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2. ABBREVIATIONS

ACL
AKP

AP
AO/ASIF

BMI
CP

CS
DBP
AP
FES
HO
IMN
IPBSN
LTI
MRI
NP
NSAID
PTA
PNP

Q angle
ROM
SP
SPSS
TEE
TTA
UTN

Anterior cruciate ligament

Anterior knee pain

Always pain (one group in study III)
Arbeitsgemeinschaft fiir Osteosynthesefragen / Association for the
Study of Internal Fixation

Body mass index

Compartment pressure

Compartment syndrome

Diastolic blood pressure

Delta pressure (DBP — CP)

Fat embolism syndrome

Heterotopic ossification

Intramedullary nail

Infrapatellar branch of the saphenous nerve
Lateral trochlear inclination

Magnetic resonance imaging

Never pain (group in study III)
Non-steroidal anti-inflammatory drug
Paratendinous approach

Pain, no pain (group in study III)
Quadriceps angle

Range of movement

Neurotransmitter substance P

Statistical Package for the Social Sciences
Transesophageal echocardiogram
Transtendinous approach

Unreamed tibial nailing



VAS

Visual analogue scale
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3. ABSTRACT

A tibial shaft fracture is a common trauma, especially amongst young
and middle-age people. Its prevalence is lower amongst children and older
people. During the last few decades, locking intramedullary (IM) nailing has
become a popular method for treating closed tibial shaft fractures and, during the
last few years, also for treating open tibial shaft fractures. The use of IM nailing
in the treatment of tibial shaft fractures has the following advantages: closed
reduction and preservation of the periosteal blood supply, the possibility of early
mobilisation of the knee and ankle joint, the ease with which the limb can be
observed postoperatively, a lower prevalence of wound infections, good
biomechanical stability of the cortical bone, good possibility for bone union, and
a faster recovery and return to work.

One common complication after IM nailing of a tibial shaft fracture is
anterior knee pain (AKP), which may be an important handicap for the patient.
The pain usually appears a few months after the nailing procedure. The incidence
of AKP varies from 10% to 86% in different studies. The aetiology of AKP after
IM nailing is multiple. Trauma-induced tissue damage, inappropriate methods of
nailing, anatomical changes in the knee due to IM nailing, and the presence of
the nail have been proposed. However, the exact aetiology of this common
postoperative problem is still unknown.

In this study, it became evident that AKP cannot be reduced when the
paratendinous approach is used instead of transtendinous incision, as there were
AKP patients in both groups. No morphology changes were found to occur in the
patellar tendon region of the patients with AKP in the ultrasonographic
investigation, and there were no differences in the power Doppler measurements
in the region of the scar or patellar tendon between the study groups. Three years
after the IM nailing, there was a clear deficit in the thigh muscle strength of the

operated leg when it was compared with the non-operated leg of patients with
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AKP. This difference decreased during the further long-term follow-up, and, at
the time of the second examination, there were significant differences only
between the strength of the extensor muscles in the operated and non-operated
legs. The strength deficit was greater for the patients who still had AKP. After 8
years of follow-up, the AKP had disappeared for most of the patients, or it
showed only reduced intensity in the remaining patients.

In this study, there was more AKP amongst the female than the male
patients. This finding should be taken into account during postoperative
rehabilitation. Some patients seem to benefit from thigh muscle rehabilitation
after the operation. Such rehabilitation may reduce the incidence of AKP after
IM nailing of tibial shaft fractures and thus make the return to work easier.

The treatment of tibial shaft fractures with locked IM nailing is
effective; patients can return to work earlier than after conservative cast
treatment. Almost all patients can return to their previous work and pretraumatic
level of activity. With respect to AKP, it seems that young and physically active
patients may benefit from IM nail removal. In general, fear of postoperative
chronic AKP should not restrict the use of IM nails in the treatment of tibial
shaft fractures. AKP is rarely severe, and it does not hinder daily living or

reduce the quality of life. In addition, in the long term, AKP usually disappears.
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4. THVISTELMA

Saddrimurtuma on yleinen vamma varsinkin nuorilla ja keski-ikdisilla
aikuisilla. Sen esiintyvyys on selvisti pienempi lapsilla ja vanhuksilla.
Viimeisten parin vuosikymmenen aikana salpausydinnaulauksesta on tullut
suosittu metodi sddriluun umpimurtumien ja viime vuosina myods avomurtumien
hoidossa. Ydinnaulauksen etuina ovat murtuma-alueen pysyminen suljettuna ja
periosteaalisen verenkierron sdilyminen, mahdollisuus varhaiseen nivelten
mobilisointiin, raajan postoperatiivisen tarkkailun helppous, véihiiset
haavakomplikaatiot, luun kannalta hyvd mekaaninen tuki ja hyvéd
luutumistodennédkoisyys sekd potilaan nopea tyokyvyn palautuminen.

Yleinen komplikaatio sdédriluun murtuman ydinnaulauksessa on polven
etuosan kipu, joka aiheuttaa usein my0s alaraajan toimintakyvyn heikkenemisté.
Kipu ilmaantuu muutamien kuukausien kuluttua operaatiosta. Polven etuosan
kivun insidenssi on vaihdellut 10 %:sta 86 %:in. Ydinnaulauksen jilkeisen
polven etuosan kivun etiologia on moninainen ja osin epdselvd. Sen syyksi on
esitetty mm. vamman aiheuttamaa kudosvauriota, ydinnaulausmenetelmid,
ydinnaulauksen aiheuttamia anatomisia muutoksia polvessa ja ydinnaulan
lasndoloa. Mitddn yhtd selkedsti varmaa etiologista syytd polvikivulle ei ole
16ytynyt.

Tassd tutkimuksessa todettiin, ettei naulan sisddnvientitavalla ole
merkitystd sddriluun ydinnaulauksen jéilkeiseen polven etuosan kipuun.
Polvikipua esiintyi potilailla, joilla naulaus oli tehty polvilumpiojinteen ldvitse
tai polvilumpiojidnteen vierestd. Polvikipuisten potilaiden polvilumpiojidnteen
alueella ei ollut ultradénitutkimuksessa poikkeavia 10ydoksid, eikd
polvilumpiojidnteen ja arven seudussa ollut verenkierrossa eroa doppler-
tutkimuksessa polvikipuisten tai kivuttomien vililld. Polvikipuisilla potilailla oli
heikkoutta polven lihasvoimissa kolme vuotta naulauksen jédlkeen. Lihasvoimien

puoliero tasoittui kahdeksassa vuodessa, mutta polvikipuisilla eroa oli edelleen
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polven ojentajavoimissa. Kahdeksan vuoden seurannan jilkeen polvikipu oli
hidvinnyt suurelta osalta potilaita kokonaan ja vdhentynyt lopuiltakin potilailta.
Naisilla esiintyi ydinnaulauksen jilkeen selvésti enemmain polvikipua, mikd on
syytd huomioida naulauksen jélkeisti kuntoutusta sunniteltaessa. Naiset
saattaisivat hyotyd ohjatusta fysioterapiasta ja tehostetusta kuntoutuksesta.
Aktiivinen reisilihaskuntoutus postoperatiivisesti saattaa vihentdd polvikivun
esiintyvyyttd ja helpottaa potilaiden kuntoutumista tyokykyisiksi.

Ydinnaulaus on sddrimurtuman tehokas hoitomuoto. Potilaat toipuvat
tyokykyisiksi nopeammin kuin konservatiivisen hoidon jidlkeen. Lihes kaikki
palaavat entiseen tyohonsid varsin nopeasti ja saavuttavat murtumaa edeltdvin
suoritustasonsa.

Nuoret ja fyysisesti aktiiviset potilaat saattavat hyotyd ydinnaulan
poistosta ajatellen polven etuosan kivun hédvidmistd ja kuntoutumista. Polven
etuosan kipu sddrimurtuman ydinnaulauksen jdlkeen ei ole estd polven
ydinnaulaukselle. Kipu on yleensd suhteellisen lievéd, se ei haittaa merkittidvasti
paivittdistd eldmad eikd huononna eldaminlaatua. Lisdksi polven etuosan kipu

hividi suurelta osalta potilailta ajan kuluessa.
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5. INTRODUCTION

The tibial shaft is the commonest site of long bone fractures due to its
superficial location. Tibial shaft fractures usually involve young or middle-age
people. Closed reduction and cast immobilization have previously been regarded
as the standard treatment for low-energy tibial shaft fractures (Charnley 1963,
Nicoll 1964, Haines et al. 1984, Sarmiento et al. 1984). However, during recent
decades, the use of intramedullary locking nails (IMLN) has become more
populae, and many studies have shown that the outcome of treatment of a tibial
shaft fracture with locked intramedullary (IM) nailing is superior to that of cast
treatment (Ekeland et al. 1988, Alho et al. 1990, Court-Brown et al. 1990,
Hooper et al. 1991, Bone et al. 1997, Court-Brown et al. 1997, Keating et al.
1997b, Karladani et al. 2000, Toivanen et al. 2001). Several complications have
been described after IM nailing, and one of the commonest problems associated
with tibial nailing is chronic anterior knee pain. Its incidence has been reported
to be as high as 86% (Katsoulis et al. 2006).

After surgery, complaints of anterior knee pain exacerbated by walking,
kneeling, squatting, and stair climbing are common (Ekeland et al. 1988,
Sarmiento et al. 1989, Hernigou et al. 2000). Same kind of anterior knee pain has
also been reported after the reconstruction of a ruptured anterior cruciate
ligament (Jarveld et al. 2004). Ligament instability, retropatellar fat necrosis and
irritation, meniscal and cartilage damage, gait changes, tendinosis, and
inadequate neuromuscular rehabilitation have been suggested as possible causes.
In addition, deficits in thigh muscle strength have been reported after IM nailing
of a tibial shaft fracture (Nyland et al. 2001). However, the exact aetiology of
this common postoperative problem (anterior knee pain) after tibial IM nailing is
still unknown.

The purpose of this prospective randomized study was to evaluate

whether there is a difference in the prevalence of chronic anterior knee pain after
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two different surgical approaches. In addition, an attempt was made to determine
whether there is an association between sonographic changes in the patellar
tendon and the occurrence of chronic anterior knee pain, as well as whether there
is an association between chronic anterior knee pain and thigh muscle weakness

in patients with a nailed tibial shaft fracture.
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6. REVIEW OF LITERATURE

6.1 Anatomy of the lower leg

The tibia, the second largest bone of the skeleton, is located on the
anteromedial side of the leg. The tibia supports most of a person’s weight. It
articulates with the condyles of the femur superiorly and the talus inferiorly. The
shaft of the tibia is approximately triangular in the tranverse section, and it has
medial, lateral, and posterior surfaces. Muscles are attached to its lateral surfaces
(Moore 1992).

There are no standard radiological landmarks that separate the
metaphysis and the diaphysis. The proximal and distal segments of long bones
are defined by a square whose sides are the same length as the widest part of the
epiphysis in question (Figure 1). The diaphyseal segments are contained between

the proximal and distal segments (Miiller et al. 1990).

Figure 1. The proximal and distal segments of the tibia. (Miiller et al. 1990).

Reprinted with the permission of Springer-Verlag.
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The diaphysis of the tibia is usually divided into proximal, middle, and
distal thirds. The shaft of the tibia is the narrowest at the junction of its middle
and inferior thirds, which is the most frequent site of fracture (Moore 1992,
Martens et al. 1981). Because of its location, the tibia is exposed to frequent
injury; it is the most commonly fractured long bone. Because one third of the
tibial surface is subcutaneous throughout most of its length, open fractures are
commoner in the tibia than in any other long bone (Canale et al. 2003). The IM
canal of the tibia is generally triangular. The isthmus of the canal is short,
usually extending for approximately 6 cm (Hicks et al. 1995). The prominent
tibial tuberosity is located at the anterior border of its upper section, and the
patellar ligament is attached to the upper portion of the tibial tuberosity.

The cross-section of the fibula is roughly triangular. It has medial,
lateral, and posterior surfaces that are separated by anterior, interosseal, and
posterior borders. The fibula is mainly for the attachment of muscles, but it also
provides stability to the ankle joint. The fibula enables the tibia to withstand
some bending and twisting. Without fibular support, tibial fractures would occur
more frequently (Moore 1992).

The sharp interosseal border of the fibula provides a surface for the
attachment of the interrosseal membrane, which plays an important role as a
stabilizing structure in the leg.

The deep fascia of the leg, the crural fascia, forms an incomplete
covering for the muscles of the leg, and it separates four compartments of the
lower leg. The anterior compartment contains the tibialis anterior, extensor
hallucis longus, extensor digitorum longus, and peroneus tertius muscles. This
compartment is primarily responsible for dorsiflexion of the foot and ankle. In
distal thirds, near the ankle, the tendons of the tibialis anterior and extensor
hallucis longus muscles are close to the tibia and may be damaged by an open
fracture or by a prominent callus formation that appears during the healing of a
fracture. The common peroneal nerve is the smaller, lateral, terminal branch of
the sciatic nerve, and it originates from the sciatic nerve in the thigh and divides
into the superficial and deep branches between the peroneus longus and fibular

neck. The deep peroneal nerve descends between the tibialis anterior and
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extensor digitorum muscles at the upper portion of leg and is located between the
tibialis anterior and extensor hallucis longus muscles in the lower part of the leg.

The lateral compartment contains the peroneal group, the peroneus
brevis and peroneus longus muscles. This compartment is primarily responsible
for plantar flexion and eversion of the foot. The superficial peroneal nerve runs
between the peroneus muscles and the extensor digitorum muscle, and it
perforates the fascia of the distal half of the leg and terminates as the medial and
intermediate dorsal cutaneus nerves of the foot.

The superficial posterior compartment contains the triceps surae (the
gastrocnemius, the soleus, the popliteus and the plantaris muscles). These
muscles serve primarily as flexors of the knee and as plantar flexors of the foot.

The deep posterior compartment contains the tibialis posterior, the
flexor digitorum longus, and flexor hallucis longus muscles. These muscles are
involved in plantar flexion of the foot and toes. The tibialis posterior muscle also
inverts the foot and provides stability for the ankle joint. The sciatic nerve
divides into tibial and the common peroneal nerve at varying levels after the
branch of nerve to the biceps femoris muscle. The posterior tibial nerve is the
major neurological structure in this compartment, and it descends along the
anterior side of the soleus muscle. It consists of muscular, articular, sural,
calcaneal, and medial and lateral plantar main branches (Netter 1987).

The blood supply to the tibial shaft is derived from the nutrient artery
and the periosteal vessels. The nutrient artery arises from the posterior tibial
artery as it enters the posterior tibial cortex, distal to the soleal line at the middle
third. The artery may be damaged in segmental fractures, which devascularize
the shaft downstream from the nutrient artery. The periosteal vessels derive from
the anterior tibial artery as it courses down the interosseal membrane.
Approximately one third of the blood supply to the tibial shaft comes from
periosteal vessels (Rhinelander 1987). The blood supply of the tibia is also
generously supplied by the vessels entering from the periphery into the regions
of the epiphyseal-metaphyseal area; these vessels anastomose with vessels from

the diaphyseal area (Nelson et al. 1960).
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6.2 Epidemiology of tibial shaft fractures

The commonest cause of tibial diaphyseal fractures in most areas is
road-traffic accidents, and the most difficult tibial fractures occur in
motorcyclists—over 60% of all such tibial fractures are open (Court-Brown and
McBirnie 1995. Sports injuries (usually football) are the second commonest
cause of tibial fractures in Great Britain, but the fractures are relatively benign,
including a high percentage of isolated tibial injuries without a fibular fracture,
most being AO type A. Overall 76.5% of tibial fractures are closed fractures, and
they occur typically amongst young people. In addition, skiing accidents are
often the cause of tibial shaft fractures, at least in Switzerland (Griitter et al.
2000). Amongst elderly people, a simple fall is usually the mechanism for a

tibial shaft fracture.
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Figure 2. Number of tibial shaft fractures occurring amongst men and women
from 1996 to 2005 in Finland (data from the National Institute for Health and

Welfare (Terveyden ja Hyvinvoinnin laitos)).

Between 1996 and 2005, altogether 13 455 hospital-treated tibial shaft

fractures received hospital treatment in Finland (data from the National Institute
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for for Health and Welfare (Terveyden hyvinvoinnin laitos)). There were 8363
men and 5092 women with a tibial shaft fracture. The incidence of the fractures
is shown in Figure 2. In addition, in other societies, tibial shaft fractures occur
predominantly amongst men. For example, in Switzerland, the number of
fractures is over two times greater amongst men than amongst women (Grlitter et
al. 2000, Court-Brown and Brydone 2007).

The rates of tibial shaft fractures are greatest for both the young (15 to
34 years) and the elderly (over 70 years) (Singer et al. 1998). The peak incidence
of tibia fractures was found for young men and also for elderly women, and
diaphyseal fractures have become increasingly commoner, reaching an incidence
equal to or even greater than that of young men. In the 42-month material
gathered by Williams et al. (1995), the age range of the patients varied from 14

to 74 years, with a mean age of 31 years.
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Figure 3. Distribution of patients sustaining a tibial shaft fracture in different
age groups and treated in a hospital in Finland between 1996 and 2005 (data
from the National Institute for Health and Welfare (Terveyden ja Hyvinvoinnin
laitos)).

Amongst the Finnish population, tibial shaft fractures occur the most

frequently in the age groups of 10 to 20 years and 45 to 55 years (Figure 3). In
21



elderly groups over 60 or 65 years of age, the incidence of tibial shaft fractures is
similar between men and women.

Sarmiento et al. (1995, USA) observed that spiral fractures, distal third
fractures, and low-energy fractures were commoner amongst women than
amongst men, and transverse, middle-third fractures and high-energy fractures
occurred more often amongst men.

The choice of treatment for tibial shaft fractures has changed during the
past decade, IM nailing having become more popular due the good results
obtained as regards functional outcome. The incidence of IM nailing is
increasing in hospitals in Finland (Figure 4). In 1997, 381 tibial shaft fractures
were treated with IM nailing, whereas, in 2005, the corresponding number was

671.
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Figure 4. Intramedullary (IM) nailing procedures performed in Finnish
hospitals between 1997 and 2005 (data from the National Institute for Health and

Welfare (Terveyden ja Hyvinvoinnin laitos)).
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The number of hospitalization days needed after the IM nailing of a
tibial shaft fracture has varied between 6 and 9 days during the last decade, the
mean being 7.2 days (7.3 for men and 7.1 for women) for 1997 to 2005. The

mean hospitalization days are shown in Figures 5 and 6.

9,0

8,0

7,0
6,0
50

Hospital time

o Men
(days) O

B\Vomen

3,0
2,0
1,0

0,0
1997 1998 1999 2000 2001 2002 2003 2004 2005
Year

Figure 5. Mean hospitalization days after IM nailing of tibial shaft fractures
amongst men and women 15 years or older in Finland from 1997 to 2005 (data
from the National Institute for Health and Welfare (Terveyden ja Hyvinvoinnin

laitos)).
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Figure 6. Mean hospitalization days by age group after IM nailing of tibial
shaft fractures in Finland between 1997 and 2005 (data from the National

Institute for Health and Welfare (Terveyden ja Hyvinvoinnin laitos)).

There seems to be a trend towards older people staying longer in the
hospital than middle-aged and young people (Figure 6). It also seems that young
people (15 to 29 years of age) stay longer in the hospital than middle-aged
people.

6.3 Classifications of tibial shaft fractures

The classification of the extent and type of a tibial shaft fracture and its
associated soft-tissue injuries facilitates the determination of optimal treatment.
The classification also allows surgeons to monitor their results and to speak a
common language with other surgeons when comparing results. In addition, the
classification assists the prognosis in that patients can be told what to expect with

the results. It also provides a basis for evaluating new treatment modalities.
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6.3.1 Classification of a fracture associated soft-tissue injury

Oestern and Tscherne (Tscerne and Gotzen 1984) developed a four-
grade system for classifying closed fractures. Grade O fractures result from
indirect injury to the limb and cause minimal soft-tissue damage, a simple
fracture pattern. Grade 1 fractures are caused by a low- or moderate-energy
mechanism that causes superficial abrasion or contusion, a mild fracture pattern.
Grade 2 fractures are caused by direct trauma to the limb, and they involve deep
abrasion accompanied by skin or muscle contusion, a severe fracture pattern.
Grade 3 fractures are accompanied by extensive skin contusion or a crush injury,
severe damage to underlying muscle, and they may also cause subcutaneous
avulsion (Appendix 1).

Open tibial shaft fractures are generally classified according to the
three-graded system published by Gustilo and Anderson (1976). The
classification used for the prognosis and fractures should be employed in the
operating room at the time of initial debridement. Grade 1 fractures are those
with a skin lesion smaller than 1 cm, the wound is clean, and there is a simple
bone fracture with minimal comminution. Grade 2 fractures have a larger skin
lesion than 1 cm but no extensive soft-tissue damage; there is minimal crushing
and moderate comminution and contamination. Grade 3 fractures have extensive
skin damage with muscle and neurovascular involvement, comminution of the
fractures, and instability. Gustilo et al. (1984) divided Grade 3 into three
subgroups according to the severity of the wound. Grade 3A fractures have
extensive laceration of soft tissue, usually larger than 10 cm, with periosteal
coverage. Grade 3B fractures have extensive lesioning of soft tissues with
periosteal stripping, and they usually require exposed bone to be replaced with a
local or free flap as a cover. They are typically injuries caused by a high-speed
vehicle accident or a gunshot or can be any open fracture caused by a farm
accident or any open fracture with accompanying vascular injury requiring
repair. In addition, all exposed fractures with arterial damage that must be
repaired for limb salvage fall into the category of Grade 3C (Appendix 2).

Gustilo and Anderson (1976) reported that the prognosis of fractures

graded 1 or 2 is significantly better than that of Grade 3 injuries (Appendix 2).
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6.3.2 Classification of skeletal injury

The  classification  developed by the AO/ASIF  group
(Arbeitsgemeinschaft fiir Osteosynthesefragen / Association for the Study of
Internal Fixation) is generally used to assess a configuration of a fracture with
skeletal injury (Miiller 1990). The classification divides tibial shaft fractures into
nine groups according to increasing severity on the basis of morphological
complexity and the difficulty of treatment and prognosis.

There are the following three main groups: simple (A), wedge (B), and
complex (C). A simple fracture with two fragments is characterized by a single
cortical disruption involving at least 90% of the circumference of the bone. In a
wedge fracture, there is always some contact between the main fragments after
reduction, and, after the reduction of the fracture, the length and alignment of the
bone is usually restored. There is no contact between the main fragments after
reduction in a complex fracture. Each of these main groups has three subgroups
that represent morphological criteria reflecting direct and indirect impact.

Also each group of simple (A) or wedge (B) fractures has three
subgroups according to the presence or absence of a fibular fracture and its
location. Complex spiral fractures are subdivided on the basis of the number of
intermediate fragments (two, three, or more). Complex segmental fractures are
subdivided according to the presence of additional wedge fragments or an
additional segmental fracture. Complex irregular fractures are subdivided
according to the number of intermediate fragments and the extent of fracture
comminution.

The AO classification provides information about skeletal trauma and
does not take into account the severity of soft-tissue injury. Data obtained by
Court-Brown and McBirnie 1995) that there is a reasonable correlation between
the basic AO classification and both the Tscherne and the Gustilo classifications,
although a much larger study would be required to test the correlation with the
27 AO groups. In addition, it has been shown that the AO system provides an
anatomical classification that is useful for audits (Newey et al. 1993). On the
other hand, it can be an unnecessarily complex system and often falls short of

playing a useful role in the planning of management.
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Figure 7. The AO/ASIF classification of long bone fractures (Miiller et al.
1990, reprinted with the permission of Springer-Verlag).
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6.4 Treatment of tibial shaft fractures

Initially, all tibial shaft fractures should be stabilized with a long
posterior splint with the knee in 10-15° flexion and the ankle flexed at 90°. In
addition, the principles of R.I.C.E. (rest, ice, compression, elevation) reduce the
pain and swelling after trauma. Admission to a hospital may also be necessary
for pain control and close monitoring for the compartment syndrome (CS). The
goal of fracture treatment of the tibial shaft in adults is to restore the anatomy
and regain function as quickly as possible.

Orthopaedic opinion is often cyclic, and in no area of orthopaedic
endeavour is this better seen than in the management of a fractured tibia. Most
fractures of the tibia will heal if treated by non-operative means—this fact is
undeniable. Watson-Jones and Coltart (1943) have stated that “if immobilized
long enough, all fractures will eventually heal” (Schazker and Marvin 1987). In
1936, Bohler recommended that all major tibial fractures be treated with skeletal
traction for 3 weeks, followed by a weight-bearing plaster cast until healing is
complete. However, Watson-Jones and Coltart (1943) clearly showed that
traction had a deleterious effect on the rate of union. In addition, surgical
management was increasingly recommended for the treatment of tibial shaft
fractures at the beginning of the last century. Hey Groves (1992) introduced IM
nailing of long bones, which was popularized by Kiintscher in the 1940s
(Kiintscher 1940). He also performed the first IM nailing on a Finnish patient on
August 25th, 1942, in Kemi, while completing his military service during World
War II (Lindholm 1980).

6.4.1 Casting versus IMN in closed tibial shaft fractures

The standard treatment for most closed fractures of the tibial shaft
consists of closed reduction and cast immobilisation (including functional
bracing). This method has proved to be generally successful and offers reliable
healing without the risks inherent in any operative procedure (Bostman 1986,

Nicoll 1964, Sarmiento et al. 1984, Watson-Jones et al. 1943, Sarmiento et al.

28



1989, Sarmiento and Latta 2004). However, a sustantial of patients has had less
than satisfactory outcomes with closed treatment (Jensen et al. 1977, Trafton
1988).

IM nailing with metal nails was introduced after World War 1, but it
was Kiintsher who promoted the use of reaming, and it was his “detensornagel”
that stimulated interest in locked IM nailing of long bone fractures, as mentioned
previously. In 1986, Klemm and Borner (1986) documented the results that they
had obtained for the reamed IM nailing of 401 tibial fractures. They presented
their results according to an analysis of patient function and showed that almost
95% of their patients had an angular deformity of less than 5 degrees (62.5% had
normal radiographic alignment), no or slight loss of knee or ankle motion, and
less than 2 cm of muscle atrophy. Only 5.7% of their patients had worse results.
Twenty (5%) of their patients developed complications, with an infection rate of
2.2% and a 1.1% incidence of non-union. These remarkable results led to many
other studies of the use of reamed IM nailing in the treatment of closed and open
tibial fractures. Closed IM nailing has gained popularity during the last decade.

Many studies have compared cast management with the IM nailing of
tibial shaft fractures, and functional outcome after IM nailing is better compared
with cast treatment (Alho et al. 1992, Bone et al. 1997, Karladani et al. 2000,
Karladani et al. 2001b, Toivanen et al. 2001). There were clearly more
malunions and delayed unions with cast treatment than with IM nailing, and also
patients’ durations of sick leave were shorter after IM nailing (Puno et al. 1986,
Toivanen et al. 2001). In addition conservative treatment with long-leg casting
has been shown to result in prolonged joint immobilisation, restricted
ambulation, and extended rehabilitation requirements to regain a preinjury level
of function (Trafton 1988, Hooper et al. 1991, Alho et al. 1992, Bone et al. 1997,
Karladani et al. 2000, Toivanen et al. 2001).

Busse et al. (2005) also reported that, from an economic standpoint and
from both a governmental and societal point of view, reamed IM nailing is the
treatment of choice for closed and open Grade I tibial shaft fractures. Toivanen
et al. (2000) compared the relative costs of cast treatment and IM nailing of
closed and Gustilo type I open (Al, A2, A3, and Bl categories of the

Orthopaedic Trauma Association) fractures. They found that the overall cost of
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cast management was about 50% greater than the cost of IM nailing. It would
seem that not only does IM nailing give better results than cast or brace
management in displaced closed adult tibial fractures, but it is also more cost-

effective.

6.4.2 External fixation versus IMN in open tibial shaft fractures

In recent years, there has been a greater acceptance of the use of IM
nailing also in the treatment open tibial shaft fractures. Earlier it was believed
that external fixation is safer for severe open tibial shaft fractures because the
vasculature of the tibia is better preserved. The blood supply to the tibia comes
mainly from a nutrient artery (as mentioned earlier, in the page 19), and it is
highly unlikely that the tibial nutrient artery would survive a high-energy injury.
The endosteal blood supply of the tibia is already compromised, and nailing
significantly worsens the situation.

Many studies have directly compared the two methods of management
(Holbrook et al. 1989, Schandelmaier et al. 1995, Henley et al. 1998, Shannon et
al. 2002). Tornetta et al. (1994) compared external fixation and unreamed IM
nailing in Gustilo type IIIb fractures and showed that, not only was the union
faster, but the joint motion was better in the IM nailing group. Some studies have
also shown that reamed IM nailing of type Illa and IIIb fractures decreases the
rates of non-union and malunion (Tu et al. 1995, Kaftandziev et al. 2006). In a
prospective randomized study, Henley et al. (1995) showed that the prevalence
of deep traumatic wound infections after IM nailing was 7%, and the prevalence
of such infections after external fixation was 11%. In their study, no difference
was found in the time to union between two groups. For the Grade I to III open
fractures, the higher incidence of non-union and surgical procedures performed
to promote union after external fixation indicated that IM nailing is superior to
external fixation in the treatment of most open tibial fractures (Swanson et al.
1990, Alberts et al. 1999). In a study by Alberts et al. (1999) there was also
faster union after IM nailing, and the infection rate was equal in both groups.
There was a significantly shorter union time with IM nailing than with external
fixation for Gustilo type IlIb fractures, and no difference of infection, malunion,
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or refracture was found (Schandelmaier et al. 2002). The major difference
between the two techniques was improved hindfoot function and a longer
walking distance in the nailed group.

Braten et al. (2004) compared the use of an external fixator with locked
IM nailing for closed and Grade I and II open fractures of the tibial shaft. Their
results were comparable in most respects in that unprotected weight-bearing was
achieved earlier after IM nailing, but anterior knee pain occurred more frequently
after the nailing. The results have also been good with the use of external
fixation for closed tibial fractures (De Bastiani et al. 1984). Interlocked tibial
nailing provides greater stiffness for axial compression and torsion than the use
of an external Ilizarov frame (Hasenboehler et al. 2006).

Overall, unreamed tibial nailing (UTN) reduced the incidence of
reoperations, superficial infections, and malunions when it was compared with
the use of external fixators (Bhandari et al. 2000a). Early internal fixation is safe
and has several benefits. Available evidence supports the current trend towards
the earlier coverage and closure of open fracture wounds (Okike et al. 2006). In
addition, a high rate of infection occurs if secondary IM nailing has to be
performed (Tornetta et al. 1994). The timing of secondary nailing is important to
avoid infection. Recently, a large prospective series of open tibial shaft fractures
treated with immediate IM nailing without reaming showed that UTN appears to
be safe and effective in the treatment of open tibial fractures (Kakar et al.

2007b).

6.4.3 Reamed versus unreamed IM nailing of tibial shaft fractures

In the early 1950s, Kiintscher introduced IM reaming. This procedure
permitted the use of nails, which more accurately fit the diaphyseal portion of the
medullary canal and has led to improved fixation. For many years, conventional
(with reaming, without interlocking) IM nailing was considered to be dangerous
for severely open fractures. The risk of IM infection was considered to be too
high in relation to the advantages gained with nailing (Miiller et al. 1992). The
question arose of whether reaming had a deleterious effect on bone circulation in
severe open fractures. Klein et al. (1989) studied the acute effect of reaming on
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bone circulation by comparing unreamed nailed and reamed nailed beagle tibias.
They showed that intact dog tibias were largely able to compensate for the lack
of medullary circulation through periosteal circulation. The reamed bones
showed large deficits of blood circulation 7 hours after reaming and nailing.
These results prove that cortical circulation is preserved to a good degree by
unreamed nailing. The next year they showed that reaming of the canine tibia
results in damage to 70% of the cortical vasculature, whereas there was damage
to only 31% if UTN was used (Klein et al. 1990). Reichert et al. (1995)
investigated the acute vascular response to IM reaming and showed that, 30
minutes after reaming, there is no change in cortical blood flow, but the
periosteal flow increases sixfold. When Hupel et al. (2001) compared limited and
standard reaming with unreamed nailing, they found no difference in the new
bone formation or the mineral apposition rate 11 weeks after surgery on canine
tibia. In addition, Utvag et al. (1998) failed to show that the degree of reaming
significantly affected the healing pattern of bone in an animal model. Schemitsch
et al. (1994) found that it took 6 weeks for sheep tibial cortex to revascularize
after the stabilization of a spiral fracture with the use of UTN, but 12 weeks were
needed if reamed tibial nailing (RTN) was used. In a later experiment using the
same animal model, they did not find any difference in the new bone formation
in sheep tibiae treated with reamed or unreamed nails (Schemitsch et al. 1998).
Lindstrom et al. (1998) reported that, in simple tibial fractures, their measured
changes in local tissue perfusion variables were more a reflection of the injury
mechanism itself than of the effect of reaming and IM nailing.

An increase in temperature may also negatively influence a healing
fracture. Giannoudis et al. (2002) showed that the increase in temperature that
occurs during reaming is greater with narrow medullary canals. They suggested
that the generation of heat with reaming is a problem in medullary canal cavities
of 8 mm or less. Significant differences have been found in comparisons of the
peak pressures of reamed and unreamed nailing of the tibia, and it was possible
to manipulate the IM pressure using the surgical method of nail insertion (Heim
et al. 1993). Ram insertion gave rise to very low pressures when it was compared

with fast manual insertion.
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The temperature may also increase if an incorrect technique is used for
reaming or the reamers are not sharp enough. The use of a tourniquet will have a
negative influence on the cooling effect of the blood flow in the medullary canal
of the tibia.

Fairbank et al. (1995) compared the biomechanical stability of UTN
with RTN in compression and torsion in their cadaver study. They showed that
UTN may not afford the same stability as RTN and indicated that the difference
may be due to an increased incidence of infection or non-union in clinical
situations. Laboratory studies indicate more rapid revascularisation of the IM
blood supply after the insertion of small-diameter nails without reaming. On the
other hand, reaming causes a compensatory increase in the extraosseal blood
supply, and this increase may benefit callus formation. Reaming also has a “bone
graft” effect on a fracture site. Bhandari et al. (2008) found a possible benefit for
reamed IM nailing in patients with closed fractures, but there was no difference
between the methods as regards open fractures. Animal experiments have
produced much information and data that suggest that IM reaming has harmful
effects, but it is not clear whether these findings are clinically relevant.

Many clinical studies have compared the results of reamed and
unreamed nailing in the tibia. Most surgical interest has focussed on the open
fractures associated with significant soft-tissue damage, despite the fact that a
beneficial effect would be expected for reaming in low-energy closed fractures
with associated minor soft-tissue damage. A meta-analysis (Bhandari et al.
2000b) of the literature concerning reaming of the femur and tibia concluded that
reaming is beneficial and that it reduces the rates of non-union and implant
failure in comparison with non-reamed nailing. In addition, the Finnish Current
Care Unit (Finnish unit producing evidence-based treatment guidelines for the
Finnish Medical Society Duodecim) concluded that reaming is the primary
method for use in most cases. The same kind of results was also obtained later
(Forster et al. 2005). Reaming of the tibia during IM nailing does not add a
significant amount of time to tibial nailing procedures. Crist et al. (2009) found
that it took an average of 7 minutes and constituted 5% or less of the total

surgical time and 4% or less of the time spent in the operating room.
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6.4.4 Expandable IM nailing of tibial shaft fractures

Expandable nails were created to retain the advantages of large-
diameter nails and improve torsional stability and avoid the biological
disadvantages of reaming and inserting tight-fitting large-diameter IM nails.

The expandable nail is a sealed stainless-steel tube consisting of four
longitudinal rectangular bars connected by four thinner metallic membranes. The
nail is introduced into the medullary canal in its collapsed form, which allows
easy, less traumatic insertion. Once in its proper position, it is expanded
gradually with physiological saline solution using a manual hand-operated pump.
The surrounding steel membrane slowly expands under the guidance of an image
intensifier and pressure barometer control. During the expansion, the outer bars
of the nail and the stainless steel connecting membrane conform to the individual
shape of the medullary canal (Ben-Galim et al. 2007).

The benefits of the expandable nail seem to be the shorter operative
time needed and the fewer peroneal complications, because there is no need to
insert interlocking screws (Bekmezci et al. 2005, Steinberg et al. 2006). The
expandable nail is not the choice for proximal third fractures or distal third
fractures of the tibial shaft (Steinberg et al. 2006). In addition, the expandable
nail may not provide adequate stability in fractures with fragments greater than
50% (Bekmezci et al. 2005). Expandable nailing is an unreamed procedure. It
can be safely used for patients with chest injuries, and also there is no damage to
the endosteal microcirculation of the diaphyseal cortex, which may benefit bone
union (Fortis et al. 2008).

Smith et al. (2006) carried out a prospective study on the expandable
nailing of tibial and femur diaphyseal fractures. They had to terminate their work
due to the high complication rate (shortening and a tendency for some stable
fractures to become less stable during nail expansion); an unplanned return trip
to the operating room was necessary for 16.5% of their patients because of
postoperative shortening. They found that expandable nails cannot be used
predictably even in stable fracture patterns, and locked IM nailing is more
appropriate and reliable than the insertion or an expandable nail. In addition, for

rotationally unstable fractures (A2 and A3 diaphyseal fractures), interlocked
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nails have been found to provide increased stability over expandable nails (Blum

et al. 2005).

6.4.5 New methods of treatment

Recently, a couple of studies have been carried out on new methods or
choices of IM nail treatment for tibial shaft fractures. Lin (2006) studied the
effectiveness of completely round nails in contrast to that of conventional locked
nails with surface grooves. Completely round nails have the advantage of high
mechanical strength and low manufacturing cost and could effectively treat tibial
fractures.

Another study compared unlocked nailing of tibial shaft fractures. Lee
et al. (2008) showed that the use of unreamed unlocked tibial nails (with an
above-knee cast for 4 weeks) is a simple and effective method, especially in the
treatment of middle-third fractures. In addition, traditional interlocked nailing
provided stable fixation without cast immobilisation, which helped the patients
to return to work more easily 6 months after their surgery.

Recently, IM nails have been developed that allow fracture or
osteotomy sites to be compressed at the time of fixation. With the use of
cadaveric and composite bones, it has been shown that IM nail compression
increases the torsional stability of tibiae with mid-shaft osteotomy better than
conventional dynamised IM nails do, because IM nails create more osteotomy
site compression than the application of body weight to tibiae with dynamised

IM nails (Brown et al. 2007).

6.5 Complications after IM nailing of tibial shaft fractures

Open tibial shaft fractures are the most complication prone.
Complications attributable to tibial shaft fractures may be related to primary
trauma, the fracture itself, or the management of the fracture. Complications that

compromise the final result develop for two thirds of patients (Waddell and
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Reardon 1983, Koval et al. 1991), and late complications such as deep infection
etc. tend to be more serious than early ones. In addition, tibial fractures may
result in social deprivation (Court-Brown and Brydone 2007). Lottes stated in
1952 that, in their series of over 500 nailings, they had experienced “ . . . every
known type of complication.”

The reoperation rate for closed and open tibil shaft fractures varies
between 17% and 50% (Harris and Lyons 2005). The reoperation rate was found
to increase as the severity of contamination increased (Harris and Lyons 2005),
and three predictors of reoperation are an open fracture, a transverse fracture

pattern, and a postoperative fracture gap (Bhandari et al. 2003).

6.5.1 Malunion

One of the most important requirements of the use of IM nailing for
tibial shaft fractures is that it can retain fracture fragments in an acceptable
alignment throughout the course of the treatment. In general, progress in
operative treatment and with implants has reduced the incidence of malunion
with respect to tibial shaft fractures. It seems that the lowest overall frequency of
malunion has been achieved with the use of locked IM nailing (Court-Brown et
al. 1990, Kyrd 1997, Coles and Gross 2000). Acceptable postoperative alignment
has been reported to be 5 to 10 degrees of varus—valgus and 10 to 20 degrees of
rotation (Boucher et al. 2002).

Malunion rates have been reported to be 0% to 49% after IMLN
treatment of tibial shaft fractures (Bone and Johnson 1986, Alho et al. 1990,
Court-Brown et al. 1990, Koval et al. 1991, Coles and Gross 2000, Boucher et al.
2002, Milner et al. 2002). The commonest types of axial malunion of at least 5 or
6 degrees are varus deformity and recurvature deformity after IM nailing of a
tibial shaft fracture. A potentially serious, but often underappreciated
complication of the IM nailing procedure is rotational malreduction. In addition
to introducing cosmetic problems, torsional deformities may lead to lower
extremity arthrosis and other functional complications (Kyrd 1997, Puloski et al.
2004). Malrotation is seldom reported, the incidence for large studies ranging
from 0% to 6% (Alho et al. 1990, Blachut et al.1997, Kyr6 1997).
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Van Der Schoot et al. (1996) found a statistically significant
relationship between tibial malalignment and degenerative changes in the knee
and ankle. Varus tibial deformity has been shown to be tolerated less because
subtalar joint motion may be insufficient to permit a plantigrade foot during
stance (Mechrefe et al. 2006b). In addition, Puno et al. (1991) attained more
severe clinical results in the face of greater degrees of ankle malalignment and
statistically significantly higher percentages of good and excellent results with
less malalignment.

There is a complex relationship between tibial fracture malunion and
poor outcome, and a symptomatic patient may show improvement if the

deformity is corrected (Mechrefe et al. 2006b).

6.5.2 Delayed union and non-union

The tibia is second only to the scaphoideum with respect to the
incidence of delayed unions and non-unions (Epps 1994). In the literature,
delayed union is designed at 12 to 30 weeks after a tibial shaft fracture, 20 weeks
being the most commonly cited cutoff time (Oni et al. 1988, Uhlin and Hammer
1998, Coles and Gross 2000). The predictive factors for compromised fracture
healing are excessive comminution, excessive initial displacement, and an open
wound (Nicoll 1964, Bostman 1986, Dickson et al. 1994).

The determination and time criteria for non-union vary in the literature.
Nicoll (1964) has defined non-union as a condition in which, in the opinion of
the surgeon, the fracture would not unite with further conservative treatment.
Keating et al. (1997a) defined clinical union as the ability to bear full weight
with no pain at the site of the fracture, and radiographic union was defined as
evidence of bridging of three of the four cortices in standard anteroposterior and
lateral radiographs. Many authors have considered non-union to be a stage in
which no signs of union can seen at six months and there is no further
progression in the consolidation process during three consecutive months (Nicoll
1964, Rosenthal et al. 1977, Helfet et al. 1992, Epps 1994).

The vascular status at the time of injury affects the outcome of a
fracture. A concomitant vascular injury increases non-union rates by threefold
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(Mechrefe et al. 2006a). Smoking and nicotine slow fracture healing and
contribute to delayed union and non-union and weaker callus formation. In
addition, the use of some drugs (non-steroidal anti-inflammatory drugs, calcium
channel blockers, steroids) is a risk factor for non-union (Altman et al. 1995,
Castillo et al. 2005, Gullihorn et al. 2005, Kyr6 et al. 1993, Mechrefe et al.
2006a, Schmitz et al. 1999). Tang et al. (2006) found that the average time to
union was 8.7 months for smokers and 6.3 months for non-smokers (p = 0.09).

The final status of a non-united fracture is the formation of
pseudoarthosis. The diagnosis of non-union is made at varying times, ranging
from 12 to 39 weeks (Coles and Gross 2000). Non-union has been reported for
0% to over 17% of closed or open tibial shaft fractures after IM nailing (Alho et
al. 1990, Anglen and Blue 1995, Bone et al. 1997, Blachut et al. 1997, Keating et
al. 1997b, Larsen et al. 2004, Wood 2006).

6.5.3 Refracture

The optimal strength of the tubular bone is not restored until 1 year
after the fracture of a long bone in adults (Frankel and Johnson 1968). After IM
nail stabilisation, the refracture or broken nail usually occurs with non-union,
deep infection, or full weight-bearing (Wiss and Stetson 1995, Court-Brown et
al. 1996, Blachut et al. 1997, Keating et al. 1997b, Garcia-Lopez et al. 1998).
Mechanical failure is commoner with unreaming IM nailing, as discussed earlier.

As tibial IM nailing became the preferred treatment for tibial shaft
fractures, the removal of tibial nails has become commoner. There are a few case
reports of tibial fractures during nail removal (Takakuwa et al. 1997, Dewey at
al. 1999, Im and Lee 2003) and refractures of the tibial shaft have also occurred
during the removal of IM nail (Seebauer et al. 2009). The fractures all occurred
in patients who had relatively late removal of a slotted nail (ACE Medical
Company nail), approximately 20 months after the nailing, and the delay
probably allowed more healing and bone formation around the nail and within

the slot (Takakuwa et al. 1997). The same opinion was also expressed in the
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1970s (Lottes 1974). A younger age of a patient was found to be associated
significantly with the difficulty of nail removal (Im and Lee 2003).

Nail-related problems also include the breakage of interlocking screws
or the nail. In the absence of cortical contact, compressive loads are transferred
to the interlocking screws and result in four-point bending of the screws (Bong et
al. 2007).

Broken hardware, especially screws, is commonest when small-diameter
nails are used, the reported prevalence being as high as 40% (Cole and Latta
1992). The rate of screw failure was 59% when a single distal screw had been
used but only 5% with the use of two screws (Kneifel and Buckley 1996).
Additional locking of the screw close to the diaphyseal osteotomy site reduces

strain at the osteotomy site and improves torsional stability (Sayana et al. 2006).

6.5.4 Infection

Soft tissue lesions are the essential risk factors as regards the infection
of tibial fractures (Edwards 1965). The incidence of postoperative infections is
lower for closed tibial fractures than for open fractures (Jenny et al. 1994). The
infections are usually evident during the first month after surgery, the majority
being recognized during the first 7 days (Gustilo and Anderson 1976). The
overall incidence of deep infection was more than 10% a few decades ago,
whereas nowadays it occurs in only 0% to 4% of closed and Grade I open tibial
shaft fractures (Alho et al. 1990, Court-Brown et al. 1990, Jenny et al. 1994,
Watson 1994, Blachut et al. 1997, Bone et al. 1997, Keating et al. 1997b, Larsen
et al. 2004, Court-Brown 2004). Tang et al. (2006) investigated closed tibial
shaft fractures (42 A to C) and showed that the rate of infection for open versus
closed reductions was higher but not statistically different. Open reduction
seemed to have a minimal risk of infection. In addition, these authors showed
that, when compared with an infection rate of 2.7% for their smoking group,
their non-smoking group had an infection rate of 1.2% (p > 0.05). The deep
infection rate for open tibia fractures treated with UTN has been reported to be
0-2% for type I fractures, 4—7% for type Il fractures, 7-11% for type IIIA
fractures, and up to 17% for type IIIB fractures (Harris et al. 2005).
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Salam et al. (1991) identified a significantly higher incidence of
postoperative wound induration and erythema with the use of a tourniquet use
than without tourniquet use (20% versus 0%, p < 0.05) as regards plating tibial
fractures. Petrisor et al. (2005) reviewed a case series of patients who developed
postoperative infection after reamed IM nailing of tibial shaft fractures to
investigate the possible causes of infection. In a closed-fracture group, 43.8% of
the patients were considered to have developed infection because of
inappropriate fasciotomy closure, exchange nailing, or thermal necrosis.

Some deep infections after reamed IM nailing are avoidable; attention
must be paid to correct reaming, exchange nailing, and fasciotomy closure in
closed fractures. In addition, in open fractures, marginal flap necrosis should be

actively treated and not left to granulate (Petrisor et al. 2005).

6.5.5 Compartment syndrome

The complication that should concern every physician treating a tibial
shaft fracture is compartment syndrome (CS). CS is a condition in which
increased tissue pressure in a closed fascial space stops capillary perfusion and
leads to ischaemia and neuromuscular damage (Matson et al. 1980, Bourne and
Rorabeck 1989). The usual causes of CS include haematoma and soft-tissue
swelling. A closed tibial fracture is one of the conditions most frequently
associated with the development of CS (Tornetta et al. 1996). For awake and
cooperative patients, subjective criteria for making the diagnosis include pain,
changes in sensation and motor function, and turgor of the compartment (Kakar
et al. 2007a).

CS occurs after both closed and open tibial fractures, the prevalence
ranging from 0% to 18% after a tibial shaft fracture (Alho et al. 1990, Bone et al.
1997, Keating et al. 1997b, Court-Brown et al. 1990, Finkemeier et al. 2000,
Larsen et al. 2004). It has been suggested that IM nailing causes CS, but
McQueen et al. (1990) monitored 67 tibia fractures treated by reamed IM nailing
and showed no evidence of an increased incidence of CS. The same kind of
results was attained in the prospective, randomized study of Nassif et al. (2000).
An experimental study on sheep reported that the IM pressure increased as much
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as 10-fold during reaming (Wozasek et al. 1994). Hupel et al. (1998) showed that
IM reaming of the canine tibia increased circulation to the surrounding muscles
considerably, and elevated perfusion was still evident 11 weeks after the nailing.
The elevated perfusion may have had a beneficial effect on the fracture healing.

Longitudinal traction during surgery tightens the fascia and thereby
decreases compartment volume and increases compartment pressure (CP)
(Tischenko and Goodman 1990, Kutty et al. 2005, Kakar et al. 2007a). In
addition, haemorrhagic shock decreases the mean arterial pressure and can be an
important factor in the development of a CS, particularly in a multiply injured
patient (Tornetta et al. 1996). For the same reasons, a tourniquet should not be
used for a patient who has a tibial shaft fracture and is at risk of CS or thermal
injury.

Some researchers have advocated fasciotomy on the basis of
compartment pressures ranging from 30 to 45 mmHg because this level is
considered to approximate the critical occlusion pressures of intra-compartment
microvasculature (Mubarak et al. 1976, Mubarak et al. 1978, Rorabeck et al.
1981). Lately, it has been shown that AP (diastolic blood pressure [DBP] — CP)
is a more sensitive indicator of CS, measurements of < 30 mmHg being
diagnostic of a muscle at risk. Preoperative DBP is a good indicator of
postoperative DBP in most patients, and intra-operative DBP is significantly
lower (average 18 mmHg, p < 0.05) (Kakar et al. 2007a). When a surgeon
decides whether to perform a fasciotomy or awaken the patient and perform
serial examinations or CP measurements, he or she should recognize that the
intra-operative AP may be lower than the AP once the patient is awakened .

The treatment of CS consists of early surgical decompression.
Regardless of the method used, it decreases the incidence of permanent
neurological sequelae (Rorabeck and Macnab 1975, Rorabeck 1984, Georgiadis
1995, Tornetta et al. 1996). If fasciotomy is performed within 24 hours of the
onset of clinical symptoms and signs, a good result is almost always achieved

(Rorabeck 1984).
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6.5.6 Peripheral nerve injury

The reported incidence of neurological complications after tibial nailing
varies, involving mainly the peroneal nerve. The incidence of neurological
deficit varies from 0% to 30% (Kellam 1985, Bone and Johnson 1986, Klemm
and Borner 1986, Koval et al. 1991, Robinson et al. 1999). Williams et al. (1995)
reported a new lesion of the common peroneal nerve or its divisions in 19 of 102
(19%) patients after their operation, and there was no statistical correlation
between common peroneal lesions and the type of fracture, degree of trauma,
time of operation, use of tourniquet, or use of traction during surgery.

Often the mechanism of peroneal nerve damage in tibial fracture nailing
is indirect, the damage being caused by leg traction or CS. Stabilization of the
leg in the 90/90 position can place pressure on the peroneal and tibial nerves
(Koval et al. 1991, Sarangi and Karachalios 1993). The peroneal insult is often
transient, and function usually recovers completely within 6 months (Klemm and
Borner 1986, Koval et al. 1991, Williams et al. 1995). Weakness of the extensor
hallucis longus is the commonest feature of peroneal nerve injury (Robinson et
al. 1999). The affected patients are younger than other patients, their mean age
being 25.6 years (18 to 33 years, p = 0.003) (Robinson et al. 1999).

Direct peroneal nerve damage in relation to the proximal locking screw
seems to be very rare (Hems and Jones 2005, Drosos et al. 2006). Drosos et al.
(2006) reported a case of partial peroneal nerve damage caused by a long oblique
proximal locking screw. Removal of the screw led to gradual improvement in

nerve function and complete resolution at 1 year.

6.5.7 Deep venous thromboses and pulmonary embolisms

The reported incidence of deep venous thrombosis after IM nailing of a
tibial shaft fracture is low, varying from 0% to 6% (Blachut et al. 1997, de
Santos de la Fuente et al. 1998, Uhlin and Hammer 1998, Larsen et al. 2004).
The incidence of pulmonary embolism is also low, varying from 0% to 2%

(Batten et al. 1978, Anglen and Blue 1995, Angliss et al. 1996, Blachut et al.
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1997, Keating et al. 1997b), and such emolisms usually occur in patients with
multiple trauma.

Reaming and nailing procedures cause liberation of bone marrow fat
into the lungs with subsequent impairment in lung function (Pell et al. 1993),
referred to as fat embolism syndrome (FES). This complication may be fatal, but
it is rare after IM nailing of tibial shaft fractures, the incidence varying from 0%
to 3% of patients (Batten et al. 1978, Anglen and Blue 1995, Angliss et al. 1996,
Harrington et al. 1996, Blachut et al. 1997, Keating et al. 1997b). Christie (1996)
used transesophageal echocardiography (TEE) to investigate the effects of
femoral and tibial nailings and showed that 92% of their patients could have at
least asymptomatic embolic phenomena after nailing. All of the clinical
problems were confined to the femur procedure. In addition, Aoki et al. (1998)

showed that not all patients with large emboli diagnosed by TEE develop FES.

6.5.8 Thermal necrosis

Thermal necrosis of the tibial diaphysis after reaming is an unusual, but
serious, complication. Its true incidence is unknown (Bucholz et al. 2006).
Laboratory data suggest that irreversible damage to bone occurs at sustained
temperatures greater than 50°C (Karunakar et al. 2004). Thermal damage to
tissue appears to be related to the maximum temperature to which the tissue is
exposed and to the length of time the tissue is subjected to the elevated
temperature. Temperatures above 50°C for 1 minute have been suggested to
result in thermal necrosis (Karanakar et al. 2004). The bigger the reamer or the
smaller the diameter of the medullary canal, the greater the work required to cut
the bone, and, therefore, the higher the generated temperature (Garcia et al.
2004). The use of a tourniquet reduces the blood flow of the tibia and therefore
the cooling effect to the bone and may be a risk for thermal necrosis. A review of
the literature revealed that only a few cases have been reported (Leunig et al.
1996, Karunakar et al. 2004). The patients had pre-existing medullary canal
problems or a very narrow medullary canal (diameter < 8mm) (Giannoudis et al.

2002). Reaming to 1.5 mm above the required diameter of the nail appeared to
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be a safe clinical practice (Karunakar et al. 2004). Typical medullary reaming

did not exceed the limits that would produce bone necrosis (Garcia et al. 2004).

6.5.9 Vascular damage

The most feared vascular complication of tibial nailing is drill damage
to the popliteal artery in the area of arterial trifurcation (Bucholz et al. 2006).
Shetty et al. (2003) found that, with the knee flexed (90 degrees), the popliteal
artery was closer to the posterior tibial surface, at 1 to 2 cm below the joint line,
in 39% of their cases. In most cases, the artery disappears from the posterior
surface of the tibia during flexion (Orrico et al. 2007). In only a few cases has a
traumatic lesion of the popliteal artery occurred during the last 15 years (Orrico
et al. 2007). Damage to the medial inferior genicular artery, the posterior tibial
artery, and the peroneal arteries has also been reported (Bucholz et al. 2006).
Severe vascular complications of IM nailing are rare and should be avoidable if

correct nailing techniques are used (Bucholz et al. 2006).

6.6 Anterior knee pain after IM nailing of tibial shaft

fractures

An earlier analysis of the technique carried out in a hospital in
Edinburgh suggested that the commonest problem associated with tibial nailing
is anterior knee pain, with a recorded incidence of 40.8% (Court-Brown et al.
1990). Pain usually begins or is diagnosed several months after the nailing
procedure (Keating et al.1997b, Devitt et al. 1998). The aetiology of this
complication is still unknown, and some studies show that anterior knee pain is
commoner after IM nailing of tibial shaft fractures than after other treatment
choices (Karladani et al. 2000, Braten et al. 2005). In the anterior part of the
knee, many structures, alone or in combination, can be a source of anterior knee

pain (Biedert and Sanchis-Alfonso 2002).
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6.6.1 Epidemiology

The incidence of anterior knee pain after IM nailing of tibial shaft
fractures varies from 10% to 86% in the literature, the mean incidence being
47% (Alho et al. 1990, Court-Brown et al. 1990, Koval et al. 1991, Orfaly et al,
1995, Haddad et al. 1996, Keating et al. 1997b, Court-Brown and Brydone 1997,
Karachalios et al. 2000, Karladani et al. 2000, Skoog et al. 2001, Dogra et al.
2002, Katsoulis et al. 2006, Young and Topliss 2007, Chalidis et al.2009). The
incidence of anterior knee pain seems to decrease after 60 years of age (Court-
Brown et al. 1997, Keating et al. 1997b), and this decline may be related to lower
physical activity levels in this group. Anterior knee pain is worse during kneeling
and squatting, but some patients experience pain even at rest (Court-Brown et al.

1997). Generally (90% of cases), anterior knee pain is mild or moderate.

6.6.2 Nailing procedure

6.6.2.1 Incision placement and the nail entry point

The classic technique that was recommended for years involves a
longitudinal incision over the patellar ligament at the level of the joint, splitting
the tendon longitudinally (i.e., use of the transtendinous approach [TTA])
(Miiller et al. 1992, Chapman et al. 2000). Nowadays an optional technique can
be used in which the incision is made medially to the patellar ligament and the
tendon is retracted about 20 mm laterally (i.e., the paratendinous approach
[PTA]) (Figure 8). Considerable global variation occurs in the surgical approach

amongst orthopaedics (Bhandari et al. 2002).
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Transtendinous approach (TTA) Paratendinous approach (PTA)

Figure 8. Two different approach techniques (Miiller et al. 1992). Reprinted

with the permission of Springer-Verlag.

Orfaly et al. (1995) found that, when a PTA had been used, 51% of their
patients suffered anterior knee pain. On the other hand, when IM nail insertion
took place through the patellar tendon (TTA), 78% developed subsequent
anterior knee pain. Keating et al. (1997b) showed that insertion of the nail
through the patella tendon was associated with a higher incidence of the anterior
knee pain than with the use of PTA (77% and 50%, respectively). In addition,
TTA was found to have a significant risk for anterior knee pain amongst 200
patients who had been treated with IM nailing, 70% versus 19% between
approaches (Yu et al. 1999). Djahangiri et al. (2006) also noted that there is
significantly more anterior knee pain with TTA than with PTA. Koval et al.
(1991) reported 10 cases (22%) of what they termed patellar tendonitis and noted
that a patellar tendon splitting approach had been used for 7 of these 10 patients.
Opposite findings were reported by Court-Brown et al. (1997), who reported that
45% of their patients had anterior knee pain after TTA, whereas 54% suffered
from such pain after medial PTA—there was no significant difference between
the techniques.

Karladani and Styf (2001a) described a new approach in which the skin
incision is located on either the medial or lateral side of the patella and nailing is
performed percutaneously. In their technique, the skin incision is removed from
the area involved in kneeling, it reduces the risk of trauma to the infrapatellar

nerve, and it minimizes the contact pressure in the patello-femoral joint.
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Samuelson et al. (2002) investigated the proper insertion point for a tibial IM
nail in the coronal plane using 61 embalmed cadaveric lower legs. They
recommended using a medial PTA or TTA for nail insertion and that lateral PTA
should be avoided. Burg et al. (2009) reported that only 2.8% of their patients
had anterior knee pain after the use of medial PTA for the nail insertion.

Weil and Gardner (2009) found a low incidence of anterior knee pain
(18%) in their retrospective study. They used a lateral approach and atraumatic
elevation of the infrapatellar fat pad. Therefore, the injury to certain anatomical
structures (infrapatellar fat pad and the infrapatellar branch of the saphenous

nerve) could be minimized.

6.6.2.2  Intra-articular damage and the anatomical safe zone

The subchondral bone has a rich nerve supply, and elevated subchondral
bone pressure has been shown to produce pain (Biedert and Sanchis-Alfonso
2002). The ideal bony starting point for tibial nailing has been the subject of
much debate. As early as 1962, Alms (1962) recommended lateral entry on the
extrasynovial anterosuperior surface. Chapman (2000) recommended an entry
site just above the tibial tubercle, reached via TPA. In an anatomical study,
Tornetta et al. (1999) described the anatomical safe zone for nail placement as a
portal averaging 22.9 mm, but as narrow as 12.6 mm and located 9.1 £ (SD 5
mm) lateral to the midline of the plateau, between the medial meniscus and the
lateral articular surface (Figure 9). In addition, Weninger et al. (2009) identified
the safe zone as a triangular zone in the posteromedial aspect of Hoffa’s fat pad
and anterior to the tibial insertion of the anterior cruciate ligament (ACL),
posterior to the transverse ligament, and lateral to the anterior part of the medial

meniscus. The mean dimension of this safe zone was 19.4 mm3.
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Lateral Medial

Sweet Spot

Figure 9. The safe zone, located 9.1 mm lateral to the centre of the plateau
and 3 mm lateral to the centre of the tibial tubercle (Tornetta et al. 1999).

Reprinted with the permission of Wolters Kluwer Health.

The radiographic correlate of this area is essential if damage to the intra-
articular structures is to be prevented during portal placement and nail insertion.
With standard anteroposterior and lateral radiograph views, intra-operatively, the
ideal tibial portal is located immediately medial to the lateral tibial spine on the
anteroposterior view and immediately anterior to the articular margin on the

lateral view (Figure 10) (McConnell et al. 2001).
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Figure 10. Anteroposterior view of the tibia (A): The black arrow
represents the average position of the centre of the safe zone. The white arrows
indicate the most extreme positions of the centre of the safe zone (McConnell et
al. 2001). Reprinted with the permission of Wolters Kluwer Health. Lateral view
of the tibia (B): The black arrow represents the starting portal adjacent to the
anterior articular margin (McConnell et al. 2001). Reprinted with the permission

of Wolters Kluwer Health.

Using eight cadaver knees, Devitt et al. (1998) showed that the insertion
of an IM nail into the tibia significantly increases contact pressures at the
patellofemoral joint. They used two different approaches, medial PTA and TTA.
A significant increase in contact pressures was found at the lateral facets when
medial PTA was used (p = 0.01) for the proximal tibia and at the medial facet
when TTA was used for the proximal tibia (p = 0.001). When TTA was used,
contact pressure increases were recorded for both facets; this finding suggests
that chondral injury is more likely when TTA is used. They also found
arthroscopic evidence of chondromalacia in a small number of patients with
anterior knee pain after tibial nailing (Devitt et al. 1998). Weninger et al. (2009)
compared the following three surgical approaches: the medial parapatellar
approach, the lateral parapatellar approach, and the transtendinous approach.

Their results showed damage to the intra-articular anatomical structures with the
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lateral parapatellar and transtendinous approaches but not with the medial
parapatellar approach.

Interindividual variation exists in the anatomical relationship between
the patellar tendon and the lateral tibial spine. Althausen et al. (2002) stated that
individual variations in the patellar tendon should be considered when the proper
entry site is chosen for tibial nailing, and the routine use of a single approach for
all tibial nails may no longer be justified. Furthermore, a preoperative
fluoroscopic measurement before incision can guide the surgeon as to whether a
medial paratendinous, transtendinous, or lateral paratendinous approach provides
the best and most direct access to the entry site. According to their study, the
safest entry point for the tibial nail seems to be just medial to the tibial spine at
the anterior margin of the articular surface. Samuelson et al. (2002) studied
cadaver tibiae after retrograde nailing of the bones. They measured the exit hole
of the nail in relation to the tibial tubercle using the distance in the coronal plane
along the transcondylar axis of the proximal tibia (the transcondylar axis being
defined as the line between the most medial and most lateral aspects of the tibial
plateaus) (Figurell). Except for one tibia, the IM nail exit point was always

located medial to the centre of the tibial tubercle, the average being 8 mm.

Tibial Tubercle
=
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Figure 11. Diagram of proximal tibia showing the measurement technique for
the rod exit point (Samuelson et al.2002). Reprinted with the permission of

Wolters Kluwer Health.
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Hernigou and Cohen (2000) studied 12 pairs of cadaver knees after IM
nailing of the tibia. The intra-articular structures particularly at risk of damage
during tibial nailing proved to be the medial meniscus, the lateral tibial plateau,
and the transverse ligament. Their results showed that, in some bones, the safe
zone was smaller than the size of standard reamers and the proximal part of some
nails. In addition, they retrospectively analyzed the radiographs of 30 patients
who had wundergone tibial nailing and recorded unrecognized articular
penetration and damage during surgery for four patients. These patients had pain
in the knee, and there was a possibility that this pain was linked to unrecognized
articular damage.

The risk of unrecognized articular penetration is higher when the tibia is
shorter, and the length of the tibia is related to the size of the patient (Mensch
and Amstutz 1975, Yoshika et al. 1989). Therefore the PTA is dangerous for
patients with a small build (Hernigou and Cohen 2000). Jirveld et al. (2000)
showed that the occurrence of patellofemoral and medial tibiofemoral
osteoarthritis did not have significant differences between the subgroups of
anterior knee pain after the reconstruction of the ACL, whereas lateral
tibiofemoral osteoarthritis did (p = 0.021). Joensen et al. (2001) found a
significant positive association between the presence of articular lesions of the
patella and the presence of anterior knee pain; however, the presence of articular
cartilage lesions was not associated with the duration of symptoms or the
intensity of the anterior knee pain.

There are no nerve fibres in the hyaline cartilage (Biedert and Sanchis-
Alfonso 2002), and Dye et al. (1998) did not feel any pain during the
arthroscopic palpation of his extensive lesion of the patellar cartilage without
intra-articular anaesthesia. However, the destruction of articular cartilage leads to
local tissue response with episodes of inflammation and synovitis (Biedert and

Sanchis-Alfonso 2002).
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6.6.2.3  Nail protrusion

One obvious cause of anterior knee pain is marked nail prominence
proximally. The nail will cause pain and even patella impingement (Court-
Brown 1991), and most surgeons now advance the nail at least to the level of the
tibia during insertion and many actually bury the nail within the bone. Court-
Brown et al. (1997) subjectively felt that there was no obvious association
between anterior knee pain and a few millimeters of nail prominence. None of
the studies found an association between anterior knee pain and nail prominence
in relation to the anterior cortex or tibial plateau. In a study by Keating et al.
(1997b), nail protrusion made no difference as regards anterior knee pain, even
with nail protrusion in excess of 5 mm, when compared with the rest of the
series. The findings of Uziimciigil et al. (2009) suggest that the distances from
the nail to the tibial plateau and anterior tibial cortex do not have any role in the

development of postoperative anterior knee pain.

6.6.2.4  Deformity after nailing

Malunion rates have been reported to be 0% to 12% after IMLN
treatment of tibial shaft fractures (Bone and Johnson 1986, Court-Brown et al.
1990, Alho et al. 1990, Koval et al. 1991, Coles and Gross 2000). Kyr6 (1997)
investigated the malunion of tibial shaft fractures after IM nailing and found that
five (42%) patients had knee pain in the malunion group and eight (25%)
patients experienced knee pain in the sound union group. Each patient with a
varus or valgus angulation of at least 10 degrees or a shortening of at least 15
mm or both had a worse subjective outcome than the average of the whole
malunion group. Patients with combined component internal rotation were more
than five times as likely to experience anterior knee pain after total knee
arthroplasty than those with combined component external rotation (Barrack et
al. 2001). Patients for whom conservative management for anterior knee pain
failed were compared with 14 volunteers with no symptoms, and external

rotation was increased significantly in the patients with symptoms (7 degrees) in
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the comparison with the volunteers with no symptoms (1 degree) (Eckhoff et al.

1997).

6.6.2.5  IM reaming

Court-Brown et al. (1996) performed a prospective, randomized study
on 50 patients with Tsherne C1 tibial diaphyseal fractures and compared
treatment with reamed and unreamed IM nails. They found that there was no
difference in the incidence of anterior knee pain between the techniques used. In
addition, Keating et al. (1997b) showed no difference in anterior knee pain
between the methods used for treating open fractures of the tibial shafts. There is
no mention of the entry point of IM in these studies.

In the study of Larsen et al. (2004), 10 patients in the reamed group and
9 in the unreamed group complained of anterior knee pain. The used visual
analogue scale (VAS) showed a mean value of 1.64 and 1.70, respectively, for
the two groups. The maximum VAS scale score was 5.9 and 6.7, respectively.
The difference was not statistically significant. The authors performed nailing
through a midpatellar skin incision using TTA on the proximal tibia, and the
entry point was chosen in the midline between the fat pad of Hoffa and the tibial

tuberosity.

6.6.2.6  Thigh muscle function

A deficit in thigh muscle strength after a tibial fracture has been
reported in several articles (Holder-Powell Rutherford 1999, Gaston et al. 2000,
Karladani et al. 2000, Karladani et al. 2001). Karladani et al. (2001b) found
significant differences between the isometric torque values of injured and
uninjured legs in the casted group only, and there were no significant differences
regarding isokinetic muscle strength between the two groups. Seven patients in
the nailed group complained of anterior knee pain during the isokinetic strength
tests, but there was no mention of a relationship to anterior knee pain or thigh
muscle strength. The presence of an open fracture and the Tscherne grade of

closed fractures correlated with the knee extension and flexion muscle power and

53



the patients’ ages. Age mainly determines muscle recovery after a fracture of the
tibial diaphysis (Gaston et al. 2000).

Nyland et al. (2001) recorded an average deficit of 25% and 17% for
the extensor and flexor torque, respectively, in the operated limb more than 1
year [18 (SD 6) months] after the IM nailing of isolated tibial fractures. Jarveld
et al. (2000) studied anterior knee pain after ACL reconstruction surgery and
used a logistic regression analysis to show that the deficit in the knee extension
torque was the only factor that had a significant association with anterior knee

pain.

6.6.2.7  The IPBSN

Injury to the infrapatellar branch of the saphenous nerve (IPBSN) can
lead to anaesthesia, formation of a neuroma, and reflex sympathetic dystrophy
(Mochida and Kikcki 1995, Tifford et al. 2000). The saphenous nerve arises as a
division of the femoral nerve and leaves the adductor canal between the tendons
of gracilis and semitendinous muscles. It then divides into the main saphenous
branch, which continues down to the ankle, and infrapatellar branch (Tennent et
al. 1998). The IPBSN arises from the fascia lata, level with the inferior pole of
the patella, and then traverses from the medial to the lateral, inferior to the
patella. It provides cutaneous sensation from the lower patella to the upper
anterior portion of the leg, and injury to the IPBSN results in discomfort only
when the affected person is in a kneeling position or when pressure is applied
directly (Mochida and Kikucki 1995). The IPBSN has one to four branches,
when crossing the patellar ligament (Kartus et al. 1999). In only 1 knee out of
60 did one of the branches of the IPBSN not pass through the area between the
apex of the patella and the tibial tubercle (Kartus et al. 1999). There is a safe area
that avoids the IPBSN; it is within an approximate 30-mm area from the medial
margin of the patella at the level of midpatella, and within an approximate 10-
mm area from the medial margin of the patellar tendon at the level of the distal

pole of the patella (Mochida and Kikucki 1995) (Figure 12).
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Figure 12. Landmarks for identifying nerve position (P = edge of the patella; L =
edge of the patellar ligament; T = proximal edge of the tibia) (figure on the left)
and safe areas for blind puncture during arthroscopic surgery (figure on the right)
(Mochida and Kikucki 1995). Both figures were reprinted with the permission of
Springer.

In addition, Boon et al. (2004) investigated the IPBSN and found a safe
area of approximately 1.5 cm for both knees on the plane of the tibial tuberosity.
In the harvesting tendons of semitendinosus and gracilis muscles, they
recommend an oblique incision be made between 3.7 cm and 5.5 cm from the
tibial tubercle (right knee) and between 3.6 and 4.9 cm from the tibial tubercle
(left knee). The degrees of incision should be 51.6 or 52.5 degrees, respectively.
Retrospective comparisons have been made between the vertical and horizontal
incisions used for patellar ligament harvesting in ACL reconstruction surgery
(Portland et al. 2005). No differences were found between the groups with
respect to the incidence of knee pain at rest or in activity or as regards evidence
of damage to the IPBSN. Weil and Gardner (2009) found a low incidence (18%)
of anterior knee pain using the parapatellar approach, and therefore they could
probably minimize the injury to the IPBSN.

The incidence of sensory changes after tibial nailing decreased as the
length of the follow-up increased (Mistry and O’Meeghan 2005), and the area of

hypoaesthesia also decreased over time (Johnson et al. 2000).
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6.6.2.8  Infrapatellar fat pad

The infrapatellar fat pad lies intra-articularly but extrasynovially to the
knee joint and fills the total anterior knee compartment in every position of the
joint (Smillie 1963). Impingement of the infrapatellar fat pad with a total knee
arthroplasty prosthesis and other knee pathologies and operations has been
described (Kramers-De Quervain et al. 2005). The diagnosis can be confirmed
intra-operatively by the presence of areas of necrosis and fibrosis of the fat pad
(Kramers-De Quervain et al. 2005). Impingement of the infrapatella fat pad has
not been described after IM nailing, but a lesion of the fat pad could be related to
continuous irritation caused by the protrusion of the nail or after peroperative
trauma (Katsoulis et al. 2006). In the cadaver study by Bohnsack et al. (2004), a
total resection of the infrapatellar fat pad resulted in a significant decrease in the
tibial external rotation to the femur between 63 degrees of flexion and full knee
extension, combined with a significant medial translation of the patella. In
addition, the retropatellar contact pressure was significantly reduced. The authors
concluded that the infrapatellar fat pad has a biomechanical function and may
play a role in anterior knee pain.

Bohnsack et al. (2005b) also found a significant increase in infrapatellar
tissue pressure at a knee flexion angle of less than 20 degrees and greater than
100 degrees at all of the extension moments tested. In a study using magnetic
resonance imaging (MRI) (Shabshin et al. 2006), it was shown that oedema of
the suprapatellar fat pad may be a cause of anterior knee pain. Resection of the
fat pad led to a complete resolution of the symptoms in one patient in a
retrospective evaluation of MRI. Roth et al. (2004) showed that the finding of an
effect of the quadriceps fat pad mass on the suprapatellar recess was significantly
associated with anterior knee pain in a physical examination. Weil and Gardner
(2009) used atraumatic elevation of the fat pad instead of perforating it, and their
study showed a low incidence of anterior knee pain (18%) in comparison with
the incidence of most series, which reported an average incidence of 50%.

The fat pad is highly vascular, its blood supply originating from the
synovial membrane (Magi et al. 1991), and its nerve supply is primarily derived
from the posterior articular nerve, a branch of the posterior tibial nerve (Kennedy

et al. 1982). Bohnsack et al. (2005a) resected the infrapatellar fat pad of 21
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patients and determined and specified the nerves. Neurotransmitter substance-P
(SP) nerves were significantly more frequently associated with blood vessels
inside the fat pad (43%, p < 0.05) than in the synovial tissue (28%). They
concluded that the occurrence and distribution of SP nerves inside the
infrapatellar fat suggest a nociceptive function and a neurohistological role in the
anterior knee pain syndrome. The injection of 0.20 to 0.25 ml of 5% hypertonic
saline into the medial infrapatellar fat pad was found to produce moderate to
severe pain in the anterior knee region of persons with no history of knee pain
(Bennel et al. 2004). The pain was most commonly felt in the region of the fat
pad medial to the patella.

Infrapatellar fat pad oedema, produced by a chronic mechanical
impingement in knee flexion and extension and tissue hyperpressure, lends
support to the idea of a neurohistological pathology for anterior knee pain

(Bohnsack et al.2006).

6.6.2.9  Radiological findings

There are few studies in which ultrasound has been used to monitor
fracture healing after the IM nailing of a tibial fracture (Berton et al. 1995,
Berton et al. 1998 a and b). However, only one previous ultrasound study after
IM nailing of a tibial shaft fracture and chronic anterior knee pain has been
published. Sala et al. (1998) investigated chronic anterior knee pain
retrospectively after IM nailing. They made an ultrasound examination an
average of 10.9 months after the surgery and used patellar transtendinous access
in each case. In their study, the IM nails were still in place. They recorded nail—
tendon impingement frequently but found no statistical significance. The patellar
tendon was thickened when compared with the contralateral one. The tendinous
morphostructure did not reveal any correlation with chronic anterior knee pain.
Another study found no effect of low-intensity ultrasound on the healing time of
IM-fixed tibial fractures (Emami et al. 1999a, Emami et al.1999b).

MRI for patients with persistent pain after the removal of the nail has
shown patellar tendonitis, fibrosis, and chondropathy, as well as irregular fibrosis

of the fat pad (Sala et al. 1998). Also adhesions from the nail inserted towards
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the patellar tendon had been showed after the removal of the nails (Gustafsson et
al. 2008). Jarvela et al. (2004) made an ultrasonographic and power Doppler
evaluation of the patellar tendon after harvesting its central third for
reconstruction of the ACL. There were no statistically significant differences in
the ultrasound changes between the patients with or without anterior knee pain.
Heterotopic ossification (HO) of the patellar tendon has seldom been
reported after IM nailing of the tibia (Kelley and Insall 1987). In a retrospective
study, Gosselin et al. (1993) found HO radiographically in 2 of 31 (6.1%)
patients after IM nailing of the tibia. They also noted that HO remains
undiagnosed especially when PTA is used for a patient with a head injury. One

of their two patients complained of pain and disability.

6.6.2.10 Trauma and fracture type

In a study by Keating et al. (1997b), the rate of anterior knee pain was
slightly higher for patients with open fractures (30 of 45 or 66%) than for those
with closed fractures (38 of 65 or 58%), but the difference was not significant.
Court-Brown et al. (1997) found no difference in anterior knee pain in relation to
fracture morphology (AO classification, Tsherne classification, open or closed
fracture).

There is a high incidence of ipsilateral knee ligament injuries as regards
open tibial shaft fractures (Thiagarajan et al. 1997); the incidence has been
reported to be between 11% and 33% (Muckle 1981, Templeman and Marder
1989, Matic et al. 1992). The possibility of disruption of the knee ligaments
should be considered for all patients with fractures of both the femoral and tibial
shaft (Szalay et al. 1990, van Raay et al. 1991). There were no data available in

these studies with respect to the prevalence of anterior knee pain.

6.6.2.11 Removal of IMLN

The objection to the routine removal of an IM nail is based on the fact
that stress shielding is negligible with IM nails (Braten et al. 1992, Brumback et

al. 1992). Many patients name anterior knee pain as the reason for the removal.
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In a study by Keating et al. (1997b), 49 (46%) patients went through nail
removal at a mean duration of 16 months after nailing procedure; pain was
completely relieved in 22 cases (45%). However, 17 patients (35%) experienced
only partial relief, and for the remaining 10 (20%) there was no improvement.
Sala et al. (1998) found no resolution of anterior knee pain after nail removal in
cases in which an MRI study showed patellar tendinitis. In addition, Babis et al.
(2007) showed that 12 of 15 patients with anterior knee pain experienced a
complete cessation of pain after the nail removal. The patients also managed
mild anterior knee pain effectively with the use of oral non-steroidal anti-
inflammatory drugs.

In retrospective review of tibial shaft fractures, there were 16 nail
removals due to anterior knee pain. In 9 out of the 16 cases the pain improved
after the tibial nail was removed, but 4 patients, previously asymptomatic,
developed anterior knee pain after the removal (Boerger et al. 1999). Lin (2006)
also found that the pain was not relieved for every patient after the removal of an
IM nail. In addition, anterior knee pain may worsen after nail removal (Court-
Brown et al. 1997). Thus no patient should be guaranteed complete pain relief
after the removal of an IM nail (Busam et al. 2006). The outcome after nail
removal to alleviate pain is generally poor, and the removal of a nail should not
be undertaken unless there is a convincing indication (Karladani et al.2007,

Chalidis et al. 2009).
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7. AIMS OF THE STUDY

The aims of the present study were:

II

I

v

To determine whether there is an association between anterior knee
pain and thigh muscle weakness in patients treated with an

intramedullary locking nail (IMLN) for a tibial shaft fracture.

To determine whether there is an association between sonographic
changes in the patellar tendon and the occurrence of anterior knee
pain in patients treated with the use of an IMLN for a tibial shaft

fracture.

To establish whether patients treated with the use of an IMLN for a
tibial shaft fracture and having postoperative anterior knee pain
also had associated thigh muscle weakness and decreased
functional knee scores in a long-term follow-up and to determine

the presence of anterior knee pain over the same long-term period.

To determine whether there is a difference in the prevalence of
anterior knee pain after two different surgical approaches an
average of 8 years after the IMLN procedure. The functional

capacity and performance of the knees was also assessed.
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8. PATIENTS AND METHODS

8.1 Patients and their inclusion criteria

Fifty consecutive patients [23 men and 27 women, mean age of 42 (SD
5) years] with an isolated tibial shaft fracture were treated with a reamed
intramedullary (IM) nail with two interlocking bolts at both ends of the nail
(Grosse-Kempf nail, Howmedica) at the Tampere University Hospital, Finland,
between July 1996 and January 1998 and enrolled in this prospective study.

The inclusion criteria included the age of 15 years or more, absence of
any major comorbid illnesses, and absence of any fracture line extending up to
the knee joint or down to the ankle joint. No patient had previous injuries or
symptoms related to either extremity. All of the patients were informed of the
study procedure, purposes, and known risks, and all of them gave their written

informed consent.

8.2  Treatment protocol

IM nailing was performed within 24 hours for 42 patients and between 1
and 12 days for 6 patients after a tibial shaft fracture. Closed IM nailing was
performed with the patient lying supine, with the knee on the affected side flexed
to at least 90 degrees. Slight traction was maintained using an os calcis pin. No
tourniquet was used during the operation.

The incision for the transtendinous approach (Figure 8) was made
longitudinally through the midline of the patellar tendon for a distance of 3 to 5
cm. After the insertion of the nail, the incision was closed with interrupted

sutures. In the paratendinous approach (PTA) (Figure 8), a medial longitudinal
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incision was made, care being taken not to violate the patellar tendon or its
sheath. In all of the cases, standard proximal and distal locking screws were
used. All of the nails were countersunk below the cortical bone of the proximal
tibia. All of the patients routinely received an intravenous cephalosporin
antibiotic (1.5 g, Kefurion™) at the induction of the anaesthesia.

Postoperative immobilization in a cast or brace was not used. The
patients were allowed to progress to one-leg weight-bearing 6 weeks (leg weight
to operative side) postsurgery and to full weight-bearing 12 weeks postsurgery.
All of the patients received instructions (instructions with paper and normal
physiotherapy instructions in the department) dealing with thigh muscle
rehabilitation in the hospital, but no formal physiotherapy was instituted at any
time after the initial surgery.

Nails were routinely removed regardless of the presence or absence of
knee pain, after an average of 1.6 (SD 0.2) years after the insertion, using the
same entry incision and approach as in the nail insertion. After removal of the
nail, neither instructions on thigh muscle rehabilitation nor physiotherapy were

given.

8.3  Study groups in the series

In Study IV, patients, after their informed consent, were randomized
according sealed envelopes into one of two treatment groups: closed IM nailing
using the transtendinous approach (TTA) (25 patients) or closed IM nailing using
a medial paratendinous approach (PTA) (25 patients). In both groups, one patient
was excluded from the study because of deep infection and nail removal, and
two patients died from causes not related to the tibial shaft fracture. In addition,
four patients could not be traced for the examination [an average of 3.2 (SD 0.4)
years after the nail insertion and 1.7 (SD 0.3) years after the nail extraction.
Thereafter, two patients died from causes not related to the tibial shaft fracture.
Five patients had new trauma or acute heart or lung disease and were excluded
from the long-term follow-up. Five patients refused to participate further in the

follow-up. In addition, two patients were untraceable for the 8-year follow-up
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examination. Thus 28 (67%) patients were available for the 8-year re-
examination in Study IV. This re-examination was performed an average of 8.1
(SD 0.3) years after the nail insertion and an average of 6.6 (SD 0.3) years after
the nail extraction.

In Studies I and II, the patients were divided postoperatively into two
groups, depending on the presence of chronic anterior knee pain: (1) a
symptomatic group (patients with chronic anterior knee pain) and (2) an
asymptomatic group (patients without chronic anterior knee pain). In Studies I
and II, two patients were excluded in the early phase of treatment because the
nail had to be removed due to a deep infection. Two patients died during the
follow-up from causes not related to the tibial shaft fracture. Two patients were
initially managed with a cast and then treated with nailing when corrective
osteotomy was performed (the first one 6 months after the surgery and the
second one 18 months after the injury), and they were also excluded from the
study. In addition, four patients could not be located or contacted for the follow-
up of isokinetic strength testing; thus there were 40 patients (Study I), an average
of 3.2 (SD 0.4) years after the nail insertion and an average of 1.7 (SD 0.3) years
after the nail extraction. In addition, for various reasons, four patients never
attended the ultrasound examination, an average of 2.5 (SD 0.5) years after the
nail insertion and 1.0 (SD 0.3) years after the nail extraction. Thus the number of
patients available for ultrasound examination (Study II) was 36.

In Study III, the patients were divided into the following three groups
depending on the evaluation of anterior knee pain during the follow-up period:
patients who were painless initially and still painless after the long-term follow-
up [never any pain (NP)]; patients whose anterior knee pain had disappeared
during the follow-up [pain, no pain (PNP)], and patients who had anterior knee
pain both initially and at the time of the follow-up [always pain (AP)]. There
were 40 patients in the first isokinetic muscle strength check-up (Study I). Two
patients subsequently died from causes not related to the tibial shaft fracture.
Five patients sustained a new trauma or acute heart or lung disease and were
excluded from the study. Three patients refused further follow-up. Lastly, two

patients could not be found for the 8-year follow-up examination. Thus there
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were 28 patients (in Study III) available for isokinetic strength testing and pain

evaluation after 8 years [average 8.1 (SD 0.3) years after the nailing].

8.4  Evaluation of isokinetic muscle strength

The first isokinetic quadriceps and hamstring strength testing (Study I)
was carried out using the Cybex system (Cybex 6000, Division of Lumex, Inc.,
New York, USA, 11779). The long-term check-up (Studies III and IV) was
conducted using the Dyna-Com system (Dyna-Com 650, Oy Diter-Elektroniikka
Ab, Turku, Finland, 11304). Both tests were carried out by the same physician,
who was not a part of the surgical team.

Before the test, the patients did a warm-up exercise on a bicycle
ergometer for 5 minutes. Then they were fixed to the isokinetic device with
straps around the chest, pelvis, thigh, and malleoli. Before the testing, the
patients were instructed to perform a sufficient number of submaximal and
maximal repetitions of knee extension and flexion at both test velocities (60 and

180 degrees per second) in order to become familiar with the machine.
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Figure 13. Isokinetic testing machine and patient position in the machine.

The actual test included knee joint extension and flexion with both legs
at two different angular velocities. The range of movement (ROM) was 90
degrees (0 degrees to 90 degrees). The test included five maximal repetitions at
both speeds. There was a 30-second rest period between the two test speeds.
Each patient was verbally encouraged to do his or her best. The repetition during

which the maximal peak torque was produced was recorded.

8.5 Ultrasonographic and radiographic evaluation

The ultrasonographic and power Doppler evaluation of the patellar
tendons (Study II) was done by one experienced senior radiologist from the
Department of Radiology. The radiologist was blinded to the clinical results. All

of the ultrasound investigations were performed using an Acuson 512 Ultrasound
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system and a power Doppler technique (Acuson Sequoia, Mountain View,
California, USA) with a 7.5-MHz real-time linear array transducer (8L5 38-mm
linear Multihertz, Acuson, Mountain View, California, USA).

The patients were in a sitting position with the knee joint at 30 degrees
of flexion. The measured parameters were calcification of the patellar tendon,
granulation tissue at the nail entry point, and hypoechoic lesions of the patellar
tendon. The power Doppler technique was used to measure the blood flow of the
patellar tendon and the entry point. In addition, the thickness of the distal and
proximal parts of the patellar tendon in the operated limb and non-operated limb
were determined.

In Study IV, the distance from the plateau surface of the tibia to the
proximal tip of the nail and the extent of nail protrusion (nail prominence in
relation to the bone cortex in millimeters) was determined from the postoperative

lateral plain radiograph.

8.6  Clinical evaluation (subjective and objective)

In all of the studies (I to IV), the patients used a 100-mm visual
analogue scale (VAS) to grade their anterior knee pain during rest, walking,
running, squatting, kneeling, stair climbing, and stair descension, as well as after
long-term sitting, O denoting no pain and 100 denoting the worst pain that the
patient could imagine (Aitken 1969). The patients also assessed the impairment
caused by their anterior knee pain with use of a 100-mm scale, on which 0 meant
no impairment, <33 meant mild impairment, 33 to 66 meant moderate
impairment, and >66 meant severe impairment.

In addition, in all of the studies (I to IV), all of the patients completed
the standardized scoring scales described by Lysholm and Gillquist (1982)
(Appendix 3) and by Tegner et al. (1988) (Appendix 4), as well as the Jowa knee
score (Merchant et al. 1989) (Appendix 5).

The functional evaluation (Appendix 6) (Study IV) was performed with
the use of a modification of the method developed by Kannus et al. (1992). The

evaluator used a 0- to 3-point scale to rate the patients’ ability to perform one-leg
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jumping and duck-walking (3 points signified the ability to perform without
problems and no pain, and O points represented the inability to perform and
intense pain), their ability to perform a 25-repetition full-squat test (0 signified
the inability to perform any squat without pain, 1 point represented the ability to
perform 1 to 10 squats without pain, 2 points signified 11 to 20 squats, and 3
points represented more than 20 squats), and their ability to kneel (0 points
meant that it was impossible to kneel, 1 point was given if it was possible to
kneel for less than 10 seconds without pain, 2 points represented kneeling for
less than 20 seconds without pain, and 3 points signified that there was no time
limitation). The scores acquired from these tests were summed and averaged for
the final between-group comparisons.

The impairment scale and the functional testing scale (Study IV) were
developed specifically for the purpose of this study. For validation, Spearman’s
correlation coefficients between these tests and those of Lysholm and Gillquist
(1982) and the Iowa knee score (Merchant et al. 1989) were assessed.

One physician performed a blinded clinical evaluation of all the patients

in all of the studies (I to IV).

8.7  Statistical analysis

To describe the data, the mean [and standard deviation (SD)] and the
95% confidence interval (95% CI) of the differences between the groups were
reported for the continuous variables in all of the studies (I to IV). In addition,
both percentages and risk ratios were reported for the categorized variables in
Study IV.

The differences between the categorized variables were tested using the
Fisher’s exact test in Studies I, II, and IV, and in Study III the differences
between the categorized variables were tested using the chi-square test. In the
statistical analyses, the differences between the two groups were tested with the
use of the Mann-Whitney U-test for continuous variables (Studies I, I, and VI)

because the distributions were skewed. In Study III, due to the skewness of the
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data distribution, the differences between the groups were tested using the
Kruskal-Wallis test for continuous variables.

The preliminary power calculations of Studies I and III suggested that,
with use of less than a 5% probability of a type-I error (p < 0.05) and a power of
80% (type-II error, 0.20), a sample size of 18 patients (9 patients/group) was
necessary to detect a 15% difference in muscle strength between the two study
groups. In these preliminary power calculations, this 15% was considered a
clinically relevant difference, since the strength and function of thigh muscles
seem to be up to 85% of normal 1 year after the fracture of the diaphysis of the
tibia (Haddad et al. 1996), and the thigh muscle deficits have been reported to be
17% to 25% after IM nailing of isolated tibial fractures (Nyland et al. 2001). In
addition, the mean of the thigh muscle strength of the operated limb was
compared with that of the non-operated limb to determine the deficit, reported as
the percentage difference between the two in Studies I and III.

The statistical analysis was carried out with use of the program SPSS for
Windows (version 10.0 in Study I, version 11.0 in Study II, and version 12.0 in
Studies III and IV; SPSS Inc., Chicago, Illinois, USA). Univariate logistic
regression analyses were carried out with use of version 14.0. Throughout the

studies, a p-value of < 0.05 was considered significant.
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9. RESULTS

9.1 Measurement of thigh muscle strength and anterior
knee pain after IM nailing of tibial shaft fractures

(Study T)

The study groups were comparable with respect to age, body mass index
(BMI), nail protrusion, nail-plateau distance, operation time, and Tegner's knee
scores (before the operation). There were statistically significantly more women
than men in the symptomatic group (Fisher’s exact test, p = 0.007) (Table 1).

In a comparison of the subjective outcome of the patients with anterior
knee pain with that of patients without such pain, there were statistically
significantly intergroup differences in the Iowa knee score (after the operation)
[94 (SD 9) versus 99 (SD 1), Mann-Whitney test, p = 0.003], the Lysholm knee
score (after the operation) [88 (SD 2) versus 98 (SD 2), Mann-Whitney test, p =
0.014), and the Tegner knee score (after the operation) [3.4 (SD 1.3) versus 4.3
(SD 1.3), Mann-Whitney test, p = 0.053].
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Table 1. Basic characteristics of the patients with and without anterior knee pain

(AKP and NoAKP, respectively) after the IM nailing of a tibial shaft fracture.

p- valuef

Age (years) 42 (SD 13) 45(SD 12) 0.515%
BMI (kg/m?) 25,6 (SD 5.2 26.1 (SD 3.6) 0.658*
Sex 0.008+

Female 15 (94%) 1 (6%)

Male 14 (54%) 12 (46%)
Protrusion (mm) 5.3(SD 3.9) 4.0 (SD 4.0) 0.415*
Plateau distance (mm) 12.5 (SD 9.6) 10.3 (SD 9.0) 0.495*
Operation time (min) 87 (SD 40) 70 (SD 15) 0.110%*
Tegner B 3.9(SD 1.6) 4.1 (SD 1.3) 0.577*

* According to the Mann-Whitney test.
T According to Fisher’s exact test.

1 Tegner’s knee score before the surgery.
In our study, there was no difference in thigh muscle atrophy between the

symptomatic and asymptomatic patients (p-value = 0.570, Mann-Whitney test).

Table 2. Thigh muscle atrophy (operated leg versus non-operated leg) amongst

symptomatic and asymptomatic patients an average of 3.2 (SD 0.4) years after

the IM nailing.
Symptomatic Asymptomatic
Thigh muscle atrophy patients patients
n=29 n=13
None 4 11
1to2cm 8 17
Over 2 cm 1 1
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With reference to the hamstring muscles, the mean peak torque deficit
of the injured limb (as compared with the mean peak torque of the uninjured
limb) was 2 (SD 11)% for the painless group and 11 (SD 17)% for the pain
group at a speed of 60°/s (p = 0.09, 95% confidence interval (95% CI) for the
group difference = —18% to 0%]. At a speed of 180°/s, the corresponding deficits
were —3 (SD 13)% and 10 (SD 21)% [p = 0.03, 95% CI for the group difference
= —24% to —2%]. With reference to the quadriceps muscles, the mean peak
torque deficit of the injured limb was 14 (SD 15)% for the painless group and 15
(SD 15)% for the pain group at a speed of 60°/s [p =0.71, 95% CI for the group
difference = —11% to 10%]). At a speed of 180°/s, the corresponding deficits
were 9 (SD 11% and 14 (SD 17% (p = 0.46, [95% CI for the group difference =
—14% to 5%]. The absolute power values (Nm) for muscle strength are shown in

Figure 14.
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Figure 14. Thigh muscle strength in the non-operated (N) and operated (O)
limbs an average of 3.2 (SD 0.4) years after the IM nailing.
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9.2  Ultrasonographic evaluation and anterior knee pain

after IM nailing of tibial shaft fractures (Study II)

Of the 36 patients, none had a surgical complication, such as patellar
tendon rupture, compartment syndrome (CS), or broken hardware. The study
groups were comparable with respect to age, BMI, nail protrusion, nail-plateau
distance, and nail insertion and removal. There were only 2 painless women, and
the remaining 12 had anterior knee pain, whereas, amongst the men, 10 were
painless and 12 had anterior knee pain (p = 0.07, Fisher’s exact test).

There were no statistically significantly differences between the study
groups as regards blood circulation at the patellar tendon or nail entry point,
calcification of the patellar tendon, granulation tissue at the entry point, or the

occurrence of hypoechoic lesions of the patellar tendon (Table 3).

Table 3. Ultrasound measurements of patients with and without anterior knee

pain (AKP and No AKP, respectively) an average of 2.5 (SD 0.5) years after the

IM nailing.
Measurement p-value

Calcification

Yes 7 (58%) 11 (46%)

No 5 (42%) 1354%) | 07T
Hypoechoic lesion

Yes 7 (58%) 15 (63%)

No 5 (42%) 9 (37%) 10007
Granulation at the ep*

Yes 2 (17%) 7 (29%)

No 10 (83%) 17 (71%) 0.6857
Circulation in the patellar tendon

Yes 3(25%) 2 (8%)

No 9 (75%) 22 (92%) 0.307%
Circulation at the ep* of the tendon

Yes 2 (17%) 4 (17%)

No 10 (83%) 20 (83%) 1.0007

* Entry-point of the nail.

1 Fisher’s exact test.
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With reference to the difference in the thickness of the distal part of the
patellar tendon in the operated versus non-operated limb, the mean difference
was 1.4 (SD) 1.1 mm in the chronic pain group and 2.6 (SD 2.5) mm in the
painless group (p = 0.135). The mean difference at the proximal part of the
patellar tendon was 1.4 (SD 1.3) mm in the chronic pain group and 2.3 (SD 2.3)
mm in the painless group (p = 0.251), respectively (Table 4).

Table 4. Difference in the patellar tendon thickness between the operated and

non-operated limbs an average of 2.5 (SD 0.5) years after the IM nailing.

Thickness difference .
region p-value 95% CI

Distal part of the

patella (mm) 2.6 (SD 2.5) 1.4 (SD 1.1) 0.135 —0.41t02.8
Proximal part of the 23 (SD 2.3) 1.4(SD 13) 0951 071024
patella (mm)

* Mann-Whitney test.

With an alpha level of less than 5% (p < 0.05) and a difference between
the means of 1.2 mm, the final number of patients per group (12 without pain
and 24 with pain) gave a minimum 85% statistical power for the study.

There were only 2 women in the painless group (16%) and 10 (84%)
others had anterior knee pain. Amongst the men, there were 10 (45%) without
and 12 (55%) with anterior knee pain. The difference was obvious, but not quite
statistically significant. The thickness of the proximal and distal parts of the

patellar tendon showed no difference between the men and women (Table 5).

Table S. Thickness difference of the patellar tendon according to sex over an

average period of 2.5 (SD 0.5) years after the IM nailing.

Thickness difference
region

Distal part of the ]

patella (mm) 20(SD2.0) | 1.8(SD 2.0) 0.475 0710 1.7
Proximal part of the 15D 13)| 15(SD 1.2) 0.490 0810 1.4
patella (mm)

* Mann-Whitney test.
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The difference in the thickness of the distal part of the patellar tendon
with PTA versus TTA, the mean difference was 1.4 (SD 1.2) mm for the chronic
pain group and 2.2 (SD 2.0) mm for the painless group (p = 0.135, 95% CI for
the group difference = —0.4 to 2.0). The mean difference for the proximal part of
the patellar tendon was 1.2 (SD 1.1) mm for the chronic pain group and 2.0 (SD
2.1) mm for the painless group (p = 0.251, 95% ClI for the group difference = —
0.4 to 2.0]). The differences were not statistically significant with respect to the
patellar tendon thickness, although the patellar tendon was somewhat thicker
with the TTA. This occurrence did not, however, explain the between-group

difference in the occurrence of chronic anterior knee pain (Table 4).

9.3 Eight-year follow-up of the measurement of thigh

muscle strength and anterior knee pain (Study III)

Of the original material of 40 patients, 35 reported anterior knee pain
before the nail removal, on the average 1.5 years after the nail insertion.
Nineteen (54%) had a complete or marked resolution of pain after the nail
extraction.

Of the remaining 28 patients, 7 (25%) were painless and 21 (75%)
reported chronic anterior knee pain in the first follow-up. The long-term follow-
up test was performed an average of 8 years after the nail insertion. Twenty
(71%) patients were painless, and only eight (29%) complained of chronic
anterior knee pain at the final check-up. Anterior knee pain had thus disappeared
for 13 patients during the second follow-up period. Amongst the eight patients
with pain, the pain was worse in kneeling and squatting and after long-term

sitting (Figure 15).
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Figure 15. Intensity of anterior knee pain in the pain group (AKP, n = 8) an
average of 8.1 (SD 0.3) years after the IM nailing.
* One patient had not started running activity.

T After long-term sitting.

The 28 patients were divided into the following three groups: 7 who
were painless initially and still painless at the follow-up (NP), 13 whose anterior
knee pain disappeared during the follow-up (PNP), and the remaining eight had
anterior knee pain both initially and at follow-up (AP). The three study groups
were comparable with respect to age, body mass index, nail protrusion, operation
time, nail insertion site, hospital time and range of movement in the knee joint

(Table 6).
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Table 6. Basic characteristics of the patients who never had anterior knee pain

(NP), patients for whom anterior knee pain had vanished during follow-up

(PNP), and patients with continuous anterior knee pain (AP) an average of 8.1

(SD 0.3) years after the IM nailing.

BMI (kg/m?) 26.5 (SD 3.3) 25.5 (SD 2.9) 25.4(SD 8.3) 0.725%
Age (years) 44 (SD 15) 48 (SD 9) 40 (SD 18) 0.464*
Sex 0.018%
Female 0 (0%) 8 (62%) 5 (63%)
Male 7 (100%) 5 (38%) 3 (37%)
Nail insertion 0.8967
Transtendinous 4 (57%) 6 (46%) 4 (50%)
Paratendinous 3 (43%) 7 (54%) 4 (50%)
Smoking 0.9247
No 5 (71%) 9 (69%) 5 (63%)
Yes 2 (29%) 4(31%) 3 (37%)
Plateau (mm) 15.3 (SD 8.0) 7.2 (SD 5.5) 12.4 (SD 8.1) 0.060*
Protrusion$ 2.7 (SD 3.3) 5.0 (SD 4.2) 6.4 (SD 4.3) 0.220%
(mm)
81‘]’%3‘“’“ time 70 (SD 19) 84 (SD 20) 96 (SD 66) 0.419*
Hospital time (d) 7.6 (SD 3.3) 5.2(SD 1.7) 7.6 (SD 3.4) 0.162*
ROMII(°), first 139 (SD 9) 140 (SD 7) 138 (SD 11) 0.620*
control
ROMI(°), long- 150 (SD 0) 150 (SD 0) 148 (SD 5) 0.075*
term control

* Kruskal-Wallis’s test.

T y2-test

I Nail plateau distance, the distance (mm) from the plateau surface of the tibia

to the proximal tip of the nail.

§ Nail protrusion, nail prominence (mm) in relation to the bone cortex.

Il Range of movement in the knee joint (0—150 degrees).

There were clear differences between the groups with respect to the nail-

plateau distance (the distance from the plateau surface of the tibia to the
76



proximal tip of the nail), although these differences were not statistically
significant (p = 0.060) (Table 6). In the first check-up, the Iowa knee scores
were as follows: 99.0 (SD 0.8) for the NP group and 98.1 (SD 1.8) for the PNP
group, and 88.3 (SD 11.4) for the AP group (Kruskal-Wallis test; 2 = 15.8, p =
0.000). At the time of the long-term check-up, the lowa scores were 100 (SD
0.0), 100 (SD 0.0) and 95.0 (SD 3.4) (Kruskal-Wallis test; ¥% = 22.0, p = 0.000),
respectively. The Lysholm knee scores were 97.9 (SD 1.8), 96.9 (SD 3.4) and
76.4 (SD 16.1), respectively, in the first check-up (Kruskal-Wallis test; ¥2 = 16.6,
p = 0.000), and, at the time of the long-term check-up, the scores were 98.9 (SD
1.1), 99.7 (SD 0.8), and 84.9 (SD 14.6), respectively (Kruskal-Wallis test; 2 =
15.4, p = 0.000). The Tegner knee scores are shown in Table 7.

Table 7. Tegner’s knee scores for the patients who never had anterior knee pain

(NP), the patients for whom anterior knee pain had vanished during the follow-

up (PNP), and the patients with continual anterior knee pain (AP).

Tegner’s knee 2 _ -
seopes 4.9 (SD 0.7) 3.7(SD 1.3) 4.8 (SD 2.1) ¥ =42,p=0.120
Tegner’s knee 4.9 (SD 1.1) 3.7(SD 1.3) 3.3(SD 1.3) 2 =17.3,p=0026
score i . . . . . . -9, .
Tegner’s knee 50(SD 1.1) 3.7 (SD 1.0) 45 (SD 1.7) v =4.7,p=0.093
score § . . . . . . -/, .

* Kruskal-Wallis test.

T Patients' Tegner knee score at the baseline (before the trauma and surgery).

I Scores at the first follow-up an average of 3.2 (SD 0.4) years after the IM
nailing.

§ Scores at the long-term follow-up an average of 8.1 (SD 0.3) years after the
IM nailing.
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No group differences emerged with regard to the mode of injury or type

of fracture; however the level of the fracture seemed to be more proximal in the

AP group (Table 8).

Table 8. Type of fracture in the patients who never had anterior knee pain (NP),

the patients for whom anterior knee pain had vanished during the follow-up

(PNP), and the patients with continual anterior knee pain (AP) an average of 8.1

(SD 0.3) years after the IM nailing.

Mode of Injury

0.821%*

Low energy 6 (86%) 11 (85%) 6 (75%)
High energy 1 (14%) 2 (15%) 2 (25%)

AO Classification 0.826%*
Al 3 (44%) 9 (68%) 5(61%)
A2 0 (0%) 1 (8%) 1 (13%)
A3 1 (14%) 1 (8%) 1 (13%)
B1 1 (14%) 1 (8%) 0 (0%)
B2 1 (14%) 1 (8%) 1 (13%)
C2 1 (14%) 0 (0%) 0 (0%)

Fibular fracture 0.263%*
No 0 (0%) 2 (15%) 2 (25%)
High 4 (57%) 5 (38%) 0 (0%)
Middle 2 (29%) 2 (15%) 2 (25%)
Low 1 (14%) 4 (32%) 4 (50%)

Fracture location 0.154*
Middle diaphysis 1 (14%) 2 (15%) 4 (50%)
Distal diaphysis 6 (86%) 11 (85%) 4 (50%)

* y2-test.

In the measurement of the isokinetic thigh muscle strength, the study

groups differed regarding the extension torque deficit. The patients who still had
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anterior knee pain at the follow-up clearly showed an extension deficit in the
operated leg in comparison with the extension of the non-operated leg (Table 8).
The thigh muscle strength of the operated limb was better as regards both flexion
and extension in the group in which anterior knee pain had vanished during the

follow-up (Table 9).

Table 9. Differencef (%) in thigh muscle strength between the operated and
non-operated lower limb amongst the patients who never had anterior knee pain
(NP), those for whom anterior knee pain had vanished during follow-up time
(PNP), and those with continual anterior knee pain (AP) an average of 8.1 (SD

0.3) years after the IM nailing.

p-value*

~2.2(SD 12.0) 1.6 (SD 15.3) 103 (SD 30.3) Xzo.zsééo’ T
Eg:fzgzi)oﬂ ~2.8(SD 8.8) 5.9 (SD 14.7) -13.0(SD 15.5) Xzo.:01'99’ T
f:/:;(ion i ~2.9(SD 22.5) 7.0 (SD 18.9) 4.4 (SD 16.2) xz;:i;o, T
11*3;33125:;00)“ 9.4 (SD) 13.4) 49(SD 16.3) -1.9(SD 8.8) 4 :of‘(ig’zp -

* Kruskal-Wallis test.
T Difference = [(operated limb — non-operated limb) / non-operated limb x
100%). A minus value indicates that the operated limb was weaker than the non-

operated limb.

As regards the strength of the knee extension, the symptomatic group
(anterior knee pain group) differed from the asymptomatic group, but the
differences were not clinically or statistically significant. As for the knee flexion
strength (at the speed of 60°/s), the symptomatic group differed from the
asymptomatic group, although the intergroup difference of 9% was not
statistically significant (p = 0.09). A significant intergroup difference was found
for knee flexion at 180°/s, and, with this speed of movement, the strength

difference was 13% (p = 0.03). With the use of an alpha level of less than 5% (p
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< 0.05) and the 13% muscle strength difference between the groups considered
clinically relevant, the final number of patients per group (12 without pain and

28 with pain) gave a minimum 80% statistical power for the study.

9.4 FEight-year follow-up comparing two different
approach techniques in the IMLN surgery of tibial
shaft fractures (Study IV)

The study groups were comparable with respect to sex, age, BMI, nail
protrusion, nail-plateau distance, operation and hospital time, smoking, fracture
location, and mode of injury.

At the time of the 8-year follow-up, 4 (29%) of the 14 patients treated
with the TTA and 4 (29%) of the 14 patients treated with the PTA reported
anterior knee pain during one or more of the activities that they assessed using
the visual analogue scale (p = 1.000, relative risk = 1.00, 95% CI = 0.6 to 1.6.
Anterior knee pain had vanished from six (43%) patients in the TTA group and
seven (50%) patients in the PTA group between the two re-examinations.

Four of the 14 patients treated with the TTA reported that they
experienced pain at the patellar tendon, whereas 1 patient experienced pain also
at the medial border of the patellar tendon. None of these patients had tenderness
on the lateral side of the patellar tendon. One patient in the TTA group had
palpation tenderness in the pain region. One of the fourteen patients treated with
the PTA reported pain at the patellar tendon, and three had pain at the medial and
lateral borders of the tendon. Three patients in the PTA group had palpation
tenderness in the pain region.

With the numbers available, no significant difference was found between
the study groups with respect to the prevalence and intensity of anterior knee
pain during rest, walking, running, squatting, kneeling, stair-climbing or stair

descension, or after long-term sitting (Figure 16).

80



25+
q
20+
15+
Intensity (VAS)
10+
mTTA
54 mPTA
0
b (@] (@] o = = je2)
$ £ £ 5 £ 8 8 &
= c 3 T a ) D
= 2 ¢ Z 38 3
= IS g
& (9]
Activity

Figure 16. Comparison of the intensity (mean value of the VAS pain scores)
of anterior knee pain during different activities between the two treatment groups

an average of 8.1 (SD 0.3) years after the IM nailing.

The mean total score for the functional tests at the time of the first re-
examination was 10.2 (SD 3.4) points for the patients treated with the TTA and
9.6 (SD 3.0) points for those treated with the PTA (p = 0.272). The respective
functional scores at the time of the second re-examination was 10.8 (SD 2.6)
points for the patients treated with the TTA and 11.1 (SD 1.3) points for those
treated with the PTA (p = 0.648). The difference between the two re-

examinations is shown in Table 10.
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Table 10. Functional test scores at the first [3.2 (SD 0.4) years after the IM

nailing] and second [8.1 (SD 0.3) years after the IM nailing] follow-up

examination and the difference between the examinations.

Examination 1 102 (SD 3.4) 9.6 (SD 3.0) 0272 “18103.1
Examination 2 10.8 (SD 2.6) 11.1(SD 1.3) 0.648 191013
Difference between the 0.6 (SD 1.0) 1.5(SD 2.2) 0.295 231004
two examinations

* Mann-Whitney test.

Compared with the score before the injury, the mean Tegner score at the

time of the first re-examination decreased 0.71 (SD 1.27) points for the patients

treated with the TTA and 0.14 (SD 0.77) points for those treated with the PTA (p

= 0.250). At the time of the second re-examination, the mean Tegner score had

increased back to the preoperative level (Table 11). Respectively, the mean

Lysholm activity score had increased to the level of 97.5 (SD 4.2) points for the

patients treated with the TTA and 93.0 (SD 13.5) points for those treated with
the PTA (p = 0.564) (Table 10). The Iowa knee scores were 98.8 (SD 2.4) and
98.4 (SD 3.3) points, respectively (p = 0.694) (Table 11)
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Table 11. Functional knee scores at the first and second re-examinations 3 and 8

years after the nailing procedure.

TTA PTA .
n=14 n=14 p-value 95% CI
b
Tegner’s knee 4.36 (SD1.34) 4.21(SD 1.67) 0.653 0.15 (-1.0 to 1.3)
scoret
b
Tegner’s knee 3.64(SD1.22) | 4.07 (SD 1.44) 0.538 043 (~1.5t0 0.6)
score %
b
Tegner’s knee 421(SD125) | 4.29(SD 1.49) 0.887 0.08 (~1.1 to 1.0)
score §
Iowa knee score % 96.7 (SD 3.3) 94.3 (SD 10.3) 0.924 2.4 (-3.51t08.3)
Iowa knee score § 98.8 (SD 2.4) 98.4 (SD 3.3) 0.694 0.4 (-1.8t02.7)
b
Lysholm’s knee 93.6 (SD 8.6) 88.9 (SD 16.0) 0317 47 (=53 to 14.6)
score i
b
Lysholm’s knee 97.5 (SD 4.2) 93.0 (SD 13.5) 0.564 45(-321012.2)

score §

* Mann-Whitney U-test.

T Preinjury Tegner’s knee score.

% Scorings at the first re-examination an average of 3.2 (SD 0.4) years after

the IM nailing.

§ Scorings at the second re-examination an average of 8.1 (SD 0.3) years after

the IM nailing.

An extension torque deficit was found for the thigh muscles after the

tibial nailing, but it was not associated with the type of entry point that had been

used.
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9.5 Univariate logistic regression analyses of whole data
explaining anterior knee pain after the IM nailing of

tibial shaft fractures

The IM nail was removed from 35 patients an average of 1.5 years after
the nailing. After the nail extraction, 23 patients had a marked or complete
resolution of pain. Only 12 patients had no change in anterior knee pain or
worsening after the nail removal (Table 12). Thirteen of fourteen patients in the
TTA group reported that they experienced pain at the patellar tendon, whereas
the remaining patient experienced pain at the medial border of the patellar
tendon. Seven of fifteen patients treated with PTA reported pain at the patellar
tendon, seven had pain at the medial border of the tendon, and one had pain at
the lateral border of the tendon. Younger and physically active patients seemed
to benefit more from the nail removal than the patients who were not so
physically active (Table 12), but the differences were not statistically significant.
There were 19 patients included in the univariate logistic regression analyses (at
the long-term follow-up) who attended the ultrasonographic measurements at the
time. There was more calcification of the patellar tendon in the pain group, but
the regression analyses did not provide any explanation for the anterior knee pain
(Table 13).

Univariate regression analyses of the data were also performed after the
long-term follow-up investigations; the regression concerned anterior knee pain
and compared patients who still had anterior knee pain after a long time (AP)
and those whose anterior knee pain had vanished during the follow-up (PNP)
(Tables 14 and 15). The pain group stayed longer in hospital, probably due to the
pain involved in starting the rehabilitation process (5 days versus 7 days between
the pain and no pain groups, respectively). They also had more pain at the first
isokinetic control (3 years after the nailing procedure), and there was a
statistically significant difference with respect to squatting and kneeling. There
was also a statistically significant difference in the functional test at the time of
the first isokinetic control (6.5 versus 12.0 between the pain and no pain groups,

respectively). Muscle strength was lower in the pain group during extension and
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flexion at the time of first isokinetic test, and also during the extension in the

follow-up examination after 8 years (Table 15).
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Table 12. Characteristics of the pain groups (complete or marked relief from anterior knee pain versus no effect or worsening of the anterior

knee pain) after nail removal and results of the univariate logistic regression analyses explaining anterior knee pain after IM nailing of tibial

shaft fracture.

Complete or marked relief No or worsening effect
(n=23) (n=12)

Sex N % N % 0.39

Male 15 71.4 6 28.2 1 Ref

Female 8 57.1 6 429 0.53 0.13-2.21
Nail insertion N %o N Yo 0.90

Transtendinous approach 12 67.7 6 333 1 Ref

Paratendinous approach 11 64.7 6 35.3 0.92 0.23-3.70
Age (years) median, min—max 42.0 15-57 50.0 26-64 1.05 0.98-1.11 0.17
Protrusion (mm) median, min-max 6.0 -2-12 3.5 0-11 0.92 0.77-1.11 0.40
Plateau distance (mm) median, min — max 10.0 0-38 12.5 2-27 1.00 0.92-1.08 0.97
Tegner before median, min—-max 4.0 2-8 3.5 2-5 0.64 0.37-1.10 0.11
BMI (kg/m?) median, min—max 24.7 17.9-31.2 26.8 19.2-43.4 1.13 0.96-1.34 0.15
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Table 13. Characteristics of the pain (anterior knee pain in the long-term follow-up, AP) and no pain (anterior knee pain had vanished over the

8-year follow-up, PNP) groups and the results of the univariate logistic regression analyses explaining anterior knee pain after the IM nailing of

tibial shaft fractures.

PNI:):g;‘S’“p 95% CI
Calcification 0.15
Yes 5 46% 6 54% 0.17 0.02-1.91
No 1 13% 7 88% 1 Ref
Hypoechoic lesion 1.00
Yes 6 46% 7 54% 1.00 0-
No 0 0% 6 100% 1 Ref
Granulation at the entry point 0.83
Yes 2 29% 5 71% 1.25 0.16-9.54
No 4 33% 8 67% 1 Ref
Circulation 0.94
Yes 1 33% 2 67% 0.91 0.07-12.52
No 5 31% 11 69% 1 Ref
Circulation at the entry point 0.38
Yes 2 50% 2 50% 0.36 0.04-3.52
No 4 27% 11 73% 1 Ref
Thickness difference at the proximal part (mm) 1.7 0-4.4 1.4 -0.2-3.9 1.28 0.62-2.61 0.50
Thickness difference at the distal part (mm) 1.9 0-3.8 1.5 0.1-4.5 1.18 0.53-2.60 0.70
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Table 14. Characteristics of the pain (anterior knee pain at the long-term follow-up, AP) and no pain (anterior knee pain had vanished over the

8-year follow-up, PNP) groups and the results of the univariate logistic regression analyses explaining anterior knee pain after the IM nailing of

p-value

tibial shaft fractures.

Sex N % N % 0.97
Male 3 37.5 5 62.5 1 Ref
Female 5 38.5 8 61.5 0.96 0.16-5.9
Age (years) median, min—max 45 15-64 50 30-60 0.95 0.89-1.02 0.18
Nail insertion N % N % 0.86
Transtendinous approach 4 40 6 60 1 Ref
Paratendinous approach 4 36.4 7 63.6 1.17 0.20-6.80
Nail protrusion (mm) median, 7 0-11 5 2-12 1.08 0.87-1.36 0.48
Plateau distance (mm) median, 115 328 5.0 0-15 113 0.97-133 0.12
Operation time (min) 70 46-239 80 51-115 1.01 0.99-1.03 0.53
Hospital time (d) 7 4-12 5 3-8 1.47 0.97-2.22 0.07
Smoking N %o N %o 0.75
Yes 3 42.9 4 57.1 0.74 0.12-4.73
No 5 35.7 9 64.3 1 Ref
Fracture location N % N % 0.10
Middle diaphysis 4 33.3 2 66.7 1 Ref
Lower diaphysis 4 26.7 11 83.3 5.50 0.71-42.6
Trauma energy N % N % 0.59
Low 6 35.3 11 64.7 1 Ref
High 2 50 2 50 0.55 0.06-4.91
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Table 15. Characteristics of the pain (anterior knee pain in the long-term follow up, AP) and no pain (anterior knee pain had vanished during
the 8-year follow-up, PNP) groups and the results of the univariate logistic regression analyses explaining anterior knee pain after the IM

nailing of the tibial shaft fractures.

g::)ll)lp gPl(:fp OR 95% CI p-value

s e 5.0 2-8 3.0 26 1.54 0.84-2.80 0.16
Pain intensity (VAS)** median, min-max 43.0 20-80 10.0 8-40 1.13 1.01-1.27 0.03
ROM (degrees)** median, min-max 132.5 125-150 140.0 130-150 0.96 0.86-1.07 0.45
Iowa knee score median, min—-max** 91.5 62-97 99.0 95-100 0.42 0.19-0.92 0.03
Lysholm median, min—max** 81.0 42-92 97.0 88-100 0.58 0.35-0.96 0.03
BMI (kg/m?) median, min—-max** 24.0 17.9-43.4 25.2 20.3-31.2 1.00 0.84-1.18 0.97
Functional tests** median, min—max 6.5 1-11 12.0 8-12 0.47 0.24-0.91 0.03
Pain intensity (VAS) during different
activities, median, min-max**

Running 25.8 0-57 44 0-57 1.05 1.00-1.11 0.07

Squatting 30.6 0-60 9.2 0-50 1.05 1.00-1.10 0.05

Kneeling 79.3 55-100 49.0 8-99 1.05 1.00-1.10 0.04
After sitting 4.0 0-20 0.2 0-2 1.34 0.76-2.37 0.32

** At the time of the first isokinetic muscle testing, approximately 3.2 (SD 0.4) years after the nailing procedure.
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Table 16. Characteristics of the pain (anterior knee pain in the long-term follow-up, AP) and no pain (anterior knee pain had vanished during

the 8-year follow-up, PNP) groups and the results of the univariate logistic regression analyses explaining anterior knee pain after the IM

nailing of the tibial shaft fractures.

]

Ext 60 degrees™ median, 255 9-41 12.0 742 1.07 0.99-1.15 0.08
min—max

—
Ext 180 degrees™ median, 15.5 5-73 11.0 0-44 1.04 0.98-1.11 022
min—max

—
Ext 240 degrees™ median, 20.0 2175 16.0 2249 1.02 0.98-1.07 0.30
min—max

—
Flex 60 degrees™ median, 21.0 11-61 9.0 928 1.07 0.99-1.15 0.08
min—max
Flex 180 degrees* median, 17 7-84 4 -16-29 1.05 0.99-1.11 0.14
min-max ' ' ' .

—

Flex 240 degrees* median, 31.0 -14-80 6 -66-43 1.05 1.00-1.10 0.06
min—max
Ext 60 degrees median, 123 -41.8-6.5 8.8 -18.3-30.7 0.91 0.84-0.99 0.03
min—max
Ext 180 degrees median, 1.9 16.4-12.9 6.8 25.9-35.3 0.96 0.90-1.03 0.29
min—max
Flex 60 degreesf median, 12.9 -32.8-56.3 3.2 -25.9-25.5 1.02 0.98-1.06 037
min—max
Flex 180 degreest median, 6.7 -30.8-22.5 6.1 26.5-42.5 0.99 0.94-1.04 0.74
min—max

* At the time of the first isokinetic muscle testing, approximately 3.2 (SD 0.4) years after the nailing procedure.

T At the time of the long-term follow-up, approximately 8.1 (SD 0.3) years after the nailing procedure
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10. DISCUSSION

10.1 Patients and methods

Amongst the 5 million Finnish population, approximately 1200-1400
tibial shaft fractures occurred within 1 year during the recent decade (Figure 2).
In Finland these fractures are distributed amongst all Finnish hospitals, and
therefore the fractures treated in each hospital are clearly reduced. During July
1996 through January 1998, the Tampere University Hospital treated 50 isolated
tibial shaft fractures. As discussed earlier, there were eventually 42 patients who
were included in the study. One limitation of this study series is the relatively
small number of patients, particularly in the long-term follow-up. On the other
hand, the long follow-up of over 8 years is a strength of the study, as was the
randomized, prospective nature of the study design.

We did not categorize the patients involved in the study due to their co-
morbidities and medications, such as diabetes or corticosteroids. In addition,
there was no information available concerning the social lives of the patients.

The distribution of the patients’ ages in the study was similar to that of
other patients with tibial fractures in the Finnish population. Middle-age persons
between 45 and 55 years form the group usually experiencing tibial shaft

fractures (Figures 3 and 17).
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Figure 17. Distribution of patients sustaining tibial shaft fractures in different

age groups in the study series.

During the last decade, 60% of the tibial shaft fractures involved men,
and 40% occurred amongst women. In the study population, there were 26 men
(62%) and 16 women (38%).

The different scores (Lysholm, Tegner, lowa knee score) used in the
subjective evaluation are standardized methods widely employed to evaluate the
functional capacity of the extremities after knee injuries. The additional
functional tests were also reliable, as shown by the high Spearman’s correlation
coefficients determined between them and the other tests.

In the late 1960s, the concept of isokinetic exercise developed by James
Perrine proved to be a revolution in exercise training and rehabilitation. The term
isokinetics refers to the use of a fixed speed with a variable resistance that totally
accommodates the individual throughout the range of movement (ROM).
Therefore, the velocity is constant at a preselected dynamic rate at which the
resistance varies to exactly match the force applied at every point in the ROM. In
the study the Cybex system was used in the first isokinetic evaluation, and the
long-term evaluation was conducted using the Dyna-Com system. A different
isokinetic machine had to be used in the second evaluation because the isokinetic
test machine was changed between 2000 and 2006 in the Department of

Physiotherapy of the Tampere University Hospital. Therefore, a comparison of
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the absolute power (Nm) values between evaluations was not possible. However,
in this study, both tests were carried out by the same physician, who was not a
part of the surgical team.

The isokinetic values obtained at 60 and 180 °/s are highly reproducible
if adequate calibration, gravity correction, and patient positioning are recorded
and standardized (Pincivero et al. 1997). The test variable used, the peak torque,
has been regarded to be the most properly studied testing parameter of isokinetic

strength (Kannus 1994).

10.2 Ultrasonographic and radiographic evaluation

In the present study, there was increased blood circulation in the patellar
tendon in the patients without anterior knee pain when compared with those with
such pain, but the difference was not significant. In a comparison of the
paratendinous approach (PTA) and the transtendinous approach (TTA), there
was no difference in the blood circulation of the patellar tendon although, in the
TTA group, the patellar tendon was clearly thicker than that in the PTA group,
probably due to scar tissue in the tendon. The tendon thickness between the PTA
versus the TTA did not explain the prevalence of anterior knee pain amongst the
patients in this study. In addition, there were no differences between the other
parameters used in the study.

Only one previous ultrasound study has been carried out after IM nailing
of tibial shaft fractures and chronic anterior knee pain. In this retrospective study
of Sala et al. (1998), the IM nails were still in place. In the material of the
present study, only two patients (17%) in the painless group and three patients
(13%) in the pain group had a nail still in place. Sala et al. (1998) reported that
the index patellar tendon was thickened when compared with the contralateral
tendon, but there was no relationship between the tendon morphology and
structure, as well as chronic anterior knee pain. Tuncyurek et al. (2009) studied
anterior knee pain (patients with a morphological knee anomaly that may have
caused anterior knee pain were excluded from the study) and the morphometry

of the patellar tendon with magnetic resonance imaging (MRI). Patellar tendon
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length, thickness, and surface area do not seem to be significant parameters to
help explain the aetiology of anterior knee pain (Tuncyurek et al. 2009).

In the present study, ultrasonographic evaluation was used to determine
the changes in the patellar tendon. MRI is more sensitive with respect to
changes in the knee region, but overdiagnoses may be a problem. In addition, the
intramedullary nails should be removed before MRI can be performed.
Moreover, MRI is less available and more expensive than ultrasonography. The
degenerative changes of the injured knee were not measured in the present study
nor was the possibility of articular or meniscical damage in the knee clarified.

There were only 2 women in the painless group (16%) and 10 (84%)
others had anterior knee pain. Amongst the men, there were 10 (45%) without
and 12 (55%) with anterior knee pain. The difference was obvious, but not quite
statistically significant.

The impingement of the infrapatellar fat pad has been thought to be
related to knee pathology. Such an association has not been described after IM
nailing, but a lesion of the fat pad could be related to continuous irritation caused
by the protrusion of the nail or after peroperative trauma (Katsoulis et al. 2000).

The distance from the plateau surface of the tibia to the proximal tip of
the nail and the extent of nail protrusion (nail prominence in relation to the bone
cortex in millimeters) was determined from the postoperative radiograph of the
lateral plain, and it was mentioned in every study. There were no differences
between the relationship of the distance from the tibial head and nail protrusion
to anterior knee pain.

In the present study, the mechanical axis of the lower extremities
(valgus or varus) or the rotation of the tibia was not determined. Moreover, the
recurvatum or antecurvatum of the tibia was not measured. These factors may
influence the function of the knee and not determining or measuring them is one
weakness of the study.

Previous data have not indicated any influence of a nail protrusion of a
few millimeters on anterior knee pain (Keating et al. 1997b). However, if there is
marked proximal nail prominence, the nail will cause pain and even patella
impingement, which has been demonstrated previously (Court-Brown 1991).

Tibia nails can also migrate towards the tibial plateau and become symptomatic,
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even if they are locked proximally and distally, probably because of osteoporosis
(Skoog et al. 2001). In the present study, no relationship was found between the
nail plateau distance and anterior knee pain. The univariate logistic regression
analyses seemed to indicate more calcification in the patellar tendon in those
patients who still suffered from anterior knee pain at the time of long-term

follow-up (Table 12).

10.3 Two different treatment techniques

In the series of this study, the use of PTA did not reduce the incidence of
anterior knee pain when compared with the effect of TTA. In addition, there
were no differences in the ultrasound findings or the pathology of the patellar
tendons. The prevalence of anterior knee pain was similar after 3 years of IM
nailing, and it also remained similar 8 years after the nailing procedure. Anterior
knee pain had vanished in some patients, but there was no relationship to the
approach used in the nailing procedure. The subjective and objective
measurements were similar between the treatment groups during the entire 8
years of the follow-up.

Katsoulis et al. (2006) attempted to correlate the incidence of anterior
knee pain with the type of approach used. They reviewed 10 studies and found a
total of 761 tibial shaft fractures, 211 of which had been treated with PTA and
550 had undergone TTA. There was no statistical difference between the
approaches used with respect to pain. It has been mentioned that injury of the
infrapatellar branch of the saphenous nerve is associated with anterior knee pain

(Figure 18).
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Figure 18. The anatomy of the infrapatellar nerve branch crossed the region
of the patellar ligament. The mean distance from the tibial tubercle (B) was 27
(SD 27) mm, and that from the apex of the patella (A) was 30 (SD 27) mm
(Kartus et al. 1999). Reprinted with the permission of Elsevier.

After arthroscopy of the knee or after harvesting of the patellar tendon
or hamstrings in the reconstruction of the ACL, IPBSN (infrapatellar branch of
the saphenous nerve) damage, hypoaesthesia, dysaesthesia, and anterior knee
pain have been reported (Kartus et al. 1997, Boon et al. 2004, Portland et al.
2005). During the IM nailing procedure using TTA or medial PTA, the risk of
iatrogenic damage of the infrapatellar nerve is obvious, but, for many patients,
the incidence of anterior knee pain declins after the IM nail has been removed
(Court-Brown et al. 1997, Keating et al. 1997b). This phenomenon was also seen
in the present study. Only the medial parapatellar approach was used rather than
both parapatellar approaches (lateral and medial), as well as a vertical skin
incision. Some authors have used short horizontal skin incision to avoid the
iatrogenic damage to the infrapatellar branches of the saphenous nerve.

In the present series, after 3 years of IM nailing, there were 29 patients
who had anterior knee pain. The pain was in the area of the patellar tendon in 20

patients and in the parapatellar region in 9 patients. After 8 years, only 9 patients
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had anterior knee pain. In 5 cases the pain was in the region of the patellar
tendon, and in 4 cases it was in the parapatellar region. In addition, there were no
differences between the treatment choices in the univariate regression analyses

(Table 14).

10.4 Thigh muscle strength

In the series of the present study, the first isokinetic testing was carried
out 3 years after the IM nailing. There was a significant difference in strength
between the two study groups (symptomatic and asymptomatic) in knee flexion
(hamstring muscles), but this was not the case with knee extension (quadriceps
<<muscle). In the 8-year follow-up, there was a significant difference in strength
between the study groups (NP, PNP and AP groups) in knee extension at a speed
of 60°s (quadriceps muscle), whereas this was not the case for knee flexion
(hamstring muscle). The patients who never had anterior knee pain had almost
balanced muscle strength during the follow-up period, the operated limb being
2-9% weaker than the non-operated one. The patients whose anterior knee pain
had disappeared during the follow-up had more strength in knee extension and
flexion in the operated limb than in the non-operated limb, perhaps due to
painless rehabilitation. In addition, the pain group (AP) had better flexion
strength in the operated than the non-operated limb, but extension strength was
clearly better in the non-operated limb.

In the univariate regression analyses, muscle function at extension and
flexion differed between the groups (AP and PNP) in the first control and at
extension at the time of the long-term follow-up (Table 16). The muscle function
recovered to the normal level amongst the patients whose anterior knee pain
vanished between the clinical follow-ups.

A deficit of thigh muscle has been reported in several articles after tibial
shaft fractures. There are no data available that show a correlation between thigh
muscle strength and anterior knee pain. Kobayashi et al. (2004) showed that 24
months after ACL reconstruction, the muscle strength of the quadriceps had

recovered to approximately 90% of the level of the uninvolved side in an
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isokinetic muscle test (speed at 60 and 180°/s). There was also delayed recovery
of muscle strength amongst patients with anterior knee pain.

Callaghan and Oldham (2004) showed that patients with the
patellofemoral pain syndrome had a 3% difference in the cross-sectional area of
the quadriceps of their injured and uninjured limbs. This value did not differ
from that of a control group with respect to the dominant and non-dominant
limbs. There was, however, a significant difference between the patients with the
patellofemoral pain syndrome and the control groups as regards the percentage
differences in the isokinetic peak torque of lower limb extension. This finding
indicates that the existence of muscular dysfunction in the affected leg was not
related to muscle size. The patellar pain after ACL reconstruction was associated
with atrophy of the quadriceps (O’Brien et al. 1991). In our series, there was no
difference in thigh muscle atrophy between the symptomatic and asymptomatic
patients (p-value = 0.570, Mann-Whitney test).

In our series the effect of a deficit in muscle strength (first the hamstring
and then the quadriceps) amongst the symptomatic patients may have been
related to an earlier recovery of hamstring muscle strength than of quadriceps
muscle strength after the operation (Kobayashi et al. 2004). Some authors have
noted a strong correlation between pain in the knees of the injured and uninjured
limbs. The aut<hors suggested that a preoperative assessment could predict
which patients would be more likely to develop severe post-tibial anterior knee
pain (Cartwright-Terry et al. 2007). In addition, it has been suggested that
patients with chronic anterior knee pain may experience bilateral symptoms as a
result of weakness or activation failure in the bilateral quadriceps (Hart et
al.2010).

Eckhoff et al. (1997) studied anterior knee pain and showed that external
rotation of the tibia relative to the femur increased significantly in patients with
symptoms. There is clinical relevance with respect to these observations in that
the usual therapy regimen (strengthening exercises for the short arc quadriceps)
may strengthen the internal rotators (semi-membranosus, gracilis, semi-
tendinosus, and sartorius). Some patients may thus benefit from specific
rehabilitation of the knee and thigh muscles after surgery for a tibial shaft

fracture. A home-based, self-managed programme of simple knee strengthening
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exercises over a 2-year period can significantly reduce knee pain and improve
knee function in overweight and obese people with knee pain (Jenkinson et al.
2009). Anterior knee pain has also been reported to be a frequent problem in the
long-term follow-up of tibial fracture patients treated using plaster casts
(Greenwood et al. 1997).

On the other hand, it should be kept in mind that, in all patients, the
strength of both the quadriceps and hamstring muscles decreases, and muscle
atrophy rapidly becomes evident after the injury, especially during the first 1 to 2
weeks (Appel 1990). If early rehabilitation has been completely forgotten and
ignored, it may prove extremely difficult to restore the strength and power of the

muscles to normal (Holder-Powell and Rutherford 1999).

10.5 Influence of gender on anterior knee pain

An interesting additional finding in the current series was that there was
more anterior knee pain amongst the women than the men. Women have also
been shown to have a significantly greater degree of pain after ACL
reconstruction (Asano et al. 2002, Kobayashi et al. 2004). Osteoarthritis rates for
females exceed those of males at all ages (Verbrugge 1995). This phenomenon
may indicate that female cartilage is more vulnerable, and cartilage damage
would cause pain (Asano et al. 2002). The total expression of neurotransmitter
substance-P (SP) in the synovial tissue of the females was significantly greater
than that of the males, and within the female population, the total number of SP
immunoreactive fibres was found to correlate significantly with pain intensity
(Zhang et al. 2000).

Obvious anthropometric and anatomical differences between the men
and women may explain the female overrepresentation with respect to anterior
knee pain. The greater pelvic width and the broader pelvis (the quadriceps or Q
angle) (Figure 19) move the hip joints further laterally relative to the midline of
the body and therefore produce an increased valgus angle from the hip to the

knee and then to the ground.
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Figure 19. Quadriceps angle (Q angle) formed by the intersection of a line
from the anterior superior iliac spine (ASIS) to the midpoint of the patella, with a
line from the midpoint of the patella to the midpoint of the tibial tubercle
(Livingston and Mandigo 1999). Reprinted with the permission of Elsevier.

In addition, females have a higher prevalence of increased femoral
anteversion, which in turn affects the biomechanics of the patellofemoral joint
(Fulkerson and Arendt 2000). A Q angle of less than 10° provides the most
efficient line of pull for the quadriceps (Brezzo et al. 1996), and people with Q
angles greater than 10 degrees may be at a mechanical disadvantage in terms of
the generating capacity of the quadriceps force (Herrington and Nester 2004). Q
angles in excess of 15 degrees for men and 20 degrees for women are thought to
predispose a person to knee pathologies (Livingston and Mandigo 1999). An
increase in the Q angle can also lead to lateral patellar dislocation or increased
lateral patellofemoral contact pressures (Mizuno et al. 2001).

Cubuk et al. (2000) investigated indicators of malalignment for women
with anterior knee pain. They reported that there is a general lateralisation of the
tibial tubercle in patients with patellofemoral pain. The same result has been
reported previously (Muneta et al. 1994). Keser et al. (2008) measured the lateral
trochlear inclination (LTI) in axial MRI scans. The condition was termed

trochlear dysplasia when the LTI was below 11 degrees. There was a statistically
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significant difference between the groups (anterior knee pain versus control) in
the mean LTI values (17.32° versus 21.5°). More trochlear dysplasia occurred in
the anterior knee pain group, but there were no difference between the groups
regarding sex.

Effects of oestrogen hormone on connective tissue synthesis have been
recorded for women, and postural and sociological factors, such as wearing high
heels and sitting with legs adducted, can influence the incidence and severity of
anterior knee pain amongst women (Fulkerson and Arendt 2000). Equinus gait
increased the knee flexion angle during the midstance phase in the gait cycle and
unlocked the knee joint (You et al. 2009). This increase causes inadequate
control of the knee joint and may influence both knee work during gait and knee
sensation.

In addition, the risk of unrecognized articular penetration is higher when
the tibia is shorter (Hernigou and Cohen 2000). Since the length of the tibia is
related to the size of the patient (Mensch and Amstutz 1975, Yoshioka et al.
1989), the medial and lateral approaches can be dangerous for patients with a
small build. The IM nails are usually proximally thicker than they are distally,
and therefore there may be a risk of iatrogenic damage during the nailing
procedure.

In the univariate regression analyses of the current study, there were no
differences between the sexes regarding the relief of anterior knee pain between

the first isokinetic control and the long-term follow-up control (Table 14).

10.6 General discussion

Smoking is associated with impaired wound healing and delayed bony
union. Smoking has also been shown to be the single most important risk factor
for the development of complications after elective arthroplasty of the hip or
knee (Moller et al. 2003). People who smoke have a compromised functional
outcome after primary ACL reconstruction (Karim et al. 2006). In the current

series, there was no correlation between anterior knee pain and smoking after the
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IM nailing of tibial shaft fractures. There were also no differences between the
groups in the univariate regression analyses (Table 14).

It has been reported that the incidence of anterior knee pain is commoner
amongst younger patients than older ones. This difference may be due to a more
sedentary lifestyle amongst elderly patients (Keating et al. 1997b). There is a
clear relationship between social deprivation and tibial fractures, and the
deprivation was also found to be associated with male sex and younger age
(Court-Brown and Brydone 2007). Court-Brown and Brydone (2007) also
believed that the main reason that the effects of deprivation decrease with age is
related to the different modes of injury at different ages. In the current data,
patients whose anterior knee pain decreased between the two controls were older
than those still experiencing anterior knee pain, and they were also not so active
(Table 14).

At the beginning of the study, the intensity of anterior knee pain and the
impairment during daily activities were mild for 20 patients and moderate for 7.
Only 2 patients complained of severe impairments. All of the patients were at
work normally after the surgery; only two of the always pain group did not go to
work before 12 months after the accident and operation. Eight years after the
fracture and IM nailing procedure, the Tegner knee score had returned to the
preoperative level also in the pain group (8 patients). This finding may indicate
that anterior knee pain is rarely severe and that patients resume their preinjury
activity levels. Lefaivre et al. (2008) also showed that, 14 years after IM nailing,
patients’ activities were comparable to population norms.

According to the current data, patients who stay longer in the hospital
and have more pain when starting rehabilitation may benefit from aggressive
strengthening of the thigh muscle after the IM nailing of a tibial shaft fracture.
Physical activity seems to worsen anterior knee pain however. Future studies
could assess the benefits of physiotherapy with respect to the development of
anterior knee pain after IM nailing of tibial shaft fractures. There is more anterior
knee pain amongst women than amongst men, and this difference also requires
further study.

Tibial nail removal is not a routine procedure nowadays in Finland. The

current data showed that patients whose activity level is high (Tegner knee
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score) may benefit from nail removal after the tibial shaft fracture has healed.
Younger patients may also benefit more from IM removal than their older
counterparts. Thus nail removal could concentrate on the young, active
population.

Anterior knee pain after IM nailing of a tibial shaft fracture is likely to
have a multifactorial origin, and there is no consensus about its aetiology and
pathogenesis. Anterior knee pain is common after this procedure, but fear of
postoperative chronic anterior knee pain should not hinder the use of IM nails in
the treatment of tibial shaft fractures, because, in the long term, anterior knee

pain disappears from many patients.
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11. SUMMARY AND

CONCLUSIONS

The primary findings and conclusions of the present series of studies are

summarized as follows:

II

III

Although anterior knee pain is the commonest postoperative
complication following a nailing procedure used for a tibial shaft
fracture, it is rarely severe, and many patients can return to their
previous work and preinjury level of activity. The study showed
that anterior knee pain after IM nailing of tibial shaft fractures may
be related to a deficiency in the strength of the knee flexors. The
incidence of anterior knee pain is higher amongst women than

amongst men.

Ultrasound and power Doppler measurements showed no changes
in the morphology of the patellar tendon, which could explain the

anterior knee pain after IM nailing of tibial shaft fractures.

Anterior knee pain, when present after IM nailing of tibial shaft
fractures, disappears in the great majority of patients 3 to 8 years
after surgery. Weakness of the quadriceps muscle, but not the
hamstring, and lower functional knee scores are associated with
anterior knee pain 8 years after the nailing. Some patients (women
and patients with intensive AKP and those with a long period in the
hospital) may benefit from specific rehabilitation of the knee and
thigh muscles (especially knee extensors) after surgery for a tibial

shaft fracture.
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IV

Compared with a transtendinous approach, a medial paratendinous
approach for nail insertion does not reduce the prevalence of
chronic anterior knee pain or functional impairment 8 years after
IM nailing of a tibial shaft fracture. In the long term, anterior knee
pain seems to disappear from many patients, and the activity of the

patients usually returns to the preoperative level.
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14. APPENDICES

Appendix 1.
Grade 0 Injury from indirect forces with negligible soft tissue damage.
Closed fracture caused by low-to-moderate energy
Grade I mechanisms, with superficial abrasions or contusions of soft
tissues overlying the fracture.
Closed fracture with significant muscle contusion, with possible
deep, contaminated skin abrasions associated with moderate-to-
Grade 11 . . . )
sever energy mechanisms and skeletal injury; high risk for
compartment syndrome.
Extensive crushing of soft tissues, with subcutaneous degloving
Grade 111 or avulsion, with arterial disruption or established compartment

syndrome.

The Tscherne Classification system for closed fractures of tibial shafts

[Tscherne H and Gotzen L (1984): Fractures with soft tissue injuries. Springer,

Berlin, Heidelberg, New York].
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Appendix 2.

Grade 1

Clean skin opening of <1 cm, usually from inside to outside;
minimal muscle contusion; simple transverse or short oblique
fractures.

Grade 11

Laceration of >1 cm, with extensive soft-tissue damage; minimal-
to-moderate crushing component, simple transverse or short
oblique fractures with minimal comminution.

Grade 111

Extensive soft-tissue damage, including muscles, skin, and
neurovascular structures; often a high-energy injury with a severe
crushing component.

Grade 111a

Extensive soft-tissue laceration, adequate bone coverage;
segmental fractures, gunshot injuries, minimal periosteal stripping.

Grade IIIb

Extensive soft-tissue injuries with periosteal stripping and bone
exposure requiring soft-tissue flap closure; usually associated with
massive contamination.

Grade Illc

Vascular injury requiring repair.

Gustilo and Anderson classification for open fractures of the tibial shaft

[Gustilo RB and Anderson JT (1976): Prevention of infection in the treatment of

one thousand and twenty-five open fractures of long bones. Retrospective and

prospective analyses. J Bone Joint Surg 58-A: 453-458].
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Appendix 3.

Lysholm knee score

1. Limp (5 points)
None
Slight or periodical
Severe and constant

2. Support ( S points )
Full support
Stick or crutch
Weight bearing impossible

3. Stairclimbing ( 10 points )
No problems
Slightly impaired
One step at a time
Unable

4. Squatting ( 5 points )
No problems
Slightly impaired
Not past 90 degrees

5. Walking, running and jumping ( 70 points )

A. Instability:
Never giving way
Rarely during athletic or other severe exertion
Frequently during athletic or other severe exertion
(or unable to participate)
Occasionally in daily activities
Often in daily activities
Every step

B. Pain:
None
Inconstant and slight during severe exertion
Marked on giving way
Marked during severe exertion
Marked on or after walking more than 2 km
Marked on or after walking less than 2 km
Constant and severe
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C. Swelling:

None 10
With giving way 7
On severe exertion 5
On ordinary exertion 2
Constant 0

6. Atrophy of thigh ( 5 points )

None 5
1-2 cm 3
More than 2 cm 0

TOTAL SCORES ( max. 100 points )

Lysholm knee score [Lysholm J and Gillquist J (1982): Evaluation of knee
ligament surgery results with special emphasis on the use of a scoring scale. Am

J Sports Med. 10: 150-4].
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Appendix 4.

Level 10 Competitive sports: soccer, football, rugby (national elite)

Level 9 Competitive sports:  soccer, football, rugby (lower
divisions), ice hockey, wrestling, gymnastics, basketball

Level 8 Competitive sports: racquetball or bandy, squash or
badminton, track and field athletics (jumping, etc.), down-
hill skiing

Level 7 Competitive sports: tennis, running, motorcars speedway,
handball

Recreational sports: soccer, football, rugby, bandy, ice
hockey, basketball, squash, racquetball, running

Level 6 Recreational sports: tennis and badminton, handball,
racquetball, down-hill skiing, jogging at least 5 times per
week

Level 5 Work: heavy labour (construction, etc.)

Competitive sports: cycling, cross-country skiing,

Recreational sports: jogging on uneven ground at least
twice weekly

Level 4 Work: moderately heavy labour (e.g. truck driving, etc.)
Level 3 Work: light labour (nursing, etc.)
Level 2 Work: light labour
Walking on uneven ground possible, but impossible to back
pack or hike
Level 1 Work: sedentary (secretarial, etc.)
Level 0 Sick leave or disability pension because of knee problems

Tegner’s activity scale [Tegner Y, Lysholm J, Odensten M, and Gillquist J
(1988): Evaluation of cruciate ligament injuries. A review. Acta Orthop Scand

59: 336-41].
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Appendix 5.

FUNCTION (35 POINTS)

Instructions: Eleven activities of daily living are listed with a value. If the
patient can perform the activity easily without restriction, give full value; if the
patient cannot (or could not if she/he tried) perform the activity at all, give no
points: if the patient can or could perform the activity but with difficulty, give an
appropriate number of points between 0 and the full value.

Does most housework or job, which requires moving about (5)

Walks enough to be independent (5)

Dresses unaided (includes tying shoes and putting on socks) (5)

Sits without difficulty at a table or on the toilet, including sitting down and
getting up (reduce if additional aid is necessary) (4)

Picks up objects from floor by squatting or kneeling (3)

Bathes without help (3)

Negotiates stairs foot over foot (3)

Negotiates stairs in any manner (2)

Carries objects, such as a suitcase (2)

Gets into automobile or public conveyance unaided and rides comfortably (2)
Drives automobile (1)

FREEDOM FROM PAIN (maximum, 35 points; circle one only)

Instructions: Circle the value that is overall the most representative of the
patient’s pain, using the word descriptors. (Scoring should not be based simply
on asking the patient the word descriptors in question form.)

No pain (35)

Mild pain with fatique (30)

Mild pain with weight-bearing (20)

Moderate pain with weight-bearing (15)

Severe pain with weight-bearing, mild or moderate at rest (10)
Severe, continous pain (0)

GAIT (maximum, 10 points; circle one only)

No limp, no support (10)

Limp, no support (8)

One cane or crutch (8)

One long brace (8)

One brace with cructh or cane (6)

Two crutches with or without a brace (4)
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Cannot walk (0)

ABSENCE OF DEFORMITY OR STABILITY (10 points)

No fixed flexion of more than 10 degrees with weight-bearing (3)
No fixed flexion of more than 20 degrees with weight-bearing (2)
No fixed flexion of more than 30 degrees with weight-bearing (1)
No varus or valgus deformity of more than 10 degrees with weight-bearing

3)

No varus or valgus deformity of more than 20 degrees with weight-bearing

2)

No varus or valgus deformity of more than 30 degrees with weight-bearing
(1)

No ligamentous instability (2)

No locking, giving-away, or extension lag of more than 10 degrees (2)

RANGE OF MOTION (10 points)

Instructions: Total amount of flexion or extension, in degrees (normal, 150
degrees); assign 1 point for every 15 degrees.

Maximum total points 100

Iowa knee score [Merchant TC and Dietz FR (1989): Long-term follow-up
after fractures of the tibial and fibular shafts. J Bone Joint Surg Am 71: 599-
606].
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Appendix 6.

Duck walk

3 =no problem

2 = slightly difficult
1 = with severe pain
0 = cannot perform

One leg jump

3 = no problem

2 = slightly difficult
1 = with severe pain
0 = cannot perform

Full squat

3 = able to perform > 20

2 = able to perform 11-20
1 = able to perform 1-10
0 = cannot perform

Kneeling
3 = No problems, without time limitation
2 = Possible to kneel for less than 20 seconds

1 = Possible to kneel for less than 10 seconds
0 = Impossible to kneel

TOTAL POINTS / 12 points

The functional test used in the study [Kannus P, Natri A, Niittymiki S, and
Jarvinen M (1992): Effect of intraarticular glycosaminoglycan polysulfate

treatment on patellofemoral pain syndrome. A prospective, randomized double-
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blind trial comparing glycosaminoglycan polysulfate with placebo and

quadriceps muscle exercises. Arthritis Rheum 35: 1053-61].
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ORIGINAL ARTICLE

Anterior Knee Pain and Thigh Muscle Strength After
Intramedullary Nailing of Tibial Shaft Fractures

A Report of 40 Consecutive Cases

Olli Viiisto, MD,* Jarmo Toivanen, MD, *1 Pekka Kannus, MD,*} and Markku Jéirvinen, MD* 7

Objectives: Chronic anterior knee pain is a common complication
following intramedullary nailing of a tibial shaft fracture. The source
of pain is often not known nor is the reason for a simultaneous de-
crease in thigh muscle strength. Anterior knee pain has also been re-
ported following an anterior cruciate ligament rupture. No previous
investigation has assessed whether weakness of the thigh muscles is
associated with anterior knee pain following intramedullary nailing of
tibial shaft fractures.

Design: Prospective study.
Setting: University Hospital of Tampere, University of Tampere.

Patients: Fifty consecutive patients with a nailed tibial shaft fracture
were initially included in the study. Ten patients did not have isoki-
netic strength testing for various reasons and were eliminated from
the study.

Main Outcome Measurements: I[sokinetic muscle strength mea-
surements were done in 40 patients at an average 3.2 + 0.4 (SD) years
after nail insertion (1.7 + 0.3 years after the nail extraction).

Results: Twelve (30%) patients were painless and 28 (70%) patients
had anterior knee pain at follow-up. With reference to the hamstrings
muscles, the mean peak torque deficit of the injured limb (as com-
pared with the uninjured limb) was 2 + 11% in the painless group and
11 £+ 17% in the pain group at a speed of 60°/s (P = 0.09, [95% CI for
the group difference = —18% to 0%]). At a speed of 180°/s, the cor-
responding deficits were —3 & 13% and 10 = 21% (P =0.03, [95% CI
for the group difference = —4% to —2%]). With reference to the quad-
riceps muscles, the mean peak torque deficit of the injured limb was
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14 £ 15% in the painless group and 15 + 15% in the pain group at
speed of 60°/s (P =10.71, [95% CI for the group difference =—11% to
10%]). At a speed of 180°/s, the corresponding deficits were 9+ 11%
and 14 + 17% (P = 0.46, [95% CI for the group difference = —14%
to 5%]).

Conclusion: Based on this prospective study, we conclude that an-
terior knee pain after intramedullary nailing of a tibial shaft fracture,
although of multifactorial origin, may be related to deficiency in the
flexion strength of the thigh muscles.

Key Words: tibial fracture, intramedullary nailing, anterior knee
pain, thigh muscle strength

(J Orthop Trauma 2004;18:18-23)

M ultiple studies have shown that the outcome of treatment
of a tibial shaft fracture using locked intramedullary
nailing is superior to that of cast treatment.' ' However, the
etiology of the most common postoperative problem, chronic
anterior knee pain, is still unknown.'®'” Thigh muscle deficit
after tibial fracture has been reported in several articles as
well.®'829 Nyland et al recorded an average 25% extensor and
17% flexor torque deficit in the operated limb more than one
year (18 + 6 months) after intramedullary nailing of isolated
tibial fractures.”’ However, no previous investigation has as-
sessed whether the weakness of the thigh muscles is associated
with chronic anterior knee pain after intramedullary nailing of
tibial shaft fractures.

The purpose of this prospective study was, therefore, to
find out whether there is an association between chronic ante-
rior knee pain and thigh muscle weakness in patients with a
nailed tibial shaft fracture.

MATERIALS AND METHODS
Fifty consecutive patients [23 men and 27 women, mean
aged 42 = 5 (SD) years] with an isolated tibial shaft fracture
were treated with a reamed intramedullary nail with two inter-
locking bolts at both ends of the nail (Grosse-Kempf-nail,
Howmedica) at Tampere University Hospital, Finland, be-
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tween July 1996 and January 1998 and enrolled in this pro-
spective study. The inclusion criteria included an age of 15
years or more, absence of any major comorbid illnesses, and
absence of any fracture line extending up to the knee joint or
down to the ankle joint. No patient had previous injuries or
symptoms related to either extremity. All subjects were in-
formed of the study procedure, purposes, and known risks, and
all gave written informed consent. The study was conducted in
conformity with the principles of the Declaration of Helsinki
and approved by our Institutional Ethics Committee. Patients
were divided postoperatively into two groups during the study
depending on chronic anterior knee pain: 1) the symptomatic
group (patients having chronic anterior knee pain); and 2) the
asymptomatic group (patients without chronic anterior knee
pain).

Two patients were excluded from the study in the early
phase of treatment because the nail had to be removed due to a
deep infection. Two patients died during follow-up from
causes not related to the tibial shaft fracture. Two patients were
initially managed with a cast and then treated by nailing at the
time of corrective osteotomy (the first one 6 months and the
second one 18 months after the injury), and they were also
excluded from the study. In addition, we were unable to con-
tact four patients for the follow-up examination. Thus, number
of patients available for isokinetic strength testings was 40.

Intramedullary nailing was performed within 24 hours in
42 patients and between 1 and 12 days in 6 patients. A tourni-
quet was not used during the operation. The incision for the
transtendinous approach was made longitudinally through the
midline of the patellar tendon for a distance of 3 to 5 cm. After
insertion of nail, the incision was closed with interrupted su-
tures. In the paratendinous approach, a medial longitudinal in-
cision was made with care taken not to violate the patellar ten-
don or its sheath. For all patients, standard proximal and distal
locking screws were used. All nails were countersunk below
the cortical bone of the proximal tibia. Postoperative immobi-
lization in a cast or brace was not used. Patients were allowed
to progress to one-leg weight bearing at 6 weeks postsurgery
and to full weight bearing at 12 weeks postsurgery. All patients
were given instructions for thigh muscle rehabilitation in the
hospital, but no physiotherapy were given after intramedullary
nailing. Nails were routinely removed regardless of the pres-
ence or absence of knee pain, approximately 1-and-a-half
years after the nailing using the same entry incision and ap-
proach that was used in nail insertion. After removal of the
intramedullary nail, neither instructions for thigh muscle reha-
bilitation nor physiotherapy were given.

The isokinetic quadriceps and hamstrings strength test-
ing was performed using the Cybex system (Cybex 6000, Di-
vision of Lumex, Inc., NY). Before the test, the patients did a
warming-up exercise with an ergometer bicycle for 5 minutes.
Then the patient was fixed to the isokinetic device with straps
around the chest, pelvis, thigh, and malleoli. Before the testing,

© 2003 Lippincott Williams & Wilkins

the patient was instructed to perform a sufficient number of
submaximal and maximal repetitions of knee extension and
flexion at both test velocities (60° and 180° per second) to be-
come familiar with the machine.

The actual test included knee joint extension and flexion
with both legs with two different angular velocities. Range of
movement was 90° (0° to 90°). The test included five maximal
repetitions at both speeds. There was a 30-second rest between
the 2 test speeds. Each patient was verbally encouraged to do
her or his best. The repetition during which the maximal peak
torque was produced was recorded.

Along with the isokinetic testing, the patients graded
chronic anterior knee pain during rest, walking, running,
squatting, kneeling, stair-climbing, stair descent, and after
long-term sitting on a 100-mm Visual Analogue Scale
(VAS),?* with 0 denoting no pain and 100 denoting the worst
pain that the patient could imagine. All patients also completed
standardized knee scoring scales, as described by Lysholm and
Gillquist* and Tegner et al.** The Iowa Knee Score question-
naire®> was also completed.

STATISTICS

To describe the data, the mean (SD) and the 95% confi-
dence interval (CI) of the differences between the groups are
reported for the continuous variables. The mean deficit of the
thigh muscle strength in the operated limb was compared with
the nonoperated limb and reported as a percentage. The differ-
ences between the pain group and painless group were tested
using the Mann-Whitney U test for the continuous variables
because the distributions were skewed. The reporting also in-
cluded 95% CI for the differences. The differences between
categorized variables were tested using the Fisher exact test.
The preliminary power calculations suggested that with use of
less than a 5% probability of a type I error (P <0.05) and power
of 80% (type II error, 0.20), a sample size of 18 patients (9
patients per group) was necessary to detect 15% muscle
strength difference between the 2 study groups. In these pre-
liminary power calculations, this 15% was considered a clini-
cally relevant difference, because the strength and function of
thigh muscles seem to be up to 85% of normal 1 year after
fracture of diaphysis of tibia,'? and the thigh muscle deficits
have been reported to be 17% to 25% after intramedullary nail-
ing of isolated tibial fractures.”' The statistical analysis was
carried out using the SPSS for Windows program (Version
10.0; SPSS Inc.). Throughout the study, a P value of <0.05 was
considered statistically significant.

RESULTS

No patient had complications, such as deep or superficial
infections, patellar tendon rupture, compartment syndrome, or
broken hardware. The isokinetic quadriceps and hamstring
strength was performed average 3.2 + 0.4 years after nail in-
sertion and average 1.7 + 0.3 years after nail extraction.
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Twelve (30%) patients were painless and 28 (70%) patients
had chronic anterior knee pain at follow-up. The pain was
worse on kneeling and ascent or descent of stairs (Table 1).
With reference to the hamstrings muscles, the mean peak
torque deficit of the injured limb (as compared with the unin-
jured limb) was 2 4 11% in the painless group and 11 + 17% in
the pain group at a speed of 60°/s (P = 0.09, [95% CI for the
group difference = —18% to 0%]). At a speed of 180°/s, the
corresponding deficits were —3 £ 13% and 10+ 21% (P =0.03,
[95% CI for the group difference = —24% to —2%]). With ref-
erence to the quadriceps muscles, the mean peak torque deficit
of the injured limb was 14 + 15% in the painless group and 15
+ 15% in the pain group at speed of 60°/s (P = 0.71, [95% CI
for the group difference = —11% to 10%]). At a speed of
180°/s, the corresponding deficits were 9 + 11% and 14 + 17%
(P =0.46, [95% CI for the group difference = —14% to 5%]).
The absolute power values (Nm) of muscle strengths are
showed in Table 2.

As noted above, at follow-up examination there were 12
patients in the asymptomatic group (30%) and 28 patients in
the symptomatic group (70%). Symptoms among the group
were minor and no one received surgical treatment or physio-
therapy for the problem of anterior knee pain. The study
groups were comparable with respect to age, body mass index,
nail protrusion, nail-plateau distance, operation time, nail in-
sertion and removal, Tegner et al’s knee scores** (before op-
eration) and knee joint’s range of movement (ROM), but there
were statistically significantly more women than men in the
symptomatic group (Fisher exact test, P = 0.007) (Table 3).
Also, there were statistically significantly intergroup differ-
ences in the IOWA knee score?® (after operation) (Mann-
Whitney U test P = 0.003), Lysholm and Gillquist’s knee
score”® (after operation) (Mann-Whitney U test P = 0.014),
and Tegner et al’s knee score®* (after operation) (Mann-
Whitney U test P =0.053) (Table 3).

TABLE 1. Mean (SD) Intensity of Anterior Knee Pain During
Various Activities Among Those Who Reported Pain

Intensity of
Activity Anterior Knee Pain*

Rest 31 (#9),n=4
Walking 43 (£20),n=4
Running 47 (£13), n =47
Squatting 42 (£18),n=11
Kneeling 56 (£30), n =27
Stairs down 60 (£16),n=35
Stairs up 44 (£9),n=06
After long-term sitting 23 (£19),n=5

*Visual Analogue Scale (0, no pain; 100, worst possible pain).
77 patients had not started running activity.

TABLE 2. Thigh Muscle Strengths in the Nonoperated
(Nfoot) and Operated (Ofoot) Limbs

Muscle Power
(Nm), Range

Asymptomatic
(n=28)

Symptomatic
n=12)

NFoot flexion 60°/s
OFoot flexion 60°/s

99 + 25 (37-133)
96 + 26 (41-137)

80 + 25 (47-134)
72 + 26 (28-123)

NFoot flexion 180°/s
OFoot flexion 180°/s
NFoot extension 60°/s

70 + 22 (24-108)

71 +22 (28-100)
191 + 59 (87-274)
164 + 58 (72-289)
118 + 40 (49-174)
108 + 40 (47-184)

57+ 19 (26-103)
51419 (7-94)

149 + 50 (89-268)

127 + 48 (57-233)
95+ 33 (57-167)
84 + 34 (18-148)

OFoot extension 60°/s
NFoot extension 180°/s
OFoot extension 180°/s

In knee extension strength, the symptomatic group (an-
terior knee pain group) differed from the asymptomatic group,
but differences were not clinically or statistically significant
(Table 4). In knee flexion strength (at the speed of 60°/s), the
symptomatic group differed from the asymptomatic group, al-
though the intergroup difference of 9% was not statistically
significant (P = 0.09) (Table 4). A significant intergroup dif-

TABLE 3. The Basic Characteristics of Patients With and
Without Anterior Knee Pain After Intramedullary Nailing of a
Tibial Shaft Fracture

No Anterior Anterior
Knee Pain Knee Pain
(n=12) (n=28) P

BMI (kg/m?) 26.1 +3.6 25.6+5.2 0.658*

Age (yrs) 45+ 12 42 +13 0.515%

Gender 0.008+
Female 1 (6%) 15 (94%)

Male 12 (46%) 14 (54%)

Nail insertion 0.5007
Transtendinous 7 (35%) 13 (65%)
Paratendinous 5(25%) 15 (75%)

Lysholm 98 +2 88+ 16 0.014*

Iowaknee 99 +1 94+9 0.003*

Tegner et al B 41+13 39+1.6 0.577*

Tegner et al A§ 43+1.3 34+13 0.053*

Protrus (mm) 4.0+4.0 53+39 0.415%

Plateau (mm) 10.3£9.0 12.5+9.6 0.495*

ROM (cm) 143+9 139+9 0.267*

Nail removal 10 (77%) 27 (93%) 0.750%*

Operating time (mins) 70 £ 15 87 +40 0.110%*

*Mann-Whitney test.

TFisher exact test.

iTegner et al’s knee scores before surgery.
§Tegner et al’s knee scores after surgery.
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TABLE 4. Thigh Muscle Strength Deficits in the Operated Limb as Compared to the
Nonoperated Limb (%) According to the Occurrence of Anterior Knee Pain

Angle Anterior Side-to-side 95% CI for the
Movement Speed Knee Pain Difference (%) Intergroup Difference P*
Flexion 60°/sec No 2411 —18t0 0 0.087
Yes 11+£17
180°/sec No -3+13 —241t0 2 0.025
Yes 10+£21
Extension 60°/sec No 14+15 —11to 10 0.712
Yes 15+15
180°/sec No 9+ 11 —14to0 5 0.460
Yes 14+17

*Mann-Whitney test.

ference was seen in knee flexion at 180°/s and with this speed
of movement the strength difference was 13% (P = 0.03)
(Table 4) Using an alpha level of less than 5% (P < 0.05) and
considering this 13% muscle strength difference between the
groups clinically relevant, the final number of patients per
group (12 and 28) gave a minimum 80% statistical power for
the study.

DISCUSSION

Our study showed that there was a statistically signifi-
cant strength difference between the two study groups in knee
flexion (hamstring muscles), whereas this was not significant
the case with knee extension (quadriceps muscle) (Table 4).
Thus, some of the patients may benefit from specific rehabili-
tation of the knee and thigh muscles (especially knee flexors)
after the surgery of a tibial shaft fracture. On the other hand, it
should be kept in mind that in all patients, the strength of both
the quadriceps and hamstring muscle decreases and the muscle
atrophy becomes evident quickly after the injury, especially
during the first 1 to 2 weeks.?® If early rehabilitation of the
patient has been completely forgotten and ignored, it may be
very difficult to return the strength and power of the muscles
back to normal. '’

It is obvious that the source of chronic anterior knee pain
after intramedullary nailing of a tibial shaft fracture is multi-
factorial. Devitt et al demonstrated using eight cadaveric knees
that insertion of an intramedullary nail in the tibia significantly
increases contact pressures at the patellofemoral joint.”® They
used two different approaches: medial paratendinous and
transtendinous approaches. A significant increase in contact
pressures was found at the lateral facets using the medial para-
tendinous approach (P = 0.01) and at the medial facet when
using the transpatellar approach (P = 0.001) to the proximal
tibia. When the transtendinous approach, the contact pressure
increases were recorded on both facets suggesting that chon-
dral injury is more likely with the transtendinous approach.?®

© 2003 Lippincott Williams & Wilkins

Hernigou and Cohen®’ investigated 12 pairs of cadaver
knees after intramedullary nailing of the tibia. The intra-
articular structures particularly at risk for damage during tibial
nailing are the medial meniscus, the lateral tibial plateau, and
the transverse ligament. Their results showed that in some
bones, the safe zone is smaller than the size of standard ream-
ers and the proximal part of some nails. Also, they retrospec-
tively analyzed 30 patients radiologically who had undergone
tibial nailing and recorded unrecognized articular penetration
and damage during surgery in four patients. These patients had
pain in the knee, and there was a possibility that this was linked
to unrecognized articular damage.?® Tornetta et al also studied
intra-articular anatomic risks of tibial nailing.*® They used 40
fresh-frozen cadaveric knees in which nails were placed
through medial and lateral parapatellar approaches. There was
intra-articular damage in 20% of the specimens and an addi-
tional 30% demonstrated the nail to be adjacent to one of the
menisci. A lateral paratendinous approach placed the lateral
articular surface, and a medial approach the medial meniscus,
at the highest risk. They determined a safe zone for portal
placement, which was located 9.1 £ 5 mm lateral to the midline
of the plateau and 3 mm lateral to the center of tibial tubercle.
The width of the safe zone averaged 22.9 mm and was as nar-
row as 12.6 mm.*°

McConnell et al®' also investigated the radiographic cor-
relate of the anatomic safe zone in the intramedullary nailing of
tibia in 20 cadaveric knees. They used a 2.0-mm Kirschner
wire (K-wire), and it was placed in the center of the anatomic
safe zone equidistant from the medial meniscus and the lateral
articular surface on the anterosuperior surface of the tibia. The
safe zone for tibial nailing as seen on radiographs was just me-
dial to the lateral tibial spine on the anteroposterior (AP) view
and immediately adjacent and anterior to the articular surface
as visualized on the lateral radiograph. There was some vari-
ance on the anteroposterior radiograph but no variance on the
lateral radiograph."
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Samuelson et al*? investigated the proper insertion point
for a tibial intramedullary nail in the coronal plane using 61
embalmed cadaveric lower legs. They placed a nail in a retro-
grade fashion through the proximal cortex and the exit hole of
the nail was measured in relation to the tibial tubercle. The nail
ranged from 1 mm lateral to the tibial tubercle to 21 mm medial
to the tibial tubercle with an average of 8 + 6 mm. Their data
supports using a medial or patellar splitting approach for nail
insertion and insertion sites lateral to the tibial tubercle should
be avoided.*?

Lembcke et al*® investigated with the relationship be-
tween axial shift and the nail entry point in unreamed nailing of
proximal tibia fractures using 22 formaldehyde-fixed tibiae.
Their studies show that lateral insertion of the nail usually re-
sults in a varus deformity in the fracture as well as a lateral
displacement of the distal fragment. The medial insertion has
the opposite effect, valgus deformity with medial displace-
ment of the distal fragment.”

Kroger et al** measured bone mineral density (BMD)
using dual x-ray absorptiometry (DXA) at several sites in both
fractured and nonfractured limbs in eight patients with femoral
shaft fracture and six patients with tibial shaft fracture at the
time of the intramedullary nail removal. They conclude that
clinically important bone loss up to 21% exist in the distal tibia
of the fractured limb. However, BMDs of the fractured side
almost reached the baseline level of the nonfractured side
(96.9-102.1%) by the final follow-up (>12 months).>*

In a retrospective study, in which the nail was inserted
via a paratendinous incision in 65 fractures and via a tendon-
splitting incision in 36 fractures, Keating et al'® reported that
insertion of an intramedullary nail through the patellar tendon
resulted in the incidence of knee pain of 50% (33 patients out
of 65 fractures), whereas this incidence in the tendon-splitting
incision group was 77% (28 patients out of 36 fractures). This
difference was significant (P < 0.01). They recommended a
parapatellar tendon incision for nail insertion. Toivanen et al
undertook a prospective randomized study in which they found
that chronic anterior knee pain occurred similarly after trans-
and paratendinous approach.'® Karladani and Styf*® describe
an approach in which the skin incision is located on either the
medial or lateral side of the patella and the nailing is performed
percutaneously. They used this percutaneous technique in 13
patients with an isolated tibial shaft fracture. At the final fol-
low-up of 22 months, all patients were able to kneel on the
injured side and no patient had dysfunction of the infrapatellar
branch of the saphenous nerve.*”

The trauma itself and damage to the infrapatellar nerve
may also cause anterior knee pain.*® There is a relationship
between injury to the infrapatellar nerve and etiology and natu-
ral course of reflex sympathetic dystrophy of the knee.*” There
is a safe area that avoids the infrapatellar nerve; it is within an
approximate 30-mm area from the medial margin of the patella
at the level of midpatella, and within an approximate 10-mm
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area from the medial margin of the patellar tendon at the level
of the distal pole of the patella.*® Keating et al reported that the
incidence of anterior knee pain is more common among
younger than older patients.'® This may be due to a more sed-
entary lifestyle of the elderly patients.

Jarveld et al investigated the occurrence and predicting
factors of anterior knee pain in patients after an anterior cruci-
ate ligament reconstruction with a bone-patellar tendon-bone
autograft.>® They performed functional, clinical, and radio-
graphic evaluations on 91 patients on average 7 years after the
surgery. The most important factor related to the occurrence of
anterior knee pain was an extension torque deficit.

An interesting additional finding of our current study
was that there were more women than men in the symptomatic
group (Table 3). Women have also shown a significantly
greater degree of pain after anterior cruciate ligament recon-
struction.* The reason for this is unknown. Obvious anthro-
pometric and anatomic differences between men and women
may explain the female overrepresentation in the symptomatic
group. Increased pelvic width and the broader pelvis (Q-angle)
move the hip joints further lateral relative to the midline of the
body and therefore produce an increased valgus angle from the
hip to the knee and then to the ground. In addition, females
have a higher prevalence of increased femoral anteversion,
which in turn affects the biomechanics of the patellofemoral
joint. Also, effects of estrogen hormone on connective tissue
synthesis have been recorded with women, and postural and
sociologic factors, such as wearing high heels and sitting with
legs adducted, can influence the incidence and severity of an-
terior knee pain in women.*!

It is also possible that women are more sensitive to feel-
ing pain, or they do more knee-irritating work than men. Over-
all, there were 1422 tibial shaft fractures in Finland in 1999
(National Research and Development Center for Welfare and
Health, Helsinki, Finland). There were 695 males and 471 fe-
males of the 1166 patients who were more than 15 years of age.
After surgery, women stayed in the hospital an average 16.6
days, whereas men stayed no more than 7.9 days. The reasons
for this are unclear but warrant further detailed studies.

Clark et al** determined the efficacy of the individual
components of physiotherapy with 81 young adults with ante-
rior knee pain. They recorded that proprioceptive muscle
stretching and strengthening aspects of physiotherapy had a
beneficial effect on anterior knee pain at 3 months sufficient to
permit discharge from physiotherapy, these benefits being
maintained at 1 year. On the other hand, taping did not influ-
ence the outcome.*?

Bleakney and Maffulli** measured quadriceps muscula-
ture and atrophy using high-resolution real-time ultrasonogra-
phy (HRRTU) in 13 skeletally mature male patients with an
isolated unilateral diaphyseal fracture of the femur or the tibia.
They found clear differences in the quadriceps morphology in
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the nailed and unnailed limb following interlocked intramed-
ullary nailing.*?

Given the above, it is still unclear what is the true causal
relationship between the anterior knee pain and the strength
deficit in the thigh muscles.

CONCLUSION

Although chronic anterior knee pain is the most common
postoperative complication following in nailing procedure of a
tibial shaft fracture, it is rarely severe and many patients can
return to their previous work and preinjury level of activity.
Additionally, the presence of chronic anterior knee pain post-
operatively has not hindered the use of intramedullary nails in
treatment of tibial shaft fractures.'® The our study has shown
that anterior knee pain after intramedullary nailing of a tibial
shaft fracture maybe related to deficiencies in the strength of
knee flexors. A 13% deficit in knee flexion strength correlated
with chronic anterior knee pain.

Further studies regarding surgical techniques of intra-
medullary nailing, the nails themselves, and knee rehabilita-
tion are warranted to minimize postoperative problems.
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Anterior Knee Pain After Intramedullary Nailing
of a Tibial Shaft Fracture

An Ultrasound Study of the Patellar Tendons of 36 Patients
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Objectives: Chronic anterior knee pain is a common complication
following intramedullary nailing of a tibial shaft fracture. The etiology
of pain is often not known. This study sonographically examined the
patellar tendons of patients with a nailed tibial shaft fracture.

Design: Prospective study.
Setting: University hospital.

Patients: Fifty consecutive patients with a nailed tibial shaft fracture
were initially included in the study. Thirty-six of them could be
measured at an average of 2.5 £ 0.5 years after nail insertion (1.0 =
0.3 years after nail extraction).

Intervention: Reamed intramedullary nailing with 2 interlocking
bolts at both ends of the nail (Grosse-Kempf-nail, Howmedica).

Main Outcome Measurements: The ultrasound investigation of
the patellar tendons of the 36 patients.

Results: Twelve (33%) patients were painless and 24 (67%) patients
had anterior knee pain at follow-up. With the reference to the mean
difference in the thickness of the distal part of the patellar tendon in
the operated limb versus nonoperated limb, the result was 1.4 =
1.1 mm in the chronic pain group and 2.6 = 2.5 mm in the painless
group (P = 0.135, [95% confidence interval for the group
difference = —0.4-2.8]). The corresponding values for the proximal
part of the patellar tendon was 1.4 = 1.3 mm in the chronic pain
group and 2.3 *£ 2.3 mm in the painless group (P = 0.251, [95%
confidence interval for the group difference = —0.7-2.4]). There were
no statistically significantly differences between study groups in the
blood circulation of the patellar tendon or at the entry point,
calcification of the patellar tendon, granulation tissue at the entry
point, or occurrence of low echo areas in the patellar tendon.
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Conclusion: After intramedullary nailing of a tibial shaft fracture,
patients with or without anterior knee pain show similar changes in
the ultrasound investigation of their patellar tendons. Based on those
findings, it does not appear to make any difference as to the approach
used (paratendinous or transtendinous) for intramedullary nailing of
the tibia.

Key Words: tibial fracture, intramedullary nailing, anterior knee
pain, patellar tendon changes, ultrasound

(J Orthop Trauma 2005;19:311-316)

M any studies have shown that the outcome of treatment of
a tibial shaft fracture using locked intramedullary
nailing is superior to that of cast treatment."™"! After the sur-
gery, complaints of anterior knee pain exacerbated by walking,
kneeling, squatting, and stair climbing are common.’%'*!?
Anterior knee pain has also been reported following recon-
struction of the ruptured anterior cruciate ligament.*'
Ligament instability, retropatellar fat necrosis and irritation,
meniscal and cartilage damage, gait changes, tendonitis, and
inadequate neuromuscular rehabilitation have been suggested
as possible causes. Thigh muscle strength deficits has also
been reported after intramedullary nailing of tibial shaft
fractures.'>!'> However, the true etiology of the most common
postoperative problem, chronic anterior knee pain following
tibial intramedullary nailing, is still unknown.

A few studies have used ultrasound for monitoring frac-
ture healing after intramedullary nailing of a tibial fracture.'®"'®
However, there is only 1 published ultrasound study that looked
at chronic anterior knee pain after intramedullary nailing of
a tibial shaft fracture. In this retrospective study by Sala et al,"
the intramedullary nails were still in place at the time of the
ultrasound study. The authors reported that the index patellar
tendon was thickened compared with the contralateral tendon,
but there was no relationship between tendon morphology and
structure and chronic anterior knee pain.'®

The purpose of this study was to find out whether there
is an association between sonographic changes in the patellar
tendon and occurrence of chronic anterior knee pain in patients
with a nailed tibial shaft fracture, in which the ultrasound
measurements are done after nail extraction. The question to
be answered is whether or not there is something that we can
avoid in intramedullary nailing of tibial shaft fracture that can
prevent chronic anterior knee pain postoperatively.
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MATERIALS AND METHODS

Fifty consecutive patients [23 men and 27 women, mean
age of 42 = 5 (SD) years] with an isolated tibial shaft fracture
who were treated with a reamed intramedullary nail with 2
interlocking bolts at both ends of the nail (Grosse-Kempf-nail,
Howmedica) between July 1996 and January 1998 formed the
basic population of this prospective follow-up study. The
inclusion criteria included age of 15 years or more, absence of
any major comorbidities, and absence of any fracture line
extending up to the knee joint or down to the ankle joint. No
patient had previous injuries or symptoms related to either
extremity. All patients were informed of the study procedure,
purposes, and known risks, and all gave written informed
consent. After they gave informed consent, the patients were
randomized using sealed envelopes into to 1 of 2 operation
groups (closed nailing with use of a transtendinous approach
or closed nailing with use of a paratendinous approach).

The patients were divided postoperatively into 2 groups
during the study depending on the presence or absence of
chronic anterior knee pain: 1) the symptomatic group (patients
having chronic anterior knee pain); and 2) the asymptomatic
group (patients without chronic anterior knee pain, including
visual analogue scale [VAS] scores <10).

Two patients were excluded from the study in the early
phase of treatment because the nail had to be removed due to
a deep infection. Two patients died during follow-up from
causes not related to the tibial shaft fracture. Two patients were
initially managed with a cast and then treated by nailing at the
time of corrective osteotomy (the first one 6 months, and the
second one 18 months after the injury), and they were also
excluded from the study. In addition, we were unable to locate
and contact 4 patients for the follow-up ultrasound examina-
tion, and for unknown reasons, 4 patients never attended the
ultrasound investigation. Thus, the final number of patients
available for ultrasound investigation was 36.

The intramedullary nailing procedure for acute fractures
was performed within 24 hours in 42 patients and between 1
and 12 days in 6 patients. A tourniquet was not used during the
operation. The incision for the transtendinous approach was
made longitudinally through the midline of the patellar tendon
for a distance of 3 to 5 cm. After insertion of nail, the incision
was closed with interrupted sutures. In the paratendinous
approach, a medial longitudinal incision was made, with care
taken not to violate the patellar tendon or its sheath. For all
patients, standard proximal and distal locking screws were
used. All nails were countersunk below the cortical bone of the
proximal tibia. Postoperative immobilization in a cast or brace
was not used. Patients were not allowed weight bearing on the
operated side until 6 weeks postsurgery, then partial weight
bearing on that side for the next 6 weeks, then full weight
bearing after 12 weeks postsurgery. All patients were given
instructions for thigh muscle rehabilitation preoperatively in
the hospital, but no formal physiotherapy was done after
intramedullary nailing. Nails were routinely removed regard-
less of the presence or absence of knee pain, approximately
1.5 years after the nailing, using the same entry incision and
approach that was used for the nail insertion. Routine removal
of the nail was common practice in Finland during the time of

312

this study. Five patients refused nail extraction, because the
nail did not bother them at all during daily activities (2 patients
in the pain group and 3 patients in the painless group). After
removal of the intramedullary nail, neither instructions for
thigh muscle rehabilitation nor physiotherapy were given.

All ultrasound and Power Doppler evaluations of the
patellar tendons were done by an experienced senior radiol-
ogist from the Department of Radiology. The radiologist was
blinded to the clinical results. All ultrasound investigations
were performed using an Acuson 512 Ultrasound system and
Power Doppler technique (Acuson Sequoia, Mountain View,
CA) with a 7.5-MHz real-time linear array transducer (8L5
38-mm linear Multihertz, Acuson). Patients were in a sitting
position with the knee joint at 30° of flexion for the exami-
nation. Measured parameters were calcification of the patellar
tendon, granulation tissue at the nail entry point, and hypoechoic
lesions of the patellar tendon. Power Doppler was used to
measure the blood flow of the patellar tendon and at the entry
point. Lastly, the thickness of the distal and proximal parts of the
patellar tendon in the operated limb and nonoperated limb were
determined.

Along with the ultrasound investigation, the patients
graded their chronic anterior knee pain during rest, walking,
running, squatting, kneeling, stair climbing, stair descent, and
after long-term sitting on a 100-mm VAS,?® with 0 denoting no
pain and 100 denoting the worst pain that the patient could
imagine.

To describe the data, the mean (SD) and the 95%
confidence interval (CI) of the differences between the groups
are reported for the continuous variables. Differences between
the pain and painless groups were tested using the Mann-
Whitney U test for the continuous variables because the dis-
tributions were skewed. The reporting also included 95% CI
for the differences. The differences between categorized
variables were tested using the Fisher exact test. The statistical
analysis was carried out using the SPSS for Windows program
(Version 11.0; SPSS Inc. Chicago, IL). Throughout the study,
a P value of <0.05 was considered statistically significant.

RESULTS

Of the 36 patients, none had a surgical complication,
such as patellar tendon rupture, compartment syndrome, or
broken device. The study groups were comparable with
respect to age, body mass index (BMI), nail protrusion, nail-
plateau distance, and nail insertion and removal, but there were
more women than men in the symptomatic group (Fisher exact
test, P = 0.07) (Table 1).

The ultrasound investigations were done an average
2.5 £ 0.5 years after nail insertion and 1.0 = 0.3 years after
nail extraction. Twelve (33%) patients were pain free, and 24
(67%) patients had chronic anterior knee pain at the follow-up.
The pain was worst on kneeling and ascent of stairs (Table 2).
In general, however, the symptoms were classified as minor
because no patient was symptomatic during daily activities and
no patient had received surgical treatment or physiotherapy for
the problem of anterior knee pain. Also, no patient took
medication on a regular basis to alleviate the pain. There were
no statistically significantly differences between study groups

© 2005 Lippincott Williams & Wilkins
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TABLE 1. Basic Characteristics of Patients With and
Without Anterior Knee Pain After Intramedullary
Nailing of a Tibial Shaft Fracture

No Anterior Knee

Anterior Knee

Pain (n = 12) Pain (n = 24) P

BMI (kg/m?) 26.2 =29 253 £53 0.835%*
Age (yrs) 44 = 14 42 + 13 0.370%*
Gender 0.087F

Female 2 (17%) 12 (50%)

Male 10 (83%) 12 (50%)
Nail insertion 0.4817

Transtendinous 8 (67%) 12 (50%)

Paratendinous 4 (33%) 12 (50%)
Protrus (mm)% 54+ 32 49 = 4.1 0.825%*
Plateau (mm)® 8.9 +93 125+ 9.6 0.231%*
Nail removal 10 (83%) 21 (88%) 0.581%*

*Mann-Whitney test.
fFisher exact test.
$Nail protrusion.
§Nail plateau distance.

in blood circulation at the patellar tendon or nail entry point,
calcification of the patellar tendon, granulation tissue at the
entry point, or occurrence of hypoechoic lesions of the patellar
tendon (Table 3). There were no statistical significant dif-
ferences in the patellar tendon thickness between the 2
different nail entry sites, (paratendinous or transtendinous
approach) (Table 4), although the patellar tendon was
somewhat thicker in the transtendinous approach (Table 4).
This, however, did not explain the between-group difference in
the occurrence of the chronic anterior knee pain (Table 1).
With reference to the difference of thickness of the distal part
of the patellar tendon in the operated versus nonoperated limb,
the mean difference was 1.4 £ 1.1 mm in the chronic pain
group and 2.6 £ 2.5 mm in the painless group (P = 0.135
[95% CI for the group difference = —0.4-2.8]) (Table 3). The
mean difference at the proximal part of the patellar tendon was
1.4 = 1.3 mm in the chronic pain group and 2.3 * 2.3 mm
in the painless group (P = 0.251 [95% CI for the group
difference = —0.7-2.4]), respectively (Table 3).

Using an alpha level of less than 5% (P < 0.05) and
using this 1.2-mm difference between the means, the final

TABLE 2. Mean (SD) Intensity of Anterior Knee Pain During
Various Activities Among Those Who Reported Pain

Activity Intensity of Anterior Knee Pain*

Rest 26 (+9),n =3

Walking 33 (x11),n =3
Running 47 (£19), n = 47
Squatting 40 (+£23),n = 11
Kneeling 54 (£31), n = 26

Stairs down 58 (£22),n = 4

Stairs up 41 (x16),n =5

After long-term sitting 23 (x12),n =5

*Visual analogue scale (0, no pain; 100, worst possible pain).
FFour patients had not started running activity.

© 2005 Lippincott Williams & Wilkins

number of patients per group (12 and 24) gave a minimum
85% statistical power for the study.

DISCUSSION

It is apparent from the literature that the source of
chronic anterior knee pain after intramedullary nailing of a
tibial shaft fracture is multifactorial. Devitt et al*' demon-
strated in 8 cadaveric knees that the insertion of an
intramedullary nail in the tibia significantly increases contact
pressures at the patellofemoral joint.>' They used 2 different
approaches: medial paratendinous and transtendinous. A sig-
nificant increase in contact pressures was found at the lateral
facets of the patella using the medial paratendinous approach
and at the medial facet when using the transtendinous
approach to the proximal tibia. With the transtendinous ap-
proach, the contact pressure increases on both facets suggested
that chondral injury is more likely with the transtendinous
approach.?' Lembcke et al** showed that lateral insertion of the
nail usually results in a varus deformity in the fracture as well
as a lateral displacement of the distal fragment. The medial in-
sertion has the opposite effect: valgus deformity with medial
displacement of the distal fragment.*?

Hernigou and Cohen'? showed that the intra-articular
structures particularly at risk for damage during tibial nailing
are the medial meniscus, the lateral tibial plateau, and the
transverse ligament. Their results demonstrated that in some
bones, the safe zone is smaller than the size of standard
reamers and the proximal part of some nails. Tornetta et al*®
also studied intra-articular anatomic risks of tibial nailing.?*> A
lateral paratendinous approach placed the lateral articular
surface, and a medial approach the medial meniscus, at the
highest risk. They determined a safe zone for portal placement,
which was located 9.1 £ 5 mm lateral to the midline of the
plateau and 3 mm lateral to the center of tibial tubercle. The
width of the safe zone averaged 22.9 mm and was as narrow as
12.6 mm.”

McConnell et al** also investigated the radiographic
correlate of the anatomic safe zone in the intramedullary
nailing of tibia in 20 cadaveric knees. The safe zone for tibial
nailing as seen on radiographs was just medial to the lateral
tibial spine on the anteroposterior (AP) view and immediately
adjacent and anterior to the articular surface as visualized on
the lateral radiograph.?* Samuelson et al’s* findings support
using a medial paratendinous or transtendinous approach for
nail insertion while avoiding insertion sites lateral to the tibial
tubercle.® There is a safe area that avoids the infrapatellar
nerve; it is within an approximate 30-mm area from the medial
margin of the patella at the level of the midpatella, and within
an approximate 10-mm area from the medial margin of the
patellar tendon at the level of the distal pole of the patella.'®

In a retrospective study, in which the nail was inserted
via a paratendinous incision in 65 fractures and via a tendon-
splitting incision in 36 fractures, Keating et al*® reported that
insertion of an intramedullary nail through the paratendinous
incision resulted in a 50% incidence of knee pain (33 patients
out of 65 fractures), whereas this incidence in the trans-
tendinous incision group was 77% (28 patients out of 36
fractures). This difference was statistically significant. They
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TABLE 3. Patients With and Without Anterior Knee Pain: Ultrasound Measurements and
Difference in the Patellar Tendon Thickness Between the Operated and Nonoperated Limbs

No Anterior Knee

Anterior Knee

Pain (n = 12) Pain (n = 24) P 95% CI

Calcification

Yes 7 (58%) 11 (46%) 0.725*

No 5 (42%) 13 (54%)
Hypoechoic lesion

Yes 7 (58%) 15 (63%) 1.000*

No 5 (42%) 9 (37%)
Granulation at the nail entrypoint

Yes 2 (17%) 7 (29%) 0.685*

No 10 (83%) 17 (71%)
Circulation in the patellar tendon

Yes 3 (25%) 2 (8%) 0.307*

No 9 (75%) 22 (92%)
Circulation at the entry point

of the tendon

Yes 2 (17%) 4 (17%) 1.000*

No 10 (83%) 20 (83%)
Thickness difference at the

distal part of the patellar

tendon (mm) 2.6 £2.5 14 1.1 0.135F —0.4 to 2.8
Thickness difference at the

proximal part of the

patellar tendon (mm) 23 %23 14+13 0.2517 —-0.7t0 2.4

*Fisher exact test.
tMann-Whitney test.

recommended a paratendinous incision for nail insertion,
which they had also recommended earlier.”” Toivanen et al*®
undertook a prospective randomized study in which they
found that chronic anterior knee pain occurred similarly after
transtendinous and paratendinous approaches.*® Karladani and
Styf* describe an approach in which the skin incision is
located on either the medial or lateral side of the patella and the
nailing is performed percutaneously. They used this percuta-
neous technique in 13 patients with an isolated tibial shaft
fracture. At the final follow-up of 22 months, all patients were
able to kneel on the injured side and no patient had dysfunction
of the infrapatellar branch of the saphenous nerve.”

Lastly, Bennel et al*® shows that injection of 0.20 to
0.25 mL of 5% hypertonic saline into the medial infrapatellar
fat pad produces moderate to severe pain in the anterior knee
region. The effects appear to be due to chemical irritation
from the hypertonic saline of the nociceptors within the
fat pad.*®

In our study, there were no statistical significant dif-
ferences in patellar tendon thickness between the entry point
using either the paratendinous approach or transtendinous ap-
proach. However, the patellar tendon was thicker in the
transtendinous group, but this factor alone did not explain the
occurrence of the chronic anterior knee pain. There were no
statistically significantly differences between the 2 approaches
in blood circulation of the patellar tendon and the entry point,
calcification of the patellar tendon, granulation of the entry
point, or hypoechoic lesions of the patellar tendon. Our
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prospective study also showed that both approaches are safe to
use in an intramedullary nailing of a tibial shaft fracture.

Sala et al'® retrospectively investigated chronic anterior
knee pain after intramedullary nailing. They did an ultrasound
examination on an average 10.9 months after surgery and used
the patellar transtendinous access in each case. However, in
their study, the intramedullary nails were still in place at the
time of the ultrasound examination. They recorded nail-tendon
impingement frequently, but this did not achieve statistical
significance. The patellar tendon was thickened as compared
to the contralateral one. The tendinous morphostructure did
not reveal any correlation with the chronic anterior knee
pain.'® As noted above, also in our prospective study, there
were no statistical differences between study groups in blood
circulation of the patellar tendon and nail entry point, cal-
cification of the patellar tendon, granulation tissue at the entry
point, and hypoechoic lesions of the patellar tendon. Also,
there were no statistical significant differences between the
thicknesses in the distal or proximal parts of the patellar ten-
don. There were 5 patients who did not have nail removal,
because the nail did not bother them (2 out of 12, 17%, in the
pain group and 3 out of 24, 12.5%, in the painless group). We
evaluated our data with and without these 5 patients and their
ultrasonographic changes, and there were no statistically sig-
nificant changes in our results.

Jarveld et al'* did ultrasound and Power Doppler eval-
uation of the remaining patellar tendon after harvesting its
central third for reconstruction of the anterior cruciate

© 2005 Lippincott Williams & Wilkins
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TABLE 4. Patients Operated on With the Transtendinous or Paratendinous
Technique: Ultrasound Measurements and Difference in the Patellar Tendon
Thickness Between Operated and Non Operated Limbs

Transtendinous Paratendinous
(n =20) (n = 16) P 95% CI

Calcification

Yes 13 (65%) 5 (31%) 0.092*

No 7 (35%) 11 (69%)
Hypoechoic lesion

Yes 13 (65%) 9 (81%) 0.734*

No 7 (35%) 7 (19%)
Granulation at the entry

point of the nail

Yes 7 (35%) 2 (13%) 0.245*

No 13 (65%) 14 (87%)
Blood circulation at the

patellar tendon

Yes 3 (15%) 2 (13%) 1.000*

No 17 (85%) 14 (87%)
Blood circulation at the entry

point of the nail

Yes 5(25%) 1 (6%) 0.196*

No 15 (75%) 15 (94%)
Thickness difference at the

distal part of the patellar

tendon (mm) 22 x20 14+12 0.179% —0.4t02.0
Thickness difference at the

proximal part of the patellar

tendon (mm) 2.0 = 2.1 1.2 1.1 0.173% —0.4t02.0

*Fisher exact test.
FMann-Whitney test.
ligament. Morphologic changes were very common; only 3 REFERENCES

patients (9.7%) had no ultrasound changes. However, there
were no differences in the morphologic changes between the
patients with or without chronic anterior knee pain.'*

Interindividual variation exists in the anatomic relation-
ship between the patellar tendon and the lateral tibial spine.
Althausen et al®' stated that individual variations in the
patellar tendon should be considered when choosing the
proper entry site for tibial nailing, and the routine use of
a single approach for all tibial nails may no longer be justified.
Further, a preoperative fluoroscopic measurement before inci-
sion can guide the surgeon as to whether a medial para-
tendinous, transtendinous, or lateral paratendinous approach
provides the best and most direct access to the entry site. Based
on their study, the safest entry point for tibial nail is just medial
to the tibial spine at the anterior margin of the articular
surface.®!

Given all the above, it is still unclear what the true causal
relationships are among the surgical approach for nail inser-
tion, postoperative patellar tendon changes, and chronic
anterior knee pain. After intramedullary nailing of a tibial
shaft fracture, there was no ultrasonographic anatomic differ-
ences in the patellar tendons of patients with or without
chronic anterior knee pain. In conclusion, our study suggests
that it seems safe to use either a paratendinous or trans-
tendinous approach for intramedullary nail insertion.
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ORIGINAL ARTICLE

Anterior Knee Pain and Thigh Muscle Strength After
Intramedullary Nailing of a Tibial Shaft Fracture: An 8-Year
Follow-up of 28 Consecutive Cases

Olli Viiisté, MD,*1 Jarmo Toivanen, MD,*} Pekka Kannus, MD,*§ and Markku Jéirvinen, MD*f

Objectives: Chronic anterior knee pain is a common complication
after intramedullary nailing of a tibial shaft fracture. The source of
pain is often not known, although it correlates with a simultaneous
decrease in thigh muscle strength. No long-term follow-up study has
assessed whether weakness of the thigh muscles is associated with
anterior knee pain after the procedure in question.

Design: Prospective study.
Setting: University Hospital of Tampere, University of Tampere.

Patients: The muscular performance of 40 consecutive patients with
a nailed tibial shaft fracture was tested isokinetically in a follow-up
examination an average of 3.2 * 0.4 (SD) years after the initial
surgery. An 8-year follow-up was possible in 28 of these cases.

Main Outcome Measurements: Isokinetic muscle strength
measurements were made in 28 patients at an average 8.1 = 0.3 (SD)
years after nail insertion and an average 6.6 * 0.3 (SD) years after
nail extraction. All nails were extracted at an average 1.6 = (.2 years
after the nailing.

Results: Seven patients were painless initially and still were at final
follow-up (never pain, or NP). In 13 patients, the previous symptom
of anterior knee pain was no longer present at final follow-up [pain,
no pain (PNP)], and the remaining 8 had anterior knee pain initially
and at final follow-up [always pain group (AP)]. With reference to the
hamstring muscles, the mean peak torque difference between the
injured and uninjured limb was —2.2% * 12% in the NP group,
1.6% = 15% in the PNP group, and 10.3% = 30% in the AP group
at a speed of 60 degrees/second (Kruskal-Wallis test; x* = 1.0;
P = 0.593). At a speed of 180 degrees/second, the corresponding
differences were —2.9% = 23% and 7.0% * 19% and 4.4% = 16%
(Kruskal-Wallis test; x> = 1.7; P = 0.429). With reference to the
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quadriceps muscles, the mean peak torque difference was —2.8% = 9%
in the NP group, 5.9% = 15% in the PNP group, and —13.0% * 16%
in the AP group at a speed of 60 degrees/second (Kruskal-Wallis test;
x> =7.9; P =0.019). At 180 degrees/second, the corresponding
differences were —9.4% =+ 13% and 4.9% *+ 16% and —1.9% =+ 9%,
respectively (Kruskal-Wallis test; x> = 4.8; P = 0.092).

Conclusion: Based on this prospective long-term follow-up study, it
appears that the anterior knee pain symptoms that are present after
intramedullary nailing of a tibial shaft fracture disappear in a number
of patients 3 to 8 years after surgery. Quadriceps, but not hamstring
weakness, and lower functional knee scores are associated with
anterior knee pain at 8 years.

Key Words: tibial fracture, intramedullary nailing, anterior knee
pain, thigh muscle strength, long-term follow-up

(J Orthop Trauma 2007;21:165-171)

INTRODUCTION

A number of studies have shown that the outcome of
treatment of a tibial shaft fracture using locked intramedullary
nailing is superior to that of cast treatment.'® It is accepted
that the main complication associated with intramedullary
nailing is knee pain.”™'* However, the cause of this most
common postoperative problem, that is, chronic anterior knee
pain, is still unknown. Thigh muscle deficit after tibial fracture
has been reported in several articles.>'*'® Nyland et al'’
recorded an average 25% extensor and 17% flexor torque
deficit in the operated limb more than 1 year (18 % 6 months)
after intramedullary nailing of isolated tibial fractures. In
a previous investigation from our institution, the weakness of
the thigh muscles was associated with chronic anterior knee
pain after intramedullary nailing of tibial shaft fractures.'?

The first goal of this prospective 8 year follow-up study
was to establish whether patients treated with intramedullary
nailing for a tibial shaft fracture and who had postoperative
anterior knee pain also had associated thigh muscle weakness
and decreased functional knee scores at long-term follow-up.
The second purpose was to determine the presence or absence
of anterior knee pain before and after removal of the intra-
medullary nail during the same long-term follow-up period.
Our hypotheses were that anterior knee pain is associated with
thigh muscle strength and that the long-term functional out-
come would be better than the short-term functional outcome.
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PATIENTS AND METHODS

Fifty consecutive patients [23 men and 27 women; mean
age 42 = 5 (SD) years] with an isolated tibial shaft fracture
were treated with a reamed intramedullary nail with 2 inter-
locking bolts at both ends of the nail (Grosse-Kempf nail;
Howmedica, Rutherford, New Jersey) at Tampere University
Hospital, Tampere, Finland, between July 1996 and January
1998 and enrolled in this prospective study. Inclusion criteria
were the following: age 15 years or older, absence of any major
comorbidities, and absence of any fracture line extending
proximally into the knee joint or distally into the ankle joint.
No patient had previous injuries or symptoms related to either
extremity. All were informed of the study procedure, purposes,
and known risks, and all gave written informed consent. The
study was conducted in conformity with the principles of the
Declaration of Helsinki and approved by our institutional
ethics committee. Patients were divided postoperatively into
3 groups, depending on the development of chronic anterior
knee pain. (1) symptomatic [patients experiencing chronic
anterior knee pain or pain, no pain (PNP), and always pain
(AP)] and (2) asymptomatic [patients with no chronic anterior
knee pain (never pain, NP)]. Two patients were excluded from
the study in the early phase of treatment because the nail had
to be removed due to a deep infection, leaving 48 patients in
the study.

Intramedullary nailing was performed within 24 hours in
42 patients and between 1 and 12 days in 6. A tourniquet was
not used during the operation. The patients were randomized,
with use of sealed envelopes, into one of 2 groups: closed
nailing with use of a patellar tendon-splitting (transtendinous)
approach (25 patients) or closed nailing with use of a para-
tendinous approach (25 patients).The incision for the trans-
tendinous approach was made longitudinally through the
midline of the patellar tendon for a distance of 3 to 5 cm. After
insertion of the nail, the incision was closed with interrupted
sutures. In the paratendinous approach, a medial longitudinal
incision was made, care being taken not to violate the patellar
tendon or its sheath. In all cases, standard proximal and distal
locking screws were used. All nails were countersunk below
the cortical bone of the proximal tibia. Postoperative
immobilization in a cast or brace was not used. Patients were
allowed to progress to 1-leg weight-bearing 6 weeks (leg
weight to operative side) and to full weight-bearing 12 weeks
postsurgery. All patients received instructions on thigh muscle
rehabilitation in the hospital, but no formal physiotherapy was
instituted at any time after initial surgery. Nails were routinely
removed regardless of the presence or absence of knee pain, on
the average 1.6 * 0.2 years after insertion, using the same
entry incision and approach as in nail insertion. After removal
of the nail, no instructions on either thigh muscle rehabilitation
or physiotherapy were given.

There were 40 patients in the first isokinetic muscle-
strength check-up an average 3.2 = 0.4 (SD) years after the
surgery (see our previous article, Viistd et al'?). Two patients
subsequently died from causes not related to the tibial shaft
fracture. Five patients sustained a new trauma or acute heart or
lung disease and were excluded from the study. Three patients
refused further follow-up. Last, 2 patients could not be found
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for the 8 year follow-up examination. Thus, 28 patients were
available for isokinetic strength testing and pain evaluation at
8 years (average, 8.1 = 0.3 years after nailing).

The first isokinetic quadriceps and hamstring strength
testing was performed using the Cybex system (Cybex
6000; Lumex, Inc, New York, NY). The current long-term
check-up was conducted using the Dyna-Com system
(Dyna-Com 650; Oy Diter-Elektroniikka Ab). Both tests were
made by the same physician, who was not a part of the surgical
team.

Before the tests, the patients did warming-up exercise
on an ergometer bicycle for 5 minutes and then were fastened
to the isokinetic device with straps around the chest, pelvis,
thigh, and malleoli. Before testing, the patient was instructed
to perform a sufficient number of submaximal and maximal
repetitions of knee extension and flexion at both test velocities
(60 and 180 degrees/second) to become familiar with the
machine. The actual test included knee joint extension and
flexion with both legs at these 2 angular velocities. Range
of movement was 90 degrees (0—90 degrees). The test included
5 maximal repetitions at both speeds, with a 30 second rest
between the 2. Each patient was verbally encouraged to do her
or his best. The repetition during which the maximal peak
torque was produced was recorded.

Concurrent with the isokinetic testing, the patients
graded chronic anterior knee pain during rest, walking,
running, squatting, kneeling, stair climbing, and stair descent,
and after long-term sitting, on a 100 mm visual-analog scale,'®
with 0 denoting no pain and 100 denoting the worst pain the
patient could imagine. All patients also completed standardized
knee-scoring scales, as described by Lysholm and Gillquist'
and Tegner et al.>° The Iowa Knee Score questionnaire’’ was
also completed. All patient interviews were made by the same
physician on both occasions.

Statistics

To describe the data, means (SD) are reported for the
continuous variables. The mean deficit in thigh muscle
strength in the operated limb was compared to the nonoperated
limb and reported as a percentage. Because of skewness in
data distribution, the differences between the groups were
tested using the Kruskal-Wallis test for continuous variables.
The differences between categorized variables were tested
by x* test.

The original power calculations suggested that, apply-
ing less than 5% probability of a type I error (P < 0.05) and
a power analysis with 80% power, type II error (P < 0.20),
a sample size of 18 patients (9 patients per group) was
necessary to detect a 15% muscle strength difference between
the 2 study groups.'® This 15% was considered a clinically
relevant difference because the strength and function of thigh
muscles seem to be up to 85% of normal 1 year after fracture
of the diaphysis of the tibia,'* and thigh muscle strength
deficits have been reported to be 17% to 25% after
intramedullary nailing of isolated tibial fractures.'’

The statistical analysis was carried out using the SPSS
for Windows program (version 12.0; SPSS Inc). Throughout
the study, P < 0.05 was considered statistically significant.

© 2007 Lippincott Williams & Wilkins
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RESULTS

Of these 40 patients, there were no complications such
as deep or superficial infections, patellar tendon rupture,
compartment syndrome, or broken hardware; 35 reported
anterior knee pain before nail removal on average 1.6 *
0.2 years after nail insertion. Nineteen (54%) had complete
or marked resolution of pain after nail extraction. The first
isokinetic quadriceps and hamstring strength test was
performed an average of 3.2 = 0.4 years after nail insertion
and 1.7 = 0.3 years after extraction. Of the remaining
28 patients, 7 (25%) patients were painless and 21 (75%) had
reported chronic anterior knee pain at the first follow-up (for
details, see our previous article, Viistd et al'®). The long-term
follow-up test was performed an average of 8.1 * 0.3 years
after nail insertion and 6.6 = 0.3 years after nail extraction
(Table 1). Twenty (71%) patients were painless, and only
8 (29%) complained of chronic anterior knee pain at the
final check-up. Anterior knee pain had thus disappeared in
13 patients during the second follow-up period. Among the
8 patients with pain, the pain was worse on kneeling and
squatting and after long-term sitting (Table 2).

We divided the 28 patients into 3 groups: 7 patients were
painless initially and still at follow-up (NP). In 13 patients, the
anterior knee pain had disappeared during the follow-up
(PNP), and the remaining 8 had anterior knee pain initially
and at follow-up (AP).

With reference to the hamstring muscles, the mean peak
torque difference between the injured and uninjured limb was
—2.2% = 12% in the NP group, 1.6% = 15% in the PNP

TABLE 1. Characteristics of Patients who Never had Anterior
Knee Pain (NP), Patients for Whom Anterior Knee Pain had
Vanished During Follow-up Time (PNP), and Patients With
Anterior Knee Pain (AP)

Never Pain, No Always P
Pain, n =7 Pain,n=13 Pain,n=8 Value

BMI (kg/m?) 26533 255*x29 254 =*83 0.725*%
Age, y 44 = 15 48 9 40 = 18 0.464*
Sex

Female 0 (0%) 8 (62%) 5 (63%) 0.018%

Male 7 (100%) 5 (38%) 3 (37%) ’
Nail insertion

Transtendinous 4 (57%) 6 (46%) 4 (50%) 0.8967

Paratendinous 3 (43%) 7 (54%) 4 (50%) ’
Smoking

No 5 (71%) 9 (69%) 5 (63%) 0.9247

Yes 2 (29%) 4 (31%) 3 (37%) ’
Plateau (mm) 153 £ 8.0 7255 124 £81 0.060*
Protrus (mm) 2.7 £33 5042 6.4 =43 0.220*%
Opertime (min) 70 = 19 84 = 20 96 = 66 0.419*
Hospital time (d) 7.6 =33 52+ 1.7 7.6 £ 34 0.162%
ROMt (°), first control 139 = 9 140 £ 7 138 = 11 0.620*
ROM (°), long term 150 = 0 150 = 0 148 = 5 0.075*

ROM, range of movement.

*Kruskal-Wallis test.

TXZ Test.

#Range of movement in the knee joint (0-150 degrees).

© 2007 Lippincott Williams & Wilkins

TABLE 2. Mean (+SD) Intensity of Anterior Knee Pain During
Various Activities Among Those who Reported Pain (N = 8)

Intensity of Anterior

Activity Knee Pain*
Rest 30, n=1
Walking 36 (£1),n=2
Running 40, n = 1f
Squatting 45 (*24),n=4
Kneeling 71 (£19),n =8
Stairs down 35,n=1
Stairs up 40 (x14),n=6
After long-term sitting 50,n=1

*Visual analogue scale (0, no pain; 100 worst possible pain).
+One patient had not started any running activity.

group, and 10.3% = 30% in the AP group at a speed of
60 degrees/second (Kruskal-Wallis test; x* = 1.0; P = 0.593).
At a speed of 180 degrees/second, the corresponding
differences were —2.9% = 23% and 7.0% = 19% and
4.4% =+ 16% (Kruskal-Wallis test; x> = 1.7; P = 0.429),
respectively. In the quadriceps muscles, the mean peak torque
difference was —2.8% * 9% in the NP group, 5.9% = 15% in
the PNP group, and —13.0% = 16% in the AP group
at a speed of 60 degrees/second (Kruskal-Wallis test; x> = 7.9;
P = 0.019). At 180 degrees/second, the corresponding
differences were —9.4% * 13% and 4.9% = 16% and
—1.9% * 9% (Kruskal-Wallis test; x> = 4.8; P = 0.092),
respectively (Table 3).

As noted above, at the long-term check-up there were
7 patients who were painless initially and also at the final
follow-up (NP). In 13, the anterior knee pain had disappeared
during the follow-up (PNP), and the remaining 8 experienced
anterior knee pain initially and at the last follow-up (AP).
Symptoms among the latter group were minor, and none
received surgical treatment or physiotherapy for the anterior
knee pain during the follow-up period. All patients were at
work normally after the surgery; only 2 in the AP group did
not go to work before 12 months after the accident and
operation.

The 3 study groups were comparable with respect to age,
body mass index, nail protrusion, operation time, nail insertion
site, hospital time, and range of movement in the knee joint.
There were clear differences between the groups in the nail-
plateau distance (the distance from the plateau surface of the
tibia to the proximal tip of the nail), although these differences
were not statistically significant (P = 0.060) (Table 1). Also,
there were statistically significant intergroup differences in
the Iowa Knee Score?! at the first check-up, as well as at long-
term follow-up (Kruskal-Wallis test; x> = 15.8, P = 0.000 and
x> = 22.0, P = 0.000), Lysholm and Gillquists'® knee score
(Kruskal-Wallis test; x> = 16.6, P = 0.000 and x> = 15.4, P =
0.000) and the Tegner et al*® knee score (Kruskal-Wallis test;
x> = 7.3, P=0.026 and x* = 4.7, P = 0.093) (Table 4). No
group differences emerged with regard to mode of injury
and type of fracture; however, the level of the fracture seemed
to be more proximal in the AP group (Table 5).
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TABLE 3. Difference* (%) in Thigh Muscle Strength Between Operated and Nonoperated Lower Limb Among Patients who
Never had Anterior Knee Pain (NP), Patients for Whom Anterior Knee Pain had Vanished During Follow-up Time (PNP), and
Patients With Anterior Knee Pain (AP)

Never Pain, n =7 Pain, No Pain, n = 13 Always Pain, n = 8 P Valuet
Flexion 60° (%) —22 * 120 1.6 = 153 10.3 = 30.3 x~ =10, P=0.593
Extension 60° (%) —2.8 = 8.8 59 = 147 —13.0 £ 15.5 =79, P=0.019
Flexion 180° (%) —29 *+ 225 7.0 = 189 44 *16.2 X2 =1.70, P = 0.429
Extension 180° (%) —94 *+ 134 49 =163 —1.9 = 88 x> =48, P=0.092

*Difference = (operated limb-nonoperated limb)/nonoperated limb X 100%. A negative value indicates that operated limb is weaker than nonoperated limb.
tKruskal-Wallis test.

DISCUSSION and hamstring muscle decreases and muscle atrophy rapidly

Our study reports a signiﬁcant strength difference becomes evident after the injury, especially during the first 1 to
between the study groups (NP, PNP, and AP groups) in knee 2 weeks.” If early rehabilitation has been completely forgotten
extension at a speed of 60 degrees/second (quadriceps  and ignored, it may prove extremely difficult to restore the
muscle), whereas this was not the case in knee flexion  strength and power of the muscles to normal."® In our study,
(hamstring muscle) (Table 3). Patients who never had anterior ~ patients who never had anterior knee pain (NP) showed little
knee pain (NP) had almost balanced muscle strength during  percentage muscle strength increase during the follow-up
the follow-up period, the operated limbs being 2% to 9%  period, whereas the 2 other groups, who had anterior knee pain
weaker than nonoperated ones (Table 3). They had almost  at the first testing, had better improvement. In simple terms, in
balanced muscle strength in the first isokinetic test already. the first group (NP) the balance between operated and
There was a clear muscle strength deficit in operated limbs  nonoperated leg muscle strengths was already good at the first
(extension and flexion) with patients in other groups (PNP and  testing check-up. The second group (PNP) had such
AP) in the first isokinetic test. Patients whose anterior knee a percentage increase in the operated legs that the muscle
pain had disappeared during follow-up (PNP) had more strength of that leg was better than the nonoperated leg
strength in knee extension and flexion in the operated than (extension strength). The third group (AP) had continued
in the nonoperated limbs, perhaps because of painless reha- lower extension strength in the operated leg than nonoperated
bilitation. Also, the pain group (AP) had better flexion strength  leg at the second muscle testing. Kobayashi et al** showed that
in the operated than the nonoperated limb, but extension 24 months after anterior cruciate ligament reconstruction,
strength was clearly better in the nonoperated limbs. Jarveld  quadriceps muscle strength had recovered to approximately

et al*? investigated occurrence and predicting factors in  90% of the level of the uninvolved side at both 60 and 180

anterior knee pain after an anterior cruciate ligament  degrees/second. In contrast, hamstring muscle strength had

reconstruction with a bone-patellar tendon-bone autograft, already recovered to approximately 90% at 6 months.

and the most prominent factor related to the occurrence of Clark et al*> determined the efficacy of the individual

anterior knee pain proved to be an extension torque deficit =~ components of physiotherapy with in 81 young adults with

at the speed of 60 degrees/second. anterior knee pain (patellofemoral pain syndrome). They noted
Some patients may thus benefit from specific rehabil- that the proprioceptive muscle stretching and strengthening

itation of the knee and thigh muscles (especially knee aspects of physiotherapy had a beneficial effect on anterior
extensors) after surgery for a tibial shaft fracture. On the  knee pain at 3 months, sufficient to permit discharge from
other hand, in all patients the strength of both the quadriceps ~ physiotherapy, and these benefits were maintained at 1 year.

TABLE 4. Functional Scores Among Patients who Never had Anterior Knee Pain (NP), Patients for Whom Anterior Knee Pain
had Vanished During Follow-up Time (PNP), and Patients With Anterior Knee Pain (AP)

Never Pain, n =7 Pain, No Pain, n = 13 Always Pain, n = 8 P Value*
Tegner knee scoret 49 + 0.7 37+ 13 48 £ 2.1 X2 =42, P=0.120
Tegner knee scored 49 £ 1.1 3713 3313 X2 =73, P=0.026
Tegner score§ 50 = 1.1 3.7 1.0 45 * 1.7 x> =47, P=0.093
Iowa knee scoref 99.0 = 0.8 98.1 = 1.8 883 * 114 x> =15.8, P =0.000
Towa knee score§ 100 = 0.0 100.0 = 0.0 95.0 = 34 X2 =22.0, P=0.000
Lysholm knee scorei 979 = 1.8 96.9 * 34 76.4 = 16.1 x> = 16.6, P = 0.000
Lysholm knee score§ 98.9 = 1.1 99.7 £ 0.8 84.9 = 14.6 x> = 15.4, P = 0.000

*Kruskal-Wallis test.

tPatients’ Tegner knee score at baseline (before trauma and surgery).
$Scores at the first follow-up.

§Scores at the long-term follow-up.
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TABLE 5. Type of Fracture in Patients who Never had
Anterior Knee Pain (NP), Patients for Whom Anterior Knee
Pain had Vanished During Follow-up Time (PNP), and Patients
With Anterior Knee Pain (AP)

Never Pain, No Always P
Pain,n=7 Pain,n=13 Pain,n=8 Value
Mode of injury
Low energy 6 (86%) 11 (85%) 6 (75%) 0.821*
High energy 1 (14%) 2 (15%) 2 (25%) ’
AO classification
Al 3 (44%) 9 (68%) 5 (61%)
A2 0 1 (8%) 1 (13%)
A3 1 (14%) 1 (8%) LA3%) e
B1 1 (14%) 1 (8%) 0
B2 1 (14%) 1 (8%) 1 (13%)
C2 1 (14%) 0 0
Fibula fracture
No 0 2 (15%) 2 (25%)
High 4 (57%) 5 (38%) 0 0.263*
Middle 2 (29%) 2 (15%) 2 (25%)
Low 1 (14%) 4 (32%) 4 (50%)
Fracture location
Middle diaphysis 1 (14%) 2 (15%) 4 (50%) 0.154%
Distal diaphysis 6 (86%) 11 (85%) 4 (50%) ’

*x? Test.

On the other hand, taping did not influence the outcome.
Thomas et al*® showed that simple home-based exercise therapy
during 2 years can produce a small but significant reduction in
knee pain, an average of 12% compared to a nonexercise group,
and an exercise program also produced significant improve-
ments in knee range of motion and physical function. Roush
et al*’ showed that patients with anterior knee pain may benefit
from applying the Muncie method (home rehabilitation with
a modified vastus medialis oblique specific straight-leg-raising
exercise) in a home therapy program.

Bleakney and Maffulli*® measured quadriceps muscu-
lature and atrophy using high-resolution real-time ultrasonog-
raphy in 13 skeletally mature male patients with an isolated
unilateral diaphyseal fracture of the femur or tibia. They found
clear differences in the quadriceps morphology of the nailed
and unnailed limbs after interlocked intramedullary nailing.

In a study of muscle strength in patients with chronic
pain, strength reduction in the whole limb on the painful
side was approximately 20% to 30% more than that on the
nonpainful side.?® This strength reduction may be related to
behavioral (psychological) or physical factors. Patients with
chronic pain often avoid using the painful limb, which may
lead to physiologic changes such as atrophy.?’ In our study,
patients who had anterior knee pain at follow-up (AP) also
had lower functional knee scores than those whose anterior
knee pain had disappeared during follow-up (PNP) or who
never had had anterior knee pain (NP) (Table 4). On the other
hand, the Tegner et al** knee score had returned to preoperative
level also in the pain group, which may indicate that anterior
knee pain is rarely severe and patients have resumed their
preinjury activity levels.

© 2007 Lippincott Williams & Wilkins

There was a clear difference between the Lysholm and
Gillquist'® knee scores and Iowa knee scores in the respective
study groups. Patients whose anterior knee pain had dis-
appeared (PNP) during the follow-up already had statistically
significantly better scoring points at the first check-up than
those who still complained of anterior knee pain (AP) at the
long-term examination (Table 4).

It is obvious that the source of chronic anterior knee
pain after intramedullary nailing of a tibial shaft fracture
is multifactorial. Devitt et al,® using 8 cadaveric knees,
demonstrated that insertion of an intramedullary nail in the
tibia significantly increases contact pressures at the patellofe-
moral joint. They used 2 approaches: medial paratendinous
and transtendinous. A significant increase in contact pressures
was found at the lateral facets with the medial paratendinous
approach (P = 0.01) and at the medial facet when the trans-
patellar approach (P = 0.001) to the proximal tibia was used.
With the transtendinous approach, contact pressure increases
were recorded on both facets, suggesting that chondral injury
is more likely with this approach.*

In a retrospective study in which the nail was inserted
via a paratendinous incision in 65 fractures and via a tendon-
splitting incision in 36 fractures, Keating et al'° reported that
insertion of an intramedullary nail paratendinously resulted
in an incidence of knee pain of 50% (33 patients out of
65 fractures), whereas this incidence in the tendon-splitting
incision group was 77% (28 patients out of 36 fractures). This
difference was significant (P < 0.01). They thus recommend
a parapatellar tendon incision for nail insertion. Toivanen
et al'> undertook a prospective randomized study in which
they found that chronic anterior knee pain occurred similarly
after a trans- and paratendinous approach. Sala et al*' and
Viistd et al*? showed no relationship between tendon mor-
phology and structure and the chronic anterior knee pain;
only the patellar tendon of the operated limb was seen to be
thickened compared with the contralateral tendon. Also, on
evaluation of the remaining patellar tendon after harvesting its
central third for reconstruction of anterior cruciate ligament
(ACL), there are morphologic changes in the patellar tendon
but no relationship with anterior knee pain.** Karladani and
Styf3** describe an approach in which the skin incision is
located on either the medial or lateral side of the patella and the
nailing is performed percutaneously. They used this percuta-
neous technique in 13 patients with an isolated tibial shaft
fracture. At the final follow-up at 22 months, all patients were
able to kneel on the injured side, and none showed dysfunction
of the infrapatellar branch of the saphenous nerve.

Samuelson et al** investigated the appropriate insertion
point for a tibial intramedullary nail in the coronal plane by
using 61 embalmed cadaveric lower legs. They placed the nail
in retrograde fashion through the proximal cortex, and the exit
hole of the nail was measured in relation to the tibial tubercle.
The nail ranged from 1 mm lateral to the tibial tubercle to
21 mm medial to the tibial tubercle, with an average of 8 mm =
6 mm. Their data support the use of a medial or patellar
splitting approach for nail insertion, and insertion sites lateral
to the tibial tubercle should be avoided. Lembcke et al*®
investigated the relationship between axial shift and nail entry
point in unreamed nailing of proximal tibia fractures using
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22 formaldehyde-fixed tibiae. Their studies showed that lateral
insertion of the nail usually results in a varus deformity in
the fracture, as well as a lateral displacement of the distal
fragment. Medial insertion has the opposite effect, valgus
deformity with medial displacement of the distal fragment.

The trauma itself and damage to the infrapatellar nerve
may also cause anterior knee pain.’” There is a relationship
between injury to the infrapatellar nerve and the cause and
natural course of reflex sympathetic dystrophy of the knee.*®
There is a safe area that avoids the infrapatellar nerve; it lies
within an approximately 30 mm area from the medial margin
of the patella at the level of the midpatella and within an
approximately 10 mm area from the medial margin of the
patellar tendon at the level of the distal pole of the patella.*” In
our study, the mode of injury, the fracture location in the tibia
or fibula, and the Arbeitsgemeinschaft fiir Osteosynthesefra-
gen (AO) classification were not statistically different between
the groups. However, patients presenting with a high fibula
fracture no longer had anterior knee pain at long-term follow-
up (Table 5). Groups under Keating et al'® and Court-Brown
et al*° reported the incidence of anterior knee pain to be more
common among younger than older patients, which may be
due to a more sedentary lifestyle among elderly patients.

Schmitz et al*' showed that a tibial shaft fracture requires
more time to heal after intramedullary nailing or external
fixation in patients who smoke as opposed to those who do not
smoke. Our results showed no difference in anterior knee pain
between smoking or nonsmoking patients (Table 1).

Nail prominence above the cortex of the proximal part
of the tibia may be a contributing factor, and excessive nail
prominence irritates the overlying patellar tendon. Groups
under Keating et al'® and Toivanen et al'? found no association
between nail protrusion and anterior knee pain, which was also
shown in our long-term follow-up study (Table 1). Merchant
and Dietz?' found no difference in outcome between groups
of patients with fractures with 5 degrees, 5 to 10 degrees, or
greater than 10 degrees angulation. Kyré'' noted decreased
subjective and functional outcomes in patients with malalign-
ment of distal-third fractures treated with an intramedullary
nail compared to tibia fractures without malalignment. High-
energy, greater-prereduction-displacement, and distal-third
fractures seem to be predisposed to rotational malreduction.*
Patients treated by community orthopedic surgeons had a
higher incidence of malalignment compared to those treated
by orthopedic trauma specialists.*

The strengths of our study are a very long follow-up
period during 8 years and the randomized, prospective nature
of'the study design. The limitation of this study is the relatively
small number of patients in the current follow-up because
of attrition over time.

Taken together, although chronic anterior knee pain is
the most common postoperative complication after a nailing
procedure in tibial shaft fractures, it is rarely severe, and many
patients can return to their previous work and preinjury level of
activity. These findings are corroborated in the present study.
Fear of postoperative chronic anterior knee pain generally
should not hinder the use of intramedullary nails in the
treatment of tibial shaft fractures. Our results indicate that
anterior knee pain after intramedullary nailing of a tibial shaft
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fracture is related to strength deficiency in the knee extensor
muscles and lower functional knee scores. In the long term,
however, the anterior knee pain disappears from many
patients.
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Anterior Knee Pain After Intramedullary Nailing of Fractures
of the Tibhial Shaft: An Eight-Year Follow-Up of a Prospective,
Randomized Study Comparing Two Different Nail-Insertion

Techniques

Olli Viiisto, MD, Jarmo Toivanen, MD, PhD, Pekka Kannus, MD, PhD, and Markku Jéirvinen, MD, PhD

Baclkground: Anterior knee pain is the
most common complication after intramed-
ullary nailing of the tibia. Dissection of the
patellar tendon and its sheath during tran-
stendinous nailing is thought to be a contrib-
uting cause of chronic anterior knee pain.
The purpose of this long-term follow-up of a
prospective, randomized study was to assess
whether the prevalence and intensity of an-
terior knee pain after intramedullary nail-
ing of a tibial shaft fracture is different in
transtendinous versus paratendinous inci-
sion technique.

Metheds: Fifty patients with a tibial
shaft fracture requiring intramedullary
nailing were randomized equally (25
plus 25) to treatment with paratendinous
or transtendinous nailing. Forty-two pa-

tients (21 plus 21) were reexamined an av-
erage of 3 years after nailing, whereas 28
patients (14 plus 14) could be now reexam-
ined an average of 8 years after the nailing.
As in the first reexamination, the patients at
the 8-year follow-up used visual analog
scales to report the level of anterior knee
pain and the impairment caused by the
pain. The scales described by Lysholm and
Gillquist and by Tegner et al., the lowa knee
scoring system, and simple functional tests
were used to quantitate the functional re-
sults. Isokinetic thigh-muscle strength was
also measured.

Results: Four (29%) of the 14 pa-
tients treated with transtendinous nail-
ing reported anterior knee pain at the
8-year follow-up evaluation. The number

was the same for patients treated with para-
tendinous nailing. The Lysholm, Tegner,
and Iowa Kknee scoring systems, the muscle-
strength measurements, and the functional
tests showed no significant differences be-
tween the two groups.

Conclusion: Compared with a
transpatellar tendon approach, a para-
tendinous approach for nail insertion
does not reduce the prevalence of
chronic anterior knee pain or functional
impairment after intramedullary nailing
of a tibial shaft fracture. In long term,
anterior knee pain seems to disappear
from many patients.

Key Words: Tibial shaft fracture,
Anterior knee pain, Intramedullary nail-
ing, Operative technique.

ntramedullary nailing is the treatment of choice for dis-

placed tibial shaft fractures in adults.'~® Chronic anterior

knee pain at the insertion site of the nail is the most
frequently reported complication of closed nailing.'**7~12
Up to 56% of patients note some degree of chronic knee
pain.” The etiology of anterior knee pain after nailing is still
unknown.” "' Some investigators have proposed that a
transpatellar tendon approach for nail insertion is associated
with a higher prevalence of anterior knee pain than a medial
paratendinous approach.'®'> On the other hand, our random-
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ized study showed no difference in the anterior knee pain
between these two surgical insertion techniques an average of
3 years after nailing."

The purpose of this long-term follow-up was to analyze
whether there is a difference in the prevalence of chronic
anterior knee pain after these two surgical approaches an
average 8 years after the nailing procedure. Functional per-
formance of the knees was also assessed.

PATIENTS AND METHODS

Fifty consecutive patients in whom an isolated, displaced
fracture of the tibial shaft was treated with an intramedullary
locking nail (Grosse-Kempf nail; Howmedica, Rutherford,
NJ) at Tampere University Hospital, Finland, between July
1996 and January 1998, were originally enrolled in this study.
There were 23 men and 27 women with a mean age (and
standard deviation) of 42 * 5 years. Inclusion criteria in-
cluded a patient age of 15 years or more, the absence of any
major comorbid illness, and the absence of any fracture lines
extending up to the knee joint. All patients were informed of
the study procedure, purposes, and known risks, and all gave
written informed consent. The study was conducted in con-
formity with the principles of the Declaration of Helsinki and
was approved by our institutional ethics committee. After
they gave informed consent, the patients were randomized,
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with use of sealed envelopes, into one of two groups: closed
nailing with use of a patellar tendon-splitting (transtendinous)
approach (25 patients) or closed nailing with use of a para-
tendinous approach (25 patients).

The intramedullary nailing was performed within 24
hours after the injury in 42 patients and between 1 and 12
days after the injury in six (two patients treated with the
transtendinous approach and four treated with the paratendi-
nous approach). Two patients (one in each group) were man-
aged initially with a cast and then were treated with corrective
osteotomy and intramedullary nailing (one, at 6 months and
the other, at 18 months after the injury). The incision for the
transtendinous approach was made longitudinally through the
midline of the tendon for a distance of 3 cm to 5 cm. After
insertion of the nail, the tendon incision was closed with
interrupted suture. For the paratendinous approach, a medial
longitudinal incision was made with care taken not to violate
the patellar tendon or its sheath. The entry portal in the bone
was made immediately behind the patellar tendon in all pa-
tients. Proximal and distal locking screws were always used,
and all nails were countersunk below the cortical bone of the
proximal part of the tibia. Nails were routinely removed,
through the same entry incision and approach that were used
during nail insertion, approximately 1'% years after fixation.

There were 42 patients available at the first follow-up an
average 3 years after nailing.'> After that, two patients died
from causes not related to the tibial shaft fracture. Five
patients had new trauma or acute heart or lung disease and
were excluded from the long-term follow-up. Five patients
refused from further follow-up. In addition, we were unable
to trace two patients for the 8-year follow-up examination.
Thus, 28 patients were available for the second reexamination
at 8 years.

This second reexamination was performed at an average
of 8.1 *£ 0.3 years after nail insertion and average of 6.6 =
0.3 after nail extraction. The patients graded anterior knee
pain during rest, walking, running, squatting, kneeling, stair
climbing, and stair descent and after long-term sitting on a
100-mm visual-analog scale, with O denoting no pain and 100
denoting the worst pain that the patient could imagine.'* The
patients also assessed impairment caused by the anterior knee
pain with the use of a 100-mm scale, on which 0 meant no
impairment, <33 meant mild impairment, 33 to 66 meant
moderate impairment, and >66 meant severe impairment. In
addition, all patients completed the standardized scoring
scales described by Lysholm and Gillquist'> and by Tegner et
al.,'® as well as the Towa knee score.!”

One physician performed a blinded reexamination of all
patients. The functional evaluation was performed with use of
a modification of the method developed by Kannus et al.'®
The evaluator used a 0- to 3-point scale to rate the patients’
ability to perform one-leg jumping and duck-walking (3
points signified the ability to perform without problems and
no pain and O points signified the inability to perform and
intense pain), their ability to perform a 25-repetition full-
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squat test (0 signified the inability to perform any squat
without pain; 1 point, the ability to perform 1 to 10 squats
without pain; 2 points, 11 to 20 squats; and 3 points, more
than 20 squats), and their ability to kneel (0 points meant that
it was impossible to kneel; 1 point meant that it was possible
to kneel for less than 10 seconds without pain; 2 points, for
less than 20 seconds; and 3 points, without time limitation).
The scores acquired from these tests were summed and av-
eraged for the final between-groups comparison.

Isokinetic quadriceps strength-testing was performed
with use of a Cybex machine (Cybex 6000; Division of
Lumex, Ronkonkoma, NY) in the first reexamination'® while
the current long-term follow-up was performed using a Dyna-
Com strength testing system (Dyna-Com 650; Oy Diter-
Elektroniikka Ab, Turku, Finland). Both tests were made by
the same physician. The quadriceps and hamstring torques
were measured first at a low speed of 60°/s with five maximal
repetitions and then, after a 30 seconds rest, at a medium
speed of 180°/s with five maximal repetitions. The repetition
during which the maximal peak torque was produced was
also recorded.

The distance from the plateau surface of the tibia to the
proximal tip of the nail and the extent of nail protrusion (nail
prominence in relation to the bone cortex in millimeters) was
analyzed on the postoperative lateral radiograph. The body
mass index was also calculated for all patients.

The impairment scale and the functional testing scale
were developed specifically for the purpose of this study. For
validation, we calculated the Spearman correlation coeffi-
cients between our impairment scale and the Lysholm score'*
at both reexaminations (—506; p = 0.006 and —0.740; p =
0.000, respectively), between our impairment scale and the
standardized Towa knee score!” (—0.726; p = 0.000 and
—0.926; p = 0.000), between our functional testing scale and
the Lysholm score’® (0.647; p = 0.000 and 0.728; p =
0.000), and between our functional testing scale and the lowa
knee score'” (0.682; p = 0.000 and 0.855; p = 0.000).

To describe the data, the mean (and standard deviation)
are reported for continuous variables. Percentages, as well as
the risk ratio and its 95% confidence interval (CI), are re-
ported for categorized variables. In our statistical analyses,
differences between the two groups were tested with use of
the Mann-Whitney U test for continuous variables and the
Fisher’s exact test for categorized variables. The statistical
analysis was performed with use of the SPSS for Windows
program (version 12.0; SPSS, Inc., Chicago, IL). Throughout
the study, a p value of <0.05 was considered significant.

RESULTS

The study groups were comparable with respect to sex,
age, body mass index, nail protrusion, nail-plateau distance,
operation and hospital time, smoking, fracture location, mode
of injury (Table 1). Two patients (one treated with the tran-
stendinous approach and one treated with the paratendinous
approach) refused to have the nail removed because of the
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proach reported anterior knee pain during one or more of the
activities that they assessed with the visual analog scale (p =
1.000, relative risk = 1.00, 95% CI = 0.6 to 1.6). Anterior
knee pain had vanished from six (43%) patients in the tran-

Tahle 1 The Basic Characteristics of Patients in the
Two Treatment Groups (Transtendinous and
Paratendinous) at the 8-yr Follow-Up

Transtendinous, Paratendinous,

= 14 14 p Value stendinous group and seven (50%) patients in the paratendi-
BN (/) 6.0 = 61 54 236 0816 nous group bétween the two.reexamlnatlons .(Table 1). Four
Age (yrs) 49 + 13 48 + 14 0.246* of the 14 patients treateq with the. transtendinous approach
Sex 0.128t reported that they experienced pain at the patellar tendon,
Female (%) 4 (29%) 9 (64%) whereas one patient experienced pain at the medial border of
Male (%) 10 (71%) 5 (36%) the patellar tendon, too. None of these patients had tenderness
Izlr?)ttfjlsj ((22)) 1;5 :—: ii 1g§ f 22 g?gg on the lateral side of the patellar tendon. One patient in
Opertime (min) 95 + 50 73 + 19 0.014* transtendinous group had palpation tenderness in the pain
Hospital time (d) 6.9 + 3.0 61 +27 0.501* region. One of the 14 patients treated with the paratendinous
Smoking 0.420" approach reported pain at the patellar tendon, three had pain
No 8 (57%) 11 (79%) at the medial and lateral borders of the tendon. Three patients
Yes 6 (43%) 3 (21%) . . . .
Fracture location 1.000" in the paratendinous group had palpation tenderness in the
Middle 3 (21%) 4 (29%) pain region. With the numbers available, no significant dif-
Lower 11 (79%) 10 (71%) ference was found between the study groups with respect to
Mode of injury 1.000" the prevalence and intensity of anterior knee pain during rest,
h?gvﬁeeﬁeer%yy 1;%;8;‘3 122?2:2; walking, running, squatting, kneeling, or stair-climbing or
Anterior knee pain 0.800" descent, or after long-term sitting (Table 2).
Never 4 (29%) 3(21%) Two of the four patients treated with transtendinous
Vanished 6 (42%) 7 (50%) approach and two of the four patients treated with paraten-
Still 4 (29%) 4 (29%) dinous approach (p = 0.721) who experienced anterior knee

* Mann-Whitney U test.
T Fisher’s exact test.

pain reported that the pain caused mild impairment during
daily activities. Two of the four patients treated with the
transtendinous approach and one of the four patients treated

absence of any symptoms related to it. No patient had com-
plications, such as infection, patellar tendon rupture, or
broken hardware, which might have contributed to any
knee pain.

At the time of the 8-year follow-up, four (29%) of the 14
patients treated with the transtendinous approach and four
(29%) of the 14 patients treated with the paratendinous ap-

with the paratendinous approach who had functional impair-
ment, reported that the impairment was moderate, whereas
one patient in the paratendinous group reported that it was
severe (p = 0.721). All patients went normally back at work
after the surgery, only two patients in the paratendinous
group were long (about 1 year) away from job after the injury
and operation (p = 0.481).

Table 2 Comparison of the Prevalence [No. (%) of Symptomatic Patients] and the Intensity (Visual Analog Pain
Scores) of Anterior Knee Pain During Different Activities Between the Two Treatment Groups

Transtendinous, n = 14 Paratendinous, n = 14

Activity RR (95% CI)* Difference (95% Cl)T  p Value*  p Value®
Prevalence Intensity Prevalence Intensity

Rest 1 (7%) 2+ 81 0 (0%) 0+0 09(0.8t01.1) 2(-2.3t06.5) 1.000 0.317
Walking 0 (0%) 0+0 2 (14%) 5+131 1.1(0.9t0o1.5 —5(—12.3t02.0) 0.481 0.150
Running 0 (0%) 0+0 1 (7%) 3+107 1.0(09to1.2) —3(—8.7t03.0) 1.000 0.317
Kneeling 4(29%) 21357 4(29%) 19+332 1.0(0.6t01.6) 2(-25.0t028.6) 1.000 0.863
Squatting 2 (14%) 9218  2(14%) 4+134 1.0(0.7to01.4) 5(—9.8t0 18.3) 1.000 0.880
Stair descent 0 (0%) 0x0 2 (14%) 6 = 15.0 11(09t0o1.5) —6(—14.0t02.6) 0.481 0.150
Stair ascent 0 (0%) 0x0 1 (7%) 3+94 1.0(09t01.2) -3(-7.6t02.6) 1.000 0.317
After long—term sitting 0 (0%) 0=0 1 (7%) 4+134 1.0(09t01.2) —4(-10.9t03.8) 1.000 0.317

Data are expressed as mean =+ standard deviation.

* Group treated with paratendinous approach compared with group treated with transtendinous approach and 95% CIl (comparison of the
prevalence).

T Group treated with paratendinous approach compared with group treated with transtendinous approach. A minus value indicates that
there is more pain in the paratendinous group. 95% CI (comparison of the intensity).

* Fisher’s exact test (P value for the prevalence).

§ Mann-Whitney U test (P value for the intensity).

RR, risk ratio.
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Table 3 Functional Knee Scores at the First and Second Reexamination 3 and 8 yrs After the Nailing Procedure

Transtendinous, n = 14 Paratendinous, n = 14 Difference* (95% CI) p Value®
Tegner’s knee score* 4.36 = 1.34 421 = 1.67 0.15(-1.0t0 1.3) 0.653
Tegner’s knee score’® 3.64 + 1.22 4.07 = 1.44 —0.43 (—1.5t0 0.6) 0.538
Tegner’s score’ 421 +1.25 429 = 1.49 —0.08 (—1.1t0 1.0) 0.887
lowa knee score® 96.7 + 3.3 94.3 + 10.3 2.4 (-3.5108.3) 0.924
lowa knee score' 98.8 +24 98.4 = 3.3 0.4 (—-1.81t02.7) 0.694
Lysholm’s knee score$ 93.6 = 8.6 88.9 = 16.0 4.7 (—5.3t0 14.6) 0.317
Lysholm’s knee score 975+ 42 93.0 = 13.5 4.5(-3.2t012.2) 0.564

Data are expressed as mean =+ standard deviation.

* Group treated with paratendinous approach compared with group treated with transtendinous approach. A minus value indicates that

there are better scores in the paratendinous group.
T Mann-Whitney U test.
* Preinjury Tegner’s knee score.
§$ Scorings at the first reexamination.
' Scorings at the second reexamination.

Compared with the score before the injury, the mean
Tegner score at the time of first reexamination decreased
0.71 = 1.27 points for the patients treated with the transtendi-
nous approach and 0.14 = (.77 point for those treated with the
paratendinous approach (p = 0.250, between-groups differ-
ence = —0.57 point, 95% CI = —1.39 to 0.24). At the time of
the second reexamination, the mean Tegner score had increased
back to the preoperative level (Table 3). Respectively, the mean
Lysholm activity score had increased to the level of 97.5 = 4.2
points for the patients treated with the transtendinous approach
and 93.0 = 13.5 points for those treated with the paratendinous
approach (p = 0.564, between-groups difference = 4.5 points,
95% CI = —3.2 to 12.2) (Table 3). The Iowa knee scores were
98.8 = 2.4 and 98.4 * 3.3 points, respectively (p = 0.694,
between-groups difference = 0.4 points, 95% CI = —1.8 to 2.7)
(Table 3).

The mean total score for the functional tests at the time
of the first reexamination was 10.2 = 3.4 points for the
patients treated with the transtendinous approach and 9.6 *
3.0 points for those treated with the paratendinous approach
(p = 0.272, between-groups difference = 0.6 point, 95%
CI = —1.83 to 3.12). Same functional scores at the time of
the second reexamination was 10.8 * 2.6 points for the
patients treated with the transtendinous approach and 11.1 *
1.3 points for those treated with the paratendinous approach
(p = 0.648, between-groups difference = —0.3 point, 95%
CI = —1.86 to 1.29). Difference between the two reexami-
nations was thus 0.6 = 1.0 points for the patients treated with
the transtendinous approach and 1.5 = 2.2 points for those
treated with the paratendinous approach (p = 0.295, be-
tween-groups difference = —0.9 point, 95% CI = —2.28
to 0.43).

The mean arc of motion of the involved knee was 139°
(range, 130°-150°) for the patients treated with the transten-
dinous approach and 140° (range, 131°-150°) for those
treated with the paratendinous approach at the second reex-
amination (p = 0.850, between-groups difference = 1°, 95%
CI = —7.9 to 5.7). The increases in the arc of motion of the
involved knee during follow-up time were 11.4° = 8.9° and
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8.9° = 7.6°, respectively (p = 0.447, between-groups differ-
ence = 2.5°,95% CI = —3.9 to 8.9).

In the quadriceps muscle testing, the mean peak torque
deficit of the injured limb at a speed of 60°/s was —1.7% =
18.5% in the group treated with the transtendinous approach
and —1.6% * 12.6% in the group treated with the paraten-
dinous approach (p = 0.890, between-groups difference =
—0.1%, 95% CI = —12.4 to 12.2) at the time of the second
reexamination. At a speed of 180°/s, the corresponding def-
icits were 0.5% = 17.1% and —1.8% = 12.2% (p = 0.963,
between-groups difference = 2.3%, 95% CI = —9.2 to 13.8).
For the hamstring muscles, the mean torque deficit of the injured
limb at a speed of 60°/s was —1.1% * 17.3% in the patients
treated with the paratendinous approach and 7.4% = 22.1% in
those treated with the transtendinous approach (p = 0.462,
between-groups difference = —8.5%, 95% CI = —23.9 to 6.8)
at the time of the second reexamination. At a speed of 180°/s, the
corresponding deficits were 5.7% * 20.3% and 1.9% = 17.9%
(p = 0435, between-groups difference = 3.8%, 95%
CI = —11.0 to 18.7).

DISCUSSION

The first reexamination was performed an average 3.2 *
0.4 years after nail insertion and an average 1.7 = 0.3 years
after nail extraction. Seven (25%) patients were painless and
21 (75%) patients had chronic anterior knee pain at that
follow-up.'* The current second reexamination was per-
formed an average 8.1 = 0.3 years after nail insertion and
6.6 = 0.3 years after nail extraction. Twenty (71%) patients
were painless and only eight (29%) patients had chronic
anterior knee pain. Anterior knee pain had thus vanished from
13 patients during the second follow-up period. Among those
eight who still had pain, the pain was worst on kneeling,
squatting and after long-term sitting.

The above noted prevalence of anterior knee pain is
the same as that reported in previous retrospective
studies.>*”-1%12 With the numbers available, we could not
find any association between the entry incision and ante-
rior knee pain. In their retrospective studies, Keating et
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al.'? and Orfaly et al.'* found a clear association between
a transtendinous surgical approach and chronic anterior
knee pain, and they recommended the routine use of a
medial paratendinous approach. In contrast, Court-Brown
et al.” did not find any association between the surgical
approach and anterior knee pain. Karladani and Styf'’
describe an approach, in which the skin incision is located
on either the medial or lateral side of the patella and the
nailing is performed percutaneously. They used this per-
cutaneous technique in 13 patients with an isolated tibial shaft
fracture. At the final follow-up of 22 months, all patients were
able to kneel on the injured side and no patient had dysfunction
of the infrapatellar branch of the saphenous nerve.'®

Samuelson et al.?’ investigated the proper insertion point
for a tibial intramedullary nail in the coronal plane with 61
embalmed cadaveric lower legs. They placed a nail in a
retrograde fashion through the proximal cortex and the exit
hole of the nail was measured in relation to the tibial tubercle.
The nail position ranged from 1 mm lateral to the tibial
tubercle to 21 mm medial to the tibial tubercle with an
average of 8 mm * 6 mm. The data supported the use of a
medial or patellar splitting approach for nail insertion while
insertion sites lateral to the tibial tubercle were not
advocated.”® Althausen et al.?' showed that an ideal entry
point for tibial nailing is just medial to the lateral tibial spine
(lateral intercondylar tubercle) at the anterior margin of the
articular surface. A preoperative fluoroscopic measurement
before incision can, in turn, guide the surgeon as to whether
a medial parapatellar, transpatellar, or lateral parapatellar
approach provides the most direct access to this entry site.?

There are many factors other than the surgical approach
that may cause anterior knee pain after intramedullary nailing
of a tibial shaft fracture. Some authors have identified
younger patients as being at greater risk for chronic anterior
knee pain.”'” This observation may be attributable to the
more sedentary lifestyle of elderly patients. Nail prominence
above the cortex of the proximal part of the tibia may be a
contributing factor. However, although excessive nail prom-
inence clearly irritates the overlying patellar tendon, Keating
et al.'’ found no association between nail protrusion and
anterior knee pain. We too did not find a relationship between
a few millimeters of nail prominence and anterior knee pain
in our small series of patients at the second reexamination.

Hernigou et al.” investigated 12 pairs of cadaver knees
after intramedullary nailing of the tibia. The intraarticular
structures particularly at risk of damage during tibial nailing
were the medial meniscus, the lateral tibial plateau, and the
transverse ligament. Their results showed that in some bones
the safety zone is smaller than the size of standard reamers
and the proximal part of some nails. They also retrospectively
analyzed 30 tibia-nailed patients with radiographs and re-
corded previously unrecognized, surgery-induced articular
penetration and damage in four patients. These patients had
pain in the knee and there was a possibility that the pain was
linked to this unrecognized articular damage.’
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Devitt et al.® demonstrated with eight cadaveric knees
that insertion of an intramedullary nail in the tibia signifi-
cantly increases contact pressures at the patellofemoral joint.
They used two different approaches; medial paratendinous
and transtendinous approaches. A significant increase in con-
tact pressures was found at the lateral patellar facets with the
medial paratendinous approach (p = 0.01).

With the transtendinous approach, the contact pressure
increases were recorded on both facets suggesting that chon-
dral injury is more likely with this approach.®

Jarveli et al.?* observed that the most important factor
related to the occurrence of anterior knee pain after recon-
struction of the anterior cruciate ligament with bone-patellar
tendon-bone graft was an extension torque deficit. We found
an extension torque deficit of the thigh muscles after tibial
nailing, but it was not associated with the type of entry point
that had been used. We speculate that additional causes for
anterior knee pain may be damage to the infrapatellar nerve
or surgically induced scar formation.'? Nail removal partially
lessens anterior knee pain.’'”

We conclude that it is not possible to reduce anterior
knee pain by using a paratendinous approach rather than a
transtendinous incision for closed nailing of tibial shaft frac-
tures. Although chronic anterior knee pain occurs in the
majority of the patients, it is rarely severe. In long term,
anterior knee pain seems to disappear from many patients and
their activities usually come back to the preoperative level.
Additional studies to assess the role of other factors in chronic
anterior knee pain are warranted. Although our data showed no
differences between the groups, the groups were relatively small
to accept this null hypothesis with full confidence.
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