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Fractures: Follow-up Study of 35 Cases
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Departments of Traumatology, 'Surgery, *Anesthesiology, *Ophthalmology, and “Neurosurgery, Rijeka University
Hospital Center, Rijeka, Croatia

Aim. To compare primary and secondary wound reconstruction as a treatment method for Gustilo type Ill open tibial
fractures.

Methods. Thirty-five consecutive patients with a Gustilo type Il open tibial shaft fracture were treated and followed up
for 3 years. The patients were divided into two groups depending on the treatment protocol and timing of wound re-
construction: primary wound reconstruction (n=15) and secondary wound reconstruction (n=20). After determining
median value, the variability was expressed with the 25th and 75th percentiles.

Results. In the primary wound reconstruction group, healing was achieved in 13 out of 15 patients. The median time to
recovery was 68 (25th-75th percentile =32-86) weeks, median number of operations was 4 (25th-75th percen-
tile=3-5), and median Johner and Wruhs score was 4 (25th-75th percentile = 3-5). There were 9 cases with a bone de-
fect and 2 tibial amputations were performed. In the secondary wound reconstruction group, complete recovery was
achieved in 18 out of 20 patients. The median time to recovery was 115.5 (25th-75th percentile = 70.0-128.5) weeks,
median number of operations 7.5 (25th-75th percentile=6.5-8.5), and median score according to Johner and Wruhs’
criteria 3 (25th-75th percentile = 2-4). There were 19 cases with a bone defect and 1 tibial amputation was performed.
Chronic osteomyelitis persisted only in a single patient. Median time to recovery and number of operations were signif-
icantly smaller in patients undergoing primary wound reconstruction.

Conclusion. Primary wound reconstruction required smaller number of operations and shorter time to recovery than

secondary wound reconstruction, mostly due to a significantly smaller proportion of cases with a bone defect.

Key words: fractures, open; limb salvage; reconstructive surgical procedures; tibial fractures

Gustilo type Il open fractures (1) are both a com-
plex therapeutic problem and an economic burden
(2) because of multiple operations needed and long
recovery. General indications for flap reconstruction
of the wound are exposed bone, blood vessel, nerve,
tendon, and open joint cavity.

Timing of the wound closure is the intriguing
question for both reconstructive and fracture sur-
geons (3). Publications on this topic are few, and ran-
domized studies are difficult to perform. Primary
wound closure in the Gustilo type Il open tibial frac-
tures should be done immediately after radical
debridement. According to Godina (4), primary clo-
sure provides less complications, better postoperative
results, shorter recovery time, and smaller economic
burden than secondary soft tissue defect reconstruc-
tions, which are performed after 5 or more days on
the basis of second-look debridement. Secondary re-
constructions are related to higher incidence of flap
complications, osteomyelitis, number of operations,
and longer time to recovery (4). DelLong and al (5)
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have recently reported that there was no statistically
significant difference in the incidence of osteomyeli-
tis and delayed union/nonunion rates with respect to
time of wound reconstruction. Beside medical indica-
tions, the factor influencing the timing of wound re-
construction is the organization of trauma service, ie,
availability of prolonged use of operation room at any
time (2).

The aim of this prospective study was to analyze
the final functional results of the surgical therapy of
Gustilo type Il open tibial fractures in relation to pri-
mary vs secondary soft tissue reconstruction.

Patients and Methods

Patients

All 35 patients with Gustilo type Il open tibial fracture ad-
mitted to our level-l trauma center between 1993 and 1998 were
followed up for 36 months before the final functional analysis.
Only a single patient, with bilateral tibial fracture, penetrating
thoracic trauma, and pulmonary lesion was excluded from study
because he died of sepsis 11 days after admittance. The primary
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reconstruction group consisted of 15 and the secondary of 20
cases of Gustilo type Il fracture. The groups etiologically includ-
ed both civilian and war injuries. Mean age in the primary recon-
struction group was 25 (25th-75th percentile =23-38) years, and
35 (25th-75th percentile =26.5-39) years in the secondary recon-
struction group.

Seven out of 15 cases in the primary reconstruction group
and 12 out of 20 cases in the secondary reconstruction group
were injured by explosion or bullets. Higher incidence of explo-
sive and bullet traumas (Table 1) could be explained by the
1991-1995 war.

Table 1. Etiology, energy transfer, Mangled Extremity Sever-

ity Score (MESS) of the injuries causing the fracture
Reconstruction (No. of patients)

primary (n=15) secondary (n=20)

Parameter
Etiology of injury:
traffic accident

explosion

bullet

fall

crush injury
Energy transfer:

low

medium

high 1
MESS score:
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Fracture Classification

Fracture classification was based on the mechanism of in-
jury and type of energy transfer. According to etiology, the frac-
tures in war injuries were classified as explosive or bullet
wounds, whereas civilian injuries were classified as professional,
traffic, or accidental. These injuries differed in the extent of soft
tissue and bone damage. Open tibial diaphyseal fractures of
Gustilo type Il are caused mostly by high-energy injuries. The
energy transfer was assessed from the anamnesis, clinical find-
ings, and radiological evaluation of the fracture. Radiological
evaluation of the energy transfer was based on the degree of
comminution and dislocation of the fragments correlates with the
energy that caused the skeletal injury. Simple tibial diaphyseal
fractures (type A) were caused by low-energy; wedge fractures
(type B) were caused by medium-energy, and complex fractures
(type C) were caused by high-energy transfer wounds (6).

Subclassification of Gustilo type Il open tibial fractures (1)
is IlIA (extensive soft tissue laceration, adequate bone coverage,
and possible soft tissue coverage of the bone); IlIB (very severe
loss of coverage, with periosteal striping, bone exposure, and re-
quired soft tissue reconstruction); and llIC (vascular injury requir-
ing repair).

Mangled Extremity Severity Score (MESS, ref. 7) was calcu-
lated from the energy of injury, duration of ischemia, hemo-
dynamic status, and patient age (Table 1). MESS >7 is highly in-
dicative of the necessity for initial or secondary amputation. The
most serious disadvantage of MESS is the possibility of error in
early indication of amputation in young patients with intact blood
vessels, minimal blood loss, and extensive muscle and bone de-
fect (7). Extensive injuries of the tibial shaft could be scored with
MESS <7, where primary amputation would be the method of
choice. Conversely, Gustilo type IlIC tibial injuries can go along
with a small wound and complete vessel lesion, MESS >7, and
successful reconstruction of extremity.

Wound Reconstruction

The timing of the wound reconstruction (8) of the Gustilo
type lll open tibial fractures was determined by the following fac-
tors: primary reconstruction of the wound (reconstruction imme-
diately after radical debridement during the first operation); de-
layed primary/early reconstruction of the wound (carried out
within 3 to 5 days after primary wound debridement); and sec-

ondary wound reconstruction (made 5 or more days after primary
excision).

Primary wound reconstruction was performed by a micro-
surgical team. The main conditions for the primary reconstruction
were radical (oncological) debridement, possibility of the eleva-
tion of the local flap or free flap immediately after radical debride-
ment, possibility of wound reconstruction without the residual
dead space, and good general condition of the patient.

Secondary soft tissue reconstruction was performed in pa-
tients with large, highly contaminated wounds or bad/critical
general condition. Furthermore, secondary reconstruction was
performed when it was uncertain if the primary debridement was
performed radically “into the healthy tissue” and when it was not
possible to proceed with the primary flap elevation after initial
debridement.

Using the indications for primary or secondary reconstruc-
tion and the applied surgical protocol, we divided the patients in
two groups: primary reconstruction group, with primary wound
reconstruction during the first operation (15 men: one Gustilo
type IlIA case, seven IlIB cases, and seven IlIC cases), and second-
ary reconstruction group, with secondary wound reconstruction
(2 women and 18 men: three Gustilo type IlIA cases, 14 IlIB
cases, and three llIC cases). There was no statistically significant
difference in the distribution of fracture types between two
groups (chi-square=4.31, p=0.068).

Preoperative antibiotics, tetanus prophylaxis, and infusions
were routinely administered in both groups.

Treatment in Primary Reconstruction Group. Initially, radi-
cal debridement was followed by wound irrigation, immediate
fracture stabilization, blood vessel reconstruction where indi-
cated, and primary soft-tissue reconstruction (9-12). Bone recon-
struction was followed by physical rehabilitation.

Surgical approach to the fracture was performed through
the wound in 13 and through the wound expanded with an inci-
sion in two out of 15 patients. External fixation for fracture stabili-
zation was used in 13 and internal fixation with a plate and screw
in two out of 15 patients (one with Gustilo type Ill B fracture and
one with Gustilo type llIC fracture, both caused by traffic acci-
dents). Indication for osteosynthesis with a plate and screw in
Gustilo type Ill B and HIC tibial shaft fractures is exceptional and
possible only if followed by primary flap (preferably muscle) re-
construction (6).

The indications for primary wound reconstruction were ex-
posed bone (9 cases), exposed bones and blood vessels (3 cases),
exposed muscles and tendons (3 cases).

Primary reconstruction was performed during the first anes-
thesia. The median time from injury to operation was 7 (25th-
75th percentile =5-8) hours.

Primary flap reconstruction was undertaken in seven and
other surgical or reconstructive methods in eight out of 15 pa-
tients. Of seven out of 15 flaps used for wound reconstruction,
there were two free latissimus dorsi flaps and five local flaps (me-
dial head of the gastrocnemius muscle in three cases, anterior tib-
ial muscular flap and local skin flap in one case each). In eight out
of 15 cases where the flap was not used, the wound was recon-
structed immediately with a split skin graft in three cases, imme

Table 2. Wound size and type of flaps for soft tissue recon-
struction

Reconstruction

Soft tissue primary secondary
reconstruction (n=15) (n=20) p*
Wound size (cm?, mean £ SD):
before debridement 50+61 51+49 0.955
after debridement 74+82 102+72  0.294
Type of flap for soft tissue
reconstruction (No. of patients):
free flap 2 7 0.289
local flap 5 5 0.871
Type of flap for complication
treatment (No. of patients):
free flap 3 5 0.954
local free flap 1 1 0.599

*T-test for continuous variables and chi-square test for fractions.
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Figure 1. Primary wound reconstruction of explosive Gustilo 1lIC open tibial fracture (case B.M.) — acute phase of surgical
tretment. A. Explosive Gustilo IlIC tibial shaft fracture. B. Cominutive tibial shaft fracture, laterolateral view. C. Condition af-
ter external fixation, revascularisation, primary flap reconstruction; preserved foot vitality, primary wound healing. D. Seg-
mental 4 cm bone defect on antero-posterior view (left). The size of segmental bone defect was unchanged after the primary
flap reconstruction of the wound (antero-posterior (left) and latero-lateral (right) view).

diate primary closure with relaxing incisions in three cases,
immediate primary closure in a single case, and tibial shortening
and primary split skin also in a single case.

Eleven out of 15 flaps were used in the primary reconstruc-
tion group, seven for primary wound reconstruction, and four ad-
ditional flaps (three free flaps and one local-tissue expander) for
the treatment of complications. There was no statistically signifi-
cant difference between the primary and secondary reconstruc-
tion group in any of the parameters (wound size before and after
debridement, rates of cases with free flap for soft tissue recon-
struction, cases with local flap for soft tissue reconstruction, free
flaps used to treat the complications, and local free flaps used to
treat the complications) (Table 2).

Out of seven cases with Gustilo type IIIC fracture, injury of
anterior and posterior tibial and peroneal artery occurred in three
patients, injury of anterior and posterior tibial artery in three pa-
tients, and injury of anterior tibial and peroneal artery in one pa-
tient.

Peripheral arteriography was performed after clinical as-
sessment in six out of 15 patients (five cases of Gustilo type I11C
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fracture and one case of Gustilo type IlIB fracture). Blood vessel
lesion was verified intraoperatively in two patients with Gustilo
type IlIC fracture and clinically suspicious blood vessel trauma.

Posterior tibial artery lesion was reconstructed with great
saphenous vein graft in five out of seven patients with IlIC frac-
ture (13), direct termino-terminal anastomosis of posterior tibial
artery was performed in one patient with tibial shortening, and
anterior tibial artery was reconstructed with greater saphenous
vein graft in one patient with lesions of anterior tibial and
peroneal artery.

Bone defects smaller than 3 cm were treated with spongio-
plastics. Segmental bone defects larger than 3 cm were treated by
segmental bone transport (14) made with the circular external
fixator (Instrumentarija, Zagreb, Croatia). Segmental bone trans-
port was initiated 7 days after corticotomy and was lengthened
by 1 mm once a day. Docking place spongioplastics was per-
formed after the circular external fixator had been replaced with
the unilateral external fixator “Zagreb 1” (Instrumentarija). Exter-
nal fixator was removed after the formation of calus and the heal-
ing of docking place.
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Among nine patients with nonreactive atrophic bone de-
fect, there were three with partially necrotic fragment, two with
necrotic fragment, three with segmental defect, and a single case
with tibial shortening. Bone defect was surgically treated in six
out of 15 patients in the primary reconstruction group as follows:
four patients with Ilizarov (15,16) method (three patients with
segmental transport; Figs. 1-3, a patient with tibial elongation); a
patient with spongioplastics of bone defect; and a patient with
tibiofibular synostosis combined with bone grafting in the pres-
ence of bone loss (17).

Treatment in Secondary Reconstruction Group. This type
of treatment was performed in 20 patients: 13 who had been

___‘\1.

treated in other institutions before being referred to our level-l
trauma center to continue the treatment, and seven initially
treated in our center. Further treatment, estimation of final func-
tional results, and patient follow-up were performed by the same
surgical team as in the primary reconstruction group.

Operative treatment in the first phase included an immedi-
ate debridement, wound irrigation, immediate fracture stabiliza-
tion, blood vessel reconstruction where indicated, wound left
open, serial debridements, and secondary soft tissue defect re-
construction. The second and third phases of the treatment were
based on the same principles as in the primary reconstruction

group.

Figure 2. Primary wound reconstruction of explosive Gustilo IlIC fracture (case B.M.) — reconstruction of segmental bone de-
fect. A. Circular external fixator and proximal corticotomy for segmental bone transport (antero-posterior view). B. Patient with
circular external fixator for segmental bone transport. C. Finished segmental bone transport: docking place insufficient for calus
formation (antero-posterior view). D. Circular external fixator removed, refixation with external fixator, spongiplastics. E. Calus
formation after the spongioplastics of the docking place (antero-posterior (left) and latero-lateral (right) view).
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Figure 3. Final result of primary wound reconstruction in ex-
plosive Gustilo IlIC fracture, at 24-month follow-up (case
B.M.). A. Patient condition. B. Fracture and place of bone
distraction healed (antero-posterior (left) and latero-lateral
(right) view).

Surgical approach to the fracture was performed through
the wound. External fixation was used in all patients. Wound was
left open in all patients in the secondary reconstruction group af-
ter primary debridement. After the wound was cleaned by re-
peated debridements, it was left open or temporarily covered by
a split skin graft.

The wound was cleaned and left open in nine out of 20 pa-
tients after a median number of 3 (25th-75th percentile = 2-4) re-
peated debridements. In these patients, there was no devitalized
bone, wound healed with granulations, split skin graft was not re-
quired, and the flap reconstruction was performed after median
time of 4 (25th-75th percentile = 3-8) weeks.

Temporary secondary split skin graft was used in 11 pa-
tients (10 wounds and one stump) after three (25th-75th percen-
tile=2-4) repeated debridements and 21 (25th-75th percen-
tile=9-24) days after the trauma. The technique of temporary
wound closure with split skin graft allowed the supervision of the
wound healing as well as discovering the potential deep and
bone infection in case of insufficient soft tissue or bone
debridement. Secondary flap reconstruction was performed in
nine patients after 24 (25th-75th percentile =8-56) weeks. Addi-
tional flap reconstruction was not required in two patients.

Among 11 patients with a temporary split skin graft, three
grafts were made in our center and eight were made in other in-
stitutions before referral to our center.

Secondary flap reconstruction in 13 patients initially treated
in other institutions was performed after a median time of 10
(25th-75th percentile=7-32) weeks; this time depended on the
period from trauma to referral to our center. The secondary flap
reconstruction of soft tissue defect in seven patients treated from
the beginning in our trauma center was performed after median
time of 4 (25th-75th percentile =3-11) weeks.

Secondary flap reconstruction was performed in all patients
in the secondary reconstruction group after median time of 9
(25th-75th percentile=3-28) weeks. The flaps were used in 18
patients, and in two patients the wound was left covered with
split skin graft as a permanent solution. In 18 patients with a flap,
12 flaps were used for wound reconstruction and 6 to treat the
complications of fractures (Table 2).

The indications for flap use in these 20 patients were
wound left open (nine patients), wound previously covered with
split skin graft (three patients), and complications where the
wound was secondarily treated with split skin graft (chronic
osteomyelitis in three patients, malunion in one patient, and
non-union in two patients).

Four types of flaps were used in these 20 patients. Free
latissimus dorsi musculocutaneous flap was used in 12 patients,
local flap (medial head of gastrocnemius) in three, tissue ex-
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pander in two, and cross leg flap (medial head of gastrocnemius)
in a single patient. There was no flap failure.

Preoperative peripheral arteriography was performed in
two patients with Gustilo type Ill C fractures. In 11 patients,
angiography was performed before the secondary flap recon-
struction of the wound.

Anterior tibial artery lesion occurred in nine out of 14 pa-
tients with fracture type 11IB, and the ligation of the damaged ar-
tery was performed.

There were two cases of Gustilo type IlIC fracture with le-
sion of anterior and posterior tibial artery. Venous graft was used
to repair the lesion of the posterior tibial artery and comitant vein.
In a single patient with three-arterial lesion, the posterior tibial ar-
tery and comitant vein were reconstructed with greater saphen-
ous vein graft. Early below-knee amputation was done due to
failed revascularization.

Figure 4. Secondary wound reconstruction of Gustilo 111B
fracture caused by fall from height (case R.V.) — secondary
reconstruction of soft tissue defect. The patient referred
from the other institution. A. External fixation, wound left
open, condition after the fourth debridement. Persisting is-
land of soft tissue necrosis, bone exposed. B. Fifth debride-
ment, bone defect created by the resection of exposed and
necrotic bone; wound temporarily covered with split skin
graft. C. Free latissimus dorsi flap.
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Figure 5. Secondary wound reconstruction of Gustilo 11IB fracture (case R.V.) — reconstruction of segmental bone defect. A.
Segmental bone defect 11 cm. B. Segmental bone transport (proximal and distal corticotomy) with Ilizarov apparatus. C. Ra-
diogram of the initiation of segmental bone transport (antero-posterior (left) and latero-lateral (right) view). D. Finished seg-
mental transport, bone grafting of docking place (antero-posterior (left) and latero-lateral (right) view).

Bone Defect Reconstruction

Among 19 patients with non-reactive atrophic bone defect,
there was a case with partially necrotic fragment, five cases with
necrotic fragment, 12 cases with segmental defect, and one case
with tibial shortening. Bone defect reconstruction was needed in
19 out of 20 patients in the secondary reconstruction group: 11
patients were treated with Ilizarov method (8 cases with segmen-
tal transport; one case with longitudinal half of part of “fibula pro
tibia” synostosis transport; a case of double segmental transport
(Figs. 4-6); and a case with tibial elongation); five patients with
spongioplastics, and three patients with repeated osteosynthesis
and interfragmental compression.

Johner and Wruhs’ (18) criteria for the evaluation of final
functional results after tibial shaft fracture were applied. Their cri-
teria for evaluation of final functional results comprise the analy-
sis of following parameters: nonunion, infection and amputation,
axial deformation, motility of knee, ankle, and subtalar joint,
pain, gait, and strenuous activities.

Nonunion, osteomyelitis, gross deformity, amputation, and
severe pain are undesirable outcomes and often used as criteria
of poor result (18). However, osteomyelitis, nonunion, and tibial
shortening may ultimately yield a very satisfactory limb after cor-
rective treatment.

Statistical Analysis

Descriptive statistics, Kolmogorov-Smirnov test for normal-
ity, Student’s t test, Mann-Whitney U test, and chi-square test
were performed by using STATISTICA 6.0 (StatSoft, Inc., Tulsa,
OK, USA) software package. When a median was calculated, the
variability was expressed with the 25th and 75th percentiles.

Kolmogorov-Smirnov test for normality was used of the
analysis of the following parameters: wound size before debride-
ment; wound size after debridement; number of operations per
patient; average time to recovery of all cases; duration of treat-
ment of cases without osteomyelitis; duration of treatment of
cases with osteomyelitis; and length of bone defect. The test
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Figure 6. Secondary wound reconstruction of Gustilo 11IB
fracture (case R.V.) — final result. A. Calus formation on the
place of the proximal and distal corticotomy; calus distrac-
tion technique applied([antero-posterior (left) and latero-lat-
eral (right) view). B. Patient condition.

proved the normal distribution in all tested parameters except the
length of the bone defect in the primary reconstruction group
(maxD=0.46, p<0.014).

Results

There was no significant difference between two
groups in the sex ratio (chi-square=0.28, p=0.599),
patient age (U=111.500, p=0.199), or ratio of iso-
lated and associated injuries (6:9 in the primary re-
construction group and 9:11 in the secondary recon-
struction group; chi-square=0.00, p=0.963). Like-
wise, no significant differences in the energy transfer
(chi-square=0.07, p=0.793) and MESS score (chi-
square=0.10, p=0.951) were found between the two
groups. There was no statistically significant differ-
ence between the two groups in the type of osteo-
synthesis (chi-square=0.89, p=0.344).

Major bone complications occurred in eight out
of 15 patients in the primary reconstruction group af-
ter the ostesynthesis and primary wound reconstruc-
tion, and in nine out of 20 patients in the secondary
reconstruction group after the ostesynthesis and sec-
ondary wound reconstruction (Table 3). In the sec-
ondary reconstruction group, major bone complica-
tions occurred in eight out of 11 patients where the
wound was covered with split skin graft, and in only
one out of nine patients where the wound was left
open to heal with granulations followed with flap re-
construction. There was no statistically significant dif-

Table 3. Comparison of major bone complications after pri-
mary and secondary reconstruction of Gustilo type Ill open
tibial fractures

Reconstruction (No. of patients)

Type of complication primary (n=15) secondary (n=20)
Lower leg amputation 2 1
Osteomyelitis 3 4
Refracture 1 0
Nonunion 0 2
Malunion 0 1
Lower leg shortening 1 1
Skin necrosis 1 0
Total 8 9
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ference in the frequency of major bone complications
between the primary and the secondary reconstruct-
ion groups (chi-square=0.24, p=0.883; Table 3).

Complications in the Primary Reconstruction
Group

Flaps for the treatment of complications were re-
quired in four patients (3 free flaps and one local flap).
Treatment of three patients with osteomyelitis re-
quired 2 free flaps and one local flap made with the
tissue expander.

The excision of inflamed bone and skin was car-
ried out in two cases. After the improvement of
osteomyelitis, bone defect was treated with spongio-
plastics and with llizarov method in one patient each.

In a patient with osteomyelitis, tissue expander
(450 mL) was applied near the border of the unstable
scar. After being filled up, the expander was removed;
unstable scar was excised, additional sequestrectomy
was performed, and soft tissue was reconstructed
with a local flap obtained by the tissue expander.

In a patient with the skin necrosis of the wound
edge after the primary debridement and medial gas-
trocnemius flap, additional skin necrectomy and
latissimus dorsi flap reconstruction were performed.
Residual bone defect was treated with Ilizarov
method. A patient with a refracture was treated with
reosteosynthesis by using plates and screws. In a pa-
tient with tibial shortening, Ilizarov method was used
for the bone lengthening. Early amputation was re-
quired in two patients after 2 and 4 weeks of trauma,
respectively.

Complications in the Secondary
Reconstruction Group

Among nine out of 20 patients with complica-
tions in the secondary reconstruction group, free
latissimus dorsi flap was used in five cases, and local
flap was used in a single case.

In three patients, free latissimus dorsi flaps were
used to treat the osteomyelitis. After the osteomyelitis
was cured, bone defect was treated with llizarov
method in one patient, with intramedullary reosteo-
synthesis in another patient, and no additional opera-
tion was required in the third patient.

In a patient with a history of chronic alcohol
abuse, osteomyelitis developed after flap reconstruc-
tion and persisted after proximal corticotomy and seg-
mental transport (llizarov method of treatment for
bone defect), and could not be resolved.

There were two patients with a nonunion. Free
flap in one and local flap in the other patient were
used for the reconstruction of unstable leg scar, fol-
lowed by spongioplastics of the bone defect.

Reconstruction of unstable scar with free latis-
simus dorsi flap followed by the ankle arthrodesis was
done in a case with malunion of the distal tibial shaft
fracture. In a patient with tibial shortening, the com-
plication was treated with Ilizarov method. Early be-
low-knee amputation was required 3 weeks after the
injury in only one patient.
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Outcome and Duration of Treatment

Total number of patients with bone defect (9/15
in the primary vs 19/20 in the secondary reconstruc-
tion group; chi-square=4.56, p=0.033), number of
patients needing the bone defect reconstruction (6/15
vs 19/20, respectively; chi-square=10.15, p=0.001),
and distribution of cases with segmental bone defect
and tibial shortening (4/9 vs 13/19, respectively;
chi-square=3.62, p=0.050) were significantly smal-
ler in the primary reconstruction group.

Table 4. Final results according to Johner and Wruhs' criteria
in primary and secondary reconstruction groups

Reconstruction (No. of patients)*
primary (n=13) secondary (n=19)

Criteria

Pain:
none
occasional
moderate
Strenuous activities:
possible 1
limited
severely limited
impossible
Deformity varus-valgus (degrees):
none
1-5
6-10
>10
Deformity anteversion-
recurvation (degrees):
none
1-5
6-10
11-15
Rotational deformity (degrees):
none 11
1-5
6-10
Mobility knee:
normal 1
>75%
rigid knee
Ankle mobility:
normal
>75%
>50%
<50%
Neurovascular disturbances:
none 11
moderate 0
2
0

4
12
3
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minimal
nonunion
Leg shortening (mm):

0-5 12
6-10 0
11-20 1
30-40 0
60 0

—w=hrO [@REEH RN

*Two patients with amputation were excluded from the primary reconstruction
group (n=15), and one patient with amputation was excluded from the second-
ary reconstruction group (n =20), which left 13 and 19 patients, respectively, for
final assessment.

There was no statistically significant difference in
the average length of segmental bone defect between
the primary and secondary reconstruction group (5 cm,
25th-75th percentile=5-11 vs 6 cm, 25th-75th percen-
tile=5-12, respectively; U=13.5, p=0.640).

Final functional results were assessed according
to Johner and Wruhs’ (18) criteria (Table 4). Final
functional results in the primary reconstruction group
were excellent or good in 10, fair in two, and poor in
three out of 15 patients. Final functional results in the
secondary reconstruction group were excellent or
good in eight, fair in six, and poor in six out of 20
patients.

Complete recovery was achieved in 13 out of 15
patients in the primary reconstruction group and in 18
out of 20 patients in the secondary reconstruction
group. There were no significant differences between
the groups in the score of final functional result (U=
113.0, p=0.217), median leg shortening (U=10.5,
p=0.578), or proportion of completely recovered
cases (chi-square=0.010, p=0.940).

The mean time of healing was significantly short-
er in the primary (68 weeks, 25th-75th percentile =
32-86) than in the secondary (115.5 weeks, 25th-75th
percentile=70-128.5) reconstruction group (U=
51.0, p=0.004; Table 5).

Discussion

Our results show that primary reconstruction of
the wound after radical debridement prevents addi-
tional bone loss. Smaller total number of cases with
bone defect after the primary wound reconstruction
in Gustilo type Il fracture was the main reason for
smaller total number of operations and shorter time to
recovery.

The management of the Gustilo type Il open
fractures starts with the assessment of energy transfer,
clinical assessment and radiological examination,
fracture classification, and MESS score. The classifica-
tion of fracture influences the selection of the method
of surgical management (6). There are numerous
treatment protocols for Gustilo type Il open tibial
fractures (9-12). They differ in the type of osteo-
synthesis, timing of soft tissue reconstruction, type of
flap, and method of treatment for bone defect. Indica-
tion for primary wound reconstruction was signifi-
cantly more often made by the available microsur-
gical team. Secondary wound reconstruction was
made significantly more often in cases where the
treatment was initiated by a general surgeon.

Table 5. Number of operations, duration, and results of treatment in primary and secondary reconstruction group

Reconstruction (median, 25th-75th percentile)

Course of recovery primary (h=15) secondary (n=20) p*

No. of operations per patient 4.0 (3.0-5.0) 7.5 (6.5-8.5) <0.001
Time to recovery for all patients (weeks) 68.0 (32.0-86.0) 115.5 (70.0-128.5) 0.004
Duration of treatment in patients without osteomyelitis (weeks) 42.0 (30.0-75.5) 82.5 (54.0-136.0) 0.006
Duration of treatment in patients with osteomyelitis (weeks) 111.0 (68.0-144.0) 120.0 (100.0-125.0) 0.724
Functional result according to Johner and Wruhs' criteria (18) 4.0 (3.0-5.0) 3.0 (2.0-4.0) 0.197
Uncured osteomyelitis 0 1 0.885
Complete recovery 13 18 0.824

*Mann Whitney U-test for continuous variables and chi-square test for fractions.
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Debridement and Selection of Flap for Wound
Reconstruction

Wound dimension was defined primarily by the
etiology of injury, energy of injury, and surgical
debridement (one radical debridement in primary re-
construction, or serial debridements in secondary re-
construction). Wound cleanliness is required for any
type of wound closure or reconstruction. The zone of
tissue viability (zone of hyperemia) in cases with pri-
mary wound reconstruction was achieved with a sin-
gle radical debridement, and in cases with secondary
wound reconstruction it was achieved with repeated
debridements.

There was certain numerical, but statistically in-
significant difference between the two groups in
wound dimension after radical or serial debridement.
The need for wound closure/reconstruction is a uni-
versal surgical imperative (6). Wound reconstruction
provides the best conditions for the healing of soft tis-
sue defects. In our study, dimensions of the soft tissue
defect determined the selection of the flap type, as lo-
cal flaps were used for minor defects and free flaps for
larger ones. Since there was no statistically significant
difference in the wound size after debridement, there
was no statistically significant difference in the num-
ber of flaps and the flap types between the groups.

Flap is the method of choice for soft tissue recon-
struction. Use of flaps for wound reconstruction in dif-
ferent studies ranged from 65% to 100% (19-21). Our
results support such approach. We performed flap re-
constructions in 11 patients in the primary reconstruc-
tion group and in 18 patients in the secondary recon-
struction group. After a single radical debridement or
repeated debridements, when the wound margins
and bone were viable, it was necessary to cover the
soft tissue defect with a flap because the flap trans-
formed the open fracture in to the closed one, thus
providing the conditions necessary for wound healing
and continuing the treatment of the fracture and bone
defect. These data justified the high use of flaps in our
study.

Incidence of Osteomyelitis

We found no statistically significant difference in
the incidence of osteomyelitis and major bone com-
plications between the groups with primary and sec-
ondary wound reconstruction. We assume that a sin-
gle radical (“oncological”) debridement in patients
with primary wound reconstruction and serial thor-
ough debridements in patients with secondary recon-
struction achieve the same goal, ie, complete removal
of devitalized or inflammatory changed bone and soft
tissue. This is the main factor that contributed to equal
incidence of osteomyelitis in both study groups.

Bone Defect Reconstruction

The method of bone defect reconstruction de-
pends on the dimension of a bone defect (22,23). The
number of patients with a bone defect caused by the
infection was not the main factor influencing the time
to recovery in our study because there was no statisti-
cally significant difference in incidence of osteomye-
litis between the primary and the secondary wound
reconstruction groups. There was no statistically sig-
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nificant difference between the injuries in the primary
and secondary reconstitution group in the energy
transfer and the type of fracture, ie, different energy
transfer itself was not responsible for the difference in
the number of cases with bone defect and size of
bone defect between the two groups.

The total number of Gustilo type Ill open tibial
shaft fractures with bone defect and type of residual
bone defect depended on the method of debridement
and timing of wound reconstruction (method and tim-
ing have to be considered as a unique process be-
cause debridement is not the purpose but the tool).
Radical debridement and immediate wound recon-
struction defined the number of cases with a bone de-
fect and type of bone defect, which rarely changed
during the successive treatment. Primary wound re-
construction prevented additional bone loss. Time to
recovery was significantly shorter in patients with pri-
mary wound reconstruction due to smaller number of
cases with a bone defect.

Repeated debridement contributed to the in-
creased number of cases with bone defect and dimen-
sion of bone defects. In the secondary soft tissue re-
construction of the lower leg, bone was not initially
covered with the skin. Bone without adequate circu-
lation and soft tissue coverage during the staged pe-
riod was predetermined to disintegration. Every re-
peated debridement of exposed bone increased the
bone defect for the size of the zone of newly devital-
ized bone between the two debridements, until the
bone was covered with granulations, local flaps, or
free flaps. This substantial change of bone in Gustilo
type Il open fractures caused by the repeated
debridements and with secondary soft tissue recon-
struction of wound increased the time to recovery and
influenced the final result.

In conclusion, primary reconstruction of Gustilo
type Il open tibial fractures had statistically signifi-
cant advantages compared with secondary recon-
struction: there were fewer cases with a bone defect,
segmental bone defect and tibial shortening occurred
less frequently, and bone defect reconstruction was
less frequently indicated. These advantages resulted
in a smaller total number of operations and shorter
time to complete recovery. There was no statistically
significant difference between the primary and sec-
ondary reconstruction groups in the incidence of
osteomyelitis, number of amputations required, non-
unions, number of flaps used, and final functional re-
sults. Our findings suggest that primary reconstruc-
tion is the treatment of choice and should be chosen
whenever the general condition of the patient and
surgical facility permit its use.
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