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Abstract
Background

Zone V flexor tendon injuries are devastating and may result in significant morbidity. There may
be remarkable differences between preoperative clinical and the intraoperative findings of zone
V flexor injuries. In this study, we assessed the demographics of patients presenting with zone V
flexor injuries and the diagnostic accuracy of preoperative clinical examination.

Methods

This was a prospective study of patients who presented with zone V flexor injuries at an emergency
department of a tertiary academic hospital for a period of one year. The demographic data were
analysed and the preoperative clinical examination findings were compared to the definitive
intraoperative findings to assess the accuracy of the former. The one-sample test for proportion
was used to assess if the difference between the two findings was statistically significant.

Results

Zone V flexor injuries occurred predominantly in males under 40 years of age. Assault was
the leading cause of these injuries. Alcohol intake was a significant factor for the causes of
these injuries. Almost one-third (33%) of lacerated anatomical structures were missed and 91%
of partially lacerated anatomical structures were inaccurately diagnosed. The mean number of
errors of the clinical examination was 3.55; only 9% of the clinical examination had no error and
42% had four or more errors.

Conclusion

There was a significant difference between preoperative clinical examination and intraoperative
findings and we recommend that all zone V flexor injuries extending beneath the subcutaneous
tissue should be explored in theatre.

Level of evidence: Level 4

Keywords: diagnostic accuracy, zone V flexor injuries, preoperative clinical examination

Introduction

The zone V flexor region is anatomically defined as the region
from the proximal end of the carpal tunnel to the musculotendinous
junction in the forearm. It is densely packed with 12 tendons (flexor
carpi ulnaris [FCU], flexor carpi radialis [FCR], flexor pollicis longus
[FPL], palmaris longus [PL], flexor digitorum superficialis [FDS] and
flexor digitorum profundus [FDP] to the index, middle, ring and little
fingers), three nerves (median nerve, ulnar nerve, superficial radial
nerve) and two major arteries (ulnar and radial arteries) and their
satellite veins.! The tendons, nerves and arteries are vital to the
meaningful function of the human wrist, fingers and the hand. The
superficial location of the tendons and neurovascular structures in
zone V flexor region with its widely exposed surface area makes it
increasingly vulnerable for penetrating, accidental, homicidal and
suicidal injuries.??
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Clinical examination of hand injuries gives the operating surgeon an
idea of the injured structures. Often surgeons discover a completely
different set of intraoperative findings than the documented clinical
examination findings. This poses a great challenge with regard
to theatre time planning and utilisation, resulting in an increased
number of cases being cancelled. In some instances, some injuries
are missed in the emergency department and the patient is sent
home only to come back with hand dysfunction.*

There is limited information on the diagnostic accuracy of the
clinical examination of zone V flexor injuries. In our literature
search, there was only one study that assessed the diagnostic
accuracy of clinical examination in zone V flexor injuries carried
out by Gibson et al.5 Most of the findings in their study were based
on a retrospective review with its inherent design limitations.

Osei ED et al. SA Orthop J 2023;22(4)


https://orcid.org/0000-0003-4544-7749

Our prospective study sought to assess the accuracy of the
preoperative clinical examination of zone V flexor injuries by the
orthopaedic registrars in the emergency department and to analyse
the demographic data of patients who presented with these
injuries. It provides rich empirical data for surgeons on accuracy
and reliability of preoperative clinical examination of zone V flexor
injuries performed by orthopaedic registrars.

Methods

Ethics clearance was obtained. All patients aged 18 years and
above with zone V open flexor injuries that presented to the
emergency department of a tertiary academic hospital from 1 March
2018 to 30 April 2019 were enrolled into the study after an informed
consent. The patients were interviewed and their demographic data
documented on a questionnaire. In the emergency department, the
patients were examined for each of the eleven tendons (excluding
PL), three nerves and two arteries and assessed as being lacerated,
partially torn or intact and documented on the clinical examination
finding sheet of the questionnaire. After consent was obtained
for exploration in theatre, the operating surgeon documented
the definitive intraoperative findings of all the structures as being
lacerated, partially lacerated or intact on the intraoperative findings
sheet of the questionnaire.

The inclusion criteria for the study were patients with injuries
in the zone V flexor region with laceration extending beneath the
subcutaneous tissue and presenting within 24 hours after sustaining
the injury. The exclusion criteria were patients with previous wound
exploration, mental disability, Glasgow coma scale (GCS) of less
than 15, crush injury, traumatic amputation, associated fractures,
bites and inability to give an informed consent.

The raw data were entered on an Excel sheet and analysed
using Stata version 15.0. Frequency, proportions and percentages
were used to report and describe the demographics and clinical
characteristics of the study. The mean and standard deviation for
numerical variables were calculated.

Accuracy and inaccuracy of diagnosing a lacerated, partial
tear, and an intact anatomical structure were assessed. This was
done by comparing the preoperative clinical examination findings
to definitive intraoperative findings. It was done for each of the
16 anatomical structures in all the injuries that were examined.
Accurate diagnosis of an anatomical structure was computed when
the findings of the preoperative clinical examination was exactly
the same as the definitive intraoperative findings. Inaccurate
diagnosis of an anatomical structure was computed when the
preoperative clinical examination finding of an anatomical structure
was different from the definitive intraoperative findings. The overall
accuracy of preoperative clinical examination was assessed by
computing the preoperative clinical examination findings of the 16
anatomical structures which were exactly the same as the definitive
intraoperative findings in the 58 injuries examined and expressed
as a percentage.

The one-sample test for proportion was used to assess if there
was a statistically significant difference between intraoperative
and preoperative clinical examination findings for lacerated, partial
tear, intact and the total anatomical structures in the 58 injuries
examined.

Results

During the study period, 61 patients with zone V flexor injuries were
admitted at the casualty unit. Five patients were excluded from
the study, of which two patients refused surgery after extensive
counselling, two patients had a GCS of 14 and one patient was
rushed to theatre before preoperative clinical examination was
carried out. Fifty-six patients were enrolled in the study with
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Figure 1. Employment status of patients enrolled in the study
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Figure 3. Mechanism of injury of the 58 injuries examined
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Figure 4. Alcohol intake by patients at the time of injury

58 injuries as two patients had bilateral zone V flexor injuries. Forty-
five (80%) out of the 56 patients were males with a 4.1:1 male to
female ratio. The mean age was 32.2 years (18-67 years), with
84% (47/56) below the age of 40 years. Of the injuries sustained,
66% (38/58) and 60% (35/58) occurred on the right upper limb and
the dominant hand of the patient respectively.

Figure 1 illustrates the employment status of the patients. Forty-
four (79%) out of the 56 patients were actively working, engaged
in contract-based or informal jobs or studying. Figure 2 illustrates
the day of the week in which the injury occurred. Thirty-seven out
of the 58 injuries (64%) occurred from Friday night to Sunday night.

Figure 3 demonstrates the mechanism of injury. Most of the
injuries (52 out of 58) were assault, accidental and industrial
injuries. Figure 4 describes alcohol intake by the patients when
the injury occurred. The mechanism of injury among patients who
had taken alcohol at the time of injury is described in Figure 5.
Inferring from Figures 3 and 5, 13 out of the 23 patients (57%) who
were assaulted and seven out of the 19 patients (37%) who had
accidental injuries had taken alcohol.

The preoperative clinical examination findings and definitive
intraoperative findings are summarised in Table I. FCU, ulnar
nerve and ulnar artery (ulna triad) were the most frequently
injured structures among the tendon, nerve and artery groups
intraoperatively, respectively. Collectively, 268 anatomical
structures were found to be lacerated intraoperatively while 238
anatomical structures were assessed clinically to be lacerated.
Similarly, 55 anatomical structures were found to be partially
lacerated intraoperatively while 49 anatomical structures were
assessed clinically to be partially lacerated. Intraoperatively, there
were more lacerated FDS tendons than lacerated FDP tendons;
however, the number of FDP partial injuries was more than FDS
partial injuries.

Twenty-eight out of the 58 zone V flexor injuries (48%) in this
study could be classified as spaghetti wrist using the minimum
definition as described by Kumar-Kempelingaiah et al.® The number
of structures injured in the spaghetti wrist ranged from three (one
nerve, one artery and one tendon) to 14 (11 tendons, two nerves
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Table I: Summary of the preoperative and intraoperative findings of the

58 injuries examined

® @
o2
E 2
S o
-
s 2
C -
g »

Tendons

FCR

FCU

FPL

FDS index finger
FDS middle finger
FDS ring finger
FDS little finger
FDP index finger
FDP middle finger
FDP ring finger
FDP little finger
FDS (total)

FDP (total)
Tendons (total)
Nerves
Superficial radial nerve
Ulnar nerve
Median nerve
Nerves (total)
Arteries

Radial artery
Ulnar artery
Arteries (total)
Total

Intact (n)

41
30
46
42
47
29
27
44
47
36
36
145
163
425

52
28
39
119

54
43
97
641

Partially
lacerated (n)
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15

49

Preoperative
findings

Lacerated (n)

17
27
1
13

23
23
13
10
18
17
67
58
180

25
10
40

15
18
238

Intraoperative

Intact (n)

37
21
45
39
40
30
30
42
42
36
37
139
157
399

53
31
38
122

52

32

84
605
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lacerated (n)
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18
29
1
15
13
27
26
12
13
17
18
81
60
199

20
14
38

25
31
268
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and one artery). Injuries to the ulnar triad structures were found in
21 out of the 58 injuries (36%) examined. There were ten cases
of combined ulnar and median nerve injuries, and 31 out of the
58 injuries had complete laceration of either radial or ulnar arteries.
Table Il summarises the accurate and inaccurate diagnosis of
each of the 16 anatomical structures in the 58 injuries examined.
Table Il summarises the accurate and inaccurate diagnosis of the
anatomical structures in terms of tendons, nerves and arteries and
their statistical significance.

Accurate and inaccurate diagnosis of lacerated
structures

FDS to the middle finger had the highest rate of inaccurate
(missed) diagnosis of lacerated structures, while FDP to the index
finger had the lowest rate of missed diagnosis. There was a higher
rate of missed diagnosis of total lacerated FDS tendons than total
lacerated FDP tendons. A hundred per cent (100%), 50% and
20% of lacerated superficial radial nerve, median nerve and ulnar
nerve injuries respectively were missed on preoperative clinical
examination. The arteries had the highest rate of missed diagnosis
of lacerated structures (58%). The difference between the
intraoperative and preoperative examination findings of lacerated
tendons, nerves, arteries and total lacerated anatomical structures
was statistically significant.

Accurate and inaccurate diagnosis of partially injured
structures

The overall rate of inaccuracy of diagnosing partial lacerations was
very high (91%). Sixty-four per cent (35/55) of the partially lacerated

structures were assessed preoperatively as intact. The difference
between the intraoperative and preoperative examination findings
of partially lacerated structures was statistically significant.

Accurate and inaccurate diagnosis of intact
structures

The differences between the intraoperative and preoperative
findings of intact tendons, nerves and total intact anatomical
structures were statistically significant; however, that of intact
arteries was not statistically significant. The rate of inaccurate
diagnosis of intact FDS tendons was higher than the inaccurate
diagnosis of intact FDP tendons.

Accurate and inaccurate diagnosis of anatomical
structures examined

FPL had the highest and FCU the lowest rate of accuracy of clinical
examination respectively. The accuracy of the clinical examination
of FDP was higher than FDS. Superficial radial nerve and ulnar
nerve had the highest and lowest rates of accuracy of clinical
examination respectively among the three nerves. Radial artery
had a higher rate of accuracy of clinical examination than ulnar
artery. The accuracy of clinical examination of tendons, nerve and
arteries were similar. The differences between the intraoperative
and preoperative examination findings of all the tendons, nerves
and arteries examined were statistically significant. The difference
between the intraoperative and preoperative findings of the
anatomical structures examined was statistically significant.

Table lll: Summary of accurate and inaccurate diagnosis of anatomical structures and their statistical significance

Tendons Nerves Arteries Total
Lacerated structures
Accurate diagnosis 143/199 (72%) 23/38 13/31 179/268
(61%) (42%) (67%)
Inaccurate diagnosis 56/199 15/38 18/31 89/268
(28%) (39%) (58%) (33%)
95% Cl 0.656-0.781 0.450-0.761 0.246-0.593 0.611-0.724
p-value < 0.001 <0.001 <0.001 < 0.001
Partially lacerated structures
Accurate diagnosis 1/40 414 01 5/55
(3%) (29%) (0%) (9%)
Inaccurate diagnosis 39/40 10/14 17 50/55
(98%) (71%) (100%) (91%)
95% Cl 0.0006-0.132 0.084-0.581 0.000-0.000 0.030-0.200
p-value <0.001 <0.001 <0.001 <0.001
Accurate diagnosis 358/399 107/122 79/84 544/605
(90%) (88%) (94%) (90%)
Inaccurate diagnosis 41/399 15/122 5/84 61/605
(10%) (12%) (6%) (10%)
95% ClI 0.867-0.927 0.819-0.935 0.890-0.991 0.875-0.923
p-value <0.001 <0.001 <0.686 <0.001
Total number of structures examined
Accurate diagnosis 179/268 5/55 544/605 722/928
(67%) (9%) (90%) (78%)
Inaccurate diagnosis 89/268 50/55 61/605 206/928
(33%) (91%) (10%) (22%)
95% Cl 0.611-0.724 0.024-0.158 0.875-0.923 0.751-0.805
p-value <0.001 <0.001 < 0.001 < 0.001
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Table IV: Summary of the frequency of the number of errors in all the
patients examined

Total number

Number of injuries

Percentage of the

of errors per examined number of errors

examination
0 9%
1 9%
2 8 14%
3 16 28%
4 5 9%
5 5 9%
6 7 12%
7 6 10%
8 1 2%

Number of errors per clinical examination

Table IV describes the total number of errors in each injury
examined. The number of errors per each examination in the 58
injuries ranged from zero to eight. The mean number of errors was
3.55. Only five out of 58 (9%) preoperative clinical examinations
had no error. Forty-one per cent of the number of injuries examined
had four or more errors.

Discussion

In our study, zone V flexor injuries occurred predominantly in males
and patients below 40 years of age. Assault was the leading cause
of these injuries in our study. This finding could be explained by
the high crime rate in South Africa.”® Accidental injury was the
second commonest mechanism of injury. There were three cases
of self-inflicted injuries following an anger burst from frustration.
There were also three cases of parasuicide, all of which occurred
in females.

Thirty-nine per cent (39%) of the patients admitted that they had
taken alcohol when the injury occurred. This finding is comparable
to the finding of Kabak et al. where 42.9% of the patients in their
study were intoxicated when they sustained the injuries.® Assault
and accidental injuries were the main mechanisms of injury among
patients who had taken alcohol and sustained zone V flexor
injuries. Excessive alcohol intake was a significant association
among patients whose mechanisms of injury were assault and
accidental injuries.

From our study, 64% of the zone V flexor injuries occurred
from Friday night to Sunday night. This is in keeping with a study
by Schuurman et al. where 66.7% and 60% of intentional and
unintentional injuries in Cape Town, South Africa, occurred during
weekends.®

From our study, tendons were injured more commonly than
nerves and arteries; FCU tendon was injured more frequently than
ulnar nerve and ulnar artery among the ulnar triad structures; FDS
tendons were also more frequently injured than FDP tendons. This
is due to the superficial location of the former as opposed to the
latter.

The most common combined injury pattern observed in this
study was ulnar triad injuries in keeping with various studies.®'3
This is due to the proximity of these anatomical structures, their
superficial and ulna location in the wrist. In cases of assault, the
ulnar side of the forearm is used for protection, hence more easily
lacerated.

Lacerated FDS tendon injuries were frequently missed more
than FDP tendon injuries. Accurate diagnosis of FDS tendon
injuries requires adequate knowledge about the functional anatomy
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of the FDS and FDP tendons and clinical examination skills. FDS
flexes the proximal interphalangeal joint (PIPJ). The PIPJ is also
flexed by FDP. In order to accurately examine FDS clinically, one
needs to eliminate the effect of FDP. This is done by fully extending
the other unexamined fingers and then asking the patient to flex
the examined finger. To be sure that the effect of FDP has been
eliminated, the distal interphalangeal joint (DIPJ) of the examined
finger should not be seen flexing during its examination. However,
this may be difficult to carry out by a freshly injured patient who is
in pain.

The missed diagnosis of FCR and FCU was very high. This
could be attributed to lack of knowledge of the proper clinical skills
of these anatomical structures by the examining doctors. Both
FCU and FCR are flexors of the wrist. In the presence of injury to
either of these tendons, the intact FCU or FCR can flex the wrist
though not with full strength. FCR and FCU needs to be examined
by flexing the wrist against resistance to radial and ulna deviation
respectively. If either of these tendons is not thoroughly examined
in this fashion, their isolated injuries will be missed on clinical
examination.

The high rate of missed diagnosis of lacerated nerves can be
explained by the hypothesis put up by Lynch et al. where a nerve
impulse can jump a transection gap until 72 hours when Wallerian
degeneration occurs.™

The high rate of missed diagnosis of lacerated arteries could
be due to assessment of the arteries by palpation only and not
performing Allen’s test. When Allen’s test is not carried out to
assess arterial injury, the rate of missed diagnosis could be very
high due to good and rich backflow through the palmar arches.5'

The rate of accurate diagnosis of partially injured anatomical
structures in this study was very low (9%). This low rate was
expected because of residual function of the partially injured
structures.'®'” In this study, partial injuries of two median nerves,
two ulnar nerves and an FDP tendon to the middle finger were
diagnosed by clinical examination as compared to none in Patel
et al. study.®

The overall rate of inaccurate diagnosis of intact anatomical
structures was low (10%). Among the intact anatomical structures,
nerves had the highest rate of inaccurate diagnosis. This could be
attributed to the fact that nerves are very sensitive. When a nerve
is recently contused, it has impaired sensation and motor function
during the early hours and days and can be easily diagnosed
clinically as a laceration or partial tear.

FDS to the little finger had the highest rate of overdiagnosis
among the tendons. FDS to the little finger has the least strength
among all the FDS and FDP. So even in the presence of an intact
FDS to the little finger, a clinician can easily assess it as a partial
tear.

Gibson et al. explains that some clinicians are biased during their
clinical examination of anatomical structures.® This is due to their
knowledge of the proximity of some anatomical structures and not
objectively assessing each structure individually and on merit. For
example, when examining the ulnar triad structures, an examiner
will mark FCU as lacerated without examining it when he or she
finds the ulnar nerve injured. This introduces observer bias and
increases the rate of overdiagnosis. The high overdiagnosis rate of
FCU can be attributed to this.

Patient factors such as pain, anxiety, drunken state and lack of
cooperation are also contributing factors to inaccurate diagnosis of
intact structures. The patient does not carry out the movement of
the fingers and other instructions well. This will be interpreted by
the examining doctor as a malfunctioning (lacerated or partial tear)
anatomical structure.

The accuracy of examining tendons, nerves and arteries was
much the same, ranging from 78% to 79%. The difference in
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accuracy occurred when the anatomical structures were grouped
into lacerated, partial injuries and intact structures. Generally, the
rate of accuracy of clinical examination of FDP tendons was higher
than FDS tendons due to the relatively high level of skills required
in the examination of FDS tendons. The high rate of inaccurate
diagnosis of FCU was due to the high rate of inaccurate diagnosis
of its lacerated and intact tendons.

The number of errors per each clinical examination ranged from
zeroto eight. This is dependent on the nature of the injury, the clinical
skills of the examining doctor and the patient being examined.
About 41% of the 58 clinical examinations had four or more errors
per examination. Approximately 9% of the examinations had no
error on clinical examination.

In order to improve the accuracy of clinical examination of
zone V flexor injuries, the examining doctor needs to familiarise
him or herself with the anatomy and proper clinical examination
of the tendons, nerves and arteries in zone V flexor region.
Allen’s test should always be used in assessing arterial injuries.
Each anatomical structure should be assessed individually and
objectively regardless of the pattern of injury, and assumptions
should not be made. The examining doctor needs to be thorough
and meticulous in his or her examination. The patient should be
pain-free, calm and sober with a high level of cooperation. It must,
however, be stated that errors in clinical examination of all zone V
flexor injuries are very difficult to reduce to zero. However, the error
margin can be reduced in some injuries.

Conclusion

There was a statistically significant difference in the clinical
examination of zone V flexor injuries in this study, especially
examination of lacerated and partially injured structures. There
should, therefore, be a high index of suspicion and exploration of
zone V flexor injuries to avoid missed injuries and the consequent
morbidities and litigations associated therewith.
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