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ABSTRACT — Of 53 patients with unilateral, displaced
and closed or grade 1 open tibial shaft fractures, 27
patients (group I) were randomized to treatment with an
intramedullary nail and 26 patients (group II) to treat-
ment with a plaster cast. 12 fractures in the latter group
were considered stable enough for treatment with only a
cast (group Ila), while 14 fractures in group II showed re-
displacement during reduction under anesthesia or at 1
week follow-up. Therefore, these fractures were stabilized
with cerclage or screws (group IIb), which was a prereq-
uisite for continuing cast treatment. The mean time-to-
union was 19 weeks for group I, and 25 weeks for group
IL. 6 patients in group I and 16 in group II had delayed
union. The Nottingham Health Profile index scores on
physical mobility, social isolation, work ability, and sexu-
al life were significantly better in group I than in group II
at 3 months after injury. Delayed union, malunion, and
restricted range of motion at the ankle joint were com-
mon complications when these fractures were treated
with a cast. We recommend intramedullary nailing for
these fractures.

In our center, stable closed and grade 1 open frac-
tures of the tibial shaft, displaced or not, have tra-
ditionally been treated with closed means. Unsta-
ble closed and grade 1 open fractures have been
treated with minimal internal fixation and a cast
(Goetze 1933, Rhinelander 1975, Habernek et al.
1989). However, closed intramedullary nailing
has gained popularity during the last decade.

In the literature, the results after different types
of treatment have often focused on time-to-union

and complications. Few studies have included
questions about general function (Bone et al.
1997). The combination of general function, qual-
ity of life and morbidity during fracture healing
has not been studied in a prospective study.

We compared treatment with closed intramedul-
lary nailing with a cast in patients having dis-
placed fractures of the tibial shaft, emphasizing
the patient’s general function and morbidity.

Patients and methods

All patients with a closed or grade I open fracture
of the tibial diaphysis, occurring between Febru-
ary 1994 and June 1997, were evaluated for inclu-
sion in the present study. Inclusion criteria were
displaced closed or grade I open fractures, accord-
ing to the Gustilo classification system (Gustilo
and Anderson 1976). The fractures of type A and
B, according to the AO-classification system,
were considered suitable for the study (Miiller et
al. 1990). The following exclusion criteria were
used: 1) patients who had other major injuries
which could influence the final functional result,
2) patients with cardiopulmunary, rheumatologi-
cal, neurological, or metabolic disease, 3) patients
with previous injuries which influenced their gen-
eral function, and 4) patients with fractures within
5 cm distal to the tibial tuberosity or proximal to
the ankle joint, and those with open growth plates.
56 patients (37 men) having a mean age of 38 (17—
78) years fulfilled the criteria and entered the
study.
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Table 1. Distribution by gender, smoker, age, and details of soft-tissue damage in the treatment groups

Treatment n Gender Smoker Age Trauma type Soft-tissue damage
group
Male Female Mean (range) Low High coa C1a Gustilo |

Group | 27 18 9 8 36 (17-76) 21 6 20 7 0
Group lla 12 10 2 4 38 (18-53) 8 4 9 1 2
Group llb 14 8 6 7 49 (20-73) 14 0 10 2 2
Group Il 26 18 8 11 41 (18-73) 22 4 19 3 4
Total 53 36 17 19 39 (17-76) 43 10 39 10 4

aQestern & Tscherne

The patients gave their informed written con-
sent before inclusion in the study, which was
approved by the hospital’s ethics committee.
Patients who agreed to participate in the study
were randomized using the technique of stratified
randomization by minimization (Pocock 1983).
This method ensures that the treatment groups are
similar as regards the percentage of patient factors
that are considered of major prognostic impor-
tance. The aim is to balance the marginal treat-
ment totals for each level of each patient factor.
Using a computer minimization program, each pa-
tient was allocated according to high-energy, soft-
tissue injury (open or closed), age (under or over
50 years), smoking (yes or no), alcoholism (yes or
no), and occupation (sedentary, mobile, heavy, un-
employed). Fractures caused by traffic accident or
a fall from a height of at least 3 meters were clas-
sified as high-energy trauma (Onnerfilt 1978).
Patients in each stratum were randomly allocated
for treatment by unreamed intramedullary nailing
or plaster cast with or without minimal internal
fixation. In 5 cases, the surgeon had no access to
the allocating program. The date of the injury day
(even or odd) was used to randomize these pa-
tients. The allocating program was upgraded by
the respective variables, afterwards. 27 patients
were randomized to have an intramedullary nail
(group I), and 29 patients were randomized to
have a plaster cast (group II). 12 patients in the
latter group had a fracture stable enough for cast
treatment only (group Ila) and 14 patients needed
additional minimal internal fixation (lag-screw or
cerclage wire) to obtain acceptable alignment in a
cast (group IIb). 3 fractures in group II were ex-
cluded because they required fixation of their
fractures by intramedullary nailing. Thus, there

were a total of 53 patients with 27 in group I, 12
patients in group Ila and 14 in group IIb. All frac-
tures were unilateral. 34 involved the right leg. 29
patients were injured by falling accidents. Traffic
accidents caused the injuries in 7 patients, 5 of
them were pedestrians, 1 was an automobile driv-
er, and 1 was a motorcycle driver. 14 patients were
injured in sporting accidents and 3 others were in-
jured at work. The severity of the closed and open
injuries was classified according to Oestern and
Tscherne (1984), and Gustilo and Anderson
(1976) (Table 1). 43 fractures were caused by low-
energy trauma, while 10 fractures were caused by
high-energy trauma (Table 1). The type of fracture
was classified according to the AO system (Table
2). 2 fractures involved the proximal third of the
tibia, 37 the middle third, and 14 the distal third.
35 patients had an associated fibula fracture, 17 at
the same level as the tibia fracture and 18 at a dif-
ferent one (Table 2).

The median time of delay to operation was 1
day for group I and no days for group II. Gender,
smoking habits, age, type of trauma, severity of
soft-tissue damage, and degrees of comminution
of the fractures were similar in the 2 groups. Type
of trauma, soft-tissue condition, location of the
tibial shaft fractures and whether or not the fibula
was fractured were similar in groups Ila and IIb
(Tables 1 and 2). However, 3 fractures in group Ila
and 13 fractures in group IIb were of type A1 (spi-
ral).

Closed tibial nailing was performed with the pa-
tient lying supine. A calcaneal pin was used if
traction was required. We used a longitudinal me-
dial parapatellar incision and approach to the
proximal tibial cortex 1-1.5 cm below the joint
line, just beneath the patellar tendon. The nail di-
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Table 2. Distribution of the fractures according to the AO-classification system and fracture localization

Treatment group AO-classification Location of tibia fractures Fibula 2

Al A2 A3 Bf1 B2 B3 Proximal  Middle Distal 1 2 3
Group | 8 7 4 4 1 3 1 20 6 6 11 10
Group lla 3 4 3 1 1 0 1 8 3 6 4 2
Group lIb 13 0 0 1 0 o0 0 9 5 6 3 5
Group Il 16 4 3 2 1 0 1 17 8 12 7 7
Total 24 11 7 6 2 3 2 37 14 18 18 17

a1 intact, 2 fractured at a level different from the tibia fracture, and 3 fractured at the same level as the tibia fracture,

according to AO-classification.

ameter was 8 mm in 11 patients, 9 mm in 12 and
10 mm in 4. In all patients except 6, the nail was
inserted without reaming. These 6 patients had a
narrow intramedullary canal at the isthmus, and a
small nail could only be passed after reaming of
the isthmus area. Static locking was performed in
all patients. Weight bearing was allowed when the
pain subsided.

Patients in group II were treated with a long leg
plaster for the first 4—6 weeks. Thereafter, the cast
was changed to a patellar tendon-bearing cast un-
til the fracture was stable enough for treatment
with a functional brace. Displaced fracture was
defined as more than 5° of angulation in any direc-
tion, noticeable malrotation, shortening more than
5 mm, or displacement of more than half of the
width of the tibia, on the radiograph. In group II,
redisplacement of the fractures was seen in 12 pa-
tients during primary reduction under anesthesia,
and in 2 patients at a 1-week follow-up. These
fractures were assessed to be too unstable for
treatment with a plaster cast alone. Therefore, ad-
equate alignment was obtained by minimal inter-
nal fixation using either 2—-3 cerclage wires or 2-3
lag-screws. All operations were carried out under
antibiotic prophylaxis. Intramuscular pressure
was measured in 2 patients with imminent acute
compartment syndrome.

All fractures were assessed clinically and radio-
graphically, every 4 weeks until fracture union
and at 12 months. Once a week during this time,
when they had pain, all patients assessed their
pain intensity at rest and during walking, on a 10
cm visual analogue scale (VAS).

The Nottingham Health Profile (NHP) ques-
tionnaire is a generic questionnaire designed for

the patient’s assessment of success after medical
intervention (Hunt et al. 1981a). Its reliability and
validity have been tested in the UK (Hunt et al.
1980, 1981b) and in Sweden (Wiklund et al. 1988)
using a translated version. It consists of 2 parts.
The first contains 38 questions requiring a ‘yes’ or
‘no’ answer, dealing with 6 aspects of health,
namely pain, energy, sleep, mobility, emotional
reaction and social isolation. The items are
weighted and each yields a value between 0 and
100, with the worst state being 100. The answers
can be compared with the average scores in a pop-
ulation matched for gender and age. The value of
all 6 items in part one are added and the total di-
vided by 6 to give the global score. The second
part has 7 sections, which reflect the frequency of
problems with occupation, housework, social life,
family, sexual function, hobbies and holidays. All
patients completed the NHP considering their sit-
uation before injury on the first day of admission
to the hospital. NHP was also answered at 3
months and 1 year after injury. Preinjury activity
level was recorded with the Tegner activity score
system (Tegner and Lysholm 1985). This activity
scale is graded from O to 10 points and covers ac-
tivities of daily life, recreational activities and
competitive sports. The median activity scores
were 2 (1-9) for group I, and 2 (1-10) for group
II. Complications, including compartment syn-
drome,
wound infection and restriction of knee and ankle
motion were documented.

Healing was defined as bridging callus across at

fat embolism, pulmonary embolism,

least 3 of 4 cortices on the anteroposterior and lat-
eral radiographs (Sharrard 1990), with no pain by
stressing the fracture or on walking. Delayed
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union was diagnosed as consolidation after 20
weeks without further surgical procedures to pro-
mote healing. Nonunion was reported when union
did not occur unless an intramedullary reaming
and fixation with a nail or bone graft was done.
Nonunion patients were excluded from the groups
when time-to-union was assessed. Malunion was
defined as of more than 5° angular deformity
(Collins et al. 1990), more than 10° rotational de-
formity (Johner and Wruhs 1983), or more than 10
mm shortening or lengthening (Collins et al.
1990). Infection was defined as a purulent dis-
charge from which pathogenic organisms were
cultured.

Statistics

Statistical analyses were performed using Fisher’s
exact test to assess differences in the rates of com-
plications and part 2 in NHP between the 2
groups. The 95% confidence intervals (95% CI)
were calculated for mean differences in time-to-
union and time-to-full weight-bearing. The Mann-
Whitney test was used to compare differences
between the 2 groups with respect to part 1 in
NHP, total NHP score, and VAS scores. Results
are also given as mean values and one standard
deviation (SD). The SPSS program was used to
perform the statistical analyses. Significance was
set at p < 0.05.

Results

14 of 26 fractures in the cast group were unstable
for fixation with only cast treatment. The mean
time-to-union was 25 weeks (SD 11) for group
ITa and 26 weeks (SD 8.3) for group IIb (95%
CI: -4.9-17.6). 3 of 12 patients in group Ila and 4
of 14 patients in group IIb showed malunion. 8
fractures in each group were classified as delayed
unions. There were no statistically significant dif-
ferences between groups Ila and IIb regarding
time-to-union and complications (Table 3). For
this reason, these 2 subgroups will be considered
as 1, group II (non-nailed group). The mean time-
to-union in group II was 25 weeks (SD 9.4), com-
pared to 19 weeks (SD 8.2) in group I (nailed
group) (95% CI: 2.5-12).

The functional brace was applied after a mean
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Table 3. Complications
Treatment group Group | Group Il
lla llb
Delayed union 6 8 8
Nonunion 1 0 2
Malunion 1 3 4
Deep infection 0 0 1
Knee pain 12 0 0
Deep venous thrombosis 0 1 2
Pulmonary emboli 0 0 1
Compartment syndrome 2 0 0

of 15 weeks (SD 3.5). The time-to-full weight-
bearing was 14 weeks (SD 4.6) in group I and 22
weeks (SD 11) in group II (95% CI: 5-17). 6 pa-
tients in group I and 16 patients in group II had
delayed union (p = 0.005). 1 patient in group I and
2 patients in group II developed nonunion. 1 pa-
tient with nonunion in group II had a deep infec-
tion (Table 3). No superficial infection was noted.

In group I, 2 patients who developed acute com-
partment syndrome postoperatively, were operat-
ed on by fasciotomy of all 4 compartments. In
group II, deep venous thrombosis was verified by
phlebography in 3 patients, 1 of whom developed
non-fatal pulmonary emboli. 11 patients in group [
required removal of the nail because of anterior
knee pain, while 3 patients in group II underwent
removal of lag-screws (p = 0.02). 2 patients who
were operated on with intramedullary nailing had
failure of the interlocking screws. These fractures
healed without any further operation. At the final
follow-up, 12 patients in group I and no patients in
group II suffered from anterior knee pain
(p <0.001).

At the time of fracture union, all patients had
normal knee extension. In group I, 1 patient had
restricted knee flexion, 2 patients had restricted
dorsal flexion of the ankle joint, and 1 patient had
restricted dorsal and plantar flexion of the ankle
joint. In group II, 7 patients had restricted knee flex-
ion and 14 patients had restricted range of motion of
the ankle joint. 3 of these patients had restriction
in both plantar- and dorsiflexion (Table 4).

At final follow-up, 1 patient in group I had re-
stricted knee flexion and 1 patient had restricted
dorsiflexion of the ankle joint. In group II, 5 pa-
tients had restricted knee flexion and 9 patients
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Table 4. Restricted range of motion at knee and ankle joints at the time of fracture union and the final follow-up

Time of fracture union

Final follow-up

Group | Group Il Group | Group Il
5°-15°  16°-40° 5°-15°  16°-40° 5°-15°  16°-40° 5°-15°  16°—40°
Knee Extension 0 0 0 0 0 0 0 0
Flexion 0 1 5 2 0 0 3 2
Ankle Dorsiflexion 3 0 5 2 1 0 3 1
Plantar flexion 1 0 3 7 0 0 3 4

Table 5. Nottingham Health Profile Parts | and Il and glo-
bal, 3 months after injury. Values between 0 and 100,
with the worst state being 100

NHP index Ref. value Group| Groupll P-value
Pain 2 37 36 0.7
Energy 8 23 33 0.4
Sleep 8 23 27 0.3
Mobility 1 28 46 0.02
Emotion 13 15 19 0.6
Social isolation 4 6 17 0.02
Global NHP 6 22 27 0.2
Work 13 52 88 0.008
Housework 8 70 85 0.4
Social life 8 37 58 0.2
Family life 11 15 35 0.2
Sexual function 10 22 58 0.02
Hobbies 8 74 81 1
Holidays 4 48 73 0.1

Table 6. Mean (SD) pain intensity on VAS during first 5
months and at 12-month follow-up

Follow-up Group | Group Il P-value
months

1 48 (22) 30 (25) 0.02
2 23 (19) 12 (18) 0.01
3 14 (14) 15 (24) 0.4

4 12 (16) 10 (20) 0.2

5 9 (20) 11 (23) 0.6
12 2 (5) 2 (6) 0.4

had restricted range of motion of the ankle joint
(p <0.001). 2 of these had restriction in both plan-
tar- and dorsiflexion (Table 4). In group I, 1 pa-
tient had angular deformity of 7° and recurvatum
of 15°. This fracture was located 7 cm from the
knee joint. In group II, 6 patients had isolated an-
gular deformity (7° in 2 cases, and 8°, 10°, 12°,

14°, each in 1 case) and 1 patient had angular de-
formity of 7° in both lateral and frontal planes and
shortening of 10 mm (p = 0.02).

There were no significant differences between
the 2 groups in all indices of the NHP scores, age-
and gender-matched, on the first day of injury, and
1 year after injury. However, at 3 months after the
injury, patients in group I had better scores on
NHP including the physical mobility index (p =
0.02), social isolation (p = 0.02), work ability (p =
0.008), and sexual life (p = 0.02) than patients in
group II (Table 5).

20 patients in group I and 22 patients in group II
regularly completed a questionnaire on their in-
tensity of pain once a week for a maximum of 20
weeks after the injury. Patients in group I had
more pain on walking during the first 2 months
(p = 0.05). During the remainder of the follow-up
period, there was no significant difference in pain
intensity between the 2 groups (Table 6). This re-
sult was confirmed by repeated measurement
analysis. There were no significant differences be-
tween the 2 groups regarding NHP scores and pain
intensity at the 1-year follow-up.

Discussion

We considered group Ila and group IIb as a cast
group (group II) for the following reasons: 1)
there were no significant differences between the
subgroups regarding time-to-union and complica-
tions, 2) both subgroups were treated with a cast
and functional brace according to the same proto-
col. To compare the results after intramedullary
nailing and cast or functional brace in treatment of
tibial shaft fractures is difficult. To justify such a
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comparison, both groups must contain compara-
ble fractures. Displaced, unstable fractures cannot
be treated with a cast or brace alone, which means
that they should be excluded from this group.
Therefore only stable fractures would be left in
the cast group, which are no longer comparable
with fractures in the nail group. We speculate that
if all displaced tibial shaft fractures in this study
had been treated with a cast alone, it would have
resulted in a higher rate of complications in the
cast group. With minimal internal fixation, it was
ethically possible to use the cast treatment on all
fractures that were randomized to the cast group,
whether stable or not. This made the fractures in
both groups homogeneous and in line with the in-
clusion criteria. On the other hand, the cast group
contained 14 patients treated with a cast, using
minimal internal fixation which could, throw
doubt on the homogeneity of group II.

Patients in group I needed a shorter time to
union and to full weight-bearing than those in
group II. Bone et al. (1997) reported a retrospec-
tive study of 99 patients who had unilateral, dis-
placed, isolated closed fractures of the tibial shaft.
47 patients were managed with closed intramedul-
lary nailing and reaming. 52 were managed with
closed reduction and a cast. The mean time to
union was shorter in the patients who had been
managed with intramedullary nailing (18 weeks)
than in those who had been managed with a cast
(26 weeks). In 25 matched pairs of patients, iden-
tified on the basis of age (within 10 years) and the
location and type of the fracture, the mean time-
to-union was 26 weeks after management with a
cast and 20 weeks after management with nailing.
Hooper et al. (1991) performed a prospective ran-
domized study on displaced tibial shaft fractures.
Patients treated with closed intramedullary nailing
(n = 29) showed significantly more rapid union,
less malunion, and less time off work than those
treated non-operatively (n = 33). Court-Brown et
al. (1990) presented the results of a reamed, inter-
locking nail in the management of 125 closed and
type I open tibial fractures. The mean time-to-
union was 17 weeks and no fracture required a
bone graft. They concluded that intramedullary
nailing of closed and grade I open fractures was a
safe technique and it combined a high rate of
union with a low complication rate. Sarmiento

(1974) and Sarmiento et al. (1984) developed the
functional below-knee cast and, later, the custom-
made prefabricated functional brace, and suggest-
ed that of controlled motion contributed to frac-
ture healing. Sarmiento et al. (1989) reported av-
erage time-to-union of 17 (6-39) weeks for 539
closed tibial fractures treated with a functional
brace. The mean time-to-union in our study in
both groups is in line with the results of Court-
Brown et al. (1990), Hooper et al. (1991) and
Bone et al. (1997).

12 of 27 patients in group I had anterior knee
pain. This complication has been reported by oth-
ers (Alho et al. 1990, Hooper et al. 1991, Orfaly et
al. 1995, Haddad et al. 1996, Keating et al. 1997).
Orfaly et al. (1995) showed that 33 of 65 fractures
were associated with subsequent knee pain when a
paratendinous insertion had been used. When nail
insertion was through the tendon, 28 of 36 knees
later developed pain. They found that the position
of the nail in relation to the anterior cortex and tib-
ial plateau had no influence on knee pain and the
effect of nail removal was unpredictable. In our
study, paratendinous insertion was used in all pa-
tients in group I. We suspect that dissection in the
patellar region, trauma in the patellar tendon dur-
ing nail insertion, and iatrogenic damage of the in-
frapatellar nerve may cause anterior knee pain. It
is apparent that room for improvement exists in
the operative technique of closed intramedullary
nailing for tibial shaft fractures.

Significantly fewer patients in group I had
malunion and restricted range of motion in the
knee and ankle joints. Using a functional brace,
Sarmiento et al. (1989) reported more than 5° of
angular deformity in 27%, and more than 10 mm
of shortening in 10%. Den Outer et al. (1990), Oni
et al. (1988) and Haines et al. (1984) reported 35—
40% malunion after closed management. Hooper
et al. (1991) and Bone et al. (1997) reported sig-
nificantly more malunion in patients who did not
undergo surgery than in those who were treated
with intramedullary nailing. Biomechanical anal-
ysis indicated that angular deformity of the tibia
increased the force on the tibial plateau at the knee
or ankle joint (Tarr et al. 1985, Kettelkamp 1988).
Van Der Schoot et al. (1996) found a relationship
between tibial malalignment and degenerative
changes in the knee and ankle joints. Unfortunate-
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ly there is no consensus on the limits of acceptable
malalignment and until this exists, the surgeon
should aim to obtain fracture union with as little
angular deformity as possible.

The NHP index scores on physical mobility, so-
cial isolation, work ability, and sexual life were all
significantly better in group I than in group II at 3
months after injury. These differences disappeared
1 year after injury. Any interference by comorbid
factors on NHP scores was eliminated by using
our exclusion criteria numbers 2 and 3, and the
Tegner score. Bone et al. (1997) reported that the
scores on the SF-36 questionnaire (Short Form, 36
questions) in the matched-pairs group at a mean of
4.4 years follow-up were significantly better after
nailing than after management with a cast. The
difference is probably due to the presence of co-
morbid factors that had a significant negative ef-
fect on the overall scores (Otsuka et al. 1998).

The main reasons why nailed patients had more
pain during the first 2 months were that: 1) they
were more mobile than the patients in the cast
group, as shown by the mobility score on NHP, 2)
they were encouraged by the surgeons to force the
injured leg, and 3) they suffered from anterior
knee pain.

This study was supported by grants from the Goteborg
Medical Society and by LUA-grants from the University of
Goteborg.
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