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Combined Dislocation of the
Carpometacarpal JointWith Rupture
of the Radial Collateral Ligament
of the Thumb. A Case Study.

Vincent R. Avallone Jr., D.O., Elliot L. Ames, D.O.

ABSTRACT: The purpose of this case study is to present the com-
bined dislocation of the Carpometacarpal Joint and Complete Rup-
ture of the Radial Collateral Ligament of the Thumb Secondary
Lo Trauma. Successful treatment was achieved by closed reduc-
tion and percutaneous pinning of the Carpometacarpal Joint and
Primary Repair of the Collateral Ligament of theMetacarpophalan-
geal Joint.

·Assistant Clinical Professor ofOrthoped-
ic Surgery Philadelphia College ofOsteo-
pathic Medicine Former Christine
Kleinert Fellow in Hand Surgery Univer-
sity ofLouisvilleSchool ofMedicineLouis-
ville. Kentucky
Isolated dislocations of the carpo-

metacarpal joint or rupture of the radial
collateral ligament of the meta-
carpophalangeal joint of the thumb are
not uncommon. However. a review of
the English literature for the last ten
years failed to uncover any reports of
combined injuries in the same digit.

CASE REPORT
E. M.. a thirty eight year old. right

hand dominant. black male presented

Figure l:InitialX-rays revealing adislocation of the CMC Joint of theThumb.

5-

to the Emergency Room complaining
of pain and swelling of his right thumb
due to a basketball injury. He related
a "jamming" injury to his thumb. X-
rays revealed a dislocation of the ear-
pometacarpal joint of the thumb.
which was subsequently reduced by
the Emergency Room physician and a
thumb spica splint applied. (Figure l)
On follow up in our clinic. the patient

complained of persistent metacarpo-
phalangeal pain. Clinical examination
revealed palpatory tenderness over the
radial collateral ligament. and instabil-
ity with adduction stress. Stress X-rays
revealed forty-five degrees of gapping
consistent with complete rupture of the
collateral liagment. (Figure 2)

Figure 2:Stress X-Ray of theMeta-
carpophalangeal Joint revealing a
45 degree gap on the radial side.

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989-90
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Figure 3: Post-Operative X-rays fol-
lowing primary collateral ligament
repair and closed reduction with
percutaneous pinning.
The patient subsequently underwent

primary repair of the radial collateral
ligament of the metacarpophalangeal
joint and percutaneous pinning of the
carpometacarpal joint of the thumb.
(Figure 3).
Post operatively a thumb spica cast

was applied at twoweeks. following su-
ture removal. Pins and wires were re-
moved at six weeks post-surgery. At
two months. casting was discontinued
and clinical examination revealed full
opposition, with radial collateral liga-
ment and carpometacarpal joint stabil-
ity of the thumb.

DISCUSSION
The carpometacarpal joint of the

thumb is a saddle joint. Dislocations
are relatively uncommon in contrast to
themore frequent fracture dislocation.
The usual mechanism of injury is a
longitudinal force applied to a partial-
ly flexed metacarpal. which results in
dorsoradial dislocation.2° Treatment
is deceptively difficult. Closed reduc-
tion is simple and may initially appear
stable. as in this case. However. main-
tainence of reduction is uncertain. with
recurrence of subluxations and disloca-
tions quite frequent. Due to this. it is
advisable to secure the reduction with
percutaneous pin fixation for four to six
weeks.1

U. Amer. Ost. Acad. ofOrth.. Vol. V 1989-90

Rupture of the radial collateral liga-
ment of the metacarpophalangeal joint
of the thumb. while less published than
its ulnar counterpart. may occurmore
frequently than earlier studies indicat-
e4.° The postulated mechanism of in-
jury is an adduction stress. Acute
treatment of ligamentous ruptures of
the radial collateral ligament remains
controversial. since most patients
presentwith chronic pain and instabil-
ity. Some authors suggest immobiliza-
tion by spica casting acutely with late
reconstruction if symptoms persist.
Other sources support primary repair
of ligamentous structure.5·6·7·8
The proposed mechanism of injury

in our patient is adduction force with
axial stress. The decision to acutely
repair the collateral ligament of the
metacarpophalangeal joint and percu-
taneously pin the carpometacarpal
joint was based on the injury to adja-
centjoints of the thumb with its inher-
ent instability and associated
disability.
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Band Aid Hip Surgery
Paul G. Bizzle, D.O., Fountain Springs, PA

ABSTRACT: Hip fractures can be treated by a variety ofdiffer-
ent methods. Presented is a series treated with closed reduc-
tion and percutaneous pinning with Knowle's pins. Indications
for this procedure are discussed as are the advantages and limi-
tations ofsuch an operation. This less invasive avenue of treat-
ment for appropriately selected hip fractures can lead to
extremely gratifying results in these patients.

BAND AID HIP SURGERY
In 1984 a prospective study of pa-

tients with hip fractures treated with
closed reduction and percutaneous pin-
ning utilizing Knowles· pins was be-
gun. The majority of these were
subcapital and transcervical fractures.
A small number of basicervical and in-
tertrochanteric fractures were also
treated by this method. All other hip
fractures treated by open reduction in-
ternal fixation. closed intramedullary
nailing. or by endoprosthetic arthro-
plasty were not included in this study.
All patients or their responsible guar-

dians were thoroughly appraised of the
treatment options available to them for
their respective fractures. Both poten-
tial advantages of closed reduction and
percutaneous pinning and potential
short comings of the procedure were
discussed in detail. The vast majority
of the patients considered to be poten-
tial candidates for this procedure chose
the percutaneous route after this dis-
cussion.

MATERIALS AND METHODS
From a period extending from De-

cember 1. 1984 to January 1. 1989
forty nine patients with fractured hips
were treated with closed reduction and
percutaneous pinning with Knowles'
pins (see chart 1). Follow-up time
ranged from six months to four years
with a mean time of two years and
three months. Forty females and nine
males comprised the patient popula-
tion. Ages from 34 to 95 years old with
a mean of 75 years old. The majority.
forty two patients. were coherent, ra-
tional and able to understand the op-
tions given to them prior to deciding on
this method of treatment. In the re-

-7

maining seven confused or disoriented
seven patients the nature of the proce-
dure and options were discussed with
those holding power ofattorney to give
consent for the surgery.
Thirty five of the fractured hipswere

subcapital fractures. six were transcer-
vical. six were basicervical. and the re-
maining two were intertrochanteric
fractures. The majority of these frac-
tures were nondisplaced or impacted
fractures. No displaced basicervical or
intertrochanteric fractures were treat-
ed with percutaneous pinning. Twenty
one subcapital fractures were dis-
placed. Two transcervical fractures
were displaced.
Of the forty nine patients treated

with percutaneous pinning forty two
were able to ambulate prior to their
fractures. The remaining seven pa-
tients did not ambulate pre-operatively.
Pre-operatively ten patients had re-
quired eitherwalker. cane or other as-
sistive devices for ambulation. Nine
patients required these for degenera-
tive joint disease of the hip. knee of
both. One patient required a hemi-
walker to ambulated due to paralysis
from a prior cerebral vascular accident.
A sincere effort wasmade to surgical-

ly treat these fractures as soon as pos-
sible with the majority. twenty eight
subcapital and six transcervical and
four basicervical and two intertrochan-
teric fractures. undergoing percutane-
ous Knowles' pinningwithin 24 hours.
Time periods from the incident of frac-
ture to surgical treatment for the re-
maining nine patients range from two
days to three days. Surgery was de-
layed only when the patient was not
medically stable enough to undergo the
procedure. Mean time from time of

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90
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Figure 1-Typical operating room set up for Knowles hip pinning.
fracture until time of surgery was one
day.
With two exceptions the patients

treated had rather low velocity injuries.
Most patients fell in nursing homes.
their own homes. or those of relatives.
Two of the three younger patientswere
injured when they fell several stories
from roof tops to the ground below.
Both sustained displaced subcapital
fractures and were treated within
several hours after their injury.

PROCEDURE
The procedure was performed in the

operating room under either general or
short duration spinal block anesthesia.
Patients were placed in the supine po-
sition on the orthopaedic fracture table
and gentle closed reduction performed
on those requiring it. C-arm visualiza-
tion of the fracture was utilized to ob-
tain satisfactory positioning prior to
proceeding with the pinning. After
proper positioning was achieved the
hip was prepped and draped in the
standard manner. including the C-arm
image intensifier.
Instruments required were few (see

figure l including scalpel. Knowles'
pins. pin driver. needle holder and su-
ture scissors. After determining the ap-
proximate Knowles· pin size and level

of insertion the first pin is placed
through a small one inch incision. It is
placed in either superior or inferior po-
sition, either anteriorly or posteriorly.
The C-arm imaging is utilized to place
these pins. Following pin placement in
three to four four of these positions
reduction and fixation is checked
throughout the pinning procedure and
the pins are placed such that rotation-
al stability is provided for the fracture.
The pins are inserted at an angle of
135° to 150° to allow for controlled
subsidence of the fracture during heal-
ing. When pinning is completed the
Knowles· pins are broken at the hex
nut, the small wound irrigated. and the
wound then closed with a subcuticular
closure of absorbable suture material.
Skin closure strips are then applied and
a transparent biocclusive dressing ap-
plied over this. Alternatively a large
band aid can be utilized.

THE POST-OPERATIVE PROTOCOL
Early weight bearing ambulation

was encouraged in all patients with
subcapital and transcervical fractures
who had been ambulators pre-
operatively. lntertrochanteric and
basicervical fractures were treated with
nonweight bearing early ambulation.
The patientswere advanced from walk-

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90 -8-
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Figure 2-Disarticulation of bipo-
lar hip prosthesis two years post-operatively.

er or crutches to a quad cane. if possi-
ble. at one month. At twomonths they
were encouraged to graduate to a regu-
lar cane or no assistive devices at all.
Quadriceps. hamstring. and gluteal

strengthening exerciseswere begun on
the first post-operative day and con-
tinued until the patient had achieved
their pre-operative functional level. Ob-
viously this study included patients
who were confused and disoriented.
These patients were incapable of car-
rying out any structured exercise pro-
gram and often times were not able to
ambulate pre-operatively.

RESULTS
Of the forty nine patients treated

with closed reduction and percutane-
ous Knowles' pinning of their hip frac-
tures only two patients required
revision of their surgery. These were
for nonunion of their subcapital frac-
tures. They were revised to bipolar hip
arthroplasties. More commonly re-
operation was required for tenderness
in the greater trochanteric bursa! area
due to irritation from the hex heads of
the Knowles· pins. This procedurewas
carried out on an out patient basis with
local anesthetic and sedation. Pin

Figure 3Post-operative fracture
of femur in elderly patient with
bipolar Austin Moore hip
prosthesis.
removal was necessary in only six of
the forty nine hips treated with this
procedure.
In the forty nine patients treatedwith

this procedure malunion occurred in
three hips. These were all nondisplaced
intertrochanteric or basicervical frac-
tures which initially appeared satisfac-
tory but subsequently went into a
varus positioning. Leg length dis-
crepancy occurred in these individuals
averaging three quarters of one inch.
Thiswas treated with a shoe lift. These
patients had no complaints of either
hip or back pain and were pleased with
their post-operative result.
Deep vein thrombosis occurred in

two of the forty nine hips in this study.
Superficial phlebitis post-operatively
was identified in thirteen patients. All
patients were treated post-operatively
with low dose aspirin for deep vein
thrombosis prophylaxis.
Therewere no intra-operative deaths

and no immediate post-operative mor-
talities. Those patients who did die
post-operatively did so from medical
problems. The average time from oper-
ation to reported mortality was nine
months after their reduction and inter-
nal fixation.

-9- J. Amer. Ost. Acad. ofOrth.. Vol. V 1989-90
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Blood loss was minimal with much
less than 5cc lost in each of these cases.
No post-operative infections occurred.
All patients received an tibiotic
prophylaxis for 48 hours post-
operatively with one gram ofCefazolin
being administered every eight hours.
All patients or their responsible guar-

dians relayed that they were pleased
with their choice of surgical options.
The two patients requiring re-operation
were disappointed with their nonun-
ions butwere appreciative that a more
conservative approach had been em-
ployed first.
Ambulatory and activity status

changed in only two patients. As not-
ed previously. several patients required
assistive devices prior to their frac-
tures. Seven patients alsowere not am-
bulating prior to their fractures.
Post-operative hospital time ranged

from three to twenty one days with a
mean of ten days. Patients who were
not capable of ambulation were dis-
charged back to their prior residence
within seven days.
Only the two patients who had re-

quired revision of their Knowles' pin-
ning to a bipolar hip arthroplasty due
to nonunion did not secure relief of
their pain from their hip pinning.
These were evaluated by either patient
or care person questioning and physi-
cal examination of the patient in the
office. The vastmajority, thirty six pa-
tients, related that they experienced no
hip or thigh pain. The remaining six co-
herent patients experienced intermit-
tent thigh or groin pain of a mild
degree. They. however, relayed that
this was minimal and did not signifi-
cantly impair their activities of daily
living.

DISCUSSION
Knowles· pins have been utilized for

the treatment ofhip fractures formany
decades. however. have generally been
used in open reduction procedures. In
the majority of the reported cases de-
cisionswere strongly influenced by the
minimal nature of the described sur-
gery itself. Advantages included
decreased anesthesia time. minimal
blood loss (5cc or less), andminimal in-

cision and tissue dissection. Another
benefit of the procedure is decreased
expense due to the need for fewer in-
struments. less expensive implant
devices and even supplies such as su-
ture and dressings are kept to a mini-
mum. Also, an assistant is rarely ifever
needed.
Several authors'39.10,13-16.18.19.21-29.

32-34 have advocated primary en-
doprosthetic replacement for treatment
of femoral neck fractures. This tech-
nique is certainly successful in allow-
ing early weight bearing ambulation.
Intra-operative and post-operative mor-
bidity is also certainly greater than
with closed reduction and percutane-
ous pinning. Post-operative complica-
tions not seen with pinning include
loosening of the prosthesis. dislocation
of the prosthesis (see figure 2). and
post-operative fracture at the prosthetic
tip (see figure 3). Time of operation is
greater with hip arthroplasty. Dissec-
tion is more extensive. Blood loss is
also elevated when compared with per-
cutaneous pinning.
Reports by others'8.11.12.17.20.30.31 3fa

relatively high (up to 43%) incidence of
either nonunion or avascular necrosis
with pinning of the femoral neck frac-
tures has not been born out in this ser-
ies. Although the patient population is
small (49 hips). only two percutaneous
hip pinnings did not go on to bony un-
ion and none developed avascular
necrosis. Both of these patients felt that
the more minimal procedure was
worth while and that the potential
benefits outweighed the risks signifi-
cantly.
Small incision size and minimal dis-

section appear to psychologically bene-
fit the patient. They are usually
surprised and pleasedwith the cosmet-
ic result and seem to be less afraid of,
and more interested in. participating in
their rehabilitation period. This tech-
nique is felt to be quite worthwhile in
the treatment of femoral neck frac-
tures. Although basicervical and inter-
trochanteric fractures can also be treat-
ed by thismeans both patient and sur-
geon must understand that malunion
and varus may occur. In these patients
the advantages of this more minimal-

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90 -10-
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ly invasive procedures should be
weighed closely against this disadvan-
tage. Unless the patient is not an am-
bulator or is in poor medical condition
these fractures are probably better
treated with compression hip screw or
similar fixation devices.
Overall. closed reduction with percu-

taneous Knowles' pinning in femoral
neck fractures appears to be a viable
treatment alternative which offers
significant advantages to both surgeon
and patient. Although failures do oc-
cur. the incidence seems to be less then
previously reported.
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Able LO Ambulance
Patient Sex Age Type of Fracture Pre-Operatively

zc M 51 Displaced subcapital Yes
CH F 81 Displaced subcapital Yes
RG F 81 Displaced subcapital No
MB F 72 Transcervical Yes
MB F 73 Subcapital Yes
NM M 80 Subcapital Yes
MH F 78 Subeapital Yes
AS F 72 Displaced subcapital Yes
HS F 51 Displaced subcapital Yes
GR M 85 Subcapital Yes
AO F 80 Subcapital Yes
PH F 69 Basicervical No

JB M 95 Displaced subcapital No
MM F 83 Intertrochanteric No
EC F 86 Pertrochanteric Yes
HS F 90 Subcapital Yes
HM F 74 Intertrochanteric Yes
PK F 68 Pertrochanteric Yes
MH F 88 Displaced subcapital Yes
MC F 62 Pertrochanteric Yes
ST F 79 Subcapital No
LZ F 85 Displaced subcapital Yes
MW F 77 Subcapital Yes
RM M 67 Displaced subcapital Yes
MJ F 84 Displaced subcapital Yes
DF F 66 Displaced subcapital Yes
MD F 88 Displaced subcapital Yes
LW M 81 Transccrvical Yes
HB F 79 Displaced subcapital No
IL F 75 Basicervical Yes
JM F 57 Displaced subcapital Yes
SD F 77 Subcapital Yes
JB M 69 Displaced subcapital Yes
KS F 83 Subcapital Yes
KN F 85 Displaced transcervical Yes
BT F 76 Displaced transcervical Yes
vw F 79 Displaced subcapital No
LY F 71 Subcapital Yes
ws M 70 Transcervical Yes
DR F 58 Transcervical Yes
LP F 90 Basicervical Yes
EP F 6o Displaced transcervical Yes
HY F 87 Displaced transcervical Yes
GM F 77 Subcapital Yes
FM F 84 Displaced subcapital Yes
BD F 85 Displaced subcapital Yes
AH F 74 Subcapital Yes
BK F 83 Subcapital Yes
MD M 34 Displaced Subcapital Ycs
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Comparison: Arthroscopic Anterior
Suture Capsulorrhaphy & Open Capsular
Shift Procedures for Anterior Shoulder

Subluxation/Dislocation
Michael A. Seivert, D.O., Phoenix, AZ
William L. Smith, D.O., Phoenix, AZ

This study is a comparison of four-
teen ( 14) arthroscopic anterior suture
capsulorrhaphies and twenty-two (22)
open capsular shift procedures done in
conjunction with Dr. William L. Smith
in Phoenix. Arizona.
The purpose of this paper is to com-

pare the results of the arthroscopic
suture capsulorrhaphies with those of
the open capsular shift to determine if
the arthroscopic surgery is an alterna-
tive to the open procedure.
There have been 14 arthroscopic

anterior suture capsulorrhapies and 22
open capsular shifts performed from
1986 to present. The average age for
the arthroscopic patients was 25.79
and ranged from 16 to 41. The open
shift patients averaged 24.23 years and
ranged from 17 to 37. The arthroscopic
patients were 10 male. 4 female, with
9 athletes and 5 non-athletes. The open
shift patients were 16 male, 6 female
with 19 athletes. 3 non-athletes. All
patients were right-hand dominant and
the injured shoulderwas 9 right, 5 left.
in the arthroscopic group. and 12 right.
10 left in the open group.

SEE TABLE 1-A and 1-B

The Center for Sports Medicine and
Orthopedics was the site for preopera-
tive and postoperative patient evalua-
tions. All patientswere evaluated sub-
jectively (questionnaire and/or direct
questioning) and objectively (physical
examination). All patients went
through physical therapy postopera-
tively and progressed to muscular
rehabilitation and weight training at
the Center for Sports Medicine and
Orthopedics.

INTRODUCTION
Arthroscopic surgery of the shoulder

hasmade great strides in recent years,
from diagnostic to operative correction
ofmany shoulder pathologies. Should-
er arthroscopy has been used for diagn-
osis and treatment of the following:
Impingement syndrome (resection of
the coracoacromial ligament and sub-
acromioplasty): Glenoid labrum
pathology (debridement and suture re-
pair): Rotator cuff pathology (debride-
ment); Synovitis/bursitis: Adhesions:
Degenerative changes of the gleno-
humeral and acromioclavicular joints
(debridement): Loose body removal.
and most recently for suture repair of
capsular laxity. tears of the gleno-
humeral ligaments and glenoid labrum
tears (suture capsulorrhaphy).
The arthroscopic capsulorrhaphies

and repairs of Bankart and S.L.A.P.
lesions have been performed utilizing
staple, screw and suture techniques.
The traditional surgical treatment for

patients with shoulder subluxation/dis-
location has been one of the following:
Modified Bristow. Magnusen-Stack.
Putti-Platt. and Bankart procedures.
More recently the capsular shift proce-
dure has come into vogue. This was
described by Charles Neer. II. M.D. and
somemodifications ofhis original des-
cription have been utilized by many
surgeons in performing the capsular
shift procedure.'''

PATHOLOGY
The patients in our study ex-

perienced anterior subluxation or dis-
location at some time that caused an-
terior capsular laxity and/or glenoid
labrum pathology. Most reported an in-
cident that caused the affected extrem-
ity to be placed in a position of abduc-
tion and external rotation at the time
of the injury. As described in the liter-
ature. this position is thatwhich causes
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stretching of the anterior capsule and
muscles as well as causing glenoid
labrum pathology as the humeral head
subluxates or dislocates. Once these
anterior stabilizing structures become
damaged by a subluxation/dislocation,
they are less effective restraints and
predisposed to future episodes of
subluxation/dislocation when the
abducted-externally rotated position is
encountered.
Studies have shown that at zero (O)

degrees ofabduction. the subcapularis
muscle is the primary restraint: at 45
degrees ofabduction the subscapularis.
middle and inferior glenohumeral liga-
ments all contribute lo stability: and al
90 degrees of abduction the inferior
glenohumeral ligament and anterior
glenoid labrum are all that preventdislocation."
It is easy lo see that in abduction and

external rotation. the stability of the
shoulder is decreased anteriorly.
Turkel. et al. showed that clinically

most recurrences of anterior shoulder
dislocation occur with the shoulder
abducted more than 90 degrees with
an applied external rotation force.'
The forces applied in this position over-
come the restraints (the inferior gleno-
humeral ligament and anterior glenoid
labrum) and damage occurs to these
structures as subluxation/dislocation
occurs.
The inferior glenohumeral ligament

blends into the glenoid labrum anteri-
orly lo form a complex support struc-
ture. However. the glenoid concavity
only averages 2.5 mm in depth and the
inferior glenohumeral ligament-an-
terior labral complex structurally only
adds an additional 2.5 mm depth to the
glenoid fossa to provide anterior
stability. These structures can be over-
comemost easily when the shoulder is
abducted and externally rotated. thus
causing the named Bankart lesion (se-
paration of the inferior glenohumeral
ligament-anterior labral complex from
the anterior glenoid rim and scapular
neck).""

The presence of a Bankart lesion
renders the inferior glenohumeral liga-
ment nonfunctional at 90 degrees of
abduction and allows subluxation/dis-

location to occur more easily.
The typical procedure for repairing

the Bankart lesion has been by open
means. The procedure is technically
difficult due to exposure and obtaining
drill holes in the anterior glenoid for
capsular fixation. Alternate methods
for repair have been tried. i.e. use of
screws. staples. plates. wires, and
sutures. The use ofmetallic devices in
the shoulder has led lo some well-
known complications. i.e. loosening.
migration. improper placement, result-
ing in pain and an unsatisfactory
result."36
Due to these factors. many

arthroscopists have directed their
attention to arthroscopic suture
capsulorrhaphy to repair the Bankart
lesion (ligament-labrum pathology.)
Dr. William Smith and I have di-

rected our attention to the undirec-
tional subluxation/dislocation and
have utilized the arthroscopic anterior
suture capsulorrhaphy technique per-
formed by Dr. Richard Caspari ofRich-
mond. Virginia as our method of treat-
ment for those patients treated arthro-
scopically .'7
For our patients treated nonar-

throscopically. we have adopted a
modification of the Charles Neer. M.D.
and Frank Jobe. M.D. techniques
for the open capsular shift pro-cedure,'1.13.14

MATERIALS
This study involves 14 patients who

had arthroscopic anterior suture
capsulorrhaphics and 22 patients who
had open capsular shifts.
All 36 patients had anterior shoulder

capsular laxity and/or glenoid labrum
tears. The patients had experienced
anterior shoulder subluxation or dislo-
cation at some time and had capsular
laxity and/or glenoid labrum pathology
secondary to this.
The patients were all examined pre-

operatively and many had x-ray (Hill-
Sach lesion). arthrogram and CT scans
confirming capsular laxity and glenoid
labrum pathology. The results were
obtained by postoperative history and
physical examination and ques-
tionnaire.
The 14 patients treated arthroscopi-
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cally were all told about the
arthroscopic surgery alternative to the
standard open Bankart repair and
agreed to follow through with the ar-
throscopic anterior suture capsulor-
rhaphy. The 22 patients treated with
the open capsular shift procedurewere
not given the option of the arthroscopic
procedure because it was felt that their
injuries were more severe and would
benefit from a more invasive procedure
(open capsular shift).

TECHNIQUE
All the arthroscopic surgeries were

set up in the same manner. The pa-
tients were given a general anesthetic
and then had both shoulders examined
under anesthesia. The patientwas then
placed in the lateral decubitus position
with the affected shoulder up and
rotated 30 degrees posteriorly to align
the glenoid with the floor. The affected
arm was suspended with a rope-cable-
pulley system with ten pounds of
weight.
The shoulder was first injected pos-

teriorly with 30 cc of0.5 percent Mar-
caine to insufflate the joint. The poster-
ior portal was then established (2.0 cm
down and 1.0cm medial to the postero-
lateral corner of the acromion). and
then the arthroscope was advanced
anteriorly into the subscapularis recess
to transilluminate the skin and allow
establishment of the anterior portal by
the passage of a Wisinger rod. A third
(superior or Navaiser) portal was estab-
lished under direct arthroscopic vision
with entry between the scapula and the
distal clavicle.
All cases began with a systematic

examination of all intra-articular strue-
tures. Once this was completed. special
attention was directed to the pathologic
area. In this study. the anterior cap-
sular structures (capsule and gleno-
humeral ligaments), and anterior
glenoid labrum were the areas of
interest.
The intra-articular shaver was util-

ized lo clean up any debris (torn loose
labral pieces. synovitis). and was then
used to clean the anterior glenoid neck
area prior to using the burr.
The high-speed burr was then used

to burr down to the bleeding bone. the
scapular-glenoid neck from as far
anterior-inferior as possible to anterior-
superior in the area of the bicipital
tendon attachment. This was done in
the hope ofbettering the tissues chance
of scarring down to bone.
A Steinmann's pin is passed through

the anterior portal and drilled through
the scapular neck about 3.0mm below
the glenoid surface. The site ofdrilling
is superior to the glenoid notch on the
anterior glenoid and the drill is passed
out the scapular neck posteriorly below
the scapular spine until it tents the
skin. A stab wound allows the pin to be
pulled through the posterior aspect of
the shoulder.
The Caspari punch is inserted

through its cannula in the anterior
portal and used to grasp some of the
anterior capsular tissue (capsule.
glenohumeral ligaments). as well as a
portion of the glenoid labrum. The
punch allows suture (o PDS) to be
passed through the soft tissues. This
was done in three or four different areas
of the anterior capsular and labral
tissues. These sutures were then fed
through the eye of the Beathe pin. The
Beathe pin was inserted through the
anterior portal and passed through the
hole in the glenoid that was drilled with
the Steinmann's pin. The Beathe pin
with the sutures passed through its eye
is then pushed out through the hole in
the glenoid and the sutures are pulled
through the skin on the posterior
aspect of the shoulder below the
scapular spine.
An incision ismade along the inferior

border of the scapular spine and the
sutures are found and pulled through
the incision. The sutures are pulled
taut. and while arthroscopically
viewing the anterior capsular struc-
tures and labrum. the sutures arc tied
over a fascial bridge.
The incision is closed in a routine

fashion and the arthroscopy portals are
left open. A sterile dressing is applied
and a shoulder immobilizer is used.
All of our open capsular shifts were

set up in the same manner. After a
general anesthetic was administered.
both shoulders were examined under
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anesthesia. The patientswere placed in
the supine position with a sand bag
behind the operated side scapula. The
head of the bed was elevated about 25
degrees to a semi-beach chair position.
The arm was draped free.
An anterior approach is used with

the skin incision from the anterior axil-
lary fold to a few centimeters distal to
the coracoid process.''' The cephalic
vein is found in the deltopectoral
groove and is retracted laterally. The
deltopectoral groove is held open with
retractors. The coracoid process is
found and if more exposure is needed
the conjoined tendon is released a few
millimeters laterally to allow further
medial retraction. A good tendonous
cuff ismade so adequate repair can be
accomplished.
The musculocutaneous nerve should

be avoided. It usually is located from
3 to 8 cm from the tip of the coracoid
process. The subscapularis muscle is
then found and a stat is placed under
its inferior margin to elevate it off the
capsule. The leash of vessels is located
at the inferiormargin of the subscapul-
aris muscle and realization that the
axillary nerve is close by is made. No
cutting below the leash of vessels is
made.
The electrocautery hot knife is used

to make a longitudinal incision in the
subscapularis muscle about 1.0 to 2.5
cm medial to its insertion. This cut is
made in a good tendonous portion of
themuscle to provide a good substance
to repair. The edges of the subscapul-
aris muscle are tagged with #Q Vicryl
suture and the muscle is elevated off
the capsule medially and laterally.
The capsule is then incised longitu-

dinally at the edge of the glenoid
labrum. A T-plasty is then made with
the transverse incision extending from
medial (glenoid) to lateral. This
produces an inferior and a superior leaf
that can be shifted to tighten up the lax
capsule. The inferior lateral leaf is first
pulled and advanced superior medially
to the top of the glenoid and sutured in
place. This will help obliterate any
anterior-inferior translation. The
superior leaf is then pulled and
advanced inferiormedially and sutured
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down over the superior-medially
shifted leaf.
The subscapularis muscle is then

repaired. We have sutured the muscle
end-to-end as well as overlapping it a
bit (Putti-Platt). We decide this based
on the amount of laxity noted with our
examination under anesthesia. If we
have a throwing athlete. a direct end-
to-end repair is preferred over a
Putti-Platt.
A routine skin closure is performed

and drains are utilized as is a shoulder
immobilizer.
Postoperatively. the patient does

hand-wrist-elbow range ofmotion exer-
cises starting the day of surgery.
Shoulder pendulum exercises and
isometric exercises keeping the arm
adducted at the side and not allowing
external rotation past the neutral
anatomic position are done starting
postoperative day one.
The patients enter postoperative

physical therapy at the Center for
Sports Medicine and Orthopedics
within a few days of surgery. Therapy
is gentle range ofmotion to the hand-
wrist-elbow. including supination-
pronation of the forearm. shoulder
pendulum exercises. and passive
stretching. The shoulder is held in the
adducted and internally rotated posi-
tion in the shoulder immobilizer for
three weeks at all times except when
exercising in therapy. From three to six
weeks. the patients discard the
immobilizer: this is patient specific.
There is a gradual increase in range of
motion and strength exercises from
three to six weeks. At six weeks amore
aggressive therapy is instituted with
light dumbbell work and surgical
tubing exercises. Patients are not taken
beyond the neutral external rotation
position until four to six weeks
postoperative and then only with
gradual stretching and range of
motion.
Patients continue to gradually

increase their weight and workload in
therapy over the next few weeks and
then are advanced into muscular
rehabilitation in the weight room
between eight to ten weeks. Here, they
continue to increase strength in a
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certain range ofmotion dictated by the
physical therapist and strength trainer.
Patients continue with this therapy

until the results obtained are accept-
able. Many patients have chosen to
stay in weight training indefinitely.

Poor --Moderate to severe pain
--Function --Decreased range

of motion. no
better than prior
to injury/surgery

RESULTS
Results were rated excellent. good. fair

or poor and were determined by the
following criteria:
Excellent--Asymptomatic --No pain

--Function --Full range of
motion, what
existed prior to
injury/surgery

--No instability

12 (54.5 percent)
6 (27.3 percent)

(4.5 percent)
3 (13.7 percent)

Excellent:
Good:
Fair:
Poor:

Excellent: 7 (50 percent)
Good: 6 (42.9 percent)
Fair: 0 (OJ

Poor: (7 .1 percent)

Anterior capsular shift
procedure (22)

RESULTS Table lC
Arthroscopic suture
capsulorrhaphies (14)

RESULTS
All the patientswere examined prior

to the writing of this paper to obtain
current data. All patients also were
sent a questionnaire thatmost of them
filled out. The examination entailed a
subjective assessment on the patients'
part as to how they were doing. and
allowed them to discuss the pain. range

--Mild pain
--Function --Not quite full

range ofmotion.
almost what
existed prior to
injury/surgery

--No instability
Fair --Moderate pain

--Function --Decreased range
ofmotion. only
slightly better
than prior to
injury/surgery
--Some instability-
subluxation

Good

RESULTS Table lA
ARTHROSCOPIC SUTURE CAPSULORRHAPHIES

AGE SEX ATHLETE SHOULDER FOLLOWUP RESULTS

33 M Yes Left 16 mo. Excellent
16 M Yes Right 22 mo. Excellent
19 M No Left 23 mo. Excellent
29 M Yes Right 28 mo. Good
41 M No Right 23 mo. Poor
17 F Yes Right 14 mo. Good
23 M No Left 33 mo. Good
24 F Yes Left 19 mo. Excellent
38 M Yes Right 10 mo. Good
23 F No Right 14 mo. Good
21 M Yes Right 5 mo. Excellent
41 F No Left 9mo. Good
18 M Yes Right 19 mo. Excellent
18 M Yes Right 3 mo. Excellent

25.79avg 10 male 9 athletes 9 right 17 mo avg
4 female 5 non-athletes 5 left
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RESULTS Table 1B
ANTERIOR CAPSULAR SHIFT PROCEDURE

AGE SEX ATHLETE SHOULDER FOLLOWUP RESULTS

26 M Yes Right 25 mo. Excellent
37 M Yes Left 30mo. Excellent
18 M Yes Right 20 mo. Excellent
27 M Yes Left 29 mo. Good
27 M No Left 14 mo. Excellent
18 M Yes Left 11 mo. Excellent
21 M Yes Left 17 mo. Poor
30 M Yes Left IO mo. Excellent
18 M Yes Right 14 mo. Excellent
19 M Yes Right 4 mo. Excellent
34 M No Right 17 mo. Good
21 M Yes Right 10 mo. Poor
20 F Yes Left 2mo. Fair
18 M Yes Left 25 mo. Excellent
26 M Yes Right 9 mo. Excellent
17 F Yes Right 4 mo. Excellent
20 M Yes Left 6 mo. Excellent
26 F Yes Right 7 mo. Good
23 M No Right 4 mo. Good
28 F Yes Right 6 mo. Good
28 F Yes Left 16 mo. Good
31 F Yes Right 17 mo. Poor

24.23avg 16 male 19 athletes 12 right 13.5 mo avg
6 female 3 non-athletes 10 left

ofmotion. strength and overall feelings
of their current status. Then an exami-
nation was done in both standing and
supine positions. First, the non-affected
shoulder was taken through range of
motion (flexion, extension, abduction.
adduction. internal and external rota-
tion). then was tested for strength of
deltoid. rotator cuff. biceps and triceps
muscles. Various tests were then done:
Flexion impingement test, adduction
impingement test. supraspinatus lest
(Jobe test). apprehension test. speed
test. and then the suluxability/dislocat-
ability was determined. Once this was
done. the operated shoulder was then
examined and compared to the non-
operated side and the results recorded.
Results were based on both the pa-

tients' subjective information via ques-
tionnaire and during examination as
well as the objective data from the
examination.
The findings were as follows:
Arthroscopic suture capsulor-

rhaphies Seven of fourteen had
excellent results (50 percent): Six of
fourteen had good results (42.9
percent): No fair results: One of four-
teen had poor results (7.1 percent).'
Anterior capsular shift procedure-

Twelve of twenty-two had excellent
results (54.5 percent): Six of twenty-
two had good results (27.3 percent):
One of twenty-two had fair results (4.5
percent): Three of twenty-two had poor
results (13.7 percent)''
I

In the arthroscopic suture capsulor-
rhaphy group the one poor result was
a very noncompliant patient who did
not engage in therapy as he should
have. He had continued moderate pain
and his range ofmotion was no better
than prior to surgery. He had no insta-
bility. however.
In the anterior capsular shift group.

there were three (3) poor and one ( 1)
fair result. One of the poor results has
redislocated four to five times and feels
unstable. He does have full range of
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motion and no pain. Another of the
poor results has not subluxcd or dislo-
cated but has chronic impingement
syndrome with bicipital tendinitis that
has restricted activities. The one fair
result is only twomonths postoperative
and has continued moderate gain and
has not reached full range of motion.
This patient is so early that we feel she
will improve with time.
The average followup for the arthro-

scopic suture capsulorrhaphies was 17
months and for the capsular shiftswas
13.5 months. These times are fairly
good and make this study credible. but
one year from now the data will be
more important. It is commonly noted
that you need a two-year followup to
have a good study. We will reevaluate
these patients at a later date to see how
they compare to other shoulder studies
with a longer followup time. I feel that
with continued rehabilitation it is
possible for even more patients to
obtain an excellent result in time.

COMPLICATIONS
There were no infections, no vascular

injuries, no neurologic injuries (supras-
capular nerve injuries have been re-
ported with suture capsulorrhaphies
and axillary and musculocutaneous
nerve injuries have been reported with
capsular shifts). Failure of the proce-
dure is also considered a complication
and in our study we had two patients
who subluxed or dislocated after their
surgery (both were capsular shift
patients).

DISCUSSION
In the past few years. several ortho-

pedists have reported preliminary
clinical results ofarthroscopic anterior
capsular stapling procedures done for
recurrent anterior glenohumeral insta-
bility,"8.9.10 The early results showed a
disappointing 15 to 20 percent redislo-
cation rate and complication related to
use to metal staples in the shoulder
(10-20 percent). Due to these findings.
many orthopedists have gone to per-
forming suture capsulorrhaphies in an
attempt to perform the surgery arthro-
scopically. and to avoid the problems
of intra-articular stapling. Many

preliminary reports have been
favorable with this technique."" Those
reports as well as our results in this
study are very encouraging at this
time. We must continue to follow these
patients over time to see how they hold
up.
It is promising that our arthroscopic

suture capsulorrhaphy patients faired
quite well with 50 percent excellent
and 42.9 percent good results for an
overall 92.9 percent satisfactory result.
These results are with a 17 month
followup and are very encouraging to
us.
Our anterior capsular shift patients

were 54.5 percent excellent and 27.3
percent good for an overall 81.8 per-
cent satisfactory result. These results
are with a 13.5 month followup and are
also quite encouraging to us because
we feel with time these patients will
improve.
We realize that those patients treated

arthroscopically were not as unstable
as those treated with the open capsular
shift procedure and thus to compare
these two groups may be misleading.
It is important. however. to realize that
good results can be obtained arthrosco-
pically if careful patient selection is
performed. lf the patient is a subluxa-
tor and/or occasional dislocator that
does not have severe capsular laxity
and instability. an arthroscopic suture
capsulorrhaphy appears to be a viable
alternative to the open procedure.
Our arthroscopic patients had full

range of motion where some of the
open patients have not obtained this
yet and may never obtain this due to
the surgical procedure. By shifting the
capsule to rid the patient of capsular
laxity we do not necessarily expect a
decreased range of motion. However,
by cutting the subscapularismuscle in
addition to cutting and shifting the
capsule. we realize a certain amount of
external rotation is lost. This is all right
inmany cases because it does not allow
the patient to get into that vulnerable
position where anterior subluxa-
tion/dislocation occurs. If the patient
never again dislocates. but has some
loss of external rotation. most people
would be satisfied. If. however. the
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patient had near full range of motion
and never again dislocated almost
everybody would be ecstatic. We do not
know if this can be obtained with the
open capsular shift because the
anterior tissues are cut and sutured
causing some shortening and scarring.
but we think it can be obtained with
the arthroscopic suture capsulor-
rhaphy.
The question of stability over a

longer followup is still not quite
answered because our followup of 17
months is shy of 2 years that we would
like to see. Our results to date are very
encouraging to us because if we can
obtain results that equal those of the
open procedure by arthroscopic tech-
nique. we feel this will be a major
advantage. It will offer less postopera-
tive morbidity. decreased loss of
motion. less pain. and is more cosmet-
ically acceptable.

COMMENTS
Many questions arose after

examining these patients and evalu-
ating our results. Here are some
interesting things we must think
about:
Can the arthroscopic procedure give

us the long-term results we all have
noted with the open procedure?
Will the arthroscopically treated

patients be as stable as the patients
treated by open means?
Will the athletes treated arthroscop-

ically be more susceptible to redisloca-
tion/subluxation when they return to
their sport than those treated open?
Can we use the arthroscopic proce-

dure on severely unstable shoulders or
must we continue to carefully select
patients for this procedure?
In the future. as more arthroscopic

suture capsulorrhaphies are performed
and more long-term followup is
obtained. the answers tomany of these
questions will be found.

CONCLUSION
In our study of 36 patients with

anterior shoulder laxity secondary to
subluxation/dislocation causing a
Bankart-type lesion and capsular
laxity. we obtained 92.9 percent satis-
factory results (50 percent excellent.

42.9 percent good) with the
arthroscopic suture capsulorrhaphy
technique and 81.8 percent satisfac-
tory results (54.5 percent excellent.
27.3 percent good) with the open
capsular shift technique.
We feel that even though the

arthroscopic suture capsulorrhaphy is
a new technique. it appears to be a
viable alternative to the open capsular
shift/Bankart repair in the hands of an
experienced shoulder arthroscopist if
the patients are carefully selected. In
time as our skill in performing this
procedure improves. we hope to
improve on patient results. We still
must continue longer followup on these
patients to adequately compare the
arthroscopic and open procedures
utilized for the treatment of anterior
shoulder subluxation/dislocation.
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COMPARISON OF ARTHROSCOPIC ANTERIOR SUTURE CAPSULORRHAPHY
AND OPEN CAPSULAR SHIFT

TABLEIIA
ARTHROSCOPIC SUTURE CAPSULORRHAPHY

AGE/
SEX ATHLETE SHOULDER FOLLOWUP RESULT DIAGNOSIS SURGERY
33/M Yes Left 16 mo Excellent Subluxator Suture rep.

Torn ant. lab.. suture
glen. labrum cap.

16/M Yes Right 22 mo Excellent Ant. Dislocator Suture rep.
Torn ant. lab. lab .. Suture

cap.
19/M No Left 23 mo Excellent Recurrent Suture rep.

sublux torn lab.. Suture
ant-inf lab cap.

29/M Yes Right 28 mo Good Recurrent Suture rep.
sublux torn lab.. suture
ant. Iabrum cap.

41/M No Right 23 mo Poor Torn ant. glen. Suture rep.
lab, subluxator lab .. suture

cap.
17/F Yes Right 14 mo Good Torn ant. lab. Suture rep.

Ant. cap laxity lab .. suture
cap.

23/M No Left 33 mo Good Torn ant. lab. Suture rep.
Capsule tear lab .. suture

cap.
24/F Yes Left 19 mo Excellent Torn ant. lab. Suture rep.

Ant. Subluxator lab .. suture
cap.

38/M Yes Right 10 mo Good Recurrent ant- Suture cap.
inf dislocator.
cap laxity

23/F No Right 14 mo Good Torn ant-inf Suture rep.
lab. recurrent lab .. suture
subluxator cap.

21/M Yes Right 5 mo Excellent Recurrent ant- Suture cap.
inf dislocator

41/F No Left 9mo Good Recurrent ant. Suture cap.
dislocator

18/M Yes Right 19 mo Excellent Torn ant-inf lab Suture rep.
& subluxator lab., suture

cap.
18/M Yes Right 3mo Excellent Recurrent ant. Suture cap.

dislocator. torn suture rep
ant-inf lab. lab.
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TABLE 11B
ANTERIOR CAPSULAR SHIFT

AGE/
SEX ATHLETE SHOULDER FOLLOWUP RESULT DIAGNOSIS SURGERY
26/M Yes Right 25 mo Excellent Recurrent ant. Cap shift

dislocator Putti-Platt
37/M Yes Left 30 mo Excellent Ant. cap laxity Cap shift

Instability Putti-Platt
Tear rot. cuff Repair cuff

18/M Yes Right 20 mo Excellent Recurrent ant. Cap shift
dislocator Bankartrep

27/M Yes Left 29 mo Good Ant. dislocator Cap shift
Torn labrum Putti-Platt

18/M Yes Left 11 mo Excellent Recurrent Cap shift
dislocator

21/M Yes Left 17 mo Poor Recurrent ant. Cap shift
dislocator

30/M Yes Left 10 mo Excellent Ant-inf laxity Cap shift
Subluxator Rep cuff
Torn rot. cuff

18/M Yes Right 14 mo Excellent Recurrent ant- Cap shift
inf Dislocator Putti-Platt
Bankart Bankartrep

19/M Yes Right 4 mo Excellent Recurrent ant. Cap shift
dislocator Bankartrep
Bankart. fx
scap neck

34/M No Right 17 mo Good Ant-inf cap lax Cap shift
S.L.A.P. lesion Putti-Platt

21/M Yes Right JO mo Poor Recurrent ant. Cap shift
subluxator. cap

20/F Yes Left 2 mo Fair Ant-cap lax Cap shift
Subluxator Putti-Platt

18/M Yes Left 25 mo Excellent Recurrent ant. Cap shift
dislocator. torn Mangnusen-
labrum Stack

26/M Yes Right 9mo Excellent Recurrent ant. Cap shift
dislocator Bankartrep
Deficient lab. Putti-Platt

17/F Yes Right 4 mo Excellent Ant-inf cap lax Cap shift
20/M Yes Left 6 mo Excellent Recurrent ant. Cap shift

dislocator. Putti-Platt
multi dir.
instability

26/F Yes Right 7 mo Good Ant-Inf cap lax Cap shift
Recurrent ant. Putti-Platt
dislocator

23/M No Right 4 mo Good Recurrent ant. Cap shift
dislocator Putti-Platt
S/P suture cap

28/F Yes Right 6mo Good Cap laxity Cap shift
Putti-Platt

28/F Yes Left 16 mo Good Chronic ant-inf Cap shift
laxity Putti-Platt

31/F Yes Right 17 mo Poor Ant-inf cap lax Cap shift
Rot. cuff tear

27/M No Left 14 mo Excellent Recurrent ant. Cap shift
dislocator Bankartrep
Bankart. cap
lax.
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The ACL Deficient Knee
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Vincent J. Distefano, M.D., Philadelphia, PA

ABSTRACT: From September 1977 through February 1985
the senior author performed 54 modified Jones procedures in
which a 1 centimeter wide strip ofquadriceps aponeurosis, cen-
tral one-third patellar tendon. patellar bone wedge. intrapatellar
tendon and tibial tubercle bone block was used to perform an
intra-articular reconstruction or augmentation of the ACL. The
quadriceps aponeurosis portion of the autograft provided an
extra-articular lateral tenodesis. 36 patients were subjective-
ly evaluated post-operatively at aminimum of2 years follow-
up by 2 previously published rating systems. 27 patients were
clinically evaluated by examination, radiographs, and the MED-
metric arthometer KT-10OO.
On clinical examination 85% had negativeLachman's tests,

negative pivot shift tests. and a normal range ofmotion. 78%
had a good or excellent objective result at aminimum of2 years
follow-up. as judged by previously published criteria. Using the
two different subjective rating scales we had 72% and 76%
satisfactory results. Recent modifications in the procedure.
such as paying careful attention to an adequate notchplasty.
isometric placement of the ACL autograft. and leaving the an-
terior defect unclosed promise the possibility of seven more
reliable clinical and subjective results. We feel this previously
unreported procedure meets the biological and biomechani-
cal requirements necessary to effectively stabilize the ACL defi-
cient knee.

We are presenting a previously un-
reported procedure. which utilizes a 1

centimeter wide strip of quadriceps
aponeurosis. central one-third patellar
tendon, patellar bone wedge. infra-
patellar tendon and tibial tubercle bone
block in order to provide an intra-arti-
cular reconstruction or augmentation
of the ACL and an extra-articular later-
al tenodesis.
Many have reported the downward

spiral of joint disruption associated
with the symptomatic ACL deficient
knee. 5.20.25.30 1n an attempt to prevent
this from occurring many procedures
have been used in an attempt to pro-
vide stability to the ACL deficient
knee,9.21.26.29.32.34.36 Our subsequent
post-operative care is also based the
currently understood biological re-
quirements of tissue healing.28.14.16.
2.31

Using previously published objective
criteriawe had 78% satisfactory results

at a minimum follow-up time of 2
years." Using two previously pub-
lished subjective evaluations, we had
72% and 76% satisfactory results."o34
We feel. however. that as the procedure
is currently performed one can expect
at least a 85% success rate in provid-
ing the patient with a stable, function-
al knee.

MATERIALS AND METHODS
From September 1977 through

February 1985, the senior author per-
formed 54 modified Jones procedures
in which a 1 centimeter wide strip of
quadriceps aponeurosis, central one-
third patellar tendon, patellar bone
wedge. infra-patellar tendon and tibial
tubercle bone block was used to per-
form an intra-articular reconstruction
or augmentation of the ACL? The
quadriceps aponeurosis portion of the
autograftwas used to provide an extra-
articular lateral tenodesis. This pre-
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viously unreported procedure. its
results. and complications are report-
ed here.

PATIENT SELECTION
Patients with a positive anterior

drawer sign at 20° of knee flexion and
a history of a tense effusion following
a luxating phenomenon of the knee
who are ''at risk" for future sympto-
matic instability were considered as
candidates for this procedures.35 Many
factors help determine which patients
are "at risk'' including age. sex, severi-
ty of injury. occupation and associat-
ed or prior damage to the knee. and the
competitive level of the particular
sport(s) atwhich they desire to partici-
pate. We have tended to recommend
reconstruction or augmentation for the
young. athletic individual who desires
to engage in sports requiring rapid
acceleration-deceleration maneuvers.
such as running with a football. play-
ing basketball or volleyball. or perform-
ing in gymnastics. In contrast. older.
more sedentary individuals with ACL
deficient knees are often not ''at risk'
due to their decreased activity levels.
However. older patients whose occupa-
tion or avocation requires strenuous
use of their knees are counseled to con-
sider surgical intervention. In these
recommendations we are not unlike
those before us."
In addition to the above recommen-

dations. we feel wemust add one more
group for whom surgery should be con-
sidered. Patients with an ACL deficient
knee and a torn meniscus should be
considered for surgical intervention. as
we feel that the meniscal tear is proba-
bly due to knee instability secondary
to the ACL deficiency. In all patients
who have a peripheral meniscal tear
repaired in an ACL deficient knee. the
ACL should be repaired and augment-
ed or reconstructed. as studies by De-
Haven. and by DiStefano and Bizzle
have shown unacceptable rates of re-
current meniscal tears following men-
iscal repair in ACL deficient knees.6·11
DeHaven reported a 30% failure rate
formeniscal repair in the ACL deficient
knee. Other authors have reported suc-
cessful repair of peripheral meniscal
tears when combined with an intra-

articular stabilization procedure."

All patients had a positive anterior
drawer sign at 20° of flexion and his-
tory of a subluxating phenomenon in
their affected knee. Most also had a
positive pivot shift sign present at their
examination under anesthesia in the
operating room.'7? AII of the patients
who had this procedure performed had
the diagnosis confirmed by arthroscop-
ic examination. either by the referring
orthopaedic surgeon or by the senior
author.
From October 25. 1977 through

February 18, 1985, 54 ACL deficient
knees in 54 patients were reconstruct-
ed or augmented using this procedure.
Thirty-seven patients were males and
17 were females. Of these 54 patients.
8 had acute lesions. having occurred
within 3 weeks of surgery. and 46 had
chronic lesions. Twenty-three had had
diagnostic arthroscopic performed pri-
or to their admission for this procedure.
Five had had lateral meniscectomies.
10 had had medial meniscectomies. 2
had had intra-articular reconstruc-
tions. and 2 had had failed extra-
articular procedures. At the surgery
reported here. 30 required 32
meniscectomies. 13 required 14 menis-
cal repairs. and 3 required medial col-
lateral ligament repairs.

OPERATIVE PROCEDURE
Following induction of satisfactory

general or spinal anesthesia. examina-
tion of the knee was performed. The
limb was then prepped and draped
free. following placement ofa proximal
thigh tourniquet. Ifprior diagnostic ar-
throscopy had not already confirmed
an ACL deficiency an arthroscopic ex-
amination was performed. During ar-
throscopy. the tourniquet is only
inflated if it is absolutely needed to
maintain a clear visual field. as most
meniscectomies in the senior author's
hands can be completed without the
use of a torniquet. If a repairable
peripheral meniscal tear is noted. it is
repaired through the arthrotomy per-
formed for the reconstruction or aug-
mentation..10.11,12 Following
completion of the arthroscopic portion
of the procedure. the surgeon and as-
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Figure l: Prepatellar retinaculum has been grasped with forceps and retracted
laterally.
sistant change gowns and gloves.
A gram of cefazolin and 20 mg. of

Decadron are given intravenously on
call to the operating room. The limb is
exsanguinated and the tourniquet in-
flated to 300 to 350 mm. of mercury.
An incision is started on the lateral
aspect of the thigh just proximal to the
posterior flare of the lateral condyle.
continued distally to just distal to the
inferior pole of the patella. then swung
medially and distally to a point on the
proximal tibia, just medial and distal
to the tibial tubercle. A median
parapatellar incision is then made for
the arthrotomy. Following confirma-
tion of the ACL disruption. a primary
repair is performed if the tear is acute
and the stump is excised if the tear is
chronic.
Attention is then turned to harvest-

ing the autograft. The pre-patellar
retinaculum is first dissected from the
extensor retinaculum laterally and
turned medially. Fig. 1. A one cen-
timeter wide strip of quadriceps
aponeurosis. patellar tendon. anterior
patellar bone wedge. infrapatellar ten-
don. and tibial tubercle bone block is
then harvested by sharp dissection.
Fig. 2. An oscillating saw is used to
procure the anterior patellar wedge and
tibial tubercle bone block. The soft tis-

sues of the graft are then tubulated by
suturing the edges together. Interrupt-
ed sutures of 3-0 Vicryl are used.
Sharp dissection is then used to de-

velop a surgical plane between the sub-
cutaneous tissues and the underlying
fascia laterally. The iliotibial band
should be incised in line with its fibers.
A Steinmann pin is then drilled from
the anatomic attachment site of the
ACL to a point on the lateral femur.just
anterior to the intermuscular septum
and just proximal to the flare of the
condyle. This correlates to the femoral
isometric point described by Krackow
and Brooks." Retractors are used to
hold the tissues away from this area.
thus allowing the surgeon to visualize
the Steinmann pin as it exits the
femoral cortex. The guide is then over-
drilled with an appropriately sized
reamer. creating the femoral tunnel.
From a point 2 centimeters distal to the
tibial plateau and 2 centimeters medi-
al to the tibial tubercle. a second Stein-
mann pin is drilled posterolaterally and
proximally. to exit into the knee joint
at the tibial anatomic attachment site
of the ACL. This is then overdrilled
with an appropriately sized reamer.
creating the tibial tunnel. The edges of
the tunnels are then chamfered with a
dental burr. thus decreasing the possi-
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Figure 2:The proximal portion of the graft has been extended through the quadriceps
aponeurosis to the muscle fibers of the rectus femoris.
bility ofgraft abrasion at the tunnel exit
and entrance sites. The bone procured
while drilling the tunnels is saved.
A notchplasty is then created by

removing 5 to 7 mm. of the medial
aspect of the lateral femoral condyle
with an osteotome. A wire loop is then
passed retrograde through the femoral
tunnel. joint. and tibial tunnel. The
graft's tubulating sutures through the
quadriceps aponeurosis are tied to this
loop. and the graft is pulled through the
tunnels. placing the tibial tubercle
bone block within the tibial tunnel. the
infrapatellar tendon portion within the
joint. the patellar bone wedge within
the femoral tunnel and the quadriceps
aponeurosis portion laterally to serve
as a lateral tenodesis. Fig. 3,4,5.Asta-
ple is used to hold the tibial tubercle
bone block within the tibial tunnel. The
knee is flexed to 20°. The quadriceps
aponeurosis portion of the graft is then
brought down to a scarified region of
the tibial cortex just anterior toGerdy's
tubercle, gently placed on tension and
stapled in place. A gentle drawer test
with the knee flexed to 20° is then per-
formed. It should be negative. if the
graft is correclly tensioned. At this
point. the knee should be capable of a
passive range ofmotion from complete
extension to near complete flexion,

which is restricted by the surgical
drapes and tourniquet. Twenty mgs. of
Decadron is then repeated intravenous-
ly. The tourniquet is then deflated and
hemostasis obtained.
The femoral tunnel exit site and the

distal placement of the lateral tenode-
sis are important. If correctly placed.
they should correspond to the isomet-
ric points described by Krackow and
Brooks.23 Thus. the tenodesis should
not be stretched outwith knee motion.
Prior to closure. the bone obtained

from drilling the tunnels is placed into
the defect in the patella. The pre-
patellar retinaculum is then sutured
back in place over it. The defect in the
extensor mechanism. capsule. and il-
iotibial band are repaired with inter-
rupted sutures of # l Vicryl. A lateral
release is performed in an effort to
decompress the patellofemoral joint.
The subcutaneous tissues are closed
with a running subcuticular suture of
+3-0 Prolene. Steri-strips, sterile dress-
ings. and a cylinder cast with the knee
at 20° of of flexion were then applied.

POST-OPERATIVE CARE
Post-operatively, patients received a

gram of cefazolin intravenously every
8 hours for 3 doses. and 4 mgs. ofDeca-
dron orally every 6 hours for 4 doses.
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\Figure 3: The quadriceps aponeurosis is used as a lateral sling (placed through a
separate lateral incision in this photo).

I

Figure 4:Kneemodelwith black tape representing lateral sling portion ofACL graft.

Figure 5: Lateral sling as seen post-operatively.
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Figure: 6: Bone chips being packed into patellar donor site. Patellar retinaculumwill
be repaired over the top of the chips.
The limb was kept elevated with ice
bags packed around it for 24 hours.
The patient who had been trained in
crutch walking pre-operatively was al-
lowed to have bathroom privileges im-
mediately. On the second day. patients
were allowed non-weight bearing am-
bulation with crutches as tolerated.
When the patient was using only oral
medications for pain relief and was am-
bulating well with crutches. he was dis-
charged.
The patient returned to the office two

weeks post-operatively for suture
removal and a cast change. The pa-
tients remained non-weight bearing for
six weeks. In patients later in the ser-
ies. a cast brace allowing a limited
range ofmotion replaced the first cast
at twoweeks. More recently. a constant
passive motion machine set at 20° to
50° has been used immediately post-
operatively. followed by cast bracing.
allowing a limited range of motion.
This is done to decrease the effects of
immobilization. to improve nutrition of
the articular cartilage. and enhance the
ligamentous healing.2-33
Six weeks following surgery. the cast

or cast brace was removed and the pa-
tient sent to the physical therapist for
initiation of a carefully monitored re-

habilitation program. Whirlpools and
deep heat modalities were used. fol-
lowed by active assistive range of mo-
tion exercises. carefully avoiding the
terminal 10° of knee extension. Sta-
tionary biking. with the seat set to limit
knee extension to minus 50° is start-
ed. Isometric quadriceps and ham-
string exercises within 50° to 90°
range ofmotion is started. Hip isomet-
rics and progressive resistive exercises
with the knee at a 60° flexion arc are
started. The early therapy. which in-
cludes stationary bicycling is aimed at
restoring knee flexion and regaining
muscle tone. At six weeks post-
operatively. the patient begins weight
bearing and full weight bearing is al-
lowed by 8 weeks. Patients are specifi-
cally warned to avoid all quadriceps
resistive exercises.
At 10 or 12 weeks post-operatively.

full arc extension progressive exercises
are started. At 6 months. if the patient
had attained 75-80% quadriceps
strength as measured on the isokinet-
ic dynamometer. straight-away run-
ning was allowed. Patients begin by
running one-quarter mile. followed by
a one-quarter mile walk. followed by a
one-quarter mile run. until they can
run for a total ofone mile. At this point

J. Amer. Ost. Acad. ofOrth.. Vol V 1989.90 -32-



RESULTS OF A MODIFIED JONES PROCEDURE
FOR STABILIZING THE ACL DEFICIENT KNEE

they may run one-half mile. followed
by a one-halfmile walk, until they can
run a total of two miles. Once they can
run two miles, they may run straight
away as they wish.When patients can
run one milewithout their knees swell-
ing. they are encouraged to begin the
backward running also.When they can
run backwards well. they started run-
ning figure-eights. starting at 50 yards
at half speed, progressing to 25 yards.
then to 10 yards. When they can run
it at 10 yards well. they run 50 yard
figure-eights at full speed and work
back down to 10 yards. Finally, cutting
drills are performed.
With proper rehabilitation, patients

are encouraged to wait a full year prior
to competing in any sporting event.
This is because of the slow return to full
tensile strength of the autograft, which
has been suggested to take as long as
12 to 18 months.29

SUBJECTIVE EVALUATION
Patients who had had this procedure

performed were contacted by phone or
mail during November and December
1986. Thirty-six patients responded.
27 by returning for clinical evaluation.
radiographs, and subjective evaluation
by questionnaires, and 9 by returning
questionnaires. The questionnaires
used were as previously put forward by
Snydor and Andrews. and by
Noyes."0.9
Using the functional rating system of

Noyes. et. al. Patients were asked to
rate their operated knee for levels of
pain, swelling. giving way, and activi-
ty level at which they could function.
in comparison to varying levels of in-
tensity of activity." The subjective
rating scale set forth by Snydor and
Andrews also had the patient rate their
operated knee in relation to level of
pain. giving way. activity levels, and
whether or not their athletic perfor-
mance had been altered by the proce-
dure.34 However unlike the rating
system set forth by Noyes, et. al.. this
second scale did not specifically ques-
tion the function of the knee at each
varying level of athletic intensity.

CLINICAL EVALUATION
Clinical examination was as delineat-

ed by Roth. Kennedy. et. al." clinical
examination included evaluation of
stability by use of the anterior drawer
sign at 20° and at 90° ofknee flexion.
the pivot shift sign. and by quantitative
assessment of anterior tibial subluxa-
tion on the femur. using the KT-1000
arthrometer at 15 and 20 pounds and
maximal displacement forces. The
patellofemoral joint was examined for
tenderness and crepitance. The com-
parative range of motion of the knee
and post-rehabilitation muscular de-
velopment at 10 centimeters proximal
and 10 centimeters distal to the patel-
la were determined. The post-operative
time range from 24 to 87 months. with
the average time being 54 months.
R.A. examined all of the patients.
The Model KT-1OO0 arthrometer

(MEDmetric. San Diego. CA) was used
to evaluate the stability of the knee at
15 pounds. 20 pounds. and maximal
forces in 25 of 27 knees that were able
to be clinically evaluated during this
study. The results of the KT-1O00 ar-
thrometer testing were compared to
our results by objective evaluation.

X-RAYS
The radiographs taken for evaluation

were AP. lateral. tunnel and sunrise
views. These were evaluated for post-
operative degenerative joint disease
changes.

CRITERIA FOR RESULTS
Criteria for an excellent objective

result included having an excellent ob-
jective evaluation of drawer signs and
negative pivot shift test. The patient
must have no swelling. tenderness, or
significant atrophy and must have lost
less than 5° of full extension and less
than 10° of full flexion. A good result
was indicated by having a good objec-
tive evaluation ofanterior drawer signs
at 20° and 90 of knee flexion. a pivot
shift of 1 + or less only mild swelling.
mild tenderness, or thigh atrophy of
0.5 inch or less, and extension loss of
only 5° to 10°,and flexion loss ofonly
15° or less.34 We were very strict in
our evaluation, and ifa patient did not
meet all of the objective criteria for a
given rating. his results were assessed
at the next lower rating.
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A score of 100-91 points. on Noyes
functional rating system was consi-
dered an excellent result, 90-81 points
a good result, 80-71 points a fair result
and less than 70 points a poor result.
An excellent subjective result on
Snydor and Andrews rating scale was
a knee that had no pain, did not give
way. did not limit athletic activity and
allowed the patient to return to his pre-
injury levels of athletic performance. A
good result left the kneewithmild and
infrequent pain. an occasional sensa-
tion of instability. fatigue, or infrequent
giving way, only mild activity limita-
tions. and with only a mild decrease in
athletic ability. A poor result was
scored if the patient felt he had signifi-
cant knee pain. frequent symptomatic
instability. significant limitations of his
activity. and significant inability to per-
form at his prior level of athletic per-
formance.34

RESULTS
Of the 27 patients who were able to

return for an examination 5 had excel-
lent. 16 had good. and 6 had poor ob-
jective results. One poor result was due
to graft rupture. one due to a lack of the
terminal 15° of knee extension. one
due to a loss of 15° of flexion. one due
to an unstable knee. and two due to
thigh atrophy of 0.5 inch or more as
compared to their opposite limb.
Of the 36who responded to question-

naires. 5 scored 100-91 points. 14
scored 90-81 points. 7 scored 80-71
points. and 10 scored 70 or fewer
points of Noyes subjective functional
rating system." Using Andrews' sub-
jective rating system. 3 had excellent.
24 had good. and 9 had poor results.34
Post-operatively. 5 arthroscopic ex-

aminations have been performed. with
two revealing evidence of chon-
dromalacia patella. two showing the
graft impinging on the intercondylar
notch in full extension. and one reveal-
ing a torn meniscus. Two of these pa-
tients subsequently had notchplasties
performed. thus eliminating their im-
pingement.2227 symptomatic staples
were removed in 14 patients. Two pa-
tients have had manipulation of their
knees under general anesthesia. One
subsequently developed a full range of

motion, and the other demonstrated a
persistent 15° flexion contracture
when last examined. This patient.
however. had returned to his job in
Saudi Arabia immediately post-
operatively and had not sought physi-
cal therapy until six months post-
operatively.
Six patients had poor objective

results. One patient obviously had rup-
tured his graft at examination 84
months post-operatively. Upon ques-
tioning. he related that he had had a
very stable knee allowing him to con-
fidently participate in sports at his pre-
injury levels until the summer prior to
this study when, while swinging for the
bleachers during a baseball game. he
heard a pop in his knee. He had had an
effusion within hours. and had had an
unstable knee since that time. This pa-
tient had been operated on early dur-
ing this series. prior to the inclusion of
a notchplasty. Perhaps if he had had
one performed, he may not have rup-
tured his graft. This patient is current-
ly considering another reconstructive
procedure to stabilize his knee.
One patient had lost terminal exten-

sion of the knee of greater than 15°.
however, he was very happy with his
knee as it had allowed him to play
quarterback al a major university. He
scored a good rating on the Andrews'
scale and 89 points on the Noyes' scale.
This patient also complained of a
'clunking'' sensation in his knee at full
extension. He also had not had a notch-
plasty, and clunking was thought to be
due to graft impingement.
One patient with a poor result had a

loss of full extension. He had not
sought any physical therapy for the
first six months post-operatively. in-
stead refusing therapy to return to his
job in Saudi Arabia.
One patient with a poor result. had

a loss of 2 cm. of thigh girth and a posi-
tive drawer at both 20° and 90° of flex-
ion. This patient had previously had a
medial collateral ligament repair and
an intra-articular repair and augmen-
tation. an open medial mensicectomy,
and a pes anserinus transfer.
Two patients were objective failures

simply because of diminished thigh
girth. measuring at least 0.5 inch less
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than the opposite side. However, one
felt that his knee worked well. We feel
that minimal thigh atrophy does not
preclude a good functional result
though knees with this finding must be
classified as objective failures under
the criteria we chose to rate our objec-
tive results.34 It must be noted
however. that the rating system of
Snydor and Andrews is based on an
extra-articular procedure in which the
extensor mechanism is left un-
disturbed.
There were nine subjective failures.

using Snydor and Andrews' subjective
scale.34 Three simply had never at-
tempted to use their operated knee
enough to reach pre-injury levels. out
of fear of re-injury. Return to pre-injury
levels figured heavily in both subjective
scales used in this study. Four patients
had poor subjective results due to
swelling or giving way. though their
knees appeared stable on examination.
Using Noyes' subjective scale 5

scored 100-91 points. 14 scored 90-81
points. 7 scored 80-71 points. and 10
scored 70 or fewer points.
All of the patients questioned fell that

their knees functioned better post-
operatively with the exception of the
patient who had ruptured his graft. He
felt that he had had six years of full ath-
letic ability from his knee following his
one year rehabilitation. before he had
re-injured himself.

COMPLICATIONS
Complications included 1 case of su-

perficial phlebitis. 1 infected hemato-
ma. 1 area of wound dehiscence. 1

patient with an allergic reaction to Ben-
zoin used for the Steri-strips. 1 with an
allergic reaction to the cast brace
material. and 6 patients with a clunk-
ing sensation in terminal extension,
one of whom eventually ruptured his
autograft. One other complication oc-
curred, but was actually related to the
meniscal repair performed. This was a
pressure sore under bolster over which
the suture for meniscal repair were
tied. Since we have gone to burying the
sutures for meniscal repair under the
skin. this problem has been eliminated.

DISCUSSION
The rationale for augmentation of the

acutely injured ACL or reconstruction
of the chronically deficient ACL knee
is to improve functional stability of the
knee. Clinical studies of ACL primary
repair alone have been conflicting.
therefore we recommend repair and
augmentation in all acute ACL rup-
tures that will be treated surgically, in
order to return normal knee bi-
omechanics to the injured joint and
preventmeniscal tears ofdegenerative
changes that occur secondary to the
knee's instability,314.15.20.25.26 This
procedure appears to have given these
knees greater stability. as 23 of 27
knees examined in this study showed
negative drawer signs at 20° and 90°
of knee flexion and had negative pivot
shift tests. All of 23 of these knees also
have a complete functional range of
motion. Thus. 85° of our patients had
a stable knee with a functional range
of motion post-operatively.
Sixty of61 menisci retained after this

procedure have gone without further
surgery. only one requiring arthroscop-
ic partial meniscectomy at a later date.
Of thirteen menisci which were
repaired at this surgery. none are
known to have been retorn. We feel
that by stabilizing the knee. we have
contributed to maintaining the menis-
ci of these knees intact.
The autograft was chosen over other

potential grafts for several reasons: it
is stronger than other available tissues.
it allows bone to bone healing. and its
extension into the quadriceps aponeu-
rosis usually allows a long enough graft
to be obtained to provide a lateral teno-
desis without disturbing other struc-
tures around the knee. The autograft
chosen has been reported to be 174%
as strong as the ACL. while semi-
tendinosus. gracilis, distal iliotibial
band. and pre-patellar retinaculum are
75%. 44%. 36%. and 20% as strong as
the normal ACL. respectively.28 The
bone to bone healing allows for a
stronger fixation than does tendon to
bone healing.5·'6·28·29 The bone-
patellar tendon-bone autograft also al-
lows for earlier re-vascularization.
which is almost complete by 8 weeks
postoperatively. This is due to the over-
whelming contribution to the graft re-
vascularization by endosteal ves-
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sels.'.2.8 In other vascularization
studies by Amoczky et. al., no osseous
tunnelswere created. thus eliminating
the possibility ofendosteal vessels con-
tributing to the graft re-vascularization.
In their studies. it took 16 to 20weeks
for the graft to revascularize.
The lateral tenodesis was felt to be

Important for providing additional sta-
bility to the knee. Computer studies
have shown that it increases resistance
to internal rotation, especially as flex-
ion increases. thus reducing the possi-
bility of pivot shifting occurring." It
may also serve to protect the intra-
articular graft, allowing it to reach its
full strength. while it appears that an
extra-articular tenodesis may allow full
activity within 6 or 7 months."
Potential problems with this choice

ofan autograft are post-operative patel-
lar tendon rupture and increased patel-
lofemoral joint forces. which possibly
contributed to the postoperative com-
plaints of patellalgia.' Lateral
retinacular release was added during
the evolution of the procedure. due to
the author's feelings that the post-
operative patellofemoral crepitus he
noted inmany ofhis patientsmay have
been due to increased patellofemoral
forces. However. of those responding to
the questionnaires. 11 had been treat-
ed without a lateral retinacular release
and 25 with one. Of those who did not
have one performed. 5 (45%) had never
had a complaint of sub-patellar pain at
some time during their rehabilitation
period. while 6(55%) had. Of thosewho
had had a release performed. 10(40%)
had no patellar complaints and 15
(60%) had complained of sub-patellar
pain at some Lime during their rehabili-
tation.
The lateral retinacular release had

not solved the problem of post-opera-
tive patellofemoral pain. The procedure
had been further modified by deleting
closure of the extensor mechanism
defect caused by the autograft harvest.
This appears to have decreased the in-
cidence of sub-patellar pain.
Another recent change in the surgi-

cal procedure aimed at decreasing the
incidence of post-operative patello-
femoral pain has been limiting the

proximal extent of the medial arthroto-
my to the level of the lower one-third
of the patella. This allows excellent
visualization of the intra-articular con-
tents of the knee, without undue dis-
ruption of the extensor mechanism.
The senior author has performed intra-
articular ACL reconstructions arthro-
scopically. but has now returned to this
limited medial arthrotomy. as he feels
it allows better visualization for the
notchplasty, the isometric placement
of the femoral tunnel. and the final ten-
sioning of the autograft.
We feel a notchplasty is necessary for

all intra-articular reconstructions, as
intercondylar eminence impingement
may have led to ACL rupture in the
first place. There has been some evi-
dence that the intercondylar eminence
in some patients is very narrow, pre-
disposing them to ACL rupture. One
surgeon has suggested the future pos-
sibility of prophylactic notchplasty in
these patients."
Another recent modification of the

procedure appears to offer the promise
of a more reliable satisfactory subjec-
tive result. We had recently been leav-
ing the anterior defect caused by
autograft harvest unclosed. Patients
are reporting post-operative patellar
pain less frequently now.
A comparison of the results of the pa-

tients who had had acute ACL disrup-
tions to those that had had chronic
lesions revealed that of the knees with
acute tears. all had good or excellent
results on the Andrews' subjective rat-
ing scale.34 All scored 76 or more
points on the Noyes' subjective rating
scale. objectively. of four knees with
acute lesions examined in this study,
3 had good results and one had an ex-
cellent result." of those patients who
had had a reconstruction for a chroni-
cally ACL deficient knee, 2 had an ex-
cellent result. 19 had good results. and
9 had poor results on Andrews· scale.
while 3 scored greater than 90 points.
10 scored 81-90 points. 7 scored 71-80
points. and 10 scored less than 71
points on Noyes' subjective scales."O"
Of the 23 chronically ACL deficient re-
constructed knees examined in this
study. 5 had excellent, 13 had good.
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and 5 had poor objective results."
Though it appears that early primary
repair and augmentation of acute ACL
tears offers the possibility of a better
prognosis than does reconstruction of
a chronically ACL deficient knee. the
small number ofacute lesions studied
here cannot allow us to make a defini-
tive statement to that effect. Whether
it is the primary repair with augmenta-
tion that is an intrinsically superior
procedure to the reconstruction. or
whether the apparently superior re-
sults in the acutely treated kneeswere
due to a lesser amount of associated
pathology. has not been determined.
However. the 7 acute lesions

reviewed here had only 3 associated
TCL ruptures. 1 medial meniscal tear
requiring meniscectomy. 2 lateral
meniscal tears requiring partial menis-
cectomies. and 2 medial meniscal tears
requiring repairs. The 27 knees with
chronic lesions reviewed here had re-
quired 24 meniscectomies. 5 meniscal
repairs. 2 prior failed intra-articular
repairs. and 2 TCL repairs. All repaired
menisci in these knees have remained
intact to date. This contasts sharply to
the senior author's experience in re-
pairingmeniscal tears in ACL deficient
knees where the instability is not sur-
gically addressed. He had experienced
an unacceptable rate of recurrent tears
in knees in which the ACL was not
reconstructed. We therefore strongly
suggest that any meniscal repair in an
ACL deficient knee be accompanied by
a procedure to restore stability to the
knee. The preceding data also shows
that in this study, less than 50% of the
acutely repaired and augmented knees
had suffered the loss of a meniscus.
Thismay be a factor in the apparently
superior results seen in treating the
knees with acute tears.
In looking at the results of the

KT-1OOO arthrometer testing. we found
that 20 of the 21 patients reviewed here
who had good or excellent results. had
differences in anterior tibial excursion
on the femur between their two knees
of 3 mm. or less. One patient with a
good objective result. had a KT-arthro-
meter reading of4mm. for his operated
knee, as compared to his normal knee.

However. we found that 5 ofour knees
with poor objective results also had dif-
ferences of3 mm. or less. as compared
to their non-operated knees. while one
poor result had a 6 mm. difference at
15 and 20 pounds and atmaximal dis-
placement force. Therefore. in this
study we cannot say that the KT-1O00
arthrometer results necessarily corre-
late with the objective results.

COMPARISON OF SUBJECTIVE
RATING SCALES

We compared the two subjective rat-
ing scales to each other,"0% Twenty-
one of 36 patients scored equivalent
scores if the scores of 100-91 on Noyes·
scale is scored considered an excellent
result. ifa score of 90-81 is considered
a good result and 1f 80-71 points are
considered fair. Of the fifteen times
equivalent scores are not recorded. 8
times the Andrews· scale rated the
patient's results higher than the Noyes'
scale did: 7 times the converse occur-
red. In all cases but one, the subjective
scores only varied by one classification.
i.e. one scale rated the result excellent.
one scale rated the result good. How-
ever, one patient scored an excellent
result on the Andrews· scale and a poor
result on the Noyes scale. We feel that
the Noyes' scale allows clearer identifi-
cation ofwhere an individual patient is
having specific problems.

CONCLUSION
We feel that this procedure in its

present state of evolution. can offer a
patient with a ACL deficient knee at
least an 85% chance of a stable knee,
with a full. functional range ofmotion.
Attentionmust be paid to the details of
the operative procedure. especially in
placing isometric tunnels. in perform-
ing an adequate notchplasty, in leav-
ing the donor site in the extensor
mechanism unclosed, in using early
post-operative motion. and especially
in allowing a sufficient period of pro-
tected rehabilitation before a return to
full competitive activities. We feel that
if all of the details are looked after. fu-
ture patients who have this procedure
performed should have even higher
rates of satisfactory results.
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Objective Acute vs. Subjective Results: Mechanism of Previous
Init. Age Result Chronic Noyes Andrews Injury Surgery
J.M. I7 Excellent Acute Exe. (IOO) Ex. Rugby None

D.S.B. 18 N.A.

W.B. 24 Good

l mm. difference
at 15. 20 and
max. force

0 mm. difference
at all force levels

N.A.

N.A.

l mm. all force
levels

N.A.

1 mm. difference
at all force levels
l mm. difference
at all force levels

None

None

None

None

None

None. Currently 6 mm. differenceConsidering Goretex at all force levelsProsthesis

Staple
Removal

None

Staple
Removal

None 82 Mo.

Medial 82 Mo.
Meniscectomy.
Pes Transfer
Reconstruc-
tion
Posteromedial
Capsule
Lateral 80 Mo.
Meniscectomy

Lateral 85 Mo.
Meniscectomy

None 86 Mo.

Reconstruction 84 Mo.
Posterior
Oblique Lig.
Pes Transfer
T.L.C. Repair 84 Mo.

Medial 84 Mo.
Meniscectomy

None 83 Mo.

Concomitant Subsequent KT-Arthrometer
Sur&TY Fon1ow-up surgery ResultLateral 87 Mo. Manipulation Under 1 mm. difference
Meniscectomy al 15. 7. 20 and

max. force

None

None

None

Medial
Meniscectomy
ACL Stump
Debridement

None

Arthrotomy

Football

Football Arthroscopy
With ACL
Debridement

M.V.A. Arthroscopy
Football None

Skiing

Basketball

Football

Torsional
Weight-
Bearing

Basketball

Exe. (94) Good

Good (83) Good

Good (82) Good

Chronic Good (85) Good

Acute Good (84) Good

Chronic Good (81) Good

Acute
Acute

18 N.A.

18 Excellent Chronic

18 N.A.

18 Good

18 Poor- Chronic Poor (63) Poor
Ruptured
Graft

21 Excellent Chronic Fair (79) Good

23 Good Acute Exe. (94) Good

M.H.

c.c.

P.B.

D.G.

G.B.

D.S.

B.J.

I

p0I

G.P. 18 Excellent Chronic Exe. (91) Good Baseball Arlhroscopy None 67 Mo. None 0 mm. difference
at all force levels



Objective Acute vs. Subjective Results: Mechanism of Previous
Init. Age Result Chronic Noyes Andrews Injury Surgery
M.A.Y 17 N.A Chronic Poor (55) Good Torsional Arthroscopy

Weight-
Bearing

20 Poor - Chronic Good (81) Good
Loss 0.5
Inch
Thigh
Girth

R.N. 19 N.A.

r0: DS4>- cil

got w5
z206-l tJ
r:-t"l :::l

E
() tJ

- .95<%Oc- 13Gz=;xUz c15(ri

N.A.

N.A.

l mm. difference
at all force levels

l mm. difference
at all force levels

l mm. difference
at 15. 2 mm ..at 20, and 3 mm.
at max. force
3 mm. difference
at all force levels

None

Medial Retinaculo- l mm. differenceplasty: Staple at all force levels
Removal

None N.A.

None

Staple Removal

Staple Removal

Notchplasty:
Staple Removal

52 Mo.

54 Mo.

67 Mo.

60 Mo.

65 Mo.

83 Mo.

66 Mo.

None

TLC Repair.
Pes Transfer.
Lateral
Release.
Medial
Meniscal
Repair
None

Concomitant Subsequent KT-Arthrometer

Surry ronows Sur&erYResaleReconstruction 67 Mo. Diagnostic Arthro-
Posterior scopy: StapleOblique Removal
Ligament, Pes
Transfer.
Medial
Meniscectomy.
Lateral
Meniscectomy

Lateral
Meniscal Repair

Medial
Meniscectomy
Pes Transfer

Arthroscopy Lateral
Twice Release

Reconstruction
Posterior
Oblique
Ligament

Arthroscopy Lateral
Open Medial Release
Meniscectomy

None

None

None

None

Basketball

Basketball

Gymnastics

Basketball

Football

Snow
Sledding

Gymnastics

Good (86) GoodAcute

Chronic Fair (78) Poor

Chronic Poor (69) Poor

Chronic Good (83) Good

Chronic Good (89) Good

Chronic Good (85) Good

17 Good

22 Poor
Loss of
15°
Fexion

18 Good

16 Good

L.F.S. 24 Good

A.H.

J.M.

A.P.

o.c.

N.S.
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N.A.

N.A.

2 mm. difference
at 15 and 20. and
0 mm. difference
at maximal force

2 mm. difference
at all force levels

0 mm. difference
al all force levels

1 mm. difference
at all force levels

2 mm. difference
al all force levels

None

Manipulation Under I mm. differenceGeneral Anesth- at all force levels
esia

Staple Removal

None

None

None

None

Staple Removal.
Partial Medial
Meniscectomy

50 Mo.

30 Mo.

30 Mo.

Lateral 47 Mo.
Meniscal
Repair. Lateral
Release

Concomitant Subsequent KT-Arthrometer
Sur8erY Fon1ow-up SurerYResult·Lateral
Release

None

Intra-articular Lateral
Reconstruc- Release
tion: Medial
and Lateral
Meniscec-
tomies

Open Medial Lateral
Meniscectomy Release

Medial Lateral Menis- 47 Mo.
Meniscectomy cectomy.

Lateral Rel.

Arthroscopy Medial and 42 Mo.
Lateral Menis-
cal Repairs.
Lateral Rel.

Arthrolomy Lat. Meniscec- 38 Mo.
tomy: Lat.
Release Notch-
plasty

Medial Lateral Release: 37 Mo.
Meniscectomy Notchplasty
TCL Repair

Mechanism of Previous
Injury Surgery
Hurdling Medial

Meniscectomy

Unknown

Unknown

Baseball

Hockey
Check

Gymnastics

Skiing

Valgus
Stress

E.S. 19 Good Chronic Good (82) Good

Objective Acute vs. Subjective Results:
Init. Age Result Chronic Noyes Andrews
L.P. 19 N.A Chronic Fair (78) Good

CM. 30 Excellent Chronic Poor (62) Poor
(10 years)

s.C. 15 Poor Chronic Poor (55) Poor
0.5 inch
loss of
thigh
girth

s.s. 28 Poor Chronic Fair (71 J Poor
Loss 15°
Extension

AM. 20 Good Chronic Poor (67) Good

B.T. 27 Poor Chronic Fair (75) Poor
Loss 20°
Flexion

C.A. 22 N.A. Chronic Poor (48) Poor

I
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Objective Acute vs. Subjective Results: Mechanism of Previous
Init. Age Result Chronic Noyes Andrews Injury Surgery
K.M. 20 Good Chronic Good (82) Good Basketball Arthrogram

A.P. 25 Excellent Chronic Poor (62) Exe.
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0 mm. difference
at all force levels

N.A.

N.A.

2 mm. difference
at all force levels

N.A.

3 mm. difference
at 15. and 4 mm.difference at 20
& maximal force

None

Notchplasty

None

Staple Removal

None

Staple Removal

Partial Lat. 27 Mo.
Meniscectomy:
Lateral Release

TCL Repair. 30 Mo.
Lateral
Release. Medi-
al Meniscal
Repairs

Lateral Release 30 Mo.

Lateral Release. 41 Mo.
Medial Menis-
cectomy.
Notchplasty

Concomitant Subsequent KT-Arthrometer
Sur&TY Fon1ow-up Sur&erYResultLateral Release: 41 Mo. None 2 mm. difference
Medial and at all force levels
Lateral
Meniscectomy.
Pes Transfer.
Notchplasty

Lateral Release 41 Mo.
Notchplasty

Lat. and Lateral Release 26 Mo.
Medial Parital
Meniscec-
tomies

Medial
Meniscectomy

Arthroscopy

ACL Repair.
Med. and Lat.
Meniscecto-
mies. Scope
With ACL
Debridement
TCL and ACL
Repairs. Med.
Meniscectomy.
Second TCL
Repair. Staple
Removal

None

Work

Work

LaCrosse

Baseball

Football

Football

Acute Fair (76) Good

Chronic Exe. (92) Good

Chronic Good (82) Ex.

Chronic Poor (63) Poor

Chronic Poor (68) Good

H.R. 21 N.A.

A.E. 21 Good

N.C. 20 N.A.

J.D. 19 Good

D.G. 21 Good

I
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Objective Acute vs. Subjective Results: Mechanism of Previous
Init. Age Result Chronic Noyes Andrews Injury Surgery
M.G. 25 Good Chronic Fair (72) Good Unknown Arthroscopy

3 mm. difference
at all force levels

None

None

26 Mo.

24 Mo.

Subsequent KT-Arthrometer
Follow-up SureerYRcults1 mm. difference

at all force levels

Concomitant
Surgery
Medial Menis-
cal Repair:
Medial and
Lateral
Retinacular
Release.
Notchplasty

Lateral
Release:
Medial
Meniscectomy:
Notchplasty

ArthroscopyRacquetballChronic Good (87) GoodA.H. 20 Good

I
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The Effect of Lead Intoxication
On Bone Fracture Healing Utilizing

Tetracycline Labeling
Michael J. Forness, D.O., Gaylord, MI

Richard A. Scott, D.O., Bi-County Community Hospital, Warren, Ml

ABSTRACT: This study reports the changes observed in cal-
lus formation and overall bone healing of fractures created in
eight-week-old puppies exposed to lead. The puppies were fed
5 mg of lead acetate a day for thirty days before and after the
fracture of their left radii. Six puppies. two control and four
experimental. were used in the protocol. Tetracyclinewas given
to each at the initiation of the study. at fracture time and at
the termination of the study. to facilitate appreciation ofqualita-
tive changes in the fracture callus. In the leaded dogs. healing
was delayed aswere the osseous appositional rates. This study
is clinically relevant. as many of the pediatric population. par-
ticularly inner city. are often exposed to low or moderate
amounts of environmental lead.

INTRODUCTION
The problem of lead intoxication in

the pediatric population. particularly in
the inner city. continues lo be preva-
lent. Data from the National Center for
Health Statistics indicates that in 1980,
4% 0f childen between 6 months and
5 years ofage had elevated blood lead
levels of30micrograms per deciliter of
whole blood or more. It has been shown
by various authors that bone growth
and development are inhibited by
lead.914.20 Little discussion is made in
the North American literature.
however about the effect of lead on frac-
ture healing. To date. no quantitative
histologic data is available concerning
fracture healing in the pediatric popu-
lation with lead intoxication.
Ingestion of leaded paint chips from

the walls of homes built prior to 1940
brought attention to the problem of
lead intoxication. Since that time. in-
haled airborne lead. especially near
heavily traveled roadways;" lead
leeching into infant formula from the
solder in can seams.' industrial con-
tamination: lead leeching into fluids
contained in earthenware containers
glazed with leaded glazes:'' all have
been cited as sources of lead intoxi-
cation.
Lead is eaten or inhaled and subse-

quently bound to red blood cells at the
intestine or lung. It then develops a dy-

namic flux with the bone and soft tis-
sue areas of the body. In children.
seventy percent of lead which is not ex-
creted in the urine or feces is stored in
bone." Hass" and Anderson' have
shown that lead has inhibitory effects
on bone growth and development.
Chondroclastic activity,' along with
that of osteoblastic and osteoclastic
function. is retarded.
Dragatoiu and Borundel found in a

retrospective study from Bucharest.
Rumanla. that workmen exposed to
lead developed a delay in the time
needed for consolidation of their frac-
tures. They found an absence of en-
dosteal callus and diffuse decalcifica-
tion in the fracture focus. Furthermore.
they carried out a study utilizing lead
intoxicated rabbits. They demonstrat-
ed a delay in fracture healingwith lead
intoxication and a reversal in that de-
lay once EDTA was administered.
Anderson et al.

1

found that apposi-
tional rates were slowed in their study
of bone remodeling rates in mature
dogs without fracture exposed to lead.
They strongly state they are unsure
how their results from themature dogs
relate to the skeletally immature child
with different bone formation dy-
namics.
This study was designed to demon-

strate histology quantitative and
qualitative changes in fracture healing
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der direct visualization. the bone was
sectioned transversely with an osteo-
tome. The wounds were thoroughly ir-

MATERIALS AND METHODS
Six clinically healthy eight-week-old

littermate puppies were utilized. Dogs
4-7 were fed lead acetate in a 5% dex-
trose solution. 5 mg/kg daily. The so-
lution was delivered orally with a large
bore angiocath just posterior to the ton-
sillar pillars. throughout the entire
sixty-day study. Dogs 1-2 were utilized
as controls and fed only their normal
food allotment. Radiographs were
taken of the left front forelimb of all six
dogs at the initiation of the study.
Tetracycline 25 mg/kg was given

intra-peritoneally on day three and day
four. On day thirty. Xylenol Orange
was administered intravenously in the
amount of90 mg/kg. The solution uti-
lized was 3% Xylenol Orange (X-15
Fisher Scientific) containing 2% sodi-
um bicarbonate in saline.
On day thirty-two. under sterile con-

ditions, following anesthetization with
5 mg ace promazinemaleate and titrat-
ed thiamylal sodium. the left radius
was fractured in themidshaft area. Un-

Figure l: Radii ofdog1 on the right and dog4 on the left at the outset of the study.
The puppies were approximately eight weeks of age at this point.
of dogs with immature skeletons ex- rigated, repaired, dressed and the
posed to lead. Tetracycline was ad- limbs splinted. Penicillin 250 mg was
ministered to label the bone at various administered orally to each. times two
points of the study for markers. doses. Postoperative radiographs were

taken on each. The dogs shed the
splints on their own approximately
three days after the procedure and all
wounds healed uneventfully.
Intravenous oxytetracycline was

given on day fifty-seven and day fifty-
eight in the amount of 20 mg/kg. Se-
rum lead levels were also taken on day
fifty-seven. On day sixty. all dogswere
sacrificed using sodium pentobarbitol
intravenously and the left forelimbs
were re-radiographed.
The specimens were fixed in 70%

ethanol. They were then submerged
with Villanueva bone stain'' for
seventy-two hours. They were de-
hydrated and infiltrated with various
concentrations ofethanol and acetone
and then imbedded in polymethylme-
thacrylate." The specimen blocks
were then trimmed and sectioned. 20
um. 10 um and 6.5 um sections were
obtained. Four dry mounts utilizing
Haupts Gelatin Adhesive weremade." Another four slides for each of
the six specimens were also created.
utilizing a wet mount procedure. One
wet mount slide from each specimen
was stained with Gallocyanin-Chrome
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Alum Stock Solution.21 A second wet
mount slide was stained with Toluidine
blue.
The dry mount slides were than ex-

amined for tetracycline marking by
fluorescent microscopy using a blue
360 mm wavelength light. The dis-
tance between the tetracycline labels
were then measured in microns in mul-
tiple locations of the bone away from
the fracture callus itself." Apposition-
al rate was then calculated in microns
per day.
The wet mount slides from each of

the dogs. specifically those stained with
Gallocyanin. were examined for iden-
tification of osteoid seams. boney
matrix. osteoid cells and callus forma-
tion. Quantitative measurements of
bone. marrow and callus were then
made utilizing grid morphometry as
defined and described by Parfitt."
Here, callus is defined as cartilaginous
fibrous non-bone. non-marrow healing
tissue. The area measured was plotted
out 2 mm from the fracture. both dis-
tally and proximally. along the entire
fracture line on each specimen: dogs 1.
2. 4. 5 and 6. Percent volume of bone
and callus were than calculated.

DISCUSSION
There are three basic phases of bone

fracture healing. The inflammatory
phase. the reparative phase and the
remodeling phase.17 The inflammato-
ry phase involves the formation of a
hematoma around the fracture site and
subsequent tissue inflammatory
response to necrotic debris in the area.
The reparative phase involves organi-
zation of the hematoma and gradual
maturation of the fracture callus.
which is comprised of cartilage. fibrous
tissue and. later on. immature fiber
bone. During the remodeling phase.
the body transforms immature bone
into mature bone.
The results of this study. using im-

mature skeletal systems. demonstrate
a delay in fracture healing lime in the
lead intoxicated dogs as compared to
the control dogs. The increased percent
volume of callus versus mature bone in
the lead intoxicated bone bears this out
when compared to the controls. The
control bone fracture sites. at the lime

Figure 2: Radii of dog "1 on the right
and dog 4 on the left following frac-
ture.This is day thirty of the study.The
puppies are approximately twelve
weeks of age.

Figure 3: Radii of dog 1 on the right
and dog4 on the left at sacrifice; day
sixty of the study. The puppies are ap-
proximately fifteen weeks of age.
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RESULTS

There were no physical or behavioral differences detected between
control and experimental dogs during the study.
1. Serum Lead Levels

DOG NUMBER LEAD LEVEL (mcg/d I)

0
2 0
4 29
5 16
6 17
7 27

·Taken on Day 57 of the Study

2. ·+Radiology
Radiographs ofcontrol dog "I and leaded dog "4 are compared at three differ-

ent time intervals. The first (fig. "I) demonstrates the left radii at the beginning
of the study. (fig. "2) is status-post fracture: and (fig. 3) is a comparison of the
left radii after one month of healing. Exuberant callus is noted in both fractures
in figure 3. Questionably brighter growth plates are noted in dog 4. possiblyexhibiting the beginning of "lead lines".

·See Figures 1 - 3
3. HISTOLOGY

a) Appositional Rate of Bone (see Figure 4) The appositional rates are
presented in graph form with the rates in microns per twenty-four hours. The
lines demonstrate one standard deviation oferror. Figure5 is a demonstration
of the tetracycline labeling at 320X under fluorescent microscopy.

b) Percent Volume of Callus, Marrow and Bone (see Figure 6 and 7)
The results are presented in bar graph form. Note that figure 6 compares per-
cent volume of callus only between dogs 1. 2.4. 5 and 6 and that figure 7 com-
pares all three. Figure "8 is a light scanning micrograph at 80X of the fracture
site of dog "I and figure 9 is that of dog 4. Note the increased cartilage at the
fracture of dog "4.

of sacrifice. are in the remodeling
phase. while the lead intoxicated frac-
ture sites are still in the reparative
phase of healing. Furthermore. the
boney appositional rate. or Lhe rate al
which mature bone is laid down. is in-
hibited in the lead fed canines.
Dragatoiu et a.3 in the only other

study of fracture healing in lead intox-
ication. felt that their data indicated
that lead might inhibit revasculariza-
tion at lhe fracture site and conse-
quently inhibit healing. Cartilage is
formed, as opposed to fibrous bone. in
a rapidly developing normal callus
when the blood supply is outstripped.8
Again. increased percent volume of
cartilagewas noted at the fracture site
of the leaded dogs. Wemay explain the
increased volume ofcartilage by the in-
hibition of revascularization by the

lead. Furthermore. osteoclasts. which
play a critical role in fracture healing.
arrive via the blood supply derived
from circulating monocytes.7
We chose the canine animal model as

it closely simulates human bone in
terms of remodeling. Frost slated that
rodents. notably rabbits as were used
in the study ofDragatoiu et al. may not
provide valid models of the physiology.
pharmacology or pathology of human
remodeling. In this light, the results
ofour study ofcanine bone growth and
fracture healing are more meaningful
to the human pediatric population.
Higher serum lead levelsmight have

created greater changes in the apposi-
tional rates and percent volume of cal-
lus. This was specifically avoided and
the recommended dosage was admin-istered" for two reasons. First, moder-
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Figure ta
APPOSITIONAL BONE RATES

Figure 7PERCENT BONE, CALLUS, 4 MARROW

Dog #2
Dog +3

Dog #4

40

20

Figure 9: Light scanningmicrograph at
80X of the fracture site from dog4 at
the completion of the study.
Further study of the appositional rate

of bone and bone formation rate was
impaired by the remarkable speed of
remodeling in the puppies. The first
two tetracycline labels were lost due lo
remodeling and only irregular patches
left behind. The third label was given
twice with a twenty-four hour gap in
between administration ofdoses. Meas-
urements were subsequently made al
this point.
If a large follow-up study is consi-

dered. the time interval between the

Dog # Dog2 Dog#4 Dog5 Dog6

sot€ 83 ALLIS EEEil 0nnowolme±tttms

Figure 8: Light scanningmicrograph at
80X of the fracture site from dog1 at
the completion of the study.

Figure 7: Percent volume of mature
bone, callus andmarrow is compared in
bar graph from all five dogs at the com-
pletion of the study.

'

e.
-

Figure eFRACTURE CALLUS

otu.toat

Figure 5: Fluorescent microscopic pic-
ture of the tetracycline labeled bone of
dog 4 at 320X. Note the double line
markers.

Figure: 6 Percent fracture callus is com-
pared in bar graph form from all five
dogs at the completion of the study.
ate to severe lead intoxication might
have systemic effects on the animals
which might alter their healing rate
and introduce a confounding variable.
Second. overt lead poisoning in the
pediatric population is more clinically
obvious: whereas low chronic levels
might go unnoticed and. therefore. go
untreated.

Figure 4: Graph comparing the apposi-
tional rates ofbone growth amongst all
dogs in the study. Dog 7 not included
secondary to inappropriate havesting of
fracture. "n'' is equal to the number of
measurements taken from each sample.
One standard deviation of error is
denoted above and below the average
rate for each.
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tetracycline label administration
should be shortened. The remarkable
remodeling rate of the immature ca-
nine skeleton and subsequent loss of
the tetracycline label makes this neces-
sary. In the same light. the allowance
of thirty days for healing of the frac-
tures is excessive prior to sacrifice. A
subset of puppies. given a larger lead
load. could also be considered. This
might help magnify the changes in-
duced in the fracture callus by the lead
and thereby elucidate the mechanism
which shows the fracture healing
process.
In conclusion. this study for the first

time demonstrates a definite trend that
exposure to lead both impairs bone ap-
position rate and overall fracture heal-
ing in the immature skeleton.
Iwould like to acknowledgemy sin-

cere appreciation to thefollowing peo-
ple for their assistance during the
study:
Benjamin Bisgeier. DVM. Consul-

tant Veterinarian and Clifford Snit-
gen. LATG. Manager. Clinical
Research Lab: both of Oakland Uni-
versity.
DavidWatt. RPh ofBi-County Com-

munity Hospital.
Anthony Villanueva, HT., BSc. MA.

Director. HistologyDivision. Bone and
Mineral Lab: K. D. Lundin. BS: Lorri
Everett. BS: all ofHenryFordHospital.
Furthermore. l would like to thank

Henry Ford Hospital and Oakland
Universityfor the use of theirfacilities.
Finally. I would like to thank Hori-

zon Health Systemsfor thefundingfor
this study.

REFERENCES
1. Anderson. C.. Danylchuk. K. D.: Haver-sianBone Remodeling Rates in the
BeagleAfter Cessation ofExposure to
Chronic Low Doses of Lead: J Envir
Path and Toxic: 1980. 3:413-422.

2. Chisolm. J. J .. Jr .. Harrison. H. E.: TheExposure of Children to Lead: Pedi-
atrics; 1956, 18. 943-954.

3. Dragatoiu. V.. and Borundel. D.: Lead
as a Cause ofDelay in the Consolida-
tion ofFractures andMeans ofRecov-
ery: Chirurgia: 1972. Vol XX nr. 9.

4. Eisenstein, R.. Kawanoue. S.: The Lead
Line in Bone A Lesion Apparently

Due to Chondroclastic Indigestion; Am
J Pathol: 1975. 80-309-314.

5. Frost. H. M.: BoneHistomorphometry:
Techniques and Interpretation; CRC
Press. Inc.. 1983. Pg49 (ed Recker. R.).

6. Frost, H. M.: BoneHistomorphometry:
Techniques and Interpretation: CRC
Press. Inc.. 1983. Pg 37-52 (ed Recker.
R.).

7. Gothlin. G .. and Ericsson. J. L. E.: TheOsteoclast: Review ofUltrastructure.
Origin and Structure Function Rela-
tionship: Clin Orthop: 1976.
120:201-231.

8. Ham, W. H.. Cormack., D. H.: Histology.
8th Ed. Lippencott. 1979. Pg 453.

9. Hass, G. M .. Landerholm. W.. and Hem-
mens, A.: Inhibition of Intercellular
Matrix Synthesis During Ingestion of
Inorganic Lead: Am J Path: 1967.
5:815-847.

10. Kimmel. D. B.. Jee. W.S.S.:A Quan-
titatve Histologic Study ofBone Turn-
over in Young Adult Bealges: The
Anatomical Record: 1982. 203:31-45.

11. Klein. M .. Namer. R.. Herper. E .. andCorbin, R.: Earthenware Containers as
a Source ofFatal Lead Poisoning: New
Eng J Med: 1970. 283:669.

12. Lamm. S. H .. and Rosen. J. F.: Lead
Contamination inMilk Fed to Infants:
Pediatrics; 1974. 53:137.

13. Parfitt, A. M.: BoneHistomorphometry:
Techniques and Interpretation: Pg
53-66. CRC Press. Inc.. 1983. Pg49 (edRecker. R).

14. Pease. Charles and Newton. Gwendo-
lyn, G.:Metaphyseal Dysplasia Due to
Lead Poisoning in Children: Radiology:
1962. 79:233-240.

15. Penumarlhy. L .. Oehme. F. W.. and
Galitzer. S. J.: Effects ofChronic Oral
LeadAdministration in YoungBeagle
Dogs: J ofEnvir Path and Toxic: 1980,
3:465-490.

16. Plenk. Hanns. Laboratory for Bone
Research. University of Vienna.

17. Rockwood. Jr.. Charles A.. Green.
David P.: Fractures in Adults: 2nd Ed.
Philadelphia: Lippincott; 1984. Pg
147-151.

18. Schroeder. H. A .. and Tipton. I. H.: The
Human BodyBurden ofLead: Arch En-
viron Health: 1968. 17:965.

19. Sheehan. H.: Theory and Practice of
Histochemistry: 2nd Ed. St. Louis: C.
V. Mosbey Co.. 1980: 99-107.

20. Stowe. H. D.. Goyer. R. A.. Krigman, M.
M .. Cson. M. W .. Cates M.: Experimen-
tal Oral Lead Toxicity in Young Dogs:
Arch Pathol: 1973. 95: 106-1 16.

21. Villanueva. A. R.: A Bone Stainfor Os-

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90 50



THE EFFECT OF LEAD INTOXICATION ON BONE FRACTURE
HEALING UTILIZING TETRACYCLINE LABELING

teoid Seams in Fresh Unembedded
Mineralized Bone: Stain Technol:
1974. 49:1-8.

22. Waldron. H. A .. and Stofen. D.: Subclin-
cal Lead Poisoning: London., New
York. Academic Press. Inc .. 1974.

-51 J. Amer. Ost. Acad. ofOrth.. Vol. V 1989-90



Journal of the American Osteopathtc Academy ofOrthopedics

Clinical Evaluation of
Decompressive Surgery for
Lumbar Spinal Stenosis

Robert J. Ponzio, D.O., ' 'Carl Mogil, D.O.
+Brian Van Grouw

INTRODUCTION
Spinal stenosis is a syndrome as-

sociated with narrowing of the spinal
canal. nerve root canal or the lateral
recess by soft tissue or osseous struc-
tures resulting in compression of the
neural elements.7 The Anteroposterior
diameter (sagittal) of a normal spinal
canal is 12 to 22 mm and that ofa nor-
mal nerve root canal is 5 mm 2941.82 1
lumbar spinal stenosis, the sagittal di-
ameter of the spinal canal is less than
12 mm and diameter of the nerve root
canal is less than 3 mm.82·94

Lumbar spinal stenosis is classified
using both anatomic and pathologic
systems. The anatomic system
describes four local areas which are
sites for neural compression: central.
lateral recess. foramenal. and far-out.
Central refers to a decrease in the

dimensions of the spinal canal. An-
teroposterior diameters of the spinal
canal of less than 12mm or a cross sec-
tional area of less than 100 sqmm are
consistent with a diagnosis of spinal
stenosis. '0.12.15.81 The normal area of
the dural sac is 180+/- 50 sqmm.15
The spinal canal is bordered anterior-
ly by the posterior aspect of the ver-
tebral body or intervertebral disk and
posteriorly by the laminae and base of
the spinous process.
Lateral recess is an area bordered an-

teriorly by the posterolateral vertebral
body and disc. posteriorly by the su-
perior articular facet and laterally by
the pediele."67° The dimensions of the
lateral recess are normally greater than

·Department of Orthopedics.,
UMDNJ/School ofOsteopathicMedi-
cine. Camden, N.J.

•·Chairman of theDepartment ofOr-
thopedics. UMDNJ/School ofOsteo-
pathic Medicine., Camden, N.J.

t Medical Student, UMDNJ/School of
Osteopathic Medicine. Camden,
N.J.

5mm. though in cases of stenosis. it is
typically less than 3mm, 920,44.59.89
Foramenal refers to the neural fora-

men whose superior and inferior bord-
ers are the inferior and superior
pedicles. Anteriorly the vertebral body
and disc. while posteriorly the pars in-
terarticularis and inferior and superi-
or facets border the foramenal space.
Narrowing on CT imaging of the
foramenal space is suggested if two or
less cuts enter this region.
Far-out designation was suggested

by Wiltse.IO° The nerve root is com-
pressed beyond the intervertebral fora-
men. Although compression of the L5
nerve root ismost commonly affected.
any nerve root may be involve4._0°
The pathologic classification system

is based upon the underlying disease
process.'+.25.49.63.97.106 Spinal stenosis
is classified into congenital or acquired
categories. The causes of spinal steno-
sis and its pathologic classification sys-
tem are listed in table-I. This
adaptation was acquired from Dorart
who built upon the framework created
by Arnoldi.' The most common etiol-
ogy being degenerative spinal stenosis.
which is usually due to osteophyte for-
mation, disk bulging. facetjoint hyper-
trophy or ligamentous thickening."
The first documented decompressive

surgery for neurogenic claudication
was preformed in 1900 with good
results. Many authors have since
recommended the practice of extensive
decompressive surgery for treatment of
lumbar spinal stenosis279.104 1general. decompressive laminectomy
has had good results in 75-85% of
cases. I014.35.88 The degree of surgical
decompression is variable and may in-
clude extensive laminectomy, facetec-
tomy, foramenotomy and discectomy.
Multilevel laminectomy is usually re-
quired. In the series of68 patients with
lumbar spinal stenosis reported by
Hall: 4% had single level. 24% had two
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Table I: Pathologic Classification of Spinal Stenosis

I. Congenital/Developmental Stenosis
A. Idiopathic
B. Achondroplasia (72)
C. Hypochondroplasia (23)
D. Morquio's Mucopolysaccharidosis
E. Dysplasia associated with lax atlantoaxial joints (9,30)

1. Metatrophic dwarfism
2. spondyloepiphyseal dysplasia
3. Kniest's disease
4. Multiple epiphyseal dysplasia
5. Chondrodysplasia punctata

F. Down's syndrome (C-I instability) (30)
G. Hypophosphatemic Vitamin D-resistant rickets (18)
H. Klippel-Feil syndrome (46)

II. Acquired Stenosis
ADegenerative (51)
1. Spondylosis and arthrosis (31,32,55,63)
2. Soft tissue stenosis (24)
3. Isolated intervertebral disc resorption (22)
4. Degenerative spondylolisthesis (37)

B. Combined combinations of congenital or developmental
stenosis, degenerative stenosis and protrusions of inter-
vertebral disks

C. Spondylosis with or without the presence of
spondylolisthesis (43)

D. Iatrogenic
l. Post-operative changes
2. Post-fusion

E. Metabolic
1. Paget's disease (4,98,99)
2. Epidural llpomatosis (6,17,18,19,60)
3. Acromegaly (28,34)
4. Fluorosis
5. Calcium pyrophosphate dihydrate deposition disease

(Pseudogout) (77)
F. Miscellaneous

1. Ankylosing spondylitis (17,23,39,56)
2. Calcification or ossification of the posterior

longitudinal ligament (70,102)
3. Diffuse idiopathic skeletal hyperostosis (Forestier's

Disease) (2,76,101)
4. Calcification or ossification of the ligamentum flavum

(71)
5. Conjoined origin of lumbosacral nerve roots (33)
6. Spinal tumors (64)
7. Infection (46)
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levels. 43% had three levels. 26% had
four levels and 3% had five level de-
compressions."
Excellent results after surgical de-

compression are unusual. Most clinical
reports classify good and satisfactory
results as surgical successes65.68.84.92
Postoperatively. patient satisfaction is
high though low back pain in long term
follow-up is not uncommon.42 Late
failure may be due to inadequate
decompression at operation. develop-
ment of further degenerative changes
creating bony stenosis at other levels.
progressive epidural or intradural scar-
ring, postoperative instability or at-
tempted regeneration of lamina at the
decompressed segments.
As previously mentioned. post-opera-

tive instability is a possible etiology for
the Jess than excellent results following
surgical decompression for lumbar spi-
nal stenosis.8 Decompression of the
posterior elements has a destabilizing
effect on the vertebral segment.37 It
has been shown that the biomechani-
cal support in axial loading, shear.
translational and rotational resistance
afforded by the posterior elements are
significant.'61-7' Spinal instability can
be created by removal of the posterior
support. The extensiveness of decom-
pression is directly related to the inci-
dence of postoperative spondylolis-
thesis." Overall. the incidence of
postoperative spondylolisthesis follow-
ing decompressive surgery for lumbar
spinal stenosis is reported as
10-209 ,84.88.92 Hopp and Tsou
reviewed 344 cases of decompressive
surgeries for lumbar spinal stenosis

and noted an incidence of postopera-
tive spondylolisthesis of4.6% with the
majority (56%) occurring at L4-L5 fol-
lowed by L5-S1 (25%) and L3-L4
(13%).3·48·57 In their study. all cases of
postoperative spondylolisthesis were
within the region of decompression.
Other studies have noted the relation-
ship between residual symptoms and
postoperative spondylolis-
thesis 50,57.104

Preoperative prognostic factors for
postoperative spondylolisthesis include
age: degenerated discs: degenerative
spondylolisthesis: scoliosis: calcified
annulus. capsule and ligamentum fla-
vum: presence of traction spurs. steno-
sis above the level of L5 or extensive
decompression requiring complete
facetectomy or pars interarticularis ex-
cision."%

End stage degenerative disease asso-
ciated with end-stage disc resorption or
calcified ligamentous tissue produces
stability at the expense of mobility.54
Postoperative spondylolisthesis oc-
curred more commonly in the younger
patients who underwent decompres-
sive surgery due to the lower degree of
stabilizing degenerative disc
changes."084.91 Tsou noted that post-
operative spondylolisthesis did not oc-
cur at any level with extensive degener-
ative changes." Hence older age and
associated end-stage degenerative
changes are associated with a de-
creased risk of postoperative spondylo-
listhesis. Numerous studies have
confirmed the association between im-
proved resultswith decompression sur-

Table II: Differential Characteristics of
Vascular Versus Neurogenic Claudication

VASCULAR
Worse with exercise
Worse on stationary bike
Relieved with rest
Better standing

Stocking sensory loss
Decreased pulses and bruits
No change with posture
Impotence
Elderly
No History of back pain

NEUROGENIC
May be worse with exercise
May ride bike In comfort
May be worse in bed at night
Worse with standing - relief
with lying supine

Bizarre sensory deficits
Normal vascular examination
Worse with hyperextenslon
Urine retention or frequency
Elderly
Usually history of back pain
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gery for lumbar spinal stenosis and
advanced age,"640.58.104
Preoperative degenerative spondylo-

listhesis has been statistically shown to
be associated with increased rates of
further slippage (65%) relative to cases
ofspinal stenosis without degenerative
spondylolisthesis (20%).° This obser-
vation demonstrates the importance
for evaluation of the lumbar spine for
areas ofdegenerative spondylolisthesis
defined as displacement greater than 2
mm. Other authors have recommend-
ed pre-operative flexion-extension
views of the lumbar spine to detect la-
tent instability."
Postoperative spondylolisthesis is as-

sociated with degenerative disc dis-
ease.50 McNab noted that traction
spurs were evidence ofdamaged or de-
generative discs. Another sign of
disc degeneration is loss ofdisc height.
In Tsou's study. all patientswith post-
operative spondylolisthesis showed
either of the above two findings of disc
degeneration." 87.5% had associated
disc space narrowing with 31% asso-
ciated with traction spurs.
As previously noted, L4 is the most

common site of spinal stenosis and the
most frequent level of instability. The
degree of instability of L4 has been
postulated to arise from the ligamen-
tous support given by the iliotransverse
ligaments to L5. With stabilization of
L5, stresses are transferred to the ad-
jacent mobile segment. Hence levels
above the iliotransverse ligament are
subjected to additional stress and in-
creased risk of instability.
The extent of decompression is

directly related to the incidence of
postoperative spondylolisthesis. Since
spinal stenosis is a syndrome which in-
volves a multitude of pathologies and
a variety ofanatomically affected areas.
modem diagnostic techniquesmust be
employed to diagnose the pathologic
process and its localization. Preopera-
tive evaluation can isolate. in most
cases, the site of the neural compres-
sion and thereby assist in the planning
of the extent of decompression proce-
dure. The simplest procedure involves
a single level decompressive hemilami-
nectomy. Decompression may be uni-
lateral or bilateral. Further dissection

involves facetectomy, discectomy and
foramenotomy."
The age of the patient, extent of the

decompression, presence of degenera-
tive spondylolisthesis, degree of spon-
dylosis and location of the stenosis are
factors that will qualitatively predict
the likelihood of postoperative instabil-
ity. The rule of thumb amongst spinal
surgeons is to retain the total of one
facet joint at each spinal level in order
to retain stability." A bilateral com-
plete facetectomy will produce instabil-
ity and hence require concurrent
fusion. It seems logical that if postope-
rative instability is predicted from the
abovementioned factors then a concur-
rent fusion should be performed.
Studies have supported the improved
results associated with concurrent de-
compression and fusion,848.10 Booth
has modified his requirements for fu-
sion to include the excision of more
than one facet joint at any spinal lev-
el. a patient under the age of50 years,
a patient with a low intercrestal line or
a 'dynamic spinal stenosis." Dy-
namic spinal stenosis is present when
there exists a complete occlusion upon
amyelogram with normalization upon
flexion of the lumbar spine. Progressive
disk collapse after lumbar decompres-
sion in these patients is likely to pro-
duce significant spondylolisthesis.
However. most surgeons do not per-

form fusion with decompression sur-
gery for lumbar spinal stenosis'0-10
Controversy presently exists in the
literature regarding the indications and
efficacy of fusion in decompressive sur-
gery for spinal stenosis. The goal of this
clinical study is to examine those fac-
tors that influence the results ofdecom-
pressive surgery for lumbar spinal
stenosis and establish the basis of fur-
ther clinical studies. Using these prin-
ciples. an algorithm for surgical
treatment of lumbar spinal stenosis
will be suggested.

MATERIALS AND METHODS
Between 1985 and 1988, thirty-two

cases of lumbar spinal stenosis treat-
ed by decompressive surgery were
identified within the tri-divisional
hospital system of the University Med-
ical Center- John F. KennedyMemo-
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FIGURE-2: AGE DISTRIBUTION FOR STENOSIS
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rial Hospital. Symptomatic spinal
stenosis most commonly occurs in
men between the ages of 35 and 65
with the majority being greater than 50
years old.73.107 The mean age at the
time of the operation was 54 years
(range: 26- 74) (Figure 2). There were
17 females and 15 males. Follow-up
periods ranged from 5 months to 45
months and averaged 27months. Four
of the thirty-two cases were lost to
follow-up and were excluded from the
statistical analysis. Another exclusion
criteriawas whether the patient's sym-
ptoms were predominantly due to disc
extrusion.
Inclusion criteria was radiographic

demonstration of lumbar spinal steno-
sis. Conventional radiographs. myelog-
raphy. computerized tomography. and
more recently magnetic resonance im-
agingwere used in the diagnosis of the
level and location of lumbar spinal
stenosis.
Conventional radiographs are initial-

ly done to rule outmetastatic disease,
compression fractures, spondylosis, de-
generative disc disease. osteophytosis.
spondylolysis. spondylolisthesis or
congenital malformations." Lumbar
spinal stenosis is suggested by the
reduction in the length of the pedicles.
decreased interpedicular width. de-
generative changes in the apophyseal
joints. and narrowing of the disc

spaces. and the presence of spondylol-
ysis or spondylolisthesis. Although
conventional radiographs are a vital
component of the orthopedic examina-
tion and do provide much information
as stated above. additional radiograph-
ic evaluations were usually necessary.
Myelography with computerized

tomography is presently the diagnos-
tic method ofchoice for identifying the
extent and location of the lumbar spi-
nal stenosis in the central canal. later-
al recess and neural root
foramen.H0.52.78 Anteroposterior and
transverse diameters of the spinal
canal and the shape of the canal are
reliable indicators of spinal steno-
sis "5.62.69.95.96 erbiest classified spinal
stenosis into two groups based upon
the midsagittal diameter of the nar-
rowed portions of the spinal canal. A
diameter of 10 mm or less was defined
as 'absolute'' stenosis and between 1O

and 12 mm as "relative" stenosis.81·93
Bolander compared the predictability
of computerized tomography verses
myelography for surgical findings of
lumbar spinal stenosis."" Using Verbi-
est's guidelines. myelography had an
83% predictability while computerized
tomographywas only 20%. The predic-
tability of computerized tomography
improved to 83% when the cross-sec-
tional area of the dural sac was used as
the guideline for diagnosis. As men-
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tioned previously. central lumbar
spinal stenosis is presentwhen the area
of the spinal canal is less than 100
sqmm. Most computerized tomogra-
phy radiologists assess neural element
compression subjectively. Stockley
used this method of assessment to
evaluate prospectively the predictabil-
ity ofcomputerized tomography versesmyelography.89 Myelography had a
predictability of 62% while computer-
ized tomography was 75%. When us-
ing the numerical guidelines.
metrizamide computerized tomogra-
phy provides an improved predictabil-
ity. AII of the patients in the study had

FIGURE-I: SURGICAL RESULTS
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metrizamide computerized tomo-
graphic studies.
Magnetic resonance imaging can be

complementary to computerized
tomography and replace myelogra-
phy,66.67 Modic showed that the
predictability of magnetic resonance
and computerized tomography used
jointly is 96% and the predictability of
magnetic resonance alone is 779.°
Unfortunately. the literature is sparse
of studies that quantitatively support
the use of magnetic resonance over
metrizamide computerized tomogra-
phy. However many authors suggest
that magnetic resonance imaging is
playing an increasing role in the evalu-
ation of lumbar spinal stenosis.'d'
Five of the patients in the study had
magnetic resonance imaging.
Decompressive procedures were

planned based upon myelographic and
computerized tomographic data. In a
few cases electromyographic and mag-

netic resonance results were utilized.
Sixteen cases had disc pathology and
required concurrent discectomy with
the decompressive surgery. Lateral
recess and foramenal stenosis decom-
pression was accomplished by partial
or total facetectomy and foramenoto-
my. respectively. Only one fusion was
performed. The results of the surgical
treatment were based upon the subjec-
tive assessments of the patients and
were divided into good (complete relief
to mild symptoms). fair (improvement
of symptoms). and poor categories (no
relief or worsening symptoms).
One case was described as having a

grade-I spondylolisthesis preoperative-
ly. Another noted the presence ofspon-
dylolisthesis as a post-operative result.
Statistical analysis was accom-

plished using the 2-way ANOVA
method for analysis of variance.

RESULTS
The results of the decompressive sur-

gery are shown in Figure I. Nine of the
patients had good. twelve had fair and
seven had poor results. The symptoms
most common postoperatively were
low back pain (40.1%) and lower ex-
tremity pain (34.4%) in varying
degrees of severity. Patients had com-
plete relief to significant improvement
in 75% of the cases. Statistical evalua-
tion of the success of the decompres-
sion showed no correlation with the
surgical team, the age of the patient

FIGURE-4: INCIDENCE OF STENOSIS AT
SPECIFIC VERTEBRAL LEVELS

(Table V), nor the presence of disc
pathology. However there existed signi-
ficance between the number of

d. Amer. Ost. Acad. ofOrth.. Vol. V 1989-90 -58-



CLINICAL EVALUATIONOFDECOMPRESSIVE SURGERY FOR LUMBAR SPINAL STENOSIS

FIGURE-3: DISTRIBUTION OF THE NUMBER OF
LEVELS WITH SPINAL STENOSIS
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stenosed vertebral levels and the sur-
gical results (P= .0O9) (Table IV).
Figure 3 shows the distribution of
spinal stenosis with regard to the num-
ber of stenosed levels.
The average number of stenotic lev-

els was 2.6. The most commonly
stenosed level was L5. The distribution
of spinal stenosis relative to the verte-
bral level is plotted in Figure 4.
Analysis of symptoms and physical

findings revealed the high prevalence
of low back pain and radiculopathy.
There was no statistical correlation be-
tween the presence of radiculopathy
and the presence or absence of disc
pathology. All of the patientswith coin-
cident disc pathology had associated
positive straight leg raising test.
though a positive straight leg raising
test was found in sixty-two percent of
those patients without disc pathology.
The predictability of the straight leg
raising test for disc pathology was not
statistically significant.
Neurogenic claudication was present

in forty-one percent ofall the patients.
This finding was not associated with
any other parameters.
One case was described as having

preoperative spondylolisthesis. This
patient had a decompressive laminec-
tomy from L2 to L5. The patient pre-

sently suffers from persistent lower
back pain and her surgical result was
regarded as poor.
Another case describes postoperative

spondylolisthesis. This occurred in a
forty-four year old male at L2-L3 fol-
lowing a laminectomy at L3 and L4
with partial laminectomy of L2 and L5
and discectomy of the L3L4 disc. The
patient also had a bilateral foramenot-
omy of L4. His surgical outcome was
regarded as poor.
Another case had bilateral posterola-

teral fusion performed from L3 to the
sacrum. This sixty-six year old female
patient was diagnosed as having bila-
teral lateral recess stenosis and central
stenosis of L3 to L5. The patient had
a prior history of discectomy of the
L4L5 disc. Her surgical treatment also
included total laminectomy from L3 to
L5 and bilateral foramenotomy. Her
surgical result was categorized as be-
ing fair.

DISCUSSION
Verbiestwas the first to recognize the

clinical syndrome that results from a
narrow spinal canal and has proposed
lumbar spinal stenosis as a cause of
significant symptoms, 9996 The most
common symptoms in lumbar spinal
stenosis are neurogenic intermittent
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claudication (aka: pseudoclaudication)
and lumbosciatic pain.'4.42.93 Neuro-
genic claudication is presenl in one-
third of the cases of spinal stenosis and
is usually associated with advanced
disease and central neural compres-
sion. The claudication usually begins
rapidly. intensifies with walking and
occasionally by standing. Relief is at-
tained with sitting or recumbency. The
quality of the pain is described as a dull
ache. The mean distance that neuro-
genic claudication develops is 180
m.42 Table-II illuslrates the clinical
differences between neurogenic and
vascular claudication.36·74 In our
study. neurogenic claudicalion was
present in 40% of lhe patients and was
typically described as a vague leg pain
exascerbated by lumbar extension and
ambulation. The claudication was re-
lieved surgically for all the patients.
Lumbosciatic pain is reported to oc-

cur in approximately 65% of patienls
with lumbar spinal stenosis." The
pain is often aggravated by standing,
walking or hyperextension of the lum-
bar spine. Improvement of low back
pain is associated wilh recumbency.
sitting or assuming a flexed position.
Myelographic data suggests that in ex-
tension. the cross-sectional area of the
spinal canal narrows and encroach-
ment by bulging disks, ligamentum
flavum and approximation of the arti-
cular facets are proposed as the mecha-
nisms for the narrowing."6.52.107
Lumbosciatic pain represented the
chiefcomplaint in 74% of the patients
in our study. For most patients. the
pain was responsive to surgical decom-
pression. Only two patient showed no
improvement of lumbosciatic pain.
Burning dysesthesia. morning stiff-

ness. lower extremity weakness.
paresthesia and nocturia have been

reported. Unusual presentations in-
cluding disturubances ofmicturition.
sphincteric control. impotence. severe
bilateral knee arthropathy, exercise in-
duced weakness ofone foot and bilater-
al hip pain are rare presentations and
have not been noted in any of the pa-
tients in the study.'I,2747.83.86.87
The most common physical exami-

nation findings reported are increased
pain with extension of the lumbar
spine. weakness of the extensor halla-
cis longus and sensory changes that
follow a specific dermatomal distribu-
tion.288 conversely. neurologic ex-
amination is usually normal in about
half of the patients.79 Half of the pa-
tients show a depressed patellar reflex
or absent Achilles reflex. One-third of
the patients have weakness of some
lower extremily muscle group.42
However. if the patient ambulates to
the limits of their pain positive findings
upon neurologic evaluation occasion-
ally surface. The stoop test is an illus-
tration of this principle. The stoop test
is performed by walking the patient
briskly and as the pain intensifies. the
patient will complain of sensory fol-
lowed by motor symptoms. With con-
tinued ambulation. a stooped posture
is assumed and symploms may be re-
lieved. The relationship of posture to
physical examination findings and
symptoms is also demonstrated by the
bicycle test.85 Claudication and com-
plaints of sciatica result when the pa-
tient rides in the erecl position and is
relieved by forward flexion of the lum-
bar spine. Our study noted minimal
physical examination findings. The
predominant findings were lower ex-
tremity weakness (56%). decreased
range of motion of the lumbar spine
(68%). paraspinal spasm (45%). lower
extremity paresthesia (24%) and low

Table III: Parameters associated with spinal instability
following decompressive surgery for lumbar spinal stenosis.

ABSOLUTE
1. Excision of more than one facet
joint at any spinal level.

2. Pre-operative diagnosis of
'Dynamic' stenosis

3. Degenerative (preoperative)
spondylolisthesis

RELATIVE
1. Age less than fifty years.
2. Decompression of levels above

the iliotransverse ligament.
3. Early degenerative disc disease.
4. Decompressive surgery of three

or more vertebral levels.
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Table IV: Number of patients with a specific number of
stenotic levels verses the surgical outcome

" STENOSED LEVELS

ONE LEVEL
TWO LEVELS
THREE LEVELS
FOUR LEVELS

GOOD
2
3
3

SURGICAL OUTCOME

FAIR
I

6
4
I

POOR

4
2
0

back pain exacerbated by extension of
the lumbar spine (16%).
Radicular pain is the least common

manifestation of spinal stenosis." The
straight leg raising test is usually nega-
tive. producing back pain in only 10%
of the patients." A positive straight
leg raising test is usually associated
with herniated disk." one of the ex-
clusion criteria was the presence of a
predominate disc extrusion. Sixteen of
the cases that were choosen for this
study demonstrated disc pathology
that required surgical attention.
Statistically the presence ofdisc pathol-
ogy did not alter the surgical outcome.
This was an expected result since the
patient's predominant symptoms were
not suspected to be due to disc pathol-
ogy. This was supported by demon-
strating no statistically significant
relationship between disc pathology
and a positive straight leg raising test
or the presence of radicular symptoms.
Surgical decompression for lumbar

spinal stenosis has been well
documented to suffer from less than ex-
cellant results. Like many other studies
our percentage of successful surgical
results (good and fair) was 75%. Suc-
cess rates from other studies have been
reported from 75-85%. Surgical results
are determined by the patient's latest
examination. The goal was to describe
the late surgical results of each case.

The degree of follow-up averaged 26
months. The duration of time for suffi-
cient follow-up is not known.
Our series did not show any relation-

ship between surgical outcome and pa-
tient's age. However, other studies
have noted that age less than 50 years
is related to increased probability of
post-operative spondylolisthesis and
spondylosis and therefore worse surgi-
cal results. As a consequence of the as-
sociation between post-operative
spondylolisthesis and age. Booth had
noted age to be a factor to be consi-
dered in determining the necessity for
a concurrent fusion."
In our study. six of the seven poor

surgical outcomes occurred with two or
more stenosed levels. It was statistical-
ly validated that the surgical outcome
was related to the number of stenosed
vertebral levels. The average number
of stenosed levelswas2.6. Previously.
we have related extensive decompres-
sion with post-operative spinal instabil-
ity and late surgical failure. The degree
of decompression to produce signifi-
cant instability has yet to be enumer-
ated in both the review of the literature
and in our study. In the 56th annual
meeting of the American Academy of
Orthopedic Surgeons. the issue ofpost-
decompressive spinal instability was
addressed and highlighted by Steven
Fontamn." He expressed the need for a

Table V: Number of patients within an age group versus
the surgical outcome

AGE

20-29
30-39
40-49
50-59
60-69
70-79

SURGICAL OUTCOME
GOOD FAIR POOR

1 0 0
0 1

4 2 4
I 3 I
3 3
0 3 0
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exists sixteen possible combinations of
the relative parameters. No study has
yet to enumerate the significance of
these parameters. It would be a true ex-
trapolation of our results to suggest
that any combination of these relative
parameters would be an indication for
decompression with concurrent fusion.
Still it is reasonable that without any
absolute parameter being satisfied that
a concurrent fusion would be indicat-
ed by a subset of the relative
parameters.
' In summary. our study described the
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PATIENT WITH KNOWN PATHOLOGIC AND ANATOMIC
DIAGNOSIS OF LUMBAR SPINAL STENOSIS

ABSOLUTE PARAMETERS

1. Degenerative spondylolisthesis2 . "Dynamic" lumbar spinal stenosis3 . Excision > 1 facet jt/level

RELATIVE PARAMETERS

1. Age 50 years2. Early degenerative disc
3. Decompression 2 3 levels4. Stenosis above IT-ligament

tr ' , t\!COMPRESSION ONLY \ \ECOHPRESSION AND \CONCURRENT FUSION

Figure 5: Algorithm forConcurrent Decompression and Fusion for Lum-
bar Spinal Stenosis

prospective study to assess the indica-
tions for concurrent fusion. Figure 5
proposes an algorithm for fusion with
decompression. The algorithm con-
tains seven parameters. From the clini-
cal and literature review these
parameters have been associated with
surgical outcome and postoperative in-
stability. Three of the parameters are
considered absolute indications for
concurrent fusion, while the others are
regarded as relative indications. Table
III lists the parameters and separates
them into absolute and relative. There
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retrospective analysis of 28 patients
treated surgically for lumbar spinal ste-
nosis. These patients demonstrated
similar epidemiology. physical findings
and symptomatology relative to other
studies. Our study varified statistical-
ly the relationship between the degree
of decompression and surgical out-
come. It did not show any statistical
significance between the patient's age
nor the presence of early degenerative
disc disease with surgical outcome. We
have proposed those studies which
should be done in the work-up of those
patients. We have noted the clinical
presentations that should be evaluat-
ed and documented. Finally. we iden-
tified seven parameters and have
incorporated them into a preliminary
algorithm. The significance of these
parameters need yet to be established.
Additional studies need to be under-
taken to elucidate the principles of the
surgical treatment for spinal stenosis.
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Posterolateral Fusion as Treatment:
Severe Dysplastic Spondylolisthesis
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ABSTRACT: The treatment of severe dysplastic spon-
dylolisthesis is controversial. Because of its proven success rate
with low morbidity. we believe the treatment of choice is in-
tertransverse posterior spinal fusion from L-4 to S-1. Seven pa-
tients having grade III. IV or V spondylollsthesis were evaluated
pre and postoperatively. Six of the seven achieved arthrode-
sis with one procedure. The one pseudoarthrosis did well af-
ter refusion. All patients were improved following fusion and
six were asymptomatic. There was no neurologic injury or
prolonged morbidity.
KeyWords: Spondylolisthesis Posterolateral Spinal Fusion
Abbreviated Title: Posterolateral Fusions for Dysplastic
Spondylolisthesis

INTRODUCTION
Spondylolisthesls is the most com-

mon cause of low back pain in children
and adolescents.

1

It has been recog-
nized as a clinical entity since first
described by Herbiniaux, a Belgian ob-
stetrician in 1782.2 The period during
which slippage most often occurs is
adolescence. Meyerding developed a
grading system based on percentage of
slip. Slippage greater than 50% is
considered a high grade. or severe slip.
Slippage greater than 100% has been
called spondyloptosis.5
Wiltse. Newman and McNab have

classified spondylolisthesis into five
types: dysplastic. isthmic. degenera-
tive, traumatic and pathologic. In the
dysplastic type there is congenital dys-
plasia of the upper sacrum or the neu-
ral arch of the fifth lumbar vertebra.
The pars interarticularis may remain
unchanged. however. usually it elon-
gates. or comes apart.6 Even though
the dysplastic type is often not associat-
ed with a break in the pars interarti-
cularis. the degree of slip is often
severe.7·8
Patients with high grade slips can be

asymptomatic. but more often have
low back and occasionally radicular
pain." Symptoms are often aggravated
by strenuous activity and decreased
with rest." Physical examination may
show an altered gait. flattening of the

buttocks. and hamstring tight-
ness_%9.10

The goal of treatment is to relieve
and prevent progression of deformi-
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ty.'' Surgical intervention has been
the standard ofcare in severe spondylo-
listhesis.IO? However, the procedure
of choice continues to be controversial.
In situ posterolateral arthrodesis from
the fourth lumbar to the first sacral ver-
tebra, with or without removal of the
loose posterior element of the fifth lum-
bar vertebra has been the accepted
standard for surgical treatment.
7.9.10.13.14 et, because of persistent
cosmetic deformity.13 pseudoarthrosis
rate'9° and persistent slippage fol-
lowing in situ arthrodesis!7.14ther
techniques have been advocated.
Scaglietti et al" have advocated a

cast technique of reduction and fusion.
Bradford'' has advocated a combined
approach with traction and reduction
techniques. Other techniques include
Harrington rod reduction and fusion."
anterior fusion with tibial strut graft.''
and combined approaches.19 However,
these techniques are demanding for
physician and patient. and complica-
tions have been frequent6.17.18
Because ofconsistent rates of fusion.

low complication rates and consistent
reliefof symptoms. it is our belief that
fusion in situ remains the standard of
care in the treatment ofsevere spondy-
lolisthesis. The purpose of this paper is
to evaluate the results of posterolateral
in situ fusion in patients having severe
spondylolisthesis of the dysplastic
type.

MATERIALS AND METHODS
Seven patients were evaluated. All

had posterolateral fusions for grade III.
IV or V spondylolisthesis. All slipswere
of the dysplastic type. We did not in-
clude patients with age greater than
twenty-five upon presentation to elimi-
nate those whose pain was degenera-
tive in origin. There were six females
and one male. Age at time of fusion
ranged from twelve to twenty-three.
with mean being fifteen years eight
months. Patients averaged three years
of symptoms prior to surgery. Length
of follow-up ranged from one to six and
one half years with mean being four
years. Most patients suffered mild low
back pain preoperatively. However.
symptoms varied from one patientwho
was asymptomatic to another patient

with radicular pain and foot drop.
Roentgenographic evaluation showed
four patients had grade III, one grade
IV, and two grade V spondylolisthesis.
Patients were treated by a single sur-

geon (D.H.). Each underwent an inter-
transverse posterior spinal fusion with
autogenous bone grafting from L-4 to
S-1. In one patient the fusion extend-
ed to L-3. A Gill procedure was per-
formed in two patients. Therewas one
patient who developed a pseudoarthro-
sis and required a second fusion one
year after the first. Postoperatively. the
patients wore a hip spica cast three
months, and then a lumbosacral cor-
set for three months.
Each patient was requested to return

for complete evaluation. This included
completion of a questionnaire. physi-
cal examination and lumbar roentgen-
ograms." Roentgenographic measure-
ments included percent slip and slip
angle. These were compared against
previous films. Five patients returned
for a full examination. The other two
patients were interviewed over the
telephone.
The questionnaire recorded both the

patient's and physician's perception of
the patient's pain and disability. Pa-
tients were also asked to compare their
symptoms at follow-up with preopera-
tive symptoms. Physical examination
included range of motion. leg raising
tests and neurologic testing.

RESULTS
At follow-up six of the seven patients

were asymptomatic. The seventh com-
plained ofoccasional low back pain and
foot weakness. The patients had no
complaints of disability or limitation of
activities. When asked to compare the
symptoms at follow-up, all patients
were improved from preoperative
status. None of the patients required
medication of any sort.
All patients had excellent range of

motion of the spine. All were able to
bend down and touch the floor. No pa-
tient had pain with hyperextension. All
were neurologically intact. One patient
had mild weakness dorsiflexing both
feetwhich was improved from preope-
rative.
Six of seven achieved arthrodesis
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with the operative procedure. The one
pseudoarthrosiswas diagnosed after a
return of symptoms. and progressive
radiographic slip. The patient did well
after refusion, and is now asymptomat-
ic four years later.
Roentgenographic measurements

were evaluated in six patients.12 In
one patient there was a progressive slip
of 15% without change in slip angle. No
other progression was seen.

DISCUSSION
Spondylolisthesis can be of many

types. When severely displaced, it is
most commonly due to congenital dys-
plasia of the lumbosacral junction. The
treatment of severe displacement is
controversial. Harris and Weinstein
have shown that when treated non-
operatively, these patients remain ac-
tive and require only minor adjust-
ments in their lifestyle.
Operative treatment has been sup-

ported by most surgeons,'9.12.2' Ar-
throdesis in situ,9·13 reduction with
posterior fusion.16·18 and combined
approaches17·19 have been advocated.
The reduction and combined tech-
niques are technically demanding, in-
volve prolonged traction and casting of
patients, and have been associated
with complications. The use of Har-
rington rods has been associated with
increased thoracic lordosis.'' wor-
sened lumbosacral kyphosis,'' and
cauda equina syndrome." scaglietti
reported trouble with infection and not-
ed that a good radiographic result did
not always accompany a satisfactory
clinical one." Bradford's combined
approach led to L-5 root injury in three
of ten cases.''
We are reported the results of treat-

ment ofsevere spondylolisthesis using
posterolateral intertransverse fusion
from L-4 to S-1. Its advan tages are that
it involves one surgery with proven
success. low morbidity and complica-
tion rate.'-7.9.13,15.21
We have demonstrated excellent

results in seven patients. all severe
slips, without the use of reduction tech-
niques. Six patients were asymptomat-
ic at follow-up and the seventh was
much improved. There was no neuro-
logic injury or prolonged morbidity.

There was one pseudoarthrosis. an in-
cidence of 14% in this series. This pa-
tient underwent refusion. and
progressed to an excellent clinical
result. Progression of slip occurred in
one patient and did not affect the clini-
cal outcome.
In summary, the method of treat-

ment in severe dysplastic spon-
dylolisthesis remains controversial.
Reduction techniques have led to com-
plications in many hands. We believe
that posterolateral in situ fusion is the
treatment of choice.

M.L.

PRE-OP
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ABSTRACT: Intramedullary nailings done in a community
hospital setting between 1981 and 1987 were retrospectively
reviewed. Twenty four patients with 25 femur fractures com-
prised the study group. Nine of twenty four patients ex-
perienced a complication due to the procedure. The pit falls
and complications associated with intramedullary nailing are
reviewed and solutions are discussed.

INTRODUCTION
Treatment of the patient with

femoral shaft fractures has been
problematic for the orthopedist. The
high incidence of complications as-
sociated with skeletal traction are well
known and documented throughout
the orthopedic literature.
The management of femoral shaft

fractures has changed dramatically
over the years. The first recorded at-
tempt at internal fixation of a fracture
with a metal rod was by Lambott in
1907.'' Kuntscher in 1940 reported
his experience with an intramedullary
rod for femurs. The complications as-
sociated with intramedullary nailing
are primarily in three general
categories, technical. mechanical, and
biological failures. The purpose of this
paper is to review our initial experience
with our first 25 intramedullary nail-
ings with a minimum of two year fol-
low up report on the pitfalls. errors. and
complications associated with our ex-
perience. Included in this will be a
review of the literature concerning this
topic.

MATERIALS AND METHODS
This study reviews 24 patients in

whom 25 femoral fractures occured
over the period 1981-1987. In-
tramedullary nails used were initially
the Kuntscher rod. followed by the
Grosse-Kempf. and finally the Russell-
Taylor intramedullary nail. The frac-

lure table used during this study was
the Amsco. From I981 to 1984. nine
Kuntscher nails and two Schneider
nails were used. From 1984 to 1986.
nine Grosse-Kempf intramedullary
nails were used and in 1987. five
Russell-Taylor nails were used. Age
range was I6 through 76. Sixteen pa-
tients were male, eight were female.
The three most common causes of the
fracture were motorcycle accidents.
motor vehicle accidents. and pedestri-
an motor vehicle accidents. No infec-
tionswere present in this group. There
was one delayed-union with a Grosse-
Kempf nail that was placed in the dy-
namic mode. Time until full weight
bearing ambulation was 12 to 26
weeks. Healing time range was three to
twelve months with an average of ap-
proximately five months. Operative
time ranged from 20-300 minutes.
average 145 minutes. Blood loss was
300 cc. to 1800 cc .. average 700 cc.
Knee motion was greater than 110
degrees in all patients by six months
post-operatively. Twelve femurs were
nailed by closed technique. 13 femurs
required open nailings. Thirteen
femurswere nailed in the static mode.
two in the dynamic mode. and IO
femurswere nailed unlocked. Out of 24
patients. 10 patients returned to work.
Utilizing the Winquist and Hansen
classification scheme, there were 5
type I fractures. 6 type 2.9 type 3, and
5 type 4.
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Classification ofFemoral Comminution:
By Winquist and and Hansen

Type I Type l Type l Type IV

d Commminuted Comminuted Comminuted Commuuted
'

)
( (·

41... \ 'V ) \
TheWinquist and Hansen classification
of femoral comminution. Type I: there is
a small fragment of comminution at the site
of the fracture that is not important for sta-
bility of the fracture. Type II: there is slightly
more comminution than in Type I. butmore
than 50% ofabutting cortical contact at the
site of the fracture. This cortical opposition
is sufficient to control shortening. rotation,
and translation. Type III: there is less than
50% of abutting cortical surfaces at the site
of the fracture. These injuries are unstable
to rotation. translation. and shortening.
Type IV: there is extensive comminution.
and no cortical buttress at the site of the
fracture. These injuries are unstable to
shortening. rotation. and translation.

RESULTS
Of the 24 patients with 25 femoral

fractures. complications associated
with intramedullary nailing either ofa
mechanical. technical or a biologic na-
turewere encountered in 9 patients. Of
the complications encountered. there
was one procedure where one of the
distal locking holes was missed with
the locking boll (picture 1). Therewas
one episode where the C-arm broke at
the beginning of the case prior to skin
incision with the patient anesthetized
on the fracture table. Although not ac-
tually a complication of the procedure
the patient did receive an unnecessary
anesthetic. There was one episode with
the Grosse-Kempf nail where we en-
countered severe torsional stress to the
nail during it's insertion and despite
the comminution of the fracture type
which would have required locking of
the nail. we were unable to do so due
to 90 degree torque of the intramedul-
lary nail (picture 2). There were two
patients that developed compartment

syndromes which required fascioto-
mies. One of the patientswith the com-
partment syndrome had an associated
laceration of his femoral artery which
required vascular surgical intervention
initially with a reverse saphenous vein
graft which failed and was then con-
verted to aGortex graft. This patient ul-
timately developed gangrene of his
forefoot and required a below knee am-
putation. We had one episode ofsuper-
ficial perineal skin necrosis. This
occurred in the patient with the bilater-
al femur fractures. This spontaneous-
ly resolved with only local wound care.
It occurred primarily because of the
length of the procedure required in per-
forming intramedullary nailing of both
fractures at a single setting. Total
procedure time for this patient was ap-
proximately 300minutes. One patient
with the Schneider nail suffered some
buttock pain due to the nailing back-
ing out proximally. This nail ultimate-
lywent on to fall. and required revision
with a new intramedullary nail which
was locked. We feel this was due to the
small diameter of the nail used (pic-
ture 3). The fracture subsequently
went on to union. We had one patient
with fat embolism syndrome and two
patients expired of pulmonary embo-
lus. One which occurred intraopera-
tively. This patient had the
intramedullary nailing performed on
his ninth day of hospitalization. The se-
cond occurred post-operatively. in-
tramedullary nailing was performed
seven days post-injury in that patient.

Pie. 1: Locking bolt misses distal lock
hole in Grosse-Kempf Nail
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COMPLICATIONS ASSOCIATED WITH INTRAMEDULLARY
NAILING OF FEMUR FRACTURES

TABLE 1

COMPLICATIONS ASSOCIATED WITH INTRAMEDULLARY NAILING

MECHANICAL
Nail migration
Nail breakage
Nail lorque
C-Arm failure
Boll breakage
Gas injection

TECHNICAL
Radiation exposure
Rotation mal-alignment
Angulatory mal-alignment
Length abnormalities
Iatrogenic fracture
of the femoral neck

Failure to lock
Starting hole errors
Eccentric reaming
Nail selection
Guide wire penetralion

BIOLOGIC
Fat embolus
Fat emolism syndrome
Bullocks pain
Non-union
Compartment syndrome
Infection
Delayed union
Nerve palsies
Hematoma
Heterolopic
ossification

Knee stiffness
Deep venus thrombosis
Pulmonary embolus
Arterial laceration
AV malformalion

DISCUSSION
In our review ofour first 25 patients

with femoral fractures thatwere treat-
ed by intramedullary nailing. we not-
ed a complication rate of 9 of 24
patients for an overall complication
rate of approximately 36%. However,
I should note that our definition of a
complication is somewhat different

than what is usually found in the liter-
ature. Winquist and Hansen frequent-
ly refer to a satisfactory result as any
fracture that goes on to heal has Jess
than 1 cm. shortening. Jess than 10
degrees ofangulation ofrotation abnor-
mally, and greater than 120 degrees of
knee motion.'' In their report of 520
cases in 1984, they address in their

Pic. 2: Severe torsional deformation of Grosse-Kempf nail distal with
delayed union of fracture
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complication rate only infections and
mal-unions. Careful review of their
paper however. reveals an overall com-
plication rate of 32%. This included a
shortening greater than l cm .. in 9%
on their patients. rotational abnormal-
ity of greater than 10 degrees in 8%.
angulatory abnormality more than 10
degrees in 8 of 520 patients (1.5%).
Peroneal nerve palsy in 10 of 520 pa-
tients (1.9%). fat embolism syndrome
in 55 of 520 patients (10.5%). and pul-
monary embolus in 9 of 520 patients
(1.7%0."7
Although a fracture of the femoral

neck iatrogenically created by in-
tramedullary is reported in the litera-
ture by Harper in 1986. this is felt to
be primarily related to errorson the en-
trance point. In the two cases report-
ed. the first was due to several large
holesmade at the entrance point of the
piriform recess. The second was
caused by a perforation of the medial
cortex of the femoral neck with the drill

1.It is currently encouraged to perform
all femoral intramedullary nailings
closed whenever technically feasible
and in recent reports in the literature
from Brumback in December of 1988.
their large study reported all nailings
performed by closed means. Their im-

plication is that it reduces the inci-
dence of infection. However. the
study performed by Leighton pub-
lished in the Journal of Trauma in
1986 in their review of 65 fractures
treated by closed nailing and 65 frac-
tures treated by open nailing technique
demonstrated no statistical differ-
ence.'' Our protocol has been that we
will attempt a closed nailing. ifhowever
after approximately 30 minutes of at-
tempted reduction. we are unable to
achieve it by closed means. we will pro-
ceed with an open intramedullary nail-
ing. In our small study. this method
has not produced any infections. Fur-
ther support is added by theGrantham
study, Orthopedic Review. July 1986.
in which he reviewed open intramedul-
lary nailing of femoral shaft fractures
performed over a ten year period. In his
study of 88 traumatic fractures. the
rate ofunion was 98%. and there were
no infections.
In the treatment of comminuted

femoral shaft fractures. Johnson in
1987. reviewed their experience with
179 comminuted femoral shaft frac-
tures. His report overall complication
rate approached 20%. including only
discussion of hardware and technical
related complications. Nomention was
made in his study of any pulmonary

Pie. 3: Schneider nail too small for femurwhich ultimatelywent on to fail
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TABLE 2

CRITERIA FOR FAT
EMBOLIZATION SYNDROME

Diagnosis of fat embolization syn-
drome is performed by the criteria of
Gurd.7 The major criteria are axillary
subconjuctival petechiae. hypoxemia,
(PAO, less than 60 mm. of mercury).
central nervous system depression. out
of proportion to hypoxemia. and pul-
monary edema. Minor criteria are
tachycardia greater than 110 beats per
minute, pyrexia, temperature greater
than 38.5 degrees centigrade. emboli
present in the retina on funduscopic
examination. fat present in urine speci-
men, sudden unexplained drop in the
hematocrit value. increased erythro-

complications associated with the
procedure." Esser in 1982 reviewed
his experience with closed Kuntscher
nailing over a 20 year period. In his
review of 116 patients, he notes a com-
plication rate of 30% rotational mal-
union and 30% significant leg length
discrepancy. Other complications not-
ed in his review included post-
traumatic respiratory insufficiency.
chest infection. pin track infection.
bone infection. wound infection, DVT,
PE. and nail tip painwith 103 out of the
116 patients having some type of com-
plication. If one excludes the patients
which suffered from nail tip pain, we
still find a complication rate approach-
ing 50%.°
Talucci, 1983 reported on incidents

of fat embolization associated with ear-
ly intrarnedullary nailing. He found no
fat embolization with intrarnedullary
nailings in 57 patients performed in the
first 24 hours of hospitalization. In 43
patients in which inlramedullary nail-
ings were performed 5-24 days post-
injury, the incident of fat embolization
was 11%.°

MAJOR

Petechiae
PAO, < 60 mm.
CNS Depression
Pulmonary Edema

MINOR

Tach > 110
Pyrexia > 38.5°C
Retinal Emboli
Fat in Urine
Decreased HCT
Increased ESR
Fat in sputum

cyte sedimentation rate. and fat glob-
ules present in a sputum specimen.
The diagnosis of fat embolization syn-
drome requires at least one sign from
the major criteria category and at least
three ormore signs from theminor cri-
teria category. Adult respiratory dis-
tress syndrome occurred in 7% of the
immediate nailing group and 5% in the
delayed nailing group. Diagnosis of
ARDS requires that all the following
criteria be met:

TABLE 3
CRITERIA FOR ARDS

( 1) Presence of refractory critical
hypoxemia.

(2) Evidence of bilateral diffuse in-
filtrates on chest roentgenogram.

(3) No evidence of hydrostatic or pul-
monary edema. (Capillary wedge
pressure less than 18 cm. H,O)

(4) No other explanation for critical
hypoxemia. (Such as pneu-
mothorax).

Critical hypoxemia was present in
23% of the immediate nailing group
and 14% 0f the delayed nailing group.
The diagnosis of critical hypoxemia
was made when the ratio of arterial
oxygen tension. PAO. to the fraction
of expired oxygen. FIO,. fell below
150. This represents an overall pulmo-
nary complication incidence of 30% in
the immediate nailing group and 30%
in the delayed nailing group. We
should note that the injury severity
scorewas higher in the immediate nail-
ing group but in spite of this, there
were no cases of fat embolization syn-
drome in the early intrarnedullary nail-
ing group.'
Radiation exposure to the surgeon

during locked intramedullary nailing
was reviewed by Levin in 1987. His
study performed during 30 consecutive
nailings using the freehand technique
for interlocking. The average time of
fluoroscopic exposure for interlocking
intrarnedullary nailing of the femur
was 12.6 minutes. Film badges were
worn at the level of the thyroid gland
on a collar outside the lead apron and
a ring band was also worn on the
dominant hand. The average dose of
radiation per procedure of deep ex-
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posure was 7 millirems and shallow ex-
posure was 8 millirems. The is well
below the governmental guidelines of
18.750 millirems per quarter year (3
months). for hands. forearms. feet. and
ankles. and 1250 millirems per quart-
er year for the whole body. Conclusion
of the study was that the freehand tech-
nique is a safe method of performing
distal interlocking for static in-
tramedullary nailing."
Bucholz in 1987 reported on fatigue

fracture on the interlocking nail and
treatment of the distal part of the
femoral shaft. He reported on 7 pa-
tients. all of whom the fracture was 5
cm. or less from the most proximal of
the two distal screw holes. Finite ele-
ment analysis revealed that the stress
on a nail exceeded its fatigue endur-
ance limit and that the femur had to
regain 50% of its original stiffness
through healing to accommodate
weight bearing without risk of fatigue
fracture of the nail. His recommenda-
tions are to use a larger diameter nail.
drive the nail down into subchondral
area of the knee joint to increase the
distance from the site of the fracture to
the nail holes. decreasing the leverage
at those stress risers. Weight bearing
on the injured limb should be delayed
until there is clear radiographic evi-
dence of early union of the fracture.4
Marks in 1988 reported on heterotop-

ic ossification about the hip with in-
tramedullary nailing of the femur. In
his study group of 59 patients with 60
locked intramedullary nails. theywere
prospectively followed and he found
32% with no heterotopic ossification.
minimal in 20%. mild in 28%. moder-
ate in 15%. and severe in 5%. He did
find a positive association with an in-
creased injury severity score and head
injuries. However. the etiology of the
heterotopic ossification remainsunknown.13
Hunter in 1982 reported on the defor-

mation of femoral intramedullary nails.
In a retrospective study of 45 patients
treated with Kuntscher nailings. from
1973-1979. he found deformation of
the femoral intramedullary nails occur-
ring in 78% of the fractures he treated.
Thiswas attributable to elastic or plas-
tic bending of the nail at the time of the

introduction of nail. He does note that
it is generally not associated with clin-
ical complication, however. mat-union
is certainly a possibility. In our ex-
perience we noted frequent minor tor-
sional deformations of the Kuntscher
and Grosse-Kempf nails. In only one
patient. however, was it a significant
problem when the Grosse-Kempf nail
torqued 90 degrees distally. This made
it impossible to lock distally in a frac-
ture that had a grade IV comminution.
This patient went on to develop a non-
union. he refused further surgery to ad-
dress this problem and was treated
with electrical bone stimulation. His
fracture subsequently progressed to
union at 18 months post-injury9 (pic-
ture 2).
Reinders in his 1984 paper reviews

technical faults and complication in in-
terlocking nailing of femoral fractures
using the AO system. His recommen-
dations include that with locked nails.
the femoral nail not be wedged in the
canal. as interference fit is not neces-
sary to fracture stability since the nail
will be locked. He also recommends us-
ing a supline position placing the lock-
ing screws is easier. rotational
alignment of the femur is easier to
maintain, and operation of the C-arm
appears to be easier also. Although he
does recommend using the tip of the
greater trochanter as a starting point
in contrast to the pyriformis fossa.
which other authors recommend. He
does note that a too far lateral starting
point will result in a fracture of the
medial wall. and too medially starting
point may result in fracture of the
femoral neck or damage to the vascu-
lar supply to the femoral head. He
recommends to avoid eccentric ream-
ing to progress in an easy controlled
manner and not to ream through com-
minuted pieces. At the time of insertion
of the nail. slight resistance should be
met only. in order to help prevent tor-
sional deformation of the nail or dis-
placement of unrecognized fracture
fragments."
Other logistic problems which we

have encountered include patient posi-
tioning. It is ourmethod now to use the
supine position as this eliminates the
difficulty with the fracture angulating
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into the valgus position when the pa-
tient is lying in the lateral decubitus po-
sition. The supine position eliminates
this problem allows easy visualization
of rotational and angulatory deformi-
ties. It also allows for easier interlock-
ing of the femoral nail. The principal
disadvantage is a compromise ofaccess
to the proximal femur by the patient's
flank and this difficulty can be over-
come usually by flexing and adducting
the hip on the injured side.
Difficulties in managing the femoral

fracture with a closed reduction for
closed nailing technique have been ad-
dressed in several ways. Assistance by
a knowledgeable un-scrubbed surgeon
may dramatically improve the efforts
for a closed nailing. Also. closed reduc-
tion is easierwhen nailing is performed
on the day of injury. The strong pre-
operative traction to sufficiently over-
distract the fracture slightly should be
used. thereby avoiding excessive inter-
operative traction which may result in
sciatic nerve palsy. Closed reduction
can also be facilitated by the use of a
smaller IM nail in the proximal frag-
ment which has been placed over a
guide wire to helpmanipulate the prox-
imal fragment. The Russell-Taylor in-
strumentation set has provided for this
with a special instrument which has
been designed specifically for this
purpose.
Interlocking nailing of femoral frac-

tures is performed followed reaming.
Reaming of the intramedullary canal
has produced of it's own. a set of num-
erous complications and pitfalls for one
to deal with. Cannulated flexible ream-
ers must be passed over a guide wire
which is ball-tipped. Progressive ream-
ings can be performed in 1 mm. incre-
ments until cortical bone is reached. at
which time .5 mm. increments should
be used to avoid jamming the reamer.
If the reaming system is a coiled spring
shaft. it is essential that the power
drive not be reversed as this can lead
to unwinding of the reamer shaft.
Should the reamer become jammed us-
ing this type of system. the ball-tipped
guide can be used to back-out the
reamer by hammering against a vise
grip clamp to the ball tip guide. While
reaming it is also important to stabilize

the guide wire both in insertion of the
reamer to avoid pushing the guide wire
distally across the knee. or retrograde
across the reduced fracture. Since look-
ing eliminates the need for a tight in-
terface fit in the intramedullary canal.
over-reaming is appropriate and the
nail should not meet with a great deal
of resistance when inserting. In partic-
ular. with the Russell-Taylor nail. it
seems to be somewhat oversized and
according to personal communication
with Dr.'s Russell and Taylor. it is
usually .3 mm. larger than its stated
size. For this reason. reaming 1.5 mm.
to 2.0 mm. larger than the nail which
is planned to be placed in the intrame-
dullary canal is appropriate.
In order to establish correct limb

length. appropriate measurement
should be made pre-operatively of the
uninjured extremity. From this meas-
urement, the appropriate nail can be
selected. As a check to this method. it
has been our habit to use a second ball-
tipped guide wire which we measure
against the first ball-tipped guide wire
which is in place in the intramedullary
canal to determine the appropriate
length of the nail to be used.
The insertion of the distal transfixing

screws in the use of the interlocking
nail has. in our experience. been one of
the more challenging aspects of this
procedure. We have attempted to use
the manufacturer's distal targeting
devices on both the Grosse-Kempfand
the Russell-Taylor nailing systems. It
has been our experience that the dis-
tal targeting device. especially the
Russell-Taylor distal targeting device.
works very nicely on saw bones.
however in the operative suite it proves
to be rather cumbersome and unrelia-
ble. For this reason. we have gone to
the exclusive use of the free-hand tech-
nique. Itmay well be that the distal tar-
geting device would function properly.
but often there is some torsional defor-
mation of the nail which the distal tar-
geting device is unable to compensate
for. Our technique involves using a
long pointed awl and with the C-arm
fluoroscopic unit the distal transfixing
hole visualized as a perfect circle with
the pointed awl centered in the hole.
Utilizing this technique. we have found
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that we have been able to achieve dis-
tal interlocking in a rapid fashion with
minimal radiation exposure to the
surgeon.
Post-operatively. weight bearing has

been delayed until roentgenographic
evidence ofhealing is evidentwith the
formation and bridging ofcallus. A con-
servative approach has proven to be ef-
fective in the treatment ofour patients
with only one patient having a delayed
union which occurred in the patient
with the Grosse-Kempf nail which tor-
qued 90 degrees and was unable to be
locked distally despite the comminu-
tion which would have indicated the
locking mode to be appropriate.
Bucholz in 1987 reviewed fatigue frac-
ture of the interlocking nail and the
treatment of fractures of the distal part
of the femoral shaft. and his findings
demonstrated that stress on the nail ex-
ceeded it's fatigue endurance limit un-
less 50% of the original stiffness of the
femur had been regained through heal-
ing.Weight bearing prior to that would
risk fatigue of fracture of the nail.

CONCLUSIONS
lntramedullary nailing of femoral

fractures is a technically demanding
procedure, requiring careful pre-opera-
tive planning. and precise technique.
It is a procedure which has decreased
hospital stay. decreased mortality and
morbidity associated with femoral frac-
tures. and improves the patient's
chances ofreturning to beinga produc-
tive member of society.
We feel it can safely be performed in

a community hospital setting but re-
quires a team approach.
We recommend that an attempt be

made to perform the procedure on the
day of injury. if unable to do so. one
should place the patient in skeletal
traction and wait approximately seven
days prior to proceeding with the
procedure.
Closed nailing should be performed

ifpossible. however ifafter 30minutes
one Is unable to adequately reduce the
fracture, we would recommend pro-
ceeding with an open technique.
Radiation exposure to the surgeon

will continue to be a source of worry.
Ourmost recent experience with the IM

nailing has shown that the total C-arm
fluoroscopic time for the procedure in-
cluding distal interlocking can be un-
der five minutes on a consistent basis.
Certainly, this is one portion of the
technique which is extremely depen-
dent on the learning curve. Over-ream-
ing of the femoral canal is an essential
part of the procedure to help prevent
torsional deformation of the nail on in-
sertion.
Delayed weight bearing should be a

part of the post-operative protocol un-
til roentgenographic evidence ofcallus
formation is present. Our overall com-
plication rate of36% is consistent with
what is reported in the literature by
other authors. Certainly. this is higher
than we would all like to see. however,
considering the severity of the injury.
the technically demanding nature of
the procedure. and the multitude of
equipment required to perform the
technique successfully. it is not sur-
prising that problems are encountered.
As with all difficult endeavors. time
and experience will improve the results
reported.
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Transitional Fractures
of the Adolescent Ankle:
Further Classification

Ronald Zipper, D.O., Independence, Missouri

ABSTRACT: This paperwill present both the Juvenile Tillaux
and the Triplane eplphyseal fractures as they have been
presented historically. Their relationships to the adolescent an-
kle. in injury. have been lo identify these fractures as two
separate entities. As tomographic evaluation and subsequently
computerized tomography have entered into the diagnostic
capabilities in evaluating these two separate fractures multi-
ple similarities have occurred. The fact that these two fractures
both occur at almost identical times during a period of adoles-
cence in which the distal tibial epiphysis is fusing asymmetri-
cally has now been appreicated. Multiple classifications have
been submitted and revised but have. with the exception of
one author. continue to separate these two fractures. von Laer
was the first to suggest an all encompassing classification for
both the Juvenile Tillaux and the Triplane fracture and he sub-
sequently termed this the transitional fracture ofadolescence.
This paper takes von Laer's classification and further sub-
divides it. presenting a usable classification in which identi-
fies a progression from themost immature to themostmature
type of fracture. The paper also discusses treatment of the frac-
ture and presents six new additional cases that were treated
by the author. Key Words: Adolescence, Classification.
Epiphysis. Tibial Fracture. Transitional.

INTRODUCTION
Injuries to the distal tibial epiphysis

of the adolescent ankle have been well
documented. The Juvenile Tillaux and
the Triplane Epiphyseal fractures have
historically been referred to separately.
although in recent literature. it has
been recognized that these fractures
should be classified together. The term
Transitional Fracture was first used in
1962. but went unnoticed because it
was in the German literature. Transi-
tional fractures derive their name
because they occurred during a transi-
tional period of asymmetric fusion of
the distal tibial epiphysis. Multiple
authors have suggested various grad-
ing systems which deal primarily with
the Triplane fracture. A grading sys-
tem. however. is necessary since
neither the Juvenile Tillaux fracture of
the Triplane fracture can be classified
within the Salter-Harris or the Lauge-
Hansen classifications. These fractures
Independence Orthopedics and Sports
Medicine

are now recognized to occur by the
same mechanism of injury. that is. ex-
ternal rotation on a plantar flexed foot.
The fracture is age dependent and a dif-
ferentiating presentation are depen-
dent on skeletal maturity of the distal
tibial epiphysis. Thus. the Juvenile Til-
laux fracture is actually a more skele-
tally mature version of the Triplane
fracture. A classification with an appro-
priate grading system. encompassing
all of these concepts will be proposed.
This paper will also review the litera-
ture and present six additional cases of
this fracture.

HISTORICAL REVIEW
The Tillaux fracture was first

described by Sir Astley Cooper. al-
though it derives its name from a draw-
ing on a scrap of paper by Paul Jules
Tillaux. The drawing was discovered
after his death by Chaput. The fracture.
as described., originally applied to
adults and involves the anterolateral
tibia. extending from the distal articu-
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Jar surface of the tibia upward to the
lateteral cortex. The fracture is the re-
sult of an external rotation force. The
displacement fracture may be small.
including only the anterior tubercle or
large. including the anterior and
posterior tubercles and a part of the
tibial articular surface. The fragment
is roughly triangular in the adult.'
The corresponding epiphyseal frac-

ture. the Juvenile Tillaux or Kleiger
fracture, was first discussed by Kleiger
and Mankin in 1964.2 The fracture oc-
curs by the samemechanism as in the
adult. as well as the Triplane fracture.
The fracture appears on x-ray as a
Salter-Harris type III fracture. in which
the fracture line extends through the
growth plate and then vertically
through the distal tibial epiphysis. The
resultant anterolateral fragment frac-
tures and externally rotates with the
fibular fragment and the intact anterior
tibiofibular ligament.34° The fracture
fragment is usually quadrilateral in
shape. It represents approximately
2.5% of the fracture of the ankle in
children.
Although Kleiger's series was small.

involving only eight cases. it did
present several key points. First. in a
review of sixty patients' ankle x-rays
ranging in age from twelve to twenty.
it was found that fusion of the distal
tibial ephiphyseal plate proceeded
asymmetrically. beginning centrally
first. then medially and finally lateral-
ly. The entire process occurred over an
average of eighteen months.
Secondly. using stress external x-

rays. Kleiger demonstrated that rotary
instability was a feature of this fracture
and for this reason recommended that
the reduction be maintained in a long
leg cast with the foot in full medial ro-
tation. He concluded that most of these
fractures could be handled by closed
means and recommended open reduc-
tion for displaced fractures.
Dingeman reviewed five cases exhi-

biting an average of twomillimeters of
displacement. He recommended open
reduction. stating that the periosteal
flaps frequently prevented a successful
closed reduction.6
Moister. in follow-up reports of six

cases. recommended open reduction

be performed for most cases, using
small K-wires across the epiphysis into
the metaphysis or small cancellous
screws into the epiphysis. He justified
surgery because his patients had mini-
mal residual arthrosis, whereas in a
series ofRang's involving thirty cases.
eight patients exhibited residual pain
at their two year follow-up examina-tion.' Spiegal reviewed an additional
six fractures, all treated with closed
means, with only one patient exhibit-
ing articular incongruity at the three
year follow-up examination.
Interestingly. three of the eight frac-

tures in Kleiger's study and posterior
metaphyseal fragments and in retro-
spect they were actually Triplane
fractures.
In 1970. Marmor described what he

called an ''unusual'' fracture of the low-
er tibial epiphyseal plate. occurring in
a twelve-year-old female. Post-reduce-
tion films of what appeared to be a
Salter-Harris type II fracture revealed
a widened ankle mortice. An open re-
duction was performed and Marmor
noted that there were three fracture
fragments occurring in different
planes. He described the fracture com-
ponents as follows: 1) a rectangular
fragment representing the anterolater-
al quadrant of the distal tibial epiphy-
sis: 2)amedial and posterior portion of
the epiphysis, in addition to a posteri-
ormetaphyseal spike and: 3) the tibial
metaphysis.
Lynn. in 1972. reported two more

cases similar to Marmor's previous
description. He termed these as Tri-
plane fractures. stating that they
represented complex injuries not ap-
plicable to the Salter-Harris classifica-
tion. He noted that the fracture
appeared to represent a Salter type II
fracture on the lateral view and a type
III fracture on the A-P view. He rec-
ommended open reduction for these
fractures.8
Cooperman. in 1978. reviewed

fifteen Triplane fractures. Of these.
tomograms were available on five pa-
tients and computerized tomography
in one patient. It was concluded that
the Triplane fracture consisted of two
fragments. not three: one fragment
consisting of the major part of the tibi-

I. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90 -82-



TRANSITIONAL FRACTURES OF THE ADOLESCENT ANKLE FURTHER CLASSIFICATION

·..··.

Fig. 1, Case II, A-P View, Transitional Type II Fracture
al shaft with the attached medial fracture. occurringwhen the distal tibi-
malleolus and the anteromedial part of al epiphysis has fused to a further ex-
the epiphysis: and the other fragment tent. Recent studies reveal that the
composed of the remainder of the Juvenile Tillaux fracture occurred in
epiphysis and the posterior metaphy- older patients. further support this
seal fragment with an attached fibula. hypothesis. Triplane fractures, involv-
He concluded closed reduction could ing the medial tibial malleolus. have
be accomplished in most cases.9 been found in the most immature pa-
Since then. multiple authors. in tients.

separate studies ofTriplane fractures. von Laer.'' in 1985, was the first in
including the evaluation computerized the English literature to use the term
tomography examination. noted that Transitional fracture. Transitional frac-
there could be two to four fragments as lures were actually first suggested by
well as an associated oblique fracture Titze and Ehart in 1962. in theGerman
of the distal fibula. occurring four to six literature. This was actually two years
centimeters proximal to the tip of the before Kleiger recognized the Juvenile
lateral malleolus." Dias proposed that Tillaux fracture. as mentioned pre-
the Triplane fracture be graded accord- viously.
ing to the amount of force and the as- von Laer, in his study of thirty-two
sociated fibular fracture.'' fractures. stressed that age dependen-
Most recent authors have found the cy or skeletal immaturity of the distal

combined incidence of Triplane and tibial epiphysis. was responsible for the
Juvenile Tillaux fractures to be as different fracture patterns that can be
much as 10% of all of children's ankle seen. These fractures occur by the
fractures, higher than originally samemechanisms of injury. that is. ex-
thought. ternal rotation on a plantar flexed foot.
Multiple authors have also suggested The position of the fracture line is ex-

that Juvenile Tillaux fractures are elusively dependent ofmaturity of the
more mature versions of the Triplane distal tibial epiphysis. He separated
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these fractures into Biplane, Triplane
I and Triplane II. In Triplane I the meta-
physeal portion of the fracture ends in
the physis. In Triplane II. themetaphy-
seal fragment extends through the
physis, the epiphysis and into the joint.

TREATMENT
Recommended treatment for non-

displaced fractures is a long leg cast
with the ankle in internal rotation for
eight weeks. When displacement of
greater than two millimeters persists
on either the A-P or lateral view. closed
reduction under general anesthesia is
recommended. using an internal
reduction force. If unsuccessful. open
reduction should be performed. Torno-
grams preoperatively should be
utilized in these fractures having dis-
placement in order to determine the lo-
cation and size of the fragment.
Associated fibular fracturesmay com-
plicate the reduction. in that the fibu-
lar fracture may need to be reduced
before the reduction of the Triplane
fracture can be completed.
The overall prognosis for treating

these fractures. if properly recognized.
is good. Premature closure of the affect-
ed epiphyseal plate has been docu-
mented. but since the epiphyseal plate
is near skeletal maturity. leg length dis-
crepancies are rare.

CONCLUSION
In summary. the Triplane and

Juvenile Tillaux fractures are well
recognized, usually as separate enti-
ties. This is despite the fact that both
fractures occur by the same mechan-
ism and within the same age range. aneighteen month period during adoles-
cence when the distal tibial epiphysis
fuses. in asymmetric manner.Although it has been alluded to by
several authors that the Juvenile frac-
ture is a more mature form of the
Triplane fracture. no classification has
incorporated these fractures together
until recently by von Laer. However. he
did not include concommittant fibular
fractures in his classifications. A clas-
sification system should be present
that recognizes the degree of skeletal
maturity of the fracture. as well as the
amount of force that has occurred dur-

ing the injury. The term Transitional
fracture of theAdolescentAnkle is thus
appropriate. A classification now sug-
gested incorporates a sequence by
which the classification would progress
from the most immature to the most
mature fractures, that is:
Type I: Three and four part Tri-

plane fractures. including
displacement of the medial
malleolus. These would
represent fractures occur-
ring in the most immature
distal tibial epiphysis.

Type II: The classic two part Tri-
plane fracture, indicating a
more mature distal tibial
epiphysis.

Type III: The classic Juvenile Til-
laux fracture.

Each classification could further be
subdivided into those fractures occur-
ring with a concommittant fibular frac-
ture. This would recognize a greater
external rotational force that had oc-
curred at the time of the fracture.
The presence of such a classification

would allow easier recognizability of
these fractures. which are often
missed. It would serve as a prognostic
indicator to not only fractures which
may be immature and have a higher
possibility for arthrosis. but also serve
to help identify which fractures may
need to be treated surgically. In addi-
tion. the current eponyms that tend to
separate theses fractures could be
incorporated into a more manageable
classification.

CASE PRESENTATIONS
Case I

D.B..a ten-year-old black female. was
seen in the emergency room complain-
ing of left ankle pain. She stated that
she had been pushed down steps at
school and described the mechanism
ofexternal rotation of her ankle. X-rays
revealed a Triplane fracture orTransi-
tional type II fracture. There was a two
millimeter gap that was present and
was accepted and no closed reduction
was performed. The patient was placed
in a long leg cast with the ankle in neu-
tral for seven weeks. At one year follow-
up examination, the patient complain-
ed of intermittent pain in the affected

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.90 84



TRANSITIONAL FRACTURES OF THE ADOLESCENT ANKLE FURTHER CLASSIFICATION

J. Amer. Ost. Acad. ofOrth.. Vol. V 1989.-90

Fig. 3, Case V, A-P View Left Ankle,
Transitional Type III Fracture

-85-

Case II
B.A .. a twelve-year-old white female,

was admitted complaining of right
ankle pain. after she felt off her skate-
board. X-rays revealed a Triplane frac-
ture or Transitional type II fracture,
involving the medial malleolar fracture
and a fracture of the distal one-third of
the fibula. Closed reduction under gen-
eral anesthesia was performed and the
patient was placed in a long leg cast
with internal rotation of the ankle. Cast
immobilization was discontinued at six
weeks and graduated ambulation was
instituted. At the eleven month follow-
up examination. the patient denied
complaints and ambulated without a
limp. Darsi and plantar flexion were
equal. Leg length was also equal.
X-rays revealed the distal tibial
epiphyseal plate to be fused and the
medial malleolus and fibula healed.

Fig. 2, Case II, Lateral View, Transitional Type II Fracture
ankle when running. Physical exami- without displacement or angular de-
nation revealed range of ankle motion formity.
to be similar bilaterally. No leg length Case III
discrepancy was present. No rotation C.L .. a fifteen-year-old black male.
or angular deformity was present.
Comparison x-rays showed that the
epiphyseal plate in the affected leg had
fused while the non-affected one was
open.
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sustained an external rotation injury to
the left ankle when he was tackled
during a football game. X-ray revealed
a minimally displaced Triplane frac-
ture or Transitional type II fracture.
The patient was placed in a long leg
castwith the ankle in internal rotation.
Weight bearing was allowed at three
weeks. A short legwalking cast was ap-
plied at six weeks. The cast was re-
moved at nine weeks. The patient
sustained a inversion adduction injury
to the same ankle at three month post-
fracture: however, x-rayswere negative
for a fracture and the patient had only
intermittent pain with full weight bear-
ing. The patient was lost to follow-up
examination.

Fig. 4,Case V, LateralView LeftAnkle,
Transitional Type III Fracture

Case IV
M.G., a fourteen-year-old white male,

sustained an external rotation injury
after falling at home. X-rays revealed
a Transitional type II fracture or mini-
mally displaced Triplane fracture of the
ankle. After closed reduction. a long leg
cast was applied with the ankle in in-
ternal rotation. A short legwalking cast
was applied at fourweeks. Immobiliza-
tion was discontinued at sevenweeks.
At nine weeks the patient walked with

a mild painless limp. Dorsi-flexion was
20 degrees on the right, 15 degrees on
the left. Plantar flexion was 30 degrees
bilaterally. The fracture was healed
with minimal articular incongruity and
no angulation at his last examination
at one year.

Case V
A.M.. a twelve-year-old black female.

weight in excess of 200 pounds. sus-
tained a external rotation injury to the
left ankle when she lost her balance
while on roller skates. She presented to
the emergency room with an apparent
posterolateral dislocation of the ankle
without palpable pulses. X-rays
showed a displaced Transitional type
III or Juvenile Tillaux fracture with a
displaced fragment line between the
tibia and fibula. Attempted closed re-
duction in the emergency room and
again under general anesthesia were
unsuccessful. At surgery. the large an-
terolateral fragment was between the
tibia and fibula with a tear of the inter-
osseous membrane. Open reduction
was successfully performed and the
fracture was held with two Kirschner
wires. Articular congruity of the ankle
mortice was restored. A long leg cast
with the ankle in full internal rotation
was applied for six weeks. at which
time the pins were removed and a short
leg cast was applied. Immobilization
was discontinued at ten weeks and
graduated weight bearing was begun.
At one year follow-up examination.
x-rays demonstrated completion of fu-
sion of the distal tibial epiphysis. Arti-
cular congruity was present. The
patient complained of intermittent
mild aches associated with inclement
weather. Physical examination re-
vealed ambulation without a limp.
Dorsi-flexion was 50 degrees on the
right and 45 degrees on the left. Plan-
tar flexion was equal bilaterally. A leg
length discrepancy of less than one-
eighth of an inch was noted.

Case VI
L.H.. a twelve-year-old female, sus-

tained an external rotation injury to
her right ankle after falling down three
steps at home. The patient only com-
plained of minimal pain and was not
brought to the emergency room until
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swelling began approximately twelve
hours later. X-rays. including compar-
ison studies, revealed a nondisplaced.
Transitional type III or Juvenile Tillaux
fracture: however. initially the diagno-
sis wasmissed by the emergency room
physician. Two days later. when the
patient was referred to Orthopedics. a
correct diagnosis was made. The pa-
tient was placed in a short leg cast
without reduction.Weight bearingwas
begun at two weeks. Cast immobiliza-
tion was discontinued at one month. At
two months follow-up. the patient
denied pain and ambulated without a
limp. The patient was lost to subse-
quent follow-up examination.
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Results of AML Femoral Prosthesis:
Minimum One Year Follow-Up Study

James S. Mason, D.O., J. Paul Martz, D.O., Charles D. Kerr, D.O.
Doctors Hospital, Columbus, OH

INTRODUCTION
The Jong term results of cemented

total hip arthroplasty using the older
cementing techniques have been con-
sidered unacceptable to most ortho-
paedic surgeons. Loosening rates of
19.5% to 50% have variously been
reported in 2 to 10 year follow-up
studies.'-18.19 To improve on these
results newer cementing techniques
have been developed as well as the con-
cept of biologic ingrowth. for fixation
of total joint arthoplasty.
Biologic ingrowth is a conceptwhose

goal is to establish a natural. and hope-
fully enduring interface between the
implant and host tissue. More specifi-
cally the goals of the biologic ingrowth
type of hip replacement are: (1) in the
short-term tomatch the immediate and
predictable excellent results of total hip
arthoplasty obtained with newer ce-
ment techniques. and (2) in the long
term to maintain these results with a
lower long term failure rate. (hopeful-
ly in a healthy femur, free of cement
disease). Porous coated implants have
been used for over a decade in several
U.S. centers. Engh has used a Moore
type stem with a sintered type ofmetal-
lic porous surface since 1977. with
good short term results reported.6·7·8
Results from other authors have also
shown good result. with noncemented
femoral prostheses.2·4·17
The purpose of this paper is to retro-

spectively report the clinical results of
the AML femoral prosthesis at our in-
stitution. We have used the AML fe-
moral prosthesis since 1985. The scope
of this paper is limited to those patients
in whom a primary noncemented AML
femoral prosthesis was implanted at
least one year prior to this study.

MATERIAL AND METHODS
During the period from July 1985 to

March 1988 there were 36 primary.
noncemented AML femoral prostheses
implanted at our institution. All pa-

tients weremailed questionnaires prior
to their final follow up examination
concerning their preoperative and post-
operative status. The questionnaires
were based on the Harris hip score sys-
tem. 13 The total point allocated for
pain (44). function (47). deformity (4),
and range ofmotion (5), were unaltered
from the Harris hip score system. Of
the 36 patients enrolled in this study
fourwere deceased at time of follow up.
three were unable to be contacted. and
four refused to participate in follow up
examination. Hence. there are 25 pa-
lients available for follow up exami-
nation.
The noncemented femoral prosthesis

was combined with various types of
acetabular components. based on the
appearance of the acetabulum at the
time of surgery. and the surgeon's pre-
ference. There were eleven self center-
ing components (bipolar), ten porous
coated components. and four threaded
acetabular components utilized.
The mean patient age at time of sur-

gery was 55.5 years with a range of 32
to 76 years. There were 14 females and
11 males. The average time to follow
up examination was 1.8 years with a
range of 1. 1 years to 3.1 years. There
were l4 patients with a preoperative
diagnosis ofosteoarthritis. Iwith rheu-
matoid arthritis, 5 with avascular ne-
crosis of the femoral head. 2 with
femoral neck fracture. 1 with post-trau-
matic arthritis. and 2 with congenital
hip dysplasia. The mean preoperative
Harris hip score in these 25 patients
was 43.7.
The patients in this study routinely

received prophylactic perioperative
antibiotics. usually a first generation
cephalosporin, with the first dose given
one halfhour prior to beginning ofsur-
gery and continued for 48 hours after
surgery. Deep venous thrombus pro-
phylaxis was also routinely utilized in
some form at the discretion of the oper-
ating surgeon. A posterolateral ap-
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proach was routinely utilized. The sur-
gical goals are different from those us-
ing cement, and one wants to retain as
much cancellous bone as possible in all
areas that may come in contact with
the porous coating of the prosthesis."
Postoperatively the patients were man-
aged with an abduction pillow for sev-
eral days while in bed. Physical
therapy was usually instituted on the
first postoperative day by dangling the
legs at the bedside and ankle pumps.
Ambulation with a walkerwas usually
started on the second postoperative
day either non-weightbearing or toe-
touch weightbearing on the affected ex-
tremity. Most patientswere discharged
on the seventh to tenth postoperative
day. Ambulation after discharge was
routinely walker or crutches. toe touch
weightbearing for approximately six
weeks and then progressive weight-
bearing on the affected extremity at the
discretion of the operating surgeon.

CLINICAL RESULTS
The clinical results as represented by

the Harris hip scores revealed an aver-
age postoperative score of87.6 (Table
1). AII patients scores increased after
surgery. Seventy six percent ofpatients
had Harris hip score of 80 or greater.
Almost all patients commented that
they were satisfied with their surgery.
There were. however. three exceptions.
Patient3 developed severe heterotop-
ic ossificaiton, which required excision
of the heterotopic ossification. treat-
mentwith radiation, and revision of the
acetabular component twenty-one
months after his original surgery. Pa-
tient 4 developed progressive pain
and underwent revision surgery
twenty-two months after his index
operation. At the time of revision
numerous debris particles werefound." Patient 21 is a workmen's
compensation case and has been dis-
satisfied with his surgery secondary to
persistent thigh pain even at rest. At
this time we have no good explanation
for this poor result.

RADIOGRAPHIC RESULTS
A summary of the radiographic data

obtained in this study is given in
Tables 2 and 3. These tables record the

quality of fit of the femoral component
and the adaptive bony changes that oc-
curred as outlined by Engh. Engh
has classified femoral component fit
with the AML femoral prosthesis as
either interference fitwith uniform con-
tact (type 1. good fit with several areas
ofcontact (type 2). or poor fitwithmini-
mal contact area in the femoral diaphy-
sis (type 3). Furthermore. the adaptive
bony changes seen in the latest follow
up radiographs are outlined.
The adaptive bony changemost fre-

quently seen in this study was calcar
resorption. noted in 60% ofhips (Table
2). Calcar resorption seemed to stabi-
lize by one year without any significant
change noted in those hips observed
beyond one year. Endosteal new bone
formation was the second most fre-
quently observed adaptive bony
change (Table 3). It was most fre-
quently seen near the smooth tip of the
stem. or near that area of the prosthe-
sis where the porous coating ended.
The bone in these areas gave the ap-
pearance of a supporting wedge
between the prosthesis and the endo-
steum. Radiopaque or ''white' lines
were noted occasionally, most com-
monly near the smooth tip of the stem
(Table 3). These lines were usually
less than 1 millimeter from the implant
surface. No prostheses were noted to
have circumferential radiopaque lines.

COMPLICATIONS
There were three cases ofheterotopic

ossification. only one ofwhich required
treatment. There was one urinary tract
infection. Metallic debris was found at
one revision. There were no fractures
or dislocations. There were no superfi-
cial or deep infections. No nerve palsies
occurred. Two revisions were under-
taken, however. no other revisions are
under consideration at this time.

DISCUSSION
The concept of biologic ingrowth for

fixation of femoral prosthetic implants
is based on the idea that osseous tissue
will develop within the porous surface
of the implant and result in a solid
bone-implant interface. As discussed
previously the goal ofbiologic ingrowth
is twofold: the short-term goal is to
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TABLE 1

CLINICAL DATA

PATIENT AGE ACETABULUM YRS FIU DIAGNOSIS PRE-OP POST-OP

#1 58 bipolar 3.1 AVN 68 95
#2 58 bipolar 2.8 AVN 33 95
#3 56 bipolar 2.7 0A 43 66
#4 50 porous 2.5 0A 49 68
#5 49 threaded 2.4 RA 45 66
#6 47 porous 2.3 OA 43 96
#7 48 porous 2.3 OA 41 97
#8 40 bipolar 2.3 AVN 49 81
#9 32 bipolar 2.1 AVN 55 100
#10 50 threaded 2.0 AVN 27 100
#11 59 bipolar 2.0 0A 39 97
#12 38 threaded 1.8 CHD 30 95
#13 76 bipolar 1.8 FNF N/A 97
#14 70 porous 1.8 0A 56 80
#15 45 porous 1.4 PTA 45 100
#16 56 porous 1.4 OA 16 77
#17 56 porous 1.3 OA 27 75
#18 57 threaded 1.3 0A 49 91

#19 65 porous 1.2 OA 58 98
#20 48 bipolar 1.2 OA 58 98
#21 35 bipolar 1.I 0A 38 44
#22 66 porous 1.1 OA 63 100
#23 72 bipolar I.I FNF NIA 98
#24 61 porous I.I OA 40 88
±±2 39 bipolar I.I CHD 34 89-3
average 55.5 1.8 43.7 87.6

Legend: bipolar = self-centering type acetabulum: porous =AML Porocoat acetabulum: threaded =one of
several different porous coated/screw in type acetabular components. AVN=avascular necrosis of the
femoral head: RA = rheumatoid arthritis: OA = osteoarthritis; FNF = femoral neck fracture; PTA = post-
traumatic arthritis; CHD = congenital hip dysplasia.

N.B. Pre-operative Harris hip scores were not Included in the femoral neck fracture patients because they
were not felt to be representative. For example, patient 23would have given herself91 out of91 possible
points for pre-operative pain and function scores even though she had an acute displaced femoral neck
fracture.

achieve the immediate and predictable
excellent results of cemented hip ar-
throplasty. and the long-term goal is to
maintain these results with lower long-
term failure rates, in healthy femurs
free of cement disease.8 The overall
quality of the patient's bone is theoret-
ically a crucial factor insofar as giving
the implant the proper support to allow
for biologic fixation to occur. The ideal
candidates for porous coated prosthe-
ses seem to be those patients who are
younger, healthier, and more active.
These patients seem to be the best can-
didates because they have better qual-
ity bone and they are at higher risk for
failure with conventional cemented hip
arthroplasty.
In attempting to meet the first goal

ofbiologic fixation it seems that initial
fit of the implant of primary impor-

tance. Engh in describing his surgical
technique for the AML femoral prosthe-
sis felt it was desirable to attempt to
take advantage of the superior me-
chanical properties of cortical bone
compared with cancellous bone by es-
tablishing extensive cortical bone-im-
plant contact.6 As much cancellous
bone as possible is retained in the inter-
trochanteric area to be in contact with
the porous coating of the prosthesis.
The implant is larger in cross-section
than the intramedullary rasps and tri-
al prostheses to take advantage of tight
initial fit. This concept is probably
most important in the older patient
with osteoporosis whose cancellous
bone strength is decreased.
This study presents the results of 25

patients with 25 primary hip ar-
throplasties utilizing an uncemented
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TABLE 2

RADIOGRAPHIC DATA (INTERTROCHANTERIC ZONE AND TYPE OF FIT)
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4
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20

10
9

#8
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6

#5

#18

#11

#25

#22
#21

#19

#24
#23

PATIENT CALCAR SETTLE CANCELLOUS CHANGEWHITE LINES TYPE FIT
1

Legend: CALCAR = calcar resorption: SETTLE = setting: CANCELLOUS CHANGE = cancellous bone
changes; WHITE LINES = radiopaque lines around the implant; TYPE FIT=type of fit as described by Engh.

AML porous coated femoral prosthesis
and various acetabular components.
The results compare favorably with the
report of Engh presenting the 2 lo 5
year follow up results of 26 patients
with primary hip replacement using
the AML femoral component and
cemented acetabular components. The
Harris hip scores in that study rose
from average preoperative score of58.8
to an average postoperative score of
89.0 at one year. and 91.4 at two
years.6 The mean preoperative Harris
hip score in this study was 43.7 and the
mean postoperative score was 87.6.
Other studies have reported similar
results.9•17
The authors are encouraged by the

stable radiographic appearance of the
implants. The adaptive bony changes
noted in the femur have been discussed
in detail by Engh. currently none of
the femurs in this study have radio-
graphic changes that are ofpathologic
concern. Generalized stress shielding
and diffuse disuse osteopenia with this
componentwas not noted in any ofour
patients. None of the femoral compo-

nents has shifted noticeably from the
initial postoperative radiographs.

CONCLUSION
Total hip arthroplasty utilizing the

porous coated AML noncemented
femoral prosthesis provides a consis-
tently reliable hip replacement with
few complications, and a high patient
satisfaction rate. The Harris hip scores
and radiographic appearance of the
femoral components are both more
than satisfactory in the opinion of the
authors. Although still early in the
learning curve with this prosthesis, the
reproducibility of satisfactory results is
very gratifying. These short term
results appear promising, and this
prosthesis seems to have met the first
of its two goals. (i.e. immediate and
predictable results of cemented total
hip arthroplasty) in this small study
group. Overall. the porous coated AML
noncemented femoral prosthesis has
provided us with consistently reliable
implant for our younger more active
patients in need of total hip ar-
throplasty.
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TABLE 3

RADIOGRAPHIC DATA (INTRAMEDULLARY ZONE)

PATIENT CORT HYPERTROPITY STEM SHIFT WHITE LINES ENDO BONE

#1
#2
#3
4

#45

#8
#9
#10
#11
#12
#13
#14
#15
#16
#17
#18
#19
+20
#21
#22
#23
#24
#25

+

+

+
+

+

+

+

+
+

+

+

+

+
+

+

+
+

Legend: CORT HYPERTROPHY = cortical hypertrophy;WHITE LINES = radiopaque lines around the im-
plant; ENDO BONE = endosteal new bone formation.
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