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Abstract.

Introduction. Calcaneal fractures are among the most challenging injuries of the foot, often
resulting in long-term functional impairment. The study aimed to assess and compare the
outcomes of minimally invasive screw osteosynthesis and open reduction internal fixation (ORIF)
in patients with impacted calcaneal fractures.

Methods. Forty patients (31 men, 9 women) were treated between 2020—2025. Fractures were
classified using the Essex—Lopresti and Sanders systems. Minimally invasive fixation was
performed in 60% of cases. Outcomes were assessed using FAOS and radiological parameters.
Results. Excellent and good results were achieved in 77% of patients, satisfactory in 15%,
unsatisfactory in 8%. The complication rate was 8% for M10 and 18% for ORIF. Minimally
invasive fixation showed better cosmetic, functional, and rehabilitation outcomes.
Conclusion. Minimally invasive osteosynthesis is a reliable alternative to ORIF, ensuring
anatomical restoration and early rehabilitation with fewer complications.

Keywords: calcaneal fractures, minimally invasive osteosynthesis, FAOS, orthopedic surgery,
Samarkand State Medical University, functional outcomes.

OIIEHKA PE3YJIbTATOB JIEYEHHUS NNEPEJIOMOB IIITOYHOM KOCTH B
CAMAPKAHJACKHUX KJIMHUKAX

HlamcuiieB Kacypoexk 3adpaposuy, FOcynoB Coxu6d Canaxon yriam, Hurmarysiaen
Myxammaxon Hypaau yriiu, Cooupos Oradex Codup yriu
CneuunasusupoBanHas Jlerckas Xupypruueckasa Kinmnuka CamapkaHacKoro
I'ocynapcrBenHoro MeamumHCKOro YHUBEpCUTETA

AHHOTAUA

BBenenue. [lepenomMbl MATOUYHOI KOCTH OCTAIOTCS OJTHOM U3 HaMOOJIEe CIIOKHBIX TPABM CTOIIBI,
MPUBOJALINX K [UIUTEIHHBIM (DYHKIIMOHATBHBIM HapylieHusM. L{enb nccienoBaHus — OICHKA U
CpaBHEHHUE PE3yJIbTATOB MAJIOMHBA3UBHOI'O OCTEOCUHTE3a U OTKPBITOM PENO3ULIMY C BHYTPEHHEN
¢bukcanueit (OPU®) mpu UMIIPECCUOHHBIX MepeioMax MATOYHON KOCTH.

Martepuanabl 1 Metoabl. B nccienoBanue BkiaoueHo 40 mauuentoB (31 MmyxuuHa, 9 )KEeHIIUH),
neuuBmxcs B 2020-2025 rr. Knaccuduxanus nepenomon mposeaeHa no Essex—Lopresti u
Sanders. ManouHBa3uBHBIN OCTE€OCHHTE3 BhIMOTHEH B 60% cimydyaeB. O1ieHKa pe3yabTaToB
nposeieHa 1o mkaite FAOS 1 peHTreHOJI0rH4eCKUM ITapaMeTpam.

PesyabTarel. OTIINYHBIE U XOPOIINE PE3YIIbTAThl JOCTUTHYTHI Y 77% MalMeHTOB,
ynoBieTBOpuUTENbHbIE — Y 15%, HEynoBIeTBOpUTENBHBIE — Y 8%. YacToTa OCnoKHEHUH
cocraBuina 8% B rpynne MHMO u 18% B rpynne OPU®.

3axsouenue. ManonHBa3UBHBIM OCTEOCHHTE3 00ECIIEUNBAET aHATOMUYECKOE BOCCTAHOBJICHHE,
COKpaIllaeT CPOKU PeabMIUTALMU U CHI)KAET YaCTOTY OCJIOKHEHHH, UTo JienaeT ero 3ppeKTuBHOI
aJIbTEPHATHUBON TPAJAULIMOHHONW OTKPBITON (DPUKCALUH.

KuroueBrble cj10Ba: 1epesiomMsl MATOYHOM KOCTH, MaJIONHBAa3UBHBIN ocTeocuHTe3, FAOS,
opromneauueckast xupyprus, CaMmapkaHACKHil TOCYJapCTBEHHBIN MEIUIIMHCKUN YHUBEPCUTET.
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Annotatsiya

Kirish. Tovon suyagi sinishlari oyoq suyaklari orasida eng murakkab jarohatlardan biri bo‘lib,
uzoqg muddatli funksional buzilishlarga olib keladi. Tadgigotning magsadi — tovon suyagining
bosilgan sinishlarida minimal invaziv osteosintez va ochiq gayta joylashtirish (ORIF) natijalarini
taggoslashdir.

Materiallar va usullar. 20202025 yillar oralig‘ida 40 bemor (31 erkak, 9 ayol) davolandi.
Sinishlar Essex—Lopresti va Sanders klassifikatsiyalari asosida baholandi. Minimal invaziv
osteosintez 60% holatlarda qo‘llanildi. Natijalar FAOS shkalasi va rentgenologik ko‘rsatkichlar
bo‘yicha baholandi.

Natijalar. A’lo va yaxshi natijalar 77%, qoniqarli — 15%, qoniqgarsiz — 8% holatlarda kuzatildi.
Asoratlar chastotasi MIO guruhida 8%, ORIF guruhida esa 18% ni tashkil etdi.

Xulosa. Minimal invaziv osteosintez suyak anatomiyasini tiklash, reabilitatsiya muddatini
gisqartirish va asoratlarni kamaytirishda samarali usul hisoblanadi.

Kalit so‘zlar: tovon suyagi sinishi, minimal invaziv osteosintez, FAOS, ortopediya jarrohligi,
Samargand davlat tibbiyot universiteti.

Introduction. Calcaneal fractures represent between 1.1% and 5.7% of all skeletal
fractures and are among the most complex injuries of the foot. The majority are impacted
(compression) intra-articular fractures, accounting for up to 90% of all calcaneal fractures.
These injuries often involve damage to the subtalar and calcaneocuboid joints, frequently
leading to post-traumatic deforming arthrosis, calcaneofibular impingement, myofascial pain
syndromes, and secondary deformities such as flattening, shortening, or valgus/varus
malalignment of the hindfoot x1s. Persistent heel pain, swelling of the foot and ankle, and long-
term functional limitations of the limb are common sequelae observed in these patients.

In recent years, surgical treatment methods for calcaneal fractures have been increasingly
adopted at the Samarkand State Medical University and its Specialized Trauma and
Orthopedic Clinics, allowing for precise anatomical reduction and stable fixation of fragments.
However, the choice between open reduction and internal fixation (ORIF) and minimally
invasive techniques remains a subject of active discussion, as postoperative complications and
long-term outcomes vary widely.

Purpose of the Study. The objective of this study was to evaluate and compare the
outcomes of minimally invasive osteosynthesis of impacted calcaneal fractures with those of
open reduction and plate fixation, based on the experience of the Samarkand City Clinical
Hospital and the Department of Traumatology of Samarkand State Medical University
(2020-2025).

Materials and Methods. This prospective, non-randomized clinical study included 40
patients who underwent inpatient treatment for closed impacted calcaneal fractures between
2020 and 2025 at the Samarkand Trauma and Orthopedic Clinic.

Fractures were classified using radiographic (anteroposterior, lateral, and axial views) and 3D
CT reconstruction of the calcaneal region. The classification systems of Essex—Lopresti (ESSL)
and Sanders were applied to determine the fracture pattern and optimal surgical strategy. Patients
with type B and C fractures according to the ESSL classification were included. In selected
cases, preoperative skeletal traction was used for 7-10 days to restore calcaneal height and
alignment before definitive fixation [2-6]. The choice of surgical technique was based on the
fracture type, soft-tissue condition, and availability of fixation materials.



The mean follow-up period was 43 months (range: 11-90 months). The cohort included 31 men
and 8 women, predominantly in the 30-50 age group, reflecting the working-age population
most frequently affected by these injuries in Uzbekistan.
Surgical Technique. Minimally invasive osteosynthesis was performed using cannulated
compression screws (6.0 mm and 4.0 mm “FusiFIX”, Small Bone Innovations, France) and
spongious malleolar screws (4.0 mm). Under C-arm fluoroscopic guidance, the displaced
posterior articular fragment was identified. Through a small (1 cm) lateral incision, an elevator
was inserted to restore the joint surface [7].
After reduction, the posterior tuberosity of the calcaneus was stabilized with percutaneous screw
fixation through a puncture anterior to the Achilles tendon. Fluoroscopy confirmed restoration of
the Bohler and Gissane angles, articular congruence, and calcaneal height [8,9].
Surgical Technique and Functional Assessment. In selected cases, a reduction device
specifically designed for calcaneal osteosynthesis was utilized. Instrumental reduction of
displaced fragments was achieved under C-arm fluoroscopic guidance, followed by manual
compression of the calcaneal body from both sides to restore the anatomical contour. The
quality of reduction was assessed by radiographic comparison with the contralateral intact
calcaneus. Through a small percutaneous skin puncture, a spongious compression screw (94.0
mm) was inserted along a pre-placed guide wire to fix the posterior articular fragment to the
talocalcaneal support. In cases of tuberosity fractures oriented near the horizontal or sagittal
plane, cannulated triple-threaded screws (6.0 or @4.0 mm) were used depending on fragment
size [8,9]. Each screw was directed perpendicular to the fracture plane, ensuring rigid fixation.
Two additional FusiFIX cannulated screws (6.0 mm) were inserted in a posterior-to-anterior
trajectory, creating an internal load-bearing frame for the calcaneus. For screw placement, a
custom-made guiding device developed at the Samarkand State Medical University
Department of Traumatology was employed, allowing precise targeting along predetermined
coordinates [12]. The upper screw was inserted from the posterior-superior quadrant of the
calcaneal tuberosity, running close to the subchondral layer of the posterior facet and ending
beneath the cuboid articular surface. This configuration provided vertical support for the
subtalar joint surface and reinforced the superior portion of the calcaneal framework. In cases with
comminuted articular fragments, an additional parallel screw was inserted medially or
laterally to enhance fixation [10, 15-18]. The lower screw was directed along the inferior cortical
contour of the calcaneus, entering through the posterior aspect of the tuberosity and terminating
within the subchondral layer of the calcaneocuboid joint, thereby stabilizing the inferior
segment.
After confirming anatomical reduction and stable fixation fluoroscopically, primary wound
closure was performed, and a sterile dressing was applied. No external immobilization was
required [11]. A graduated weight-bearing protocol was initiated six weeks post-surgery, using
custom orthopedic insoles with elevated medial arch supports. Full weight bearing was
permitted after 10-12 weeks, and patients transitioned to physiological insoles at three months,
which were recommended for continued use up to one year [13].
Technical and Conceptual Advantages
The proposed modified minimally invasive technique integrates the core principles of Essex—
Lopresti reduction with the benefits of fluoroscopic visualization and instrumental fragment
manipulation through small incisions. Unlike the classical Essex—Lopresti method, which does
not specifically address subtalar facet realignment, this modification enables direct anatomical
repositioning of the posterior joint facet with minimal soft-tissue trauma.
Functional Outcome Evaluation
Postoperative functional outcomes were assessed using the Foot and Ankle Outcome Score
(FAQOS), which quantifies patients’ self-perceived results of treatment for fractures of the foot and
ankle. The FAOS evaluates five key domains:

1. Pain intensity,

2. Symptoms and functional limitations,

3. Performance in daily activities,



4. Sport and recreational function, and

5. Quality of life.
This comprehensive scoring system allowed for objective comparison between minimally
invasive and open fixation techniques, facilitating a detailed evaluation of recovery dynamics and
patient satisfaction within the Samarkand clinical cohort.

Results and Discussion.

Clinical and Radiological Outcomes. The study included 40 patients (31 men, 9 women) with
closed impacted calcaneal fractures treated between 2020 and 2025. The mean follow-up period
was 43 months (range: 11-90 months). According to the Essex—Lopresti classification, 60% of
fractures were type B and 40% were type C. Minimally invasive osteosynthesis (M10O) using
cannulated screws was performed in 24 patients (60%0), while open reduction and internal
fixation (ORIF) with plates or combined methods was performed in 16 patients (40%0).
Radiological evaluation demonstrated restoration of the Bohler angle to an average of 28° +4.1°
in the MIO group versus 26° +4.5° in the ORIF group. The Gissane angle averaged 121° + 6.3°
and 118° + 7.2° respectively, indicating satisfactory restoration of calcaneal anatomy in both
techniques.
Loss of reduction greater than 2 mm during follow-up was observed in 2 cases (5%) in the MIO
group and 3 cases (7.5%0) in the ORIF group, mainly associated with premature axial loading or
osteoporosis.
Functional Outcomes
Functional recovery was assessed using the Foot and Ankle Outcome Score (FAQOS) at 12
months post-surgery.

12 (50%) 6 (37.5%) 18 (45%)
8 (33%) 5 (31%) 13 (32%)
3 (12%) 3 (19%) 6 (15%)
1 (5%) 2 (12.5%) 3 (8%)

Overall, 77% of patients achieved excellent or good results, 15% satisfactory, and 8%
unsatisfactory outcomes.
Patients treated by minimally invasive screw fixation demonstrated earlier functional recovery,
lower postoperative pain, and better cosmetic outcomes, particularly due to the absence of large
lateral incisions and lower risk of wound complications.
Postoperative Complications
Complications were recorded in 5 patients (12.5%) overall:

o Superficial wound infection — 2 cases (both after ORIF, successfully treated

conservatively);

e Residual heel pain and edema — 2 cases (one in each group);

e Screw migration — 1 case, requiring minor revision.
No cases of deep infection, osteomyelitis, or neurovascular injury were observed.
The average hospital stay was 7.8 + 2.3 days for MIO and 13.4 + 3.1 days for ORIF patients.
Comparison with Published Data
Our findings align with previous studies demonstrating the advantages of minimally invasive
fixation for intra-articular calcaneal fractures.
According to Zhang et al. (2019) and Rammelt & Swords (2021), MIO techniques reduce
wound complications by up to 60%o, preserve periosteal blood supply, and provide functional
results comparable to plate fixation.
In the Samarkand cohort, early mobilization under physiotherapy supervision allowed faster
return to daily activity (average 10.5 weeks vs. 14 weeks after ORIF), which is critical in working-
age populations.
The results also confirm that precise fluoroscopic guidance combined with the FusiFIX screw
system ensures stable fixation and anatomical restoration with minimal soft-tissue trauma — an
essential factor in regions with limited access to advanced implants or reconstructive materials.
Discussion and Clinical Implications



The analysis supports the hypothesis that minimally invasive screw osteosynthesis is an effective
and safe alternative to open plate fixation for displaced impacted calcaneal fractures.
Its advantages include:

o Reduced soft-tissue dissection and lower risk of infection,

« Shorter hospitalization and rehabilitation periods,

o Comparable radiological alignment,

« Better patient satisfaction and functional recovery.

However, the method requires accurate intraoperative fluoroscopic visualization and a high
level of surgeon experience to avoid malreduction or loss of height.

The study demonstrates that integration of minimally invasive technologies into routine
traumatology practice at Samarkand State Medical University significantly improves the
quality of surgical outcomes and optimizes resource utilization in the regional healthcare
system.

Summary of Findings

e Minimally invasive osteosynthesis provided superior functional outcomes (83% good-—

excellent results).

e ORIF remained preferable for comminuted and severely displaced fractures.

o Postoperative complication rates were lower in the MIO group (8%) compared to the

ORIF group (18%).

e Long-term follow-up confirmed the maintenance of radiological parameters and

satisfactory gait restoration.

Conclusion. The results of this prospective study demonstrate that minimally invasive
osteosynthesis of impacted calcaneal fractures provides stable anatomical fixation, lower
complication rates, and superior functional recovery compared to open reduction and internal
fixation (ORIF). Implementation of this surgical approach in the Samarkand State Medical
University Trauma and Orthopedic Clinics has improved treatment outcomes and reduced the
duration of postoperative rehabilitation. Minimally invasive screw fixation, when performed
under accurate fluoroscopic control, ensures adequate restoration of the Bohler and Gissane
angles, early mobilization, and patient satisfaction without the need for prolonged
immobilization. These findings support the integration of low-trauma osteosynthesis
techniques into the standard management protocol for calcaneal fractures in Uzbekistan and
similar healthcare settings, especially where the availability of complex implants or
microvascular flaps is limited.
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