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The role of upper limb surgery in tetraplegia
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Study design: A retrospective follow-up study.
Objectives: To assess the value of surgery on the tetraplegic hand to improve its function.
Setting: Spinal unit. Hospital La Fe. Valencia (Spain).
Method: We reviewed the functional results obtained in 15 patients (10 males and 5 females)
operated on at our hospital between 1988 and 1997. We performed 66 surgical procedures on
20 upper limbs. After a year or more the patients were evaluated by two independent
examiners not related with the surgeons, using the questionnaire of Lamb and Chan modi®ed
by Mohammed, taking into account the change in the performance of activities of daily living
(ADL), the patient's satisfaction, and the ful®lment of their expectations.
Results: A good or excellent result was obtained in 71.4% of our patients, 85.7% were
satis®ed with the operation and 57.2% said that the surgery did not meet their expectations.
The bad results occurred in patients with previous joint rigidity, ocular sensibility, pain, and
lack of motivation.
Conclusion: Hand surgery improved the function of tetraplegics and should be performed
more frequently. The hands should be cared for from the very beginning to keep them supple.
The information given to the patients should be realistic.
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Introduction

In tetraplegic patients, hand function is very important
for their independence in activities of daily living
(ADL) and to increase their quality of life. Most
tetraplegics prefer the recovery of hand function to
that of the bladder, bowel or even to sexual function.1

Nevertheless hand surgery is not a common procedure
in many spinal units and its importance in improving
hand function is controversial.

While Guttmann2 (1976), McSweeney3 (1969) and
Bedbrook4 (1969) believed that only a very small
percentage of tetraplegics (5%) can bene®t from hand
surgery because they re-adjust the function of their
arm and hands if properly rehabilitated, other authors
like MoÈ berg5 state that 75% of tetraplegics can obtain
bene®t from hand surgery.

In any case, the operation should be done at least
one and a half years after the spinal cord lesion, once
the neurological and functional status has been
stabilised.

In 1981 Bedbrook6 considered the surgical rehabi-
litation of hand function of more value in the ¯accid
than in the spastic type of hand.

Aim
To assess the value of surgery in the upper limbs of
tetraplegics we have focused our study on the following
items:

(1) Increased hand movement and strength;
(2) Improvement in the ADL;
(3) Patient's satisfaction;
(4) Ful®lment of patient's expectations;
(5) Surgical complications.

Methods

We have reviewed the results obtained in 20 upper
limbs of 15 patients (10 males and 5 females) operated
on to improve hand function, between 1988 and 1997
at the Hospital La Fe (Valencia, Spain).
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The patients were recruited when they attended
hospital for check-up according to the following
criteria:

. Spinal cord lesion stabilized

. More than one year after spinal cord lesion

. Good general condition

. Motivated and willing to improve their hand
function

. Supple hand and enough muscles to transfer.

Only 10% of the patients approached that ful®lled the
selection criteria were willing to be operated on.

The age of the patients at the ®rst operation ranged
from 20 to 62 years (mean age 42 years). Regarding
the aetiology, in nine cases (60%) the spinal injury was
due to a Road Tra�c Accident; in three cases (20%)
to a fall from a height; and in the remaining three
cases (20%) to a medical disease.

According to the level of the lesion: 1 case C4
incomplete; 4 cases C5 (3 incomplete and 1 complete);
5 cases C6 (3 incomplete and 2 complete); 5 cases C7
(4 incomplete and 1 complete). The mean time elapsed
from the lesion to the ®rst operation was 34 months,
ranging from 15 to 239 months. We performed 66
surgical procedures on the 15 patients.

The patients were classi®ed according to the
International Classi®cation for Surgery of the Hand
in Tetraplegia7 (Table 1) developed at the Interna-
tional Conference held in Edinburgh in 1978, and

modi®ed in 1984. It takes into account the residual
motor strength below the elbow, considering that only
the muscles graded 4 or 5 according to the Medical
Research Council Scale (MRCS) are adequate for
muscle transfer, as well as the sensibility in thumb and
index. The sensibility was evaluated by the two-point
discrimination test in the thumb and the index. If it is
lower than 10 mm the patient's hand belongs to the
group Cutaneous (`Cu'7), and if it is higher than
10 mm and the patient needs the visual help he is
classi®ed in the group Ocular (`O'7).

Regarding the sensibility, that is essential for hand
function, operations were carried out on 13 upper
limbs belonging to the Cutaneous group (`Cu'7)
and seven upper limbs to the Ocular group (`O'7).
Table 1.

One patient had pain in both hands, another
rigidity, and two had spasticity grade 3 of Ashworth
in both upper limbs. The three patients with rigidity or
spasticity were specially motivated and willing to be
operated on, and the passive extension of ®ngers and
wrist was good enough to allow surgery.

The pre-operative evaluation consisted of:

. Muscle balance

. Range of joint motion

. Two-point discrimination test

. Identi®cation of other pathologies like pain or
spasticity

. Patient motivation (good or bad)

The aim of the surgery was to:

(1) Restore active elbow extension;
(2) restore key pinch;
(3) restore grasp;
(4) obtain a good balance of the intrinsic muscles of

the hand.

The surgical techniques were based on muscle
transfer, tendon lengthening, tenodesis or arthrodesis.
Timing of the surgical operation is very important
and it is necessary to wait at least one year since the
spinal lesion once the neurological lesion is stable
and the recovery of hand function has reached a
plateau.8

Our group was very heterogeneous and required
di�erent surgical approaches (Table 2):

(1) In Tetraplegics, elbow extension is very important
to obtain more stability in their wheelchair and to
raise the hands to reach elevated objects. The
activity of the triceps may improve the function
of its antagonist the brachioradialis (BR) when it
is transferred.9,10 When active extension of the
elbow was absent, it was restored in the ®rst
instance transferring the posterior deltoid accord-
ing to MoÈ berg's technique modi®ed by Hentz11 in
the ®rst three cases and by Castro-Lopez12 in the
last three.

Table 1 Modi®ed International Classi®cation for surgery of
the Hand in Tetraplegia7

Sensory
Motor O7 Cu7 Total

0 Weak or absent Brachioradials (BR)
4grade 3 ± ± ±

1 BR (5grade 4) 2 1 3
2 BR, ECRL ± 1 1
3 BR, ECRL, ECRB 1 1 2
4 BR, ECRL, ECRB, PT 3 4 7
5 BR, ECRL, ECRB, PT, FCR ± 4 4
6 BR, ECRL, ECRB, PT, PCR,

Finger Extensors ± ± ±
7 BR, ECRL, ECRB, PT, FCR,

Finger Extensors and Thumb
Extensors ± 1 1

8 BR, ECRL, ECRB, PT, PCR,
Finger Extensors, Thumb
Extensors and Finger Flexors 1 ± 1

9 Lacks intrinsics only ± 1 1
Total 7 13 20

O7: Two-point discrimination in the thumb 410 mm. Cu7:
Two-point discrimination in the thumb 510 mm. ECRL:
Extensor Carpi Radialis Longus; ECRB: Extensor Carpi
Radialis Brevis; PT: Pronator Teres; FCR: Flexor Carpi
Radialis. The listing of a muscle means that it is functional
(grade 4 or better).
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(2) Afterwards the aim of our operation was to
obtain the opposition between thumb and index
(key-pinch) if there were few muscles to transfer,
or if possible a prehension grasp with the
triphalangic ®ngers.13 Wrist extension is essential
for hand function, so if it was not present we
transferred the BR to Extensor Carpi Radialis
Brevis (ECRB) to obtain wrist extension, and
tenodesis of the Flexor Pollicis Longus (FPL) to
achieve key pinch. The stability of the carpo-
metacarpal (CMC) joint is necessary for key
pinch and it is stabilized by the Abductor Pollicis
Longus (APL). If we do not have enough muscles
to transfer to the APL we perform arthrodesis of
the CMC joint at 458 of palmar abduction and
308 of abduction.8,13

(3) If active Extension of the wrist was present and
there were enough muscles to transfer, we
restored the key-pinch and grasp (according to
House's technique14,15) in two stages.13,16

(a) Extensor stage: Extension of the ®ngers and
thumb is very important for hand function,
so before we activate its ¯exors we transfer
the BR, Extensor Carpi Radialis Longus
(ECRL) or Pronator Teres (PT) to the
extensor tendons: Extensor Digitorum Co-
munis (EDC) and Extensor Pollicis Longus
(EPL), or, if it is not possible because the
former muscles are too weak or paralysed,
we perform a tenodesis of the extensor
tendons into the radius.8,13 (Table 2).

(b) Flexor stage: It is performed when extension
of the ®ngers is functioning adequately,
usually not before 6 months. For a key
pinch it is necessary to activate the FPL,
which in our cases has been done with the
BR, ECRL or ECRB. Flexion of the ®ngers
has been achieved activating the Flexor
Digitorum Profundus (FDP) with the PT,
ECRL or BR (Table 2).

(4) To avoid hyperextension, or to achieve ¯exion of
the MCP joints ± very important in the index
®nger for the key pinch ± we have performed the
Zancolli's lasso8,13,17 of the Flexor Digitorum
Super®cialis (FDS) to the A1 pulleys of the 2nd
to 5th ®ngers in the extensor stage, associated to
the arthrodesis of the CMC joint.

(5) Tendon elongations were made in shortened
¯exors.

Postoperative program
During the period of immobilization, lasting for 3 or 4
weeks, the patients are encouraged to perform
isometric contractions that are not too painful or too
strong, in order to increase muscle strength.

When the plaster is removed and the patients can
move their hands, they start functional activities with
tasks that include the movements gained after the
operation. The vision may help to control the move-
ments when the sensibility is poor.

Table 2 Surgical procedures and functional results

Hands Patients
Previous
condition

International
class group Procedures

Functional
results (ADL)

1 1 Spasticity Cu 4 1, 3, 4, 5, 6, 7, 8 Ð
2 2 None Cu 3 1, 3, 4, 7, 8 Excellent
3 2 None O 3 1 Ð
4 3 None Cu 5 3, 4, 8 Excellent
5 3 None Cu 4 3, 7 Ð
6 4 None O 4 1, 3, 4, 7, 8 Poor
7 4 None O 4 1, 3, 4, 5 Ð
8 5 None Cu 4 3, 4, 8 Good
9 6 Rigidity O 4 4, 5, 9 Poor
10 7 Pain O 1 2, 5, 6, 7 Fair
11 7 Pain O 1 1 Ð
12 8 None Cu 4 3, 4, 6, 8 Excellent
13 8 None Cu 5 3, 4, 6, 8 Ð
14 9 None Cu 9 10 Good
15 10 Spasticity Cu 7 4, 7, 8 Fair
16 11 None Cu 5 3, 8 Good
17 12 None Cu 5 3, 4, 7 Good
18 13 None Cu 1 2, 5, 6 Good
19 14 None Cu 2 4, 5, 7, 8 Good
20 15 None O 8 10 Good

Procedures: 1, Activation Triceps with Deltoid; 2, Activation ECRB with BR; 3, Activation EPL and EDC with BR, ECRL or
PT; 4, Activation FPL and FDC with BR, ECRL, PT or ECRB intermedius; 5, Extensor tenodesis; 6, Flexor tenodesis;
7, Zancolli's lasso; 8, Arthrodeses TM thumb; 9, Arthrodeses IP thumb; 10, Flexor lengthening
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The patients remained in the hospital for 3 ± 4
weeks, and could go home after plaster removal and
the exercise programmes had been evaluated.

The postoperative evaluation was performed by two
independent examiners not related to the surgical
procedure one or more years after operation (mean
time elapsed 50.5 months). The following points were
considered:

(1) Strength of elbow extension, pinch and grasping.
(Dynamometer ULRICH. ULM/DONAU)

(2) Subjective assessment of ADL using the ques-
tionnaire of Lamb and Chan modi®ed by
Mohammed18 (Appendix 1) that evaluates the
change in ADL by means of 35 questions
concerning mobility, dressing, washing and toilet-
ing, feeding and other activities. Every item is
scored as follows: If much worse=0; Worse=1;
Unchanged=2; Improved=3; Greatly im-
proved=4. The overall results are considered as
follows: Poor: 0 ± 69 points. Fair: 70 ± 84 points.
Good: 85 ± 101 points. Excellent: 102 ± 136 points.

(3) General opinion of the patient (Better or Worse).
(4) Ful®lment of patient's expectations (Yes or Not).
(5) Surgical complications.

Recently new classi®cations like that of Rancho Los
Amigos for hand function19 have been published, but we
have preferred to use the above mentioned classi®cation.

The evaluation of the results was based on 14
patients (19 hands) as one of them died in a tra�c
accident before evaluation.

Results

Strength
The strength of the key-pinch was measured in 14
upper limbs, with an average of 17.2 kPa, ranging from
5 to 50.

The grasp strength, measured in 14 hands, ranged
from 3 to 45 kPa, the average was 18.8.

No relation was found between the activities of
daily living test and the key-pinch strength
(P=0.7976), neither with the grasp strength
(P=0.6948). The improvement in the activities of
daily living was not directly related to the increase in
key-pinch or grasp strength, probably due to the
confusing factor of measuring only muscle strength
without taking into account sensibility and coordina-
tion.

The modi®cation of the ADL, according to the
Mohammed et al18 questionnaire, was as follows:

. Excellent (3 cases): 21.4%;

. Good (7 cases): 50%;

. Fair (2 cases): 14.3%;

. Poor (2 cases): 14.3%.

The score ranged between 54 and 122 points.

Patient's satisfaction
Twelve patients said they were better after the
operation (85.7%) and two that had previous spasticity
said they were worse (14.3%), both belonging to the
Ocular group.

Ful®lment of patient's expectations
In only six cases (42.8%) the patients felt that the
operation had ful®lled their expectations, and eight of
them (57.2%) expected better results.

Complications of the surgery
After 66 surgical procedures, we had eight complica-
tions (12.1%) detailed in Table 3. We had no wound
infections or ruptures of anastomoses. The most
serious complication was pain su�ered by the patient
prior to surgery and subsequently aggravated by the
operation.

Sensibility
Ninety per cent of patients with sensibility Cu7
obtained a good or excellent result in the ADL
questionnaire, while in the group of patients with
O7 sensibility, 75% of the result was fair or poor.

Discussion

It is very di�cult to assess the value of hand surgery in
tetraplegic patients because of the many di�erences
between them regarding their neurological lesion,
motivation and also the surgical procedures employed.
Even greater di�erences may exist between both upper
limbs of the same patient.

Some of our patients may have improved more in
their hand function if all the surgical interventions
planned had been performed, but for several reasons
further surgery had been refused.

Four patients were not willing to allow the surgical
programme to be completed because they though that
the possible functional bene®ts did not justify the
longer hospital stay. In two of these cases the
operation was advised to correct the failure of
arthrodesis.

Di�erent authors use di�erent methods of evalua-
tion, which makes it more di�cult to compare the
results.

Table 3 Surgical complications

Complications (n=8)

Failure of arthrodesis TM joints 2
Hyperextension MCP joints 3
Hyper¯exion of the thumb 2
Pain 1
Wound infections 0
Ruptured anastomoses 0
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Although we measured the strength of the key-pinch
and the grasp we have focused our attention on the
functional and psychological results of the surgery,
that is to say on the improvement of the performance
of the ADL, on the patients' satisfaction, and on the
ful®lment of their expectations. These last two items
are included in the Mohammed et al scale18 but we
thought it was worthwhile to consider them separately.

On the whole our results do not di�er very much
from those of other authors employing the same scale
to evaluate their results. We obtained good or
excellent results in 10 (71.4%) of our cases, Mo-
hammed et al18 in their larger group of 57 patients (97
upper limbs) obtained the same results in 75% of the
cases, and Lamb and Chan20 in their study of 41
patients, obtained 83% of good results. The positive
results of other studies and the evaluation method
employed are detailed in Table 4.

The bad results were obtained in the patients with a
previous history of pain, spasticity and O-sensory

classi®cation that we believe should have been a
contraindication for operation. The majority of our
patients (85.7%) were satis®ed with the results of the
surgery performed and with the functional improve-
ment, and only two (14.3%) said they were worse, due
to pain in one case and hand rigidity in another. As
MoÈ berg pointed out, a rigid hand impairs the familiar
and social relationship.

Regarding the ful®lment of their expectations, eight
(57.2%) patients said that they had expected more
from the surgery and were somewhat disappointed in
spite of the functional improvement.

The di�erence between the functional improvement
and the ful®lment of patient's expectations can be
explained by inadequate or too optimistic information
given by the surgeon in charge. This point has already
been corrected. As clearly stated by MoÈ berg,21 the
hand function depends on its mobility and its
sensibility. If by means of muscle transfer the mobility
is restored but there is no sensibility, the hand is blind,

Table 4 Other studies results

Study Year
Number
of cases Test

Positive
results (%)

Hentz et al.11 1983 33 List of ADL 55
Lamb and Chan20 1983 41 Lamb and Chan's Test 83
Waters et al.23 1985 15 List of ADL (subjective) 87
Rieser et al.25 1986 9 Test of Jebsen 80
EjeskaÈ r et al.26 1988 43 Activities of Daily Living 90.6
Gansel et al.28 1990 11 ADL 90.9
Vanden Berghe et al.24 1991 13 Nine Hand activities 100
Mohammed et al.18 1992 57 Lamb and Chan's Test 75
House et al.15 1992 18 Change in ADL 94.4
Paul et al.27 1994 9 List of ADL 77.7
Freehafer22 1998 285 Not detailed 95.4

Figure 1 Functional results in a Cu-5 patient Figure 2 Key pinch in a Cu-5 patient
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requires the aid of the vision, and consequently its
function is poor.

Some authors state that the patients with O7
sensibility should not be submitted to hand surgery22

and the majority include in their criteria for surgery a
two-point discrimination test in thumb and index
lower than 10 mm,20 or 15 mm.23

This was clear in our study as 90% of the patients
with Cu7 sensibility achieved good or excellent
results, while in the group of O7 sensibility only
25% achieved good results. Authors such as House15

and Vanden Berghe24 obtained satisfactory functional
results in patients with O7 sensibility.

Other authors include in their studies, patients with
O7 sensibility but do not relate the results obtained
with the type of sensibility (Rieser,25 EjeskaÈ r,26 and
Paul27).

The results of hand surgery are usually bad in
patients with a previous history of pain, rigidity, O7
sensibility and lack of motivation, and therefore these
points should be considered before surgery.

Conclusions

(1) This study shows that hand function was
improved in 10 out of 14 patients.

(2) As we found bad results in patients with pain,
joint rigidity, severe spasticity and O7 sensibility,
we suggest that the patient selection for hand
surgery should be very strict, excluding these
conditions.

(3) The patients should be informed realistically of
the possible functional gains, so the results will
meet their expectations.

(4) Hand surgery in tetraplegics should be o�ered
more often and by expert hand surgeons. Their
hands should be cared for from the very
beginning for a possible operation in the future.
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Appendix 1. Assessment of ADL according to Mohammed et al. (1983)18

Mobility:
1 Raise yourself in seat
2 Propel wheelchair on level ground
3 Propel up and down a gentle slope
4 Transfer from wheelchair to bed
5 Drive a car

Dressing:
6 Upper garments
7 Lower garments

Communication:
8 Using a telephone
9 Writing or typing

10 Handling money

Washing and toileting:
11 Getting in and out of shower/bath
12 Washing and drying upper limbs
13 Washing and drying lower limbs
14 Cleaning teeth
15 Shaving or applying cosmetics
16 Brushing hair
17 Bladder: use of urodome or catheter
18 Bowel: inserting suppositories and cleaning

after bowel action

Feeding and drinking:
19 Use of cutlery
20 Cutting meat
21 Holding a cup or glass

Miscellaneous:
22 Making a meal or snack
23 Reaching a shelf above
24 Opening and closing drawers
25 Operating buttons
26 Turning pages in book/newspaper
27 Picking up things from the ¯oor
28 Using a key
29 Putting a plug into a point
30 Have your educational vocational options

changed?
31 Were your overall expectations met?
32 Have you become more independent?
33 Has your self-con®dence changed?
34 Has the surgery changed your quality of life?
35 Any comments.

Points
Much worse 0
Unchanged 1
Improved 3
Greatly improved 4

Overall results
Poor: 0 to 69 points.
Fair: 70 to 84 points.
Good: 85 to 101 points.
Excellent: 102 to 136 points.
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