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Abstract 
Objective: To evaluate the postoperative results of patients who underwent surgical treatment of hallux valgus with a modified Rever-
din-Isham (RI) technique and to compare the achieved correction with that reported by studies using the original technique. 

Methods: This is a retrospective study including patients with mild to moderate hallux valgus who underwent surgery from June 2010 
to July 2019. All patients were operated using the modified RI technique. Data were collected through the American Orthopaedic Foot 
and Ankle Society (AOFAS) questionnaire, in addition to pre and postoperative radiographic studies of the intermetatarsal angle (IMA), 
the hallux valgus angle (HVA), and the distal metatarsal articular angle (DMAA). 

Results: The mean postoperative follow-up was 30.1 months, and the mean age of patients was 56.4 years. The median AOFAS score 
in the postoperative period was increased by 56 points. The mean HVA was reduced in 16.5°, the mean IMA was reduced in 4.3°, and 
the mean DMAA was reduced in 10°. There were no cases of displacement or deviation of the first metatarsal head during the posto-
perative follow-up. 

Conclusion: The modified RI technique provided considerable stability to the osteotomy, in addition to a significant correction of the 
measured angles and an improvement in AOFAS scores, demonstrating itself as an effective technique for correcting mild to moderate 
hallux valgus. 

Level of Evidence IV, Therapeutic Studies, Case Series.
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Introduction
Hallux valgus is the most common deformity of the forefoot 

and is frequently accompanied by pain complaints, especially 
with the use of shoes with a narrow toe box. In symptomatic 
cases, surgical treatment is recommended, aiming to correct 
the alignment of the first radius. Recent studies have de-
monstrated that minimally invasive techniques present simi-
lar results to open surgery techniques, with less aggression 
to soft tissues(1-3). 

The Reverdin-Isham (RI) percutaneous surgical technique 
for correcting the hallux valgus deformity was developed by 
Stephen Isham(3), modifying the osteotomy performed in the 
first metatarsal (M1) proposed by Louis Reverdin(4). The RI 
technique is performed through incisions of less than a centi-
meter(5), following a series of surgical gestures for correcting 

the deformities: exostectomy, M1 osteotomy, lateral capsulo-
tomy, adductor tenotomy, and wedge osteotomy of the base 
of the proximal phalanx (Akin osteotomy).

During the learning curve of the use of the RI technique, in 
some cases the M1 osteotomy became unstable, progressing 
to medial displacement of the metatarsal head. By analyzing 
these cases, we decided to change the way the M1 osteo-
tomy was performed(6), seeking better stability. Other instan-
ces of the original technique were maintained as proposed 
by Isham(3).

The aim of this study was to evaluate postoperative results 
of patients who underwent surgical treatment of hallux val-
gus through a modified RI technique and to compare the 
achieved correction with that reported by studies using  
the original technique.
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Methods
This study was approved by the Institutional Review Board 

and registered on the Plataforma Brasil database under 
CAAE (Ethics Evaluation Submission Certificate) number: 
32408320.5.0000.5501.

From June 2010 to July 2019, 76 patients with mild to mo-
derate hallux valgus underwent surgery at our institution’s 
university hospital and one of the author’s private practice. 
The procedure was performed percutaneously, according to 
Isham(3), with our modification(6).

We included patients with symptomatic hallux valgus clas-
sified as mild or moderate7 and who had a postoperative 
follow-up of at least 6 months.

Patients with severe hallux valgus, rheumatic diseases, neu-
rological disorders, radiographic evidence of osteoarthritis in 
the metatarsophalangeal joint of the hallux(7), history of pre-
vious surgery, or previous fractures of the assessed forefoot 
were excluded.

Patients were contacted by telephone and 69 individuals 
(90.79% of the total) attended outpatient visits, totaling 79 
feet. All participating patients were informed of the objecti-
ves of this work and signed a free and informed consent form. 
Radiographs were performed in a weight-bearing manner in 
anteroposterior (AP) and lateral views, as routine. Angles 
were manually measured with a goniometer using the AP ra-
diograph in the pre and postoperative periods. We measu-
red the hallux valgus angle (HVA), the intermetatarsal angle 
(IMA), and the distal metatarsal articular angle (DMAA)(8).

All measurements were performed by orthopaedic specia-
lists of the foot and ankle surgical team of our service.

Clinical assessment was performed using a translated version 
of the American Orthopaedic Foot and Ankle Society (AOFAS) 
questionnaire for hallux deformities(9). The range of motion of 
the first interphalangeal and metatarsophalangeal joints was 
measured with a goniometer, both pre and postoperatively.

All complications after the procedure were documented 
in the medical records. These included complications of the 
surgical wound, sensitivity or motor alterations of the hallux, 
residual calluses or deformities or of the smaller toes, unpre-
dicted displacements of the metatarsal osteotomy, delayed 
union (absence of consolidation after 8 weeks), recurrences, 
or progression to osteodegenerative changes.

Surgical technique
The procedures were performed by a team comprising 2 

orthopaedists specialized in foot and ankle surgery. Patients 
were positioned in the dorsal decubitus position with their 
feet protruding from the operating table, without the use of 
a tourniquet, and were subjected to locoregional anesthesia 
(ankle block) at the ankle(10).

The special material used for surgery included a MIS Beaver 
64 scalpel blade, a Wedge 4.1mm burr, a long Shannon burr, and 
rasps. For the movement of the percutaneous burrs, we used a 
motor drill at 6000 rpm.

All patients were subjected to the RI technique, which inclu-
ded exostectomy, lateral capsulotomy, adductor tenotomy, 
and Akin osteotomy, performed according to the literatu-
re(3,4,11). Our modification was on the distal M1 osteotomy.

Exostectomy – this procedure was performed via a 5-8mm 
incision on the medial plantar surface of the M1. Firstly, a sin-
gle-plane incision was made, reaching the end of the exos-
tosis. The articular capsule was detached from the bone. 
Then, the Wedge burr was used for removing the exostosis. 
The bony detritus was removed manually and by washing 
with saline solution.

Modified RI osteotomy – after removing the exostosis and 
under fluoroscopy guidance, the Shannon burr was positio-
ned through the same incision on the medial surface of the M1, 
at an angle of 45° to the ground and immediately proximal to 
the medial sesamoid bone, pointing to the second metatarsal 
head. The osteotomy was initiated until reaching one-third of 
the metatarsal width. At this point, the direction of the burr 
was changed to a position perpendicular to the long axis of 
the metatarsal bone, maintaining the transversal cut until it 
reached the final third of the bone width. The direction of the 
burr was again changed to proximal and oblique until the late-
ral cortex osteotomy was completed. The aim was to create a  
notch where, when laterally translating the M1 head, a natural 
fit of the bone fragments occured (Figure 1A and B), provi-
ding more stability to the osteotomy.

Figure 1. A. Sequence of M1 osteotomy planes in Sawbones. B. Same 

sequence demonstrated in radiographs.

A

B
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Tenotomy of the adductor hallucis tendon and lateral cap-
sulotomy – Through a new 2 mm incision in the dorsal lateral 
surface of the first metatarsophalangeal joint, the adductor 
hallucis tendon and the lateral capsule were sectioned.

Hallux proximal phalanx base osteotomy (Akin osteotomy)(11) 
– through another 3-5mm incision in the dorsal medial surfa-
ce of the base of the first phalanx, medial osteo tomy was per-
formed with a long Shannon burr without rea ching the lateral 
cortex, maintaining higher stability with the osteoclasis after 
varus movement of the toe.

Immobilization and postoperative care
At the end of the procedure, we applied an elastic bandage 

for maintaining the achieved position in a slight hypercorrec-
tion of the hallux. This immobilization should be changed weekly 
by the team during the first 4 weeks, and by the patient in the 
2 following weeks. Deambulation was allowed with the use of 
shoes with stiff soles from the first day until the second month 
after the procedure. The patient was instructed to mobilize 
the hallux from the first week. Physiotherapy was recommended 
after the sixth postoperative week.

Statistics
Initially, the demographic and clinical characteristics were 

descriptively analyzed. Categorical variables were presented 
as absolute and relative frequencies, and numerical variables 
were presented as summary statistics (mean, median, stan-
dard deviation [SD], minimum, maximum).

For comparing means before and after intervention, we 
used a Student’s t-test for paired samples. The Student’s 
t-test assumes a normal distribution, which was verified using 
a Kolmogorov-Smirnov test. All statistical tests used a signi-
ficance level of 5%.

Statistical analyses were performed with SPSS 20.0.

Results
We analyzed information from 69 patients and 79 feet. The 

mean age was 56.4 years (SD = 11.9 years), minimum age was 
27 years, and maximum age was 82 years.

As shown in table 1, 91.3% of the patients were female, 14.5% 
had both their feet affected, and 51.9% of the cases were of 
the left foot. Mean follow-up was 30.1 months (SD=20 months), 
with a minimum period of 6 months and a maximum of 98 
months (a little over 8 years).

As shown in table 2, significant reductions were observed 
in the HVA (p<0.001), the IMA (p<0.001), and the DMAA 
(p<0.001). An improvement of the AOFAS score was also 
observed (p<0.001). This way, mean reductions of 16.5° 
(SD=7.3°), 4.3° (SD=2.7°), and 10.0° (SD=7.7°) were observed 
in the HVA, IMA, and DMAA, respectively. Considering the 
AOFAS score, we verified a significant increase in the me-
dian value, with a variation of 56 points (p<0.001).

Table 2. Measured variables

Time points
pBefore 

surgery
After 

surgery
Before - after 

surgery
Hallux valgus  
angle (o)

<0.001

Mean ± SD 27.5 ± 6.9 10.9 ± 5.6 -16.5 ± 7.3

Median (minimum 
- maximum)

27.0 (10.0 
to 45.0)

10.0 (-10.0 
to 25.0)

-16.0 (-36.0 
to -2.0)

Intermetatarsal 
angle (o)

<0.001

Mean ± SD 14.6 ± 2.7 10.2 ± 2.5 -4.3 ± 2.7

Median 
(minimum - 
maximum)

14.0 (8.0  
to 20.0)

10.0 (5.0 
to 19.0)

-4.0 (-11.0  
to 6.0)

Distal metatarsal 
articular angle (o)

    <0.001

Mean ± SD 17.7 ± 8.1 7.6 ± 4.2 -10.0 ± 7.7

Median 
(minimum - 
maximum)

17.0 (0.0  
to 50.0)

6.0 (0.0 to 
20.0)

-10.0 (-32.0 
to 5.0)

AOFAS score <0.001

Mean ± SD 40.2 ± 12.8 92.9 ± 6.0 52.7 ± 13.2  

Median 
(minimum - 
maximum)

35.0 (23.0 
to 74.0)

95.0 (74.0 
to 100.0)

56.0 (13.0 
to 72.0)

 

AOFAS: American Orthopaedic Foot and Ankle Society.

Table 1. Sample characteristics

Patients (N=69)
Sex, N (%)

Female 63 (91.3)

Male 6 (8.7)

Age (years)

Mean ± SD 56.4 ± 11.9

Median (minimum - maximum) 57.0 (27.0 to 82.0)

Involvement, N (%)

Unilateral 59 (85.5)

Bilateral 10 (14.5)

Feet (N=79)

Laterality, N (%)

Right 38 (48.1)

Left 41 (51.9)

Follow-up (months)

Mean ± SD 30.1 ± 20.0

Median (minimum - maximum) 24.0 (6.0 to 98.0)

Regarding complications, 79.7% of the feet (63) did not pre-
sent any type of complication. The most frequent occurren-
ce was a limitation of the range of motion of the metatarso-
phalangeal joint, in only 6.3% (5) of the feet, followed by 
hypoesthesia, reflex sympathetic dystrophy, and persistent ede-
ma, with 2 cases each. Transfer metatarsalgia and second me-
tatarsal stress fracture occurred only in one patient each, as 
well as one recurrence and one hypercorrection (hallux varus). 
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Discussion
Mean AOFAS scores were significantly increased, going 

from a median of 35 points before surgery to 95 points after the 
procedure, demonstrating a median variation of 56 points; 
this is similar to what was reported by studies using the clas-
sical RI technique(12,13). On the other hand, scores were slightly 
inferior to what was reported by Restuccia et al. (14) and Liuini 
et al.(2). We believe that our AOFAS score variation was lower 
because we did not include patients with severe hallux val-
gus, which are generally associated with lower preoperative 
AOFAS scores.

We observed a significant decrease in the measured radio-
logical angles. The mean HVA was decreased by 16.5°, indi-
cating good correction of this parameter when compared to 
results of authors using the traditional technique(12,13,15).

In this study, we performed complete osteotomy of M1 and 
lateral displacement of the distal fragment. We reckon that 
this is the reason why we achieved a higher correction of the 
IMA when considering studies that used the classical RI pro-
cedure(12,13,15). The mean DMAA was decreased by 10°, which is 
in line with values observed in the literature(4,12-18). 

The modified RI technique maintained the intracapsular aspect 
of the original description(1). Therefore, we do not recom-
mend this procedure for cases of severe hallux valgus, where 
there is a need for increased angular correction.

The most frequent complication of percutaneous intracap-
sular techniques and open surgeries tends to be the decrea-
se of the range of motion of the hallux metatarsophalangeal 
joint(4,12,15,19). Although all patients were instructed to actively 
mobilize the joint in the immediate postoperative period, 
the results of this study were also in line with the literature, 
showing a decrease in mobility as the most frequent compli-
cation (6.3%).

Even though it is not frequent with the classical RI technique, 
displacement of the M1 osteotomy may occur, leading to the 
loss of the achieved correction(1,10,15,20,21). We aimed to modify 
the RI technique so that the M1 osteotomy would promote the 
fit of the bone fragments, providing better stability(5). With 
this modification, we did not observe any cases of osteo tomy 
displacement. 

Hallux hypoesthesia was observed in 2 patients (2.5%), with 
a low incidence when compared to the literature, where some 
studies report indices of up to 30%(6). We believe that this 
type of complication occurs due to overheating of the burrs and 
its potential aggression to soft tissues. To reduce the risk of 
injury, one should maintain motor rotation below 8000 rpm, 
avoid continuous and prolonged use of the burr, and perform 
intermittent irrigation with physiological saline. These measu-
res help cooling the burrs, avoiding burns to the skin and soft 
tissues(22).

We had a case of transfer metatarsalgia and a third meta-
tarsal stress fracture. We believe that these complications are 
due to the association between the shortening caused by the 
M1 osteotomy and the long second and third metatarsals. This 
combination can lead to the inbalance of the metatarsal for-
mula, leading to an overload of the neighboring radiuses(4,23).

We had only one case of recurrence, where the patient opted 
to not undergo a new correction procedure since she was not 
having symptoms.

Three patients (3.8%) had type 1 complex regional pain syn-
drome (PRPS) after the procedure, reaching spontaneous re-
solution up to 6 months into the postoperative period(24). This 
result was in line with the literature, where a systematic review 
of foot and ankle surgeries reported an incidence of PRPS of 
4.36%(25). Bauer et al. had an incidence of 2.67% with percuta-
neous surgeries, but of type 2 PRPS, with neurological injury(13).

In the literature, infection rates for percutaneous foot sur-
geries vary from 0% to 3.5%(16,22,26). We did not report any in-
fections in the present study and we believe that this could 
be justified by a low aggression to tissues and minimal bone 
exposure, as described by Prado et al.(4).

Some of the positive aspects of our work include a satisfac-
tory sample size, where we managed to perform a 6-month 
follow-up with approximately 90% of the patients and the 
mean follow-up lasted 30.1 months. Our pre and postoperati-
ve assessments approached both objective radiographic me-
asurements (angle variations) and the functional assessment 
of patients (clinical assessment and AOFAS questionnaire).

Despite being one of the most widely used questionnaires, 
the AOFAS score has little validation in the literature due to 
its limitations in clinical assessment(18,27). We decided to use 
this instrument because it provided us with a wider bibliogra-
phic study for analyzing the obtained clinical results.

As limitations of this study, we should cite that data were 
collected by more than one examinator. All pre and postopera-
tive assessments were executed by the same team of surgeons 
that performed the experiments, which could be a source or 
performance bias. We did not assess shortening of the meta-
tarsal after osteotomy, which could be useful for discussing 
possible transfer metatarsalgias. Angle measurements were 
performed manually, which could result in interobserver va-
riations. Since this is a retrospective study for evaluating the 
results of a single surgical technique, we did not have a control 
group for comparing results. For future studies, we suggest 
the comparison between patients who underwent the origi-
nal surgical technique and our modified procedure, evaluating 
their capacity to avoid displacements of the M1 head.

In percutaneous foot surgery, in addition to an adequate in-
dication and specific material, it is crucial that the surgeon 
undergoes training for familiarizing him or herself with the 
technique and for the progression of the learning curve. The 
learning curve is known to be long(28), but as one progresses, 
the level of complications inherent to the surgeon decreases. 

Conclusion
The modification of the M1 osteotomy in the RI technique 

evidenced significant results regarding its stability, since there 
were no displacements or deviations in the postoperative pe-
riod. We observed a significant improvement in AOFAS sco-
res and in the correction of the measured angles. Therefore, 
the modification was shown to be effective for correcting 
mild to moderate hallux valgus.
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