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Despite significant progress in the development of medicine,
post-traumatic osteomyelitis remains one of the biggest prob-
lems in the treatment of patients in the orthopedic and trauma-
tology specialty. The Masquelet technique has been most often
used in the treatment of chronic osteomyelitis in recent years.
Given the high relevance of this problem in foreign and domestic
literature, we decided to analyze our own results of treatment
of patients after gunshot, shrapnel or mine-explosive wounds
of the lower extremities, namely with the presence of critical
tibial defects complicated by osteomyelitis under the conditions
of using the Masquelet technique. Purpose. To analyze the re-
sults of application and determine the clinical and laboratory
dependencies of the Masquelet technique in the case of replace-
ment of critical tibial defects after gunshot wounds complicat-
ed by osteomyelitis. Methods. The study analyzed 153 patients
with critical tibial defects after gunshot wounds complicated
by osteomyelitis. Results. With the correct use of the Masque-
let technology, bone graft reconstruction was achieved in all
patients, the average period was (168.08 + 62.0) days. Among
the shortcomings, it is worth noting the significant dependence
of the consolidation period on the condition of the soft tissues,
as well as on the pathological pathogen (the presence of Klebsi-
ella pneumoniae or Pseudomonas aureginos in the wound). The
terms of consolidation and reconstruction of the bone graft were
significantly extended due to these factors. However, the issue of
replacing critical bone defects of the tibia after gunshot wounds
complicated by osteomyelitis requires further study and com-
parison of existing techniques.

Heszeaoicaiouu na 3naynuii npoepec y po3eumky MeouyuHi,
noOCMmMpasMamudHull  OCMeoMie€nim 3aIUMUAEMbCA  OOHIEI0
3 HAUOLILWUX npodaem nio uac NiKyeanHs NayicHmie 6 opmo-
neoo-mpasmamonoeiuniil cneyiansnocmi. Memoouka Masquelet
68 OCMAHHI poKU Hauuacmiuie UKOPUCTO8YEMbCA Ni0 Yac Ji-
KY6aHHA XPOHIUHO020 ocmeomienimy. 36ajcaiouu Ha 6UCOKY
akmyanvHicme yici npobiemu 6 3aKOpOOHHIU Ma GIMYUHAHIL
aimepamypi, Mu UPIUUIU NPOBECTNU AHANI3 GAACHUX De3Yilb-
mamie JNIiKYBAHHA NAYIEHMIE NICAA B602HENAJIbHUX, OCKOAKO-
BUX YU MIHHO-BUOYXOBUX NOPAHEHb HUMNCHIX KIHYIBOK, a came
3 HAAGHICMIO KPUMUYHUX 0eheKmis 8eaUK02OMIIKOBOT KiCmKU,
VCKAAOHEHUX OCMeOMIENIMoM 3a YMO8 GUKOPUCNANHS Memo-
ouku Masquelet. Mema. Ilpoananizyeamu pe3yiomamu 3acmo-
CY6aHHS Ma SUSHAYUMU KIIHIKO-T1A00PAMOPHI 3ANeANCHOCI
Masquelet-mexnixu y pasi samiwjenns Kpumuunux oegek-
mi6 eIUKO2OMINIKOBOI KICMKU NICNSL 60CHENANbHUX NOPAHEHb
ycKaaoueHux ocmeomienimom. Memoou. Y oocnioxcenni npo-
ananizogano 153 nayienmu 3 KpumudHuUMU 0epexmamu 6eauUKo-
20MINKOBOI KiCMKU NiCJISl 602HENANbHUX NOPAHEHD, YCKAAOHEHUX
ocmeomicnimom. Pesynomamu. 3a npasunvrnozo euxopucmanius
mexnonozii Masquelet nepe6yoosu kicmkogoco mpaucniam-
mama 60a10cb OOCASHYMU Y 6CIX NAYIEHMIB, cepeOHill mepMiH
cknaoas (168,08 + 62,0) onis. Cepeod nedonixie eapmo 3aysa-
JHCUMU 3HAYHY 3ATIeHCHICMb MEPMIHIE KOHCORI0ayii 610 cmany
MSAKUX MKAHUH, d MAKodiC 810 Namonociuno2o 30yOHuxa (npu-
cymuicmo vy pani Klebsiella pneumonie a6o Pseudomonas
aureginos). Tepminu kouconioayii ma nepedyo0osu Kicmkogo2o
MPAHCRAAHMAMA 3HAYHO NOO0BICYBANUCH Yepe3 Yi paxmopu.
IIpome numanna 3amiwjenns KPUMUYHUX KICMKOBUX Oeek-
mi6 8enUKO2OMINKOBOI KICMKU NIC/IA 802HENANbHUX NOPAHEHD,
YCKNIQOHeHUX O0CMeoMIeNimom, nompedye nooanrbuio2o 6u-
6ueHHs ma NOPIGHANHA icHyiouux memoouk. Kniouogi crosa.
Benuxoeominkosa xicmka, Masquelet, ocmeomienim, Kpumuu-
HUll Kicmkoguil Oeghekm, iH@eKyis.
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Introduction

Despite significant progress in the development
of medicine, post-traumatic osteomyelitis remains
one of the greatest challenges in the treatment of pa-
tients in the orthopedic and trauma specialties. The is-
sue of treating patients with osteomyelitis became
particularly urgent after the onset of large-scale mil-
itary actions on the territory of Ukraine. The num-
ber of people with critical bone defects has signifi-
cantly increased. Consequently, the use of various
techniques for their reconstruction has become even
more relevant. These include the Ilizarov technique,
the Masquelet technique, the transfer of the fibula,
and individual titanium 3D implants.

In terms of analyzing treatment methods for pa-
tients with critical bone defects caused by modern
combat injuries, there is a scarcity of publications,
and a general lack of summaries, forecasts, and over-
all analyses. In a multicenter study of complications
following gunshot wounds among the civilian popu-
lation in the USA, infectious complications occurred
in 9.3 % of patients. [1] According to data from
the National Military Medical Clinical Center “Main
Military Clinical Hospital”, from February 2022 to
June 2023, gunshot fractures with bone tissue defects
made up 76 % of all cases (bone defects greater than
6 cm were 25 %), and osteomyelitis was recorded in
14 % of cases. [2—4]

The sharp rise in patients  with osteomyelitis
linked to tibial defects has prompted doctors to not
only adopt new treatment methods but also to .gain
experience with techniques that have long been used
in specialized centers.The llizarov technique has
once again become relevant and widespread and is
currently considered the only alternative treatment in
many cases. In recent years, the Masquelet technique
has become one of the most frequently used proce-
dures in the treatment of chronic osteomyelitis [1].
It consists of two surgical stages: the first involves
performing sequestrectomy, and the bone defect is
filled with bone cement, which is pre-saturated with
antibiotics to provide local antimicrobial action and
promote the formation of a foreign body “reactive
membrane” over 68 weeks; in the second stage, af-
ter infection control, the spacer is removed, and bone
reconstruction is performed to address the defect.

Given the high relevance of this issue in both for-
eign and domestic literature, we decided to analyze
our results in treating patients after gunshot, shrap-
nel, or mine-explosion injuries to the lower extremi-
ties, specifically those with critical defects of the tibia

complicated by osteomyelitis, using the Masquelet
technique.

Objective: To analyze the results of using
the Masquelet technique and determine the clini-
cal-laboratory dependencies when replacing critical
defects of the tibia after gunshot wounds complicated
by osteomyelitis.

Materials and Methods

Between 2014 and 2025, 153 patients with critical
defects of the tibia after gunshot wounds complicated
by osteomyelitis were treated at the Bone and Pus
Surgery Department of the State Institution “National
Institute of Traumatology and Orthopedics of the Na-
tional Academy of Medical Sciences of Ukraine”.
The study was approved by the Bioethics Committee
(Protocol No. 6 dated 14.07.2025) of the relevant in-
stitution, in-accordance with the Helsinki Declaration
of Human Rights and Biomedicine, as well as cur-
rent legislation in Ukraine. All participating patients
signed informed consent.

Inclusion criteria for our study included:

1. Lower extremity injuries resulting from combat
actions: gunshot, shrapnel, or blast injuries;

2. Critical defect of the tibia. A critical defect is
defined as a segmental bone defect that exceeds its
diameter by more than twice. Thus, cases with a min-
imum segmental defect of 4 cm were considered;

3. Presence of osteomyelitis of the tibia, confirmed
by clinical, radiological, and microbiological studies;

4. Cases where the Masquelet technique was ap-
plied for the replacement of critical tibial defects.

Exclusion criteria were:

1. Other than combat-related injuries of the lower
extremity that led to critical tibial defects;

2. Lack of clinical-laboratory confirmation
of the osteomyelitic process in the patient;

3. Violation of the Masquelet technique at various
stages of treatment;

4. Incomplete treatment cases or inability to track
long-term outcomes.

After applying the inclusion and exclusion criteria,
we formed a group consisting of 39 patients (37 men,
2 women), with an average age of (39.28 £ 10.16) years
(ranging from 19 to 65), and performed a retrospec-
tive analysis of their treatment outcomes. The average
time since injury was (215.95 + 114.83) days (ranging
from 50 to 480). Prior to hospitalization to the de-
partment, patients underwent from 2 to 17 surgical
interventions.

All patients were operated on according to
the Masquelet technique, which involves the follow-
ing process: The goal of the first stage of the interven-
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tion is to create a biological environment free from
necrotic or infected tissue by completely removing
all non-viable bone and soft tissues. Improper sanita-
tion negatively affects the quality of the formed mem-
brane and increases the risk of infectious complica-
tions. Removal of sclerotic bone is achieved when
adequate bone bleeding is obtained, ensuring the via-
bility of the remaining bone and clinically recognized
by the presence of pinpoint bleeding within the med-
ullary canal (“paprika sign”, referred to in domestic
literature as “blood dew”). After proper treatment,
polymethylmethacrylate (PMMA) is implanted into
the defect. The cement spacer should extend about
one centimeter into the intramedullary canal and
protrude circumferentially above the cortical layer
of the proximal and distal fragments, covering the ex-
posed bone ends by approximately 2 c¢cm, similar to
the morphology of a joint capsule. During polymer-
ization of the spacer, an exothermic reaction occurs,
so the spacer should be covered with a wet sponge
or gauze to prevent thermal necrosis of surrounding
tissues. Often, antibiotics are added to the specialized
bone cement powder to improve the eradication of in-
fection at the surgical site. PMMA spacers, filled with
relatively low concentrations of vancomycin (1-4 g
per dose of cement), do not hinder the proliferative,
osteogenic, and angiogenic capacity of the induced
membranes and may even enhance them. However,
spacers saturated with relatively high concentrations
of vancomycin (610 g per dose of cement) had a neg-
ative impact on osteoblast viability and proliferation,
as well as angiogenesis [5]. After the completion
of the first operation, a certain period of time is re-
quired to initiate a local cascade of foreign body reac-
tions, leading to the formation of an autologous “in-
duced” foreign body membrane around the PMMA
spacer [6].

The osteogenic potential of the membrane has
been found to peak and then decrease: the expres-
sion of VEGF (vascular endothelial growth factor)
sharply drops after one month, while the expression
of BMP-2 (bone morphogenetic protein-2) peaks
after 4—6 weeks. These data indicate that the ideal
time for performing the second stage is between 4
and 6 weeks after the first stage. However, due to the
variety of injuries in clinical conditions, it is not al-
ways possible to predict the timing of the next stage,
as wound healing is considered a necessary condi-
tion for proceeding with the second stage. An altered
soft tissue environment can also delay the formation
of the membrane, making it impossible to proceed to
the final surgery. However, the clinically recognized

consensus is that 4—8 weeks is the ideal waiting time
between the two stages of the procedure [7].

It is important to note the role of stability in the
fixation of bone fragments during the first stage
of surgery. The formation of the membrane is only
possible if absolute stability is achieved, and this is
also a key factor in eradicating infection, as an unsta-
ble cement spacer may cause soft tissue trauma and
lead to the recurrence of the infectious process.

At the second surgical stage, the membrane is
identified and carefully incised, ensuring access
through a longitudinal incision to avoid disturbing
its vascularization. The cement spacer is removed
in sections using osteotomes to prevent damage to
the membrane. After this, a spongy autograft is har-
vested and implanted into the membrane to fill the de-
fect. The bone graft should be tightly packed, and
the membrane should be closed over the graft with
sutures. At the second stage, final fixation of the bone
fragments is used for stabilization, as rigid fixation
promotes vascularization of the graft, and in condi-
tions of instability, the rate of nonunion and graft re-
sorption increases [8].

If there is insufficient autograft to fill the defects,
allogeneic bone grafts or synthetic compounds (such
as tricalcium phosphate particles, bioglass, etc.) can
be added to increase the volume. The ideal ratio be-
tween autograft and allograft remains a subject of de-
bate. However, generally, an optimal ratio of 70 %
autogenous bone and 30 % volume expanders (allo-
geneic bone grafts, synthetic materials, etc.) is con-
sidered standard [9]. It should be taken into account
that as the proportion of so-called volume expanders
increases, the rate of nonunion and infection recur-
rence also increases.

All patients in our sample underwent reconstruc-
tion of critical bone defects according to the principles
of the technique described above. All patients were
monitored with radiological control of bone graft
consolidation at 6—8 weeks, 3 months, and 6 months,
and subsequently every 3 months from the second
stage of the intervention. Union was confirmed clini-
cally (absence of pain under axial load) and radiolog-
ically (presence of signs of bone graft consolidation).
The average duration of bone graft consolidation in
cases of critical defect replacement of the tibia was
(168.08 £ 62.0) days (ranging from 100 to 370). How-
ever, at the same time, we observed reduced bone
density in the newly formed bone, which persisted
from 1 to 4 years after treatment completion. There-
fore, physical activity limitations remain for a long
period, as does the prohibition of planned fixation
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removal from the affected segment in patients with
critical bone defects.

Results

Depending on the pathogen of the infectious pro-
cess in the bone defect area, identified during micro-
biological testing, patients were divided into the fol-
lowing groups: Klebsiella pneumonia — 7 (17.95 %),
Pseudomonas aeruginosa — 7 (17.95 %), Staphylo-
coccus aureus — 18 (46.15 %), Acinetobacter spp. —
2 (5.13 %), Escherichia coli — 4 (10.26 %), and Pro-
teus mirabilis in 1 patient (2.56 %) (Fig. 1).

Classification of Bone Defects

D1 — Incomplete defect (involving a maximum
of three out of four cortical layers):

—A) Up to 25 % loss of the cortical layer;

— B) Loss of the cortical layer from 25 % to <75 %;

—C)>75% to 99 % loss of the cortical layer.

D2 — Subcritical defect up to 2 cm (classified by
the shape of the bone fragments' ends):

— A) Two oblique ends of the bone fragments;

— B) One oblique, the other transverse end,

— C) Two transverse ends of the fragments, i. e.,
segmental defect.

D3 — Segmental defect of critical size (> 2 cm):

— A) From 2 <4 cm;

—B) From 4 <8 cm;

-C)>8cm.

According to the bone defect classification devel-
oped by the Orthopedic Trauma Association in 2021,
all patients in our study belonged to the D3B and
D3C groups [10]. Despite the fact that group D3A in
the classification refers to critical defects, we opti-
mized this classification in our practice, as defects
up to 3—4 cm can be treated in a single stage and, in
most cases, do not require multi-stage surgical inter-

E. coli
10 %

Proteus mirabilis
3%

Klebsiella
pneumonie
18 %

Acinetobacter spp
5%

Pseudomonas
aureginosa
d 18 %
Staph. aureus : .
46 % T

Fig. 1. Distribution of the patient group by pathogens
of the pathological process

vention. These defects also do not meet the definition
of a critical bone defect (a segmental defect that is
2-2.5 times the diameter of the damaged bone) [11].

Depending on the size of the critical tibial bone de-
fect, patients were divided into the following groups:
defect size from 4 to 6 cm — 18 patients (46.15 %),
from 6 to 9 cm — 13 (33.33 %), and 9 cm or more —
8 cases (20.51 %).

We also analyzed the nature of the soft tis-
sue damage in these patients, specifically identify-
ing the presence of skin defects, muscle injuries in
the lower leg, and vascular-neurological disturbances.
Thus, satisfactory skin condition was observed in
24 patients(61.54 %), significant scar transformation
in 7 (17.95 %), and a defect requiring prior orthopedic
replacement in 8§ cases (20.51 %).

Damage to the main leg vessels and correspond-
ing circulatory remodeling in the collateral type was
noted in 12 patients (30.77 %). In 5 cases (12.82 %),
damage to the fibular nerve was diagnosed, and in
2 cases (5.13 %), damage to the tibial nerve occurred.
Ischemic contracture of the lower leg skeletal muscles
was observed in 17 patients (43.59 %), while a muscle
tissue defect was diagnosed in 5 patients (12.82 %)).

The study of correlation relationships showed
a moderate inverse correlation (p = —0.26) between
the duration of consolidation and the time since in-
jury, i.e., earlier use of the Masquelet technique was
associated with delayed consolidation. A moderate
direct correlation (p = 0.36) was observed between
the duration of consolidation and the number of sur-
gical interventions before the use of Masquelet, with
a higher number of prior interventions, consolidation
occurred faster. There was also a strong direct cor-
relation (p = 0.8) between the duration of consoli-
dation and the size of the defect: larger defects had
slower consolidation, and the remodeling of the graft
also took a longer period of time. The time since in-
jury accounted for a significant number of surgical in-
terventions, which indicates a moderate inverse cor-
relation (p = —0.23). Additionally, it was established
that with a higher number of interventions preceding
the Masquelet technique (and a larger defect size),
there was a moderate direct correlation (p = 0.34) be-
tween the number of surgeries prior to the Masquelet
technique and the size of the bone defect.

The study also tracked the corresponding correla-
tion relationships between the terms of bone graft
consolidation and soft tissue damage: a moderate di-
rect correlation (p = 0.36) was found between the du-
ration of consolidation and the presence of skin and/
or muscle defects; damage to the major arteries (in
the presence of at least one of these factors) was asso-
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ciated with slower consolidation. A moderate inverse
correlation (p = —0.41) was observed between the du-
ration of consolidation and the preservation of limb
innervation (in cases of fibular and tibial nerve dam-
age) — consolidation occurred more slowly.

A moderate direct correlation was found between
the number of surgical interventions and damage to
the major arteries (p = 0.39) and muscle tissue defects
(p = 0.25). Damage to the major arteries was accom-
panied by significant ischemia of surrounding soft
tissues, requiring a greater number of interventions,
including debridements, as well as for muscle tissue
defects. Recurrences of the infectious process were
observed in 6 patients (15.4 %), which required ad-
ditional surgical interventions — re-sanitization and
re-spacer insertion. After the second stage of treat-
ment, critical graft resorption requiring repeat bone
grafting was recorded in 3 patients (7.7 %).

Regarding the size of the bone defects, the au-
thors noted the following: a moderate direct correla-
tion was observed between this characteristic and
the presence of skin defects, damage to major arter-
ies, muscles, and nerves — large defects were asso-
ciated with skin defects (p = 0.38), damage to major
arteries (p = 0.25), muscles (p = 0.55), and nerves
of the lower leg (p = 0.55).

When determining the relationships between
different pathological pathogens and the duration
of bone graft consolidation, as well as soft tissue dam-
age, it was found that: a moderate direct correlation
existed between the duration of consolidation and the
pathogen identified during microbiological testing: in
the presence of Klebsiella pneumonia (p = 0.26) and
Pseudomonas aeruginosa (p = 0.25) — consolida-
tion occurred more slowly; while a moderate inverse
correlation (p =—0.24) was observed between the du-
ration of consolidation and the detection of Staphylo-
coccus aureus — consolidation occurred faster.

In cases of Klebsiella pneumonia, a moderate di-
rect correlation was found between bone tissue de-
fects (p = 0.36), skin defects (p = 0.26), and muscle
tissue defects (p = 0.42). A moderate direct correla-
tion (p = 0.40) was also noted between a higher num-
ber of surgical interventions prior to the Masquelet
procedure when Pseudomonas aeruginosa was de-
tected in microbiological testing.

Since Staphylococcus aureus is the most common
pathogen in the entire group, accounting for 46 %, its
presence was taken as the control group for compar-
ing bone graft consolidation times.

The study found a significant (p < 0.05) difference
in the duration of consolidation between the groups
of patients in whom Klebsiella pneumonia or Pseu-

domonas aeruginosa was detected during microbi-
ological analysis, compared to the Staphylococcus
aureus group, with longer consolidation times in
the Klebsiella pneumonia and Pseudomonas aerug-
inosa groups. At the same time, no significant dif-
ference was found in the duration of consolidation
between the groups with Klebsiella pneumonia and
Pseudomonas aeruginosa (p = 0.45). No significant
difference was found in the duration of consolidation
between the groups of patients in whom Staphylo-
coccus aureus and other pathogens (except Klebsiella
pneumonia and Pseudomonas aeruginosa) were
detected.

Examples of control radiographic images immedi-
ately after the surgical interventions of the two-stage
Masquelet procedure and 9 months after the second
stage are presented in Figures 2—4.

Discussion

Considering the correlation between the duration
of consolidation, the age of the injury, and the num-
ber of surgeries performed prior to the Masquelet
procedure, it can be asserted that this technology in-
volves radical surgical debridement. Indeed, the qual-
ity of the sanitation during the first stage of treatment
is key to the success of this technique, especially
in the presence of aggressive antibiotic-resistant
microflora.

G. D. Chloros et al. claim that in case of infection,
radical debridement of the bone is crucial, and the ce-
ment spacer helps create and maintain an aseptic en-
vironment until the second stage of treatment [12].

Another important factor is the presence of dam-
age to the major arteries and the degree of trophic
disturbances, which are accompanied by greater is-
chemia of the surrounding soft tissues and call into
question the viability of certain structures, ultimately
requiring more interventions (debridements and
soft tissue defect replacements) to completely clear
the wound of pathologically altered tissues. As a re-
sult, this leads to the elimination of the infectious
process and healing of the soft tissues.

Thus, when comparing this with bone transport
according to Ilizarov, where immediate debridement
1s not critical, the removal of all non-viable tissues,
pathological granulations, and sequestrated bone
fragments is mandatory during the sanitation stage
when using the Masquelet technique. Proper debri-
dement helps reduce the number of surgical interven-
tions and the overall treatment time for patients with
critical bone defects.

The key to successfully completing the second
stage and achieving a positive outcome is the cre-
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ation of a “foreign body membrane” around the ce-
ment-antibiotic spacer. Adequate formation of the
membrane is only possible if the infection has been
adequately controlled, which is ensured by the first
stage of treatment.

The Masquelet technique requires good condition
of the skin around the bone defect area [13]. T. Dugan
and colleagues emphasize that bone reconstruction
can only be performed after complete healing of any
soft tissue injuries [14]. In the presence of skin and/or
muscle defects, as well as damage to the major arter-
ies, fibular, and tibial nerves, consolidation occurred
significantly slower. In such cases, it is advisable to
consider options for replacing the soft tissue defects
or opt for an alternative treatment method.

Fig. 2. Clinical case No. 1. Patient K, 35 years old, treated using
the Masquelet technique, with a 9 cm defect in the tibia

Fig. 3. Clinical case No. 2. Patient B, 42 years old, treated using
the Masquelet technique, with a 5 cm defect in the tibia

Fig. 4. Clinical case No. 3. Patient H, 29 years old, treated using
the Masquelet technique, with a 7 cm defect in the tibia

A separate issue is the presence of multiresistant
flora, which requires a special approach to treatment.
The data presented also suggest that polystructural in-
juries with significant tissue defects were more often
associated with the detection of the pathogen Kleb-
siella pneumoniae. The presence of Klebsiella pneu-
moniae and Pseudomonas aeruginosa in the wound
disrupts the reparative osteogenesis processes, re-
sulting in longer consolidation times when using
the Masquelet technique. Additionally, in the case
of Pseudomonas aeruginosa detection, the eradication
of the pathogen requires more surgical interventions,
leading to an increase in the concentration of antibi-
otics in cement spacers during the preparatory stages
of treatment.

Conclusions

In our retrospective study, the Masquelet technique
demonstrated its reliability as a method for replacing
critical bone defects of the tibia after gunshot wounds
complicated by osteomyelitis. When the technique
was correctly applied, bone graft reconstruction was
achieved in all patients, with the average healing time
being (168.08 + 62.0) days. According to our obser-
vations, the density of the regenerated bone reaches
a level comparable to healthy bone at least one year
after the second stage of treatment; however, in some
cases, localized osteoporosis may still be observed
for several years.

The advantages of the method include its effective-
ness, which does not depend on patient compliance—
something that is not possible with the Ilizarov tech-
nique — and the ability to achieve consolidation even
for very large tibial bone defects exceeding 9 cm.

Among the disadvantages, it is worth noting
the significant dependency of consolidation times
on the condition of the soft tissues. In the presence
of skin, muscle, and vascular or nerve bundle defects,
consolidation times were significantly prolonged. Ad-
ditionally, the presence of a pathological pathogen in
the wound also impacts the healing process. Kleb-
siella pneumoniae or Pseudomonas aeruginosa sig-
nificantly (p < 0.05) increase consolidation times and

bone graft remodeling duration.
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