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Summary. Hallux valgus (HV) and Pes Planus (PP) are two common conditions characterized by aesthetic 
dissatisfaction with or without pain. The aim of the study was to assess clinical and functional outcomes at two 
years follow-up of percutaneous surgery in patients with HV and concomitant not-symptomatic PP. From 
January 2014 to May 2015 a total of 12 females and 2 males (14 feet) were enrolled in the study (mean age 
41.9±13.28). The inclusion criteria were patients with HV surgically treated with the percutaneous approach, 
mild or moderate not symptomatic PP at 24 months follow-up. Percutaneous distal metatarsal osteotomy and 
exostectomy is performed for all patients and followed by a weekly bandage. American Orthopaedic Foot and 
Ankle Society (AOFAS) score for HV (AOFAS-HV), patient satisfaction, and preoperative and postopera-
tive X-ray at 6 weeks follow-up were evaluated. Numerical data are reported as the mean± SD and 95% con-
fidence intervals. The pre-operative hallux valgus angle (HVA) was 30.14°±11.26°, the post-operative HVA 
was 18.36°±10.13 with a mean correction of 11.79°±2.67° with p<0.0001. Mean AOFAS-HV increased from 
42.07±10.82 pre-operatively to 83±8.96 post-operatively with p<0.0001. One out of 14 patients had recur-
rence of HV without needing revision surgery at the last follow-up. All patients were satisfied with the clinical 
outcomes. Our results suggested that percutaneous osteotomy with the mini-burr is an effective treatment for 
patients with HV despite PP presence, even if the mean functional score was slightly worse when compared 
with the literature. (www.actabiomedica.it)
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O r i g i n a l  a r t i c l e

Introduction 

Hallux valgus (HV) and pes planus (PP) are two 
of most common reason to visit a foot and ankle sur-
geons for foot structural deformities. HV more com-
monly occurs in female than male (8:1) and is defined 
by a variable as angular deviation of the first ray greater 
than 15° with a progressive abduction and pronation of 
the first phalanx and adduction, pronation and eleva-
tion of the first metatarsal (1, 2).

A hallux valgus deformity is usually associated 
with abnormal foot mechanics, such as a contracted 

Achilles tendon, pes planus and generalized neuro-
muscular disease or inflammatory arthritic conditions, 
such as rheumatoid arthritis. 

PP is more frequent in male patients and is de-
fined by a collapse of the medial plantar arc with foot 
pointed outward. The aetiology and the correlation 
between these two clinical conditions still are debated 
and are thought to be multifactorial. 

Hallux valgus correction requires careful con-
sideration. The surgical approach for painful foot de-
formities is considered the gold standard. Up to date, 
a lot of surgical techniques were reported such as open 
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or percutaneous procedures. In particular, the percuta-
neous approach is progressively increasing its role and 
constant improvement are reported. The aim of the 
surgery is to correct the forefoot deformity and give a 
long-term functional and aesthetical satisfactory result 
(3). 

In the case of simultaneous presence of PP, the 
therapeutic strategy is challenging, especially in not 
painful patterns. Treatment protocol for simultaneous 
surgical correction of both deformities is not described 
in the literature. Nevertheless, it is commonly per-
formed when both deformities are severe and painful. 

In our case series, we retrospectively evaluate 
fourteen patients treated using a percutaneous ap-
proach to correct HV with the simultaneous presence 
of mild and non-painful PP.

The aim of the study was to assess clinical and 
functional outcomes at two year follow-up of percu-
taneous surgery in patients with HV and concomitant 
not-symptomatic PP. 

Patients and methods

From January 2014 to May 2015, 42 consecutive 
patients underwent percutaneous correction of symp-
tomatic HV in our department. From them, we recruit 
17 patients with concomitant PP, no distinction be-
tween acquired, secondary or congenital flat foot were 
applied. Sixteen patients underwent unilateral surgery 
while 1 had bilateral, due to symptoms and grade of 
HV. As an inclusion criterion, we consider PP all feet 
with a calcaneal inclination angle on weight-bearing 
lateral x-ray less than 20° (Figure 1). The mild and 
moderate grade of asymptomatic PPs were included 
in the study since severe PPs were all symptomatic and 
consequentially excluded. Four patients were lost at 
the minimum follow-up of 2 years and were then ex-
cluded. Finally, 12 females and 2 males (14 feet) were 
enrolled in the study. Mean age was 41.9±13.28. The 
demographic characteristics are listed in table 1. Be-
fore surgery, all patients were fully informed about the 
surgical procedure, post-operative care, and potential 
risk and complication of this procedure. All patients 
provided written informed consent and agree to surgi-
cal treatment proposed.

Alignment of the first ray was assessed through 
hallux valgus angle (HVA) (4), defined as the angle be-
tween the longitudinal axis of first metatarsal and the 
longitudinal axis of proximal phalanx. A value greater 
than 15° was considered pathognomonic of hallux val-
gus. No distinction between HV degrees were estab-
lished as an inclusion criterion. American Orthopae-
dic Foot and Ankle Society (AOFAS) score for HV 
(AOFAS-HV) (5) was used to assess clinical function 
before and after treatment. AOFAS-HV is an 8 en-
try questionnaire with a maximum total score of 100. 
The score was divided into three main section: pain 
(40 points), function (45) and alignment (15). Patients 
satisfaction for surgical treatment was also recorded at 
final follow-up. 

Figure 1. Pre-operative assessment of a 34-years old patient. 
A Pre-Operative Clinical photograph showing hallux valgus; 
B Pre-operative X-ray showing Hallux Valgus Angle (HVA) 
of 36°; B Pre-operative X-ray showing Calcaneal Inclination 
Angle (CIA) of 12°

Table 1. Demographic characteristic value

Participants (%) 14 (100)
Female gender (%) 12 (85.7)
Age (yr)

   Mean±SD 41.92±13.28
Comorbidity 
   None (%) 14 (100)
Laterality

    Left main symptomatic (%) 6 (42.9)
    Right main symptomatic (%) 8 (57.1)
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Surgical technique 

All procedures were performed by the same sur-
geon (O.C.). The patient is positioned in supine posi-
tion, under ankle block anaesthesia and without tourni-
quet. A 2-mm skin incision was performed at the level 
of the first metatarsal head, just marginal to bunion. 
Bursal removal was obtained with straight burr 2.15 
and cylindrical burr 3.15 and to avoid bone necrosis 
we used burr speed 2000-6000 rpm and tissues were 
irrigated with physiological solution. From the same 
access. we performed the distal metatarsal osteotomy 
with mini-burr (Shannon 44, Miltex Instrument, Co., 
Inc., Rietheim-Weilheim, Germany). 

The osteotomy line was perpendicular to the first 
metatarsal longitudinal axis with inclination of 30° on 
the sagittal plane. To achieve the best and stable reduc-
tion, the tenotomy of the transverse head of adductor 
halluces can be performed, with or without osteotomy 
of the basis of proximal phalanx head.

To stabilize osteotomy, we preferred to use weekly 
bandage that allowed us to stabilize and modulate hal-
lux correction during time as introduced by Bauer et 
al. (6). 

Post-operative care

Full weight-bearing was allowed immediately the 
first postoperative day with an orthopaedic shoe (Po-
dalux, DJO Global, Surrey, United Kingdom). Cane or 
other supports were not necessary for walking; How-
ever, some patients preferred to use them in the first 
weeks after surgery.

Radiographic evaluations were performed every 2 
weeks while the renewal of bandages was performed 
weekly (Figure 2). Clinical examination and bandages 
were performed for 5 consecutive weeks and a new ra-
diological examination was performed at 2 and 5 weeks 
along with bandages removal and then at 6 months 
and yearly. Patients continued to wear the orthopaedic 
shoe for a total of 5 weeks and comfortable shoes for 
other 4 weeks. A nocturnal retractor was positioned 
for the first month after bandage removal.

Statistical analysis

Mean±standard deviation and 95% Confidence 
interval was calculated for AOFAS-HV and HVA. 
AOFAS-HV was also divided into three main section. 
Mann-Whitney U test was used to evaluate changes in 
HVA and AOFAS-HV values. Level of significance 
was set at p<0.05.

Assessors

One of us (F.F.) performed the radiographic 
measurements, data collection, statistical analysis, and 
language editing. Two of us (O.C., J.H.V. and F.Z.) 
performed study design, manuscript and image prepa-
ration; all procedures were carried out by the same sur-
geon (O.C.). Three others (F.L., G.C., FS) recruited 
the patients and collected pre-operative and post-op-
erative outcome assessment. All Authors reviewed and 
approved the final manuscript.

Results

Before treatment mean HVA was 30.14°±11.26° 
while after the surgical procedure the mean correction 
was 18.36°±10.13 and a mean value of 11.79°±2.67° 
with p<.0001. Mean AOFAS-HV increased from 
42.07±10.82 preoperatively to 83±8.96 postopera-
tively with p<.0001 (Table 2). Mean AOFAS-HV in-

Figure 2. Post-operative assessment of a 40-years old patient. 
A Post-Operative Clinical photograph showing hallux valgus 
correction after bandage removal; B Pre-operative X-ray show-
ing Hallux Valgus Angle(HVA) of 12°; B Pre-operative X-ray 
showing Calcaneal Inclination Angle (CIA) of 11°
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creased from 42.07±10.82 pre-operatively to 83±8.96 
post-operatively with p<.0001 (Table 3). Mean AO-
FAS HV pain subsection increased from 20.71±9.97 
to 32.14±6.99 with p=.00386. Mean AOFAS HV 
function subsection increased from 21.36±6.42 to 
36.86±4.22 with p<.0001. Mean AOFAS HV align-
ment subsection increased from 0±0 to 14±2.54 with 
p<.0001. 

One out of 14 patients had recurrence of HV with 
an HVA of 18° at 6 months, stable at last follow-up at 
24 months without needing revision surgery. Another 
patient had an HVA considered at the upper limits of 
the norm after surgical correction.

All patients were satisfied with the surgical pro-
cedure and will undergo the same procedure on the 
contralateral side in future, if necessary.

Discussion 

In our study, we analyzed the functional outcome 
of patients undergoing percutaneous hallux valgus cor-
rection when concomitant non-painful PP is present. 
This surgical procedure demonstrates to be an effective 
and safe approach for HVA whit satisfactory results 
for all patients. 

Both deformities represent the main reasons for 
consulting a foot surgeon. On one side, HVA is the 
most common foot deformity affecting the 23% of 
adults and 35.7% of elderly individuals (7). On the 
other hand, PP represents the 20% of adult people 
with 50 % of all these cases defined as asymptomatic 
depression of the longitudinal arch (8) otherwise re-
quire surgical approach (9, 10).

Despite the large distribution in the population, 
the association between HVA and PP is still debated 
in the scientific community. 

Kilmartin and Wallace founded that the incidence 
of PP in HV patients and in the healthy population is 
essentially the same as well as the post-operative out-
come when HV surgical correction is performed. In 
particular, this study underlined that the height of the 
plantar arch did not affect the clinical outcome of HV 
correction and its natural history (11).

Likewise Canale et al. (12) have reported no cor-
relation between PP and the success rate of surgical 
repair of HVA deformity correction. 

One limitation of these studies is related the con-
founding factor that several radiographic parameters 
are developed to describe the amount of PP. Giving 
that, the calcaneal inclination angle, navicular height, 
clinical observations and arch index, pes planus foot 
type represent the most commonly used instrument to 
classify the PP. According to these multiple options 
of measurement of PP, it is reasonable to found stud-
ies with an opposite opinion regarding the correlation 
between these foot deformities. 

According to our knowledge, this is the first study 
aimed to investigate the surgical and clinical outcomes 
in patients affected by HV and treated with percutane-
ous approach when concomitant PP is present.

Several authors have suggested that HV deform-
ity tends to develop in a pronated foot related with 
PP. In rheumatoid arthritis, the correlation between 

Table 2. Clinical outcomes

Variable AOFAS - HV

Pre-Operative
   Mean±SD 42.07±10.82
   95% CI 35.83 to 48.32

Post-Operative
   Mean±SD 83±8.96
   95% CI 77.83 to 88.17
p Value <0.00001

Abbreviations: AOFAS - HV, American Orthopaedic Foot and 
Ankle Society Hallux Valgus Score; CI, confidence interval; 
SD, standard deviation

Table 3. Radiographic outcomes

Variable HVA (°)

Pre-Operative
   Mean±SD 30.14±11.26
   95% CI 23.64 to 36.64

Post-Operative
   Mean±SD 11.79±2.67
   95% CI 10.25 to 13.32
p Value < 0.00001

Abbreviations: HVA, Hallux Valgus Angle; CI, confidence in-
terval; SD, standard deviation
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these two deformities seems higher when compared 
to the normal population and for these reasons several 
authors have proposed to study in the horizontal and 
sagittal planes systematically. The aim is to reveal any 
basal phalanx displacement and not to miss the coex-
istence of flatfoot deformity (13).

Coughlin et al. (14) have suggested that several of 
structural factors may be characteristic of HV, includ-
ing PP and even the development is multifactorial and 
the exact aetiology remains unexplained. Also not rep-
resenting the primary cause, the concomitant presence 
of both the deformities may increase the risk of a rapid 
HV progression (15).

From a biomechanical point of view, the presence 
of adult-type pes planus causes pronation of the foot 
and hind-foot valgus. The first ray rotation is the nat-
ural consequence of foot pronation; the result is that 
the axis of the MTP joint is in an oblique plane rela-
tive to the floor. This excessive lateral pressure on the 
distal part of the proximal phalanx may induce HAV 
deformity. 

The intimate relationship between the deformities 
encouraged Matsumoto et al. (16) to propose a classi-
fication based on 5 patterns of presentation according 
to the characteristic of HV and PP.

Giving that, several authors proposed to poten-
tially increase the clinical outcomes with a simultane-
ous correction of both the deformities. Nevertheless, 
the treatment protocol of simultaneous correction are 
not described in the literature, this approach is mainly 
performed in the juvenile HV and represents a valu-
able option in the painful flatfoot (17).

The decision-making process in hallux valgus sur-
gery passes through the awareness that not all hallux 
valgus deformities are equal and the revision rate is 
high (18).

The main limitation of the previous studies is 
that no one proposed a real therapeutic strategy to ap-
proach both the deformities. In our study, the surgi-
cal procedure focused on the correction of HV and no 
surgical solution was taken into consideration for the 
PP for its mild degree and not painful.

Percutaneous and minimally invasive surgery is 
considered as one of the most significant advances in 
the treatment of foot deformities. The percutaneous 
HV surgery is aimed to potentially decreased recov-

ery and reduce rehabilitation and operative times with 
minimal soft tissue damage and low level of pain in the 
postoperative period (19).

In our study, the osteotomies were stable without 
internal fixation and the correction intraoperatively 
reached was maintained with a crepe bandage. More-
over, the renewal of dressings each week allowed the 
surgeon to modulate HV correction over time.

Thanks to their ability to reach regional deformity 
with minimal soft tissue damage these procedures are 
associated with less blood loss, short postoperative re-
covery and less injury to the soft tissue. Through recent 
acquisitions, percutaneous procedure brings powerful 
correction tools directly to the heart of the problem. 

Several studies underline that the experience in 
percutaneous surgery and postoperative management 
are probably the main factors for the improvement of 
long-term results (6). 

The scientific community does not equally con-
sider the percutaneous procedures.

According to Kadakia (20) and colleagues, these 
procedure does not allow to reach an adequate correc-
tion of the DMAA (distal metatarsal articular angle), 
with a higher risk of overcorrection, recurrence and 
worst clinical results when compared with conven-
tional open surgery. In particular, they report a high 
rate of early complication, non-union, and recurrence 
of HVA. 

In our series one out of 14 patients had a recur-
rence of HV with an HVA of 18° at 6 months, the 
loss of correction was stable at last follow-up at 24 
months. Nevertheless, the patient was satisfied of aes-
thetical and functional results, any revision surgery was 
required. 

In numerous studies (19, 21), the percutaneous 
procedures ware defined at least as effective as tradi-
tional approaches for functional results and patient 
satisfaction.

Our results have shown to be comparable with re-
sults of previous studies in terms of surgical correction 
and clinical outcomes. However, the small sample size 
and some bias must be related to a low number of cases 
and a non-homogeneous population stratification by 
foot deformity. 

According to a recent systematic review (19), 
the average correction of the HVA improved from a 
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pre-operative value of 29.6° (range 24.8° to 34.2°) for 
cases of mild to moderate HV to 13.2° (range 7.3° to 
15.5°) post-operatively. In cases of moderate to severe 
HV, the preoperative and postoperative HVA was 
41.5° (range 40.2° to 43°) and 13.2° (10.51° to 16°), re-
spectively, using double percutaneous osteotomy. This 
study finally underlined the powerful capabilities of 
percutaneous approach. 

Comparing our radiographic results after hal-
lux valgus surgical correction between studies may be 
difficult because of subject selection and variability of 
severity of preoperative deformity, nevertheless, our 
results seem comparable to other studies. 

From a functional point of view, the average post-
operative AOFAS ranged from 84 (22) performing 
percutaneous double osteotomy surgical technique 
(Percutaneous Chevron Osteotomy) to 96.62 (23) per-
forming a Reverdin-Isham procedure. 

Even the encouraging result up to now it is not 
possible to determine precise recommendations re-
garding the systematic use of minimally invasive sur-
gery for hallux valgus correction (21), and the thera-
peutic strategy is furthermore challenged by the simul-
taneous presence of PP. A physician should be aware of 
possible progression of deformity, for this reason, the 
use of prefabricated or custom orthoses or surgically 
approach this secondary deformity may be beneficial.

Our results suggested that the percutaneous ap-
proach represents an effective treatment for HV cor-
rection in patients with PP. The lack of the main com-
plications, clinically relevant recurrence at 24 months 
follow-up, and the presence of good functional out-
comes make it a valuable treatment choice (24).

When compared with the data presented in the 
literature, our series of patients shows slightly worst 
clinical outcome in term of AOFAS results at 24 
months.

Some limitations are related to the small number 
of patients, the lack of a control group and randomiza-
tion. Also, an a priori sample size calculation was not 
done. We were also limited by the lack of published 
data on the percutaneous approach of HV in PP de-
formity to compare with. 

In our opinion, PP may be considered as an inde-
pendent predictor of clinical outcomes and risk factor 
modifiable through intervention (e.g., footwear fit and 

heel height). This study has highlighted that this fac-
tor warrants further investigation using rigorous study 
methodology and further assessment is necessary to 
confirm the good clinical results and the absence of 
loss of correction over time.

Conclusion 

The study aimed to analyze the functional out-
come of patients undergoing percutaneous surgi-
cal procedure for hallux valgus correction in patients 
with pes planus. Even if results were graded as good, 
the study showed that the mean functional score was 
slightly worse when compared with the scores present-
ed in the literature for percutaneous surgery.

In conclusion, we should carefully examine the 
feet of patients who will undergo reconstructive sur-
gery for HV deformity because of the contextual pres-
ence of PP, though not painful, seems to play a role in 
the functional result, if not adequately treated. Further 
studies should be aimed to identify the PP as an in-
dependent predictor of post-operative functional out-
come. 
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