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The purpose of the study was to provide demonstration of chest and abdomen severe combined explosive trauma
diagnosis and surgical treatment peculiarities with primary combined thoracoplasty using metal plates and steel wire. The clinical
case concerns an injured L., 49 years, who received an explosive injury being in a bulletproof vest and helmet. 1 hr after the injury
he was admitted for further examination and treatment. The diagnosis was established: severe combined explosive trauma of the
chest and abdomen. Closed chest trauma. Multiple closed fractures of the III-X ribs on the right side. The following surgery was
performed: thoracocentesis, drainage of the right pleural cavity by Buelau. Laparoscopy, the abdominal organs revision, conversive
laparotomy, suturing of the diaphragm, “sandwich-type” liver tamponade. The following surgical intervention was performed next
day: right-side thoracoplasty, bone fragments removal, reposition, the VII, VIII and XI ribs metal osteosynthesis with the help of
adaptive titanium plates. A “Second Look” was performed on the third day together with abdominal organs revision, napkins
removal, abdominal cavity sanitation and re-drainage and laparostomy closure. Authors suppose the use of adaptive titanium plates
in combination with a metal thread is possible at the third and fourth levels of medical care.
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BUIIAJIOK ®IKCAIIl PEBEPHOI'O KJIAIIAHY KOMBIHOBAHO METAJIEBUMUA
INIACTUHAMMU TA CTAJIEBOIO HUTKOIO ITPU BA’KKIU ITIOE€JHAHIN BUBYXOBIU
TPABMI T'PYIEA TA ’)KUBOTA

Meroro fociipkeHHst OyJI0 IeMOHCTpaLisi 0COOIMBOCTEH AIarHOCTHKY Ta ONIEPaTHBHOTO JIIKYBaHHS BaXKKOT ITO€IHAHOT
BUOYXOBOI TpaBMH Tpyzeil Ta jKUBOTa 3 (ikcalicio pedbepHOro KianaHy KOMOIHOBaHO METaJeBUMM IUIACTUHAMH Ta CTAJICBOIO
HuTKor. KitiHiuHMIA BUMAZ0K crocyeThest mopaneHoro JI., 49 pokiB, oTpumaB BHOYXOBY TpaBMy B OpPOHEKHIIETI Ta IIOJIOMi.
JocrapieHnii yepe3 | roauHy micis TpaBMH IS IOJAIBIIOr0 OOCTEXKEHHS Ta JIiKyBaHHs. BecTaHoBIeHO niarHo3: Baxka noenHaHa
BUOyXOBa TpaBMa Ipyleil Ta »MBOTa. 3aKpuTa TpaBMa rpyaeit. Muoxunni 3akpuri nepersomu III-X pebep cnpasa. Buxonana
omepauis: TopakomeHTe3, peHyBaHHS MPaBoi IJICBPaIbHOI MOPOXHUHK 32 bromay. Jlamapockorisi, peBi3isi opraHiB 4epeBHOL
MOPOXKHUHY, KOHBEPCiliHA JIATIapOTOMisl, YIIMBAaHHA diadparMu, TaMIIOHYBaHHS TEYiHKM MO TUMY ‘“ceHaBiu”’. Hactymuoi mobm
BUKOHAHO OIIEPAaTHBHE BTPYYAHHS TOPAKOIUIACTHKA CIIPaBa, BHAAIEHHS KICTKOBUX YJIAMKIB, PEIIO3MILis, METAIOOCTEOCHHTE3
amantuBHUMHY THTaHoBuMH tactuHamu VI, VIII, X1 pedpa. Ha tpertio 100y Bukonano «Second Look», peBizist opraniB 4epeBHOT
MOPOXXHUHU, BUJAJICHHS CEPBETOK, CaHallisl Ta pePeHYBaHHs YePEBHOT HOPOXKHIHH, 3aKPHUTT JIAIAPOCTOMH. 3a JIyMKOIO aBTOPIB,
3aCTOCYBaHHS aIaITUBHUX TUTAHOBHX IUIACTHH B KOMOIHAIIIT 3 METaIeBOI0 HUTKOIO MOJKIIMBO Ha TPETHOMY Ta YETBEPTOMY PiBHI
HaJlaHHS MEANYHOI JONIOMOTH.

KurouoBi ciioBa: BuOyxoBa TpaBMa rpyzei Ta )KMBOTa, (ikcailisi peOepHOro KiarnaHa, MeTaleBi UIACTUHU, METaJICBa
HHTKA.

The study is a fragment of the research project “Development of modern methods of diagnosis and treatment of
purulentseptic complications in combat surgical trauma”, state registration No 0120U101834.

The chest gunshot wounds equal to 812 % in modern military conflicts [1, 3, 11]. Chest
penetrating gunshot wounds were reported to be the cause of death in one third of the wounded on the
battlefield during the II World War [9]. Chest gunshot wounds incidence during Antiterrorist Operation in
Eastern Ukraine accounted for 11.7 % of surgical casualties. The structure of penetrating chest wounds is
the following: lungs are damaged in 80 % of cases, pericardium, heart and large vessels — in 1015 %,
trachea, esophagus and diaphragm — in 5 % [2]. Such wounds are characterized by both sternocostal cage

© L.A. Lurin, E.M. Khoroshun, 2025
268



ISSN 2079-8334. Céim meouyunu ma odionozii. 2025. Ne 1 (91)

and chest organs significant damage, bacterial contamination, severe complications and high mortality (up
to 37 %) due to massive blood loss, traumatic shock and acute respiratory failure [5].

Floating rib fractures occur in 10 % of cases of closed chest trauma and are a life-threatening
condition due to severe complications development (mediastinal flotation, respiratory and cardiovascular
failure, pleuropulmonary and traumatic shock). Even with urgent and adequate treatment, mortality can
reach 39 % [3, 10, 15].

The frequency of chest wounds in general structure of combat surgical trauma in Antiterrorist
Operation/ Joint Force Operation in the range of 7.5-11.7 %. The shrapnel wounds prevailed according to
mechanism of occurrence — in 43.4 % cases, non-penetrating wounds according to nature — in 38.9 %,
combined chest wounds according to type — in 40.3 %, the first degree of traumatic shock expression
according to the severity of traumatic shock — in 42.7 % of cases [2].

Thoracotomy frequency reaches till 10 % of cases after chest penetrating gunshot wounds. In case
of sternocostal cage trauma with rib valves formation, their temporary fixation using subcutaneous,
subfascial wire insertion is indicated [1]. The other methods of rib valve fixation are known additionally to
rib valve fixing using wires that are available at the III and IV levels of medical care [5, 6, 13].

Sternocostal trauma with costal valves formation diagnosis is based predominantly on radiological
methods [1, 2, 4, 10].

We use the following classification according to fractures localization for diagnostic purposes
before performing surgical intervention: frontal bilateral, anterolateral, posterolateral, back bilateral.
According to surgical laws the chest cage restoration required in cases of frontal bilateral and anterolateral
valvular fractures. This manipulation, as a rule, is not required after back and posterolateral valvular
fractures [3, 6].

Therefore, summarizing everything mentioned above, it is extremely important to develop a
method for floating rib fractures comprehensive surgical treatment after an explosive injury that is complex
according to mechanism of its influence on human body.

The purpose of the study was to provide demonstration of chest and abdomen severe combined
explosive trauma diagnosis and surgical treatment peculiarities with primary combined thoracoplasty using
metal plates and steel wire.

Materials and methods. The wounded L., 49 years, received an explosive injury being in a
bulletproof vest and helmet at about 1:00 p.m. as a result of enemy (artillery) shelling. 1 hr after the injury
he was admitted to the Military Medical Clinical Center of the Northern Region for further examination
and treatment.

The wounded was examined clinically and laboratory (complete clinical blood and urine analysis,
biochemical blood test, coagulogram). The ultrasound examination was performed according to the “FAST
protocol” (upon admission and during control examinations) using ultrasound device “Logiq P8P910”
(USA, 2021), multispiral computed tomography of the head, neck, chest and abdominal organs was
performed using “Revolution EVO” device with a tomograph step of 0.5 mm. Chest and abdominal organs
radiographic examinations were performed using the X-ray diagnostic complex KRD-50 “INDIASCOP-
01” (Ukraine).

The diagnosis was established: severe combined explosive trauma of the chest and abdomen.
Closed chest trauma. Multiple closed fractures of the III-X ribs on the right side. Right-sided
hemopneumothorax, pneumonitis. Subcutaneous emphysema of the right chest. Closed abdominal trauma
with right side diaphragm and liver damage. Hemoperitoneum. Traumatic shock of the III degree.

The following surgery was performed: thoracocentesis, drainage of the right pleural cavity by
Buelau. Laparoscopy, the abdominal organs revision, conversive laparotomy, suturing of the diaphragm,
“sandwich-type” liver tamponade. Abdominal cavity sanitation and drainage. Closed laparostomy.

The following surgical intervention was performed next day: right-side thoracoplasty, bone
fragments removal, reposition, the VII, VIII and XI ribs metal osteosynthesis with the help of adaptive
titanium plates. Sanitation and re-drainage of the right pleural cavity by Bulau. A “Second Look” was
performed on the third day together with abdominal organs revision, napkins removal, abdominal cavity
sanitation and re-drainage and laparostomy closure.

Results of the study and their discussion. According to our data, the frequency of costal valve in
combat chest trauma ranges from 0.5 % to 5 % during the last 10 years.

The pleural and abdominal cavities multispiral computed tomography data are presented in Fig. 1.

Diagnosis after the first stage of treatment: severe combined explosive trauma of the chest and
abdomen. Closed chest trauma. Multiple closed fractures of the [II-X ribs on the right side (V-VIII double).
Right-sided hemopneumothorax, pneumonitis. Subcutaneous emphysema of the right chest. Heart
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contusion of moderate severity. Closed abdominal trauma with diaphragm damage on the right side and
liver Sg V-VIII (Moore I1I). Hemoperitoneum. Traumatic shock of the III degree.

e i
Fig. 1. Data of pleural and abdominal cavities multispiral computed tomography of patient L., 49 years. The 1% day after injury:
closed fractures of the III-X ribs on the right side (V-VIII ribs — double). Right-sided hemopneumothorax, pneumonitis. Subcutaneous

emphysema of the right chest. Free fluid around the spleen: A — axial projection; B — coronal projection; C — sagittal projection; D — 3D
modelling.

The following operative manipulations were done: thoracocentesis. The right pleural cavity
drainage by Buelau. Laparoscopy, abdominal organs revision, conversive laparotomy, the diaphragm
suturing, “sandwich-type” liver tamponade. The abdominal cavity sanitation and drainage. Closed
laparostomy.

The following day, the operation was performed under general anesthesia: right-side thoracoplasty,
bone fragments removal, reposition, the VII, VIII and XI ribs metal osteosynthesis with the help of adaptive
titanium plates. Sanitation and re-drainage of the right pleural cavity by Bulau. The surgical intervention
lasted for 60 min.

Course of the surgical intervention: after surgical field three times processing, an incision was
made on the right parallel to the broad back muscle up to 15 cm. VII, VIII, XI ribs revision was performed
with a comminuted fracture and a bone tissue defect. The right lung was visualized, and lower lobe
contusion was determined. The right pleural cavity was sanitized with antiseptic solutions until clean
washing waters were obtained. Bone fragments were removed, repositioned, and VII, VIII, IX ribs metal
osteosynthesis using titanium plates was performed. The VI rib was fixed with a steel thread. Hemostasis
was dry. Buelau drainage of the right pleural cavity in the 5™ and 7" intercostal space along the posterior
axillary line was done. The wound was sutured by layers according to the myoplasty type — the hermeticity
was satisfactory. lodine. Aseptic dressing.

The stages ribs osteometallosynthesis performing with adaptive metal plates are shown on Fig. 2.
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Fig. 2. Intraoperative view of the stages of rib osteometallosynthesis: A — rib fixation before metal plate applying and fixing;
B — final wound view after plates fixation on the ribs.

Postoperative diagnosis was the following: severe combined explosive trauma of the chest and
abdomen. Closed chest trauma. Multiple closed fractures of the III-X ribs on the right side (V-VIII double).
Right-sided hemopneumothorax, pneumonitis. Subcutaneous emphysema of the right chest. Heart
contusion, moderate severity. Closed abdominal trauma with right-side diaphragm damage and live Sg V—
VIII (Moore III). Hemoperitoneum. Traumatic shock of the III degree.

Operations: thoracocentesis. Drainage of the right pleural cavity according to Beulau.
Laparoscopy, the abdominal organs revision, conversive laparotomy, diaphragm suturing, “sandwich type”
liver tamponade. The abdominal cavity sanitation and drainage. Closed laparostomy.

A “Second Look” was performed on the third day, abdominal organs revision, napkins were
removed, the abdominal cavity was cleaned and drained, and the laparostomy was closed.

Data from control radiological examinations in the postoperative period are presented in Fig. 3.

Fig. 3. Control radiological studies in the postoperative period: A — chest organs X-ray on the 1% day after surgical treatment:
the bone fragments of the ribs position is satisfactory, the lungs are expanded, there is no free air and gas; B — 3D modelling on the 5™
day after surgical treatment: the position of the rib bone fragments is satisfactory.

RS < \ & B

Drains from the abdominal cavity were removed on 4 and 5 days, the sutures from the laparotomy
wound were removed on 10 day after the laparostomy closing. Drainage from the pleural cavity was
removed on 5 day, sutures from the postoperative wound were removed on 14 day. Total bed-day consisted
18 days.

The wounded was on prolonged artificial ventilation for 5 days, received infusion therapy,
antibiotics, pain relief therapy, vitamins, oxygen, wound dressings. The wounded later was admitted to a
military medical commission, and has a vacation for health reasons during 30 calendar days.

Positive obtained result discussion with original variant of rib valve fixation after chest and
abdomen severe explosive trauma can be carried out only from the standpoint of certain patient successfully
performed multicomponent surgical tactics of treatment.

There are not so many such explosive combined injuries in the world now, and intensive military
operations are carried out only in our country that’s why such successful surgical operations description in
the scientific literature is practically absent [10]. Therefore, first of all, we express confidence in our own
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medical capabilities to promptly make a diagnosis and perform a complex operation to eliminate the
consequences of explosive damage of the chest, abdomen and adjacent internal organs.

Surgical interventions performing by stages in severe explosive trauma allow to provide high-
quality preoperative preparation and reduces the number of complications.

Various methods are used for rib valve fixation [1, 3, 13, 14], among which the most common are
lavsanoplasty, fixation with pins, metal osteosynthesis with adapted titanium plates, metalized thread,
extrafocal osteometal synthesis and their combinations. The frequency of these methods use varies and
depends on the material and technical equipment and appropriate high-qualified specialists availability.

The “damage control surgery” principles implementation allows for adequate preoperative surgical
preparation and to determine the sequence of surgical interventions [1, 7, 8, 12, 13]. In our case,
osteometalosynthesis with metal plates and a steel wire of a floating rib fracture was performed for a right-
sided anterolateral fracture.

The use of adaptive titanium plates in combination with a metal thread is possible at the third and
fourth levels of medical care in case of necessary equipment and specialist’s availability.

Conclusions

1. Rib valve fixation using combined methods among various methods of rib valve fixation allows
to fix ribs reliably in the preferred position.

2. Surgical interventions performing by stages in severe explosive trauma allows to provide high-
quality preoperative preparation and reduces the number of complications.

3. The use of adaptive titanium plates in combination with a metal thread is possible at the third
and fourth levels of medical care in case of necessary equipment and specialist’s availability.

Prospects for furthers researches include extension of the experience of similar staged operations
performing in combined explosive chest trauma to analogous episodes in abdominal and pelvic organs
explosive injuries. An additional perspective of this clinical case is the make possible to use the adaptive
titanium plates together with a metal thread at the third and fourth levels of medical care.

References

1. Atlas boyovoyi khirurhichnoyi travmy (dosvid antyterorystychnoyi operatsiyi/operatsiyi obyednanykh syl). Pid. red.
V.1I. Tsimbalyuk. Kharkiv: Collegium, 2021. 385 [in Ukrainian].

2. Vohnepalni poranennya myakykh tkanyn (dosvid antyterorystychnoyi operatsiyi/operatsiyi obyednanykh syl). Pid. red.
V.I. Tsimbalyuk. Kharkiv: Collegium, 2020. 400 [in Ukrainian].

3. Likuvannya poranenykh z boyovymy ushkodzhennyamy hrudey. Pid. red. V.I. Tsimbalyuk. Ternopil: TNMU, 2023. 236
[in Ukrainian].

4. Medychna dopomoha uchasnykam boyovykh diy. Pid. red. O.M. Khvysyuk, V.H. Marchenko, B.V. Mykhaylov. Kharkiv: DISA
Plyus, 2019. 576 [in Ukrainian].

5. Nastanovy z voyenno-polovoyi khirurhiyi. Pid. red. K.V. Humenyuk, S.O. Korol, R.V. Hybalo. Kyyiv: Vydavnytstvo Lyudmyla,
2024. 572 [in Ukrainian].

6. Panasenko SI, Guryev SO, Sheyko VD, Shkurupiy OA. Kliniko-epidemiolohichni trendy suchasnoyi torakoabdominanoyi
politravmy. Klinichna khirurhiya. 2017; 9: 58-60. doi: 10.26779/2522-1396.2017.09.58. [in Ukrainian].

7. Alsaid B, Alhimyar M, Alnweilaty A, Alhasan E, Shalhoum Z, Bathich M. et al. Laparotomy due to war-related penetrating
abdominal trauma in civilians: Experience from Syria 2011-2017. Disaster Med Publ Health Preparedness. 2021;15(5):615-623.
doi: 10.1017/dmp.2020.77.

8. Kasian VV, Cherkun OYu, Tkachenko OA, Sheiko VD. Efficiency of drainage of ascit-peritonitis in different difficulty of acute
pancreatitis. World of Medicine and Biology. 2020; 1(71): 69-72. doi: 10.26724/2079-8334-2020-1-71-69-72.

9. Kotwal RS, Staudt AM, Mazuchowski EL, Gurney JM, Shackelford SA, Butler FK, et al. A US military role 2 forward surgical
team database study of combat mortality in Afghanistan. J Trauma Acute Care Surg. 2018;85(3):603-612.
doi: 10.1097/TA.0000000000001997.

10. Lurin I, Vorovskiy O, Makarov V, Khoroshun E, Nehoduiko V, Ryzhenko A. et al. Management of thoracoabdominal gunshot
injuries by using minimally invasive surgery at role 2 deployed field hospitals in Ukraine. BMC Surgery, 2024; 24:183.
https://doi.org/10.1186/s12893-024-02475-3.

11. Narvestad JK, Meskinfamfard M, Sereide K. Emergency resuscitative thoracotomy performed in European civilian trauma
patients with blunt or penetrating injuries: a systematic review. Eur J Trauma Emerg Surg. 2016; 42(6): 677-685.
doi: 10.1007/500068-015-0559-z.

12. Osmanov B, Chepurnyi Y, Snéll J, Kopchak A. Delayed reconstruction of the combat-related mandibular defects with non-
vascularized iliac crest grafts: defining the optimal conditions for a positive outcome in the retrospective study. J Stomatol Oral
Maxillofac Surg. 2024:101794. doi: 10.1016/j.jormas.2024.101794.

13. Quinn J, Panasenko SI, Leshchenko Y, Gumeniuk K, Onderkova A, Stewart D et al. Prehospital lessons from the War in
Ukraine: damage control resuscitation and surgery experiences from point of Injury to Role 2. Mil Med. 2024; 189(1-2): 17-29.
doi: 10.1093/milmed/usad253.

14. Sinyuk M, Polishchuk V, Yuschak P, Burachok I. Management of war-related facial wounds in Ukraine: the Lviv military
hospital experience. BMJ Mil Health. 2025; 171(1): 12-15. doi: 10.1136/military-2023-00252.

15. Zong ZW, Wang ZN, Chen SX, Qin H, Zhang LY, Shen Y. et al. Chinese expert consensus on echelons treatment of thoracic
injury in modern warfare. Mil Med Res. 2018; 5(1): 34. doi: 10.1186/s40779-018-0181-6.

Crarrs Hagiiinua 22.01.2024 p.

272



