
In tro duc tion. Intramedullary nail is an im por tant 
com po nent of mod ern treat ment of pertro-
chanteric fe mur frac tures. Ob jec tive. In el derly
pop u la tion, pertrochanteric frac tures treated
with unreamed intramedullary nails cause less
deep in fec tions when com pared to reamed in-
tramedullary nails. Pa tients and Meth ods. From
April, 2010 to May, 2012 at the De part ment of

Or tho pe dics and Traumatology, Gaetano Rummo
Hos pi tal (Benevento, It aly), 156 pa tients with pertro-
chanteric frac ture, av er age age 82.7 years (75-102
years), were treated. In the an a lyzed case, there were
90 fe males and 66 males with pertrochanteric frac -
tures. The re spon dents were di vided into two groups.
The first group con sisted of 78 re spon dents who were
treated with reamed intramedullary nails and the sec -
ond group of 78 re spon dents treated with unreamed
intramedullary nails. Dis cus sion. In fec tions are not
the most com mon post op er a tive com pli ca tions. The
risk of in fec tion is in creased in pa tients with
comorbidity and in cases when there is an empty
space be tween the intramedullary nail fix a tion and
bone. Prox i mal fem o ral frac tures carry a high mor tal -
ity, but its causes are un clear. Con clu sion. Our re -
search has shown that the ap pli ca tion of unreamed
intramedullary nails in the treat ment of
pertrochanteric fem o ral frac tures re duces a mor tal ity 
risk and risk of infection.
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IN TRO DUC TION

Intramedullary nail is an im por tant com po nent of mod -
ern treat ment of pertrochanteric fe mur frac tures.

Emami M. and as so ci ates pre dict that the an nual in ci -
dence of petrochanteric fe mur  frac tures in the United
King dom will amount to 70.200 cases in 2016. In ad di -
tion, it is es ti mated that the num ber of these frac tures is

1.26 mil lion cases an nu ally world wide, which is ex -
pected to amount to 2.6 mil lion cases in 2025 and to 4.5
mil lion cases in 2050. In fact, there is an in crease in the
in ci dence of these frac tures in cor re la tion with the ag ing
of the pop u la tion, es pe cially at age brack ets of over 50
and the odds are dou bled with a 10-year in crease in age.1

A great prob lem that pertrochanteric frac tures carry is a 
re cov ery and  in de pend ent per for mance of daily liv ing
ac tiv i ties.1 In 50% of cases, pa tients with pertrochan-
teric fem o ral frac tures de mand a 6 weeks long as sis tance
to con duct ba sic life ac tiv i ties, whilein 25% of cases
there is a long-term need for as sis tance.1 In the US, 14.4
mil lion peo ple have at least one bro ken bone and they
have the osteosynthesis fix ated, while 11.3 mil lion peo -
ple have one joint endoprosthesis.2 A com pli ca tion of
osteosynthesis of pertrochanteric frac tures with intrame-
dullary nails is the oc cur rence of deep in fec tion.3,4

OB JEC TIVE

 In el derly pop u la tion, pertrochanteric frac tures treated
with unreamed intramedullary nails cause less deep in -
fec tions when com pared to reamed intramedullary nails. 

PA TIENTS AND METH ODS

 From April, 2010 to May, 2012 at the De part ment of
Or tho pe dics and Traumatology, Gaetano Rummo Hos pi -
tal (Benevento, It aly), 156 pa tients with pertrochanteric
frac ture, av er age age 82.7 years (75-102 years),were
treated. In the an a lyzed case, there were 90 fe males and
66 males withpertrochanteric frac tures.The re spon dents
were di vided into two groups (Ta ble 1). The first group
con sisted of 78 re spon dents who were treated with
reamed intramedullary nails (RIMN) and the sec ond
group con sisted of 78 re spon dents treated with unreamed
intramedullary nails (UIMN). The re spon dents were el -
derly pa tients and comorbidity in dex is pre sented in Ta -
ble 2. 
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The re spon dents were treated in ac cor dance with the
Dec la ra tion of Hel sinki on eth i cal prin ci ples. Each pa -
tient was pro vided with de tail ex pla na tion about the
method of treat ment with reamed and unreamed
intramedullary nail in cases of pertrochanteric frac tures.
Af ter the in ter view, a sta tis ti cal test sheet was dis trib uted
to the re spon dents in or der for them to read it and, if nec -
es sary, seek ad di tional in for ma tion. The re spon dents af -
firmed their con sent to the ex am i na tion and method of
treat ment with their sig na ture.

All the re spon dents re ceived an ti bi otic pro phy laxis
with Cefazolin. The av er age hos pi tal stay for all the re -
spon dents was about 5.4 days af ter the sur gery (1-9
days). Con trol check ups were car ried out at the clinic.
Ra dio graphic con trols of the  pel vis and  both hips, hip
and com plete fe mur (AP, LL, and the axis of the fe mur)
were car ried out 15 days, 1 month, 3 months, 6 months,
12 months, 24 months and 36 months af ter the sur gery.

Fur ther more, eryth ro cyte sed i men ta tion rate (ESR),
C-re ac tive pro tein (CRP) and Procalcitonin (PCT) were
con trolled ev ery hour be fore the sur gery as well as 15
days, 1 month, 3 months, 6 months, 12 months and 24
months post op er a tively. The Widmer's clas si fi ca tion was
used to clas sify the in fec tion.5 Data re view was en tered in 
the elec tronic sheet for fur ther pro cess ing and sta tis ti cal
anal y sis (sta tis ti cally sig nif i cant dif fer ence, p <0.05).

RE SULTS

Post op er a tive com pli ca tions, dur ing first 3 months af ter 
the sur gery, are shown in Ta ble 3.

Dur ing the first 3 months, there was no sta tis ti cally sig -
nif i cant dif fer ence in post op er a tive com pli ca tions (chest
in fec tion - uri nary tract in fec tion) (p = 0.6176).

7 (4.48%) out of 156 pa tients who were sur gi cally
treated for pertrochanteric frac ture, died in hos pi tal. Dur -
ing the sur gery it self, 3 pa tients died (1.92%), while 4 pa -
tients died (2.56%) post op er a tively in hos pi tal. Upon the
com ple tion of sur gi cal treat ment, 149 pa tients were dis -
charged from out in sti tu tion. Post op er a tively, dur ing the
first year af ter the sur gery, 37 (25%) out of 149 pa tients
died. (Ta ble 4.)

30 re spon dents who had their frac ture sta bi lized with
reamed intramedullary nails and 7 who had it sta bi lized
with unreamed intramedullary nails died dur ing the first
post op er a tive year. There was a sta tis ti cally sig nif i cant
dif fer ence in mor tal ity be tween the pa tients with reamed
intramedullary nails and pa tients with unreamed intrame- 
dullary nails. Sta tis ti cally, con sid er ably more pa tients
with reamed intramedullary nails died (p <0.001).

In the re main ing 112 cases (44 RIMN and 68 UIMN),
dur ing an av er age fol low up of 28.3 months, an acute in -
fec tion ac cord ing to the Widmer’s clas si fi ca tion did not
oc cur. There was a case of chronic in fec tion around the
nail in 2 (4.55%) re spon dents from RIMN group and 1
re spon dent (1.47%) from UIMN group, (Ta ble 5.). Along 
with clin i cal signs, osteomyelitis wasdiagnosed
laboratorically in all cases: in creased eryth ro cyte sed i -
men ta tion rate, C- re ac tive pro te ase, scintigraphy, bone
ra di og ra phy, and the dis cov ery of the cause upon the re -
vi sion of the im plant and the sam ple taken for bac te ri ol -
ogy. In all three pa tients, a neg a tive staph y lo coc cus was
ver i fied.
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TABLE 1

 DESCRIPTION OF PUPULATION

Description RIMN UIMN

No of pa tients 78 78

Av er age of pa tients 8.6 83.8

Range of age of pa tients 65-90 65-93

Gen der ra tio (m:f) 0.64(30:47) 0.84 (36:43)

Type frac tures A1:24 (30.77%) A1 27(34.61%)

Ac cord ing AO A2: 46 (58.97%) A237 (47.44%)

Clas si fi ca tion 31 A A3: 8(10.26%) A3 14(17.95%)

ASA phys i cal sta tus 

clas si fi ca tion sys tem

ASA I 6(7.96%) ASA I 5 (6,41%)

ASA II 20(25.64%) ASA II 23 (29,49%)

ASA III 50(64.10%) ASA III 42 (53.84%)

ASA IV 2(2,57%) ASA IV 8 (01.26%)



Di ag nos tics was av er agely 5 days long. On the 5th day,
av er agely, the intramedullary nail was re moved,
debridement and excochleation were per formed and an ti -
bi otic-im preg nated ce ment spac ers (the spacer) were po -
si tioned. Af ter sta bi li za tion of the in fec tion, ap prox i -
mately 6 months af ter wards, ce ment spac ers were re -
placed with cementless re vi sion hip endoprothesis.

DIS CUS SION

Intramedullary sta bi li za tion with a locked nail has be -
come the stan dard method of treat ment of closed frac -
tures of long bones due to sat is fy ing bone frac ture re ha -
bil i ta tion and a low in fec tion rate.6  In fec tions are not the
most com mon post op er a tive com pli ca tions.7 The risk of
in fec tion is in creased in pa tients with comorbidity and in

cases when there is an empty space be tween the
intramedullary nail fix a tion and bone.6-7 Prox i mal fem o -
ral frac tures carry a high mor tal ity but its causes are un -
clear.8 In their ret ro spec tive study, Meessen et al. 8as -
sessed 2-year mor tal ity rate in el derly pa tients af ter the
hip frac ture. The study an a lyzed the fol low ing: re spon -
dents’ comorbidity, body mass in dex, smok ing and al co -
hol. In the abovementioned study, 635 pa tients (77%) out 
of 828 were femalesand 183 were males (23%), aged
70-99 years in the Prov ince of Varese 2009.8

Hip frac tures in ci dence was higher in fe males (8.4 in
con trast to 3.7 in males) and in el derly pa tients (2.4 for
85-99 years and 4.4 for 70-84 years).The mor tal ity rate
af ter 1, 6, 12, and 24 months was 4.7%, 16%, 20.7%, and 
30.4%, re spec tively.8 The an nual mor tal ity rate of hip
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TABLE 2

COMORBIDITY AND POSTOPERATIVE COMPLICATIONS IN 156 ELDERLY PATIENTS WITH
PERTROCHANTERIC FRACTURE

Comorbidity
RIMN UIMN Total

f % f % f %

Car dio vas cu lar dis ease 26 14.69 59 26.22 85 21.14

Stroke 9 5.08 20 8.89 29 7.21

Re spi ra tory dis ease 52 29.38 56 24.89 108 26.87

Re nal dis ease 18 10.17 20 8.89 38 9.45

Di a be tes mellitus 8 4.52 8 3.65 16 3.98

Rheu ma toid dis ease 2 1.13 2 0.89 4 1.00

Par kin son's dis ease 8 4.52 8 3.56 16 3.98

Se vere men tal dterioration in old age 39 22.03 38 16.89 77 19.15

Paget's dis ease 1 0.56 1 0.44 2 0.50

Cur rent smok ers 11 6.21 10 4.44 21 5.22

Enteral ste roids 3 1.69 3 1.33 6 1.49

TOTAL 177 100 225 100 402 100

No of comorbidities
RIMN UIMN TOTAL

f % f % f %

1 12 15.38 11 14.10 23 14.74

2 23 29.49 24 30.77 47 30.13

>3 43 55.13 43 55.13 89 55.13

TOTAL 78 100 78 100 156 100



frac tures was re lated to sex, age and comorbidity. Male
sex, aged older than 85 years, with a Charlson
Comorbidity In dex score greater than 1 have a higher risk 
of death. Sur gi cal de lay was sig nif i cant in the
Kaplan-Meier sur vival time anal y sis but not in the Cox
haz ard anal y sis, sug gest ing that early sur gery re duces
risk in pa tients with nu mer ous comorbidities.8

Ap prox i mately 5.8 mil lion peo ple die an nu ally as the re -
sult of in ju ries, more peo ple than die of HIV/AIDS, tu -
ber cu lo sis, and ma laria com bined.9 Over 90 % of these
fa tal in ju ries oc cur in low- and mid dle-in come coun tries
(LMIC). For ev ery death from in jury, 3–10 more peo ple
sur vive in jury with a per ma nent dis abil ity.9The costs of
treat ment of frac tures with intramedullarynails in many
low-and-mid dle-in come coun tries are not achiev able and
the in fec tion rate in the treat ment of frac tures with
intramedullary nails is used as an ex cuse.10

In their study, Young and as so ci ates pre sented 137 pa -
tients treated with intramedullary nails, and post op er a tive 
deep in fec tion oc curred in 7 (5%). 2 HIV-pos i tive re -
spon dents died.10

In their study, Battistelli et al11 in cluded a to tal of 51
pa tients. Se rum CRP and PCT con cen tra tions were ob -
tained be fore sur gery, on the 1st, 3rd, and 7th post op er a tive

day. If the re sult had been within thephysiological lim its,
se rum CRP and PCT con cen tra tions were ob tained  post -
op er a tively on the  14th and 30th day an at 2 years. Both
mark ers were in creased post op er a tively. The se rum CRP
showed a marked in crease on the 3rd post op er a tive day.
Then, they de clined slowly ap proach ing the base line val -
ues by the sec ond post op er a tive week.11

In 2003, Chen et al12 treated 23 in fec tions af ter
intramedullary nail ing for fem o ral frac tures. All frac tures 
were un healed at pre sen ta tion. All pa tients were fol lowed 
for at least 1 year af ter the in fec tion. Acute in fec tion oc -
curred in 13 pa tients, sub-acute in fec tion in 5, and
chronic in fec tion in 5. The pa tients were di vided into two 
groups on the ba sis of the method of the ini tial treat ment. 
In group I (12 pa tients), the intramedullary nails were re -
tained, and there were 11 men and 1 woman, with an av -
er age age of 36 years (range, 15-55 years). In group II
(11 pa tients), the nails were re moved at the time of
debridement and the frac tures were sta bi lized with ex ter -
nal fix a tion, and there were nine men and two women,
with an av er age age of 44 years (range, 25-69 years).12

In group I, all frac tures healed within an av er age pe riod 
of 9 months af ter sur gi cal debridement.12 There was no
re cur rence of in fec tion at an av er age fol low-up of 25
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TABLE 3

POSTOPERATIVE COMPLICATIONS DURING THE FIRST 3 MONTHS AFTER SURGERY

Postoperative complications
RIMN UIMN Total

f % f % f %

Chest infection 8 7.14 11 9.40 19 8.30

Carciac failure 20 17.86 20 17.09 40 17.47

DVT/PE 9 8.04 8 6.84 17 7.42

Urinary tract infection 56 50 60 51.28 116 50.66

Gastrintestinal haemorrhage 3 2.68 3 2.56 6 2.62

Myo car dial infarction 7 6.25 7 5.98 14 6.11

Stroke 9 8.04 8 6.84 17 7.42

TOTAL 112 100 117 100 229 100

No of complications
RIMN UIMN TOTAL

f % f % f %

1 40 52.63 45 58.44 85 55.56

2 28 36.84 23 29.87 51 33.33

>3 8 10.53 9 11.69 17 11.11

TOTAL 76 100 77 100 153 100



months).12 In group II, seven frac tures healed within an
av er age of 10 months af ter treat ment. At an av er age fol -
low-up of 33.8 months, in fected non union was noted in
two pa tients from group II. More com pli ca tions oc curred
in group II pa tients in com par i son with group I pa tients.12

Ac cord ing to Makridis et al13, while treat ing the in fec -
tion of bro ken bones, which is sta bi lized by the intra-
medullary nail, a sur geon has to choose the most suit able
treat ment in or der to achieve good clin i cal out comes and
to re duce the risk of sur gi cal re vi sion. If the clin i cal find -
ings and lab o ra tory find ings, made within two weeks
post op er a tively, in di cate to the acute in fec tion, in most
cases they are cured with an ti bi ot ics and with or with out
in ci sions or debridement. There is no unique at ti tude to -
wards the post poned in fec tions that oc curs two to ten
weeks post op er a tively. Some au thors sug gest in ci sion,
drain age and an ti bi ot ics, oth ers rins ing and re place ment
of intramedullary nail, yet oth ers sug gest the re moval of
intramedullarynail, etc. In the above men tioned post -
poned in fec tion, the choice of treat ment and sur geon ex -
per tise are quite sig nif i cant. Many au thors be lieve that in
case of late in fec tions that oc cur post op er a tively, af ter 10 
weeks, the intramedullary nail should be re moved and
frac ture sta bi lized with ex ter nal fixators.The ex is tence of
bone de fect de mands ex ter nal fix a tion with Ilizarov
fixator.13 In pa tients with chronic in fec tions, the re moval
of intramedullary nail is ab so lutely nec es sary.5

CON CLU SION

Al though our re search is still pre lim i nary, it has shown
that the ap pli ca tion of unreamed intramedullary nail fix a -
tion in the treat ment of fem o ral pertrochanteric frac tures
re duces the mor tal ity riskand risk of in fec tion.

SUMMARY

Intermedularni klin je va`an dio savremenog lije~enja 
pertrohanternih preloma butne kosti. Pertrohanterni 
prelomi  lije~èeni  nerimovanim   intermedularnim klinom 
daju manje duboke infekcije u odnosu na  rimovane 
intermedularne   klinove kod osoba starije `ivotne dobi.
Od aprila  2010. do maja 2012. u našem odjelu za orto-
pediju i traumatologiju, Gaetano Rummo bolnice (Be-
nevento, Italija), sa pertrohanternim prelo mom lije~eno
je 156  pacijenata prosje~ène `ivotne  dobi od 82,7 godine
( 75-102). U ispitivanoj seriji  90 `ena  i 66 muškaraca
imalo je pertrohanterni  prelom. Ispitanike smo podijelili
u dvije grupe. Prvu grupu ~èinila su 78 ispitanika koja su
lije~èena sa rimovanim  intramedularnim  klinom   a druga 
grupa od 78 ispitanika lije~èena je sa  nerimovanim intra-                                                                                                                   
medularnim klinom. Infekcije nisu naj~èeš}e postope-
rativne komplikacije. Rizik od infekcije pove}an je  kod
pacijenata sa komorbiditetom i ako postoji prazan prostor 
izme|u  intramedularnog  klina i kosti.  Prelom proksi-
malnog femura  nosi velik mortalitet  ali njegovi  uzroci
su  neizvjesni. Naša istra`ivanja su pokazala da primjena  
neboranog intramedularnog klina  u lije~èenju pertrohan-
ternih preloma  femura smanjuje rizik smrtost i infekcije.

Klju~ne re~i:pretrohanterni prelom, femur,
intramedularni  klin, infekcija
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