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ABSTRACT – 208 patients aged over 70 years with a dis-
placed cervical hip fracture were admitted to a prospec-
tive randomised trial of internal fixation using 3 parallel
cannulated screws or an uncemented Austin Moore hemi-
arthroplasty. All surviving patients were followed for a
minimum of 3 years.

Functional assessment of survivors at 1, 2 and 3 years
from injury showed no significant difference between
groups. Patients treated by the fixation had a marginally
lower mortality rate. Other outcomes which favoured
internal fixation were a lower risk of wound infection,
reduced length of surgery (22 minutes versus 47 min-
utes), lower operative blood loss (23 mL versus 172 mL),
and lower transfusion requirements (4/102 patients ver-
sus 18/106). However, internal fixation had a significant-
ly greater re-admission rate (24/102 versus 7/106) and
re-operation rate. Following internal fixation, 44 re-op-
erations were required in 36 patients, while re-operation
was required in only 4 patients treated with arthroplas-
ty.

The results of this randomised trial indicate that both
procedures produce comparable final functional out-
comes for the survivors.

n

In 1953, Nicoll described the displaced subcapital
fracture as the unsolved fracture. Over 40 years
later, the controversy continues, especially regard-
ing the elderly patient with a displaced cervical
fracture (Alho 1994, Lu-yao et al. 1994, Swiont-
kowski 1994). Different countries have particular
preferences with the majority of these fractures in
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Scandinavia being treated by internal fixation,
while in other parts of Europe and North America,
arthroplasty tends to be preferred.

This issue can be resolved only by randomised
trials, for which there are only a few previous
studies (Lu-yao et al. 1994). Such studies can only
effectively be performed in a unit where the staff
are fully experienced in the surgical practice of re-
duction and internal fixation and replacement ar-
throplasty. In Peterborough, a hip fracture unit ex-
ists for the treatment of these patients by a specia-
lised hip fracture team (Parker et al. 1994). There-
fore an accurate comparison can be made of both
procedures, with a constant standard of surgical
quality.

Patients and methods

Between July 1991 and March 1996, all patients
aged over 70 years of age admitted with a cervical
hip fracture, under the care of all the Orthopedic
Consultants, were considered for inclusion in the
study. The criteria for inclusion were a displaced
cervical fracture (defined as having clear displace-
ment of the fracture on both the anteroposterior
and lateral radiograms). Excluded from the study
were patients with rheumatoid arthritis, chronic
renal failure, significant arthritis of the hip, pa-
tients unfit for either surgical procedure, delay of
more than 48 hours from fracture to surgery and
fractures secondary to tumour, Paget’s disease and
metabolic bone disease.
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The method of randomisation was using sealed
envelopes and occurred at the time of assessment
on the orthopaedic ward. Once allocated by ran-
domisation, all patients were considered as in this
group with all results analysed on an intention to
treat basis. The trial was approved by the local
ethics committee and written consent was ob-
tained from the patient or their family.

Statistical analysis between groups was done
using the log rank test for mortality and the 95%
confidence interval of the difference between
groups was used for the remaining outcomes.

Patient assessment

For all patients, the preoperative medical condi-
tions, mobility, activities of daily living, ASA
grade (American Society of Anaesthesiologists
1963), residential status (Parker et al. 1998) and
mental test score (Qureshi and Hodkinson 1974)
were recorded. The mobility score was as de-
scribed by Parker and Palmer (1993). The activi-
ties of daily living score was an assessment of 13
daily activities with a maximum score of 39. Resi-
dential status was divided into 4 categories: own
home, residential home, nursing home and acute
hospital. Pain was assessed using a 6-point scale
of Charnley (1972). The Garden (1961) grading of
the fracture was noted.

Operative procedures

Surgery for all but 1 patient was performed or di-
rectly supervised by 1 surgeon (MJP). All patients
received peri-operative antibiotic cover and, un-
less contraindicated, thromboembolic prophylaxis
with unfractionated heparin for 5 days. The hemi-
arthroplasty used was an uncemented Austin
Moore (Howmedica ltd.), inserted by an anterolat-
eral surgical approach with preservation of the
joint capsule (Parker et al. 1997). For internal fix-
ation, the fracture was reduced closed in a supine
position (Parker et al. 1997). 3 parallel AO cancel-
lous cannulated screws of 6.5 mm diameter with
32 mm of thread (Stratec Ltd) were passed per-cu-
taneously across the fracture.

Postoperative care

Postoperative care programmes for both groups
were identical and supervised by MJP. Wherever
possible patients were mobilised the day after sur-

gery with appropriate walking aids. There were no
restrictions on hip movement or weight bearing
for either of the groups. Early supported discharge
of patients was encouraged (Parker et al. 1991).
Most patients were discharged directly home from
the orthopaedic ward with only a few patients be-
ing transferred to either a geriatric ward or a hos-
pital ward in a community hospital.

All patients were assessed by MJP in a hip frac-
ture clinic at about 6 weeks after discharge and
thereafter, as indicated. Wherever possible, all pa-
tients had a 1-year assessment in this clinic. Short-
ening and loss of hip-joint flexion as compared to
the contralateral hip were measured in all except
patients with a previous fracture, replacement or
arthritis of the hip. Patients unable to attend the
clinic were contacted via phone or post. Annual
follow-up after 1 year was by the phone, any pa-
tient who complained of substantial symptoms
from the hip being invited to revisit the review
clinic. All surviving patients had a minimum of 3
years’ follow-up, with an average of 3.9 years for
the survivors. Average radiographic follow-up of
those treated by internal fixation was 0.8 years.
No patient was lost to follow-up.

Cost of treatment

The cost of treatment of each patient was calculat-
ed by the method described by Hollingworth et al.
(1993). These included all hospital costs related to
the initial admission and any subsequent admis-
sion and operations for the hip fracture. Prices
were then corrected to those for the year 1996/7
and were also quoted as ECUs, based on the ex-
change rate of 1.5 ECUs to the pound.

Excluded patients

205 patients with a displaced cervical hip fracture
and aged over 70 years admitted during the study
period were excluded from the study. The reasons
were delay from fracture to surgery of more than
48 hours (148), single surgeon not available (94),
rheumatoid arthritis (26), pathological fracture
from metastatic tumour (21), patient considered
unfit for either procedure (17), chronic renal fail-
ure (4), refusal of patient or relative to consent (2)
and severe arthritis of the hip (2). In addition, in 1
case there was an intramedullary nail in place,
which precluded internal fixation, and in another a



442 Acta Orthop Scand 2000; 71 (5): 440–446

recent amputation stump of the ipsilateral leg was
unhealed which precluded arthroplasty. For some
patients there was more than one reason for exclu-
sion.

Included patients

The remaining 208 patients were entered into the
study. The characteristics of these patients were
similar (Table 1).

Results

11 patients were randomised within the trial but
did not have the subsequent treatment according
to the trial protocol. 5 patients in the hemi-
arthroplasty group and 4 in the internal fixation
group had a delay from fracture to surgery of
greater than 48 hours generally because of a lack
of theatre space. A further patient in each group
was considered unfit for anaesthesia after ran-
domisation and both these patients had internal
fixation under local blocks. 1 of these patients had
no fracture healing complications, but died at 27
days after the fracture. The other patient devel-
oped fracture non-union and this was converted to
a hemiarthroplasty uneventfully at 28 days after
fracture.

Operative details (Table 2)

Fall in blood pressure during the operation was
defined as a reduction of more than 40 mm Hg for
more than 5 minutes. The data for morphine refers
to the mean dose of morphine in mg each patient
received in the five days after surgery. The figure
for co-proxamol (325 mg paracetamol, 32.5 mg
dextropropoxyphene) relates to the number of
these tablets or their equivalent, the patients re-
ceived in the first 5 days after surgery.

For those patients treated by internal fixation,
there were no failed reductions. Using Garden’s
(1961) definition of a good reduction of 155°–
180° on both the AP and lateral radiographs, only
1 reduction was poor. Using the more stringent
criteria for a good reduction (Parker and Pryor
1993) of a Garden alignment index of 160°–175°
on the AP view and 170°–180° on the lateral, then

Table 1. Characteristics of patients included (percentage)

Hemi- Internal
arthroplasty fixation

Number of patients 106 102
Mean age 82 81
Age range 71–101 71–98
Number male 23 (22) 23 (23)
Mean activities of
  daily living score 24 27
Mean mobility score 5.1 5.4
Prefracture use of walking aids

none 64 (60) 62 (61)
walking stick(s) 25 (24) 30 (29)
Zimmer or other walking-frame 17 (16) 10 (10)

Mean mental test score 5.5 5.5
Mean ASA score 2.6 2.7
Prefracture residential status

own home 75 (71) 73 (72)
residential home 14 (13) 17 (17)
nursing home   8 (8)   5 (5)
acute hospital   9 (9)   7 (7)

Pre-existing
cardiovascular disease 31 (29) 26 (25)
respiratory disease   9 (9) 13 (13)

Mean pre-operative
haemoglobin, g/L 130 132

Garden grade 3 41 (39) 50 (49)
Garden grade 4 65 (61) 52 (51)
Mean hours fall to surgery 28 26
Operation with spinal anaesthesia 28 (26) 22 (22)

Table 2. Operative details (SD)

Hemiarthroplasty Internal fixation 95% confidence p-value
interval of difference

Mean length of operation in minutes 47 (9.9) 22 (5.9) 23–27
Mean operative blood loss in mL 172 (108) 23 (11) 127–170
Mean units blood transfused 0.33 (0.75) 0.08 (0.46)  0.42–0.08
Number of patients transfused 18 4 0.003 a

Operative blood pressure fall 16 8 -0.01–0.16
Mean dose morphine postoperatively 8 (11) 7 (8.4) -4.9–2.1
Mean number of co-proxamol 14 (9.5) 13 (9.3) -4.4–2.4

a Fisher exact test
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7 reductions were poor on the AP view, 3 on the
lateral and 1 on both AP and lateral views.

Complications (Table 3)

In addition for the 105 hemiarthroplasty cases, 4
patients required secondary operations within the
follow-up period. These were 1 excision arthro-
plasty for deep wound infection, 1 plating and
wiring of fracture around the prosthesis and 2
cases of prosthetic loosening converted to total
hip replacement. 1 of these cases was complicated
by 2 dislocations, necessitating augmentation of
the acetabular cup. There were no primary dislo-
cations or cases of acetabular erosion requiring
revision.

For the 102 internal fixation cases, 36 patients
required 44 reoperations. 5 patients had removal
of the screws for pain around the screw heads. 1
patient had a fracture at the site of the lower screw
and was revised to a cemented hemiarthroplasty.
25 patients developed non-union, which was de-
fined as displacement of the fracture following
fixation necessitating revision surgery or radio-
graphic evidence of the failure of the fracture to
heal at 1 year from injury. 1 was treated conserva-
tively and a further 2 by screw removal alone. 20
were treated by conversion to a hemiarthroplasty
and 2 to a total hip replacement. Of these hemi-

arthroplasties, 6 suffered later complications (2
cases of superficial sepsis 1 of which required
drainage, 1 fracture below the implant, revised to
a long-stem prosthesis, 1 fracture around the im-
plant with dislocation, which was wired but subse-
quently dislocated, and 2 cases of loosening con-
verted to a total hip replacement). A further 7 pa-
tients treated with internal fixation developed ra-
diographic evidence of avascular necrosis. 1 re-
quired no treatment, 1 had screw removal alone, 2
had screw removal, followed by arthroplasty, and
3 conversion to arthroplasty as primary treatment.
1 of these arthroplasties developed loosening and
was converted to a total hip replacement.

Hospital stay and cost of treatment

Following surgery, most patients remained on the
orthopaedic/rehabilitation ward until discharged
home. Only 17 patients were transferred to a geri-
atric ward and 5 to another hospital ward. 2 pa-
tients had a period of convalescence after dis-
charge, in a nursing home for the elderly. The
mean days spent on the orthopaedic ward for the
initial admission was 17 days for those treated by
hemiarthroplasty versus 14 days for those treated
with internal fixation. The total hospital stay for
the initial admission, which included time on oth-
er outlying hospital wards for rehabilitation or
treatment of medical complications, was 21 days
for hemiarthroplasty versus 19 days for internal
fixation. The hospital stay, including that for any
readmission(s) related to the hip fracture in the
follow-up period, was 24 days for hemiarthroplas-
ty and 23 days for internal fixation. 7 patients re-
quired re-admission in the follow-up period in the
arthroplasty group, while 34 patients required re-
admission after internal fixation.

The mean cost of treatment was GBP 4350
(6525 ECU) for hemiarthroplasty and GBP 4758
(7137 ECU) for internal fixation. This included
the cost of any re-admission and additional sur-
gery related to the hip fracture.

Final outcome measures

The actual figures for mortality at 30 days were 7/
106 for hemiarthroplasty and 5/102 for internal
fixation, 31/106 versus 27/102 at 1 year, 42/106
versus 35/102 at 2 years and 62/106 versus 46/102
at 3 years (Figure 1). The median survival time for

Table 3. Postoperative complications

Hemi- Internal
arthroplasty fixation

Superficial wound infection 1 0
Deep wound infection 4 0
Confusional state 11 7
Pneumonia 5 6
Urine retention 6 2
Pressure sores 2 4
Gastrointestinal bleed 3 1 + 1 a

Congestive cardiac failure 0 4
Cerebrovascular accident 2 0
Deep vein thrombosis 1 2
Pulmonary embolism 1 2
Gastric aspiration 1 0
Renal failure 1 1
Clostridia diarrhoea 1 1
Amputation leg b 1 1

a 1 case occurred in patient at conversion of internal
   fixation to hemiarthroplasty.
b For pre-existing peripheral vascular disease.
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the arthroplasty group was 897 days (95% CI
672–1122 days) versus 1427 days (95% CI 884–
1970 days) for internal fixation (p = 0.08, log rank
test).

For those treated with hemiarthroplasty, the
number of patients with little, if any, pain had ris-
en to 80% at 2 years and was 87% at 3 years
(Table 4). For internal fixation, the figures were
73% at 2 years and 75% at 3 years. Regarding
mobility for the survivors, the mean mobility
score was 3.8 at 2 years and 4.2 at 3 years for the
hemiarthroplasty group, versus 4.7 and 3.9 for in-
ternal fixation. None of these differences between
groups reached statistical significance.

Discussion

This study aimed to address one of the commonest
treatment dilemmas for the orthopaedic surgeon:

the displaced intracapsular fracture. The implants
chosen were considered to be the most prevalent
methods currently used. In comparison to previ-
ous randomised trials on this subject, we used im-
proved methodology, contemporary methods of
internal fixation and surgical techniques, larger
patient numbers, and a longer follow-up period.
To standardise treatment factors, all operations
were performed or directly supervised by one sur-
geon and pre- and postoperative care programmes
were identical for both groups. This factor and the
strict inclusion and exclusion criteria mean that a
large number of patients had to be excluded from
the study, but this was felt to be essential to mini-
mise biases.

The results indicate that the final outcome mea-
sures for the survivors are essentially similar, with
respect to pain, mobility, activities of daily living
and return to previous residential status. Due to
collapse at the fracture site, internal fixation re-
sults in about 5 mm increased shortening, com-
pared to arthroplasty. Internal fixation is less trau-
matic being a quick percutaneous procedure. This
is probably the reason for the trend to a lower
mortality with internal fixation.

Internal fixation does, however, have some
clear disadvantages related to non-union (25/102
patients) and avascular necrosis (7/102). 30 of
them required revision to an arthroplasty and 5 of
these required an additional surgical procedure. In
addition, a further 10 patients had removal of the
screws. Internal fixation being a percutaneous
procedure with minimal trauma, may be associat-
ed with less pain in the postoperative period.
However, we could not demonstrate this in terms
of a reduced requirement for postoperative anal-

Mortality for those treated with arthroplasty (—) and inter-
nal fixation (- - -).

Table 4. Outcome for survivors at 1 year (percentage)

Hemi- Internal 95% confidence
arthroplasty fixation interval of difference

Number of patients 74 74
Number with little, if any, pain 45  (61) 47  (64) -0.13–0.18
Mean pain score 2.2 2.2 -0.37–0.35
Mean reduction in mobility score 1.2 1.5 -0.82–0.30
Number using same walking aids 25  (34) 35  (41) -0.02–0.29
Mean reduction in activities of daily living score 6.6 6.0 -3.9–2.8
Number at same residential status 58  (78) 64  (87) -0.04–0.20
Mean shortening in mm 3.4 8.8 0.17–11  
Mean loss of flexion 6.7° 8.3° -3.5–6.7
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gesics. The reduced surgical trauma from internal
fixation may explain the slightly reduced hospital
stay after internal fixation (14 versus 17 days).

The follow-up time for the surviving patients in
this study was 3–7 years. It is inevitable that a
number of the long-term survivors will require
additional surgery related to fracture around the
implant, loosening or acetabular erosion for the
arthroplasties or avascular necrosis for those treat-
ed by internal fixation. Nevertheless, the differ-
ence between groups is unlikely to be significant
in patients of this advanced age. In this study, only
6 re-operations were undertaken after 1 year from
injury.

The few randomised trials on this question of
internal fixation versus arthroplasty (Riley 1978,
Söreide et al. 1979, Sikorski and Barrington 1981,
Bray et al. 1988, Skinner et al. 1989, van Vugt et
al. 1993, Jónsson et al. 1996) have generally been
in favour of arthroplasty. None of these studies
were able to demonstrated a lower mortality after
internal fixation, but this may be because too few
patients where included in each study. Because of
the paucity of evidence of randomised trials, Lu-
Yao et al. (1994) undertook a meta-analysis of 106
published randomised trials, comparative series
and case series of internal fixation and arthroplas-
ty. For internal fixation, they reported a rate of
non-union of 33% and avascular necrosis of 16%
with a re-operation rate of 20–36% within 2 years.
This compares well with our results of 25% non-
union, 7% avascular necrosis and 35% re-opera-
tion for internal fixation. For arthroplasty, Lu-Yao
et al. (1994) found a re-operation rate of between
6% and 18% after hemiarthroplasty. Our lower re-
operation rate of 4% was partly because there
were no cases of dislocation which is a complica-
tion of surgical technique and related to the surgi-
cal approach (Keene and Parker 1993). In addi-
tion, there were no cases of revision from acetabu-
lar wear and only two cases of revision due to
loosening. The main complication of arthroplasty
was infection around the prosthesis. Our deep sep-
sis rate of 4% is similar to that of 3% in the meta-
analysis of Lu-Yao et al. (1994).

A number of previous studies have tried to iden-
tify factors that are of clinical value in determin-
ing the risk of non-union. Studies of hip fracture
classifications systems (Parker 1993, 1994, Blun-

dell et al. 1998, Parker and Dynam 1998) have not
found them to be of any value. Therefore this
study only excluded those patients with displaced
cervical fractures in which the risk of non-union
has been shown to be markedly increased, that is
pathological fractures, rheumatoid arthritis, meta-
bolic bone disease and Paget’s disease. The time
interval from fracture to fixation of intracapsular
fractures is debatable, and we chose a time limit of
48 hours, based on the evidence of previous obser-
vational studies (Brown and Abrami 1964, Barnes
et al. 1976, Holmberg et al. 1987, Parker 1994).

In conclusion, internal fixation and arthroplasty
produced comparable functional results. Internal
fixation is associated with a markedly increased
re-operation rate, but has a tendency to a lower
mortality.
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port and encouragement .

Alho A. Controversies in the treatment of femoral neck
fractures. Orthop Int 1994; 2: 309-15.

American Society of Anaesthesiologists. New classifica-
tion of physical status. Anaesthesiology 1963; 24: 111.

Barnes R, Brown J T, Garden R S, Nicoll E A. Subcapital
fractures of the femur:a prospective review. J Bone Joint
Surg (Br) 1976; 58: 2-24.

Blundell C M, Parker M J, Pryor G A, Hopkinson-Wooley
J, Bonsall S S. An assessment of the AO classification of
intracapsular fractures of the proximal femur. J Bone
Joint Surg (Br) 1998 ;80: 679-83.

Bray T J, Smith-Hoefer E, Hooper A, Timmerman L. The
displaced femoral neck fracture: internal fixation versus
bipolar endoprosthesis results of a prospective, random-
ized comparison. Clin Orthop 1988; 230: 127-40.

Brown J T, Abrami G. Transcervical femoral fracture: a re-
view of 195 patients treated by sliding nail-plate fixa-
tion. J Bone Joint Surg (Br) 1964; 46: 648-63.

Charnley J. The long-term results of low-friction arthro-
plasty of the hip performed as a primary intervention. J
Bone Joint Surg (Br) 1972; 54: 61-76.

Garden R S. Low-angle fixation in fractures of the femoral
neck. J Bone Joint Surg (Br) 1961; 43: 647-63.

Hollingworth W, Todd C, Parker M J, Roberts J A, Will-
iams R. Cost analysis of early discharge after hip frac-
ture. Br Med J 1993; 307: 903-6.

Holmberg S, Kalén R, Thorngren K-G. Treatment and out-
come of femoral neck fractures: an analysis of 2418 pa-
tients admitted from their own homes. Clin Orthop
1987; 218: 42-52.



446 Acta Orthop Scand 2000; 71 (5): 440–446

Jónsson B, Sernbo I, Carlsson A, Fredin H, Johnell O. So-
cial function after cervical hip fracture; a comparison of
hook-pins and total hip replacement in 47 patients. Acta
Orthop Scand 1996; 67: 431-4.

Keene G S. Parker M J. Hemiarthroplasty of the hip - the
anterior or posterior approach? A comparison of surgical
approaches. Injury 1993; 24: 611-3.

Lu-yao G L, Keller R B, Littenberg B, Wennberg J E. Out-
comes after displaced fractures of the femoral neck: a
meta-analysis of one hundred and six published reports.
J Bone Joint Surg (Am) 1994; 76: 15-25.

Nicoll E A. The unsolved fracture. J Bone Joint Surg (Am)
1953; 35: 805-21.

Parker M J. Garden grading of intracapsular fractures:
meaningful or misleading? Injury 1993; 24: 241-2.

Parker M J. Prediction of fracture union after internal fixa-
tion of intracapsular femoral neck fractures. Injury
(Suppl 2) 1994; 25: 3-6.

Parker M J, Dynam E. Is Pauwels classification still valid?
Injury 1998; 29: 521-3.

Parker M J, Palmer C R. A new mobility score for predict-
ing mortality after hip fracture. J Bone Joint Surg (Br)
1993; 75: 797-8.

Parker M J, Pryor G A. Hip fracture management. Black-
well Scientific Publications, Oxford 1993.

Parker M J, Pryor G A, Myles J W. Early discharge after
hip fracture: prospective 3-year study of 645 patients.
Acta Orthop Scand 1991; 62: 563-6.

Parker M J, Pryor G A, Myles J W. The value of a special
surgical team in preventing complications in the treat-
ment of hip fractures. Int Orthop 1994; 18: 184-8.

Parker M J, Pryor G A, Thorngren K-G. Handbook of hip
fracture surgery. Butterworth-Heinemann Publications,
Oxford 1997.

Parker M J, Currie C T, Mountain J A, Thorngren K-G.
Standardised audit of hip fracture in Europe (SAHFE).
Hip Int 1998; 8: 10-5.

Qureshi K N, Hodkinson H M. Evaluation of a ten-ques-
tion mental test in the institutionalized elderly. Age Age-
ing 1974; 3: 152-7.

Riley TBH. Knobs or screws? - A prospective trial of pros-
thetic replacement against internal fixation of subcapital
fractures. J Bone Joint Surg (Br) 1978; 60: 136.

Sikorski J M, Barrington R. Internal fixation verses hemi-
arthroplasty for the displaced subcapital fracture of the
femur. J Bone Joint Surg (Br) 1981; 63: 357-61.

Skinner P, Riley D, Ellery J, Beaumont A, Coumine R,
Shafighian B. Displaced subcapital fractures of the fe-
mur: a prospective randomized comparison of internal
fixation, hemiarthroplasty and total hip replacement. In-
jury 1989; 20: 291-3.

Söreide O, Mölster A, Raugstad T S. Internal fixation ver-
sus primary prosthetic replacement in acute femoral
neck fractures: a prospective, randomized clinical study.
Br J Surg 1979; 66: 56-60.

Swiontkowski M F. Intracapsular fractures of the hip. J
Bone Joint Surg (Am) 1994; 76: 129-38.

van Vugt A B, Oosterwijk W M, Goris R J. Osteosynthesi s
versus endoprosthesis in the treatment of unstable intra-
capsular hip fractures in the elderly. A randomised clini-
cal trial. Arch Orthop Trauma Surg 1993; 113: 39-45.


