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Abstract

Purpose: Calcaneonavicular coalition accounts for more than half of all tarsal coalitions. Resection of calcaneonavicular
coalition by an open approach is the standard treatment. Treatment of calcaneonavicular coalition by an arthroscopic
approach appears promising. The objective of our study was to compare the clinical outcomes of calcaneonavicular
coalition resection by open approach versus arthroscopic approach.

Methods: A retrospective cohort study was conducted to evaluate |27 patients who underwent a resection
of calcaneonavicular coalition from 2009 to 2017. Patients were divided into two groups according to whether an
arthroscopic approach or an open approach was used. Demographics, operative parameters, and clinical outcomes (foot
and ankle ability measure score, subjective score, and global ankle estimation) were assessed.

Results: Arthroscopic approach was used for 8| patients and open approach for 46 patients. Treatment with
arthroscopic approach resulted in a shorter hospital stay (2.6 = 0.6days vs 3.0 = 0.7; p=0.02) and a longer operative
time (24.5 £ 8.1 min vs 20.5 = 4.2; p <0.01) than with open approach. The foot and ankle ability measure sports subscale
scored significantly higher in the arthroscopic approach group (90.9 vs 77.3; p=0.003). Revision rate was significantly
higher in the arthroscopic approach group (12 (15%)) versus the open approach group (I (2%)) (p=0.024). Persistent
symptoms (n=12) were the main reason for revision.

Conclusions: Arthroscopic treatment of calcaneonavicular coalition is associated with a higher revision rate than the
open approach.

Level of evidence: Level lll—retrospective comparative study.
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Table I. Comparison of baseline demographics and clinical parameters.
Overall Arthroscopy Open p value
n=127 n=8l n=46
Gender, n (%) 0.737
Male 41 (32%) 27 (33%) 14 (30%)
Female 86 (68%) 54 (67%) 32 (70%)
Age at the time of surgery 13.0 (=1.7) 132 (=1.6) 12.7 (=1.7) 0.185
Side, n (%) 0.699
Right 66 (52%) 47 (58%) 19 (41%)
Left 61 (48%) 34 (42%) 27 (59%)
Follow-up time, months 67.1 (+27) 75.6 (=25) 57.4 (=25) 0.003
Preoperative pain, n (%) 0.187
Yes 124 (98%) 78 (96%) 46 (100%)
No 3 (2%) 3 (4%) 0
Recurrent preoperative sprains, n (%) 0.085
Yes 57 (45%) 41 (51%) 16 (35%)
No 70 (55%) 40 (49%) 30 (65%)
Preoperative incapacity to run, n (%) 0.010
Yes 84 (66%) 47 (58%) 37 (80%)
No 43 (34%) 34 (42%) 9 (20%)

Bold denotes statistical significance.

the complication rate of open CC resections is 13%,
wound dehiscence being the main complication accord-
ing to Masquijo et al.”

Several authors have proposed arthroscopic resection to
reduce the morbidity of the procedure, and to accelerate
recovery.!®!* A preliminary study by Bourlez et al.'4
reported a mean short-term AOFAS score of 89.1 in 10
patients with AA. Although the results of AA seem promis-
ing, there has been no comparison of the results of CC
resection by AA versus OA in the literature.!%1214

The objective of our study was to compare the clinical
outcomes of CC resection by OA and by AA. The hypoth-
esis was that AA resection of CC provides superior out-
comes compared to OA.

Materials and methods

Patient population

The institutional review board approved (# 15-1219) this
retrospective review of patients aged 8—18years who
underwent surgery for CC between January 2009 and
December 2017 in our tertiary care university hospital. A
total of 238 patients with tarsal coalition underwent surgi-
cal resection, of which 111 were excluded because the
coalition did not involve the calcaneonavicular space.
Finally, 127 patients with isolated unilateral or bilateral
CC and failed non-operative management were included.
Two surgeons performed the AA procedures, whereas
several different surgeons performed the OA procedures.
A total of 81 patients underwent surgery by AA and 46
patients underwent surgery by OA. Patient demographic
data are summarized in Table 1. Minimum clinical and

radiographic follow-up was 24 months. Mean follow-up
of the entire cohort was 67.1 months (*£27), that is,
75.6months (*=25) in the AA group and 57.4 months
(*=25) in the OA group (p=0.003).

Data collection

Outpatient clinic (preoperative and follow-up), hospital
stay, and surgical procedure (AA, OA, operative time)
reports, as well as anteroposterior (AP)/lateral and oblique
view radiographs, and computed tomography (CT) scans
were reviewed by an orthopedic surgeon (CB). Foot and
ankle ability measure (FAAM) functional scores (activities
of daily living (FAAM-adl) and sports (FAAM-s) sub-
scales) and subjective measures, as well as a global assess-
ment of the ankle were recorded during a dedicated
telephone interview.'>!® The clinical outcomes (i.e. at the
latest clinical follow-up), as well as complications and
causes of revision were also recorded.

Surgical technique

Regardless of the technique used (i.e. AA or OA), the
patient was placed in a supine position, under general
anesthesia. A tourniquet was placed above the knee and a
bolster under the ipsilateral buttock to expose the dorsolat-
eral aspect of the foot.

Open approach

The surgical technique used for the OA group was CC
resection by a dorsolateral oblique approach of the lateral
projection of the talonavicular joint and along the anterior
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Table 2. Description of the functional outcome after resection of calcaneonavicular synostosis with the arthroscopic and the open

approach.
Overall Arthroscopy Open p value
n=127 n=8l n=46
FAAM score, n (%)
Activities of daily living 92.4% (+13.0) 94.5% (+10.2) 90.0% (*+15.4) 0.151
Sports 84.5% (*19.8) 90.9% (+13.9) 77.3% (+22.8) 0.003
Subjective score, n (%)
Daily 89.3% (*15.9) 91.8% (*15.5) 86.0% (+15.9) 0.138
Sports 78.1% (+27.3) 80.7% (+29.3) 74.9% (+24.1) 0.365
Overall estimate, n (%)
Normal 44 (58%) 28 (67%) 16 (47%) 0.085
Almost normal 20 (26%) 9 (21%) 11 (32%) 0.282
Below normal 8 (10%) 2 (5%) 6 (18%) 0.069
Well below normal 4 (5%) 3 (7%) I (3%) 0.415

FAAM: foot and ankle ability measure.
Bold denotes statistical significance.

process of the calcaneus (i.e. the Ollier approach).’ The
extensor digitorum brevis muscle was incised and elevated
and CC resection was performed using a narrow osteotome
and a rongeur. A flap of extensor digitorum brevis muscle
was created and interposed.

Arthroscopic approach

CC resection by AA was performed according to the tech-
nique by Knorr et al.'® The arthroscopic portal was placed
dorsally to the Gissane angle at the posterior aspect of the
anterior process of the calcaneus. The instrument portal
was anterior and distal to the anterior process of the calca-
neus, and lateral to the extensor digitorum longus tendon.
Correct placement of the portals was checked using
oblique image intensifier view. The extensor digitorum
brevis muscle was detached with a shaver, then the CC was
identified and resected using an arthroscopic burr and
curette. The amount of resected tissue was checked both
arthroscopically and radioscopically. No interposition was
performed.

In both AA and OA techniques, the aim was to create a
complete gap of 10 mm.

Postoperative care

Regardless of the technique used, patients were immobi-
lized in a below-knee splint, non-weight-bearing for
8—10days. Weight-bearing and active mobilization were
encouraged thereafter.

Statistical analysis

Descriptive statistics (mean with standard deviation for
continuous variables and frequencies with proportions for
categorical data) were used to summarize recorded

variables. Covariates were compared using Wilcoxon
rank-sum and Pearson’s chi-square tests. P-values less
than 0.05 were considered statistically significant. A statis-
tical analysis was carried out using R (version 3.3.2, R
Core Team 2013. R: A language and environment for sta-
tistical computing. R Foundation for Statistical Computing,
Vienna, Austria).

Results

The duration of the surgical procedure was significantly
longer in the AA (24.5min (£8.1)) versus the OA (20.5 min
(*=4.2)) groups (p<0.001). Mean hospital stay was sig-
nificantly shorter in the AA (i.e. 2.6days (*=0.8)) versus
the OA (i.e. 3.0days (*+0.7)) groups (p=0.02).

The FAAM-s score (90.9 vs 77.3; p=0.003) was sig-
nificantly higher in the AA group. The FAAM-adl score
(p=0.151), subjective measure daily activity (p=0.138)
and sports (p=0.365) scores did not differ significantly
between the groups. There was no significant difference in
the overall assessment of ankle function between the
groups (Table 2).

At latest follow-up, the rate of persistent symptoms (46
(56.8%) vs 17 (37.0%); p=0.032) and revisions (12
(14.8%) vs 1 (2.2%); p=0.024) were significantly higher
in the AA group than in the OA group (Table 3). Persistent
symptoms (n=10 CCs by AA and n=1 CC by OA) and
surgical site infection (n=2 CCs by AA) were the two rea-
sons for revision by OA (7) and AA (6). Revision showed
recurrent CC in four of the 12 AA-group patients and in the
only OA-group patient.

Discussion

Revision rate related to the persistence of symptoms was
higher after AA of CC than OA. We confirmed
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Table 3. Clinical outcome for resection of calcaneonavicular synostosis after the arthroscopic and the open procedure.
Overall Arthroscopy Open
n=127 n=8l n=46 p value
Clinical outcomes, n (%)
Persistent symptoms 63 (50%) 46 (57%) 17 (37%) 0.032
Pain
Mechanical 30 (24%) 22 (27%) 8 (17%) 0.213
Neuropathic 12 (9%) 7 (9%) 5(11%) 0.680
Incomplete sports recovery 47 (37.0%) 35 (43.2%) 12 (26.1%) 0.055
Wound dehiscence 6 (5%) 4 (5%) 2 (4%) 0.880
Infection 2 (2%) 2 (2%) 0 0.283
Peroneal tendonitis 2 (2%) 2 (2%) 0 0.283
Hypoesthesia of the hallux I (1%) 1 (1%) 0 0.449
Revision surgery, n (%) 0.024
Yes (10%) 12 (15%) I (2%)
No 114 (90%) 69 (85%) 45 (98%)

Bold denotes statistical significance.

the satisfactory functional results obtained by operative
treatment of CC, regardless of the approach (Table 3).!°
Masquijo et al. reported a mean AOFAS score of 98/100 at
2.9years with CC resection by OA along with fat interpo-
sition (n=23).” Khoshbin et al.’ also obtained satisfactory
long-term AAOS Foot and Ankle Core Scale (FACS)
(83.6), AAOS Shoe Comfort Scale (SCS) (76.8), and FFI
(19.5) scores (i.e. > 15years of follow-up) with CC resec-
tion by OA (n=19). This series showed that the FAAM-s
score for the AA group was significantly higher than for
the OA group (p<<0.01). The other functional scores
(FAAM score, subjective score, and global ankle estimate)
were also higher in the population treated by AA, although
without reaching statistical significance.

Overall revision rate was 10.2%. Masquijo et al.” also
noted a 14% revision rate after CC resection by OA along
with fat interposition. However, the revision rate (12
(14.8%)) was significantly higher in the group treated by
AA for CC. Persistence of symptoms was the main reason
for revision (n=11, 84.6%). Reformation of the coalition
was confirmed in five patients and may be related to the
absence of muscle or fat interposition in patients treated by
AA, even though arthroscopy allows a very clear intraop-
erative view of the created defect, including in depth to the
plantar fat and muscle.

The mean duration of CC resections by AA (24.5 min)
was significantly longer than by OA (20.5min) (p <0.01).
However, we considered that this average difference in
operative time of less than 5Smin, may only have a mild
impact on the clinical outcome. Hospital stay was signifi-
cantly shorter for patients treated by AA (2.6days vs 3.0;
»=0.02). AA allowed minimally invasive treatment of CC,
notably with a reduction in the size of skin incisions and in
soft tissue detachment. We hypothesized that AA would
facilitate ambulatory management of patients with CC

through the reduction of pain and the needs for wound care
postoperatively. However, the relatively large inclusion
time of the study (2009-2017) also accounts for a general
trend toward day surgery, regardless of the operative tech-
nique selected.

The limitations of this study were related to its retro-
spective nature, and the lack of long-term follow-up.
Retrospective data collection inevitably led to loss of
information and induced biases. The relatively small num-
ber of patients, especially in the OA group, limited the sta-
tistical power of univariate comparisons. In addition, the
OA group was significantly more unfit for sports preopera-
tively. Therefore, we could not exclude the possibility that
the difference in FAAM-s score could be related to the
patients’ participation in sports prior to surgery, rather than
to the type of approach (OA or AA). However, the func-
tional scores (i.e. FAAM-s and FAAM-ad[) were not mea-
sured preoperatively. Finally, the mean follow-up time was
significantly greater in the AA group than in the OA group.
This could have influenced the functional scores as well as
the rates of complications and/or revisions.

Conclusion

AA was associated with higher revision rate related to the
persistence of symptoms than OA for resection of CC. A
prospective randomized study would determine the inde-
pendent effect of AA on long-term functional outcomes in
patients with CC.

Author contributions

Corin Boris contributed to data acquisition, data analysis and
interpretation, and manuscript writing. Laumonerie Pierre con-
tributed to data analysis and interpretation, critical revisions,
manuscript writing, manuscript review, and statistical analysis.



140

Journal of Children’s Orthopaedics 16(2)

Zrounba Victor contributed to data acquisition. Langlais Tristan
contributed to critical revisions and manuscript review. Sales de
Gauzy Jerome contributed to critical revisions, manuscript
review, administration, and study supervision. Accadbled Franck
contributed to study design, data analysis and interpretation, crit-
ical revisions, manuscript review, administration, technical and
material support, and study supervision.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest with
respect to the research, authorship, and/or publication of this
article.

Ethical approval

This research involved strictly human participants. All proce-
dures performed in studies involving human participants were in
accordance with the ethical standards of the institutional and/or
national research committee and with the 1964 Helsinki declara-
tion and its later amendments or comparable ethical standards.
Institutional Review Board approval: # 15-1219.

Funding

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

Informed consent

Written informed consent was obtained in each case from both
the patient and the parents.

ORCID iD

Accadbled Franck https://orcid.org/0000-0001-5366-3885

References

1. Stormont DM, Peterson HA. The relative incidence of tarsal
coalition. Clin Orthop Relat Res 1983(181): 28-36.

2. Jayakumar S, Cowell HR. Rigid flatfoot. Clin Orthop Relat
Res 1977; 122: 77-84.

3. El Shazly O, Abou El Ela AA. Percutaneous resection of
calcaneo-navicular coalition with interposition of synthetic
graft. Foot 2011; 21(3): 138-141.

10.

11.

12.

13.

14.

15.

16.

. Kothari A, Masquijo J. Surgical treatment of tarsal coali-

tions in children and adolescents. EFORT Open Rev 2020;
5(2): 80-89.

. Docquier P-L, Maldaque P, Bouchard M. Tarsal coalition

in paediatric patients. Orthop Traumatol Surg Res 2019;
105(1S): S123-S131.

. Moyes ST, Crawfurd EJ, Aichroth PM. The interposition

of extensor digitorum brevis in the resection of calcaneona-
vicular bars. J Pediatr Orthop 1994; 14(3): 387-388.

. Masquijo J, Allende V, Torres-Gomez A, et al. Fat graft and

bone wax interposition provides better functional outcomes
and lower reossification rates than extensor digitorum brevis
after calcaneonavicular coalition resection. J Pediatr Orthop
2017; 37(7): e427—e431.

. Mubarak SJ, Patel PN, Upasani VV, et al. Calcaneonavicular

coalition: treatment by excision and fat graft. J Pediatr
Orthop 2009; 29(5): 418-426.

. Khoshbin A, Law PW, Caspi L, et al. Long-term functional

outcomes of resected tarsal coalitions. Foot Ankle Int 2013;
34(10): 1370-1375.

Knorr J, Accadbled F, Abid A, et al. Arthroscopic treatment
of calcaneonavicular coalition in children. Orthop Traumatol
Surg Res 2011; 97(5): 565-568.

Lui TH. Arthroscopic resection of the calcaneonavicular
coalition or the « too long » anterior process of the calca-
neus. Arthroscopy 2006; 22: 903.e1-904.e.

Bauer T, Golano P, Hardy P. Endoscopic resection of a
calcaneonavicular coalition. Knee Surg Sports Traumatol
Arthrosc 2010; 18: 669-672.

Molano-Bernardino C, Bernardino P, Garcia MA, et al.
Experimental model in cadavera of arthroscopic resection
of calcaneonavicular coalition and its first in-vivo applica-
tion: preliminary communication. J Pediatr Orthop B 2009;
18(6): 347-353.

Bourlez J, Joly-Monrigal P, Alkar F, et al. Does arthroscopic
resection of a too-long anterior process improve static disor-
ders of the foot in children and adolescents. /nt Orthop 2018;
42(6): 1307-1312.

Martin RL, Irrgang JJ, Burdett RG, et al. Evidence of valid-
ity for the Foot and Ankle Ability Measure (FAAM). Foot
Ankle Int 2005; 26: 968-983.

Borloz S, Crevoisier X, Deriaz O, et al. Evidence for valid-
ity and reliability of a French version of the FAAM. BMC
Musculoskelet Disord 2011; 12: 40.


https://orcid.org/0000-0001-5366-3885

