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Group A (autograft) and 76 patients in Group B (tibial medul-
lary cancellous bone graft combined with allograft). In Group 
A, 73 patients (90.1%) were female and 8 (9.9%) were male. 
In Group B, 60 patients (78.9%) were female and 16 (21.1%) 
were male. No statistically significant differences were ob-
served in sex distribution between the groups (p=0.075). 
The mean age in the autograft group was 53.21±6.60 years, 
whereas the mean age in the combined graft group was 
55.23±6.49 years, with no statistically significant difference 
between groups (p=0.053). Similarly, body mass index did not 
differ significantly between the two groups. 

Table 1 presents complications within each subgroup. In the 
autograft group, significant differences were observed be-
tween preoperative and postoperative values of MPTA, hip-
knee-ankle angle (HKA), and FTA (Table 2). Similarly, the tibial 
medullary cancellous bone graft combined with the allograft 
group exhibited significant pre-to-postoperative changes in 
MPTA, HKA, and FTA (Table 3). However, no significant dif-
ferences were observed between the two groups in postop-
erative MPTA, HKA, and FTA. In contrast, VAS and WOMAC 
scores differed significantly between the autograft group and 
the combined graft group (Table 4).

DISCUSSION
OWHTO is a widely used surgical technique for patients with 
varus deformity and medial compartment osteoarthritis; it is 
aimed at relieving symptoms by shifting the weight-bearing 

axis from the degenerated medial compartment to a more 
neutral or lateral position, thereby delaying the need for total 
knee arthroplasty.[1,15,16] However, the optimal graft material 
and surgical approach remain uncertain. The iliac crest auto-
graft has traditionally been considered the gold standard for 
bone grafting in OWHTO.[17,18] Despite its osteogenic poten-
tial, autologous bone harvesting from the iliac crest carries 
significant morbidity. Complications at the donor site include 
chronic pain, infection, sensory disturbances, and vascular 
or neurological injuries such as gluteal artery damage, deep 
wound infection, sciatic nerve injury, and iliac bone fracture.
[19-22] Similarly, harvesting autografts from the distal tibial frag-
ment presents its own challenges, most notably an elevated 
risk of donor site fracture, which may adversely affect overall 
patient outcomes.[4,23,24]

Our study demonstrated comparable long-term radiographic 
outcomes between patients who underwent autograft proce-
dures and those who received a combination of tibial medul-
lary cancellous bone graft and allograft. Postoperative HKAA, 
FTA, and MPTA values did not differ significantly between 
the groups (p>0.05), likely reflecting the similarity in surgical 
technique used across cohorts.[3,4,24-28] These findings indicate 
that both grafting approaches are effective in achieving satis-
factory alignment and maintaining mechanical stability, sup-
porting their use as viable options in OWHTO.

The clinical status of the knee was evaluated using VAS and 
WOMAC scores. Postoperative analysis demonstrated sig-

Table 2.	 Paired samples t-test results for the autograft group

Variable	 Mean±SD	 p-value

Preoperative MPTA (°)	 84.74±0.14	 <0.001

Postoperative MPTA (°)	 94.75±0.22	

Preoperative FTA (°)	 180.22±0.185	 <0.001

Postoperative FTA (°)	 170.66±0.17	

Preoperative VAS	 34.02±0.28	 <0.001

Postoperative VAS	 17.87±0.20	

Preoperative WOMAC (Total)	 44.37±0.33	 <0.001

Postoperative WOMAC (Total)	 25.37±0.39	

Preoperative WOMAC (Pain)	 9.88±0.16	 <0.001

Postoperative WOMAC (Pain)	 4.66±0.15	

Preoperative WOMAC (Stiffness)	 3.83±0.13	 0.010

Postoperative WOMAC (Stiffness)	 3.72±0.13	

Preoperative WOMAC (Function)	 30.66±0.26	 <0.001

Postoperative WOMAC (Function)	 16.98±0.30	

Preoperative HKA Angle (°)	 10.74±0.10	 <0.001

Postoperative HKA Angle (°)	 8.64±0.12	

FTA: Femorotibial angle; HKA: Hip-knee-ankle angle; MPTA: Medial proxi-
mal tibial angle; VAS: Visual Analog Scale; WOMAC: Western Ontario and 
McMaster Universities Osteoarthritis Index.

Table 3.	 Paired samples t-test results for the tibial medullary 
cancellous bone graft combined with allograft group

Variable	 Mean±SD	 p-value

Preoperative MPTA (°)	 84.66±1.17	 <0.001

Postoperative MPTA (°)	 94.35±2.26	

Preoperative FTA (°)	 180.15±1.88	 <0.001

Postoperative FTA (°)	 171.09±1.42	

Preoperative VAS	 33.85±2.35	 <0.001

Postoperative VAS	 17.23±1.33	

Preoperative WOMAC (Total)	 43.65±3.11	 <0.001

Postoperative WOMAC (Total)	 24.04±2.88	

Preoperative WOMAC (Pain)	 9.80±1.55	 <0.001

Postoperative WOMAC (Pain)	 4.31±1.10	

Preoperative WOMAC (Stiffness)	 3.75±1.20	 0.019

Postoperative WOMAC (Stiffness)	 3.66±1.14	

Preoperative WOMAC (Function)	 30.10±2.20	 <0.001

Postoperative WOMAC (Function)	 16.06±2.12	

Preoperative HKA Angle (°)	 11.13±2.19	 <0.001

Postoperative HKA Angle (°)	 8.74±2.25	

FTA: Femorotibial angle; HKA: Hip-knee-ankle angle; MPTA: Medial proxi-
mal tibial angle; VAS: Visual Analog Scale; WOMAC: Western Ontario and 
McMaster Universities Osteoarthritis Index.
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nificantly reduced VAS pain scores and improved WOMAC 
scores in patients who underwent the combined tibial med-
ullary cancellous bone graft and allograft procedure. These 
findings suggest a potential clinical benefit of the combined 
approach. In addition, the autograft technique was associated 
with significant donor site morbidity, whereas the combined 
graft technique demonstrated a low incidence of surgical site 
complications, indicating a further benefit of the combined 
technique.

Limitations

Our study has several limitations. First, its retrospective de-
sign inherently introduces potential biases, including reliance 
on existing records, which may be incomplete or inaccurate, 
thereby affecting the validity and generalizability of the find-
ings. In addition, due to this design, the influence of surgical 
experience on complication rates could not be clearly as-
sessed. Our study included patients who received either an 
autograft or a tibial medullary cancellous bone graft combined 
with an allograft; patients treated with an allograft alone or 
without any graft were not part of the analysis. Furthermore, 
the assessment of gap filling was based solely on standard 

radiographs. Although intra- and interobserver agreement for 
bone union exceeded 0.8, this evaluation remains challenging 
and susceptible to observer bias. 

CONCLUSION

The use of a combined tibial medullary cancellous bone graft 
with allograft in MOWHTO is associated with improved func-
tional outcomes at 6-month follow-up, as evidenced by sig-
nificantly reduced VAS and WOMAC scores.
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Table 4.	 Comparison of clinical and radiological outcomes between the autograft group and the combined allograft and autograft 
group

Complication	 Autograft Group,	 Combined Allograft and Autograft Group,	 p-value
	 (Mean±SD)	 (Mean±SD)		

Age (years)	 53.21±6.60	 55.25±6.49	 0.053

Preoperative MPTA (°)	 84.77±1.24	 84.63±1.18	 0.492

Postoperative MPTA (°)	 94.77±1.97	 94.32±2.28	 0.191

Preoperative FTA (°)	 180.28±1.63	 180.08±1.88	 0.468

Postoperative FTA (°)	 170.67±1.45	 171.11±1.45	 0.061

Preoperative VAS	 34.07±2.43	 33.79±2.39	 0.462

Postoperative VAS	 17.86±1.75	 17.20±1.35	 0.008

Preoperative WOMAC (Total)	 44.42±2.90	 43.57±3.16	 0.081

Postoperative WOMAC (Total)	 25.37±3.44	 23.97±2.90	 0.007

Preoperative WOMAC (Pain)	 9.93±1.43	 9.75±1.53	 0.460

Postoperative WOMAC (Pain)	 4.69±1.35	 4.26±1.14	 0.031

Preoperative WOMAC (Stiffness)	 3.81±1.16	 3.76±1.22	 0.787

Postoperative WOMAC (Stiffness)	 3.72±1.15	 3.67±1.15	 0.808

Preoperative WOMAC (Function)	 30.68±2.32	 30.05±2.20	 0.085

Postoperative WOMAC (Function)	 16.96±2.65	 16.04±2.15	 0.018

Osteotomy Angle (°)	 15.26±3.12	 14.53±2.47	 0.112

Body Mass Index (BMI) (kg/m²)	 26.32±1.75	 26.21±1.70	 0.690

Preoperative HKA Angle (°)	 10.83±2.08	 11.06±1.20	 0.408

Postoperative HKA Angle (°)	 8.74±2.10	 8.63±1.38	 0.713

Follow-up Duration (months)	 26.98±10.73	 23.96±7.69	 0.044

FTA: Femorotibial angle; HKA: Hip-knee-ankle angle; MPTA: Medial proximal tibial angle; VAS: Visual Analog Scale; WOMAC: Western 
Ontario and McMaster Universities Osteoarthritis Index.
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Medial kama yüksek tibial osteotomi için tibial medüller kansellöz kemik grefti ile allogreft 
kombinasyonunun fonksiyonel sonuçları: Retrospektif kohort çalışma
AMAÇ: Bu çalışmanın amacı, genu varum deformitesi ile ilişkili medial kompartman osteoartritinin tedavisinde uygulanan kemik otogrefti ile tibial 
medüller kansellöz kemik greftinin allogreft ile kombinasyonunun uzun dönem sonuçlarını değerlendirmektir.
GEREÇ VE YÖNTEM: Bu retrospektif  kohort çalışmaya, medial kama yüksek tibial osteotomi (MKYTO) ameliyatı geçirmiş ve otolog kemik grefti 
ya da tibial medüller kansellöz kemik grefti ile allogreft kombinasyonu uygulanmış diz osteoartritli hastalar dahil edilmiştir. Hastaların klinik durumları 
Visual Analog Skala (VAS) ve Western Ontario ve McMaster Üniversitesi Osteoartrit İndeksi (WOMAİ) kullanılarak değerlendirilmiştir. Ayrıca 
kalça-diz-ayak bileği açısı (HKA), medial proksimal tibial açı (MPTA) ve femorotibial açı (FTA) ölçülmüştür. Radyolojik değerlendirmeler ameliyat 
öncesinde ve 6 aylık takipte yapılmıştır.
BULGULAR: Çalışmaya toplam 157 hasta dahil edilmiştir: Grup A’da (otogreft) 81 hasta, Grup B’de (tibial medüller kansellöz kemik grefti ile al-
logreft kombinasyonu) 76 hasta yer almıştır. Postoperatif  HKA, MPTA ve FTA değerleri açısından gruplar arasında anlamlı bir fark bulunmamıştır. 
VAS ve WOMAİ skorları medüller kansellöz kemik grefti ile allogreft kombinasyonu uygulanan grupta anlamlı düzeyde daha düşük bulunmuştur.
SONUÇ: MOWHTO tedavisinde, tibial medüller kansellöz kemik grefti ile allogreft kombinasyonu kullanımı, anlamlı olarak düşük VAS ve WOMAİ 
skorları göstermiş olup, 6 aylık takip süresi sonunda iyileşen fonksiyonel sonuçlarla ilişkilidir.

Anahtar sözcükler: Medial açılı kama yüksek tibial osteotomi; kansellöz kemik allogrefti; fonksiyon; klinik sonuç; allogreft; otogreft.
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A novel technique in displaced distal radius fractures 
not reduced via closed reduction in pediatric patients: 
reduction after stepwise injection of physiological saline – 
a case series 

 Mümin Karahan,1  Ekrem Özdemir,2  Erdinç Acar,3  Alper Gültekin,4  Ahmet Çağrı Uyar,4 
 Ulaş Serarslan4

1Department of Orthopedics and Traumatology, Faculty of Medicine, Kafkas University, Kars-Türkiye
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ABSTRACT

BACKGROUND: The purpose of this study was to present a new method for managing displaced metaphyseal fractures of the distal 
radius in pediatric patients that could not be reduced by closed reduction, and to evaluate the clinical and radiological outcomes of 
reduction after the stepwise injection of physiological saline.

METHODS: A total of 24 pediatric patients who underwent closed reduction of displaced metaphyseal distal radius fractures using 
the stepwise injection of physiological saline in our clinic between May 2018 and May 2020 were retrospectively examined. Follow-up 
visits were scheduled for all patients at three, six, and 12 months. Radiological and functional outcomes were evaluated. The Mayo 
Wrist Score was used in the clinical assessments, and union and deformity were assessed radiologically.

RESULTS: Sixteen patients were boys and eight were girls, with a mean age of 9.38±2.123 years. Among the etiologies of injury, 
falling off a bike accounted for six cases, skating injuries for five, scooter-related falls for four, falls at school for four, falls at home for 
three, and falls from stairs for two cases. Fourteen patients had right-sided fractures and ten had left-sided fractures. The mean number 
of pins used during surgery was 2.79±0.588. The mean amount of physiological saline used during surgery was 16.25±4.72 mL. The 
patients stayed in the hospital for a mean duration of 2±0.590 days after surgery, and their mean follow-up duration was 80.54±24.775 
days. The mean time for pin removal was 4.46±0.658 weeks. Four patients had good Mayo Wrist Scores, and 20 patients had excellent 
scores. During follow-up, only two patients developed pin site infections.

CONCLUSION: Closed reduction and percutaneous pinning using the stepwise injection of physiological saline appears to be an 
effective and safe treatment technique for displaced distal radius fractures that cannot be reduced by closed reduction in pediatric 
patients.

Keywords: Physiological saline; pediatric cases; displaced fracture; distal radius.
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INTRODUCTION

Fractures of the forearm are the most prevalent long bone 
fractures during childhood, and the most frequently encoun-
tered among these are metaphyseal fractures of the distal 
radius.[1,2] Although boys have a higher rate of experiencing 
these fractures, young girls engaging in sports are also prone 
to forearm fractures. Such fractures usually occur due to falling 
onto an outstretched arm and, more rarely, from high-energy 
trauma such as falls from height or road accidents.[3] Fore-
arm fractures may be accompanied by injuries involving the 
elbow, carpal bones, or ulna.[4,5] Metaphyseal fractures of the 
distal radius mainly include three patterns: torus, greenstick, 
and complete fractures (with intact bone length or bayonet 
deformity). Treatment methods include immobilization alone, 
closed reduction and plastering, closed reduction with percu-
taneous pinning, and open reduction. The choice of treatment 
varies based on the fracture pattern, the degree of instability, 
the presence of concomitant injuries, and the age of the pa-
tient. Torus fractures are usually treated with immobilization 
alone.[6,7] Greenstick fractures are primarily treated by immo-
bilization, while those with deformity require closed reduction 
and plastering.[8,9] Displaced radius fractures are unstable frac-
tures, and their treatment includes closed reduction and plas-
tering, closed reduction in addition to percutaneous pinning, 
and open reduction.[10-12] Pediatric distal radius fractures may 
include open fractures, irreducible fractures, fractures with 
compartment syndrome or carpal tunnel syndrome, fractures 
with severe swelling, fractures requiring stabilization on the 
same side, and fractures that require re-manipulation due to 
loss of reduction.[13] It is known that fracture hematoma and 
the thicker periosteum in children can prevent reduction in 
displaced fractures where the deformity is severe. For this rea-
son, the hematoma and periosteum must be moved away from 
the fracture gap. In the cases in this study, physiological saline 
(PS) was injected into the fracture gap to meet these needs.
The purpose of this study was, for the first time, to present a 
novel method for displaced metaphyseal fractures of the dis-
tal radius that could not be reduced by closed reduction in 
pediatric patients, and to evaluate the clinical and radiological 
outcomes of reduction after stepwise injection of physiologi-
cal saline.

MATERIALS AND METHODS
Design and Participants

This retrospective single-center study was performed at the 
Department of Orthopedics and Traumatology of Kocaeli 
Derince Training and Research Hospital, a tertiary health 
institution, from May 2018 to May 2020.Written informed 
consent was obtained from the parents and/or legal guardians 
of the patients. Approval for the study protocol was granted 
by the Institutional Ethics Committee (No: 2020/86, Date: 
25/06/2020). All procedures were conducted in accordance 
with the principles of the Declaration of Helsinki.

All patients who underwent surgery for displaced metaphy-
seal fractures of the distal radius (Fig. 1) in our clinic were 
retrospectively analyzed. In our clinical practice, these frac-
tures are initially treated with closed reduction and plastering 
in the emergency department (Fig. 2a, 2b). In cases of reduc-
tion failure during follow-up (after approximately 7-10 days), 
closed reduction and plastering combined with percutaneous 
pinning are performed in the operating room under general 
anesthesia. If reduction fails under general anesthesia or in 
case of instability, closed reduction and percutaneous pinning 
into the fracture line are performed using PS (Fig. 3). Transla-
tion of more than half of the bone radius, rotational defor-
mity, angulation greater than 15° in children younger than 
10 years, and angulation greater than 10° in children older 
than 10 years old were considered criteria indicating con-
traindication for reduction. In this study, a total of 24 pedi-
atric patients who underwent closed reduction for displaced 
metaphyseal fractures of the distal radius using the stepwise 
injection of PS were included. The clinical and radiological 
results of the patients were evaluated in the outpatient clinic 
by the clinician. At the last follow-up, the Mayo Wrist Score 
was used to assess wrist function. The presence of union and 
deformity was evaluated radiologically. The exclusion criteria 
were as follows: patients who underwent closed reduction in 
the emergency setting, those who underwent closed reduc-
tion in the operating room under general anesthesia without 
PS, and those with missing data.

Surgical Technique

The operations for all patients were performed under gen-
eral anesthesia by the same surgical team using the same 
technique. Closed reduction with appropriate traction and 
manipulation was performed on a radiolucent table. None 
of the patients achieved adequate reduction based on antero-
posterior and lateral fluoroscopic images. Initially, 10 cc of PS 

Figure 1. Lateral view of distal radius fracture.
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was injected from the dorsal surface into the fracture line, 
and closed reduction was performed. PS was injected into the 
fracture gap under fluoroscopic guidance. In each instance of 
reduction failure, an additional 5 cc of PS was injected, and 
closed reduction was repeated. The hematoma in the fracture 
area was not drained during the injection; however, after the 
injection, with manipulation, some hematoma was allowed to 
drain from the needle entry point (Video 1). Once reduction 
was achieved, cross pinning was applied using two or three 
1.6-mm Kirschner wires (K-wires) for younger patients and 
1.8-2-mm K-wires for older patients. In the presence of dis-

placed ulnar fractures, osteosynthesis was performed using a 
K-wire after ulnar reduction. The wire length was adjusted, 
and a short arm splint was applied.

Postoperative Care and Rehabilitation

Postoperatively, elevation of the fracture site above heart 
level and cold compression were performed. Finger mobiliza-
tion was initiated, and circulation was monitored. Patients 
with regressed edema were discharged. At weeks 2 and 4, 
all patients underwent X-ray imaging. At week 4, short arm 
casts were removed. According to the status of union findings 

Figure 3. Postoperative anteroposterior (AP) and lateral views.

Figure 2. (a,b) Control anteroposterior (AP) and lateral views taken after closed reduction in the emergency department.

(a) (b)
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(i.e., callus formation), K-wires were removed at postopera-
tive weeks 4 to 6. An exercise protocol was then initiated. 
Follow-ups were scheduled for all patients at three, six, and 
12 months.

Statistical Analysis

Statistical analyses were performed using SPSS version 20.0 
for Windows (IBM Corp., Armonk, NY, USA). Descriptive 
statistics, including mean ± standard deviation (SD), median 
(min-max), and frequency and percentage values, were calcu-
lated. The Shapiro-Wilk test was used to assess the normal-
ity of data distribution. A p-value of <0.05 was considered 
significant.

RESULTS
The study sample included 24 patients in total. All patients 
also had distal ulna fractures. Of the patients, 16 (66.7%) 
were boys and eight (33.3%) were girls. The mean age of the 
patients was 9.38±2.123 (range, 6-13 years). Among the eti-
ologies of injury, falling off a bike accounted for six (25.0%) 
cases, skating injuries for five (20.8%), scooter-related falls 
for four (16.7%), falls at school for four (16.7%), falls at home 
for three (12.5%), and falls from stairs for two (8.3%) cases. 
Fourteen (58.3%) patients had right-sided fractures, and 10 
(41.7%) had left-sided fractures. Initial X-ray images revealed 
bayonet deformities in all patients (Table 1).

The mean number of pins used during surgery was 2.79±0.588 
(range, 2-4). The mean amount of PS used during surgery 
was 16.25±4.72 mL (range, 10-25). The patients stayed in the 
hospital for a mean duration of 2±0.590 days (range, 1-3) af-
ter surgery. The mean follow-up duration was 80.54±24.775 
days (range, 37-130). The mean time before pin removal was 
4.46±0.658 weeks (range, 4-6). At the final follow-up, the 
mean Mayo Wrist Score was 93.33±6.019 (range, 80-100). 
Four (16.7%) patients had good Mayo Wrist Scores, while 
20 (83.3%) had excellent scores. During follow-up, only two 
(8.3%) patients developed pin site infections (Table 2). No 
nonunion or angular deformity was observed on the final ra-
diological evaluations (Fig. 4a, 4b).

DISCUSSION
Fractures of the distal forearm are more prevalent among 
boys during childhood, although their incidence increases be-
tween 9 and 13 years of age in both sexes.[14-16] This may be 
attributed to the increasing frequency and diversity of sports 
activities with age. The number of male patients in our study 
was higher than the number of female patients, consistent 
with the literature. Rennie et al.[16] reported that distal fore-
arm fractures most commonly occurred due to accidental 
events at home, such as falling from stairs or bed, as well as 
sports injuries. In this study, the most common cause was 
also sports-related injuries.

In this study, the fracture sites demonstrated a bayonet ap-
pearance, described as fracture fragments lying in side-by-

Table 1.	 Baseline data of patients

Variable	 n (%)

Sex

	 Female	 8 (33.3)

	 Male	 16 (66.7)

Age, year s

	 Mean±SD	 9.38±2.123

	 Median [Q1-Q3]	 9.00 [8.00-11.00]

	 Range (min-max)	 6.00-13.00

Etiology 

	 Fall off bike 	 6 (25.0)

	 Skating injury 	 5 (20.8)

	 Fall from scooter	 4 (16.7)

	 Fall at school 	 4 (16.7)

	 Fall at home 	 3 (12.5)

	 Fall from stairs 	 2 (8.3)

Affected side

	 Right	 14 (58.3)

	 Left	 10 (41.7)

Deformity

Bayonet	 24 (100.0)

Total 	 24 (100.0)

Figure 4. (a,b) X-ray images at final follow-up. 

(a) (b)
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side contact. Such fractures exhibit the greatest degree of 
deformity and are difficult to reduce and remodel. Loss of 
reduction is common.[17] Despite this, some studies in the 
literature have reported that remodeling may be possible. 
Wilkins et al.[18] reported that bayonet apposition could be 
remodeled in patients up to 12 years of age, provided that the 
linear alignment was nearly anatomical.

The treatment modalities for completely displaced distal ra-
dius fractures in the pediatric population include closed re-
duction and plastering, closed reduction and pinning under 
general anesthesia, and open reduction and pinning. In most 
cases, closed reduction and plastering are effective; howev-
er, complications such as angulation, loss of reduction, and 
malunion may occur, resulting in prolonged treatment dura-

tion, increased treatment costs, and undesirable aesthetic 
and functional outcomes. Therefore, maintaining alignment 
is as critical as achieving the reduction itself. Factors such 
as excessive swelling, improper molding of the cast, delayed 
treatment, and patient non-compliance with treatment can 
adversely affect alignment and lead to malalignment. If closed 
reduction and plastering fail, closed reduction and pinning or 
open reduction and pinning can be performed under general 
anesthesia. In their prospective randomized controlled study, 
McLauchlan et al.[12] compared outcomes in children with 
completely displaced metaphyseal fractures of the distal ra-
dius treated with manipulation and above-elbow casting alone 
versus those treated with the addition of percutaneous K-
wire insertion. They reported that the use of a percutaneous 
K-wire was a safe method of maintaining fracture alignment.

Percutaneous pinning is also effective in preventing plaster-
related complications. In cases of difficult manipulation or 
reduction failure, certain techniques such as Kapandji pin-
ning can be used.[19,20] Although closed reduction generally 
yields successful outcomes, open reduction may be required 
in severely displaced fractures due to fracture hematoma and 
periosteal intrusion in the fracture gap. In our study, we used 
a novel technique for patients in whom closed reduction with 
manipulation had failed. During the stepwise injection of PS 
from the dorsal surface into the fracture line, we believe that 
two mechanisms are involved in facilitating reduction. First, 
this technique eliminates hematomas that prevent reduction 
by creating high pressure in the fracture gap. Because children 
have a thicker periosteum compared to adults, post-traumat-
ic injuries and disruption of its integrity are less likely. Second, 
the periosteum, which is wedged between the fracture ends, 
recovers with the increased pressure (similar to a wrinkled, 
deflated balloon when air is supplied) and returns to its nor-
mal alignment as it separates from the compressed area, 
thereby facilitating fracture reduction. In our study, nearly 
anatomical closed reduction was achieved with this method 
in all patients. In other words, this method eliminates the 
need for open reduction. This result demonstrates the ef-
fectiveness of the method. 

The stepwise application of PS is also important for admin-
istering the lowest sufficient dose and preventing complica-
tions such as compartment syndrome. None of the patients 
in our study experienced compartment syndrome or severe 
edema. The possible reasons for the absence of compart-
ment syndrome include the distal location of the fracture, 
the distribution of PS pressure to both the dorsal and volar 
compartments, and the use of an amount of PS small enough 
to avoid increasing compartment pressure. To the best of our 
knowledge, the literature does not specify how much fluid 
can cause compartment syndrome in the pediatric forearm. 
The amount of PS given to the patient is distributed by ap-
plying equal pressure to the dorsal, deep volar, and mobile 
wad compartments around the fractured radius, causing the 
pressure to drop and reducing the risk of compartment syn-

Table 2.	 Operative and postoperative data of patients

Variable

Number of pins

	 Mean±SD	 2.79±0.588

	 Median [Q1-Q3]	 3.00 [2.00-3.00]

	 Range (min-max) 	 2.00-4.00

Amount of physiological saline, mL 

	 Mean±SD	 16.25±4.72

	 Median [Q1-Q3]	 15.00 [11.25-20.00]

	 Range (min-max) 	 10.00-25.00

Length of hospital stay, days 

	 Mean±SD	 2.00±0.590

	 Median [Q1-Q3]	 2.00 [2.00-2.00]

	 Range (min-max)	 1.00-3.00

Follow-up, days

	 Mean±SD	 80.54±24.775

	 Median [Q1-Q3]	 82.50 [63.00-95.50]

	 Range (min-max)	 37.00-130.00

Time to pin removal, weeks 

	 Mean±SD	 4.46±0.658

	 Median [Q1-Q3]	 4.00 [4.00-5.00]

	 Range (min-max)	 4.00-6.00

Mayo Wrist Score 

	 Mean±SD	 93.33±6.019

	 Median [Q1-Q3]	 95.00 [90.00-100.00]

	 Range (min-max)	 80.00-100.00

Mayo Wrist Score classification 

	 Good	 4 (16.7)

	 Excellent	 20 (83.3)

Complications, n (%)

	 Yes (pin site infection) 	 2 (8.3)

	 No	 22 (91.7)
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drome. However, some risk of compartment syndrome al-
ways exists with this method. A limitation of this technique 
is the lack of a tool for measuring compartment pressures. 
Nevertheless, it is known that the diagnosis of compartment 
syndrome can also be made clinically.

This technique was applied to a group with a wide age range 
(6-13 years). A 6-year-old patient and a 13-year-old patient 
have different criteria for acceptable reduction. However, 
the main problem here is that the bayonet deformity can-
not be corrected by closed reduction. This may be caused by 
the presence of soft tissue in the fracture space. The most 
definite indication for this technique is an unreduced bayo-
net deformity. Therefore, age is not a determining factor for 
the indication of this technique. On the other hand, a crucial 
cutoff point for pediatric distal radius fractures is ten years 
of age. Since the reduction criteria differ below and above 
the age of ten, the need for PS injection may vary depending 
on age. The results of this study are not sufficient to demon-
strate this distinction.

Although the length of hospital stay, the duration of immobi-
lization, and the time of pin removal varied, all results were 
consistent with reports in the relevant literature. Two pa-
tients in this study developed pin site infections, which were 
treated with oral antibiotics and wound dressing with rifam-
picin. No pin migration, loss of reduction, or neurovascular 
injury was observed. Delayed fracture healing and nonunion 
did not occur in any patient. At the final follow-up, all patients 
were evaluated for functional and radiological outcomes. The 
results were good in four patients and excellent in 20 pa-
tients. 

The primary limitations of this study were its single-center, 
retrospective design and its relatively small sample size. The 
main strength of this study is that this technique is being ap-
plied for the first time, and in this technique, there is no need 
for open reduction.

CONCLUSION

In conclusion, closed reduction and percutaneous pinning us-
ing the stepwise injection of PS appears to be an effective and 
safe treatment technique for displaced distal radius fractures 
that cannot be reduced by closed reduction in pediatric cas-
es. However, additional multi-center, large-scale, prospective 
studies are needed to obtain more reliable results on this 
topic.
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Kapalı redükte edilemeyen pediatrik deplase distal radius kırıklarında yeni bir teknik: 
Fizyolojik salinin kademeli enjeksiyonu sonrası redüksiyon – Olgu serisi
AMAÇ: Bu çalışmanın amacı, pediatrik olgularda kapalı redükte olmayan deplase distal radius metafiz kırıklarında, fizyolojik salinin kademeli enjeksi-
yonu ile redüksiyonu içeren yeni bir yöntemi sunmak ve bu yöntemin klinik ve radyolojik sonuçlarını değerlendirmektir.
GEREÇ VE YÖNTEM: Kliniğimizde Mayıs 2018–Mayıs 2020 tarihleri arasında, deplase distal radius metafiz kırığı nedeniyle fizyolojik salinin kademeli 
enjeksiyonu uygulanarak kapalı redüksiyon yapılan toplam 24 pediatrik hasta retrospektif  olarak incelendi. Tüm hastalar 3., 6. ve 12. aylarda takip 
edildi. Radyolojik ve fonksiyonel sonuçlar değerlendirildi. Klinik değerlendirmede Mayo El Bileği Skoru kullanıldı. Radyolojik olarak kaynama ve 
deformite varlığı değerlendirildi.
BULGULAR: Hastaların 16’sı erkek, 8’i kız olup, ortalama yaş 9.38±2.123 yıldı. Yaralanma etiyolojileri arasında bisikletten düşme 6, paten yaralan-
ması 5, skuter düşmesi 4, okulda düşme 4, evde düşme 3 ve merdivenden düşme 2 olgu ile temsil edildi. On dört hastada sağ, 10 hastada sol taraf  
kırığı mevcuttu. Ameliyatta kullanılan pin sayısı ortalama 2.79±0.588 idi. Ameliyat sırasında kullanılan fizyolojik salin miktarı ortalama 16.25±4.72 mL 
olarak kaydedildi. Hastaların ameliyat sonrası hastanede kalış süresi ortalama 2,0±0,590 gün, takip süresi ise 80.54±24.775 gündü. Pinlerin çıkarılma 
süresi ortalama 4.46±0.658 hafta idi. Mayo El Bileği Skoru’na göre 4 hastada iyi, 20 hastada mükemmel sonuç elde edildi. Takiplerde yalnızca 2 
hastada pin dibi enfeksiyonu gözlendi.
SONUÇ: Kapalı redüksiyonla azaltılamayan pediatrik deplase distal radius kırıklarında, fizyolojik salinin kademeli enjeksiyonu eşliğinde kapalı redük-
siyon ve perkütan pinleme, etkili ve güvenli bir tedavi yöntemi olarak görünmektedir.

Anahtar sözcükler: Fizyolojik salin; pediatrik olgular; deplase kırık; distal radius.
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Are orthopedists mentally ready for the next disaster? 
Surgeons who performed amputations after the 2023 
Kahramanmaraş earthquakes report high traumatic stress 
symptoms 
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ABSTRACT

BACKGROUND: This study aims to evaluate the mental health outcomes of orthopedists after the 2023 Kahramanmaraş earth-
quakes through a comprehensive analysis based on orthopedic care and amputations.

METHODS: This cross-sectional, questionnaire-based study, conducted six months after the 2023 Kahramanmaraş earthquakes, in-
cluded a total of 95 orthopedists. The online questionnaire assessed demographic characteristics, professional experience, and mental 
health outcomes using the Impact of Event Scale-Revised (IES-R) and the Depression Anxiety Stress Scale-21 (DASS-21). Scale scores 
were analyzed according to earthquake zone challenges, orthopedic care provision, and amputation-related stress factors.

RESULTS: Care for earthquake victims was provided by 61.5% of orthopedists in the earthquake area, including local (16.8%) and 
supporting orthopedists (42.1%), while 36.8% treated victims at referral hospitals outside the area. Overall, 76.8% of participants re-
ported performing amputation surgery on earthquake victims. Performing amputations in the pediatric age group (82.2%), witnessing 
patients’ losses or other earthquake-related difficulties (64.4%), and amputations involving multiple extremities (56.2%) were reported 
as the three most common stress factors related to amputations. Orthopedists at referral hospitals and local orthopedists reported 
higher total IES-R scores (11.0 [0-58] and 11.5 [0-46] vs. 1.0 [0-39]), as well as higher avoidance (3.0 [0-20] and 3.0 [0-17] vs. 0.0 
[0-13]) and intrusion (4.0 [0-20] and 5.0 [0-20] vs. 0.0 [0-14]) subscale scores. Referral hospital orthopedists showed higher anxiety 
(2.0 [0-13] vs. 0.0 [0-7]), stress (5.0 [0-16] vs. 2.0 [0-12]), and total DASS-21 scores (11.0 [0-44] vs. 6.0 [0-29]) than supporting ortho-
pedists in the disaster zone. Those performing amputations in patients with earthquake-related difficulties reported higher DASS-21 
depression scores (4 [0-18] vs. 1 [0-15], p=0.013). IES-R scores were negatively correlated with age (r=-0.203, p=0.049), while other 
factors showed no correlation with IES-R or DASS-21 scores. 

CONCLUSION: Our study shows that treating earthquake victims has a significant impact on orthopedists' emotional states and 
traumatic stress, especially for local and referral hospital orthopedists. The key stress factors included pediatric amputations, multiple 
extremity amputations, and patient-related difficulties. While tragic events involving relatives did not show a significant association 
with the scores, performing amputations on patients with earthquake-related difficulties increased depression scores, and younger 
orthopedists reported higher IES-R scores than older orthopedists. Our findings highlight the need for regular mental health screen-
ing, risk group identification, structured psychological support, and resilience training among orthopedic surgeons following large-scale 
disasters, as well as enhanced preparedness for future emergencies. 

Keywords: Earthquake; disaster; orthopedists; amputations; mental health; traumatic stress.
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INTRODUCTION

The 7.7 and 7.6 magnitude Kahramanmaraş earthquakes in 
southeastern Türkiye on February 6, 2023, caused severe 
damage across 11 provinces, resulting in over 50,000 casual-
ties and 118,000 injuries.[1] A total of 144,156 local healthcare 
professionals and 9,011 deployed personnel provided medical 
services in the region. Earthquakes cause extensive damage 
within minutes, creating a surge of patients. The mechanical 
energy released during earthquakes exceeds that of other 
natural disasters, increasing the risk of musculoskeletal inju-
ries.[2-4]

Orthopedic experiences have been reported by several re-
searchers.[5-9] Early data from the first week showed high rates 
of orthopedic interventions and amputations. Asfuroğlu et 
al.[10] reported that 132 of 204 victims had fractures, with 181 
surgical procedures and a 15% amputation rate. Kundakçı et 
al.[11]  reported a 30.9% amputation rate in 233 crush syn-
drome cases. Temel et al.[8] found that 77% of Intensive Care 
Unit (ICU) patients required surgery and 24% underwent am-
putations. Medical practice during disasters challenges ortho-
pedic surgeons in terms of patient triage, injury management, 
infection risks, equipment shortages, and limited expert con-
sultation.[12,13] In such settings, urgent amputation decisions 
may be required without full discussion or informed consent if 
patients are unable to respond.[13] Orthopedists face increased 
workload and stress, working rapidly with limited resources.
[2,5] Healthcare professionals are vulnerable to occupational 
stressors during disasters, leading to mental fatigue, depres-
sion, anxiety, burnout, and Post-Traumatic Stress Disorder 
(PTSD). They also face challenges such as insufficient supplies, 
long working hours, and staff shortages.[1,14,15] The mental 
well-being of these professionals is crucial for maintaining sus-
tainable healthcare services.[1,15,16,17]

While studies have shown that healthcare professionals ex-
perienced emotional challenges after the 2023 earthquakes, 
none have specifically examined the mental health outcomes 
of orthopedists. We hypothesized that orthopedists, most of 
whom had likely never encountered such stressful working 
conditions or performed so many amputations, would be psy-
chologically affected by their experiences in the post-disaster 
setting. By evaluating mental health outcomes, our study aims 
to provide a deeper understanding of these challenges and to 
inform future disaster preparedness efforts.

MATERIALS AND METHODS
Study Population

A total of 95 orthopedists (mean±standard deviation [SD] 
age: 35.0±9.0 years, 97.9% male) voluntarily participated in 
this cross-sectional, questionnaire-based online survey con-
ducted six months after the 2023 Kahramanmaraş earth-
quakes. Orthopedists across Türkiye were reached through 
the researchers’ personal and social networks, as well as by 
snowball sampling, and were provided with a detailed expla-

nation of the study’s objectives and protocol. The only exclu-
sion criterion was refusal to participate, as we aimed to reach 
the maximum number of participants to assess the situation 
of all orthopedists who had experienced such a disaster. 

Afterward, an online link directing to the Google Forms sur-
vey was sent to orthopedists who agreed to participate in the 
study, according to their preferred method of contact. 

The study was conducted in accordance with the ethical prin-
ciples stated in the Declaration of Helsinki and approved by 
the İstanbul University İstanbul Faculty of Medicine Clinical 
Researches Ethics Committee (Date of Approval: 23/06/2023; 
Protocol No: 13). Participants’ informed consent was ob-
tained electronically in advance of data collection through an 
informed consent page that presented two options (yes/no).

Google Forms Survey 

The first part of the survey included a questionnaire with 
30 items on demographic and occupational characteristics, 
provision of orthopedic care to earthquake victims (within 
or outside the earthquake-stricken area), amputation perfor-
mance and amputation-related stress factors, and personal 
earthquake experience (accommodation, hygiene, nutritional 
and safety conditions, tragic events involving relatives or close 
friends, and changes in habits). Personal difficulties related to 
accommodation, hygiene, nutritional and safety conditions, as 
well as the psychological impact of performing amputations, 
were scored on a 10-point Visual Analogue Scale (VAS) (from 
0: not at all to 10: extremely difficult/extremely affected).

The second part of the survey included the Impact of Event 
Scale-Revised (IES-R) and the Depression Anxiety Stress 
Scale-21 (DASS-21). IES-R and DASS-21 scores were evalu-
ated with respect to earthquake-related experiences, the 
type of orthopedic care provided to earthquake victims (local 
orthopedists, supporting orthopedists, and those working at 
referral hospitals outside the earthquake-stricken area), and 
amputation-related stress factors.

Impact of Event Scale-Revised (IES-R)

The IES-R is a 22-item self-reported scale with three domains 
(intrusion, avoidance, and hyperarousal) used to measure the 
impact of recent and specific traumatic events.[18,19] In this 
study, as the IES-R was administered only to orthopedists 
who performed amputation surgery on earthquake victims, 
the term “performed amputations” was used instead of 
“event” in the original scale. The total IES-R score ranges 
from 0 to 88, with scores over 24 indicating clinical concern, 
scores ≥33 representing the best cut-off for a probable diag-
nosis of PTSD, and scores ≥37 suggesting a possible severe 
mental disorder.[18,19] The Turkish adaptation and validation 
of the IES-R was performed by Çorapçıoğlu et al.[20]  in 2006. 

Depression Anxiety Stress Scale-21 (DASS-21)

The DASS-21 is a short version (21 items) of a 42-item self-
report instrument designed to measure three related nega-
tive emotional states: depression, anxiety, and stress. Using a 
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4-point Likert scale ranging from 0 (“did not apply to me at 
all”) to 3 (“applied to me very much or most of the time”), 
the DASS-21 yields three subscale scores for depression, anx-
iety, and stress.[21,22] The Turkish adaptation and validation of 
the DASS-21 was performed by Sarıçam in 2018.[23]

Statistical Analysis

Statistical analyses were conducted using IBM SPSS Statistics 
for Windows, Version 22.0 (IBM Corp., Armonk, NY, 2013).
[24] Data are presented as mean±standard deviation, median 
(min–max), or number and percentage (%) where appro-
priate. The normality of continuous variables was assessed 
using the Kolmogorov–Smirnov test. For comparisons of 
non-normally distributed continuous variables between two 
independent groups, the Mann–Whitney U test was used, 
while the Kruskal–Wallis test was applied for comparisons in-
volving three groups. In cases of significant group differences, 
post hoc pairwise comparisons with adjusted p-values were 
conducted. Correlation analysis was performed using Spear-
man’s rank correlation coefficient. Correlation strength was 

interpreted as weak (0–0.3), moderate (0.31–0.7), or strong 
(>0.7). A p-value <0.05 was considered statistically significant.

RESULTS
Participants’ Characteristics 

The mean±SD age of participants was 35.0±9.0 years (range: 
25.0-66.0 years), and 97.9% were male. Overall, participants 
had a median of 4.0 years (range: 1.0-40.0 years) of clinical 
experience, while 31.6% had previous disaster healthcare ex-
perience (Table 1).

Orthopedic Care Provided to Earthquake Victims 

Orthopedic care for earthquake victims was provided in the 
earthquake-stricken area by 61.5% of orthopedists (local or-
thopedists: 16.8%; supporting orthopedists: 42.1%), while 
36.8% treated earthquake victims at referral hospitals outside 
the affected area. For supporting orthopedists, the median 
time of arrival was 3 days (range: 0-40 days) after the earth-
quake, and the median length of stay in the area was 7 days 
(range: 2-99 days) (Table 1).

Table 1.	 Participants’ characteristics and orthopedic care provided to earthquake victims 

Demographic and occupational characteristic 

Age (years)

	 Mean±SD	 35.0±9.0

	 Median (min-max)	 33.0 (25.0-66.0)

Gender, n (%)	

	 Female 	 2 (2.1)

	 Male	 93 (97.9)

Years of clinical experience        

	 Median (min-max) 	 4.0 (1.0-40.0)

Previous disaster healthcare experience                   

	  (yes), n (%)    	 30 (31.6)

Provision of orthopedic care to earthquake victims  	 n (%)

None	 4 (4.2)

In a referral hospital outside the earthquake-stricken area  	 35 (36.8)

In the earthquake-stricken area  	

	 Total 	 56 (61.5)

	 Local (living and working in the affected area)	 16 (16.8)

	 Arrived to offer support	 40 (42.1)

Earthquake-stricken area	

Province, n (%)	

	 Kahramanmaraş	 18 (18.9)

	 Hatay	 18 (19.9)

	 Other provinces*	 17 (17.9)

Time of arrival in the earthquake-stricken area (days), median (min-max)	 3 (0-40)

Length of stay in the earthquake-stricken area (days), median (min-max)	 7 (2-99)

*Mersin (n=5), Adana (n=4), Malatya (n=3), Elazığ (n=2), Adıyaman (n=1), Gaziantep (n=1), Şanlıurfa (n=1)



Polat et al. Traumatic stress in orthopedists after the 2023 earthquakes

Ulus Travma Acil Cerrahi Derg, December 2025, Vol. 31, No. 12 1239

Amputations and Related Stress Factors

Overall, 76.8% of participants reported performing amputa-
tions in earthquake victims, with a median of two amputa-
tions (range: 1-5) per orthopedist. Performing amputations in 
the pediatric age group (82.2%), dealing with patients’ losses 
or other earthquake-related difficulties (64.4%), and amputa-
tions involving multiple extremities (56.2%) were reported as 
the three most common amputation-related stress factors. 
Median [min-max] VAS scores related to the psychological 
impact of performing amputations were reported as 5 [0-10] 
(Table 2).

Earthquake Self-Experience

Median [min-max] VAS scores for difficulties experienced 
in the earthquake-stricken area were 5 [0-10] for accom-
modation, hygiene, and nutritional conditions, and 6 [0-10] 
for safety conditions. Overall, 40.0% of participants reported 
experiencing tragic events involving relatives or close friends 
living in the earthquake-stricken area, while 82.1% reported a 

change in appetite and 30.5% reported an increase in smoking 
after the earthquake (Table 2).

IES-R and DASS-21 Scores and Correlations 

There were significant positive correlations between IES-R 
and DASS-21 total scores (r=0.464, p<0.001) and between 
the domain scores of each scale, with the strongest inter-
domain correlations observed between depression and hy-
perarousal (r=0.483, p<0.001) and between depression and 
intrusion (r=0.473, p<0.001). The total and subscale scores 
of IES-R and DASS-21 are summarized in Table 3. 

Correlations of IES-R and DASS-21 Scores with Con-
tinuous Variables

IES-R total scores were negatively correlated with age (r=-
0.203, p=0.049). No significant correlations were found be-
tween IES-R or DASS-21 scores and years of experience, nor 
with VAS scores for difficulties in accommodation, hygiene, 
nutritional and safety conditions, or the psychological impact 
of amputations (Table 4).

Table 2.	 Amputation- and related stress factors, and earthquake self-experience 

Amputation- and related stress factors	

Performed amputation surgery in earthquake victims (yes), n (%)	 73 (76.8)

Total number of amputations performed, median (min-max)	 2 (1-5)

Amputation-related stress factors (n=73), n(%)	

	 Pediatric age group 	 60 (82.2)

	 Patients’ losses or other difficulties related to the earthquake	 47 (64.4)

	 Amputation of multiple extremities 	 41 (56.2)

	 Emotional reaction of the patient to amputation decision 	 24 (32.9)

	 Amputation of a proximal extremity 	 19 (26.0)

	 Physical exhaustion due to overwork	 17 (23.3)

	 Patient’s resistance or refusal to amputation decision 	 13 (17.8)

VAS scores for the psychological impact of performing amputations, median (min-max)  	 5 (0-10)

Earthquake self-experience	

VAS scores for difficulties experienced in the area, median (min-max)	

	 Accommodation conditions 	 5 (0-10)

	 Hygiene conditions 	 5 (0-10)

	 Nutritional conditions 	 5 (0-10)

	 Safety conditions 	 6 (0-10)

Tragic events involving relatives or close friends living in the earthquake zone, n (%)	 38 (40.0)

Changes in habits, n (%)	

	 Increase in smoking 	 29 (30.5)

	 Decrease in smoking	 22 (23.2)

	 Increase in alcohol consumption 	 2 (2.1)

	 Decrease in alcohol consumption	 6 (6.3)

	 Change in appetite (increased or decreased)	 78 (82.1)

Receiving psychological support after the earthquake, n (%)	 14 (14.7)
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IES-R and DASS-21 Scores with Respect to Provision of 
Orthopedic Care 

According to the Kruskal–Wallis test results, IES-R total and 
subscale scores differed significantly among the three groups 
of orthopedists (p values ranging from 0.001 to 0.019), indicat-
ing that their psychological responses to performing amputa-
tions varied depending on their roles and locations during the 
disaster. Post hoc analyses (based on pairwise comparisons) 
indicated that orthopedists working in referral hospitals out-
side the affected area and local orthopedists had higher IES-R 
total scores than supporting orthopedists. These group dif-
ferences were observed across the total score (median [min–
max]: 11.0 [0–58] and 11.5 [0–46] vs. 1.0 [0–39]), as well as 
the avoidance (3.0 [0–20] and 3.0 [0–17] vs. 0.0 [0–13]) and 
intrusion (4.0 [0–20] and 5.0 [0–20] vs. 0.0 [0–14]) subscales. 

For the hyperarousal subscale, only orthopedists in referral 
hospitals had significantly higher scores than supporting or-
thopedists (2.0 [0–18] vs. 0.0 [0–13]) (Table 5).

According to the Kruskal–Wallis test, the DASS-21 total and 
anxiety/stress subscale scores differed significantly among the 
three groups of orthopedists (p values ranging from 0.005 
to 0.015), suggesting varied emotional responses depending 
on their workplace context during the earthquake. Post hoc 
comparisons revealed that orthopedists working in referral 
hospitals outside the earthquake-affected area had significant-
ly higher scores than supporting orthopedists, particularly 
in terms of anxiety (median [min–max]: 2.0 [0–13] vs. 0.0 
[0–7]), stress (5.0 [0–16] vs. 2.0 [0–12]), and total DASS-21 
score (11.0 [0–44] vs. 6.0 [0–29]) (Table 5).

Table 3.	 IES-R and DASS-21 scores and correlations

		  Scale scores, median (min-max)

IES-R	

Intrusion domain	 2 (0-20)

Hyperarousal domain	 3 (0-20)

Avoidance domain	 1 (0-18)

Total score	 6 (0-58)

DASS-21	

Anxiety domain	 1 (0-13)

Depression domain	 3 (0-16)

Stress domain	 3 (0-18)

Total score	 8 (0-44)

Correlations between study scales	 DASS-21

		  Anxiety	 Depression	 Stress	 Total

IES-R				  

Avoidance	

	 r	 0.314	 0.386	 0.331	 0.379

	 p	 0.002	 <0.001	 0.001	 <0.001

Intrusion	

	 r	 0.323	 0.473	 0.380	 0.445

	 p	 0.001	 <0.001	 <0.001	 <0.001

Hyperarousal	

	 r	 0.381	 0.483	 0.397	 0.458

	 p	 <0.001	 <0.001	 <0.001	 <0.001

Total	

	 r	 0.361	 0.486	 0.401	 0.464

	 p	 <0.001	 <0.001	 <0.001	 <0.001

IES-R: Impact of Event Scale-Revised; DASS-21: Depression Anxiety Stress Scale-21; r: Correlation coefficient. Spearman correlation analysis.
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IES-R and DASS-21 Scores with Respect to Amputation-
Related Stress Factors

DASS-21 depression domain scores (4 [0-18] vs. 1 [0-15], 
p=0.013) were significantly higher in orthopedists who con-
sidered performing amputations in patients with earthquake-
related difficulties or losses to be stressful, compared with 
those who did not find it stressful (Table 6). Other commonly 
reported stress factors, including performing amputations in 
the pediatric age group and amputations involving multiple 
extremities, did not show significant associations with IES-R 
or DASS-21 scores (Table 6).

IES-R and DASS-21 Scores with Respect to Tragic Events 
Involving Relatives or Close Friends 

No significant differences were observed in IES-R or DASS-
21 scores among orthopedists with or without tragic events 
involving relatives or close friends living in the earthquake-
stricken area (Table 6). 

DISCUSSION

Our findings revealed a considerable impact of the 2023 
Kahramanmaraş earthquakes on orthopedists' emotional 

Table 4.	 Correlations of IES-R and DASS-21 scores with continuous variables 

		  IES-R Total Score	 DASS-21 Total Score

Variables 	 r	 p	 n	 r	 p	 n

Age 		 -0.203	 0.049	 95	 0.056	 0.593	 95

Years of experience 	 -0.198	 0.054	 95	 0.091	 0.381	 95

Time of arrival to earthquake-stricken area 	 0.096	 0.546	 42	 0.272	 0.082	 42

Length of stay in the earthquake-stricken area 	 0.275	 0.051	 51	 0.212	 0.135	 51

VAS scores (0-10)

	 Difficulties in accommodation conditions 	 0.092	 0.501	 56	 0.138	 0.311	 56

	 Difficulties in hygiene conditions 	 0.030	 0.825	 56	 0.094	 0.491	 56

	 Difficulties in nutritional conditions 	 0.184	 0.176	 56	 0.211	 0.119	 56

	 Difficulties in safety conditions 	 0.063	 0.642	 56	 0.066	 0.628	 56

	 Psychological impact of amputations	 0.131	 0.273	 72	 -0.064	 0.595	 72

Total number of amputations 	 -0.105	 0.381	 71	 0.005	 0.970	 71

IES-R: Impact of Event Scale-Revised; DASS-21: Depression Anxiety Stress Scale-21; r: Correlation coefficient. Spearman correlation analysis.

Table 5.	 IES-R and DASS-21 scores with respect to provision of care to earthquake victims 

		  Earthquake-stricken area		  p value

Median (min-max)	 At referral hospitals outside	 Local orthopedists 	 Orthopedists arriving to
	 the affected area (n=35)	 (n=16)	 offer support (n=40)	

IES-R scores				  

Avoidance	 3.0 (0-20)	 3.0 (0-17)	 0.0 (0-13)	 <0.001a,b

Intrusion	 4.0 (0-20)	 5.0 (0-20)	 0.0 (0-14)	 0.001a,b

Hyperarousal	 2.0 (0-18)	 1.5 (0-9)	 0.0 (0-13)	 0.019a

Total score	 11.0 (0-58)	 11.5 (0-46)	 1.0 (0-39)	 0.001a,b

DASS-21 scores				  

Anxiety 	 2.0 (0-13)	 1.0 (0-7)	 0.0 (0-7)	 0.005a

Depression	 4.0 (0-18)	 3.0 (0-14)	 2.0 (0-11)	 0.078

Stress	 5.0 (0-16)	 2.5 (0-8)	 2.0 (0-12)	 0.015a

Total score	 11.0 (0-44)	 5.0 (0-23)	 6.0 (0-29)	 0.012a

IES-R: Impact of Event Scale-Revised; DASS-21: Depression Anxiety Stress Scale-21. Post-hoc comparisons following a significant Kruskal-Wallis test revealed: 
aSignificant difference between “referral hospitals outside the affected area” and “orthopedists arriving to offer support.” bSignificant difference between “local 
orthopedists” and “orthopedists arriving to offer support.”
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states (DASS-21 scores) and traumatic stress symptoms (IES-
R scores) related to amputations. Previous studies on the 
effects of earthquakes on healthcare professionals' mental 
health have reported moderate levels of PTSD, depression, 
anxiety, and poor sleep quality.[15,16,17,25] Local orthopedists 
and those treating victims at referral hospitals reported 
higher IES-R scores than supporting orthopedists. Addition-
ally, the hyperarousal scores of the IES-R and the anxiety, 
stress, and total DASS-21 scores were higher in referral hos-
pital orthopedists than in supporting orthopedists. Higher 
negative emotional states in local orthopedists can be attrib-
uted to their dual role as both rescuers and victims, unlike 
their supporting colleagues.[1,26,27,28] Similarly, after the 2010 
Yushu earthquake, local health professionals showed a higher 
incidence of PTSD than supporting teams.[29] Local medical 
systems remain partially functional within the first 48 hours 
before the arrival of support teams and again after the third 
week following their departure.[2] Population density in seis-
mic regions and large earthquakes challenge emergency re-
sponse efforts while increasing the risk of damage to health-
care infrastructure.[5,30,31,32] Supporting orthopedists in our 
study arrived three days after the earthquake, with a median 
stay of seven days. Local orthopedists often experience role 
conflict and burnout due to increased workload.[27] A sys-
tematic review of healthcare professionals' mental health fol-
lowing major earthquakes (2008-2020) found that providing 
rescue services within one’s own community correlated with 
higher PTSD scores.[1] 

Previous studies have also reported higher levels of PTSD 
in healthcare professionals who encountered danger during 
rescue operations and those who worked in the immediate 
aftermath of an earthquake.[1,29,33,34] In this regard, facing on-
going danger in the disaster zone (such as continuous after-
shocks or structural damage to hospital buildings) may fur-
ther explain the higher stress scores observed among local 
orthopedists compared to supporting teams.[1]

Our findings revealed high IES-R and DASS-21 scores not 
only among local orthopedists but also among those treat-
ing earthquake victims at referral hospitals outside the earth-
quake zone. In fact, total DASS-21 scores were highest in this 
group when compared with both local and supporting ortho-
pedists. Increased negative emotional states and traumatic 
stress symptoms in orthopedists working at referral hospitals 
are likely associated with secondary traumatic stress, which 
arises from witnessing the traumatic experiences of others 
and parallels the experiences of teams operating in the af-
fected area.[1,16,35,36] 

Generally, patients who require referral need additional sup-
port in terms of more delicate and specialized care. Therefore, 
healthcare workers at these centers usually interact with more 
severe cases involving multiple or complex trauma, as well as 
with more disadvantaged patients due to their losses. Deci-
sions regarding major surgical interventions are ideally made 
at referral centers, where all treatment options are available, 
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rather than at local hospitals, to reduce the risk of infection 
and poor judgment in an environment of panic. [37,38,39] In addi-
tion, the treatment of these severe cases requires longer hos-
pitalization, leading to greater exposure of healthcare teams 
to the victims’ traumatic experiences. Indeed, in a study con-
ducted after the earthquakes in Türkiye, healthcare profes-
sionals who did not go to the earthquake-stricken area were 
found to have higher post-traumatic stress levels compared to 
those who worked in the earthquake area.[16]

There may be several explanations for the lower IES-R and 
DASS-21 scores observed in voluntarily supporting orthope-
dists. First, helping others with a sense of altruism, which 
can be defined as finding “meaning” and prosocial motivation 
in work, may enhance compassion satisfaction and create a 
positive effect under difficult circumstances. Altruistic acts in 
humanitarian contexts have been found to be associated with 
better mental health indicators and greater resilience among 
healthcare workers.[40-42] 

Secondly, teamwork and solidarity were experienced at the 
highest level in healthcare facilities within the earthquake 
zones. Numerous doctors from across the country volun-
teered to work in the field and supported each other through-
out the process. Even residents and medical students joined 
these teams. We believe that, despite limited resources, such 
a high level of solidarity could have had a positive impact on 
the mental resilience of the orthopedists who came to help. 
Studies show that working as a cohesive team buffers stress 
through shared situational awareness, mutual support, and a 
distributed workload. Teamwork processes are associated 
with improved psychological outcomes and reduced distress.
[43,44]

Amputations are highly demanding interventions that should 
be performed only with clear indications, considering all the 
pros and cons of the operation.[45-47] While the rationale for 
the damage control surgery (DCS) approach in routine prac-
tice is to maximize the survivability of a single multi-trauma 
patient, its rationale in mass-casualty and disaster scenarios 
is to optimize the use of limited resources to achieve the 
greatest good for the greatest number.[2] Hence, the post-
earthquake setting mandates a shift in decision-making across 
all aspects of care, including surgical indications, techniques, 
and even ethical considerations.[2] Consequently, the decision 
between limb salvage and amputation, already challenging un-
der normal circumstances, becomes even more complex in a 
disaster setting due to the inapplicability of ideal guiding scor-
ing systems in such low-resource environments.[2,45,47] 

In our cohort, 73 orthopedists performed a median of two 
amputations in earthquake victims and rated the psychologi-
cal impact of performing amputations as moderate (median 
VAS score: 5). Specifically, amputations performed in the pe-
diatric age group, amputation involving multiple extremities, 
and performing amputations in patients with earthquake-re-
lated difficulties or losses were reported as key amputation-

related stress factors. Notably, in the Marmara earthquake 
experience, where 95 of 639 crush victims underwent 121 
amputations, a direct correlation was observed between the 
number of amputated extremities and mortality risk, ex-
plained by the presence of more severe injuries in patients 
requiring multiple amputations.[48] 

Tragic situations affecting relatives or close friends in the 
earthquake zone, which were reported by 40% of our partici-
pants, were not statistically associated with IES-R or DASS-
21 scores in our sample. In a previous study of healthcare 
professionals following the Kahramanmaraş earthquakes, the 
presence of injured family members and loss of relatives in 
the earthquake were not found to be determinants of anxiety 
or depression but were significant determinants of PTSD.[17] 
Similarly, experiencing tragic situations involving relatives or 
close friends living in the earthquake zone showed no sig-
nificant association with the IES-R or DASS-21 scores of our 
participants. However, performing amputations in patients 
with multiple earthquake-related difficulties or losses was as-
sociated with significantly higher DASS-21 depression scores 
among orthopedists. These findings suggest that healthcare 
professionals tend to prioritize the needs of their patients 
over their own needs during crises such as earthquakes.[15] 
The positive correlation between IES-R hyperarousal and in-
trusion domain scores and DASS-21 depression scores is also 
notable, given the previously reported association between 
intense working conditions after earthquakes and direct in-
volvement in traumatic events with an increased risk of de-
pression.[17,49] 

In our study, years of clinical experience, time of arrival, and 
length of stay in the earthquake-stricken area did not show 
significant associations with IES-R or DASS-21 scores. Simi-
larly, a study investigating the effects of the Kahramanmaraş 
earthquakes on the mental health of healthcare professionals 
found that years of experience and total working days in the 
field had no significant impact on PTSD scores.[25] However, 
other studies have indicated that suffering personal losses and 
having limited work experience are risk factors for adverse 
mental health outcomes in healthcare professionals involved 
in rescue efforts, while older age, male gender, professional 
experience, and social support from family and friends are 
considered protective factors against PTSD.[1,29,50,51] 

Although years of experience showed no significant associa-
tion with IES-R or DASS-21 scores in our sample, amputa-
tions performed by younger orthopedists were associated 
with higher IES-R scores. The negative correlation between 
age and IES-R scores in our cohort supports previous findings 
consistently reporting an inverse relationship between age 
and secondary traumatic stress or mental health problems 
among healthcare professionals after earthquakes, emphasiz-
ing that psychological resilience increases with age. [1,15,26,51,52] 
Indeed, having more work experience is considered a protec-
tive factor against emotional exhaustion among health profes-
sionals but a risk factor for the development of PTSD.[17,53] 
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Working in an earthquake zone often involves potential 
exposure to hazardous situations such as lack of secure ac-
commodation, and shortages of water and food during the 
earthquake relief efforts, which may lead to adverse mental 
health outcomes.[34,54,55] In our study, difficulties related to ac-
commodation, hygiene, nutritional, and safety conditions in 
the earthquake-stricken area were rated as moderate by the 
orthopedists, and none of these factors were associated with 
IES-R or DASS-21 scores.

Passive and dysfunctional coping strategies such as smoking, 
alcohol consumption, and irregular eating habits have been 
reported to be associated with higher levels of PTSD among 
healthcare professionals.[1,34] Overall, 82.1% of our partici-
pants reported a change in appetite and 30.5% reported an 
increase in cigarette consumption after the earthquakes, 
while only 14.7% received psychological support afterward.

The results of our study, conducted six months after the 2023 
Kahramanmaraş earthquakes, indicate that the early post-
disaster period significantly burdens orthopedists, affecting 
their mental well-being. Hence, our findings emphasize the 
need for periodic screening of mental health status in the 
post-disaster setting, particularly among vulnerable frontline 
healthcare professionals such as orthopedists, along with the 
provision of long-term psychological support services to im-
prove trauma processing, stress-coping strategies, and overall 
psychological well-being among those experiencing burnout 
and distress.[17,25,27,53,56] Previous disaster healthcare expe-
rience was reported by only one-third of our participants, 
further highlighting the potential importance of psychological 
readiness training before disasters to help ensure the contin-
ued functionality of healthcare services in the post-disaster 
period.[13,15] 

Certain limitations of this study should be considered. First, 
the potential lack of generalizability is an important limita-
tion due to the small sample size. Second, the assessment of 
mental health status relied on self-reported scales completed 
by volunteers, which may be subject to unintended response 
bias, leading to over- or underestimation of results. Third, 
no causal relationships could be identified due to the cross-
sectional design, along with the lack of longitudinal data on 
emotional states, traumatic experiences, and other factors 
likely to affect the mental health status of orthopedists. 

CONCLUSION

As the first study investigating the mental health outcomes 
of orthopedists after the 2023 Kahramanmaraş earthquakes, 
our findings indicate a considerable impact of treating earth-
quake victims on orthopedists in terms of negative emotional 
states and traumatic stress symptoms, particularly among 
local orthopedists and those working at referral hospitals. 
Amputations performed in the pediatric age group, amputa-
tions involving multiple extremities, and difficulties or losses 
experienced by patients were reported as key amputation-re-

lated stress factors. Tragic events involving relatives or close 
friends living in the earthquake zone did not show a signifi-
cant association with IES-R or DASS-21 scores in our sample. 
However, performing amputation surgery on patients with 
earthquake-related difficulties or losses was associated with 
significantly higher DASS-21 depression scores. Additionally, 
amputations performed by younger orthopedists were asso-
ciated with higher IES-R scores. In the post-earthquake set-
ting, periodic mental health screening of orthopedic surgeons, 
identification of at-risk groups, and provision of appropriate 
psychological support are crucial for sustaining the quality of 
orthopedic care. Moreover, integrating routine mental health 
evaluations and resilience training into emergency prepared-
ness programs for surgical healthcare professionals is essen-
tial to enhance their psychological well-being and readiness 
for future crises.
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Ortopedistler bir sonraki afete psikolojik olarak hazır mı? 2023 Kahramanmaraş 
depremleri sonrasında ampütasyon uygulayan cerrahlar travmatik stres belirtileri yaşıyor.
AMAÇ: Bu çalışmada, 2023 Kahramanmaraş depremleri sonrasında ortopedistlerin ruh sağlığı sonuçlarının, ortopedik bakım ve ampütasyonlarla 
ilişkisi bağlamında kapsamlı bir analizle değerlendirilmesi amaçlanmıştır.
GEREÇ VE YÖNTEM: 2023 Kahramanmaraş depremlerinden 6 ay sonra yürütülen, kesitsel araştırmamıza toplam 95 ortopedist dahil edilmiştir. 
Katılımcılara demografik ve mesleki bilgiler, deprem mağdurlarına sağlanan ortopedik tedaviler, ampütasyonlar ve stres faktörleri, deprem alanındaki 
deneyimler, Olay Etkisi Ölçeği-gözden geçirilmiş (OEÖ-r) ve Depresyon Anksiyete Stres Ölçeği-21 (DASÖ-21) maddelerini içeren çevrimiçi anket 
gönderilmiştir. OEÖ-r ve DASÖ-21 skorları, depremle ilişkili deneyimler, ortopedik tedavi ve ampütasyon uygulamalarına bağlı stres faktörlerine 
göre analiz edilmiştir.
BULGULAR: Deprem bölgesindeki hastalara bakım sağlayan ortopedistlerin oranı %61.5 olup, bunun %16.8’i afet bölgesinde yaşayan, %42.1’i ise 
destek için bölgeye gelen ortopedistlerden oluşmaktadır. Katılımcıların %36.8’i ise bölge dışındaki sevk hastanelerinde tedavi uygulamıştır. Katılım-
cıların %76.8’i deprem mağdurlarında ampütasyon ameliyatı gerçekleştirdiğini bildirmiştir. Pediatrik yaş grubunda ampütasyon (%82.2), hastaların 
kayıpları veya depreme bağlı diğer zorlukları (%64.4) ve çoklu ekstremite ampütasyonları (%56.2) en sık bildirilen stres faktörleri olmuştur. Sevk 
hastanelerindeki ve afet bölgelerinde yaşayan ortopedistler, bölgeye destek için sonradan gelen ortopedistlere oranla daha yüksek toplam OEÖ-r 
skorları (11.0 [0-58] ve 11.5 [0-46] ve 1.0 [0-39]), kaçınma (3.0 [0-20] ve 3,0 [0-17] ve 0.0 [0–13]) ve yeniden yaşantılama (4.0 [0-20] ve 5.0 [0-20] 
ve 0.0 [0-14]) alt ölçek skorları bildirmiştir. Sevk hastanelerindeki ortopedistler ayrıca bölgeye gelenlere oranla daha yüksek anksiyete (2.0 [0-13] 
ve 0.0 [0-7]), stres (5.0 [0-16] ve 2.0 [0-12]) ve toplam DASÖ-21 skorları (11,0 [0-44] ve 6.0 [0-29]) belirtmiştir. Depremle ilişkili zorlukları olan 
hastalara ampütasyon yapan ortopedistler, daha yüksek depresyon skorları bildirmiştir (4 [0-18] ve 1 [0-15], p=0.013). OEÖ-r skorları yaşla negatif  
korelasyon göstermiştir (r=-0.203, p=0.049); diğer faktörler OEÖ-r veya DASÖ-21 skorları ile ilişki göstermemiştir.
SONUÇ: Çalışmamız, deprem mağdurlarına uygulanan tedavilerin ortopedistlerin ruhsal etkilenme düzeyleri ve travmatik stres belirtileri üzerinde 
belirgin etkisi olduğunu göstermektedir. Özellikle afet bölgesinde yaşayan ve sevk hastanelerindeki ortopedistler daha fazla etkilenmiştir. Temel stres 
faktörleri arasında pediatrik ampütasyonlar, çoklu ekstremite ampütasyonları ve hastaların yaşadığı zorluklar yer almaktadır. Depremle ilişkili zorluk-
ları olan hastalarda yapılan ampütasyonlar ortopedistlerin depresyon skorlarını artırmıştır. Ayrıca, genç ortopedistler, ileri yaştakilere oranla daha 
yüksek OEÖ-r skorları bildirmiştir. Bulgularımız, büyük çaplı afetlerin ardından ortopedistler için düzenli ruh sağlığı taraması, risk grubu belirleme, 
yapılandırılmış psikolojik destek ve dayanıklılık eğitimi ile gelecekteki acil durumlara karşı daha iyi hazırlık yapılması gerektiğine dikkat çekmektedir.

Anahtar sözcükler: Afet; ampütasyon; deprem; ortopedist; ruh sağlığı; travmatik stres.
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Open versus percutaneous short-segment posterior 
instrumentation in thoracolumbar junction burst fractures
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ABSTRACT

BACKGROUND: This research aimed to compare the surgical data and the clinical and radiological results of patients who under-
went open posterior versus percutaneous posterior instrumentation for burst-type spinal fractures in the thoracolumbar junction.

METHODS: This study included 73 patients; 43 underwent open posterior instrumentation, and 30 underwent percutaneous pos-
terior instrumentation. Perioperative parameters included the time between fracture and surgery, duration of surgery, perioperative 
blood loss, fluoroscopy duration, and total length of hospital stay. Clinical evaluation was performed using the Visual Analogue Scale 
(VAS) and the Oswestry Disability Index (ODI). Preoperative, postoperative, 7th-day, and last follow-up values were analyzed. Radio-
logical evaluation included the anterior vertebral body height ratio (AVBHR) and Cobb angle.

RESULTS: Fluoroscopy time was significantly longer in the percutaneous surgery group than in the open surgery group (12.77±1.89 
minutes vs. 4.33±1.24 minutes; p<0.001). Hospitalization time was significantly longer in the open surgery group (3.79±1.53 days vs. 
2.13±0.76 days; p<0.001). VAS scores differed significantly between the open and percutaneous surgery groups on the 7th postopera-
tive day (p=0.02) and at the last follow-up (p=0.02). Similarly, lower ODI scores were observed in the percutaneous group compared 
to the open surgery group on the 7th postoperative day and at the last follow-up (p<0.001). Regarding radiological outcomes, signifi-
cant postoperative improvements were achieved in both groups in terms of AVBHR, but differences in the Cobb angle in the sagittal 
plane were not statistically significant (p=0.07).

CONCLUSION: According to the results of this study, the percutaneous surgery group showed significantly better improvement 
in VAS and ODI scores on postoperative day 7 and at the final follow-up. Similar postoperative improvements were achieved in both 
groups in terms of AVBHR and sagittal Cobb angle.

Keywords: Blood loss; fluoroscopy; spinal fractures; surgery; visual analogue scale.

INTRODUCTION

Thoracolumbar spine fractures (TLSF) are the most common 
of all spinal fractures, as this region represents the anatomi-
cal and biomechanical transition region of the thoracolumbar 
area. These fractures can cause severe morbidity and mortal-
ity. The social, functional, and economic effects of traumatic 
spinal injuries are more pronounced than those of other inju-
ries because they often result in severe disability in the long 
term.[1] Thoracolumbar burst fractures occur due to the col-

lapse of the anterior and middle columns caused by severe 
axial forces applied to the vertebrae. Similar to compression 
fractures, burst fractures most commonly occur following mo-
tor vehicle accidents and falls from height.[2] Thoracolumbar 
junction fractures (TLJF) involve the T11-L2 vertebrae. Frac-
tures in this region are more common due to the transition 
from an area with a limited range of motion, partially stabilized 
by the ribs, to the lumbar region, which has a greater range 
of motion.[3]
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The thoracolumbar junction represents a transitional area 
between the thoracic region, a rigid area with limited mo-
bility, partially stabilized by the ribs, and the lumbar region, 
which allows for greater movement. For this reason, both 
pathological and traumatic fractures are frequently observed 
in this region. While spinal fractures account for 4-23% of all 
fractures, 10-20% of all spinal fractures are TLJFs. Fractures 
in other vertebrae can be detected in 25% of TLJFs, may be 
accompanied by neurological deficits in 15%, and may lead 
to kyphotic deformity during follow-up.[4] Evaluating stability 
or instability in TLJFs is vital for determining the appropri-
ate treatment approach. In the surgical treatment of unstable 
thoracolumbar junction burst fractures, there are two main 
options: classical open surgery and percutaneous surgery.[5,6] 

Within the scope of this research, we aimed to elucidate and 
compare the surgical data, as well as the clinical and radio-
logical outcomes, of patients who underwent open posterior 
instrumentation or percutaneous posterior instrumentation 
for burst-type spinal fractures in the thoracolumbar junction 
region.

MATERIALS AND METHODS
This study included 73 patients: 43 underwent open posterior 
instrumentation, and 30 underwent percutaneous posterior 
instrumentation. All procedures were conducted in accor-
dance with the ethical standards of the responsible commit-
tee on human experimentation (institutional and national) 
and with the Declaration of Helsinki of 1964, as revised in 
2024. Our institution granted ethics committee approval un-
der protocol number 2023-28/26, and informed consent was 
obtained from all participants.

This article was prepared in accordance with the Enhancing 
the Quality and Transparency of Health Research Network 
(EQUATOR) reporting guidelines and checked against the 
Strengthening the Reporting of Observational studies in Epi-
demiology (STROBE) Guidelines.

Inclusion Criteria

The study inclusion criteria were as follows: patients over 18 
years of age who underwent surgery using the percutane-
ous or open posterior instrumentation method for type A3 
or A4 fractures, according to the AO Spine thoracolumbar 
fracture classification system, in the thoracolumbar junction 
region (T11-L2); those with a single-level fracture; and those 
without neurological deficits.

Exclusion Criteria

Patients were excluded if they had pathological fractures, os-
teoporosis (DEXA T-score 2.5 or above), any bone pathology, 
systemic inflammatory diseases, had undergone decompres-
sion, had cement-augmented screws, underwent cement aug-
mentation techniques, or received additional spinal surgical 
interventions other than instrumentation, such as corpec-
tomy.

Evaluation Criteria

The following data were recorded for all patients included in 
the study: age, gender, Body Mass Index (BMI), Charlson Co-
morbidity Index, fracture level, fracture type according to the 
AO Spine thoracolumbar classification system, surgical meth-
od applied (open or percutaneous), and follow-up period. 

In the perioperative surgical evaluation, the time between 
fracture and surgery, duration of surgery, perioperative blood 
loss, fluoroscopy duration, and total length of hospital stay 
were recorded. In the clinical evaluation, the Visual Analogue 
Scale (VAS) and the Oswestry Disability Index (ODI) were 
used. The preoperative, postoperative, 7th-day, and last fol-
low-up scores were analyzed. In the radiological evaluation, 
the anterior vertebral body height ratio (AVBHR) and sagittal 
plane Cobb angle values were assessed. In the postoperative 
period, the time required for patients to return to their daily 
routine activities was compared. Additionally, complications 
observed during follow-up in both groups were recorded.

Surgical Procedures

Short-Segment Open Posterior Instrumentation

All patients underwent general anesthesia and were posi-
tioned prone on a radiolucent table for the procedure. A 
midline posterior longitudinal skin incision was made longitu-
dinally over the spinal fracture. The paraspinal muscles were 
dissected subperiosteally to expose the spinous processes, 
laminae, and vertebral transverse processes.

Using the free-hand technique, polyaxial pedicular screws 
were placed bilaterally on both sides of the fractured verte-
bra, as well as on the upper and lower levels (CD Horizon 
Legacy, Medtronic®, Memphis TN, USA). In cases with an in-
tact pedicle at the fracture level, intermediate screws were 
also placed on the fractured vertebra to provide additional 
structural stability. Screw placement accuracy was verified 
with fluoroscopy, and malpositioned screws were revised if 
necessary. Pedicle screws measuring 5.5 mm were used at 
T10 and above, and 6.5 mm pedicle screws were used at T11 
and distal levels.

The rods were then fixed to the screws after being adjusted 
to the appropriate level. Gentle rod distraction was applied 
to achieve ligamentotaxis, facilitating fracture reduction. 
During the operation, the position of the reduction, along 
with the supporting posts, was checked and confirmed using 
fluoroscopy. The patients' neurological stability was the rea-
son no laminectomy or decompression was performed; they 
were neurologically intact. 

After cleaning the surgical site, a drain was placed, and the 
wound was closed. Radiological checkups were conducted 
regularly to ensure fracture healing and the integrity of the 
instrumentation. A case example of this method is shown in 
Figure 1.
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Short-Segment Percutaneous Posterior Instrumentation

Throughout the procedure, the patient was positioned prone, 
with the spine aligned in the neutral position on a fluoro-
scopic, radiolucent table. The fractured vertebra and adjacent 
levels were visualized using intraoperative fluoroscopy.

Under fluoroscopic guidance, Jamshidi needles were placed 
at the pedicle entry points of the vertebrae one level above 
and one level below the fracture through small stab incisions. 
The needles were then exchanged for guidewires, which 
were advanced into the pedicles before needle removal. The 
guidewires were secured, and cannulated pedicle screws were 
placed over them after working channels were created us-
ing sequential dilators (CD Horizon Longitude, Medtronic®, 
Memphis TN, USA). In selected cases, intermediate screws 
were placed at the fractured vertebra to provide additional 
support and enhance stability. Pedicle screws measuring 5.5 

mm were used at T10 and above, and 6.5 mm screws were 
used at T11 and below.

The rods, repositioned externally beneath the fascia, were 
aligned with the screws. Fracture reduction was achieved 
through controlled distraction using the instrumentation sys-
tem, under fluoroscopic monitoring. Using fluoroscopy, the 
position of the reduction, along with the supporting poses, 
was checked and confirmed during the operation. Because 
the patients were neurologically intact, no laminectomy or 
decompression was performed. 

The incision areas were cleaned and closed with sutures in 
multiple layers, and a sterile dressing was applied. Radiological 
checkups were performed regularly to ensure fracture healing 
and the integrity of the instrumentation. A case example of 
this method is shown in Figure 2.

Figure 1. (a) Anteroposterior X-ray of a patient diagnosed with an AO Type A4 fracture of the L1 vertebra, taken in the emergency room 
after trauma. (b) Lateral X-ray of a patient with an AO Type A4 fracture of the L1 vertebra, taken in the emergency room after trauma. (c) 
Anteroposterior X-ray after open posterior instrumentation surgery. (d) Lateral X-ray after open posterior instrumentation surgery.

(a) (b) (c) (d)

Figure 2. (a) Anteroposterior X-ray of a patient diagnosed with an AO Type A3 fracture of the L2 vertebra, taken in the emergency room 
after trauma. (b) Lateral X-ray of a patient diagnosed with an AO Type A3 fracture of the L2 vertebra, taken in the emergency room after 
trauma. (c) Sagittal T2 Short Tau Inversion Recovery (STIR) magnetic resonance image showing the L2 fracture. (d) Anteroposterior X-ray 
after percutaneous posterior instrumentation surgery. (e) Lateral X-ray after percutaneous posterior instrumentation surgery.

(a) (b) (c) (d) (e)
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Statistical Analysis

Number, percentage, frequency, and standard deviation data 
were used in descriptive statistics. The normality of variables 
was checked using the Shapiro-Wilk test. The independent 
samples t-test was used for comparisons between groups 
for variables showing a normal distribution (age, BMI, Cobb 
angle, and AVBHR). The Mann Whitney-U test was used 
to determine differences between groups for variables not 
showing a normal distribution. All results are presented as 
mean±standard deviation (SD). The significance level was set 
at p<0.05. Data were analyzed using SPSS (Statistical Pack-
age for the Social Sciences, Version 28.0; Armonk, NY: IBM 
Corp.).

RESULTS
This study included 73 patients: 43 underwent open poste-
rior instrumentation, and 30 underwent percutaneous poste-
rior instrumentation. Both groups showed similar character-
istics in terms of age, gender distribution, Body Mass Index, 
Charlson Comorbidity Index, fracture level, fracture type, 
and follow-up period, with no statistically significant differ-
ences between these variables (Table 1).

When evaluated in terms of surgical parameters, the opera-
tion time was significantly longer in the open surgery group, 
with an average of 176.65±37.41 minutes, compared to 
95.67±15.90 minutes in the percutaneous group (p<0.001). 

Table 2.	 Surgical parameters of the study population

Surgical Parameters	 Open Instrumentation	 Percutaneous Instrumentation	 P Value

	 Mean	 ± SD	 Mean	 ± SD	

Time between fracture and surgery (days)	 4.63	 2.66	 3.97	 2.02	 0.462

Duration of surgery (minutes)	 176.65	 37.41	 95.67	 15.90	 <0.001

Perioperative blood loss (ml)	 230.12	 55.37	 29.17	 23.35	 <0.001

Fluoroscopy duration (times)	 4.33	 1.24	 12.77	 1.89	 <0.001

Length of hospital stay (days)	 3.79	 1.53	 2.13	 0.76	 <0.001

SD: Standard deviation.

Table 1.	 Baseline demographics of the study population

Parameters	 Open Instrumentation 	 Percutaneous Instru-Mentation	 P value
		  (N=43)	 (N=30)	

Age (Years)	 58.95±5.62	 58.67±4.89	 0.394

Sex			  0.707

	 Female	 21 (48.84%)	 16 (53%)	

	 Male	 22 (51.16%)	 14 (47%)	

Body Mass Index (kg/m2)	 30.16±8.72	 32.10±7.54	 0.211

Charlson Comorbidity Index	 1.88±1.17	 1.90±0.83	 0.654

Fracture Level			   0.675

	 T11	 3	 4	

	 T12	 10	 7	

	 L1	 19	 11	

	 L2	 11	 8	

Fracture Type *			   0.247

	 A3	 26	 14	

	 A4	 17	 16	

Follow-up Period (months)	 14.95±2.36	 15.07±1.82	 0.597

*According to the AO Spine Thoracolumbar Fracture Classification System.
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Similarly, perioperative blood loss was significantly higher in 
the open surgery group (230.12±55.37 ml) than in the per-
cutaneous group (29.17±23.35 ml) (p<0.001). However, flu-
oroscopy time was significantly longer in the percutaneous 
surgery group than in the open surgery group (12.77±1.89 
minutes vs. 4.33±1.24 minutes; p<0.001). The hospitalization 
time was also significantly longer in the open surgery group 
(3.79±1.53 days vs. 2.13±0.76 days; p<0.001) (Table 2).

When the clinical results were evaluated, significant improve-
ments were observed in VAS and ODI scores on the 7th 
postoperative day and at the last follow-up in both groups. 
VAS scores were 2.91±0.67 in the open surgery group and 
2.53±0.56 in the percutaneous surgery group on the 7th 
postoperative day, and this difference was statistically sig-
nificant (p=0.02). At the last follow-up, VAS scores were 
0.63±0.48 and 0.35±0.47, respectively, and the difference was 
significant (p=0.02). Similarly, ODI scores were lower in the 
percutaneous group compared to the open surgery group on 
the 7th postoperative day and at the last follow-up (p<0.001) 
(Table 3).

When the groups were compared in terms of the time to re-
turn to daily routine activities, this duration was significantly 
shorter in the percutaneous surgery group (p=0.003). The 
mean duration was 17.33±4.22 weeks in the percutaneous 

surgery group and 20.35±3.46 weeks in the open surgery 
group.

When evaluated in terms of radiological results, significant 
postoperative improvements were achieved in both groups 
regarding AVBHR and Cobb angle in the sagittal plane, with 
no statistically significant differences between the groups. 
AVBHR was measured as 86.23±4.67% in the open surgery 
group and 85.10±4.17% in the percutaneous group at the last 
follow-up (p=0.594). At the last follow-up, the Cobb angle 
was recorded as 11.60°±4.09 in the open surgery group and 
12.27°±3.99 in the percutaneous group (p=0.707) (Table 4).

DISCUSSION
Since the thoracolumbar region is the transition point be-
tween the thorax and the abdomen, the probability of devel-
oping mortality and morbidity is relatively high. Therefore, 
patient management and treatment options should be well 
understood. On direct radiographs, more than 50% collapse 
of the vertebral body and 30-35° angulation are indicators of 
posterior complex damage and are considered signs of insta-
bility.[7] The general view in the treatment approach is conser-
vative management for stable TLJFs with pain control, while 
surgical treatment is preferred for vertebral fractures with 
progressive neurological deficits, rapid deformity progression, 

Table 3.	 Clinical outcome parameters of the study population

Clinical Outcome	 Surgery	 Preoperative	 P value	 Postoperative	 P value	 Last Follow-up	 P value
Parameters	 Type			   Day 7

		  Mean	 ± SD		  Mean	 ± SD		  Mean	 ± SD

VAS	 Open	 7.00	 1.11	 0.62	 2.91	 0.67	 0.02	 0.63	 0.48	 0.02

	 Percutaneous	 7.13	 1.06		  2.53	 0.56		  0.35	 0.47	

ODI	 Open	 41.93	 1.91	 0.97	 22.23	 1.64	 <0.001	 6.23	 1.64	 <0.001

	 Percutaneous	 42.03	 2.17		  19.97	 1.28		  3.17	 0.90

VAS: Visual Analogue Scale; ODI: Oswestry Disability Index; SD: Standard Deviation.

Table 4.	 Radiological outcome parameters of the study population

Radiological Outcome	 Surgery Type	 Preoperative	 P value	 Last Follow-up	 P value
Parameters			 

		  Mean	 ± SD		  Mean	 ± SD

AVBH (%)	 Open	 63.23	 7.07	 0.323	 86.23	 4.67	 0.594

	 Percutaneous	 65.37	 7.96		  85.10	 4.17	

COBB (°)	 Open	 24.14	 6.84	 0.634	 11.60	 4.09	 0.707

	 Percutaneous	 22.70	 6.13		  12.27	 3.99	

SD: Standard deviation; AVBH: Anterior vertebral body height ratio. 
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or instability. The goals of TLJF surgery are to decompress 
neural structures, protect and improve neurological function, 
correct spinal deformity, restore vertebral height, correct an-
gular deformity, reduce pain and potential subsequent defor-
mities, preserve anatomical structure, provide stabilization, 
enable early mobilization and rehabilitation, and minimize 
changes in the patient's quality of life.[7-9]

The posterior approach is generally preferred, as implant 
technology has advanced in recent years. Currently, the 
transpedicular screwing method, which is frequently used and 
familiar to most spine surgeons, is the standard posterior ap-
proach. Interspinous and sublaminar wiring, distraction rods, 
and sublaminar hooks are now rarely used. In the transpe-
dicular screw fixation technique, screws placed through the 
pedicle allow segmental fixation, stabilize the end column, 
and are effective in achieving and maintaining spinal alignment. 
In addition, since there is a risk of kyphosis in TLJFs, kyphosis 
correction is an essential component of morphological recov-
ery.[10] This method also allows early postoperative mobiliza-
tion. The fusion rate is relatively high when there is no severe 
damage to the anterior or middle columns. To avoid iatrogen-
ic injury to the upper and lower parts of the segment to be 
fused, care should be taken to prevent facet joint damage.[10]

Long-segment or short-segment fixation in the posterior 
approach is still a controversial issue. Short-segment stabi-
lization involves placing screws in one lower and one upper 
pedicle of the fractured vertebra. Aly et al.[11] conducted a 
meta-analysis of 365 cases, finding no significant differences 
between the two groups in terms of implant failure rate, neu-
rologic improvement, functional outcomes, or radiological 
results. According to the findings of this meta-analysis, short-
segment posterior stabilization for thoracolumbar burst frac-
tures does not require extension of fixation.

Posterior stabilization can be performed using either the 
classical open approach or the percutaneous approach. The 
main difference between percutaneous and open surgery is 
the relatively minimal muscle damage during the former. In 
open surgery, postoperative atrophy develops due to isch-
emia and denervation of the paraspinal muscles.[12] Further-
more, this damage results in increased intraoperative blood 
loss and greater postoperative pain.[13] In contrast, during 
percutaneous surgery, the paraspinal muscles are protected 
by dilation throughout the surgical procedure. Clinical studies 
in the literature have confirmed that percutaneous surgery is 
associated with reduced intraoperative blood loss, shorter 
operative times, fewer wound complications, and earlier mo-
bilization.

The most suitable cases for the isolated percutaneous pedicle 
screw-rod system (PPRS) are vertebral fractures that do not 
require decompression. Isolated PPRS is not appropriate for 
patients with bony fragments in the spinal canal or neuro-
logical deficits.[14] Low load-sharing score burst fractures are 
among those that can be treated with PPRS, as the anterior 

column is supported by this system. Ni et al.[15] treated 36 
cases with low load-sharing scores (≤ 6) and Magerl Type A3 
(burst) fractures using short-segment PPRS. After an aver-
age follow-up of 48.5 months, excellent results were achieved 
in 19 cases, good in 12 cases, and fair in five cases. Oh et 
al.[16] treated 30 neurologically intact patients with thoraco-
lumbar fractures using PPRS. In their follow-up, they found 
that range of motion (ROM) values were significantly bet-
ter in cases where the PPRS system was removed within 12 
months after surgery than in those where it was removed 
after 12 months. They also found that the anterior vertebral 
height ratio (AVHR) and sagittal Cobb angle values did not 
differ significantly between the two groups. 

Grossbach et al.[17] demonstrated that the percutaneous 
method is more advantageous than the open method in 
terms of blood loss and hospital stay. Yang et al.[18] found 
that the percutaneous pedicle screw technique is associated 
with shorter operative times, less bleeding, and less pain, but 
requires longer radiation exposure. Peters et al.[19] compared 
open and percutaneous surgery for thoracolumbar fractures 
in a large cohort of 691 patients and found that percutaneous 
surgery resulted in shorter operative times, lower blood loss, 
and lower infection rates. In our study, the operation time 
was significantly longer in the open surgery group. Addition-
ally, perioperative blood loss was significantly higher in the 
open surgery group. However, fluoroscopy duration was sig-
nificantly longer in the percutaneous group, and hospitaliza-
tion time was significantly longer in the open surgery group. 

With the increasing use of minimally invasive approaches in 
spine surgery, both the duration and dose of radiation expo-
sure during surgery have been rising. According to the rec-
ommendations of the International Commission on Radiolog-
ical Protection, the annual average radiation exposure dose 
should be below 20 mSv (based on the average over the last 
five years).[20] All surgeries in our study were performed by 
the same surgeon. Personal dosimeters were used during all 
procedures, and the annual average radiation dose remained 
below 20 mSv.

There is no consensus in the literature regarding implant 
removal after TLJFs. Although implant removal generally 
improves range of motion, pain reduction, and functional 
scores, it also increases local kyphosis and secondary surgi-
cal complications.[21] Smits AJ et al.[22] evaluated 102 patients 
who underwent implant removal after thoracolumbar frac-
tures and found that, while patients experienced improve-
ments in pain and quality of life scores, there was an increase 
in kyphosis of 3.5-4.9 degrees and an 8% incidence of sec-
ondary surgery-related complications. Oh et al.[16] assessed 
implant removal outcomes in 30 patients with thoracolumbar 
vertebral fractures treated with percutaneous posterior in-
strumentation and observed significant improvements in VAS 
and ODI scores after implant removal. A loss of correction 
of 5.0±5.8 degrees was observed in the AVHR and 3.9±7.3 
degrees in the Cobb angle. For these reasons, the literature 
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recommends implant removal in selected patients with post-
operative pain and disability, taking into account the potential 
for complications.[21] Therefore, we do not routinely perform 
implant removal in our clinic.

One of the most important distinctions of the percutaneous 
method is that the facet joints are preserved and no arthrod-
esis is performed. Diniz et al.[23] found that arthrodesis did 
not enhance clinical outcomes in their study of 220 patients 
with an average follow-up period of 69.1 months. Neverthe-
less, it did not significantly improve radiological indicators and 
was associated with longer operative times and greater intra-
operative hemorrhage.

An important point in the radiological evaluation of TLJFs 
is the preservation of the height of the fractured spine and 
the restoration of disrupted sagittal alignment. In this re-
spect, studies comparing the percutaneous technique with 
the open technique have yielded controversial results in the 
literature. Neeley et al.[24] reported that the percutaneous 
fixation technique allowed better fracture reduction and im-
proved postoperative alignment. Erichsen et al.[25] compared 
percutaneous and open surgery in AO Type 3 fractures and 
found no difference in postoperative kyphosis radiologically 
(p=0.588). Our study demonstrated significant postoperative 
improvements in both groups regarding AVBHR and Cobb 
angle in the sagittal plane, with similar differences between 
the groups. 

CONCLUSION

In this study, the percutaneous surgery group showed sig-
nificantly greater improvement in VAS and ODI scores on 
postoperative day 7 and at final follow-up. Similar postop-
erative improvements were achieved in both groups in terms 
of AVBHR and sagittal Cobb angle. Although operative time, 
perioperative blood loss, hospitalization duration, and time 
to return to routine daily activities were significantly longer 
in the open surgery group, fluoroscopy duration was signifi-
cantly longer in the percutaneous surgery group. 
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Torakolomber bileşke patlama kırıklarında açık ve perkütan kısa-segment posterior 
enstrümentasyonun karşılaştırılması
AMAÇ: Bu araştırma, torakolomber bileşkede patlama tipi omurga kırıkları için açık posterior veya perkütan posterior enstrümantasyon kullanılarak 
ameliyat edilen hastaların cerrahi verilerini, klinik ve radyolojik sonuçlarını karşılaştırmayı amaçlamaktadır.
GEREÇ VE YÖNTEM: Bu çalışmaya 73 hasta dahil edildi; 43'üne açık posterior enstrümantasyon, 30'una perkütan posterior enstrümantasyon uy-
gulandı. Perioperatif  cerrahi değerlendirmede, kırık ile ameliyat arasındaki süre, ameliyat süresi, perioperatif  kan kaybı, floroskopi süresi ve toplam 
hastanede kalış süresi kullanıldı. Klinik değerlendirmede, görsel analog skala (VAS) ve Oswestry sakatlık indeksi (ODI) kullanıldı. Ameliyat öncesi, 
ameliyat sonrası 7. gün ve son takip değerleri analiz edildi. Radyolojik değerlendirmede anterior vertebral gövde yükseklik oranı (AVBHR) ve COBB 
açısı kullanıldı. 
BULGULAR: Perkütan cerrahi grubunda floroskopi süresi açık cerrahi grubuna göre anlamlı derecede daha uzundu (12.77±1.89 dakikaya kar-
şı 4.33±1.24 dakika; p<0.001). Hastanede kalış süresi açık cerrahi grubunda anlamlı derecede daha uzundu (3.79±1.53 gün, 2.13±0.76 gün; 
p<0.001). VAS skorları açık cerrahi grubunda ve perkütan cerrahi grubunda ameliyat sonrası 7. günde (p=0.02) ve son takipte (p=0.02) daha 
düşüktü. Benzer şekilde, perkütan grupta açık cerrahi grubuna kıyasla ameliyat sonrası 7. günde ve son takipte daha düşük ODI skorları elde edildi 
(p<0.001). Radyolojik sonuçlar açısından değerlendirildiğinde, her iki grupta da anterior vertebral gövde yükseklik oranı (AVBHR) ve sagital planda 
COBB açısı açısından anlamlı postoperatif  iyileşmeler elde edildi fakat gruplar arasındaki fark istatistiksel olarak anlamlı değildi (p=0.07).
SONUÇ: Bu araştırmanın sonuçlarına göre, perkütan cerrahi grubunda postoperatif  7. günde ve son takipte VAS ve ODI skorlarında anlamlı olarak 
daha iyi iyileşme gözledi. Her iki grupta da anterior vertebral gövde yükseklik oranı ve sagital COBB açısı açısından benzer postoperatif  iyileşme 
elde edildi.

Anahtar sözcükler: Cerrahi; floroskopi; görsel analog skala; kan kaybı omurga kırıkları. 
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Elbow collateral ligament repairs with suture anchors after 
acute complex elbow dislocations have favorable outcomes; 
clinical results at a mean follow-up of eight years, a stress 
radiography-based study
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ABSTRACT

BACKGROUND: This study aimed to compare the medium- to long-term results of elbow collateral ligament repairs performed 
with suture anchors.

METHODS: Patients undergoing surgery for elbow collateral ligament repairs between 2011 and 2023 were retrospectively analyzed. 
We included patients who had undergone surgery for complex elbow dislocations. Patients were excluded from the study if they had a 
previous infection, a fracture, an operation on the same elbow, a stiff elbow, or a follow-up period of less than 1 year. For the functional 
evaluation, the range of motion (ROM) and the Mayo Elbow Performance Score (MEPS) were used for the postoperative functional 
assessments. The radiological evaluation used varus and valgus stress radiographs of healthy and operated extremities taken while ap-
plying an 80 N force with a digital dynamometer.

RESULTS: Thirty-five patients (24 male and 11 female) were included in the study. Eighteen patients had isolated lateral collateral 
ligament (LCL) injuries, nine patients had isolated medial collateral ligament (MCL) injuries, and eight patients had LCL and MCL in-
juries. The mean age was 32 (18–68) years, and the follow-up period was 104.8 (32–147) months. The mean value of the MEPS was 
92.1±10.3; 22 patients had excellent, 11 patients had good, and only two patients had fair results. Patients with isolated LCL and MCL 
repairs achieved better flexion motion than patients with combined ligament repairs (142.5° and 141.7° vs. 138.6°). When comparing 
operated and healthy extremities, radiocapitellar joint distance (RCJD) was found to increase by 0.8±0.5 mm, and ulnotrochlear joint 
distance (UTJD) was found to increase by 1.18±0.5 mm, but these changes were not statistically significant.

CONCLUSION: The results of this study suggest that the use of suture anchors in elbow collateral ligament injuries is a valid solu-
tion for treatment and prevention of instability in patients with isolated or combined repairs.

Keywords: Collateral ligament; elbow dislocation, repair; stability.
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INTRODUCTION

The elbow joint is the second most commonly dislocated joint 
of the upper limb, with the shoulder being the most common-
ly dislocated joint, and more than a quarter of elbow disloca-
tions are associated with elbow fractures.[1] Complex disloca-
tions can be accompanied by radial head, coronoid, capitellum, 
and olecranon fractures.[2] Depending on the severity of the 
trauma, injuries to the lateral collateral ligament complex 
(LCLc), the joint capsule, and the common extensor tendon 
may occur.[3,4] If reduction can be maintained through flexion 
of more than 45° after reduction under anesthesia, then this 
condition is considered an unstable elbow dislocation, which 
necessitates surgical treatment.[5,6]

A review of the literature reveals that two main methods are 
used to treat elbow collateral ligament injuries. The first is 
the ligament reconstruction technique described by Jobe et 
al., which has been the gold standard for elite athletes, heavy 
laborers, and patients undergoing surgery for chronic postero-
lateral rotational instability.[7] However, the development of 
implant technology and patients’ changing expectations over 
the years have prompted the search for new techniques. In 
recent years, collateral ligament repairs with fiber suture aug-
mentation have gained popularity. Studies have shown that 
this technique allows patients to return to sports earlier 
(around 6.7 months compared to 11.6 months after modified 
Jobe reconstruction) and results in fewer gaps in the medial 
joint space.[8-10] These results highlight the favorability of repair 
instead of reconstruction after the initial trauma, especially 
among people who are not elite athletes. However, there is 
limited literature available on studies that use only suture an-
chors.

Residual instability can develop due to inadequate healing after 
repair. This condition, which can negatively affect a patient’s 
ability to return to their pre-injury activity levels, can be pre-
vented by performing a solid repair followed by an appropriate 
rehabilitation program. Aside from the functional results of 
the elbow joint assessed through physical examination after 
surgery, radiological findings may also be necessary. The most 
basic methods for this purpose are varus and valgus stress ra-
diographs. However, there are few studies on the radiological 
evaluation of collateral ligament repair outcomes.

The purpose of this study was to evaluate the clinical and ra-
diological outcomes of collateral ligament repair using suture 
anchors in patients with acute complex elbow dislocations. 
Although suture anchor techniques have become increasingly 
preferred for ligament repair, existing literature has primarily 
focused on clinical outcomes, and studies addressing objective 
radiological findings remain limited. This study was therefore 
conducted to fill this gap by providing comprehensive clinical 
and radiological evidence regarding the effectiveness of suture 
anchor fixation in restoring elbow stability.

MATERIALS AND METHODS
Patient Selection and Study Design

Ethical approval was obtained from the institution with which 
the authors are affiliated (KAEK-291298). Verbal and writ-
ten informed consent was obtained from the patients who 
agreed to participate in the study. All procedures conducted 
in studies involving human subjects adhered to the ethical cri-
teria set forth by the institutional and/or national research 
committee, as well as the 1964 Helsinki Declaration and its 
subsequent revisions or equivalent ethical standards.

This retrospective study analyzed patients who underwent 
elbow collateral ligament injury surgery between January 
2011 and June 2023. The study included patients older than 
18 years and younger than 75 years who had undergone sur-
gery for periarticular elbow fractures and associated elbow 
dislocations. Patients who had previously undergone surgery 
for the same elbow fracture or for any other reason (1), 
who were diagnosed with a stiff elbow (2), who developed 
fractures due to pathological bone disease (3), and who had 
a follow-up period of less than one year (4) were excluded 
from the study. The patients’ preoperative data, such as the 
mechanism of injury and the time between trauma and sur-
gery, were obtained from their medical records. Figure 1: 
Flowchart

Patients who met the inclusion criteria were divided into 
three groups: patients with isolated lateral collateral ligament 
(LCL) repairs (Group I), patients with isolated medial col-
lateral ligament (MCL) repairs (Group II), and patients with 
combined MCL and LCL repairs (Group III).

Surgical Technique and Rehabilitation

Closed reduction was attempted for all complex elbow dis-
locations at the initial presentation in the emergency depart-
ment. In the operating room, an acute open reduction was 
performed for dislocations that were unstable or could not 
be reduced by closed reduction. The operations were per-
formed in a single center by two different surgeons with 18 
years’ (T.G.) and 8 years’ (M.A.) experience in elbow surgery. 
During surgery, all possible fractures were fixed with screws/
plates/screws. Mason type 4 radial head fractures were re-
placed with a radial head prosthesis. After osteosynthesis, the 
elbow joints were examined for instability. If the joints were 
unstable, then LCL repairs were performed first, and, if neces-
sary, MCL repairs were performed using 5.0 mm metal suture 
anchors (Arthrex, Munich, Germany). The anchor was placed 
up to the isometric point during surgery under fluoroscopic 
control. The collateral ligament was repaired together with 
the surrounding soft tissues (joint capsule, common extensor 
origin, flexor/pronator muscle group). The sutures emerging 
from the anchor were passed using the Krakow technique.

After surgery, prophylactic antibiotic therapy (first-generation 
cephalosporin) was applied for 24 hours postoperatively, and 
75 mg indomethacin was administered once daily for 3 weeks 
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to prevent the development of heterotopic ossification.[11] 
After the operation, all patients underwent a step-by-step re-
habilitation program that included temporary immobilization, 
exercise, strengthening, and a return to sports.[12,13] After two 

weeks of immobilization at 90° of flexion in the early post-
operative period, the patients began to perform a controlled 
range of motion in a functional splint to ensure elbow joint 
range of motion and muscle strengthening until the fifth week 

Figure 1. Presentation of the patients participating in our study in the form of a flowchart according to the inclusion and exclusion criteria.

Figure 2. (a) Valgus stress radiograph; (b) Varus stress radiograph; (c) Lateral elbow radiograph showing the anchor used for the LCLc 
repair at the isometric point; (d) Varus stress radiograph with an 80 N force applied using a dynamometer; (e) Valgus stress radiograph with 
an 80 N force applied using a dynamometer; (f) The actual joint distance measured after removing magnification errors in the TraumaCad 
program.

(a) (b) (c)

(d) (e) (f)
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after surgery. When controlled motion was started, 30°-110° 
of flexion was allowed in the first week, 15°-130° of flexion 
in the second week, and full motion in the splint in the last 
week, similar to the protocol used by Wilk et al.[12]

Postoperative Evaluations

Preoperative and final follow-up examinations of the patients 
were performed by two orthopedic and traumatological sur-
geons who were not involved in the operations or the study 
(Ö.C.Ç., U.S.). Functional and radiological examinations were 
performed during the final examination. A consensus meeting 
was held to establish a clear methodology before conducting 
the measurements. The measurements were then performed 
jointly by two orthopedic and trauma surgeons. Radiologi-
cal assessment included examination of fracture healing, joint 
congruency, osteoarthritis, and development of heterotopic 
ossification (HO), as well as varus and valgus stress radio-
graphs of the healthy and operated extremities using a digi-
tal dynamometer ( JTech Medical, Midvale, USA) with a force 
of 80 N applied by an orthopedic surgeon who was not in-
volved in the surgery to detect possible residual instability. 
Radiographs were taken with a one-inch diameter calibration 
sphere to eliminate magnification errors (minimum 1° angle 
and 0.1 mm measurement difference). The radiographs were 
calibrated using the TraumaCad® program (BrainLab, Munich, 
Germany), and distance measurements were taken on the 
stress radiographs (Figure 2).

The postoperative functional assessment included the range 
of motion (ROM) and the Mayo Elbow Performance Scale 
(MEPS). The Mayo Elbow Performance Score (MEPS) is a 
comprehensive evaluation system that assesses pain, range 
of motion, elbow stability, and activities of daily living. It is 
scored on a scale from 0 to 100, with higher scores indicating 
better functional outcomes.

Statistical Analysis

The data were analyzed using SPSS Statistics Software (ver-
sion 23.0, IBM Corp.). The distribution of the data was evalu-
ated with the Shapiro–Wilk test. The categorical data were 
assessed with the Pearson chi-square test, Fisher’s exact 
test, and the Fisher–Freeman–Halton test. The parametric 
and non-parametric data were evaluated with the Student’s 
t-test and Mann–Whitney U test, respectively. The depen-
dent groups (for non-normally distributed data) were evalu-
ated with the Wilcoxon test. Inter-observer reliability of ra-
diographic measurements was assessed using the Intraclass 
Correlation Coefficient (ICC) with 95% confidence intervals. 
A p-value of <0.05 was considered significant in all the tests.

A post hoc power analysis revealed that the statistical power 
required to compare ASES scores between the groups when 
there were 22 patients exceeded 0.95, and an effect size of 
f=0.528 indicated that the sample size was sufficient to detect 
between-group differences.

RESULTS
Thirty-five patients were included in the study. The mean age 
of our patients at the time of surgery was 32 years (range: 
18–68 years). The mean follow-up time was 104.8 months 
(32–147 months). The descriptive characteristics of the pa-
tients are listed in Table 1.

Osteosynthesis of the concomitant fractures was complet-
ed before the ligaments were repaired. Eight patients with 
non-reconstructable comminuted fractures of the radial head 
underwent radial head prosthesis. Meanwhile, six patients 
underwent osteosynthesis with a plate screw, and seven pa-

Table 1.	 Descriptive characteristics of patients 

		  n	 %

Gender 	

	 Female	 11	 30.8

	 Male	 24	 69.2

Injured extremity	

	 Right	 16	 46.2

	 Left	 19	 53.8

Repaired collateral ligament	

	 MCL	 9	 25.7

	 LCLC	 18	 51.4

	 Both	 8	 22.9

Associated bone injuries

	 Isolated radial head fractures 

	 (Mason Type II/III/IV)	 15 (5/7/3)	 42.8

	 Isolated coronoid fractures        

	 (R-M Type 1/2/3)	 5 (1/2/2)	 14.2

	 Terrible triad	 9	 25.7

	 Medial epicondyle fractures	 4	 11.4

	 Olecranon fractures	 2	 5.7

Associated soft tissue injuries	

	 Common extensor tendon rupture	 6	 17.1

	 Common flexor tendon rupture	 3	 8.5

	 Capsule rupture	 9	 25.7

	 Open fracture	 3	 8.5

MEPS 	

	 Excellent 	 22	 62.8

	 Good 	 11	 31.4

	  Fair	 2	 5.8

Instability	

	 Yes 	 0	 0

	 No	 35	 100

R-M: Regan and Morrey Classification, MEPS: Mayo Elbow Performance 
Score, MCL: medial collateral ligament, LCLC: lateral collateral ligament 
complex.
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tients underwent osteosynthesis with a headless cannulated 
screw. Eight coronoid fractures were fixed with screws, while 
no intervention was made for two type 1 coronoid fractures. 
Other concomitant fractures were fixed with screws/plate 
screws.

Radiological results

Stress radiographs showed that the radiocapitellar joint dis-
tance (RCJD) was 3.9 mm in the healthy extremity, 4.8±1.0 
mm in patients with isolated LCL repair, and 4.7±1.1 mm in 
patients with combined repair. The mean increase in RCJD on 
the operated side was 0.8±0.5 mm, which was not statistically 
significant (p>0.05). Similarly, the RCJD values of patients with 
isolated and combined repairs were comparable (p=0.996). 
The ulnotrochlear joint distance (UTJD) measured 3.8 mm in 
the healthy extremity, 5.1±0.9 mm in patients with isolated 
MCL repair, and 5.0±1.0 mm in patients with combined repair. 
The mean UTJD increase of 1.18±0.5 mm was not statistically 
significant (p>0.05). Inter-observer reliability was assessed us-
ing a two-way mixed-effects model with absolute agreement. 
The intraclass correlation coefficient (ICC) was: for UTJD of 
extremity 0.969 (95% CI: 0.009–0.994), UTJD stress 0.983 
(95% CI: 0.067-0.997), for RCJD 0.987 (95% CI: 0.172-0.998), 
and RCJD stress 0.944 (95% CI: 0.169-0.987). Importantly, 
although minor widening (0.8-1.1 mm) was observed in both 
the RCJD and UTJD after repair, no signs of instability were 

observed in any patient during follow-up examinations. These 
small increases in joint space were considered to have no 
clinical relevance (Table 2).

Clinical results

The mean MEPS was 92.1±10.3: excellent in 22 cases, good 
in 11 cases, and fair in 2 cases (Table 1). All isolated MCL or 
LCL repair cases achieved only excellent or good results in 
MEPS. Meanwhile, 2 of 8 cases with combined MCL and LCL 
repairs had mediocre results. While the MEPS results of pa-
tients with isolated repair were similar, the combined repair 
results were worse (p<0.05) (Tables 3 and 4).

The mean ROM was 133±12.5°, the mean extension loss was 
7.6±3°, and the mean flexion was 140.7±12°. In the cases 
where only the LCLc was repaired, the average ROM was 
135.2±11.9°, the average extension loss was 7.2±1.9°, and 
the average flexion was 142.5±12.1°. In the cases where only 
the MCL was repaired, the average ROM was 134.8±9.3°, 
6.8±1.9°, and 141.7±9.5°, respectively. The mean ROM was 
129.8±14.7°, the mean extension loss was 8.8±4.5°, and the 
mean flexion was 138.6±14.2° in the patients who underwent 
both MCL and LCL repair (Table 4). The range of joint mo-
tion of patients who underwent isolated repair was similar, 
while the range of joint motion of patients who underwent 
combined repair was less, although it was not statistically sig-
nificant (Table 5).

Table 2.	 Investigating the impact of LCL, MCL and combined ligament repair on radiocapitellar and ulnotrochlear joint distances

	 LCLc (n=18)	 Combined (n=8)	 p

Radiocapitellar width (uninjured)**	 3.9±0.9	 3.9±1.0	 0.932

Radiocapitellar width (injured)**	 4.8±1.0	 4.7±1.1	 0.966

	 MCL (n=9)	 Combined (n=8)	

Ulnotrochlear width (uninjured)**	 3.8±0.8	 3.8±1.1	 0.917

Ulnotrochlear width (injured)**	 5.1±0.9	 5.0±1.0	 0.881

One-way ANOVA was performed. *The Kruskal–Wallis test was conducted. ** Student’s t-test was performed. MCL: medial collateral ligament, LCLc: lateral 
collateral ligament complex.

Table 3.	 Investigating the impact of LCL, MCL and combined ligament repair on functional outcomes

		  MCL (n=9)	 LCLc (n=18)	 Combined (n=8)	 P

MEPS	

	 Fair	 0	 0	 2	 0.047

	 Good	 2	 6	 3	

	 Excellent	 7	 12	 3	

One-way ANOVA was performed. *The Kruskal–Wallis test was conducted. ** Student’s t-test was performed. MCL: medial collateral ligament, LCLc: lateral 
collateral ligament complex.
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Eight of our patients (22.8%) exhibited a total of 10 compli-
cations: two in Group I, two in Group II, and four in Group 
III. Two patients developed low-grade osteoarthritis, two pa-
tients experienced nodal irritation, and six patients had type I 
HO. Half of all osteoarthritis and HO complications occurred 
in Group III (Table 6).

DISCUSSION
The most important finding of this study is that none of the 
patients demonstrated residual instability during follow-up 
examinations, and excellent or good functional outcomes 
were achieved in nearly all cases, as reflected by a mean MEPS 
of 92.1. These results indicate that primary collateral liga-
ment repair with suture anchors can provide sufficient joint 
stability and long-term functional recovery after acute com-
plex elbow dislocations. The absence of instability findings 
was also supported radiologically, as the minimal increases 
observed in RCJD and UTJD (0.8-1.1 mm) were not statis-

tically or clinically significant. Taken together, these findings 
suggest that anchor-based repairs, when performed in the 
acute setting, can restore both mechanical stability and joint 
congruency, thereby minimizing the risk of chronic instability 
or degenerative changes.

Our findings are consistent with those of previous studies 
reporting satisfactory outcomes following anchor-based liga-
ment repair. Kim et al.[14] found that patients who underwent 
LCL repair using suture anchors achieved a mean MEPS of 
86.9, with most cases demonstrating stable elbows. Similarly, 
Heo et al.[15] reported a mean MEPS of 91 after isolated or 
combined collateral ligament repairs, while Greiner et al.[16] 
demonstrated comparable functional recovery (mean MEPS 
92.4) using internal bracing techniques. In our study, the mean 
MEPS of 92.1 and the absence of postoperative instability 
confirm that suture anchor repair provides stability and func-
tional outcomes equivalent to or better than those achieved 
with ligament reconstruction or internal bracing.

Table 4.	 Investigating the impact of LCL, MCL and combined ligament repair on Mayo Elbow performance score results

		  MCL (n=9)	 LCLc (n=18)	 Combined (n=8)	 p

MEPS	 96.1±7.8	 91.6±11.1	 88.1±11.3	 0.288

Pain*	 47.7±20.6	 38.3±10.8	 35.6±11.1	 0.337

Motion*	 19.4±1.6	 18.8±2.2	 18.5±2.1	 0.449

Stability	 10±0	 10±0	 10±0	 N/A

Function*	 25.0±0	 24.4±1.6	 24.3±1.7	 0.573

One-way ANOVA was performed. *The Kruskal–Wallis test was conducted. ** Student’s t-test was performed. MCL: medial collateral ligament, LCLc: lateral 
collateral ligament complex.

Table 5.	 Investigating the impact of LCL, MCL and combined ligament repair on range of motion results

		  Overall (n=35)	 MCL (n=9)	 LCLc (n=18)	 Combined (n=8)	 p

Flexion	 140.7±12	 141.7±9.5	 142.5±12.1	 138.6±14.2	 0.432

Extension loss	 7.6±3	 6.8±1.9	 7.2±1.9	 8.8±4.5	 0.507

Range of motion	 133±12.5	 134.8±9.3	 135.2±11.9	 129.8±14.7	 0.679

The Kruskal–Wallis test was conducted. MCL: medial collateral ligament, LCLc: lateral collateral ligament complex.

Table 6.	 Investigating the complication distribution

		  Overall (n=10)	 MCL (n=2)	 LCLc (n=3)	 Combined (n=5)	 p

Knot irritation	 2	 1	 -	 1	

Heterotopic os-sificatiom	 6	 1	 2	 3	 0.442

Osteoarthrosis	 2	 -	 1	 1	

The Kruskal–Wallis test was conducted. MCL: medial collateral ligament, LCLc: lateral collateral ligament complex.
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Kim et al.’s study on LCL injuries treated with anchors found 
that the mean MEPS score of the patients was 86.9, and only 
1 of the 20 patients included in the study had a satisfactory 
outcome.[14] In another study, which analyzed the results of 
patients treated with the internal bracing technique for com-
plex elbow dislocations, the mean MEPS score was 92.4.[16] 

In a study conducted by Heo et al., 21 patients who under-
went surgery for isolated LCL and both collateral ligament 
injuries were examined, and the mean MEPS score was 91. 
They found outcomes of 19 patients were good and excel-
lent.[15] When we analyzed the results of our patients, we 
found that the mean MEPS score was 92.1, similar to the lit-
erature, while good and excellent results were obtained in 33 
of our 35 patients. Given these results, we believe that when 
performed appropriately in the acute phase, primary collat-
eral ligament repair with anchors provides outcomes that are 
similarly successful to those of internal bracing and ligament 
reconstruction.

In a study conducted by Heo et al., the outcomes of patients 
who underwent repair of both collateral ligaments were 
worse than those of patients who underwent isolated LCL 
repair.[15] In addition, Jakobi et al. stated that more exten-
sive soft tissue damage in patients requiring combined repairs 
may account for the relatively lower functional scores and in-
creased stiffness observed in this subgroup.[17] The joint range 
of motion and functional score of patients who underwent 
repair of both collateral ligaments were lower than those of 
patients who underwent isolated repair, similar to the previ-
ous studies. We believe that a higher severity of trauma to 
which the patients were exposed resulted in more severe 
soft tissue damage and concomitant bone pathologies.

Residual instability may develop after repair due to potentially 
inadequate healing, which may prevent patients from reaching 
their pre-injury activity levels. In addition to the functional 
assessment to be performed during the postoperative physi-
cal examination, a necessary step is to check radiologically if 
complete healing has taken place. The most basic method is 
to take comparative varus and valgus stress radiographs and 
assess the joint distances. Giannicola et al.’s study on the ef-
fects of soft tissue injuries in complex elbow dislocations and 
Berquist et al.’s studies on imaging of the elbow joint reported 
that an opening of more than 2 mm in the comparative radio-
graphs is assumed to be an injury to the medial collateral liga-
ment.[18,19] The stress radiographs taken in our patients, which 
involved applying a standardized force with a dynamometer, 
showed a difference of less than 2 mm in the isolated and the 
combined repaired patients. Given the absence of instability 
findings in our patients and the fact that the joint opening 
measurements were less than 2 mm, we consider that pri-
mary repair using suture anchors was successful.

Although the small postoperative increases observed in ra-
diocapitellar and ulnotrochlear joint spaces in our cohort 
were neither statistically nor clinically significant in the mid-
term, subtle alterations in joint congruency can shift contact 

areas and increase focal contact stresses—particularly under 
valgus loading—thereby predisposing to progressive cartilage 
wear over time. Biomechanical and clinical literature indicate 
that valgus instability elevates compressive forces across the 
radiocapitellar articulation and alters contact mechanics in 
both the radiocapitellar and ulnohumeral joints, changes as-
sociated with chondromalacia and degenerative progression.
[20,21] Accordingly, long-term surveillance with periodic clini-
cal and radiographic follow-up may be warranted to detect 
progressive widening or early post-traumatic osteoarthritis 
(PTOA), especially in patients with stiffness or recurrent 
symptoms. Preventive strategies include meticulous rehabili-
tation to restore motion, early treatment of stiffness, opti-
mization of stability, and attention to fracture reduction and 
implant position in fracture-dislocation patterns to preserve 
joint congruency.[15,21,22] Although small increases in joint 
space currently have no clinical relevance, it should be kept in 
mind that they may predispose patients to osteoarthritis in 
longer follow-ups.

Limitations

Our study has some limitations: it is a retrospective study, 
two different surgeons performed the operations, and the 
number of patients is relatively small. Another limitation is 
that it uses a single scoring system to evaluate the patients’ 
functional scores. The assessment with the dynamometer 
was conducted by a single surgeon on a single occasion, pre-
cluding the evaluation of both inter- and intra-observer reli-
ability. However, using the same brand and size of anchor in 
all our patients has advantages; it eliminates the risk of bias 
that may arise from implants with different characteristics, 
the condition requires a long follow-up period, and two in-
dependent assessors can evaluate the functional outcomes. 
Another important strength of our study is that the same 
force was applied to all patients by the same observer using a 
dynamometer, stress radiographs were taken, and changes in 
the joint space were analyzed, which were not done in previ-
ous literature.

CONCLUSION

Suture anchor repair provided stable fixation and favorable 
functional and radiological outcomes after complex elbow 
dislocations. The absence of residual instability and high 
MEPS scores support this technique as a reliable option, 
especially for non-athlete patients and acute injuries where 
primary repair is feasible. Suture anchor repair may serve as 
a less invasive alternative to ligament reconstruction. Future 
prospective studies with larger patient groups are needed to 
confirm these results and further define its role in elbow in-
stability management.
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Akut kompleks dirsek çıkıklarından sonra dikişli çapalar kullanılarak yapılan dirsek 
kollateral bağ onarımları olumlu sonuçlar verir; Ortalama sekiz yıllık takipte klinik 
sonuçlar, stres radyografisine dayalı bir çalışma
AMAÇ: Bu çalışmanın amacı, sütür çapa kullanılarak yapılan dirsek kollateral bağ tamirlerinin orta ve uzun vadeli sonuçlarını karşılaştırmaktır.
GEREÇ VE YÖNTEM: 2011-2023 yılları arasında dirsek kollateral bağ onarımı yapılan hastalar retrospektif  olarak analiz edildi. Kompleks dirsek çı-
kıkları nedeniyle ameliyat edilen hastalar çalışmaya dahil edildi. Daha önce aynı dirsekten enfeksiyon geçiren, aynı dirsekten kırık ve ameliyat geçirme 
öyküsü olan veya sert dirsek tanısı olan ve 1 yıldan daha kısa takip süresi olan hastalar çalışmaya dahil edilmedi. Fonksiyonel değerlendirme için eklem 
hareket açıklığı (EHA) ve Mayo Elbow Performance Score (MEPS) kullanıldı. Radyolojik değerlendirmede sağlam ve ameliyat edilen ekstremitelere 
dijital dinamometre ile 80 N kuvvet uygulanırken çekilen varus ve valgus stres radyografileri kullanıldı.
BULGULAR: Çalışmaya 35 hasta (24 erkek ve 11 kadın) dahil edildi. On sekiz hastada izole lateral kollateral ligament (LKL) yaralanmaları, dokuz 
hastada izole medial kollateral ligament (MKL) yaralanmaları ve sekiz hastada LKL ve MKL yaralanmaları vardı. Ortalama yaş 32 (18-68) yıldı ve takip 
süresi 104.8 (32-147) aydı. Hastalarımızın ortalama MEPS değeri 92.1±10.3 idi; 22 hastada mükemmel, 11 hastada iyi ve sadece iki hastada orta 
sonuç vardı. İzole LKL ve MKL onarımlı hastalar, kombine bağ onarımlı hastalara göre daha iyi fleksiyon hareketi elde ettiler (142.5° ve 141.7°'ye 
karşı 138.6°). Ameliyat edilen ve sağlam ekstremiteler karşılaştırıldığında ameliyat edilen tarafta radyokapitellar eklem mesafesinin (RKEM) 0.8±0.5 
mm, ulnotroklear eklem mesafesinin (UTEM) ise 1.18±0.5 mm arttığı bulundu, ancak bu değişiklikler istatistiksel olarak anlamlı değildi.
SONUÇ: Bu çalışmanın sonuçları, dirsek kollateral bağ yaralanmalarında dikişli çapa kullanılarak yapılan izole veya kombine bağ tamirlerinin instabi-
litenin tedavisi ve önlenmesi için geçerli bir çözüm olduğunu göstermektedir.

Anahtar sözcükler: Dirsek çıkığı; kollateral bağ; stabilite; onarım.
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Sigmoid colon obstruction caused by a giant gallstone: 
A case report of successful endoscopic management

 Güney Özkaya,  Sangar Abdullah

Department of General Surgery, Sancaktepe Şehit Prof. Dr. İlhan Varank Training and Research Hospital, İstanbul-Türkiye

ABSTRACT

Mechanical bowel obstruction due to a giant colonic calculus is an exceedingly rare clinical entity, typically associated with gallstone 
ileus or migration through a cholecystocolonic fistula. This case report describes the clinical presentation, diagnostic process, and 
treatment of an 81-year-old male with a history of cholelithiasis who developed acute mechanical large bowel obstruction due to a 
5 cm sigmoid colon calculus. The patient, with comorbidities including diabetes mellitus, hypertension, chronic renal failure, prior 
prostatectomy, and appendectomy, presented with abdominal pain, nausea, and vomiting. Physical examination revealed tenderness in 
the left lower quadrant without rebound or guarding, indicating no evidence of perforation. Laboratory findings showed leukocytosis 
(white blood cell count [WBC]: 12,000/μL, neutrophil percentage: 85.2%) and elevated C-reactive protein [CRP] (33 mg/L). Non-
contrast abdominal computed tomography (CT) revealed a 5 cm calculus in the sigmoid colon, with proximal dilatation, air-fluid levels, 
and pneumobilia. A prior hepatobiliary ultrasound had documented a 49 mm gallstone, suggesting migration via a cholecystocolonic 
fistula. Sigmoidoscopy, performed using an Olympus CF-HQ190 colonoscope with tripod grasping forceps, successfully extracted 
the calculus. Due to the patient’s advanced age and significant comorbidities, surgical repair of the cholecystocolonic fistula was not 
pursued. A follow-up hepatobiliary ultrasound one month post-procedure revealed no residual gallstones. The patient achieved rapid 
recovery and was discharged the following day. This case is notable for the exceptionally large 5 cm calculus, which is rare compared 
to the 2–3 cm stones typically reported, and highlights the efficacy of sigmoidoscopy in managing such cases in elderly patients with 
significant comorbidities.

Keywords: Sigmoid colon; gallstone ileus; giant calculus; sigmoidoscopy. 

INTRODUCTION

Colonic obstruction due to a giant calculus is an exception-
ally rare condition, primarily associated with gallstone ileus 
secondary to biliary-enteric fistulae. Gallstone ileus accounts 
for 1-4% of mechanical bowel obstructions, predominantly af-
fecting elderly patients.[1] Sigmoid colon obstruction due to a 5 
cm gallstone is particularly uncommon because of the colon’s 
narrow lumen, with few reported cases of such large calculi 
successfully managed endoscopically. This report describes an 
81-year-old male with acute large bowel obstruction caused 
by a 5 cm sigmoid colon calculus, likely resulting from gallstone 
migration through a cholecystocolonic fistula. The diagnostic 

approach, endoscopic management, and clinical implications 
of this rare condition are discussed, emphasizing the role of 
minimally invasive techniques in achieving optimal outcomes 
in high-risk patients.

CASE REPORT

An 81-year-old male presented to the emergency department 
with a three-day history of cramping abdominal pain, nausea, 
and vomiting. His medical history included diabetes mellitus, 
hypertension, chronic renal failure, prostatectomy, and ap-
pendectomy. Physical examination revealed tenderness in the 
left lower quadrant without rebound or guarding, indicating 
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no evidence of perforation. The patient reported absence of 
gas and stool passage. Laboratory findings showed leukocy-
tosis (white blood cell count [WBC]: 12,000/μL, neutrophil 
percentage: 85.2%) and elevated C-reactive protein (CRP: 33 
mg/L), with other parameters within normal limits.

Non-contrast abdominal computed tomography (CT) dem-
onstrated a 5 cm hyperdense calculus within the sigmoid co-
lon lumen, causing proximal dilatation and air-fluid levels (Figs. 
1, 2, and 3). Pneumobilia was noted, and a hepatobiliary ultra-
sound from one year earlier had identified a 49 mm gallstone, 
supporting the hypothesis of gallstone migration through a 
cholecystocolonic fistula.

Given the patient’s stable condition, urgent sigmoidoscopy 
was performed under moderate sedation using an Olympus 
CF-HQ190 colonoscope. Over a 30-minute procedure, the 

5 cm calculus was extracted using tripod grasping forceps, 
with no trauma to the surrounding mucosa (Figs. 4 and 5). 
The absence of mucosal injury or bleeding was confirmed. 
Written informed consent was obtained for both the proce-
dure and publication of this case report, in accordance with 
institutional ethical guidelines.

Due to the patient’s advanced age and significant comorbidi-
ties, including diabetes mellitus, hypertension, and chronic re-
nal failure, surgical repair of the suspected cholecystocolonic 
fistula was not pursued. A follow-up hepatobiliary ultrasound 
performed one month post-procedure revealed no residu-
al gallstones, supporting a conservative approach to fistula 
management. Post-procedure, a regular diet was initiated on 
postoperative day 1, and the patient was discharged follow-
ing significant clinical improvement. At one-year follow-up, no 

Figure 1. Transverse plane abdominal computed tomography (CT) 
scan showing a calcified gallstone within the sigmoid colon.

Figure 2. Coronal plane abdominal computed tomography (CT) 
scan demonstrating a gallstone in the sigmoid colon.

Figure 3. Coronal plane abdominal computed tomography (CT) 
scan revealing a cholecystocolonic fistula, characterized by an ab-
normal communication between the gallbladder and the colon.

Figure 4. Endoscopic image of the gallstone within the sigmoid 
colon, visualized during sigmoidoscopy.
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recurrence of symptoms was reported, indicating successful 
management.

DISCUSSION
Gallstone ileus is a rare cause of bowel obstruction, account-
ing for 1–4% of all mechanical small bowel obstructions, pre-
dominantly affecting elderly patients.[1] Colonic impaction, 
particularly in the sigmoid colon, is exceptionally uncommon, 
representing less than 1% of gallstone ileus cases. It often re-
sults from gallstone migration through a biliary-enteric fistula, 
most commonly cholecystoduodenal, though cholecystoco-
lonic fistulae have also been documented.[2-4] The presence of 
pneumobilia and a prior 49 mm gallstone in this case strongly 
suggest migration via a cholecystocolonic fistula.

Sigmoid gallstone ileus is an exceedingly rare cause of large-
bowel obstruction, as highlighted in recent literature.[5,6] 
O'Brien et al.[5] (2017) reported a case of a 4.4 cm gallstone 
impacted in the sigmoid colon, where sigmoidoscopy failed 
to extract the stone, necessitating a trephine loop colostomy 
under local anesthesia due to the patient’s comorbidities. 
Similarly, Carlsson et al.[6] (2015) described a 3.0 cm gallstone 
causing sigmoid obstruction that could not be retrieved en-
doscopically; due to pelvic adhesions from prior diverticular 
disease, enterotomy was avoided, and stone extraction was 
achieved via loop colostomy. In contrast, the successful endo-
scopic management of a 5.0 cm gallstone in our case, which 
is notably larger than those previously reported, underscores 
the potential of sigmoidoscopy as a viable first-line approach, 
particularly when surgical risks are elevated due to patient 
comorbidities.

The calculus in this case, measuring 5.0 cm, significantly ex-
ceeds the 2–3 cm stones typically described in the literature.
[4,7,8] For instance, Mouni et al.[7] (2023) reported a 3.0 cm 
gallstone requiring surgical intervention due to endoscopic 

failure, whereas the successful extraction of a larger calculus 
in this case underscores the potential of sigmoidoscopy even 
in challenging scenarios. Similarly, Balzarini et al.[8] (2015) uti-
lized endoscopic mechanical lithotripsy for a 3.5 cm stone, 
but the use of tripod grasping forceps in this case avoided 
fragmentation, reducing procedural risks. Inukai et al.[9] (2018) 
reported a case of sigmoid colon ileus secondary to a chole-
cystocolonic fistula, where a 7.0 cm gallstone caused obstruc-
tion requiring surgical intervention via enterotomy for stone 
extraction. Likewise, Osman et al.[10] (2010) described a 4.0 
cm gallstone causing large-bowel obstruction in the sigmoid 
colon, managed surgically through enterotomy following an 
unsuccessful endoscopic attempt. These cases, involving larg-
er stones, highlight the complexity of managing significant im-
pactions and underscore the exceptional rarity of endoscopic 
resolution for a 5.0 cm sigmoid calculus, as achieved in our 
patient. Recent literature further illustrates the variability in 
management strategies for sigmoid gallstone ileus, reflecting 
its rarity as a cause of large-bowel obstruction. Tonog et al.[11] 
(2023) reported a case managed surgically via enterotomy, 
emphasizing the challenges of gallstone-related obstructions. 
In contrast, AlMuhsin et al.[12] (2023) described a non-opera-
tive approach in a patient with sigmoid gallstone ileus, utiliz-
ing conservative measures such as colonic lavage, highlighting 
the potential for non-invasive management in select cases. 
These reports collectively underscore the uncommon nature 
of sigmoid gallstone ileus and the need for tailored therapeu-
tic approaches, further distinguishing our case, in which a 5.0 
cm stone was successfully managed endoscopically.

Diagnosis relies on computed tomography, which identifies 
the calculus, obstruction site, and associated findings such as 
pneumobilia, often presenting as Rigler’s triad (pneumobilia, 
ectopic gallstone, bowel obstruction).[4] The absence of re-
bound or guarding and lack of gas or stool passage in this case 
likely reflected early ileus presentation, enabling endoscopic 
intervention before complications such as perforation. This 
case is compared with prior reports of sigmoid gallstone il-
eus, emphasizing the rarity of large calculi and the success of 
endoscopic intervention (Table 1).

Endoscopic management is a well-established approach for 
gallstone ileus in stable patients with accessible calculi, par-
ticularly in cases involving the sigmoid colon. Pavlidis et al.[13] 
(2003) emphasized that colonoscopy or sigmoidoscopy can 
effectively extract gallstones in stable patients, avoiding the 
need for invasive procedures when the stone is accessible 
and no complications are present. Similarly, Nuño-Guzmán 
et al.[14] (2016) highlighted the role of endoscopic techniques, 
such as colonoscopy, as a first-line treatment for colonic gall-
stone ileus in stable patients, noting their efficacy in achiev-
ing stone extraction with minimal morbidity. However, both 
sources underscore that surgical intervention, including en-
terolithotomy or, in rare cases, colectomy, is indicated when 
endoscopic attempts fail or when complications such as 
bowel perforation or necrosis arise.[13,14] In our case, the suc-
cessful endoscopic extraction of a 5.0 cm sigmoid gallstone 

Figure 5. Photograph of the extracted gallstone following success-
ful colonoscopic removal.
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using sigmoidoscopy and tripod grasping forceps aligns with 
these findings, demonstrating the feasibility of endoscopic 
management even for unusually large calculi in a stable pa-
tient with significant comorbidities. Further supporting the 
efficacy of endoscopic approaches, Zielinski et al.[15] (2010) 
reported successful management of a 4.0 cm sigmoid gall-
stone in a 92-year-old patient using electrohydraulic lithotrip-
sy, highlighting its utility in high-risk patients where surgery 
poses significant risks. Similarly, Waterland et al.[16] (2014) 
described the endoscopic extraction of a 4.0 cm gallstone 
via mechanical lithotripsy, achieving complete resolution of 
large-bowel obstruction without surgical intervention. In 
contrast, our case demonstrates the successful endoscopic 
removal of a larger 5.0 cm gallstone using sigmoidoscopy 
with tripod grasping forceps, avoiding the need for lithotripsy 
and minimizing procedural risks such as stone fragmentation. 
These comparisons underscore the feasibility of endoscopic 
management for large calculi and highlight the technical ad-
vantage of direct extraction in stable patients with significant 
comorbidities.

The management of the underlying fistula remains contro-
versial; some advocate for spontaneous closure in the ab-
sence of persistent cholelithiasis, while others recommend 
a one-stage surgical approach involving cholecystectomy and 
fistula repair in low-risk patients.[2] Given the patient’s ad-
vanced age and lack of ongoing biliary symptoms, a conserva-
tive approach post-extraction was adopted, validated by the 
absence of complications at one-year follow-up.

This case underscores the importance of considering gall-
stone ileus in elderly patients with cholelithiasis and acute 
abdominal symptoms. The successful use of sigmoidoscopy 
highlights its role as a first-line approach in stable patients, 
particularly when comorbidities preclude surgery. The bal-
ance of technical expertise and patient-centered care is criti-
cal for achieving optimal outcomes, as demonstrated by the 
minimally invasive management of this rare 5.0 cm sigmoid 
gallstone.

CONCLUSION

This case illustrates a rare large bowel obstruction caused by 
a 5 cm sigmoid colon calculus, likely due to gallstone migra-
tion through a cholecystocolonic fistula. The successful en-
doscopic management of this unusually large calculus, which 
is rare compared to the 2–3 cm stones typically reported, 
underscores the efficacy of sigmoidoscopy in stable patients. 
This approach avoided invasive surgery in an elderly patient 
with significant comorbidities. Clinicians should maintain a 
high index of suspicion for gallstone-related complications in 
similar presentations. Endoscopic techniques offer valuable 
options for managing such rare cases and provide important 
insights for future practice.

Peer-review: Externally peer-reviewed.

Authorship Contributions: Concept: G.Ö., S.A.; Design: 
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Table 1.	 Comparison of sigmoid gallstone ileus cases reported in the literature

Study	 Stone Size	 Patient Age/	 Treatment Methods	 Fistula Repair	 Hospital
		  Gender			   Stay

Present case (2025)	 5 cm	 81/Male	 Endoscopic (sigmoidoscopy, 	 Not performed	 1 day

			   tripod grasping forceps)

O'Brien et al. (2017)[5]	 4.4 cm	 88/Female	 Endoscopic (colonoscopy, failed due	 Not performed	 5 days

			   to stone impaction), trephine loop colostomy

Carlsson et al. (2015)[6]	 3 cm	 80/Female	 Endoscopic (colonoscopy, failed due to	 Not performed	 N/A

			   pelvic adhesions), loop co-lostomy

Mouni et al. (2023)[7]	 3 cm	 74/Female	 Endoscopic (colonoscopy, failed due to	 Not performed	 6 days

			   stone size), surgical (entero-lithotomy)

Balzarini et al. (2015)[8]	 3.5 cm	 94/Female	 Endoscopic (mechanical lithotrip-sy)	 Not performed	 4 days

Inukai et al. (2018)[9]	 7 cm	 65/Male	 Surgical (enterolithotomy) + chole-cystectomy 	 Performed	 20 days

			    + partial transverse colon resection

Osman et al. (2010)[10]	 3.8 cm	 92/Male	 Surgical (enterolithotomy)	 Not performed	 28 days

Tonog et al. (2023)[11]	 4.5 cm	 69/Female	 Surgical (enterolithotomy)	 Not performed	 4 days

AlMuhsin et al. (2023)[12]	 2.5 cm	 89/Male	 Conservative (non-operative, co-lonic lavage)	 Not performed	 3 days

Zielinski et al. (2010)[15]	 4.1 cm	 92/Male	 Endoscopic (electrohydraulic litho-tripsy)	 Not performed	 25 days

Waterland et al. (2014)[16]	 4 cm	 73/Male	 Endoscopic (mechanical lithotrip-sy)	 Not performed	 1 day
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Dev safra taşına bağlı sigmoid kolon tıkanıklığı: Endoskopik tedavi ile başarılı bir vaka
Dev kolonik taşlara bağlı mekanik bağırsak tıkanıklığı, genellikle safra taşı ileusuna veya kolesistokolonik fistül yoluyla taşın migrasyonuna bağlı gelişen 
nadir bir klinik durumdur. Bu olgu sunumunda, 5 cm’lik sigmoid kolon taşına bağlı akut mekanik bağırsak tıkanıklığı gelişen kolelitiasis öyküsü olan 
81 yaşında erkek bir hastanın klinik bulguları, tanı süreci ve tedavisi ele alındı. Diyabet, hipertansiyon, kronik böbrek yetmezliği, prostatektomi ve 
apendektomi öyküsü olan hasta, karın ağrısı, bulantı ve kusma şikayetleriyle başvurdu. Fizik muayenede sol alt kadranda hassasiyet tespit edildi, 
ancak rebound veya defans olmaması perforasyon olmadığını gösterdi. Laboratuvar bulguları lökositoz (WBC: 12.000/μL, nötrofil yüzdesi: %85,2) 
ve yüksek CRP (33 mg/L) gösterdi. Kontrastsız abdominal bilgisayarlı tomografide sigmoid kolonda 5 cm’lik bir taş, kolonik dilatasyon, hava-sıvı 
seviyeleri ve pnömobili tespit edildi. Önceki hepatobiliyer ultrasonografide 49 mm’lik bir safra taşı raporlanmıştı, bu da taşın kolesistokolonik fistül 
yoluyla migrasyonunu düşündürdü. Olympus CF-HQ190 kolonoskop ve tripod tutucu forseps kullanılarak yapılan sigmoidoskopi ile taş başarılı bir 
şekilde çıkarıldı. Hastanın ileri yaşı ve komorbiditeleri nedeniyle kolesistokolonik fistül onarımı yapılmadı; bir ay sonraki kontrol hepatobiliyer ultra-
sonografide taş görülmedi. Hasta, girişim sonrası hızlı iyileşme göstererek postoperatif  birinci günde taburcu edildi. Bu olgu, literatürde genellikle 2-3 
cm olarak bildirilen taşlara kıyasla 5 cm’lik nadir bir sigmoid kolon taşının endoskopik olarak başarıyla yönetildiğini göstermektedir. Sigmoidoskopi, 
komorbiditeleri olan yaşlı hastalarda bu tür olguların yönetiminde etkili bir yöntemdir.
Anahtar sözcükler: Sigmoid kolon; safra taşı ileusu; dev kalkül; sigmoidoskopi.
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Recurrent self-inflicted abdominal stab injuries leading 
to isolated Meckel’s diverticulum perforation: A surgical 
case report and literature-backed review

 Barış Türker,1  Özgür Kurtkulağı,1  Mehmet Ali Karacaer,1  Gökhan Gökten,1  Mustafa Kaya2

1Department of General Surgery, Çanakkale Mehmet Akif Ersoy State Hospital, Çanakkale-Türkiye
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ABSTRACT

Meckel’s diverticulum (MD) is a frequently silent congenital anomaly of the gastrointestinal tract. While complications such as bleed-
ing and obstruction are more common, traumatic perforation remains extremely rare, particularly from penetrating injuries. To date, 
isolated perforation of MD following self-inflicted abdominal stab wounds has been reported only sporadically. We present the case of 
a 39-year-old male with a long-standing history of schizophrenia and epilepsy who arrived at the emergency department following his 
fifth self-inflicted abdominal stab injury over the past decade. On physical examination, a segment of small bowel was found protruding 
from a 4 cm periumbilical wound. Emergency exploratory laparotomy revealed extensive intra-abdominal adhesions and an isolated 
perforation of a Meckel’s diverticulum located 60 cm proximal to the ileocecal valve. No other visceral injuries or hemorrhage were 
detected. The diverticulum was resected using a linear stapler, and serosal defects were repaired. The postoperative course was un-
eventful, and the patient was discharged on postoperative day five. Isolated MD perforation caused by penetrating abdominal trauma is 
exceedingly rare and diagnostically challenging. When occurring in psychiatric patients with repetitive self-harm behavior, it presents an 
even more complex scenario. This case underscores the importance of meticulous intra-abdominal exploration in stab wound patients 
and contributes novel insight to the limited literature on traumatic MD injuries.

Keywords: Meckel’s diverticulum; penetrating trauma; stab wound; self-inflicted injury; psychiatric patient; case report.

INTRODUCTION

Meckel’s diverticulum (MD) is the most common congenital 
anomaly of the gastrointestinal tract, affecting approximately 
2% of the population.[1] It results from incomplete oblitera-
tion of the omphalomesenteric duct during embryogenesis. 
Although often asymptomatic, MD may occasionally present 
with complications such as gastrointestinal bleeding, intestinal 
obstruction, diverticulitis, and, more rarely, perforation.[2,3]

Perforation of MD is typically associated with inflammation, 
ulceration, or foreign body ingestion. Traumatic perforation, 
particularly from penetrating abdominal injuries, is exceedingly 

rare and sparsely documented in the literature.[4,5] The atypi-
cal location and mobility of MD along the ileum contribute to 
diagnostic challenges during trauma evaluation. In most cases, 
perforation is discovered incidentally during exploratory lapa-
rotomy performed for other suspected intra-abdominal inju-
ries.[6]

Self-inflicted abdominal stab wounds represent a distinct 
subset of trauma care, particularly among patients with psy-
chiatric disorders. Chronic self-harm behavior poses unique 
diagnostic and therapeutic challenges due to its recurrent na-
ture and variable injury patterns.[7] To our knowledge, only a 
limited number of reports have described isolated traumatic 
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MD perforation in patients with repeated self-inflicted stab 
wounds.

Herein, we present a unique case of a 39-year-old male with 
schizophrenia and epilepsy who developed an isolated perfo-
ration of Meckel’s diverticulum following his fifth self-inflicted 
abdominal stab wound over a ten-year period. This case aims 
to contribute to the limited literature on traumatic MD in-
juries and highlight the importance of comprehensive intra-
operative evaluation in patients presenting with penetrating 
trauma and psychiatric comorbidities.

CASE REPORT
A 39-year-old male with a long-standing history of schizo-
phrenia and epilepsy presented to the emergency department 

following a self-inflicted stab wound to the abdomen—his 
fifth such attempt over the past decade. On admission, the 
patient was alert and hemodynamically stable. Physical ex-
amination revealed a single stab wound approximately 2 cm 
superior to the umbilicus, with visible herniation of a small 
bowel loop through the abdominal wall.

Laboratory investigations, including complete blood count 
and coagulation parameters, were within normal limits. Con-
trast-enhanced computed tomography (CT) of the abdomen 
revealed small bowel loops herniating through an anterior ab-
dominal wall defect without evidence of free intraperitoneal 
air or active hemorrhage (Figs. 1 and 2).

The patient was urgently transferred to the operating room 
for exploratory laparotomy under general anesthesia. A 
midline incision incorporating the stab site was made. Upon 
entering the peritoneal cavity, no hemoperitoneum or fecal 
contamination was identified. Extensive fibrous adhesions 
were encountered between small bowel loops, likely second-
ary to previous abdominal injuries. Careful adhesiolysis was 
performed (Fig. 3).

During systematic examination of the small intestine, a per-
forated Meckel’s diverticulum was identified approximately 
60 cm proximal to the ileocecal valve. The tip of the diver-
ticulum exhibited a clean perforation consistent with direct 
injury from the stab wound (Fig. 4). There was no evidence of 
mesenteric injury or adjacent bowel perforation.

A representative intraoperative video recorded during ex-
ploration demonstrates the herniated small bowel and the 
perforated diverticulum prior to resection (Video 1). The di-
verticulum was subsequently resected using a 60 mm linear 
stapler (Endo GIA), and the staple line was reinforced with 
interrupted 3-0 polypropylene sutures to ensure hemostasis 
and prevent leakage (Fig. 5). Minor serosal injuries in adjacent 
loops were repaired with 3-0 Vicryl sutures.

The stomach, colon, solid organs, and diaphragm were in-

Figure 1. Abdominal computed tomography (CT) showing protru-
sion of a small bowel loop through the periumbilical stab wound.

Figure 2. Intraoperative image revealing adhesions and herniated 
bowel.

Figure 3. Perforated Meckel’s diverticulum visible during laparot-
omy.
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spected and found to be intact. A Jackson-Pratt drain was 
placed in the rectovesical pouch.

The patient’s postoperative course was uneventful. Oral in-
take was resumed on postoperative day three, and he was 
discharged in stable condition on day six. Histopathological 
evaluation confirmed the presence of a perforated Meckel’s 

diverticulum without ectopic mucosa or neoplasia.

The intraoperative findings were recorded, and a supplemen-
tary video demonstrating the initial abdominal exploration 
and identification of the perforated Meckel’s diverticulum has 
been provided as a visual reference.

Written informed consent was obtained from the patient for 
the publication of this case report and accompanying images 
and video.

DISCUSSION
Meckel’s diverticulum, though common in occurrence, sel-
dom presents with complications such as traumatic per-
foration. Penetrating abdominal injuries—especially stab 
wounds—very rarely result in isolated MD perforation. This 
makes intraoperative identification crucial, as such injuries 
often lack classical radiological signs such as free air or fluid 
collections.

Dogjani et al. described one of the few documented cases 
of combined MD and jejunal injury following abdominal stab 
trauma, emphasizing the diagnostic challenge posed by such 
presentations.[1] Arkuszewski et al. further stressed the diffi-
culty in preoperative detection of traumatic MD perforation, 
particularly due to its variable location and mobility, leading 
to delayed or incidental findings during surgery.[2] Kamath’s 
analysis of penetrating abdominal trauma indicated that small 
bowel perforations, including those involving MD, frequently 
go undetected without overt clinical signs,[3] and Nirmala re-
ported similar observations regarding non-specific nature of 
imaging and clinical findings in ileal perforations.[4]

Damodar, Reddy, and Smiley all underscored the under-rec-
ognition of small bowel injury in patients with stab wounds. 
Damodar emphasized the clinical challenge of ileal perfo-
rations often being misdiagnosed or diagnosed late, while 
Reddy highlighted the need for meticulous intraoperative 
assessment in hemodynamically stable trauma patients. Smi-
ley’s early work also pointed to the diagnostic ambiguity sur-
rounding gastrointestinal tract injuries, advocating for com-
plete exploration when suspicion persists.[5-7] This notion is 
particularly applicable in patients with psychiatric disorders 
who present with self-inflicted injuries—a patient population 
at risk of recurrent and anatomically unpredictable trauma.

A comparison of similar reported cases of traumatic or self-
inflicted Meckel’s diverticulum perforation is presented in 
Table 1.

While self-inflicted abdominal trauma is rare overall, it pres-
ents a unique diagnostic and ethical challenge for trauma sur-
geons. Smiley’s historical review of gastrointestinal injuries 
identified self-inflicted trauma as a distinct, under-reported 
clinical subgroup requiring more vigilant intraoperative as-
sessment.[8] More recently, Chui et al. demonstrated that 
self-harm remains a relevant and increasing subset of trauma 
surgery, often associated with higher rates of isolated inju-

Figure 4. Repair of serosal defects with 3-0 Vicryl sutures.

Figure 5. Resected diverticulum using Endo GIA linear stapler; 
staple line reinforced with 3-0 polypropylene sutures.
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ries to abdominal viscera and requiring individualized surgical 
strategies.[8]

In our case, the patient had inflicted five stab wounds over 
ten years, yet this was the only instance in which the weapon 
directly perforated Meckel’s diverticulum. The injury was 
isolated, with no adjacent bowel, mesenteric, or vascular 
damage—a pattern scarcely reported in the literature. The 
surgical finding, supported by intraoperative visuals, highlights 
the critical importance of systematic bowel inspection even 
in seemingly low-impact trauma mechanisms.

Given the rarity of isolated MD perforation from penetrat-
ing trauma, our case contributes valuable insight into the 
diverse presentations of abdominal injury and emphasizes 
the importance of including embryologic remnants such as 
Meckel’s diverticulum in the differential diagnosis, especially 
in psychiatric populations. Early laparotomy remains the de-
finitive approach to prevent missed injuries and associated 
complications.

CONCLUSION

Isolated perforation of Meckel’s diverticulum due to pene-
trating trauma is an exceptionally rare occurrence, especially 
in the context of recurrent self-inflicted abdominal injuries. 
This case underscores the importance of high clinical sus-
picion and thorough intraoperative exploration in such pre-
sentations. Given the anatomical variability and potential 
psychiatric comorbidities, early surgical intervention with a 

multidisciplinary approach remains essential to optimize out-
comes and prevent delayed complications.
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Tekrarlayan kendine zarar verici karın bölgesi bıçaklanma yaralanmalarına bağlı izole 
meckel divertikülü perforasyonu: Cerrahi olgu sunumu ve literatür destekli derleme
Meckel divertikülü (MD), gastrointestinal sistemin en yaygın konjenital anomalilerinden biridir, ancak komplikasyonlarla birlikte görülme sıklığı dü-
şüktür. MD perforasyonu genellikle divertikülit, ülserasyon veya yabancı cisim ile ilişkilidir. Travmatik perforasyon, özellikle penetran abdominal 
yaralanmalar sonucu gelişen izole MD hasarı ise son derece nadirdir. Bu makalede, tekrarlayan kendine zarar verme davranışı gösteren psikiyatrik 
bir hastada, yalnızca Meckel divertikülüne sınırlı, diğer intraabdominal yapılarda hasar gözlenmeyen bir bıçaklanma yaralanmasına bağlı MD perfo-
rasyonu sunulmuştur. Otuzlu yaşlarında erkek hasta, acil servise karın ağrısı ve önceki bıçaklanma girişimlerine benzer yeni bir bıçaklanma travması 
ile başvurdu. Fizik muayene, hassasiyet ve defans ile uyumlu klinik bulgular gösterdi. Bilgisayarlı tomografi, net bir perforasyon bulgusu içermemekle 
birlikte bağırsak anslarında segmenter distansiyon ve sıvı izlenimi nedeniyle hasta acil laparotomiye alındı. Operasyon sırasında, ileoçekal valvden 
yaklaşık 60 cm proksimalde yer alan Meckel divertikülünde tek başına perforasyon saptandı. Diğer intestinal yapılar sağlamdı. Perfore MD segmenti 
rezeksiyonla çıkarıldı ve histopatolojik inceleme, heterotopik mukoza veya neoplazi içermeyen perfore divertikül tanısını doğruladı. Hastanın pos-
toperatif  dönemi sorunsuz geçti ve stabil klinik durumda taburcu edildi. Olgu, hem travmatik MD perforasyonlarının tanısal güçlüklerini hem de 
psikiyatrik hastalarda abdominal travmaların yönetiminde dikkat edilmesi gereken ayırıcı tanıları vurgulamaktadır. Literatürde çok az sayıda benzer 
vaka bildirilmiş olup, bu olgu serisi travma cerrahlarının klinik farkındalığını artırmak amacıyla literatür bilgileri ile karşılaştırmalı olarak sunulmuştur.
Anahtar sözcükler: Meckel divertikülü; travmatik perforasyon; penetran karın yaralanması; psikiyatrik hasta; kendine zarar verme; vaka sunumu.
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