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Summary
Background Surgical care in Africa, particularly in
conflict regions like Tigray, Ethiopia, faces unique
challenges. Over 5 years a team of plastic and trauma
surgeons conducted 5 humanitarian missions at
Mekelle Referral University Hospital to reconstruct
mandibular defects caused by shotgun injuries using
free fibula flaps.
Methods This retrospective study analyzed 44 free
fibula transfers performed between 2019 and 2023,
with 33 cases involving mandibular reconstruction.
Flaps were elevated using magnifying loupes; micro-
scopes were employed when electricity was available.
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Postoperative flap monitoring and follow-up visits
were conducted when feasible.
Results Of 33 mandibular reconstruction patients
(3 females, 30 males; mean age 29.5 years), a mi-
croscope was available in only 28% of cases due to
electricity interruptions. The mean surgery time was
532.7min. The flap failure rate was 24% (8 of 33 cases),
8 microsurgical complications required intraoperative
revision and 6 nonmicrosurgical complications (18%)
were observed, primarily wound infections. Early
outcomes varied: 21% had good results, 24% accept-
able, 27% moderate, 24% no significant change and
3% worsened. Follow-up was incomplete; 29% of
patients did not attend any postoperative visits.
Conclusion Microsurgical reconstruction in conflict-
affected, resource-limited settings like Tigray is feasi-
ble but complicated by factors such as inconsistent
electricity and loss to follow-up. Despite these chal-
lenges, acceptable complication and flap survival
rates were achieved, highlighting the importance and
feasibility of complex reconstructive surgery even
under adverse conditions. Limitations include diffi-
culties ensuring standardized operative environments
and consistent long-term follow-up.
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Introduction

Vascularized bone grafting (VBG) is indispensable for
reconstructing bony defects in maxillofacial injuries
[1, 2]. Recently, there has been an increasing trend
in mandibular gunshot injuries associated with the
combat in the Tigray region of northern Ethiopia
[3]. Projectiles used in combat and war zones of-
ten travel at high velocities, resulting in extensive
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destruction and avulsion of soft tissue and bone [4,
5]. Consequently, combat-related injuries therefore
pose unique challenges to the restoration of form
and function. The mandible is the most commonly
injured structure in the maxillofacial complex during
combat-related trauma [6]. It serves as a scaffold
for crucial anatomical structures and plays vital roles
in mastication, airway protection, articulation, and
deglutition. The mandible also plays a significant role
in facial esthetics, especially in the lower third of the
face [7, 8]. There are various reconstruction options
for mandibular defects including vascularized bone
grafts (VBG), nonvascularized bone grafts (NVBG),
alloplastic implants, reconstruction bars and distrac-
tion osteogenesis [9, 10]. Autogenous bone grafts,
either vascularized or nonvascularized, are predomi-
nantly used in reconstructive surgery [5, 8, 11]. The
aim of this study was the evaluation of the modalities
and efficacy of mandibular reconstruction in com-
bat-related injuries, particularly in resource-limited
settings.

Material and methods

Patient identification and data collection

This study has been registered with Clinicaltrials.gov
(ID: NCT06935916). The records included 44 pa-
tients who received free fibula transfers. The medi-
cal records of 33 patients who underwent free tissue
transfers for mandibular reconstruction between 2019
and 2023 were reviewed in a retrospective setting an-
alyzing the data and outcomes. Of the patients 11 had
to be excluded due to incomplete data.

Clinical data were reviewed to identify patients’ de-
mographics (age, mechanism of injury, side of injury,
type of tissue transfer, average surgical time and com-
plications).

Microsurgically related complications, including
anastomosis complications, were assessed. Patient-
related complications such as wound infections (su-
perficial or deep), symptomatic pulmonary embolism,
deep vein thrombosis (DVT), neurovascular injuries
and postoperative death were recorded.

The management of patients was carried out in ac-
cordance with the guidelines of the local university
hospital. All patients provided informed consent, with
preoperative counselling conducted by local physi-
cians, who also acted as translators when necessary.
The tissue flaps were raised using surgical magnify-
ing loupes. They were irrigated using a saline solution
containing heparin, and a one-time injection of in-
travenous heparin was given during the surgery. All
anastomoses were performed using microsurgical su-
tures and if available with a surgical microscope. Due
to limited infrastructure and unreliable electricity, this
was not possible in all cases.

Postoperatively, all patients were monitored in the
intensive care unit for as long as required from an

intensive care perspective. Flap monitoring was per-
formed regularly by nursing staff under medical su-
pervision. If indicated, a tracheostomy was performed
prior to surgery. In instances where immediate recon-
struction was undertaken, both the resection and re-
construction procedures were typically carried out by
the same surgical team.

In this study microsurgical complications were
defined as adverse events directly related to the mi-
crovascular anastomosis or flap viability, including
partial or total flap loss, arterial or venous thrombosis,
and need for urgent flap revision. Nonmicrosurgical
complications encompassed all other perioperative or
postoperative issues unrelated to the microvascular
anastomosis, such as wound dehiscence, infection
without flap compromise, or systemic complications.

Osteosynthesis was performed using standard
2.0mm titanium miniplates and screws. Depend-
ing on the availability during each mission, fixation
systems were sourced from established manufactur-
ers such as DePuy Synthes (DePuy Synthes, West
Chester, PA, USA) or Gebrüder Martin/KLS Martin
Group (KLS Martin Group, Tuttlingen, Germany) or
provided through humanitarian aid programs using
surgical-grade equivalents. Plate contouring and fix-
ation were carried out with the aim of adhering to
international maxillofacial standards; however, due to
limited on-site resources, full compliance with these
standards was not always feasible. Intraoperative
imaging with a C-arm was not consistently available,
as image intensifiers were often nonfunctional or en-
tirely absent. Consequently, implant positioning had
to be assessed manually and visually, which posed an
additional challenge under the prevailing conditions.

Statistics

Statistical analysis was undertaken using R Ver-
sion 3.1.1 SPSS (IBM, Armonk, NY, USA). Descriptive
data (mean, median, range, proportions) are reported
for the entire patient cohort. Differences between
means and proportions were tested with the χ2-test
for categorical variables and the unpaired t-test for
continuous variables. A probability value of p≤ 0.05 is
considered statistically significant.

Results

Overall, 33 patients underwent free tissue transfer for
mandibular reconstruction following shotgun injuries
and 3 female and 30 male patients have been treated.

The mean age was 29.5 years at the time of the
surgery with a range from 18–53 years. Mean surgery
time was 532.7min for maxillofacial patients (Fig. 1).

In all cases, the lead surgeon was the visiting spe-
cialist.

In 28% of the cases, standardized microsurgery
techniques were utilized facilitated by a microscope
at all times; however, it is important to note that for
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Fig. 1 Demographic data and time of surgery

Fig. 2 Pie chart showing the distribution of early clinical out-
comes

the remaining patients, these advanced techniques
were not consistently feasible due to the unavailabil-
ity of electricity. In such situations, surgery was con-
tinued using a flashlight and either a microscope or
surgical loupes, although the conditions did not meet
the standardized environments typically available in
high-resource settings. Patients were followed up in
the outpatient clinic for a median of 9 months, with
a range from 3 weeks to 41 months. Currently, 35%
of the patients are still under follow-up care; how-
ever, 29% of the patients did not attend any follow-
up outpatient appointments after being discharged.

A total of 8 microsurgical complications with the
anastomosis could be found, needing an intraopera-
tive revision of either the venous or arterial anasto-
mosis due to poor flap perfusion or drainage.

Nonmicrosurgical complications were found in
6 patients, which is 18%. The primary complication
observed was wound infection in 5 cases, with an
additional noteworthy complication encompassed
bleeding in 1 case.

A total of 8 free fibula graft failures were observed
in our mandibula reconstruction cases, which is ap-
proximately 24%. No osteosynthesis-related compli-
cations, such as plate loosening, malposition, or in-

fection, were observed during the documented follow-
up.

The early clinical outcome score for patients under-
going free fibula reconstruction revealed the following
distribution: 7 patients achieved good results, 8 had
acceptable outcomes, 9 experienced moderate out-
comes, 8 reported no significant change and 1 patient
experienced a worse outcome. When considering the
total outcomes across all categories, the distribution is
as follows: 21% of vascular fibula transfers performed
achieved good results, 24% had acceptable outcomes,
27% showed moderate results, 24% had no significant
change, and 3% ended up with a worse result (Figs. 2,
3 and 4).

Discussion

Free fibula transfer has become an essential tech-
nique in mandibular reconstruction, offering reliable
solutions for defects caused by trauma, tumors, infec-
tions, and congenital anomalies [11–13]. In high-in-
come countries, it is considered the gold standard due
to its proven effectiveness in restoring both function
and esthetics [13]. Although both vascularized and
nonvascularized bone grafts are used to reconstruct
mandibular defects, the choice often depends on the
setting and resources [6]. Nonvascularized bone grafts
(NVBG), although simpler and more accessible, are
generally less durable [8]. In contrast, vascularized
bone grafts (VBG), particularly the free fibula flap,
offer superior outcomes but are more technically de-
manding and associated with higher complication
rates, especially in resource-constrained environ-
ments [7, 8]. Despite these inherent challenges, the
advantages of the vascularized fibula flap are widely
acknowledged [14]. Its long, dense segment of corti-
cal bone is resistant to pressure and torsion and can
accommodate osseointegrated implants. Moreover,
its capacity for multiple osteotomies and soft tissue
integration makes it ideal for reconstructing complex
mandibular defects.

The success of such procedures hinges on several
critical factors: robust vascularization to ensure graft
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Fig. 3 Case 1: secondary
mandibula reconstruction
after gunshot injury. a,
b Preoperative CT scan
of the mandible, showing
the segmental defect after
shotgun injury. c Postoper-
ative X-ray confirming fix-
ation of the free fibula flap
with reconstruction plate (a
postoperative CT was not
performed due to limited
availability and high costs
for patients in Africa). d-
f Postoperative clinical pho-
tograph, showing restored
mandibular contour and
demonstrating soft-tissue
healing

Fig. 4 Case 2: secondary mandibula reconstruction after
gunshot injury. a, b Preoperative clinical photograph. c Preop-
erative CT scan of the mandible demonstrating the segmental

defect. d, ePostoperative clinical photograph. fPostoperative
X-ray confirming fixation of the fibula flap with reconstruction
plate and restoration of mandibular continuity

survival, an accurate anatomical fit for functional and
esthetic restoration, and meticulous surgical tech-
nique, often supported by preoperative virtual plan-
ning and 3D modeling [9, 10]. These tools, however,
remain unavailable in much of sub-Saharan Africa
due to cost and access limitations [15, 16].

Our own experience with mandibular reconstruc-
tion in the conflict-affected Tigray region must be

viewed against this backdrop of global practice. Su
et al. emphasize why the fibula flap continues to be
the workhorse of mandibular reconstruction: it com-
bines long vascularized bone, reliable soft tissue com-
ponents, and compatibility with implant-based reha-
bilitation [14]; however, their description of ideal con-
ditions, such as preoperative imaging, virtual surgical
planning, and multidisciplinary teamwork, highlights
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the disparity in our context, where such resources are
unavailable. Nonetheless, we observed that accept-
able clinical outcomes can be achieved even under
austere conditions, affirming the resilience and adapt-
ability of the FFF.

In this context, Wang et al. underscore the value
of digital planning in improving the precision of re-
construction and reducing surgical time [9]. Yet, our
setting necessitates reliance on experience and adapt-
ability rather than technology. Similarly, Kadam et al.
point out the difficulties inherent in secondary recon-
struction, particularly the management of fibrosis and
distorted anatomy, which we frequently encountered
and addressed through flexible, case-by-case strate-
gies [7].

Rehman et al.’s findings further contextualize our
outcomes [8]. Their study reports an 88.2% success
rate using nonvascularized iliac bone grafts for small
mandibular defects (4–7cm), surpassing the success
rate we observed with vascularized fibular grafts. This
discrepancy may reflect the higher complexity of our
cases, which aimed at restoring complete mandibu-
lar continuity and function under difficult conditions,
often in patients with large, irregular defects and com-
promised soft tissue.

Further supporting our experience, Banda et al.
conducted a meta-analysis of free flap surgeries in
Africa, reporting a pooled flap survival rate of 89%,
albeit with a relatively high complication rate of 51%
[15, 17]. Our 24% graft loss and corresponding com-
plication rate mirror these findings and illustrate
the importance of perioperative protocols even in
makeshift conditions. Our attempts at standardized
monitoring and follow-up were critical in mitigating
risks, although not always possible due to patient
mobility and infrastructure limitations.

Walia et al. highlighted the feasibility and effective-
ness of second free flaps after initial flap loss, with
a reported success rate of 93% and lower complica-
tion rates than alternative salvage methods [18]. In
our context, however, second free flaps are rarely fea-
sible due to time, equipment, and staffing constraints.
Instead, we focused on intraoperative revisions when
perfusion issues were identified early.

In mandibular reconstruction, a novel approach is
the “jaw in a day” concept, involving dental implant
placement into the fibula during flap transfer under
the same anesthesia as bone harvesting. A provisional
prosthesis is promptly fitted to the neomandible, sig-
nificantly expediting oral feeding resumption for the
patient. While such approaches or other innovative
practices like 3D printing for mandibula reconstruc-
tion are standard in high-resource settings, humani-
tarian missionsmust rely on basic techniques and aim
to establish a treatment standard that is both feasible
within the local infrastructure and available resources,
and, above all, safe for the patient [15].

The value of structured, short-term collaborative
missions is further emphasized by De Berker et al.,

who outlined the dual benefit of providing care and
building capacity through training [19]. Our own mis-
sions followed a similar model, combining surgical
intervention with infrastructure assessment, logisti-
cal planning, and local mentorship. What makes our
contribution particularly significant is the inclusion
of war-injured patients, a population rarely featured
in published datasets from short-term reconstructive
missions.

A valuable complementary perspective comes from
Gebremariyam et al., who documented the creation
of a microsurgical service in Jimma, Ethiopia [20].
Their emphasis on sustainable training, equipment
procurement, and long-term planning mirrors our
own aspirations; however, the active conflict and sys-
temic instability in Tigray present ongoing challenges
to similar capacity-building efforts in the region [3,
4]. Nevertheless, our repeated missions and preop-
erative evaluations helped prepare the local setting
for complex microsurgical procedures and may serve
as a foundation for future development once the
situation stabilizes.

Surgical duration can vary significantly and is influ-
enced by local resources as well as factors that are un-
common in high-income settings, such as non-func-
tioning or unreliable electricity. While complex pro-
cedures are generally performed using a dual team
approach, this method is also applied in the local
context; however, efficiency is not always comparable
as the local team is still in the process of developing
microsurgical expertise. In their study on the chal-
lenges of global microsurgery, Citron et al. reported
that the flaps which took the longest to perform were
the fibula flaps, with a median of 508min (interquar-
tile range, IQR 453–558min), due to the involved na-
ture of fibula shaping for mandibular reconstruction
[5]. This is roughly in line with our experience, where
the mean surgery time for maxillofacial patients was
532min.

The delivery of high-quality surgical care in such
settings inevitably faces significant logistical and eth-
ical challenges. Frequent power outages necessitate
the use of headlights during surgery, and the absence
of bipolar cautery and running water compels us to
adapt traditional surgical techniques and sterilization
methods. We also transport essential surgical equip-
ment, including microsurgical instruments, battery-
powered drills, and suture material, to ensure auton-
omy during operations. Customs and transport logis-
tics, although legally supported, add a further layer of
complexity.

Ethical decision-making plays a crucial role. We
must continuously weigh the risks and benefits of
major surgeries in patients who may not have consis-
tent access to follow-up care. This is why we conduct
premission site visits and engage closely with the lo-
cal team to assess not only technical feasibility but
also the sustainability of postoperative management.
Fortunately, the intensive care unit (ICU) in Mekelle
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University Hospital is well-equipped by regional stan-
dards, which justified our decision to proceed with
complex reconstructions. Preoperative diagnostic
imaging was covered by our team, including nec-
essary radiographs or CT scans prior to surgery. In
several cases, we were also able to finance selected
postoperative imaging; however, the extent of post-
operative diagnostics did not match the standards
typically expected in high-resource settings, due to
both financial and logistical limitations.

Postoperative care continues through active collab-
oration with local medical teams, supported by re-
mote communication with our team. Complications
that arise are either addressed on-site or discussed in
joint consultation, ensuring continuity of care despite
the geographical and infrastructural hurdles.

Our findings align closely with those reported by
Bouaoud et al., who analyzed 5 years of humanitarian
maxillofacial missions in Senegal [21]. Similar to our
experience, their missions predominantly addressed
tumors and posttraumatic or postinfectious sequelae,
with free flap reconstruction playing a central role in
surgical management. Despite working in a resource-
limited setting, they achieved low complication rates
and favorable functional outcomes, emphasizing the
value of meticulous planning, structured follow-up,
and close collaboration with local teams. These paral-
lels reinforce the importance of context-sensitive sur-
gical strategies and highlight that with proper prepa-
ration microsurgical reconstruction can be safely and
effectively implemented even under challenging con-
ditions. Their emphasis on sustainable mission plan-
ning, ethical awareness, and capacity-building also
echoes our own operational principles in Tigray.

The philosophy of global surgery increasingly em-
phasizes building local capacity rather than only pro-
viding care, and in principle, teaching local surgeons
complex procedures such as microsurgical mandibu-
lar reconstruction with free fibular flaps is a realistic
and important goal for sustainable surgical improve-
ment; however, feasibility depends heavily on local
factors like existing surgical experience, availability
of essential equipment (e.g., microscopes, microin-
struments), reliable infrastructure (consistent electric-
ity, sterile environments), and perioperative support.
In resource-limited or conflict-affected settings, even
highly motivated surgeons may require 3–5 years of
repeated hands-on training missions with close men-
torship and gradual skill development before inde-
pendently performing microsurgical reconstructions
safely. Without stable infrastructure and team capac-
ity, the learning curve is significantly extended, and
outcomes risk being unacceptably poor. Therefore,
while microsurgical training should remain a long-
term objective, initial education should focus on foun-
dational reconstructive techniques such as pedicled
flaps and skin grafts, with progressive steps towardmi-
crosurgery as local systems, experience, and resources

allow, supported by sustained collaboration and in-
vestment in local capacity.

Conclusion

Mandibular reconstruction in Tigray faces challenges
due to limited resources and a steep learning curve.
Access to high-quality microsurgical instruments and
sutures is constrained by cost and distribution issues.
Despite early challenges, strategic procurement of
quality materials and improved surgical expertise en-
hanced outcomes. Combat-related defects often use
nonvascularized bone grafts (NVBGs) for their practi-
cality, despite shaping challenges. Vascularized bone
grafts (VBGs) like free fibula grafts offer superior func-
tional and esthetic results due to better blood supply
and integration. Enhancing surgical care, investing
in essential equipment, and continuous training are
essential for successful mandibular reconstruction in
developing regions.

In summary, while our outcomes may fall short of
those achieved in high-income settings or even well-
supported low-income and middle-income countries
(LMIC) centers, they demonstrate that complex mi-
crosurgical reconstruction, particularly mandibular
free fibula transfer, is achievable and impactful in
a war zone. This underscores the importance of tai-
lored, context-sensitive strategies and the need for
further capacity-building initiatives in post-conflict
recovery.

Limitations

One limitation of this study is the incomplete long-
term follow-up: 29% of patients did not return for
planned long term outpatient visits after discharge.
This limited the availability of comprehensive long-
term outcome data and may have introduced some
uncertainty into the interpretation of late complica-
tions and overall success rates. Nonetheless, given
the challenging conditions in the conflict-affected re-
gion and the inherent difficulties of patient tracking
in such settings, the achieved follow-up rate is within
what can reasonably be expected.
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