotation being the first TMJ [36]. 
Following these findings, Dayton et al published numerous 
case series of surgical treatment of HAV, applying the modi-
fied Lapidus technique with rotational correction in the fron-
tal plane. The triplanar correction decreased the intermetatar-
sal angle, proximal articular set angle (PASA) and HAV angle, 
with modification of the tibial sesamoid position without the 
need for soft tissue or capsular rebalancing of the metatarso-
phalangeal joint (MPJ) [37,38]. To recognize rotation, radiolog-
ical assessment of rotational position can be performed using 
AP and axial views of the sesamoids. Aspects of the AP radio-
graph that can be used to assess rotational position include 
the lateral round sign of the first metatarsal head, the posi-
tion of the tibial sesamoid [24,26,27], PASA angle [23], prom-
inence of the medial eminence [20], and the lateral shaft cur-
vature of the first metatarsal [28].

The aim of this article is to contribute to the growing body of 
knowledge surrounding the management of HAV in individuals 
with Down syndrome. by presenting a case study of a patient 
with Down syndrome who underwent triplanar HAV correction 
and flexible valgus flatfoot associated with ligamentous hy-
perlaxity. We hope to help clinicians in making informed deci-
sions regarding surgical interventions for this challenging pa-
tient population. The article has been written according to the 
CARE (CAse REport Statement) guidelines for reporting and de-
veloping clinical cases in scientific journals [39].

Case Report

A 28-year-old female patient attended the Clínica Recoletas 
Paracelso podiatry department (Valladolid) in July 2019. She 
presented a flexible valgus flatfoot and HAV. Her personal his-
tory included Down syndrome, congenital heart disease, and 
left knee surgery for habitual dislocations. She has no known 
drug allergies and was not currently receiving any treatment.

The patient reported pain in both feet for several years, hav-
ing been treated with plantar orthoses, which she did not tol-
erate or failed to reduce her discomfort. The examination re-
vealed ligamentous laxity and severe deformity of the foot, 
highlighting the flexible valgus position of the subtalar joint 
and severe HAV (Figures 1, 2).

A physical examination was performed, with the following 
findings: palpable pulses in the pedial (+++) and posterior tib-
ial (+++) arteries of both lower limbs and good capillary refill, 
indicating good foot perfusion. Her heart rate was 56 beats 
per minute (bpm), and her blood pressure was 114/74 mmHg. 
Dorsal plantar (DP) and lateral loading radiographs were taken, 
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with an oblique projection of both feet. Radiographic studies 
showed a medialized subtalar axis and a lack of congruency 
of the first MPJ, possibly due to excessive intermetatarsal an-
gle and signs of severe rotation (Figure 3).

The procedure chosen was the placement of an implant in the 
tarsal sinus together with arthrodesis using the technique de-
scribed by Lapidus. This technique entails a prolonged postop-
erative period, during the first 6 weeks without support, and 
a Walker-type boot for an additional 45 days until a sports 
shoe can be worn.

Understanding the postoperative period and what it entails, 
she was referred to her cardiologist to rule out any surgical 
contraindications, which she confirmed at the time of the 

examination. The first days of September were chosen to 
schedule the operation on the right foot, as this was the one 
causing the most pain. A preoperative study was conducted, 
in which all the values were normal in her blood tests. His vi-
tamin D (25 hydroxycholecalciferol) was 30.93 ng/ml (a refer-
ence value below 20 is considered a deficit, and between 30 
and 100 are normal values). Her electrocardiogram showed 
sinus bradycardia at 54 (bpm) without significant alterations. 
The procedure and possible complications were explained and 
outlined in the informed consent form signed by the patient 
(and her guardians).

The surgical intervention was performed under conscious se-
dation, popliteal block, and hemostasis by surgical tourniquet 
at ankle level (350 mm/Hg). Antibiotic prophylaxis was per-
formed with cephalosporin (cephalexin 2 g). The following steps 
were performed sequentially during the surgical intervention: 

The surgical procedure commenced with a medial incision and 
dissection through planes to expose the metatarsal-cuneal 
joint. Subsequently, disinsertion of the peroneus longus mus-
cle fibers at the base of the first metatarsal (M1) was carried 
out. A guide wire was then placed at the base of M1 to varus 
the first metatarsal and correct the deformity, with real-time 
verification under fluoroscopy.

Figure 1. Preoperative image: Weight-bearing AP view.

Figure 3. Preoperative X-ray: Weight-bearing AP view.

Figure 2. Preoperative image. Weight-bearing front view.
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Following this, resection and subsequent drilling of the artic-
ular spurs were performed, facilitated by the placement of a 
bone clamp to reduce the intermetatarsal angle while main-
taining rotational correction. For the placement of osteosyn-
thesis material, guide wires were first inserted, followed by 
the placement of two 3.5 mm diameter and 34 mm length FT 
screws (Arthrex, Naples, FL, USA).

Regarding suturing, Fiberware 2/0 thread (Arthrex, Naples, 
FL, USA) was used in the capsular tissue, absorbable suture 
(Vycryl®; Johnson & Johnson, USA) 4/0 in the subcutaneous 
tissue, and nylon monofilament (Ethilon®; Johnson & Johnson, 
USA) 4/0 for skin sutures along with approximation stitches.

At this point, ischemia was addressed. For valgus correction, 
a lateral incision was made in the tarsal sinus area, followed 
by the insertion of the guide wire, placement of the distractor, 

and insertion of the implant while monitoring the direction 
and ensuring that the length did not exceed the bisector of 
the talus under fluoroscopy. Finally, postoperative bandaging 
was performed using a complete splint with a fiberglass ban-
dage (Deltacast®; BSN Medical, Spain)

The postoperative guidelines were home rest, leg elevation, 
and no weight-bearing for 8 weeks. The prescribed antibiotic 
treatment was Augmentine 875/125 mg every 8 hours for 5 
days. It included Dexketoprofen 25 mg (Enantyum®, Menarini, 
Spain) every 8 hours, Omeprazole 20 mg every 24 hours, and 
enoxaparin sodium 4000 IU (40 mg)/0.4 ml (Clexane®, Sanofi, 
Spain) every 24 hours during the 8 weeks that the patient re-
mained on absolute discharge.

Postoperative radiographs showed good alignment in all planes 
(Figures 4-6). The evolution in the first weeks was positive 
(Figures 7, 8). The suture was removed after 14 days, and 
weekly dressings were carried out until week 8, followed by 
follow-ups at weeks 12, 16, and 18, with the next check-up 1 
year after the operation. The evolution and dressings were un-
eventful, postoperative edema was considered normal for the 
procedure, and the wounds closed satisfactorily. In the sec-
ond month, 1-month-long support with the Walker boot was 

Figure 4. Postoperative X-ray: Weight-bearing AP view.

Figure 5. Postoperative X-ray. Lateral plane.

Figure 6. Postoperative X-ray. Oblique plane.
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allowed. Subsequently, the patient was instructed to walk with 
a “trekking” boot. At that point, she began progressively re-
turning to daily activities. On 25 June 2020, surgery was per-
formed under the same protocol for the left foot, with no sig-
nificant differences to report (Figure 5).

Discussion

A modified Lapidus technique that incorporates a unique 
approach to address the limitation in radiographic imaging 
caused by traditional fixation was introduced. Our modifica-
tion involves supinating the first metatarsal and securing it 
with a preferred fixation system, ensuring the desired triplanar 

correction is maintained. This technique aims to correct not 
only the lateral deviation of the great toe, but also the axial 
rotation and transverse plane abnormalities often present in 
patients with Down syndrome.

First metatarsal rotation has been assessed through different 
projections. For this study, we used DP, lateral, and oblique ra-
diographic projections under load to obtain the following an-
gulations: first intermetatarsal angle (IMA), hallux abductus 
angle and position of the sesamoids, assessing the degree of 
the tibial sesamoid and the angle of sesamoid rotation [40-42]. 
The results showed a positive correlation between deformity in 
the transverse hallux plane and in the frontal plane, where the 
sesamoids are affected together with the angle of inclination 
of the first radius [40,41]. Other authors, such as Scranton [32] 
and Mortier [33], used axial imaging of the sesamoids to quan-
tify pronation. The key to the detection of rotation is the edge 
of the head of the first radius. It will be considered reduced if 
the medial sesamoid is in the midline of the crest of the first 
radius, and not reduced if it is in any other position [42]. As 
for the lateral aspect, the head of the first metatarsal in load-
ing assumes a pronated position, bringing the phalanx into 
the valgus and increasing its deformity [41,42].

Menz and Munteanu analyzed 95 subjects with HAV using DP 
radiographs, where they measured angulations that were sub-
sequently correlated with Manchester scale scores. They con-
cluded that the Manchester scale provides a valid proxy for the 
classification of HAV [43]. A randomized control trial by Welck 
et al selected a group of 50 subjects with HAV and 50 control 
subjects, who subsequently underwent computed tomography 
scanning, and the images were standardized for angle measure-
ment. Using this method, it was possible to assess the position 
of the sesamoids, the rotation, and the space between the meta-
tarsal and the sesamoid complex. Significant differences were 
observed between the 2 groups, demonstrating that comput-
ed tomography scanning of the foot is a useful method of diag-
nosing and assessing the degree of sesamoid displacement, as 
well as evaluating the narrowing of the joint space between the 
metatarsal and sesamoid associated with sesamoid rotation [44].

Some authors reported that TMJ arthrodesis is indicated in the 
first X-rays as moderate-to-severe HAV deformities and hy-
permobility [45,46]. A meta-analysis by Schuh et al [46] com-
pared the corrective power through osteotomies. The correc-
tive power of proximal osteotomies was confirmed with an 
IMA correction of 8.1°. Although, with a higher complication 
rate (18.7%), the Chevron osteotomy obtained a higher cor-
rection of 8.2°. However, a combination of distal Chevron os-
teotomy with scarf osteotomy obtained an average correction 
of 5.3° and 6.2° of IMA, respectively. This would explain the 
more significant correction obtained after the application of 
tarsometatarsal arthrodesis [46].

Figure 7. Postoperative image: Weight-bearing AP view.

Figure 8. Postoperative image: Weight-bearing front view.
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There is a consistent relationship between the fibular ses-
amoid and the second metatarsal described in the litera-
ture [31]. This observation lends itself to a widely accepted 
hypothesis of a pathological process in which the first meta-
tarsal deviates from a stable and stationary sesamoid appara-
tus only in the transverse plane. However, the appearance of 
the sesamoids on DP radiographs does not reflect the actual 
subluxation concerning the medial crest and the bisection of 
the metatarsal shaft [29]. Pronation of the metatarsal alters 
the way it is seen on the DP radiographic projection, as does 
an oblique radiograph of the foot [26,27,30]. Dayton et al per-
formed a cadaveric study in which the first TMJ was released 
and the metatarsal was placed in varying degrees of pronation 
and supination. With pronation of the metatarsal, the appear-
ance of lateral displacement of the sesamoids was observed 
on DP radiographs. With supination, the apparent sesamoid 
displacement was corrected. The metatarsal did not separate 
from the sesamoid apparatus; instead, rotation altered what 
was observed on the DP radiographs [26]. Although there is a 
component of DP sesamoid position that involves the trans-
verse plane, with ridge erosion and actual sesamoid sublux-
ation occurring [19], in general, the appearance of displace-
ment seen on DP radiographs is due to metatarsal pronation.

In fact, the importance of the sesamoids and adjacent soft tis-
sues is shown in this procedure. We consider it essential to re-
position the sesamoids under the first metatarsal through a 
supination rotation of the first metatarsal. For this, we use a 
joystick guide wire under fluoroscopic control. This indirectly 
allows realignment of the first toe without operating on the 
joint capsule, ligaments, or adjacent tendons. Other authors 
have demonstrated this correction without acting on the first 
MPJ [37,39].

Regarding whether adequate correction is achieved without 
touching the MPJ, metatarsus abductus is frequently seen in 
patients with HAV deformity. The type of procedure should be 
selected depending on the type of deformity and its degree of 
severity [45-47]. Lapidus or tarsometatarsal joint fusion is one 
of the indicated techniques for reducing the IMA and metatar-
sal abduction (MA) correction [45,46]. In the study by Boffeli 
et al, 34 patients were included, with an average IMA of 19.4° 
and postoperative IMA of 9.7°. The mean preoperative Engel 
angle was 27.4° and was postoperatively reduced by an aver-
age of 22.6°. The metatarsus abductus was modified in terms 
of its degree of flexibility, providing optimal correction in the 
transverse plane [45,46]. According to Lapidus’ theory, hyper-
mobility of the first ray is one of the factors contributing to a 
valgus position. Correction of this deformity through arthrod-
esis would be more powerful and long-lasting in this type of 
deformity [46], being indicated in the first X-ray’s as moder-
ate-to-severe HAV deformities and hypermobility [43,44]. In 
fact, screw fixation shows optimal fixation results, especially 

if the second screw is inserted from the medial aspect [43]. 
The screw-plate application offers better stiffness results than 
the plate-plate application [45].

Menz and Munteanu analyzed 95 subjects with HAV using DP 
radiographs, where they measured angulations that were sub-
sequently correlated with Manchester scale scores. They con-
cluded that the Manchester scale provides a valid proxy for the 
classification of HAV [43]. A randomized control trial by Welck 
et al selected a group of 50 subjects with HAV and 50 con-
trol subjects, who subsequently underwent CT scanning, and 
the images were standardized for angle measurement. Using 
this method, it was possible to assess the position of the ses-
amoids, the rotation, and the space between the metatarsal 
and the sesamoid complex. Significant differences were ob-
served between the 2 groups, demonstrating that CT scanning 
of the foot is a valid method of diagnosing and assessing the 
degree of sesamoid displacement, as well as evaluating the 
narrowing of the joint space between the metatarsal and ses-
amoid associated with sesamoid rotation [44]. A meta-analysis 
by Schuh et al compared the corrective power through osteot-
omies. The corrective power of proximal osteotomies was con-
firmed with an IMA correction of 8.1°, although, with a higher 
complication rate (18.7%), the Chevron osteotomy obtained 
a higher correction of 8.2°. However, a combination of distal 
Chevron osteotomy with scarf osteotomy obtained an average 
correction of 5.3° and 6.2° of IMA, respectively. This would ex-
plain the more significant correction obtained after the appli-
cation of tarsometatarsal arthrodesis [46].

In relation to the need for exostectomy and soft tissue tech-
niques, we made the incision over the dorsomedial aspect of 
the TMJ, exposing it and freeing the joint to allow rotation of 
the metatarsal to correct the frontal plane deformity. If the 
correction is found to be in a rigid position, the structures of 
the lateral complex (hallux abductor muscle) should be re-
leased. It is important that the medial aspect of the MPJ cap-
sule should be kept integral to ensure stability and position 
[48,49]. Once these procedures have been carried out, the 
positioner and the cutting guide are placed to allow correc-
tion in the 3 planes, and the position is subsequently main-
tained using plates or screws [43,45,48,49]. Therefore, it will 
only be necessary to intervene in situations in which degen-
erative changes are observed in the MPJ, both in the capsule 
and in the dorsal area of the joint [48,49]. If the first meta-
tarsal is corrected from a frontal plane, freeing the structures 
that prevent rotation, and fixed in the correct position, bun-
ionectomy or other similar techniques will not usually be re-
quired [43,44,48,49].

The standard Lapidus procedure, while effective in correcting 
hallux abductus deformity, can pose challenges in accurately vi-
sualizing the achieved correction in postoperative radiographs. 

Simón-Pérez E. et al:  
Triplanar hallux abductus correction in a patient with Down syndrome

© Am J Case Rep, 2023; 24: e940879

e940879-6 Indexed in:  [PMC]  [PubMed]  [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



This limitation arises due to the hardware used in tradition-
al fixation, which can obscure the joint space and bony align-
ment, hindering precise assessment of the achieved correc-
tion. To overcome the radiographic limitations, we propose a 
modification to the traditional Lapidus technique. In our ap-
proach, after performing the necessary osteotomies and re-
alignments, we intentionally rotate the first metatarsal in a 
supinated position to achieve the desired correction. The ro-
tation allows for a clear visualization of the first tarsometa-
tarsal joint and adjacent structures in radiographs. This pro-
cedure is like that carried out in a retrospective case-control 
study by Laleveé et al in which they showed the importance 
of supination to reduce pronation of the first metatarsal [48].

Conclusions

The modified Lapidus technique offers a promising solution 
to the radiographic challenges associated with traditional fix-
ation methods. When there is a rotational component with a 
severe or recurrent deformity, one indicated technique is TMJ 

fusion. By emphasizing the importance of triplanar correction 
and proposing a unique supination approach, we aim to pro-
vide surgeons with a valuable tool for achieving optimal out-
comes in HAV correction.

In patients with Down syndrome, a complete anamnesis is 
necessary, followed by a clinical examination, in which we as-
sess the hypermobility of the first radius, the position of the 
foot in load, and the length of the second toe concerning the 
first toe and pulses. It is essential for the surgical community 
to explore innovative modifications that enhance visualization 
while preserving the integrity of the correction. We encourage 
further research and clinical validation of this modified tech-
nique to improve patient care and enhance the understand-
ing of HAV correction procedures.

Declaration of Figures’ Authenticity

All figures submitted have been created by the authors who 
confirm that the images are original with no duplication and 
have not been previously published in whole or in part.

References:

	 1.	Kuhn J, Alvi F. Hallux valgus. [Accessed October 14, 2023]
		  https://www.ncbi.nlm.nih.gov/books/NBK553092/

	 2.	Aebischer AS, Duff S. Bunions: A review of management. Aust J Gen Pract. 
2020;49(11):720-23

	 3.	 Steadman J, Barg A, Saltzman CL. First metatarsal rotation in hallux valgus 
deformity. Foot Ankle Int. 2021;42(4):510-22

	 4.	 Perotti LR, Abousamra O, del Pilar Duque Orozco M, et al. Foot and ankle de-
formities in children with Down syndrome. J Child Orthop. 2018;12(3):218-26

	 5.	Antonarakis SE, Skotko BG, Rafii MS, et al. Down syndrome. Nat Rev Dis 
Primers. 2020;6(1):9

	 6.	 Lim PQX, Shields N, Nikolopoulos N, et al. The association of foot structure 
and footwear fit with disability in children and adolescents with Down syn-
drome. J Foot Ankle Res. 2015;8(1):4

	 7.	Mir B, Gaber K, Ghali D, et al. Developmental foot deformities in patients 
with connective tissue disorders. JBJS Rev. 2023;11(2):22.00219

	 8.	Diamond LS, Lynne D, Sigman B. Orthopedic disorders in patients with 
Down’s syndrome. Orthop Clin North Am. 1981;12(1):57-71

	 9.	Do DH, Sun JJ, Wukich DK. Modified lapidus procedure and hallux valgus: 
A systematic review and update on triplanar correction. Orthop Clin North 
Am. 2022;53(4):499-508

	10.	Albrecht GH. The pathology and treatment of hallux valgus. Russk Vrach. 
2023;10:14-19

	11.	 Lapidus PW. Operative correction of the metatarsus varus primus in hallux 
valgus. Surg Gynecol Obstet. 1934;58(183-191):16

	12.	Mendicino R, Catanzariti AR, Hofbauer M, Saltrick KR. The modified lapi-
dus arthrodesis: Technical maneuvers and pearls. J Foot Ankle Surg. 
2000;39(4):258-64

	13.	Catanzariti AR, Mendicino RW, Lee MS, Gallina MR. The modified Lapidus 
arthrodesis: A retrospective analysis. J Foot Ankle Surg. 1999;38(5):322-32

	14.	Myerson M, Allon S, McGarvey W. Metatarsocuneiform arthrodesis for 
management of hallux valgus and metatarsus primus varus. Foot Ankle. 
1992;13(3):107-15

	15.	 Chang TJ, Ruch JA. Lapidus arthrodesis. A different perspective. J Am Podiatr 
Med Assoc. 1994;84(6):281-88

	16.	 Baravarian B, Briskin GB, Burns P. Lapidus bunionectomy: Arthrodesis of the 
first metatarsocunieform joint. Clin Podiatr Med Surg. 2004;21(1):97-111

	17.	Hofbauer MH, Grossman JP. The Lapidus procedure. Clin Podiatr Med Surg. 
1996;13(3):485-96

	18.	 Sangeorzan BJ, Hansen ST. Modified Lapidus procedure for hallux valgus. 
Foot Ankle. 1989;9(6):262-66

	19.	Butson ARC. A modification of the Lapidus operation for hallux valgus. J 
Bone Joint Surg Br. 1980;62(3):350-52

	20.	 Saffo G, Wooster MF, Stevens M, et al. First metatarsocuneiform joint ar-
throdesis: A five-year retrospective analysis. J Foot Surg. 1989;28(5):459-65

	21.	 Lapidus PW. The author’s bunion operation from 1931 to 1959. Clin Orthop. 
1960;16:119-35

	22.	Myerson MS, Badekas A. Hypermobility of the first ray. Foot Ankle Clin. 
2000;5(3):469-84

	23.	 Faber FWM, Mulder PGH, Verhaar JAN. Role of first ray hypermobility in the 
outcome of the Hohmann and the Lapidus procedure. A prospective, ran-
domized trial involving one hundred and one feet. J Bone Joint Surg Am. 
2004;86(3):486-95

	24.	 Patel S, Ford LA, Etcheverry J, et al. Modified lapidus arthrodesis: Rate of 
nonunion in 227 cases. J Foot Ankle Surg. 2004;43(1):37-42

	25.	 Rink-Brüne O. Lapidus arthrodesis for management of hallux valgus – a ret-
rospective review of 106 cases. J Foot Ankle Surg. 2004;43(5):290-95

	26.	 Ray RG. First metatarsocuneiform arthrodesis: Technical considerations and 
technique modification. J Foot Ankle Surg. 2002;41(4):260-72

	27.	Wang JC, Riley BM. A new fixation technique for the Lapidus bunionecto-
my. J Am Podiatr Med Assoc. 2005;95(4):405-9.

	28.	 Shastry T, Anupama NM, Shetty S, Nalinakshamma M. An in vitro compara-
tive study to evaluate the retention of different attachment systems used in 
implant-retained overdentures. J Indian Prosthodont Soc. 2016;16(2):159-66

	29.	Richter M, Gosling T, Zech S, et al. A comparison of plates with and 
without locking screws in a calcaneal fracture model. Foot Ankle Int. 
2005;26(4):309-19

	30.	Weinraub GM. Midfoot arthrodesis using a locking anterior cervical plate 
as adjunctive fixation: Early experience with a new implant. J Foot Ankle 
Surg. 2006;45(4):240-43

	31.	Mizuno S. [Detorsion osteotomy of the first metatarsal bone in hallux val-
gus.] Japan Seikai Journal 1956;30:813-19 [in Japanese]

	 32.	 Scranton PE, Rutkowski R. Anatomic variations in the first ray: Part I. Anatomic 
aspects related to bunion surgery. Clin Orthop Relat Res. 1980;(151):244-55

Simón-Pérez E. et al:  
Triplanar hallux abductus correction in a patient with Down syndrome
© Am J Case Rep, 2023; 24: e940879

e940879-7 Indexed in:  [PMC]  [PubMed]  [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)



	 33.	Mortier JP, Bernard JL, Maestro M. Axial rotation of the first metatarsal 
head in a normal population and hallux valgus patients. Orthop Traumatol 
Surg Res. 2012;98(6):677-83

	34.	Grode SE, McCarthy DJ. The anatomical implications of hallux abducto val-
gus: A cryomicrotomy study. J Am Podiatry Assoc. 1980;70(11):539-51

	35.	 Eustace S, O’Byrne J, Stack J, Stephens MM. Radiographic features that en-
able assessment of first metatarsal rotation: the role of pronation in hal-
lux valgus. Skeletal Radiol. 1993;22(3):153-56

	36.	 Paley D. Principles of deformity correction. 2002

	37.	Dayton P, Feilmeier M, Kauwe M, Hirschi J. Relationship of frontal plane ro-
tation of first metatarsal to proximal articular set angle and hallux align-
ment in patients undergoing tarsometatarsal arthrodesis for hallux abduc-
to valgus: A case series and critical review of the literature. J Foot Ankle 
Surg. 2013;52(3):348-54

	38.	DiDomenico LA, Fahim R, Rollandini J, Thomas ZM. Correction of frontal 
plane rotation of sesamoid apparatus during the lapidus procedure: A nov-
el approach. J Foot Ankle Surg. 2014;53(2):248-51

	39.	Riley DS, Barber MS, Kienle GS, et al. CARE guidelines for case reports: 
Explanation and elaboration document. J Clin Epidemiol. 2017;89:218-35

	40.	Okuda R, Yasuda T, Jotoku T, Shima H. Proximal abduction-supination os-
teotomy of the first metatarsal for adolescent hallux valgus: A preliminary 
report. J Orthop Sci. 2013;18(3):419-25

	41.	Hasenstein T, Meyr AJ. Triplanar quantitative radiographic analysis of the 
first metatarsal-phalangeal joint in the hallux abductovalgus deformity. J 
Foot Ankle Surg. 2019;58(1):66-74

	42.	 Zambelli R, Baumfeld D. Intraoperative and postoperative evaluation of hal-
lux valgus correction: What is important? Foot Ankle Clin. 2020;25(1):127-39

	43.	Menz HB, Munteanu SE. Radiographic validation of the Manchester scale 
for the classification of hallux valgus deformity. Rheumatology (Oxford). 
2005;44(8):1061-66

	44.	Welck MJ, Singh D, Cullen N, Goldberg A. Evaluation of the 1st metatarso-
sesamoid joint using standing CT – The Stanmore classification. Foot Ankle 
Surg. 2018;24(4):314-19

	45.	Boffeli TJ, Sorensen T, Gorman C, et al. A novel manipulation technique 
for lapidus fusion in correction of hallux valgus deformity with underlying 
metatarsus adductus: A case series. J Foot Ankle Surg. 2022;61(2):222-26

	46.	Willegger M, Holinka J, Ristl R, et al. Correction power and complications 
of first tarsometatarsal joint arthrodesis for hallux valgus deformity. Int 
Orthop. 2015;39(3):467-76

	47.	Kunovsky R, Kocis J, Navrat T, et al. Lapidus arthrodesis in combination 
with arthrodesis of the first metatarsophalangeal joint-biomechanical ca-
daver study comparing two methods of fixation. Biomed Pap Med Fac Univ 
Palacky Olomouc Czech Repub. 2022;166(3):334-42

	48.	 Lalevée M, Barbachan Mansur NS, Dibbern K, et al. Coronal plane rotation 
of the medial column in hallux valgus: A retrospective case-control study. 
Foot Ankle Int. 2022;43(8):1041-48

Simón-Pérez E. et al:  
Triplanar hallux abductus correction in a patient with Down syndrome

© Am J Case Rep, 2023; 24: e940879

e940879-8 Indexed in:  [PMC]  [PubMed]  [Emerging Sources Citation Index (ESCI)]
[Web of Science by Clarivate]

This work is licensed under Creative Common Attribution-
NonCommercial-NoDerivatives 4.0 International (CC BY-NC-ND 4.0)


